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Abstract Keywords
The B lymphocyte-induced maturation protein-1 (Blimp-1) is an important transcription factor  Anti-dsDNA autoantibody, Blimp-1, siRNA,
for the maintenance of antigen-specific immune responses, and it is crucial in the development SLE, 24-h urinary protein

of systemic lupus erythematosus (SLE). This study aimed to investigate the role of Blimp-1 in
the development of SLE and autoimmune-like symptoms. Lentivirus-mediated Blimp-1 siRNA
was constructed and injected into MRL-Fas(lpr) lupus mice. The expression levels of Blimp-1,
J-chain, C-myc, XBP-1 and BCMA in peripheral blood mononuclear cells (PMBCs) were
determined by RT-PCR. Anti-dsDNA autoantibody levels were detected using ELISA. The
expression levels of Blimp-1 in liver, kidney, spleen and lymph nodes of mice were also
detected by Western blot. The 24-h urinary protein was monitored weekly. Our results
demonstrated that in MRL-Fas(lpr) lupus mice, Blimp-1 was upregulated in PMBCs, liver, kidney,
spleen and lymph nodes. Administration of Blimp-1 siRNA reduced the expression of Blimp-1
and the anti-dsDNA level by 78 and 28%, respectively, in the peripheral blood, and the
expression of XBP-1, J-chain and BCMA was also decreased. Although the Blimp-1 level in liver
showed no significant changes, the levels of Blimp-1 in kidney, spleen and lymph nodes
were dramatically decreased by 95, 72 and 47%, respectively. Kidney diseases induced by SLE
in lupus mice were mitigated, and urinary protein levels were significantly decreased.
These results indicate that Blimp-1 plays an important role in promoting the progression of SLE.
Therefore, Blimp-1 may provide a new therapeutic target in the treatment of SLE.
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Introduction fissionable B-lymphocytes, not terminally differentiated cells,
such as the plasma cells. However, because plasma cells are
the direct source of pathogenic autoantibodies, this targeted
therapy cannot eliminate the fundamental source of auto-
antibodies [3]. Hence, investigating new targets for plasma
cells is an important topic. Nevertheless, the mechanism by
which plasma cell differentiation and antibody-production are
maintained is not clear at present. B lymphocyte-induced
maturation protein-1 (Blimp-1) is one of the master regulators
that drive the terminal differentiation of B cells into antibody-
secreting plasma cells [10]. Blimp-1 is a transcription factor
with five zinc finger structures and a molecular weight of
98 kDa. It is required for the differentiation of plasma cells,
the secretion of immunoglobulins and the maintenance of
long-lived plasma cells in bone marrow [11-16].

Our previous study demonstrated that the number of
plasma cells and the expression of Blimp-1 and BCMA were
up-regulated in patients with active SLE [10] and suggested
that the increased number of plasma cells and overproduction
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Systemic lupus erythematosus (SLE) is an autoimmune
disease involving multiple systems and organs that seriously
affects patients’ quality of life. Currently, the primary clinical
treatment for SLE uses hormones and non-specific immune
inhibitors, such as glucocorticoid and cyclophosphamide.
While these drugs widely inhibit immuno-competent cells and
can effectively control the disease progression, their side
effects are obvious and sometimes serious, such as infection
and bone rarefaction. Autoantibody-producing B cells are
considered to play a central role in the pathogenesis of SLE
due to the nature of autoantibody production in SLE [1].
In addition, due to the long survival time of autoreactive B
lymphocytes, SLE is difficult to cure [2]. Thus, the target for
treatment of SLE is to inhibit B cell functions [3-6].

In recent years, great progress has been made in B cell-
targeted therapy [7-9], which is only directed against the
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(Supplementary Figure S1) and demonstrated that inhibition
of Blimp-1 can induce reprogramming and dedifferentiation
of plasma cells, which was in accord with the result of another
research by Fujita et al. [17]. Thus, Blimp-1 siRNA might be
used to treat plasma cell-associated diseases. In this study,
using lentivirus carrier-mediated Blimp-1 gene silencing
technology, we investigated the changes of autoantibody
production and lupus symptoms by inhibiting endogenous
Blimp-1 in the spontaneous lupus mice model. This work
provides novel information for understanding the roles of
Blimp-1 in the development of SLE and as new therapeutic
target for plasma cells in the treatment of SLE.

