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Our understanding of circulating microRNAs (miRNAs) related to systemic lupus erythe-
matosus (SLE) remains very limited. In this study, we screened SLE-specific miRNAs in 
plasma from 42 B cell-related miRNAs by using miRNA PCR Array. The selected miRNAs 
were first confirmed in plasma samples from 50 SLE patients, 16 rheumatoid arthritis 
(RA) patients, and 20 healthy donors using qRT-PCR. We then investigated the rela-
tionship between expressions of the selected miRNAs and SLE clinical indicators. As a 
result, 14 miRNAs (miR-103, miR-150, miR-20a, miR-223, miR-27a, miR-15b, miR-16, 
miR-181a, miR-19b, miR-22, miR-23a, miR-25, miR-92a, and miR-93) were significantly 
decreased in the plasma of SLE patients compared with healthy controls (P  <  0.05) 
and could act as the diagnostic signature to distinguish SLE patients from healthy 
donors. Six miRNAs (miR-92a, miR-27a, miR-19b, miR-23a, miR-223, and miR-16)  
expressed in plasma were significantly lower in SLE patients than in RA patients 
(P < 0.05), revealing the potentially diagnostic signature to distinguish SLE patients from 
RA patients. Furthermore, the downregulated expression of miR-19b, miR-25, miR-93, 
and miR-15b was associated with SLE disease activity (P < 0.05) while miR-15b and 
miR-22 expressions were significantly lower in SLE patients with low estimate glomer-
ular filtration rate (eGFR < 60 ml/min/1.73 m2) (P < 0.05). The diagnostic potential of  
miR-15b for SLE disease activity and lupus nephritis (LN) with low eGFR was validated 
on an independent validation set with 69 SLE patients and a cross-validation set with 
80 SLE patients. In summary, the signature of circulating miRNAs will provide novel 
biomarkers for the diagnosis of SLE and evaluation of disease activity and LN.
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FigUre 1 | A flowchart of the study design.
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inTrODUcTiOn

Systemic lupus erythematosus (SLE) is a clinically heterogeneous 
autoimmune disease which affects multiple organs and systems 
and causes significant morbidity and mortality (1). Recently, 
several criteria have been developed to diagnose SLE or deter-
mine SLE activity at an early phase (2). However, owing to its 
pathogenesis and the exact etiology that has not been completely 
elucidated, to discover novel biomarkers for early diagnosis of 
this disease and predicting the therapeutic outcome is very 
urgent, which enables clinicians to treat SLE patients with the 
most optimally biologic therapy as early as possible.

MicroRNAs (miRNAs) are a class of non-coding small RNAs 
approximately having 19–25 nucleotides. miRNAs play key roles 
in regulating post-transcriptional gene expression by comple-
mentary pairing to their target messenger RNAs (3, 4). Over the 
last decade, published studies have provided strong evidence for 
a connection between expression of dysregulated miRNAs and 
development of several systemic autoimmune diseases, including 
SLE, which gives us new insights into the pathogenesis of SLE and 
a new opportunity to find novel diagnostic or therapeutic targets 
(5–13). In addition, miRNAs were present in serum or plasma 
in a remarkably stable form, and prevented degradation from 
endogenous RNase activity (14–17). Thus, cell-free circulating 
miRNAs will be important biomarkers for SLE diagnosis.

It has been demonstrated that uncontrolled over-activated 
B cells through their maturation into antibody-producing plasma 
cells are central to the pathogenesis and development of SLE  
(9, 18). B cells also regulate T-cell activity and immune response 
by acting as antigen-presenting cells or via the production of 
co-stimulatory molecules and proinflammatory cytokines. 
Therefore, B cell-related miRNAs may be an attractive target for 
SLE diagnosis and sequent evaluation of therapeutic outcome.

We have previously screened 72-miRNAs profiling differently 
expressed in B  cells of SLE patients using Affymetrix miRNA 
2.0 array (19). In this study, expression of 42 selected miRNAs 
in a large set of plasma specimens from patients with SLE and 
rheumatoid arthritis (RA) as well as from healthy controls (HCs) 
were analyzed using qRT-PCR aiming to identify the miRNAs 
that could potentially serve as novel serum-based biomarkers 
for the diagnosis of SLE and further distinguishment between 
disease activity and lupus nephritis (LN).

