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with them. Also we found that there is a significant posi-
tive correlation between miR-31 and IL-2 in SLE patients, 
while miR-21 was negatively correlated with IL-2 level in 
patients. In conclusion, the study disclosed a significant 
association between miR-31 and miR-21 expression with 
IL-2 level in SLE patients. The regulatory biomarkers of 
miR-31 and miR-21 might have an impact on regulating 
IL-2 pathway expression and in turn on the activation of T 
lymphocytes in SLE.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune 
connective tissue disease in which auto-antibodies are 
generated toward self-antigens such as components of 
cell nucleus [1, 2]. It has been proposed that genes and 
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rant expression in different SLE stages. The study aimed to 
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in SLE patients as regulatory biomarkers in the activation 
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31 and miR-21, and IL-2 levels were determined using 
ELISA in plasma of 40 patients with SLE, 20 of their first-
degree relatives and 20 healthy controls. The study also 
determined the systemic lupus erythematosus disease activ-
ity index (SLEDAI) score and proteinuria in SLE patients. 
The results revealed that miR-31 was lower expressed, 
while miR-21 was high expressed in SLE patients com-
pared to their first-degree relatives and controls. MiR-31 
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environments are required for lupus to develop and flare 
[3]. The first-degree relatives of lupus patients have been 
demonstrated to be affected with SLE much higher as 
compared to controls in studies of familial aggregation [4, 
5]. The incidence of SLE was more common in females 
of child-bearing age, where the reported female/male 
ratio was 8–15:1 with peak age of onset between 15 and 
40 years [6–8].

MicroRNAs (MiRNAs) are noncoding RNAs with 
22 nucleotides in length and function as posttranscrip-
tional modulators for the mRNA expression of their tar-
gets via suppressing their translation or enhancing their 
degradation [9–11]. It is strongly apparent that they have 
a significant impact on the immune system and can con-
fer robustness to the development of immune cells under 
environmental stress [11, 12]. Further studies demon-
strated that aberrant miRNA expression contributes to the 
pathogenesis of autoimmune diseases, such as SLE [2, 3, 
13] and other related diseases [11, 14]. It was found that 
decreased miRNA-126 and miR-146a levels contribute to 
the initiation and development of SLE in an IFN signaling-
dependent manner [15–17]. In lupus CD4+ T cells, the 
up-regulated miR-21 and miR-148a suppress the expres-
sion of DNA methyl transferase 1 and in turn enhance 
DNA hypomethylation [18]. Also, different studies dem-
onstrated the role of MiR-31 and miR-21 in the pathogen-
esis of SLE [19, 20].

Moreover, interleukin-2 (IL-2) is an important cytokine 
generated by T cells and involved in the activation and 
proliferation of T cells [21]. IL-2 is required for the gen-
eration and survival of the Treg cells, which are neces-
sary for normal immune homeostasis [22, 23]. Decreased 
IL-2 production strongly leads to the generation of T cell-
dependent pathogenic antinuclear antibodies, loss of tol-
erance to self-antigens and the subsequent onset of SLE 
[24–26].

In the present study, we investigated the expression 
pattern of miR-31 and miR-21 and their correlations with 

SLEDAI and proteinuria in lupus patients. The study also 
disclosed the correlations between miR-31 and miR-21 
with IL-2 in patients with SLE that evaluate the regula-
tory effect of miR-31 and miR-21 on the activation of T 
lymphocytes.

Materials and methods

Ethics

This study was approved by the ethics committee of 
National Research Center, Giza, Egypt, and all samples 
were obtained with the written informed consents of the 
subjects.

Study subjects

This study included 80 subjects with age ranging from 15 
to 50 years. They were divided into 3 groups: Group 1: con-
sisted of 40 SLE patients, all of them met at least 4 of the 
American College of Rheumatology criteria for SLE diag-
nosis [27]. Group 2: consisted of 20 of first-degree relatives 
of SLE patients. Group 3: consisted of 20 healthy subjects 
matched for age and gender, serve as a control group.

Patients were obtained from inpatient unit of Rheuma-
tology and Rehabilitation Department, Kasr Al Ainy Hospi-
tal, Cairo, Egypt. Clinical manifestations and treatments of 
SLE patients are summarized in Table 1. The disease activ-
ity was determined using SLEDAI score [28].