Materials and methods
Mice

The SLE model, MRL-Fas(lpr) female mice, was obtained
from the Model Animal Research Center of Nanjing
University (Nanjing, China). Mice aged at 3—18 weeks were
used in the study. All the mice were housed under specific
pathogen-free conditions and treated according to the
Institution Guidelines for Laboratory Animal Research
approved by the Institutional Animal Care and Use
Committee. All mice were kept to 18 weeks old, and during
this period, their mental state, behavior and appearance were
observed. The superficial lymph nodes were also checked. At
sacrifice, the kidneys, livers, spleens and lymph nodes were
observed visually, and these tissues were collected. The
expression of Blimp-1 was analyzed by hematoxylin and
eosin (HE) staining, immunohistochemistry and Western blot.

Recombinant lentivirus-mediated Blimp-1 siRNA

Lentiviral vector has been reported to have more advantages
over liposomes and two other viral vectors (adenovirus and
retrovirus). Lentiviral vector has a long-term and stable
expression in cells, and it can successfully infect terminally
differentiated cells such as plasma cells. In addition, lentivirus
can avoid interferon responses, which are easily induced by
adenoviral vector. Moreover, lentivirus does not readily
induce cellular and humoral immune responses of the host.
Therefore, we chose lentiviral vector as the first choice for an
RNAI vector in this study [18,19]. A pair of 19 oligonucleo-
tides targeting the Blimp-1 ¢cDNA sequence at the position
1550-1568 were designed and cloned into a siRNA-express-
ing lentiviral vector pLL3.7, which was kindly provided by
Professor Parijs (Massachusetts Institute of Technology,
Cambridge, MA) [20]. The primer sequences were
5" TGTTCCTGTTGCCACCGATCTTCAAGAGAGTACGG

TGGCAACAGGAACTTTTTTC-3' and (the complementary
strand) 5-TCGAGAAA AAAGTTCCTGTTGCCACCGTAC
TCTCTTGAAGTACGGTGGCAACAGGAACA-3', with the
Xho I cleavage site added to the 3’ end. The DNA fragment
was cloned into the sites of Hpa I/Xho I in the pLL3.7 vector
to generate the vector of Blimp-1 siRNA. To generate
recombinant lentiviruses, 1.2 x 10® 293T cells were co-
transfected with 1.5pg recombinant vectors (including
pLP1, pLP2 and pLP/VSVG; Invitrogen, Carlsbad, CA) and
0.5 pg lentiviral expression vector pLL3.7 or Blimp-1 siRNA,
respectively, by lipofectamine TM2000 (Invitrogen). The cells
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were cultured in DMEM complete medium (containing 1 mM
sodium pyruvate and 0.1 mM non-essential amino acids) for
72h. Their supernatants were harvested and centrifuged at
25000 rpm for 2 h, and the pellets were collected and titrated
for pure lentivirus. Viral products were desalted and stored at
—80°C in phosphate-buffered saline (PBS) containing 10%
glycerol (v/v).

The lentiviral vector encoding Blimp-1 siRNA and empty
lentiviral vector (pLL3.7 vector) with a titer of 1 x 10 pfu
were injected intravenously into 15-week-old MRL-Fas(Ipr)
mice through tail vein once a week, for 3 weeks. Mice
injected with Blimp-1 siRNA lentiviral vector are referred to
as the study group (S group), and the pLL3.7 vector injection
group was labeled the control group (C group). Specimens
were harvested when the mice reached 18 weeks of age.

Semi-quantitative reverse transcription PCR

Peripheral blood mononuclear cells (PMBCs) were collected
from the blood. The total RNA of PMBCs was extracted from
each group using TRIzol according to the manufacturers’
protocols and reversely transcribed into cDNA using oligo
(dT)18 primers and the avian myeloblastosis virus (AMYV)
reverse transcriptase (BioFlux, Hangzhou, China). The levels
of Blimp-1 and BCMA mRNA transcripts were determined
by PCR. The primer sequences are listed in Table 1 and are
selected as reported previously [21]. The amplification
reaction included 1X Taq buffer, 0.2mM of each dNTP,
1.5mM MgCl,, 10pmol of each primer and 1 unit of Taq
polymerease (Invitrogen), and the PCR program involved a
denaturation step at 94 °C for 2 min followed by 30 cycles of
95°C for 60 s, 58 °C for 60 s, and 72 °C for 60 s, and a final
extension step at 72°C for 10 min. The PCR products were
separated by electrophoresis on 1.5% agarose gel and
visualized with ethidium bromide staining. The initial RNA
samples were used as the templates to determine potential
contamination by genomic DNA.

Western blot

One hundred-milligram tissue samples of kidneys, liver,
spleen and lymph nodes from mice were homogenized in 1 ml
homogenization buffer including 50 pg/ml phenylmethylsul-
fonyl fluoride (PMSF) and 5 pg/ml leupeptin. Cells were
frozen at —20°C for 20 min, followed by high-speed centri-
fugation (12000 rpm, 20min) at 4°C. The supernatant was
collected using an EP tube and stored at —80°C. After

Table 1. Primer sequences for PCR assays in this study.

