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Abstract

Objectives The aim of this study was to investigate the B cell-associated transcription factors, Ets-1 and microRNA, miR-326 in
systemic lupus erythematosus (SLE) patients, and their correlation with the pathogenesis of SLE.

Method A total of 44 SLE patients and 20 healthy controls were enrolled in this research, all patients fulfilled the American
College of Rheumatology classification criteria for SLE. The mRNA expression of Ets-1 and miR-326 in CD19*B cells from
SLE patients were examined by qRT-PCR. The percentages of CD19"CD138 plasma cells were analyzed by Flow cytometry.

Results We found decreased expression of Ets-1 mRNA in SLE patients compared with the healthy controls ([0.228 (0.145,
0.507)] vs [0.583 (0.452, 0.763)], p =0.001),while increased expression of miR-326 mRNA in CD19"B cells SLE patients
compared with the healthy controls([1.092 (0.457, 2.855)] vs [0.685 (0.274, 0.819)], p=0.008). The percentage of
CDI19*CD138™plasma cells in SLE patients was higher than that of healthy controls (0.55+0.21% vs 0.36+0.21%, p=

0.002). Moreover, a negative correlation between expression of Ets-1 mRNA and miR-326 mRNA in CD197B cells was detected
(r=—0.334, p=0.027). A significant association between the occurrences of CD19"CD138plasma cells and the levels of Ets-1
mRNA and miR-326 mRNA was observed (r=—0.417, p=0.005 and = 0.482, p = 0.001, respectively).

Conclusions Our results suggest that miR-326 might promote B cells differentiation by targeting Ets-1, a negative regulator of B
cells differentiation and therefore participate in the pathogenesis of SLE.
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Introduction and autoantibodies have shown to play central roles in the
progression of SLE. Furthermore, autoantibodies are critical
for diagnosis and it arises years before any other evidence of
immune dysregulation in patients [1].

Transcription factors (TFs) are a large class of regulators

Systemic lupus erythematosus (SLE) is a complex, systemic,
chronic autoimmune disease in which the human immune
system becomes hyperactive with an uncertain etiology that

can affect many different organ systems, including skin, kid-
ney, and blood. SLE has many abnormal molecular pathways
and several cell types can become dysregulated. B cells
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controlling gene expression by activating or repressing target
genes at transcriptional level. Significant evidences indicated
that TFs have important roles in the regulating networks of
cell growth and developmental processes. Ets is the largest
transcription factor family, which is known as E-twenty-six
(ETS) DNA-binding domain to GGAA/T sequence motifs
[2]. Among the Ets family, Ets-1 is one of the most important
transcription factors, which controls a wide variety of cellular
processes and plays a multifunctional role in autoimmune dis-
eases. Recently, several studies that focused on the differenti-
ation of B cells found that Ets-1 is vital in maintaining B cell
identity, and Ets-1 deficiency can regulate B cell differentia-
tion and lead to autoimmune disease in mice. [3] Ets-1 ap-
peared to be a negative regulatory transcription factor for B
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cells and Th17 cells differentiation process [3, 4]. Particularly,
Ets-1 is a susceptibility gene for SLE in Chinese populations.
In addition, a decreased level of Ets-lmRNA is found in the
peripheral blood mononuclear cell (PBMCs) of SLE patients
[5, 6]. Despite of its important role in the development
and function of human B cells, the molecular mecha-
nisms that trigger and maintain Ets-1expression remains
poorly understood.

In addition to transcription factors, microRNAs (miRNAs)
are another class of important regulators of gene expression at
the post-transcriptional level. They are endogenous single-
stranded noncoding small RNA molecules composed of 20—
24 nucleotides in length that can cause the degradation of
mRNAs or repress translation by binding to the mRNAs of
the target genes. Most of the miRNAs in organisms are con-
served evolutionarily which are encoded by the gene families
and are critically involved in a range of human diseases [7, §].
Among them, miR326 is one of the miRNAs that is critical in
regulating Th-17 differentiation, which is thought to be in-
volved in some disease pathogenesis [9]. Our previous study
has found the aberrant expression of miR-326 mRNA in SLE
patients and MRL/lpr mice with SLE symptoms, which might
have participated in the progression of the disease [10]. Here,
we investigated the expression of miR-326 and Ets-1 mRNA in
CD19"B cells from SLE patients to study the role of miR-326,
which may act through Ets-1 to regulate CD19"B cell in SLE.
These results will be the foundation for further elucidation of
the association between Ets-1 and CD19" B in SLEs.

