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Background: Plasma miR-21 is widely in-
vestigated as biomarker in many diseases.
Recent studies show that miR-21 partici-
pates in the development of systemic lu-
pus erythematosus (SLE). The aim of this
study was to evaluate the expression pro-
file of miR-21 in the plasma of SLE patients.
Methods: Relative quantities of plasma miR-
21 both in SLE patients and healthy con-
trols were determined by relative gRT-PCR
under endogenous and exogenous con-
trols. The diagnostic value of plasma miR-
21 was evaluated in SLE patients. Data
of some SLE-associated clinical parame-
ters were collected. Results: Eighty partic-
ipants from Central China were recruited.
Forty-four participants were new-onset SLE
patients and the others were healthy con-
trols. Plasma miR-21 level in SLE patients
was higher than that of healthy controls

(P = 0.031). Receiver operating character-
istic analysis of plasma miR-21 revealed an
Area Under Curve (AUC) of 0.64 + 0.06
(95% CI: 0.51-0.76, P = 0.03854) when
differentiating SLE from healthy controls.
The level of plasma miR-21 was not as-
sociated with the level of white blood cells
(P = 0.4284), red blood cells (P = 0.4079),
and platelets (P = 0.4961), but significantly
correlated with the level of plasma comple-
ment C3 (r= —0.5297, P=0.0004), C4 (r=
—0.4732, P = 0.0020), and serum uric acid
(r=0.3932, P = 0.0121) in SLE patients.
Conclusions: Plasma miR-21 in SLE pa-
tients from Central China is overexpressed.
Since circulating miR-21 is aberrantly ex-
pressed in many diseases, the applying of
it as a disease biomarker should be consid-
ered carefully. J. Clin. Lab. Anal. 28:446—
451, 2014. © 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a complex au-
toimmune disease due to immunopathogenic abnormali-
ties. Immune dysregulation leads to excess production of
autoantibodies and immune complexes, excess comple-
ment activation, and then immune damage to different
organs, which together cause a diverse clinical syndrome
in patients, including arthritis, nephritis, and skin rashes.
The incidence rate of SLE in Chinese Beijing population
is 0.03% (1), while the rate in Chinese Hong Kong pop-
ulation increases to 0.1% (2). Thirty-six percent of SLE
patients would become disabled within 5 years of disease
onset (2). Although significant progress has been made, it
is difficult to make the early diagnosis of SLE. A number
of autoantibodies have been used as biomarkers for the
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diagnosis of SLE. However, there is no perfect one. Re-
liable biomarkers are urgently needed for the diagnosis,
monitoring, and stratification of SLE.

MicroRNAs (miRNAs), as a notable class of genetic
regulators, are a class of endogenous small single-strand
RNAs 21-25 nucleotide in length. Recent studies show
that miRNAs are important regulators in the development
of SLE and are potential biomarkers for SLE (3). For
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example, serum miR-146a, miR-155, and miR-200b were
lower in SLE patients than in healthy controls (4-6). miR-
21, one of the early discovered small noncoding RNAs,
was widely investigated as potential biomarker in cancer
and cardiovascular disease (7-11). For example, miR-21 is
indicated to be an independent prognostic factor of gastric
cancer (12,13). As surgery can reduce the level of circulat-
ing miR-21 and poor postoperative survival rate always
relates with higher level of circulating miR-21 (12, 13),
so far, the profile of circulating miR-21 in autoimmune
diseases has been barely studied.

Growing evidence has shown that the aberrant ex-
pressed cellular miR-21 is a contributor of SLE (14, 15).
Recently, two studies explored the expression of circulat-
ing miR-21 in SLE patients of different populations, but
they got different results (6,16). The aim of this study was
to evaluate the expression profile of miR-21 in the plasma
of SLE patients from Central China.

MATERIAL AND METHODS
Sample Collection

The study was carried out followed the Declaration of
Helsinki and approved by Ethical Committee of Wuhan
Union Hospital, Huazhong University of Science and
Technology. Written informed consents were got from
all the participants. SLE patients were recruited from
June 2011 to January 2012 at Wuhan Union Hospital of
Huazhong University of Science and Technology, China.
The SLE patients were diagnosed based on the American
College of Rheumatology criteria. All the patients were
newly diagnosed and blood samples were collected before
any drug therapy. Subjects used as healthy controls were
recruited from the Center of Health Examination, Wuhan
Union Hospital. No evidence of diseases, especially SLE,
other autoimmune discases, infection diseases, tumors, en-
docrine diseases, and cardiovascular diseases, was found
in these healthy controls.