MaTerials anD MeThODs

Participants and study Design
Fifty SLE patients and 16 RA cases receiving clinical care at 
Department of Rheumatology, the First Affiliated Hospital of 
Wenzhou Medical University, were enrolled in this study between 
March 2013 and September of 2015. The plasma of 30 age- and 
sex-matched HCs were recruited from the Wenzhou local blood 
bank diagnosed without arthralgia, heart failure, renal failure, or 
autoimmune disease and free from other inflammatory condi-
tions. Sixty-nine patients in the independent validation cohort 
were enrolled from March 2013 to September 2015. Additional 
80 SLE patients in cross-validation set were enrolled between 
March 2013 and September 2015 from the Department of 

Nephrology, Ruijin Hospital of Shanghai Jiao Tong University 
School of Medicine. The research protocol had been approved 
by the Medical Ethics Committee of First Affiliated Hospital of 
Wenzhou Medical University and Ruijin Hospital of Shanghai 
Jiao Tong University School of Medicine. All participants were 
informed and gave their written consent to participate in the 
study. All SLE/RA patients fulfilled the American College of 
Rheumatology criteria for SLE/RA (20, 21). Disease activity was 
assessed by the Systematic Lupus Activity Measure and Systemic 
Lupus Erythematosus Disease Activity Index (SLEDAI) at the 
time of plasma collection. The SLE patients with SLEDAI >15 
were polled together and set as highly active SLE group, those 
SLE patients with SLEDAI <4 were polled and set as stable SLE 
group. Modification of diet in renal disease formula was used 
to estimate glomerular filtration rate (eGFR). All the patient’s 
clinical features and treatment drugs were collected: drugs for 
SLE include steroids, mycophenolate mofetil, cyclophospha-
mide, azathioprine, MTX, tacrolimus, cyclosporine A, and 
Leflunomide.

The study was designed as a three-phase epidemiological 
approach to identify the novel circulating miRNAs associated 
with the disease status of SLE (Figure 1). (1) 10 plasma samples 
randomly selected from the enrolled SLE patients and 10 plas-
mas from the age- and sex-matched HCs were used to screen 
SLE-specific circulating miRNAs from 42 SLE B cell-associated 
miRNAs using customized miRNAs qPCR array. (2) Different 
expression of candidate circulating miRNAs was confirmed in 
the plasma samples comprised of 50 SLE patients, 20 HCs, and 
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TaBle 1 | Clinical details of the patients with systemic lupus erythematosus 
(SLE), rheumatoid arthritis (RA), and healthy controls (HCs).

clinical characteristic sle ra hc

Number of patients 50 16 20
Sex, male/female 10/40 3/13 6/14
Age 37.18 ± 15.06 47.62 ± 10.43
Systemic Lupus Erythematosus Disease 
Activity Index (SLEDAI), mean ± SD 
(range)

6.98 ± 5.38 
(0–20)

Erythrocyte sedimentation rate 15 (39) 14 (16)
The stage of chronic kidney disease
Early stage (CKD 1~2 stage) 29 (34)
Late stage (CKD 3~5 stage) 5 (34)
Autoantibodies and complement
ANA 40 (40) 6 (11)
Anti-double-stranded DNA 17 (40) 0 (11)
Low C3 level 32 (46) 1 (12)
Low C4 level 26 (41) 2 (12)
Low P level 4 (24) 2 (8)
C-reactive protein (mg/l) 3.34 ± 6.32 41.01 ± 63.17
Treatment drugs
Steroids 50
Immunosuppressive drugs 28

In the phase of candidate microRNA selection, the 10 samples were from 50 samples 
of SLE patients.

TaBle 2 | Clinical features of systemic lupus erythematosus cases on 
independent validation set from Wenzhou and cross-validation set from 
Shanghai.

clinical characteristic independent 
validation set

independent 
validation set

Number of patients 69 80
Sex, male/female 9/60 13/67
Age 32.97 ± 11.71 38.96 ± 14.66
Incipient 14 (69) 30 (80)
Systemic Lupus Erythematosus  
Disease Activity Index (SLEDAI), 
mean ± SD (range)

13.30 ± 6.82 (0–30) 10.66 ± 7.97 (0–33)

Erythrocyte sedimentation rate 35 (61)
The stage of chronic kidney disease
Early stage (CKD 1~2 stage) 64 (69) 60 (80)
Late stage (CKD 3~5 stage) 5 (69) 20 (80)
Autoantibodies and complement
ANA 69 (69) 71
Anti-double-stranded DNA 42 (58) 54
Low C3 or C4 level 52 (67) 41 (79)
Low C4 level 50 (63) 53
Low P level 7 (37) 2
C-reactive protein (mg/l) 12.69 ± 18.87 23.98 ± 54.74
Treatment drugs
Steroids 67 77
Immunosuppressive drugs 46 61