Materials and methods
Patients and healthy controls

According to the criteria of the American College of
Rheumatology, 44 patients with SLE were recruited from the
Rheumatology and Immunology Department, Anhui
Provincial Hospital [11]. While individuals who had other
rheumatic diseases, infections, or malignant tumors were ex-
cluded from this study. In the meantime, 20, sex- and age-
matched healthy controls were also enrolled. Disease activity
was evaluated/quantified by using the SLEDAI (systemic lu-
pus erythematosus disease activity index). On the basis of
SLEDALI scores, patients with inactive disease have SLEDAI
score persistently <4 and had been taking prednisone 10 mg/
day with stable condition for more than 1 year, but not taking
immunosuppressant. However, if the score was >5, the
disease was considered to be active.

Cell isolation

Peripheral blood mononuclear cells (PBMCs) from the pa-
tients and healthy controls were purified by density-gradient
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centrifugation on Ficoll-Hypaque centrifugation. PBMCs
were further separated using CD19*B Cell Isolation Kit
(Miltenyi Biotec, Germany) according to the manufacturer’s
instructions. Isolated CD19B cells from SLE patients and
healthy controls were used for the analysis of the mRNA
expression of Ets-1 and miR-326.

Flow cytometry

PBMCs were stained in duplicate with Pecy5.5-anti CD19,
FITC-anti-CD138, or isotype-matched control IgG (Beckton
Dickinson, San Jose, USA) at 4 °C for 30 min, respectively.
After being washed with PBS, the cells were acquired by
FACS Calibur (Beckon Dickinson) and data were analyzed
using FlowJo software (v5.7.2).

RNA extraction and preparation of cDNA

Total RNA containing mRNA and miRNA was extracted from
CD19"B cells immediately after isolation, using a Trizol re-
agent (Invitrogen, CA, USA) according to the manufacturer’s
instructions. cDNA of mRNA and miRNA was generated by
reverse transcription using PrimeScript RT reagent Kit (Takara
Biotechnology, Japan) and Allin-One miRNA First-Strand
cDNA Synthesis Kit (Gene Copoeia Inc., America) separate-
ly, according to the manufacturer’s instructions.

Real-time quantitative PCR (qRT-PCR)

To quantify the mRNA and miRNA, the cDNA was amplified
by qRT-PCR with SYBR Premix Ex Taq RT-PCR kit (Takara
Biotechnology, Japan) and with All-in-One miRNA qRT-PCR
Detection Kit. At the same time, the housekeeping gene (3-actin
and housekeeping gene U6 were used as the internal control.
Samples were amplified in the ABI 7500 fast real-time PCR
system (Applied Biosystems, CA, USA) which use a commer-
cially available master mix, predesigned primer kits, and a de-
fault PCR cycle sequence. The relative expression level of
miRNA was normalized to the internal control U6 and calcu-
lated using the 27°*CT (Livak) method. Also, the relative ex-
pression level of Ets-1 mRNA was normalized to the internal
control (3-actin and calculated using the 27*°CT (Livak) method.

Laboratory measurement

For all patients, serum antinuclear antibodies (ANA) were
analyzed by indirect immunofluorescence assay on HEp-2 cell
slides and ENA was measured by Europe-Mongolia immunity
print method. Serum levels of immunoglobulin and comple-
ment were measured by immunoturbidimetry assay. Also, the
quantity of white blood cell (WBC), red blood cell (RBC),
platelet (PLT) in the whole blood, erythrocyte sedimentation
rate (ESR), and so on were also tested.
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Statistical analysis

SPSS software was used to analyze the data. Quantitative vari-
ables were described using mean + SD, and the differences were
analyzed by test. Nonparametric distribution data were expressed
as median value and interquartile range (IQR). The differences of
Ets-1 and miR-326 mRNA expression levels between subject
groups were analyzed by Mann-Whitney U test. Correlations
analysis was carried out using Spearman’s rank test. Two tailed
p values < 0.05 was considered statistically significant.