Two milliliters of blood samples were collected at
early morning. The samples were centrifuged at 3,000 g
for 5 min and the supernatants were transferred into Ep-
pendorf tubes for another centrifugation at 12,000 g for
10 min. The final supernatants were stored at —80°C un-
til use. All the samples were processed within 4 h after
collection.

miRNA Extraction

The extraction of plasma miRNA was carried out by
miRcute miRNA isolation kit (Tiangen Biotech Co., Bei-
jing, China) according to the manufacturer’s protocol.
Briefly, 400 11 plasma was mixed with same volume of de-
naturing solution. Five microliters of synthetic cel-miR-39
(Caenorhabditis elegans miRNA, 5 fmol/l stock solu-

Plasma miR-21 in Lupus Patients 447

tion) was added. Cel-miR-39 was used as an exogenous
reference (17). miRNAs were eluted by 30 1 RNase-free
water.

Reverse Transcription

miRcute miRNA first-strand cDNA synthesis kit (Tian-
gen Biotech Co., Beijing, China) was used to synthesize
the cDNA of miRNA. The adding poly(A) reaction was
in a 20 ul volume: 11.6 pl RNase-free ddH,O0, 2 pl 10x
reverse-transcription buffer, 0.4 wl poly(A) polymerase
(5 U/pl), 4 ul 5x rATP solution, and 2 il miRNAs. The
mixture reacted at 37°C for 60 min. Two microliters of
products were used for reverse transcription and the other
products were stored at —80°C. The reverse transcription
was also in a 20 pl volume: 11.5 pl RNase-free ddH,»O,
1 w1 RNasin (40 U/pl), 2 pl 10x RT buffer, 2 ul 10x RT
primer, 1 wl ANTP mixture (2.5 mM each), 0.5 ul Quant
RTase, and 2 pl poly(A) reaction product. The reaction
condition was at 37°C for 60 min. The synthesized cDNAs
were stored at —80°C until use.

Quantitative RT-PCR Analyses

miRcute miRNA qPCR detection kit (Tiangen Biotech
Co., Beijing, China) was used for quantitative RT-PCR
analysis. The reaction mixture for qRT-PCR was in a
20 pl volume including 7.2 ul ddH,0, 10 il 2x miRcute
miRNA premix (including SYBR and ROX), 0.4 pl re-
verse primer (10 wM), 0.4 pl forward primer (10 wM),
and 2 pl cDNA. This mixture was aliquoted into dupli-
cate. The reactions conditions were as follows: 94°C for
2 min, followed by 40 cycles of 94°C for 2 sec and 60°C
for 34 sec. The reactions were performed on ABI step-
one (Applied Biosystems, FosterCity, California). Cy-
cle thresholds (Ct) were automatically set. The specific
primer sequences were the following: for miR-21—
GGGTAGCTTATCAGACTGATGTTGAA, for U6b—
ACGCAAATTCGTGAAGCGTT, and for cel-miR-
39—CACCGGGTGTAAATCAGCTTG. Both U6b and
cel-miR-39 were used as reference controls (17-19).
According to Tomasetti’s description (19), the expres-
sion of miR-21 was normalized to U6b and cel-
miR-39 (ACrpir-21, Crmir-21-Crusb-Creel-mir39). Higher
ACrmir-21 means lower level of miR-21. The relative level
of miR-21 in SLE compared to healthy control was calcu-
lated according to the 2-22CT method (20). Quantitative
RT-PCR reactions were performed in duplicate and the
mean values were recorded.

Statistical Analysis

The normalized concentrations of miR-21 were ex-
pressed as mean + SD. #-Test was used to evaluate the dif-
ference of miR-21 concentrations between SLE patients
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TABLE 1. Clinical Characteristics of the Participants

SLE Healthy controls

No. of cases 44 36
No. men/no. women 4/40 4/32
Age, median (range) years 39(18-67) 38(20-65)
Disease manifestations,

number (%)

Renal disease 28(64) 0

Vasculitis 13(30) 0

Arthritis 11(25) 0

Rash 5(11) 0

Alopecia 8(18) 0

Mucosal ulcers 10(23) 0

Serositis 7(16) 0

Leukopenia 12(27) 0

Thrombocytopenia 6(14) 0

Fever 8(18) 0

Visual disturbance 0 0
Anti-dsDNA positive, 25(57) 0

number (%)
SLEDAI 13.91 +£3.70 0
Proteinuria (mg/24 h) 1,899.58 + 2,389.02 N/A
Serum creatinine (wmol/1) 72.84 +37.22 64.57 +20.79
Urea nitrogen (mmol/1) 6.93 + 3.75 547+ 1.19
Uric acid (pmol/1) 360.70 £ 138.60 316.02 £ 56.32
Cystatin C (mg/1) 2.00 £ 0.98 0.83 £0.31
C3 (g/1) 0.554+0.34 1.15+0.34
C4 (g/1) 0.124+0.11 0.28 +0.10

The quantity data are expressed as mean + SD, except where indicated
otherwise.
N/A, not available.

and healthy controls. The associations between miR-21
concentration and the clinical parameters of SLE were
evaluated by Spearman’s rank correlation test. Receiver
operating characteristics (ROC) curves were performed
to evaluate the diagnostic efficiency. P-value of less than
0.05 was considered statistically significant. All probabil-
ities were two-tailed. SPSS 13.0 (SPSS Inc.) was used to
make statistical analysis.