Disease manifestations were defined and scored according to the SLEDAI.
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Preparation of Plasma samples  
and rna isolation
Blood samples were collected into EDTA-2K containing tubes. 
Blood cells were removed by a two-step centrifugation protocol 
performed at 4°C (3,000  rpm for 10 min, then 12,000  rpm for 
10  min) to obtain platelet-poor, cell-free plasma. All samples 
were stored at −80°C until analyzed. Plasma RNA was isolated 
using Trizol® LS Reagent (Ambion, US) and Direct-zol™ RNA 
kit (Cat#2060&2062, Zymo Research, US) according to the 
manufacturer’s protocol. To normalize possible sample-to-sample 
variation caused by RNA isolation, 1 nmol (total volume of 1 µl) 
of synthetic C. elegans miRNAs cel-miR-39 (MIMAT0000010, 
Seq: 5′-UCACCGGGUGUAAAUCAGCUUG-3′, GenePharma, 
China) was added to each denatured sample. The isolated RNAs 
were digested by Dnase I cocktail to remove the residual DNA, 
and then were collected in 25 μl DNase/RNase-free water using 
Direct-zol™ RNA kit. Concentration of RNA was measured by 
NanoDrop 2000 (Thermo Fisher scientific, US). Isolated RNA 
was kept at −80°C or immediately used for reverse transcription.

screening of B cell-related mirnas  
in sle Plasma Using the customized 
qrT-Pcr mirna array
Two independent experiments were performed to detect the 
different expressions of B  cell-related miRNAs in SLE plasma 
using the customized miRNAs array (CT Bioscience, Jiangsu, 
China). To eliminate the difference among different samples as 
well as possible, five plasma samples from SLE patients or HC 
were mixed as one pool. The panel of the customized miRNA 
array contained 42 B  cell-related miRNAs selected from our 
previous study (19). First, aliquot 100  ng of plasma RNA was 
added the poly A tail and then transcribed into cDNA accord-
ing to the manufacturer’s protocol. qRT-PCR detection using 
the customer PCR chip contained 42 selected miRNA panels 
was performed on an Applied BioSystems 7500 Real-Time PCR 
system (Life Technologies). Data were automatically analyzed 
with SDS Relative Quantification Software version 2.2.2 (Life 
Technologies). U6, let-7d and let-7g were set as internal controls 
for plasma miRNA (22), and cel-miR-39 was set as the external 
control for plasma RNA isolation. The miRNAs that the Ct values 
were greater than 35 or with unqualified dissolution curve were 
removed from all datasets. Average Ct values of the duplicate 
analysis of each miRNA were then subtracted from the average 
Ct value of the cel-miR-39 or the internal control of U6, let-7d 
and let-7g for that particular sample, yielding the ΔCt values. The 
relative expression level of each miRNA was measured through 
the equation 2−ΔCt. The experiment was repeated three times.

Detection of mirnas expression
Plasma miRNA expressions of 119 samples from the First 
Affiliated Hospital of Wenzhou Medical University were detected. 
First, 100 ng plasma RNA was reversely transcribed using miScript 
II RT kit (Qiagen, Valencia, German) according to the manufac-
turer’s protocol. Stem-loop Real-time qPCR was performed using 
the miScript SYBR Green PCR Kit (Cat#218073, Qiagen, German) 
according to the manufacturer’s protocol. The expressions of 

16 patients with RA using qRT-PCR. (3) The identified miRNAs 
related to the disease activity and LN of SLE were re-validated on 
two independent SLE cohorts. The Wenzhou validation cohort 
included 69 SLE patients, and the Shanghai cross-validation 
cohort consisted of 80 SLE patients. Basic information of all 
participants was shown in Tables 1 and 2.
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TaBle 3 | Differential expression of B cells-associated microRNAs (miRNAs) in the plasma of systemic lupus erythematosus (SLE) patients and healthy control (HC).

mirna Fold change (sle/hc, 2−Δct) a mirna Fold change (sle/hc, 2−Δct) B

U6 let-7d let-7g cel-mir-39 U6 let-7d let-7g cel-mir-39

miR-155 5.59 1.98 4.43 3.03 miR-155 12.99 14.92 12.12 14.92
miR-103 0.61 0.21 0.48 0.33 miR-103 0.08 0.1 0.08 0.1
miR-150 0.51 0.18 0.41 0.28 miR-150 0.7 0.81 0.65 0.81
miR-20a 0.63 0.22 0.5 0.34 miR-20a 0.61 0.7 0.57 0.7
miR-223 0.65 0.23 0.51 0.35 miR-223 0.28 0.32 0.26 0.32
miR-27a 0.57 0.2 0.45 0.31 miR-27a 0.4 0.46 0.37 0.46
miR-15b 0.03 0.01 0.03 0.02 miR-15b 0.003 0.004 0.003 0.004
miR-16 0.01 0.01 0.01 0.01 miR-16 0.01 0.01 0.01 0.01
miR-181a 0.09 0.03 0.07 0.04 miR-181a 0.28 0.32 0.26 0.32
miR-19b 0.19 0.07 0.15 0.1 miR-19b 0.16 0.18 0.15 0.18
miR-22 0.01 0 0.01 0.01 miR-22 0.1 0.11 0.09 0.11
miR-23a 0.22 0.07 0.17 0.12 miR-23a 0.1 0.11 0.09 0.11
miR-25 0.16 0.05 0.12 0.08 miR-25 0.46 0.53 0.43 0.53
miR-92a 0.04 0.01 0.03 0.02 miR-92a 0.04 0.05 0.04 0.05
miR-93 0.03 0.01 0.02 0.01 miR-93 0.16 0.18 0.15 0.18