Results

The proportion of peripheral blood CD19*CD138"
plasma cells from SLE patients and healthy controls

In our study, we enrolled 22 active, 22 inactive SLE patients, and
20 healthy controls to detect the percentage of CD19"CD138"
plasma cells in CD19"B cells in peripheral blood. The frequency
of CD19*CD138" plasma cells in SLE patients was significantly
higher than that of the healthy controls (0.55+0.21% vs 0.36 +
0.21%, p=0.002) (Fig. 1a), regardless being active or inactive
patients (p =0.004 and p =0.009) (Fig. 1b). Furthermore, there
is no apparent difference between active and inactive SLE pa-
tients (0.55+0.24% vs 0.53 £0.18%, p =0.747) (Fig. 1b).

The expression levels of Ets-1 and miR-326 mRNA
in CD197B cells with SLE patients and healthy controls

Ets-1 and miR-326 mRNA expression levels in CD19*B cells
from SLE and healthy controls were assessed by qRT-PCR. It
was shown that Ets-1 mRNA expression level was decreased
in CD19"B cells with SLE patients (0.228 (0.145, 0.507)) than
healthy controls (0.583 (0.452, 0.763)) (p=0.001; Fig. 2a).
Significant differences were also found in active SLE (0.155
(0.102, 0.201)) when compared with healthy controls (0.583
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Fig. 1 The proportion of peripheral blood CD19"CD138 *plasma cells. a
The percentage of expression of peripheral blood CD19*CD138 *plasma
cells were compared between SLE and healthy controls. b The frequency

(0.452, 0.763)) and inactive SLE (0.454 (0.394, 0.752))
(p <0.05). No significant difference was detected between
inactive SLE groups and healthy controls (p =0.208;
Fig. 2b). In contrary, the expression levels of miR-326
mRNA was significantly higher in CD19*B cells from SLE
patients (1.092 (0.457, 2.855)) than that in healthy controls
(0.685 (0.274, 0.819)) (p = 0.008; Fig. 2¢). Meanwhile, when
compared to active and inactive SLE and healthy controls,
there is also an apparent increase in the expression levels of
miR-326 mRNA in CD19*B cells from active SLE patients
(1.971(0.549, 4.369)). However, no significant difference was
found between inactive SLE patients (0.771 (0.454, 1.573))
and healthy controls (0.685 (0.274, 0.819)) (p = 0.227; Fig. 2d).

Correlation between Ets-1 and miR-326 mRNA
expression in CD19*B cells of SLE patients

As it has been demonstrated that miR-326 suppressed the ex-
pression of Ets-1 protein in Treg cells [10, 11]; here, we ex-
plored the correlation between them in CD19"B cells of SLE
patients. As expected, we found negative correlation between
miR-326 and Ets-1 mRNA expression in CD19"B cells from
SLE patients (»=—0.334, p = 0.027; Fig. 3). Although, no cor-
relation was found between active and inactive SLE patients.

Relevance of the expression of Ets-1 and miR-326
mRNA with the percentage of CD19°CD138" plasma
cells in SLE patients

We also explore the relevance of the expression of Ets-1 and
miR-326 mRNA with the percentage of CD19*CD138" plas-
ma cells in SLE patients. As shown in Fig. 4, negative corre-
lation between Ets-1 mRNA expression and the proportion of
CD197CDI38" plasma cells were found (r=—0.417, p=

0.005; Fig. 4a), whereas the level of miR-326 mRNA posi-
tively correlated with CDI9*CDI38" plasma cells (r=0.482,
p=0.001, Fig. 4b).
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of peripheral blood CD19"CD138 *plasma cells were compared with
active SLE, inactive SLE, and healthy controls
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Fig. 2 The expression levels of Ets-1 and miR-326 mRNA in CD19*B
cells a, ¢ Ets-1 and miR-326 mRNA expression levels in CD19*B cells
were compared between SLE and healthy controls. b, d The expression

