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A B S T R A C T   

Long non-coding RNAs that regulate function of regulatory T cells can affect pathoetiology of autoimmune 
disorders, such as inflammatory demyelinating polyneuropathies. In the current case-control study, we compared 
expression of four of these lncRNAs, namely FLICR, NEST, RMRP and TH2-LCR between patients with inflam-
matory demyelinating polyneuropathies and healthy subjects. Expressions of RMRP, NEST and FLICR were 
higher in total patients compared with controls. However, there was no significant difference in their expressions 
between acute and chronic demyelinating polyneuropathies. In addition, interaction of gender and disease 
factors had significant effect on expression levels of RMRP and TH2-LCR genes in subgroups. RMRR was superior 
to other lncRNAs in terms of AUC, sensitivity and specificity values in total patients and both subgroups of 
patients. This lncRNA could separate total patients, female patients and male patients from corresponding 
controls with AUC values (±SD) of 0.9 ± 0.03, 0.86 ± 0.07 and 0.93 ± 0.03, respectively. FLICR ranked second 
in this regard, since it could separate total patients, female patients and male patients from corresponding 
controls with AUC values (±SD) of 0.81 ± 0.03, 0.72 ± 0.07 and 0.87 ± 0.04, respectively. Therefore, our study 
provides evidence for participation of regulatory T cells-related lncRNAs in the pathoetiology of inflammatory 
demyelinating polyneuropathies.   

1. Introduction 

Inflammatory demyelinating polyneuropathies comprise a group of 
diseases with either acute or chronic course (acute inflammatory 
demyelinating polyneuropathy (AIDP) versus chronic inflammatory 
demyelinating polyneuropathy (CIDP)). Abnormal function of different 
groups of immune cells has been shown to be implicated in the patho-
genesis of these conditions [1]. For instance, experiments in animal 
models have revealed that early diminution of regulatory T cells (Tregs) 
intensifies the clinical severity of experimental autoimmune neuritis, 
enhances proliferation of myelin specific T cells and promotes histo-
logical features of inflammatory response in peripheral nerves. Thus, 

Tregs can influence severity of autoimmune neuropathies in animal 
models during the early priming stage of disorder [1,2]. Tregs are a 
group of CD4+ T cells that are described by the transcription factor 
FoxP3. These cells are considered as central players in preserving im-
mune homeostasis, by diminishing activity of numerous immunocytes 
lineages [3,4]. Moreover, Tregs have been shown to suppress antigen- 
stimulated proliferation of splenocytes, induce an upsurge in CD4(+) 
IL-10(+) cells and suppress spontaneous autoimmune polyneuropathy 
[5]. 

Other experiments have indicated significant impairment of Treg 
functions in CIDP cases [6,7]. Moreover, Tregs could ameliorate neuritis 
stimulated by T cell transfer from NOD.ICAM1tm1Jcgr mice [2]. Besides, 
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B7-2 costimulatory molecules have been shown to exert crucial role in 
prevention of peripheral tolerance to P0 antigen which might occur 
through reduction of Treg generation [8]. 

There are several clues pointing to the role of non-coding RNAs in the 
modulation of function and differentiation of Tregs [9]. This bulk of 
evidence also reveals that abnormal expression of non-coding RNAs can 
influence the etiology of conditions that are linked with the impairment 
of Treg function. In the present study, we assessed circulatory levels of 
four Treg-related long non-coding RNAs (lncRNAs) in AIDP and CIDP 
patients. Selected lncRNAs are FLICR (FOXP3 Regulating Long Inter-
genic Non-Coding RNA), NEST (IFNG-AS1), RMRP (RNA Component of 
Mitochondrial RNA Processing Endoribonuclease) and TH2-LCR (Th2 
Cytokine Locus Control Region). RMRP has an established role in the 
regulation of Th17 cell effector functions [10]. Since Th17 and Treg cells 
have comparable developmental requirements, this lncRNA might also 
be involved in the regulation of Treg functions. Moreover, RMRP has 
been found to act as a molecular sponge for miR-206 [11], a miRNA that 
regulates T17/Treg ratio [12] and its expression in T cells has been 
regarded as a novel biomarker for Th17-type immune responses [13]. 
FLICR has been found to regulate expression of Foxp3 and facilitate 
development of a group of Tregs with reduced levels of FoxP3. FLICR is 
also involved in the development of some autoimmune conditions such 
as autoimmune diabetes [14]. TH2-LCR has important functions in the 
modulation of production of Th2 cytokines and development of the 
immune-related condition allergic asthma [15]. Finally, NEST is another 
lncRNA that affects methylation of the IFN-G locus and regulates 
expression of IFN-γ [16]. Production IFN-γ by Foxp3+ Tregs has an 
essential role for regulation of immune responses [17]. Moreover, NEST 
has been shown to decrease Th1-stimulated proliferation of Treg cells 
[18]. We have recently assessed expressions of these lncRNAs in patients 
with autism spectrum disorder and reported dysregulation of some of 
these lncRNAs [19]. 