miRNA relative expression in the two cohorts’ plasma of SLE and HC. Cel-miR-39 is an external reference, U6 is the most common internal reference, and let-7d and let-7g are 
common internal reference. The fold change in the columns is the ratio of expression in patients with SLE versus controls when using different normalization. All P values were less 
than 0.05.
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miRNAs in the 80 plama samples from Ruijin Hospital were 
detected using mirVana qRT-PCR miRNA Detection Kit 
(Cat#AM1558, Ambion, US). All RT-qPCR reactions were carried 
out on an Applied BioSystems 7500 Real-Time PCR system (Life 
Technologies). All reactions ran in triple. The data were analyzed 
through the comparative threshold cycle (Ct) method. For expres-
sion analysis, the experiment was designed to use the cel-miR-39 
as the external control; therefore, the relative quantification of 
plasma miRNAs was calculated using the equation: amount of 
target miRNA expression = 2−ΔCt, ΔCt = Ctplasma miRNAs − Ctcel-miR-39. 
The results were magnified 10,000 times.

statistical analysis
Data were presented as the median and quartile. SPSS 22.0 soft-
ware was applied for statistical analysis. Statistical significance 
between groups was determined by Mann–Whitney U-test, 
Student’s t-test, chi-square test, Fisher’s exact test, Pearson 
product-moment correlation coefficient, and logistic regression 
analysis with Dunnett’s multiple comparison test as appropriate. 
P value less than 0.05 was considered statistically significant. 
Receiver operating characteristic (ROC) curve analysis, plotting 
the true positive rate (sensitivity) versus the false positive rate 
(1 − specificity) at various threshold settings were performed for 
plasma miRNAs, and the areas under curve (AUC) was calculated 
with SPSS22.0. The maximum of the sum of true positive rate 
and  false positive rate were calculated, and cutoff value with 
higher specificity was selected. Expression graphs and ΔCt values 
were analyzed using GraphPad Prism version 5.04 software.

resUlTs

screening and Verifying sle-specific 
circulating mirnas
According to our previous results of miRNAs profiling differ-
entially expressed in B cells of SLE patients and combined with 

reported literature, 42 B cell-associated miRNAs (Tables S1–S4 in 
Supplementary Material) were selected to customize an miRNAs 
panel array for detecting plasma miRNAs associated with SLE. 
Results from the two set of experiments revealed that expression 
of 15 miRNAs had twofold change in the plasma between SLE 
patients and HC. One miRNA, miR-155, was upregulated in the 
plasma of SLE patients, and the other 14 miRNAs (miR-103, 
miR-150, miR-20a, miR-223, miR-27a, miR-15b, miR-16, miR-
181a, miR-19b, miR-22, miR-23a, miR-25, miR-92a, and miR-93) 
were downregulated (Table 3). Based on the screening results of 
SLE-specific circulating miRNAs, we further analyzed the expres-
sions of 15 selected miRNAs in plasma of 50 SLE patients, 16 RA 
patients, and 20 HCs. As shown in Figure 2, expressions of 14 
miRNAs (miR-103, miR-150, miR-20a, miR-223, miR-27a, miR-
15b, miR-16, miR-181a, miR-19b, miR-22, miR-23a, miR-25, 
miR-92a, and miR-93) were significantly downregulated in the 
plasma of SLE patients compared with those in HCs (P < 0.05), 
consistent with the result of our customized miRNAs panel array 
screening. The expression of miR-155 showed no significant dif-
ference in the plasma between SLE patients and HCs (P > 0.05). 
Furthermore, except for miR-181a, 13 miRNAs were also signifi-
cantly downregulated in the plasma of RA patients compared 
with HCs (P < 0.05). In addition, six miRNAs (miR-23a, miR-92a,  
miR-223, miR-27a, miR-16, and miR-19b) in the plasma of SLE 
patients were significantly lower than those in RA patients (P < 0.05).