RESULTS
The Clinical Characteristics of Participants

Forty-four newly diagnosed SLE patients and thirty-six
healthy controls were recruited in this study (Table 1). All
of them were from Central China. Healthy controls were
age- and sex-matched with SLE patients. Blood samples
were collected before any drug intervention. All the pa-
tients’ Systemic Lupus Erythematosus Discase Activity
Index (SLEDAI) values are equal or above 10.

The Plasma Levels of miR-21 in SLE Patients and
Normal Controls

The plasma level of miR-21 was higher in SLE patients
than in normal controls (33.31 + 3.39 (95% CI: 32.28—
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Fig.1. Thelevel of plasma miR-21 in healthy controls and SLE patients.
ACT = Crnir21-C1U6B-Creel-mir 39, higher ACt means lower level of
miR-21.
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Fig. 2. ROC curve analysis using plasma miR-21 for discriminating
SLE patients from healty controls. Plasma miR-21 yielded an AUC of
0.64 (95% CI: 0.51-0.76, P = 0.039).

34.34, P =0.031) vs. 31.41 &£ 3.47 (95% CI: 30.23-32.58,
P =0.031); Fig. 1). Compared with the normal controls,
on average, SLE patients had a 3.73-fold increase in miR-
21 level. The ROC curves analysis showed that the AUC
value was 0.64 £ 0.06 (95% CI: 0.51-0.76, P = 0.03676;
Fig. 2). When the relative value of plasma miR-21 reaches
33.07, the corresponding sensitivity was 52.27% and the
corresponding specificity was 72.22%.

The Correlation Between miR-21 and Blood Cells

In order to determine whether the blood cells (white
blood cell, red blood cell, and platelet) could influence the
concentration of plasma miR-21, data of differentiating
and counting of blood cells were collected. Our results
demonstrated that miR-21 was not associated with the
counts of white blood cells (P = 0.2288), red blood cells
(P = 0.8098), or platelets (P = 0.9230) in all the samples.



The concentration of miR-21 was not also associated with
the blood cell count in healthy controls (data not shown).

The Relationship Between Plasma miR-21 in SLE
Patients and the Clinical Parameters Associated
With SLE

The levels of several clinical parameters associated with
SLE were analyzed. The concentration of miR-21 was
negatively correlated with the levels of C3 (r = —0.5297,
P =0.0004) and C4 (r = —0.4732, P = 0.0020; Fig. 3A
and B). In addition, significant correlation was observed
between C3 and C4 (r = 0.8179, P < 0.0001). The plasma
level of miR-21 was also correlated with uric acid (r =
0.3932, P = 0.0121; Fig. 3 C). However, plasma level of
miR-21 was not associated with creatinine (P = 0.4461),
24-h urine protein (P = 0.3361), cystatin C (P = 0.0770),
Glomerular Filtration Rate (GFR) (P = 0.1314), uri-
nary cast (P = 0.7590), hematuria (P = 0.4609), pyuria
(P = 0.7030), autoantibody (P = 0.0923), anti-dsDNA
(P = 0.2856), red blood cells (P = 0.4079), white blood
cells (P = 0.4284), platelet (P = 0.4961), or SLEDAI
(P =0.7242).

DISCUSSION

Plasma miR-21 is widely investigated as a biomarker of
tumors (8, 13,21) and cardiovascular diseases (11). More-
over, the level of plasma miR-21 is also associated with age
and inflammation (22). In our study, the concentration of
plasma miR-21 was significantly higher in SLE patients
than in healthy controls, and the level of plasma miR-21
correlated with serum uric acid, complement component
C3, and C4. In addition, plasma miR-21 did not associate
with the amount of white blood cell, red blood cell, or
platelet.