Relationship between Ets-1 and miR-326 mRNA levels
in CD19"B cells and clinical manifestations from SLE
patients

It is well known that SLE is a heterogeneous disease that has a
lot of different clinical manifestations. So, we compared Ets-1
and miR-326 mRNA expression levels in CD19"B cells be-
tween 22 active SLE patients with or without some major clin-
ical features, including butterfly erythema, alopecia, arthritis,
oral ulcer, Raynaud phenomenon, fever, hematological abnor-
malities, nephritis, and serositis. We found that the levels of
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Fig. 3 Correlation between Ets-1 and miR-326 mRNA expression in
CD19"B Cells of SLE patients
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levels of Ets-1 and miR-326 mRNA in CD19*B cells were compared
with active SLE, inactive SLE, and healthy controls (*p <0.05,
*#p < 0.001)

Ets-1 mRNA decreased in active patients with Butterfly erythe-
ma, alopecia, arthritis, whereas the levels of miR-326 mRNA
increased. However, there is no significant difference between
the comparisons. All the results were shown in Table 1. Further
analysis was undertaken between the expression level of Ets-1,
miR-326 mRNA in CD19"B cells and SLEDAI in the group of
SLE. Ets-1 mRNA expression levels were negatively correlat-
ed with SLEDAI scores in all SLE patients (r=—0.581,
p <0.001; Fig. 5a); in the contrary, miR-326 mRNA expression
levels were positively correlated with SLEDAI (= 0.486, p =

0.001; Fig. 5b). However, no association of the levels of Ets-1
or miR-326mRNA in CD19*B cells with SLEDAI was found
in active or inactive SLE patients.

Association of miR-326 and Ets-1 mRNA level
in CD197B cells with laboratory assessments of SLE
patients

We used Spearman’s correlation to evaluate the association of
Ets-1 and miR-326 mRNA expression level in CD19B cells
from SLE patients with major laboratory parameters (WBC,
RBC, PLT, ANA(D), IgM, IgG, IgA, C3, C4, CRP, ESR, anti-
dsDNA, Anti Clq antibody, AnuA (anti-nucleosome antibod-
ies)). Subsequently, we found positive association between
Ets-1 mRNA expression level and WBC, RBC, HGB, C3,
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Fig. 4 Relevance of the expression miR-326 and Ets-1 mRNA with the
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negative correlation between Ets-1 mRNA expression and the proportion
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and C4, but negative correlation with ESR and ANA(D)
(Table 2). At the same time, significant negative association
with the expression level of miR-326 mRNA and C4 was also
detected, (r=—0.425, p=0.004). No significant association
was found between other laboratory assessments (Table 2).

Discussion

Both B and T cells play essential roles in the pathogenesis of
SLE. Abnormal activation of B cells produced mass of the auto-
antibodies (such as anti-dsDNA antibodies and antinucleosome

1.5

(o3

CD19+CD138+plasma cells
(% of total CD19+B cells)

10

miR-326

of CD19*CDI38" plasma cells. b The level of miR-326 mRNA positively
correlated with CDI9*CDI38" plasma cells

antibodies) and cytokines involved in SLEs [12]. Therefore, the
regulators of B cells differentiation are considered to have poten-
tial for clinical applications in the diagnosis or treatment of SLE
patients. Ets-1 and PRDMI (also known as Bimpl) are two
molecules that can regulate B cells to differentiate into plasma
cells to generate antibodies (Abs), a process relevant to both
normal immune responses and autoimmune diseases.