rOc curve analysis of 14 candidate 
Plasma mirnas as sle Diagnosis
Based on the results of SLE-specific circulating miRNA, we 
investigated whether miRNAs could be used as a new diagnostic 
marker of SLE using the ROC curve. As shown in Figure 3 and 
Table  4, the AUC for miR-150, miR-92a, miR-27a, miR-19b, 
miR-25, miR-23a, miR-93, miR-181a, miR-22, miR-223, miR-16, 
miR-20a, miR-15b, and miR-103 in predicting SLE from HCs 
were 0.832, 0.954, 0.948, 0.837, 0.951, 0.881, 0.823, 0.708 0.891, 
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FigUre 2 | 15 microRNA (miRNA) differentially expressed in the plasma of systemic lupus erythematosus (SLE), rheumatoid arthritis (RA) patients, and healthy 
control (HC). Expressions of the selected miRNAs in the plasma obtained from patients with SLE (n = 50), RA (n = 16), and HC (n = 20) were determined by 
qRT-PCR. The expression levels of miRNAs were normalized to cel-miR-39.
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FigUre 3 | Receiver operating characteristic (ROC) curve of 14 microRNAs (miRNAs) for systemic lupus erythematosus (SLE) diagnosis from healthy control.  
The areas under curve (AUC) for miRNAs are shown in Figure 3 and Table 4, respectively. The diagnostic sensitivity for SLE difference from healthy  
people was 0.61~0.97 and the specificity was 0.61~1.
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TaBle 4 | Receiver operating characteristic (ROC) curve (AUC) for 14 
microRNAs (miRNAs) in discriminating systemic lupus erythematosus patients 
from healthy control.

mirna rOc area 
(aUc)

95% upper 
bound

95% lower 
bound

specificity sensitivity

miR-150 0.832 0.946 0.718 0.95 0.614
miR-92a 0.954 1.003 0.905 0.9 0.898
miR-27a 0.948 1 0.896 1 0.818
miR-19b 0.837 0.941 0.733 0.842 0.791
miR-25 0.951 1.006 0.896 1 0.861
miR-23a 0.881 0.961 0.802 0.889 0.745
miR-93 0.823 0.957 0.688 0.85 0.786
miR-181a 0.708 0.869 0.548 0.611 0.833
miR-22 0.891 0.968 0.815 0.9 0.827
miR-223 0.93 0.992 0.869 0.85 0.884
miR-16 0.951 1.02 0.883 0.944 0.974
miR-20a 0.887 1.029 0.746 0.833 0.974
miR-15b 0.922 0.984 0.859 0.95 0.824
miR-103 0.941 1.002 0.881 1 0.821

FigUre 4 | Receiver operating characteristic (ROC) curve of six microRNAs (miRNAs) for systemic lupus erythematosus (SLE) diagnosis from rheumatoid arthritis 
patients. The areas under curve (AUC) for miRNAs are shown in Figure 4 and Table 5, respectively. The diagnostic sensitivity for SLE difference from healthy people 
was 0.59~0.87 and the specificity was 0.71~0.94.
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correlation Between Plasma mirnas 
expression and sle clinical Variables
We next investigated the relationship between miRNAs expres-
sions in plasma and established clinical variables of SLE patients 
(Table 6). There were only several miRNAs associated with some 
anti-nuclear antibodies although 14 selected miRNAs were SLE 
B  cell-associated miRNAs. The expression levels of miR-19b,  
miR-22, miR-23a, and miR-25 in SLE patients with positive anti-
β2GP1 were significantly higher than negative anti-β2GP1 patients 
(P  <  0.05). The expression level of miR-15b was significantly 
higher in SLE patients with positive anti-SSB than those with 
negative anti-SSB (P = 0.014). There was no correlation between 
the expression of other miRNA and anti-U1RNP, anti-histone, 
anti-SSA, anti-Sm, and anti-Ribp in the plasma of SLE. Analysis 
of the relationship between expression of miRNAs in plasma 
and disease activity of SLE patients revealed that four miRNAs  
(miR-15b, miR-93, miR-25, and miR-19b) in the active group 
were significantly different from the stable group. Expressions 
of these four miRNAs in active state of SLE were all significantly 
lower than those in the stable SLE group (Figure 5A). According 
to the analysis of ROC curve (Figure 5B), AUCs for miR-15b, 
miR-93, miR-25, and miR-19b in determining active SLE patients 
were 0.619 (95% CI: 0.521–0.860), 0.702 (95% CI: 0.544–0.860), 
0.688 (95% CI: 0.518–0.859), and 0.673 (95% CI: 0.521–0.825), 
respectively. In addition, data indicated that expressions of two 
plasma miRNAs (miR-15b and miR-22) were associated with 
renal injury of SLE. miR-15b and miR-22 were significantly lower 

0.93, 0.951, 0.887, 0.922, and 0.941, respectively. The diagnostic 
sensitivity for SLE distinguish from HCs was 0.61~0.97 and 
the specificity was 0.61~1. In addition, the AUCs for miR-92a, 
miR-27a, miR-19b, miR-223, miR-23a, and miR-16 in predicting 
SLE from RA were 0.665, 0.873, 0.679, 0.699, 0.761, and 0.733, 
respectively (Figure 4; Table 5). The diagnostic sensitivity for SLE 
distinguish from RA patients was 0.59~0.87 and the specificity 
was 0.71~0.94.
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TaBle 6 | Correlation of 14 microRNAs (miRNAs) with anti-nuclear antibodies in 
systemic lupus erythematosus patients.

mirna anti-β2gP1

negative (n = 8) Positive (n = 16) P value

miR-19b 58.85 (3.99, 163.99) 376.67 (108.53, 644.82) 0.049
miR-22 165.04 (19.78, 472.04) 345.58 (170.32, 520.86) 0.043
miR-23a 70.92 (17.95, 199.81) 141.87 (108.64, 175.11) 0.031
miR-25 136.57 (22.04, 436.89) 419.55 (308.56, 530.54) 0.016

mirna anti-ssB

negative (n = 20) Positive (n = 19) P value

miR-15b 90.78 (29.75, 241.64) 369.38 (108.46, 653.18) 0.014

The results are magnified 10,000 times.