RNA extraction and quantitative real‑time PCR

MicroRNA was extracted and isolated from plasma of all 
subjects of the study populations using miRNeasy Mini kit of 
Qiagen (Germany) according to the manufacturer’s instruc-
tions. For miRNA-specific reverse transcription, microRNA 
was reverse-transcribed to cDNA using TaqMan® MicroRNA 

Table 1   Clinical characteristics 
of the study populations

Characteristic SLE patients First-degree relatives  
of SLE patients

Controls

No. of cases 40 20 20

Sex, no. of male/female 0/40 0/20 0/20

Age, mean ± SD (years) 30.3 ± 8.8 31.55 ± 8.36 34 ± 5.45

Disease duration, mean ± SD (years) 7.5 ± 4.2 0 0

SLEDAI, mean ± SD score 5.3 ± 4.5 0 0

Lupus nephritis, numbers of positive/negative 30/10 0 0

Proteinuria, numbers of positive/negative 30/10 0 0

Proteinuria (g/day), mean ± SD 1.5 ± 1.6 0 0

Medications (steroids/hydroxychloroquine) 40/40 0 0
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Reverse Transcription Kit (Applied Biosystems) and specific 
primers according to the manufacturer’s instructions. Reverse 
transcription was performed under the following conditions: 
30 min at 16 °C, 30 min at 42 °C and 5 min at 85 °C; then, 
the resulting cDNA was kept at −80 °C until use.

 A real-time quantitative PCR (qRT-PCR) was carried 
out to quantify the expression levels in triplicate of mature 
miR-31 and miR-21 using TaqMan® MicroRNA Assay kit 
(Applied Biosystems) and TaqMan® Universal Master Mix 
(Applied Biosystems) using step one real-time PCR sys-
tem (Applied Biosystems) according to the manufacturer’s 
instructions. RNU6B (Applied Biosystems) was used as 
endogenous control to normalize the expression levels of 
target miRs. Relative quantification (Rq) of miRNA expres-
sion was calculated using the 2−ΔΔCT threshold cycle 
method. ΔCt was determined by subtracting the Ct val-
ues for RUN6B from the Ct values for the gene of interest. 
qRT-PCR was performed under the following conditions: 
2 min at 50 °C, 10 min at 95 °C, followed by 50 cycles at 
95 °C for 15 s and at 60 °C for 1 min.

Enzyme‑linked immunosorbent assay (ELISA)

Plasma IL-2 levels of all study subjects were determined 
using Human IL-2 Quantikine ELISA kit (R&D Systems) 
according to the manufacturer’s protocol.

Statistical analysis

Data were statistically analyzed using SPSS version 19.0 
software (SPSS Inc., Chicago, Illinois, USA). Nonparamet-
ric T test (Kruskal–Wallis test) was used to compare gene 
expression levels between groups, and Spearman’s rank 
correlation to test association between gene expression 
levels and clinical parameters. Data were presented as the 
mean ± SEM. A P value of less than 0.05 was considered 
statistically significant. Receiver operating characteristic 
(ROC) curve was constructed for each miRNA to evaluate 
the efficiency of miRNAs as biomarkers for lupus patients 
against controls. Area under curve (AUC) values and 95 % 
confidence intervals for each miRNA were calculated.

Results

Expression pattern of miR‑31 in SLE patients

The study revealed that miR-31 expression level was signifi-
cantly lower expressed in the SLE patients compared with 
normal controls and the first-degree relatives of SLE patients 
(Fig. 1). In SLE patients, the level of miR-31 expression was 

7.75-fold lower compared with control group, and its expres-
sion in the first-degree relatives of SLE patients was 1.32-
fold lower compared with normal controls. A linear correla-
tion analysis demonstrated a significant negative correlation 
between miR-31 expression with SLEDAI (r = −0.809) and 
proteinuria (r = −0.930) of lupus patients at p < 0.01 (Fig. 1).

Expression pattern of miR‑21 in SLE patients

The results of the study showed the higher expression levels 
of miR-21 among SLE patients than controls and the first-
degree relatives (Fig. 2). Twenty-five-fold up-regulation of 
miR-21 in lupus patients and a 1.64-fold up-regulation in 
the first-degree relatives were detected in comparison with 
controls. In addition, miR-21 expression is positively corre-
lated with SLEDAI (r = 0.957) and proteinuria (r = 0.934) 
of SLE patients at p < 0.01 (Fig. 2).

ROC curve of miR‑31 and miR‑21

ROC curve showed that miR-31 has an AUC value of 0.969 
(95 % CI 0.919–1.000), while miR-21 has an AUC value 
of 0.900 (95 % CI 0.786–1.000) at p < 0.001 versus nor-
mal controls. These results revealed that both of miR-31 
and miR-21 could serve as efficient biomarkers for SLE 
patients against healthy controls (Fig. 3).