2. Materials and methods 

2.1. Patients and controls 

Totally, 32 CIDP patients and 25 AIDP patients were enlisted in the 
current study as cases. The patients cohort was the same as our recently 
published study [20]. Moreover, 79 normal subjects were recruited as 
controls. Patients were diagnosed using clinical, electrophysiological, 
and CSF tests according to the criteria proposed previously [21,22]. 
CIDP and AIDP cases were in remission. They were not on any chronic 
immunotherapeutic regimen. In AIDP patients, blood samples were 
obtained after clinical recovery. Chronic infection, cancer, or any sys-
temic diseases were regarded as exclusion criteria. Control subjects had 
no history of recent or chronic infection, cancer, or systemic diseases. 
The study protocol was permitted by the ethical committee of Shahid 
Beheshti University of Medical Sciences (IR.SBMU.MSP.REC.1400.662). 
All cases and controls signed the informed consent forms. 

2.2. Experiments 

RNA was extracted from blood samples using the RNJia Kit (Tehran, 
Iran). Then, 50–70 ng of extracted RNA was transformed to cDNA using 
AddScript cDNA synthesis kit (AddBio, Korea). Expressions of FLICR, 
NEST, RMRP, TH2-LCR were enumerated in all blood samples using 
Ampliqon master mix (Denmark). Reactions were executed in StepO-
nePlus Real-Time PCR System. Primers sequences are demonstrated in 
Table 1. 

2.3. Statistical analysis 

Analyses were performed using GraphPad Prism version 9.0 (La 
Jolla, CA, USA). Expression levels of four Treg-related lncRNAs, namely 
TH2-LCR, RMRP, IFNG-AS1 (NEST) and FLICR were measured in 

peripheral blood samples obtained from 24 AIDP cases, 32 CIDP cases 
and 79 healthy controls. Expression levels of these lncRNA were calcu-
lated using the comparative –delta Ct method. The normal/gaussian 
distributions of the values were assessed using the Shapiro-wilk test. The 
non-parametric Kruskal-Wallis test was used to identify differentially 
expressed genes between patients (AIDP cases, CIDP cases and total 
patients) and healthy controls. A two-way ANOVA and Tukey post hoc 
test were used to analyze the effects of main factors (disease and gender) 
and the interaction between them on gene expression levels. Because 
data was not normally distributed, correlations between expression 
levels of lncRNAs in both patients and control samples were measured 
with Spearman’s rank correlation coefficient. The receiver operating 
characteristic (ROC) curves were illustrated and AUC values were 
calculated. P value < 0.05 was considered as significant. 

3. Results 

3.1. General information about patients and controls 

Table 2 shows the demographic data of patients and controls. 

3.2. Expression assays 

Fig. 1 shows relative expression levels of Treg-associated lncRNAs in 
patients versus controls. We used the non-parametric Kruskal-Wallis test 
to find differentially expressed genes between patients (AIDP, CIDP and 
total patients) and healthy controls groups. Then, expressions of all 
genes were compared between all groups using Dunn test for correction 
of multiple comparisons. 

Expression levels of RMRP, NEST and FLICR were significantly 
higher in total patients compared with controls. However, there was no 
significant difference in their expressions between AIDP and CIDP cases 
(data not shown). 

We detected significant effect of group (disease) factor on expression 
levels of RMRP, NEST and FLICR. Also, we reported significant effect of 
gender factor on expression levels of RMRP and NEST lncRNAs. In 
addition, interaction of gender and disease factors had significant effect 
on expression levels of RMRP and TH2-LCR genes in subgroups 
(Table 3). 

While RMRR was shown to be up-regulated in total patients and both 

Table 1 
Primers and size of amplified regions.  