TaBle 5 | Receiver operating characteristic (ROC) curve (AUC) for six 
microRNAs (miRNAs) in discriminating systemic lupus erythematosus patients 
from rheumatoid arthritis patients.

mirna rOc area 
(aUc)

95% upper 
bound

95% lower 
bound

specificity sensitivity

miR-92a 0.665 0.790 0.539 0.938 0.592
miR-27a 0.873 0.966 0.779 0.773 0.867
miR-19b 0.679 0.818 0.540 0.721 0.625
miR-223 0.699 0.850 0.549 0.721 0.688
miR-23a 0.761 0.900 0.622 0.706 0.812
miR-16 0.733 0.882 0.583 0.875 0.625
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in SLE patients with low eGFR (eGFR  <  60  ml/min/1.73  m2) 
than those with better renal function (eGFR  >  60  ml/
min/1.73  m2) (P  =  0.01 and 0.012, respectively). Analysis of 
ROC curve showed that the AUCs for miR-15b and miR-22 in 
determining SLE patients with renal damage (eGFR <  60 ml/
min/1.73  m2) were 0.872 (95% CI: 0.714–1.000) and 0.859 
(95% CI: 0.677–1.000), with sensitivity of 0.800 or 1.000 and 
specificity of 0.800 or 0.600, respectively (Figure 6). It did not 
have any significant association between expressions of plasma 
miRNAs and other SLE clinical variables (Table 7), except for 
miR-23a, miR-25, miR-16, miR-15b, miR-150, and miR-223. 
miR-23a was associated with gender, miR-25 was associated 
with CRP, and miR-15b, miR-150, and miR-223 were associated 
with ALT. Expression of plasma miR-16 was significantly lower 
in recurrent SLE patients than in SLE patients with first onset 
(P  =  0.045). Analysis of treatment drugs showed that all SLE 
patients used steroids and 28 patients used immunosuppressive 
drugs among 50 SLE patients.

Double Validation of mir-15b  
as a Biomarker for sle Patients  
With Disease activity and ln
Based on the above analysis, miR-15b could act as a potential 
disease biomarker for SLE patients with disease activity and LN 
with low eGFR. Thus, to validate the results, we collected 69 
SLE samples to further determine the expression of miR-15b. 
Results showed that miR-15b in the expression of SLE activity 
group was significant different from the stable group (P = 0.039, 

Figure 7A). According to the analysis of ROC curve (Figure 7B), 
miR-15b that separate active and stable state of the SLE patients 
with an AUC of the ROC curve of 0.665 (95% CI: 0.519–0.797), 
which determined the sensitivity (0.810) and specificity (0.604). 
Comparison of plasma miRNA expression level in patients with 
renal function revealed that the miR-15b in patients with low 
eGFR (eGFR < 60 ml/min/1.73 m2) was significantly decreased 
(P  =  0.033); the analysis of ROC curve (Figure  7C) showed  
miR-15b to determine the AUC was 0.820 (95% CI: 0.662–0.978), 
which determined the sensitivity (0.609) and specificity (1.000). 
In addition, results obtained from another 80 SLE samples also 
showed that miR-15b in the expression of SLE activity group 
was significantly different from it in stable group (P  =  0.01, 
Figure 7D). ROC curve analysis showed that AUC of miR-15b in 
predicting activity of the SLE patients was 0.696 (95% CI: 0.560–
0.832), which determined the sensitivity at 0.767 and specificity 
at 0.586 (Figure 7E). Comparison plasma miRNA expression in 
patients with different eGFR level, miR-15b in patients with low 
eGFR (eGFR < 60 ml/min/1.73 m2) was significantly decreased 
(P = 0.028); based on the analysis of ROC curve, AUC of miR-15b 
in predicting LN with low GFR was 0.675 (95% CI: 0.508–0.843), 
which determined the sensitivity at 0.878 and specificity at 0.438 
(Figure 7F). The results of treatment drugs showed that in the 
cohort of 69/80 SLE patients from Wenzhou/Shanghai, 67/77 
patients used steroids and 46/61 patients used immunosuppres-
sive drugs.