Expression of miR‑31 and miR‑21 in correlation 
with IL‑2 concentration in lupus patients

The results clarified that the production of IL-2 was 
decreased in patients with SLE compared to control group 
and the first-degree relatives (Fig.  4). A linear correlation 
analysis was performed to examine the relationship between 
miR-31, miR-21 and IL-2 expressions in SLE patients. A 
positive correlation was detected between miR-31 expres-
sion and IL-2 concentration (r =  0.893) (Fig.  4). MiR-21 
expression level was found to be negatively correlated with 
IL-2 concentration (r = −0.861) at p < 0.01 (Fig. 4).

Discussion

SLE is characterized by disturbance of immune system 
components, including the innate immune system, altered 
mechanisms of immune tolerance, increased activation of T 
and B cells, reduced clearance ability of immune complexes 
and apoptotic cells, and disturbances of immune regulators 
[29, 30]. SLE affects various organ systems such as kidney, 
skin, lung, joints and heart [2, 31]. MiRNAs serve as criti-
cal biomarkers in lupus patients because of their aberrant 
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expression in different SLE stages [12, 13, 32]. They can be 
used in monitoring SLE disease severity function as novel 
potential targets for lupus treatment [2, 12, 13, 32].

In this study, we estimate the regulatory effect of miR-
31 and miR-21 on the activation of T lymphocytes and their 
correlations with IL-2 in Egyptian patients with SLE.

The study demonstrated that miR-31 was significantly 
down-regulated in SLE patients compared to healthy 
controls and the first-degree relatives. In addition, the 
expression levels of miR-31 are inversely proportional 
to SLEDAI score and proteinuria of SLE patients. Con-
sistent with these results, several studies reported the 
significant down-regulation of miR-31 in lupus patients 

[16, 19, 33]. Tang et  al. [16] showed that 7 miRNAs 
(miR-31, miR-95, miR-99a, miR-130b, miR-10a, miR-
134 and miR-146a) were under-expressed more than six-
fold in SLE patients in comparison with normal controls. 
Another study done by Fan et al. [33] found that miR-31 
expression was negatively correlated with SLEDAI and 
renal SLEDAI score in lupus patients, concluding that 
miR-31 expression may be related to disease activity and 
the degree of renal injury.

The study results demonstrated that IL-2 levels are sig-
nificantly decreased in our SLE patients. For more than 
30  years ago, it has been reported that the expression of 
IL-2 is decreased in lupus patients and in animal models of 

Fig. 1   a Bars show miR-31 
expression in PBMCs from 
40 SLE patients, 20 of their 
first-degree relatives and 20 
normal controls examined 
by qRT-PCR. Results are 
represented as mean ± SEM 
relative expression. Error bars 
represent the standard error 
of the mean. P value between 
the groups was determined by 
nonparametric T test (Kruskal–
Wallis test). **p < 0.01 versus 
controls. b Fold change in 
miR-31 expression of lupus 
patients and their first-degree 
relatives is shown compared to 
controls. Bar graph represents 
the mean ± SEM fold change. 
**p < 0.01 versus controls (by 
Kruskal–Wallis test). c A linear 
correlation analysis shows a 
negative correlation between 
miR-31 expression and SLEDAI 
in lupus patients. d A significant 
negative correlation between 
miR-31 expression and pro-
teinuria in patients with SLE is 
shown by a correlation analysis. 
r Spearman correlation’s rank. 
** Correlation is significant at 
the 0.01 level
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lupus [34, 35], which in turn had an impact on the decrease 
in Tregs and the elevation of cells producing IL-17 [36, 37]. 
IL-2 therapy at low doses has been suggested for reversing 
clinical manifestations of lupus [38–41]. Mizui et al. [41] 
showed that the inflammation of organs by the inflamma-
tory cells is reduced by IL-2 administration. In addition, 
the treatment with IL-2 restored the function of Tregs and 
reduced tissue damage in SLE patients and in mice models 
of lupus [38–41].

The statistical results revealed that there was a linear 
positive correlation between miR-31 expression levels 
and IL-2 concentrations in SLE patients. These findings 

are in line with results of Fan et  al. [19] who found that 
expression levels of miR-31 are positively correlated with 
the expression levels of IL-2 in activated lupus T cells. 
Moreover, IL-2 mRNA and protein levels were increased 
in human primary T cells upon transfection with miR-
31, while these levels were decreased via silencing of the 
endogenous miR-31 by the inhibitory oligonucleotide 
antagomir-31 [19, 42]. The increased production of IL-2 
through the miR-31 over-expression in T cells upon stim-
ulation of TCR is mediated by altering the expression of 
NF-AT, targeting KSR2 and enhancing the activity of IL-2 
promoter [9, 42]. In addition, over-expression of RhoA, 