Gene Sequence 5 → 3 Primer Length (bp) 

B2M F-AGATGAGTATGCCTGCCGTG 
R-GCGGCATCTTCAAACCTCCA 

20 
20 

FLICR F-GGG CTT TTC CAG AAG GGT CT 
R-AGC CCA GGG TTC TAG TCG 

20 
18 

NEST F-AGC TGA TGA TGG TGG CAA TCT 
R-TGA CTT CTC CTC CAG CGT TTT 

21 
21 

RMRP F-GTA GAC ATT CCC CGC TTC CCA 
R-GAG AAT GAG CCC CGT GTG GTT 

21 
21 

TH2-LCR F-GCT CCC CAG GCT TTT GAG ATA 
R-TGG TGA TGC TGA AGG GAG AC 

21 
20  

Table 2 
General data of patients and controls.  

Study groups Parameters Values 

Patients Sex (number) Male 39 18 AIDP 
21 CIDP 

Female 18 7 AIDP 
11 CIDP 

Age (Years, mean ± SD) Male 52.68 ± 18.24 
Female 55.16 ± 13.36 

Controls Sex (number) Male 40 
Female 39  
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male and female patients compared with the corresponding controls, the 
highest expression ratio was reported in male patients versus male 
controls (expression ratio (95 % CI) = 38.5 (14.6–101)). Similar findings 
were reported for FLICR with the highest expression ratio (95 % CI) 
being 21.8 (6.7–71) among male subgroups (Table 4). 

The highest correlation coefficient was detected between TH2LCR 
and RMRP among patients (Correlation coefficient = 0.5). In addition, 
among patients, expression of RMRP was correlated with expression of 
FLICR with correlation coefficient of 0.34. Other correlations were 

weaker, based on the calculated correlation coefficients (Table 5). 
Finally, we assessed AUC values of RMRP, FLICR and NEST in total 

patients, female patients and male patients, respectively (Fig. 2). 
RMRR was superior to other lncRNAs in terms of AUC, sensitivity and 

specificity values in total patients and both subgroups of patients. This 
lncRNA could separate total patients, female patients and male patients 
from corresponding controls with AUC values (±SD) of 0.9 ± 0.03, 0.86 
± 0.07 and 0.93 ± 0.03, respectively. FLICR ranked second in this re-
gard, since it could separate total patients, female patients and male 

Fig. 1. Relative expression levels of four Treg related lncRNAs (A-D) in demyelinating polyneuropathy patients (total), CIDP, AIDP and healthy controls as described 
by –delta Ct values. The non-parametric Kruskal-Wallis test was used to find differentially expressed genes between patients (AIDP, CIDP and total patients) and 
healthy controls groups. (*P value < 0.05, ***P value < 0.001 and ****P value < 0.0001.) 

Table 3 
Graphpad prism output from analysis of effect of Group and Gender (Tests of Between-Subjects Effects) on expression of four Treg related lncRNAs in total patients 
compared to healthy controls.  

Source of Variation Group effect Gender effect Interactions 

SSa Fb P value SS F P value SS F P value 

RMRP 552.1  102.8 P < 0.0001  28.64   5.33 P ¼ 0.022   30.5  5.68  0.018 

TH2-LCR 0.16  0.029 0.86  1.55  0.28 0.59  23.67  4.3  0.039 
NEST 103.6  15.59 0.0001  39.68  5.97 0.016  1.63  0.24  0.62 
FLICR 362  42.88 P < 0.0001  1.82  0.21 0.64  29.98  3.55  0.06  

a Sum of Squares. 
b F of Variance. 

Table 4 
The results of expression study of four Treg related lncRNAs, namely RMRP, TH-2LCR, NEST and FLICR in peripheral blood of patients with demyelinating poly-
neuropathy compared with healthy subjects.  

Studied Genes Total patients vs 
controls (57 vs 79) 

AIDP patients vs 
controls (25 vs 79) 

CIDP patients vs controls 
(32 vs 79) 

Male patients vs male 
controls (19 vs 30) 

Female patients vs female 
controls (11 vs 11) 

RMRP Expression ratio 
(95 % CI) 

19.23 (10.77–34.25) 18.7 (9.7–35.2) 27.28 (13.54–51.98) 38.5 (14.6–101) 9.6 (2.8–32.4) 

Adjusted P Value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
TH2-LCR Expression ratio 