DiscUssiOn

MicroRNA is very stable in blood circulation, and can be 
preserved for a long time without degradation in vitro, which 
makes miRNA very suitable for using as a new serum marker 
for a variety of diseases (11). The stability can be partially 
explained by the discovery of lipoprotein complexes, includ-
ing small membrane vesicles of endocytic origin (called 
exosomes or microvesicles), high-density lipoprotein, and 
circulating Argonaute 2 complexes (23–25). Here, we used an 
ROC curve to evaluate the results and found that 14 miRNAs 
with clinical diagnostic value in the diagnosis of SLE are 
different from the HCs, six miRNAs with clinical diagnostic 
value are different between SLE and RA patients. The differ-
ential expression of miRNAs in plasma of SLE patients might 
be used as new biomarkers. Moreover, we analyzed the cor-
relation between SLE-specific circulating miRNA and clinical 
features of patients with SLE, including autoantibodies and 
other related indicators. Results indicated that expressions of 
miR-19b, miR-25, miR-93, and miR-15b in SLE activity group 
were significantly lower than those in the SLE stable group. 
In addition, further analysis indicated that expressions of 
miR-15b and miR-22 correlated significantly with renal dam-
age. Further diagnostic potential of miR-15b for SLE disease 
activity and LN was selected and validated on an independent 
validation set with 69 SLE patients and a cross-validation set 
with 80 SLE patients.

Circulating miRNA has been reported to be differentially 
expressed in SLE patients, but data are inconsistent in different 
studies, we reviewed them in PubMed and collected together 
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FigUre 5 | Expressions of four plasma microRNAs (miRNAs) in patients with active systemic lupus erythematosus (SLE). (a) Four plasma miRNAs expressed 
differentially in the active SLE and stable SLE patients. Expressions of selected miRNAs in the plasma obtained from patients with SLE (n = 50) were determined by 
RT-qPCR. The expression levels of miRNAs were normalized to cel-miR-39. (B) Receiver operating characteristic curve analysis of four plasma miRNAs expressed 
in the active SLE and stable SLE patients.
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TaBle 7 | Correlation of 14 microRNA (miRNA) expression with other clinical 
features of systemic lupus erythematosus.

mirna sex

N Male N Female P value

miR-23a 8 49.45 (13.65, 146.85) 38 12.22 (2.72, 43.87) 0.046

mirna crP (mg/l)

N <8 N >8 P value

miR-25 18 101.34 (9.50, 559.01) 6 15.19 (0.23, 164.39) 0.046

mirna alT (U/l)

N 5–55 N >55 P value

miR-15b 35 187.16 (34.70, 485.44) 3 479.41 (411.09, 5,287.22) 0.088
miR-150 32 20.54 (8.41, 64.96) 2 166.42 (94.92, 237.91) 0.048
miR-223 27 7.36 (1.73, 33.85) 2 1,258.80 (59.06, 2,458.75) 0.048

mirna incipient

N Yes N no P value

miR-16 3 28.14 (17.71, 265.16) 28 1.12 (0.28, 12.80) 0.045

FigUre 6 | Receiver operating characteristic curve analysis of miR-15b and 
miR-22 microRNAs (miRNAs) expression in patients with lupus nephritis.
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in Table  8. Carlsen et  al. screened 45 plasma miRNAs in two 
independent cohorts using quantitative RT-PCR assays (26). 
They found that seven miRNAs were statistically significant 
in plasma from SLE patients. Expression of miR-142-3p and 
miR-181a was increased while expression of miR-106a, miR-17, 
miR-20a, miR-203, and miR-92a was decreased. A 4-miRNA 
signature was diagnostic of SLE, and a specific subset of miRNA 
profiles was associated with nephritis. Wang et al. screened the 
plasma miRNA profiles of SLE patients by miRNA microarrays 
and identified eight miRNAs by RT-qPCR (27). They found 
that circulating levels of miR-16, miR-223, miR-23a, miR-15b, 
miR-150, and miR-25 were upregulated in patients with SLE in 
contrast to that expressions of circulating miR-155 and miR-92a 
were downregulated. Surprisingly, SLE-associated miR-155 was 
not significantly dysregulated in the plasma of both SLE and 
RA patients, compared with HCs. Using miRNA PCR array, 
Kim et al. found that nine miRNAs were differentially expressed 
between the SLE and HC (28). Three miRNAs (hsa-miR-30e-5p, 
hsa-miR-92a-3p, and hsa-miR-223-3p) were significantly 
upregulated in plasma of SLE patients (P = 0.048, P = 0.039, and 
P = 0.046, respectively). In our study, we found the plasma levels 
of 14 miRNAs were downregulated. The change of miR-92a in 

patients with SLE was consistent with previous studies (26, 27). 
We, together with Carlsen and colleagues, showed that expression 
of miR-20a in the SLE patients was downregulated. But expres-
sion of miR-155 in plasma was not significantly different between 
SLE patients and HCs.