Ets-1 is one of the transcriptional factors of the Ets family
which acts as a negative regulator in the differentiation of B
cells and Th17 cells [13]. Genome-wide association studies
(GWAS) in Asian SLE patients identified genetic variants in
Ets-1 which is associated with SLE [14, 15]. Also, the study

Table 1 Comparisons of Ets-1 and miR-326 mRNA level in CD19*B cells with clinical parameters of active SLE patients
Group +— N Ets-1 miR-326
mRNA z p mRNA z p

Butterfly erythema + 14 0.149 (0.763, 0.201) —0.683 0.495 2.625 (1.179, 4.560) —1.502 0.133
- 8 0.174 (0.119, 0.212) 1.134 (0.389, 2.528)

Alopecia + 6 0.122 (0.030, 0.199) —0.958 0.338 4.009 (1.427, 11.01) —1.769 0.077
- 16 0.155 (0.122, 0.205) 1.610 (0.417, 2.855)

Arthritis + 12 0.145 (0.055, 0.216) —0.462 0.644 2.167 (0.528, 4.714) —0.198 0.843
- 10 0.164 (0.115, 0.194) 1.970 (0.549, 3.181)

Oral ulcer + 6 0.183 (0.146, 0.223) —1.401 0.161 3.609 (1.175, 6.591) —1.180 0.238
- 16 0.140 (0.074, 0.191) 1.610 (485, 3.482)

Raynaud phenomenon + 8 0.178 (0.059, 0.205) —0.401 0.682 3.284 (1.134, 4747) —1.160 0.246
- 14 0.149 (0.102, 0.199) 1.412 (0.441, 3.149)

Fever + 10 0.149 (0.098, 0.208) —0.330 0.742 2.425(1.135, 4.369) —0.528 0.598
- 12 0.164 (0.085, 0.204) 1.408 (0.485, 4.352)

Serositis + 6 0.163 (0.138, 0.204) —0.590 0.555 2.061 (0.441, 6.591) -0.221 0.825
- 16 0.149 (0.074, 0.205) 1.970 (0.660, 4.173)

Nephritis + 14 0.168 (0.121, 0.198) -0.599 0.549 2.098 (0.581, 4.337) —0.247 0.805
- 8 0.128 (0.077, 0.208) 1.842 (0.364, 4.840)

All values are median value (interquartile range)
+/—, with/without
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Fig. 5 The relationship between the expression of Ets-ImRNA and miR-326 in CD19*B cells and SLEDAI with SLE patients. a The negative
correlation between Ets-1 mRNA expression and SLEDAL b The levels of miR-326 mRNA positively correlated with SLEDAI

detected that Ets-1 mRNA level was declined in PBMCs of
SLE patients compared to healthy controls [16]. Our previous
study similarly found that expression of the Ets-1 mRNA in
Treg cells decreased in SLE patients [10, 17], while the ex-
pression of the Ets-1 mRNA in B cells is still unclear. Our data
shows that the expression of the Ets-1 mRNA was lower
in SLE patients when compared with healthy controls; more-
over, the negative correlation between the percentage of
CD19*CD138" plasma cells and the level of the Ets-1
mRNA in B cells was shown. The data supports that decreased
expression of Ets-1 mRNA may hinder the repressive activity
of B cells differentiation in SLE patients.

Table 2 Association of miR-326 and Ets-1 mRNA level in CD19"B
cells with laboratory assessments of SLE patients
Laboratory assessments Ets-1 miR-326

r p value r p value
WBC 0.356 0.019* -0.163 0.295
RBC 0.447 0.003* -0.234 0.131
HGB 0.438 0.003* -0.294 0.056
PLT 0.039 0.801 0.050 0.752
IgA —0.078 0.625 0.119 0.453
IgG 0.008 0.961 0.275 0.078
IgM —-0.146 0.476 0214 0.179
C3 0.512 0.001* -0.295 0.055
C4 0.405 0.007* —0.425 0.004*
ESR —-0.406 0.010* 0.312 0.053
CRP -0.099 0.639 0.211 0312
ANA(D) -0.391 0.01%* 0.226 0.151
Anti-ds-DNA(D) 0.036 0.907 -0.119 0.697
anti-C1q antibody 0.211 0.345 0.150 0.506
AnuA 0.017 0.940 0.181 0.421