Fig. 2   a Relative miR-21 
expressions quantified in 
PBMCs among the entire study 
sample using qRT-PCR are 
represented as mean ± SEM 
relative expression. **p < 0.01 
versus controls. Error bars 
represent the standard error of 
the mean. P value between the 
groups was determined by non-
parametric T test (Kruskal–Wal-
lis test). b MiR-21 fold change 
in lupus patients and their first-
degree relatives is determined in 
relation to controls. Bars show 
the mean ± SEM fold change. 
**p < 0.01 versus controls (by 
Kruskal–Wallis test). c MiR-21 
expression is positively cor-
related with SLEDAI in patients 
with SLE (a linear correla-
tion analysis). d A significant 
positive correlation is shown 
between expression of miR-21 
and proteinuria in lupus patients 
(a linear correlation analysis). r 
Spearman correlation’s rank.  
** Correlation is significant at 
the 0.01 level
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a target of miR-31, may result in impaired IL-2 promoter 
activity, which causes reduction in IL-2 expression in lupus 
T cells in a mechanism that depended on NF-AT [19, 43, 
44]. The transcription factor NF-AT is essential for IL-2 
expression by binding to IL-2 promoter and regulating its 
activity in Jurkat T cells [45–47].

On the other hand, the study results showed that miR-21 
was significantly up-regulated in SLE patients compared to 
healthy controls and the first-degree relatives, and the expres-
sion levels of miRNA-21 are positively correlated with SLE-
DAI score and proteinuria of SLE patients. These results are 
similar to that of previous studies that reported that miR-21 
expression was up-regulated in B and T lymphocytes of 
mouse lupus model B6.Sle123 as compared to control age-
matched B6 mice [48] and in human lupus patients [49]. Fur-
thermore, its expression was positively correlated with lupus 
disease activity [48, 49]. MiR-21 up-regulation in normal T 
cells resulted in exhibiting an activated phenotype, while T 
cells from lupus patients lose their activated phenotype upon 
miR-21 silencing. Therefore, miR-21 regulated aberrant 
responses of T cells of human SLE [49].

Splenomegaly, one of the autoimmunity manifesta-
tions of B6.Sle123 mice and cGVHD-induced mice, was 
reversed by miR-21 silencing in  vivo [20, 48]. In addi-
tion, the splenic CD4‏-to-CD8‏ T cell ratio was significantly 
reduced and the number of splenic B cells expressing Fas 
receptor was decreased after knockdown of miR-21 [48].

Moreover, autoantibody titers and proteinuria were sig-
nificantly decreased in miR-21 deficient hosts as compared 

to WT controls [20]. Collectively, these experiments in a 
model of lupus indicated that miR-21 deficiency in the host 
was sufficient to prevent lupus-like autoimmunity [20, 48].

In this study, we revealed that miRNA-21 expression 
levels are negatively correlated with IL-2 concentrations. 
This agrees with the results of Rouas et al. [50] that dem-
onstrated that the expression of miR-21 can serve as an 
important positive regulator for FOXP3 expression. They 
also indicated that the expression of FOXP3 was negatively 
regulated by the effect of miR-31. FOXP3 is a transcription 
factor expressed on the surface of regulatory T cells, and it 
negatively regulates IL-2 gene expression by binding to its 
promoter region [51].

In addition, Murugaiyan et  al. [52] revealed that the 
activation under Th17 conditions increased the expression 
of miR-21 specifically in T cells and there is a disturbance 
in the differentiation of Th17 with high IL-2 production 
in Mir21-/- mice as compared to control mice. They also 
demonstrated large amounts of IL-17 and other Th17-
related cytokines and low IL-2 level upon inhibition of 
SMAD-7, a target of miR-21, in CD4+ T cells. Together, 
these observations demonstrated that miR-21 limited the 
production of IL-2 to promote Th17 differentiation. Dur-
ing Th17 differentiation, miR-21 plays a significant role in 
IL-2 under-expression via promoting the SMAD-mediated 
transcriptional down-regulation of IL-2 [52]. In autoim-
mune diseases, administration of IL-2 inhibits IL-17-pro-
ducing CD4−CD8-double-negative T cells and activates 
Treg cells [41].

Fig. 3   a ROC curve of miR-31 for SLE patients versus normal controls (AUC value 0.969). b ROC curve of miR-21 for SLE patients versus 
normal controls (AUC value 0.900)
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Conclusion

Our study showed the correlations of miR-31 and miR-21 
expressions with IL-2 levels in lupus patients. Our results 
indicated that both of miR-31 and miR-21 could serve as 
regulatory biomarkers in the activation of T lymphocytes in 
patients with SLE. We suggested that modulation of miR-31 
and miR-21 expressions could restore the function of Treg 
cells and in turn reverse the clinical manifestations of SLE.
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