Using miRNAs sequencing, Navarro-Quiroz et al. comprehen-
sively examine the plasma abundance of miRNAs in patients with 
class II, III, and IV lupus nephritis (LN II, LN III, and LN IV) 
compared with the plasma miRNA levels in lupus patients with 
no nephritis (LNN) or control healthy individuals (CTL) (30, 31).  
They found that expression of 89 miRNAs were significantly differ-
ent in patients with LN, compared with CTL individuals. 17 miRNAs 
were differently abundant between patients with LN and LNN group. 
Compared with CTL individuals, the plasma level of miR-150 was 
upregulated in patients with LN III while miR-19b and miR-16 were 
downregulated in the patients with LN II. Comparison of LN II 
with LNN or LN IV with CTL, expression levels of miR-92a were 
all upregulated. In Wang and colleagues’ study of serum samples 
from HCs and early/late stage LN patients were used to analyze the 
expression of miRNAs by microarray. MiR-223 was upregulated and 
miR-22 was downregulated in the early LN patients versus HCs (32). 
On the other hand, miR-223, miR-19b, miR-22, miR-23a, miR-25, 
miR-92a, and miR-93 were all significantly downregulated in LN 
patients at the late stage compared to HCs (32).

Recently, several published studies have shown that miR-15b 
is involved in the pathologies of autoimmune disease. Liu et al. 
identified miR-15b as an important factor in Th17-associated 
effects and determined that expression of miR-15b was signifi-
cantly downregulated in multiple sclerosis patients and in mice 
with experimental autoimmune encephalomyelitis (33). They 
also found that O-linked N-acetylglucosamine transferase is a 
potential target of miR-15b, enabling it to affect the transcrip-
tional regulation of retinoic acid-related orphan receptor γT 
through O-linked N-acetylglucosamine glycosylation of NF-κB. 
Singh et  al. reported that miR-15b/16 enhances the induction 
of regulatory T cells by regulating the expression of Rictor and 
mammalian target of rapamycin (34). Ren et  al. used a B-cell 
profiling chip analysis and found that CyclinD3 was related to 
SLE and significantly elevated in SLE B cells (35). Furthermore, 
they demonstrated that activation of TLR7 dramatically 
increased CyclinD3 expression but significantly decreased miR-
15b in B cells in vitro. They identified further that CyclinD3 is 
a direct target of miR-15b. Our results also showed that plasma 
miR-15b was decreased in patients with SLE, and was positively 
correlated with disease activity and LN with low eGFR. Thus, a 
larger sample size including different pathological types of LN, in 
a well-designed study will be promising for understanding of the 
functional role of miR-15b in future.

In conclusion, we have demonstrated here that differential 
expression of circulating miRNAs is a typical character between 
SLE patients and HCs. The plasma miR-15b correlated with SLE 
activity and LN may serve as a biomarker for SLE.

DaTa aVailaBiliTY sTaTeMenTs

All relevant data are contained within the manuscript, all 
datasets for this study are included in the manuscript and the 
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FigUre 7 | Expression of miR-15b in double validation group. (a) Plasma miR-15b expression of 69 samples from First Affiliated Hospital of Wenzhou Medical 
University. Plasma miR-15b was significantly different in active systemic lupus erythematosus (SLE) patients. (B) Receiver operating characteristic (ROC) curves with 
corresponding AUC for miR-15b in discriminating patients (n = 69) with active SLE from stable SLE. (c) Comparison of plasma miR-15b expression level in SLE 
patients (n = 69) with lupus nephritis (LN). (D) MiR-15b expressions of 80 serum samples from Ruijin Hospital of Shanghai Jiao Tong University. MiR-15b was 
significantly different in active SLE patients. (e) ROC curves with corresponding AUC for miR-15b in discriminating patients (n = 80) with active SLE from stable SLE. 
(F) Comparison of plasma miR-15b expression level in SLE patients (n = 69) with LN.

TaBle 8 | The comparison of circulating miRNAs in our study with other SLE 
studies.

mirna This 
study

Kim  
et al. (28)

Wang  
et al. (27)

carlsen 
et al. (26)

steen  
et al. (29)

Experiment subjects Plasma Plasma Plasma Plasma Plasma
Number (SLE/HC) 199/20 70/40 30/20 131/143 29/40
miR-155 NS ↓ NS
miR-150 ↓ NS NS NS ↓
miR-20a ↓ ↓
miR-223 ↓ ↑ ↑ NS ↑
miR-15b ↓ NS
miR-16 ↓ ↑ NS
miR-181a ↓ ↑
miR-23a ↓ NS
miR-25 ↓ NS NS
miR-92a ↓ ↑ NS ↓

SLE/HC means SLE versus healthy control; number showed in the table means that we 
counted all the numbers of experiment subjects together.
NS, no significance; miRNAs, microRNAs; SLE, systemic lupus erythematosus;  
HC, healthy control.
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