ANA(D) Antinuclear antibodies titers, AnuA Anti-nucleosome antibodies
*p <0.05
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It is demonstrated that miRNAs are involved in crucial
cellular processes and their dysregulation has been reported
in a number of autoimmune diseases [18]. Liu et al have re-
ported that miR-155 can directly regulate the expression of
CD1d, which maybe one of the characteristics of dysfunction-
al B cells in patients with SLE [19]. We used the software
miRanda, TargetScan, and PicTar, which on the basis of the
bioinformatics methods, selected the miRNAs which had
common target gene Ets-1. miR-326 was included among
those miRNAs. Many studies have revealed that miR-326
affected the functions of Th17 and Treg cells, therefore mod-
ulating autoimmune pathogenesis [10, 11]. In our previous
study, we found that, in the MRL/Ipr mice, miR-326 overex-
pression led to B cell hyperactivity and also involved in renal
pathology in SLE [8, 20]. Subsequently, in this research, we
also confirmed the increased expression of miR-326 mRNA
in CD19"B cells, and a positive co-relationship between ex-
pression of miR-326 mRNA and the frequency of
CD19"CD138" plasma cells. Similarly, the levels of miR-
326 mRNA were positively correlated with SLEDAI from
SLE patients.

Complement activation is considered to be involved in tis-
sue damage associated with SLE flare [21]. Our data also
demonstrated that the levels of complement was declined in
active SLE patients compared to inactive SLE patients, in
spite of the levels of C3 or C4 (data was not shown). DJ
Birmingham et al have reported that C4 activation is important
in initiating renal flare while C3 activation is involved in the
actual tissue damage, and these effects are influenced by ge-
netic variability in complement activation and regulation [22].
Our current study established a positive correlation between
the levels of C3, C4, and Ets-1 mRNA expression in CD19"B
cells in SLE patients, and negative correlation between the C4
levels and the expression of miR-326 mRNA in CD19"B cells
from SLE patients. Moreover, we also found that the expres-
sion of Ets-1 mRNA was correlated with more laboratory pa-
rameters, such as WBC, RBC, and HGB. Hence, it can be
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confirmed that Ets-1 is particularly associated with disease
activity in SLE patients.

Evidence showed that miR-326 mRNA expression signif-
icantly correlates with multiple sclerosis severity and onset of
new SLE patients [7, 10]. Consistent with previous studies, we
found positive correlation between the levels of miR-326
mRNA in CD19*B cells and SLEDAI from patients with
SLE. In contrast, the expression of Ets-1 mRNA in CD19"B
cells negatively correlated with SLEDAI in SLE patients.
However, there is no relationship between active or inactive
patients. It may be due to the smaller number of samples,
resulting in poor statistical analysis of test efficiency.

Our preceding research identified that miR-326 could di-
rectly inhibit the expression of Ets-1 in B cells in the MRL/lpr
mice. In the patients with SLE, we also found negative corre-
lation between the levels of Ets-1 mRNA and miR-326
mRNA in CD19"B cells. Further studies are necessary to ex-
plore the regulation mechanism of Ets-1 in B cells by gene
transfection and functional research, which could reveal the
role of miR-326 acting on Ets-1 in the pathogenesis of
SLE. The molecular mechanisms of transcription and
maturation of B cells regulated by miR-326 need to be
confirmed as well.

In conclusion, we report quantifying the mRNA levels of
Ets-1 and miR-326 in CD19"B cells from SLE patients and
healthy controls. For the first time, our group investigated and
demonstrated an association between Ets-1 and miR-326 ex-
pression in CD19"B cells in SLE patients. Our results sug-
gested that the Ets-1 mRNA expression in CD197B cells de-
creased, while miR-326 expression increased in SLE patients.
There is a negative correlation between Ets-1 mRNA and
miR-326 mRNA expression, indicating that miR-326 may
inhibit Ets-1 in CD197B cells. As a consequence, plasma cells
differentiated from aberrant B cells will generate multiple of
autoantibodies which might participate in the pathogenesis of
SLE. Hence, miR-326 may become a new target of B cell
regulation in the treatment of SLE patients.
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