(95 % CI) 
0.95 (0.53–1.69) 0.8 (0.44–1.54) 1.37 (0.67–2.62) 1.75 (0.67–4.5) 0.51 (0.15–1.7) 

Adjusted P Value 0.86 0.9 0.9 0.41 0.48 
IFNG-AS1 

(NEST) 
Expression ratio 
(95 % CI) 

2.2 (1.15–4.16) 3.28 (1.89–5.5) 4.29 (2.22–7.1) 4.2 (1.48–11.9) 3 (0.81–11.8) 

Adjusted P Value 0.0001 0.012 0.0004 0.0026 0.12 
FLICR Expression ratio 

(95 % CI) 
10.95 (5.31–22.47) 8.95 (3.6–22.3) 12.15 (5.38–29.6) 21.8 (6.7–71) 5.5 (1.2–24.2) 

Adjusted P Value <0.0001 <0.0001 <0.0001 <0.0001 0.018  
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patients from corresponding controls with AUC values (±SD) of 0.81 ±
0.03, 0.72 ± 0.07 and 0.87 ± 0.04, respectively (Table 6). We also 
combined transcript levels of three mentioned genes for depiction of 
ROC curves, but the AUC values did not improve. 

Fig. 3 shows ROC curves stratified by disease condition. 

4. Discussion 

Tregs are a certain group of immunosuppressive T cells that have 
crucial roles in the maintenance of immune homeostasis. These cells 
sustain self-tolerance, suppress autoimmunity, and function as impor-
tant negative regulators of inflammatory response [23]. Function of 
these cells are modulated by a number of lncRNAs such as those assessed 
in the current study. The quantity and suppressive functions of Tregs 
have been reported to be reduced in the patients with CIDP. In addition, 
Tregs isolated from CIDP patients have been shown to express lower 

level of FoxP3 transcripts [24]. 
The results of current study indicated significant up-regulation of 

RMRP, NEST and FLICR in patients with inflammatory polyneuropathy 
compared with controls. Since the patients were in remission, altered 
expression of these lncRNAs is not related with disease activity. How-
ever, the altered expression could reflect underlying genetic variation in 
these genes that might predispose to the development of these diseases. 
In other words, dysregulation of these genes might predispose to disease 
rather than being the result of the disease. 

Yet, there was no significant difference in their expressions between 
AIDP and CIDP cases representing comparable roles of these transcripts 
in the pathogenesis of CIDP and AIDP. 

RMRP has been shown to affect Th17 cell effector functions [10]. 
While Th17 and Treg cells have distinct functions, they have comparable 
developmental requirements. In fact, TGF-β, IL-6, and ATRA have been 
found to regulate differentiation of antigen-naïve T-cells to either Th17 
or Tregs [25]. Up-regulation of RMRP has been found to enhance ac-
tivity of cardiac fibroblasts through regulation of miR‑613 [26]. This 
miRNA has a presumed role in the pathogenesis of immune-related 
conditions, since it enhances apoptosis of synovial fibroblasts of pa-
tients with rheumatoid arthritis through down-regulating DKK1 [27]. 

FLICR is another lncRNA that regulates expression of Foxp3, result-
ing in development of a group of Tregs with reduced levels of FoxP3. 
Notably, FLICR has an important effect in IL-2 deficiency situations. 
From a mechanistical point of view, FILCR modulates chromatin 
configuration in a certain part of Foxp3 locus to restrain activation of 
Tregs. Moreover, FLICR induces development of autoimmune diabetes, 

Table 5 
Spearman’s correlations between RNA expression levels among the DP patients 
(N = 57) and healthy controls (N = 79).   

RMRP NEST FLICR 

Patients Control Patients Control Patients Control 

TH2LCR 0.5** 0.28* − 0.01 0.32* 0.1 0.32* 
RMRP   0.18 0.27* 0.34* 0.15 
NEST     − 0.11 0.24*  

* Significance level of p < 0.05. 
** Significance level of p < 0.001. 

Fig. 2. ROC curves of RMRP, FLICR and NEST lncRNAs transcript levels in total patients (AIDP + CIDP) versus total controls (A), in female patients versus female 
controls (B), and male patients versus male controls (C). All three lncRNAs perform well in separation of male patients from male controls. 

Table 6 
The results of ROC curve analysis in total patients (AIDP + CIDP), female and male subgroups as well as AIDP and CIDP cases compared with corresponding controls.   