Previous study has indicated that the expression of
miRNA varies among different populations (23). In the
present study, we collected the Central Chinese as partic-
ipants and found that the level of plasma miR-21 in SLE
patients was significantly higher than that in healthy con-
trols. Interestingly, not only the expression trend, but also
the change folds are similar with another report based
on South China subjects (3.73-fold in this study com-
pared tofourfold increase reported by Wang et al.) (6).
It may further confirm the expression characteristic of
plasma miR-21 in Chinese SLE patients, although current
detection methods often give different results of plasma
miRNA levels (24,25). To further explore the potential of
plasma miR-21 as a SLE biomarker, we carried out the
ROC analysis. Our data suggest that plasma miR-21 has a
weak sensitivity and a moderate specificity to distinguish
SLE patients from healthy controls (sensitivity = 52.27%,
specificity = 72.22%). Since plasma miR-21 is also up-
regulated in rheumatoid arthritis (6), the application of

Plasma miR-21 in Lupus Patients 449
A
1.5+ r=0.5297
oo P=0.0004
[ ]
- 0 ° °
2
c
o
o
(v
o
0.0 T T 1
-40 -35 -30 -25
miR-21 relative level (ACy)
B
0.5 r=0.4732
p=0.0020
0.4- o®
3 .o
D .34
c
Q
3}
<
(&}
0.0 T T 1
-40 -35 -30 -25
miR-21 relative level (ACy)
Cc
__ 8007 r=-0.3932
= p=0.0121
g_ 600- oo
c [ X ) [N N ]
S 400 P
= [ N ] @
‘O [ BN ] ( 1) Y [ 2K
S  200- o *.”®
L LK g
=
o
0 T U d
-40 -35 -30 -25

miR-21 relative level (AC+)

Fig. 3. Correlations between plasma miR-21 and clinical characteristics
of SLE. The results were from the analysis by Spearman’s rank correla-
tion coefficient. (A) Decreased miR-21 (increased ACrt) correlated with
C3. (B) Association between C4 and plasma miR-21. (C) Correlation
between plasma miR-21 and uric acid. Con., concentration
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plasma miR-21 in SLE diagnosis needs to be interpreted
with caution.

Serum complement C3/C4 levels negatively correlate
with the activity of SLE. Our data showed that plasma
miR-21 negatively correlated with the levels of comple-
ment C3/C4 (P = 0.0004/0.0020). Currently, there is no
direct experimental evidence to explain the mechanism on
the relationship between plasma miR-21 and complement
C3/C4 levels. Studies have shown that miR-21 downregu-
lates the expression of Programmed Cell Death Protein 4
(PDCD4) and consequently indirectly upregulates the ex-
pression Interleukin 10 (IL-10) (26). IL-10 in SLE patient
promotes B-cell differentiation and autoantibody pro-
duction (27). Autoantibody can activate classic comple-
ment activation pathway and consume C3/C4 simultane-
ously. So miR-21 may influence both plasma complement
C3/C4 levels from PDCD4-11.10-B cell-autoantibody—
complement activation pathway.

Our data supported the relationship between plasma
miR-21 and complement C3/C4 levels, serum uric acid,
but these data did not suggest the correlation between
plasma miR-21 and the activity of SLE (P = 0.7242).
Other studies also found miRNAs correlated with SLE
activity related parameters but not with SLEDAI score
(4, 5). Although miR-21 was overexpressed in CD4*
T cells from active SLE patients ((14); (15)), miR-21 is
also upregulated in B cells derived from quiescent lupus
patients (28). Plasma miRNA may originate from blood
cells and/or organs. Kidney is the most popular organ
influenced during active SLE. However, no miR-21 was
detected in kidney biopsies from lupus nephritis patients
(28,29). Based on the above evidence, we speculate that
the level of plasma miR-21 may not correlate with the
activity of SLE. Since the exact origin and the function of
circulating miRNA are not clear, it should be cautious to
discuss the mechanism of relationship between circulating
miRNA and other parameters.

Our data also show that the concentration of plasma
miR-21 is not correlated with the amounts of white blood
cells, red cells, and platelets. Previous studies have shown
that the expression level of miR-21 increases in CD4™"
T cells from SLE patients (14, 15). The reason for plasma
miR-21 level not associated with white blood cells could
be explained by that the plasma miR-21 is selectively se-
creted or produced by other cells within the body (30).
Mitchell’s study also showed that circulating miRNA was
not associated with blood cell counts (10). The results that
blood cell counts do not influence the level of miR-21 will
benefit the miR-21 as a plasma biomarker.

CONCLUSIONS

Plasma miR-21 is overexpressed in SLE patients from
Central China and correlated with serum C3, C4, and uric

J. Clin. Lab. Anal.

acid, which are parameters indicating the activity of SLE.
Studies based on larger samples are needed to further de-
scribe the expression profile of plasma miR-21 in SLE pa-
tients. As plasma miR-21 is aberrantly expressed in many
diseases, it’s use in a specific disease should be cautious.
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