RMRP NEST FLICR 

AUC 
± SD 

Sensitivity Specificity P Value AUC 
± SD 

Sensitivity Specificity P Value AUC 
± SD 

Sensitivity Specificity P Value 

Total patients vs total 
normal controls 
(57 vs 79) 

0.9 ±
0.03  

0.88  0.92  <0.0001 0.72 
± 0.05  

0.68  0.82  <0.0001 0.81 
± 0.03  

0.87  0.67  <0.0001 

Female patients vs 
female controls (18 
vs 38) 

0.86 
± 0.07  

0.88  0.86  <0.0001 0.74 
± 0.08  

0.66  0.86  0.003 0.72 
± 0.07  

0.77  0.6  0.0069 

Male patients vs male 
controls (39 vs 41) 

0.93 
± 0.03  

0.95  0.93  <0.0001 0.75 
± 0.06  

0.66  0.9  0.0001 0.87 
± 0.04  

0.89  0.85  <0.0001 

AIDP patients vs total 
normal controls 
(25 vs 79) 

0.92 
± 0.03  

0.88  0.92  <0.0001 0.79 
± 0.05  

0.88  0.63  <0.0001 0.73 
± 0.06  

0.76  0.77  0.004 

CIDP patients vs total 
normal controls 
(32 vs 79) 

0.89 
± 0.04  

0.87  0.93  <0.0001 0.82 
± 0.04  

0.9  0.67  <0.0001 0.71 
± 0.06  

0.69  0.83  0.0004  
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but limits antiviral responses [14]. 
TH2-LCR has important functions in the regulation of immune 

response via modulation of expression of Th2 cytokines. Its impacts in 
the pathoetiology of allergic asthma has been confirmed [15]. Finally, 
NEST is another lncRNA that binds to WDR5, a constituent of the H3K4 
methytransferase complex which can modify H3 methylation at the IFN- 
G locus, therefore influencing expression of IFN-γ [16]. NEST has a role 
in down-regulation of CD40L and TFT-bet in CD4+ T cells, therefore 
decreasing Th1-stimulated proliferation of Treg cells [18]. 

Dysregulation of these lncRNAs in the circulation of AIDP and CIDP 
patients implies possible role of these lncRNAs in the pathoetiology of 
abnormal immune responses in this disorder. We have also reported 
dysregulation of RMRP, NEST and FLICR in autism spectrum disorder, 
another neurological condition which is associated with abnormal im-
mune responses [19]. Thus, these lncRNAs are putative candidate for 
further functional studies in these conditions. 

Moreover, it is worth to state that these lncRNAs regulate other 
physiological processes in addition to Treg differentiation. For example, 
RMRP functions as a miR-34a-5p sponge to promote cell proliferation 
and repress cell apoptosis [28]. Notably, miR-34a-5p has been shown to 
affect chemokine signaling through modulation of CXCL10/CXCL11/ 
CXCR3 axis in immune cells [29]. Thus, it is possible that these lncRNAs 
participate in inflammatory demyelinating polyneuropathies via other 
pathways, not only regulation of Treg differentiation. 

RMRR had the best performance in separation of total patients and 
both subgroups of patients from corresponding controls, and FLICR 
ranked second in this regard. Although the AUC, sensitivity and speci-
ficity values were appropriate, these lncRNAs are not likely to be used as 
general diagnostic markers for autoimmune polyneuropathies, since the 
diagnosis of these disorders are mainly based on clinical manifestations. 
The observed dysregulation of Treg-related lncRNAs in autoimmune 
polyneuropathies represent a possible venue for design of novel thera-
peutic options for these disorders. Moreover, the observed changes in 
the expression of Treg-related lncRNAs are not specific to CIDP or AIDP. 

Thus, we demonstrated dysregulation of RMRP, NEST and FLICR 
lncRNAs in the blood of patients with autoimmune polyneuropathies. 
Future studies are needed to elaborate the alterations in the expressions 
of these lncRNAs in the course of autoimmune polyneuropathies in 
relation with response of patients to administrated drugs. We also state 
small sample size as a limitation of our study. In addition, lack of 
assessment of Treg levels in blood and their activity is another limitation 
of our study. As a direction for future studies, it is suggested to assess the 

polymorphisms of these genes in patients with autoimmune poly-
neuropathies as compared with normal population. 
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Fig. 3. ROC curves of RMRP, NEST and FLICR lncRNAs transcript levels in AIDP patients (A), and CIDP patients (B).  
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