Name Sequence Length
Blimp-1 Primer F  5'-GCCAACCAGGAACTTCTTGTGT-3' 327bp
Blimp-1 Primer R 5-AGGATAAACCACCCGAGGGT-3’

J-chain Primer F 5-CTAGGATCATCCCTTCCAC-3' 301 bp
J-chain Primer R 5"TGATACCTAAGTGGGACCA-3'

C-myc Primer F 5'-GGGCCAGCCCTGAGCCCCTAGTGC-3' 156 bp
C-myc Primer R 5'-ATGGAGATGAGCCCGACTCCGACC-3

XBP-1 Primer F 5'-CGCTGCGGAGGAAACTGAA-3 495bp
XBP-1 Primer R 5-GGGAGGCTGGTAAGGAACT-3'

BCMA Primer F 5-CCTCATGGCGCAACAGTGTT-3' 570bp
BCMA Primer R 5-GAAGCTCATTATCTAGTGTG-3

GAPDH Primer F 5-TTAGCACCCCTGGCCAAGG-3' 541bp

GAPDH Primer R 5-CTTACTCCTTGGAGGCCATG-3'
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quantification of protein concentrations in the supernatant, the
lysates were separated by 10% SDS-polyacrylamide gel
electrophoresis and transferred onto polyvinylidene fluoride
membranes (Millipore, Billerica, MA). The membrane was
blocked with 2% non-fat dry milk in Tris-buffered saline
containing 0.1% Tween-20 for 2 h and probed with rabbit anti-
Blimp-1 (1:200), XBP-1 (1:100), C-myc (1:400) (Santa Cruz
Biotechnology, Santa Cruz, CA) or anti-GAPDH monoclonal
antibody (1:2000, Sigma, St. Louis, MO), respectively, at 4 °C
overnight. After washing, the bound antibodies were detected
by peroxidase-conjugated goat anti-mouse or goat anti-rabbit
secondary antibodies and visualized using an enhanced
chemiluminescence system (Santa Cruz Biotechnology).
Protein expression level was determined by analyzing the
optical density value obtained from Quantity One software
(Bio-Rad, Hercules, CA) and was calculated from triplicate
samples after normalization to GAPDH levels.

Detection of anti-dsDNA in mice

Anti-dsDNA antibodies in sera were detected from mice
every 3 weeks in both the study and control groups using an
ELISA kit (Alpha Diagnostic, San Antonio, TX), which
detects IgG, IgM and IgA. Anti-dsDNA Ab levels were
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Figure 1. The Blimp-1 mRNA expression in PMBCs of mice at 3 weeks
after administration of the lentivirus Blimp-1 siRNA (study group) or
PLL3.7 (control group). PMBCs of the mice (8 mice in each group) were
collected, and mRNA expression of Blimp-1 detected by RT-PCR.
C: control group, S: study group.
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Figure 2. The expression levels of Blimp-1
protein in the kidney, liver, lymph nodes and
spleen in the experimental groups. (A) 15-
week-old MRL-Fas(Ipr) mice received an
intravenous tail vein injection of lentivirus
vector. After 21 days, the mice were sacri-
ficed, and the Blimp-1 expression in kidney,
spleen, lymph node and liver was analyzed by
Western blot. (B) Blimp-1 expression was
analyzed by semi-quantitative Western blot
by using GAPDH for normalization.
*Compared with controls, p <0.05. C: con-
trol group, S: study group. The results are
representative of three individual
experiments.
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expressed as U/mL and were calculated using a positive
standard serum.

Detection of 24-h urine protein in mice

Mice were housed in metabolic cages for the determination of
24-h urine protein concentrations. Coomassie blue staining
was used to measure the 24-h urine protein levels in the MRL-
Fas(Ipr) mice after 15 and 18 weeks.

Immunohistochemical staining

Indirect immunohistochemical staining of tissue samples
from kidneys, spleen and lymph nodes was performed
according to the manufacturer’s protocol. Rat anti-mouse
Blimp-1 primary antibody (Santa Cruz Biotechnology) and
goat anti-rat secondary antibody (Biyuntianlnc, Nanjing,
China) were used in this study.

HE staining of mouse tissues

After sacrifice, samples from kidneys, spleen and lymph
nodes were fixed in 10% buffered formaldehyde and were
embedded in paraffin. Tissue sections (4-pum thick) with HE
staining were viewed and photographed with an Olympus
microscope (Olympus Corporation, Tokyo, Japan).

Statistical analysis

All data are expressed as mean + standard deviation (SD).
Significant differences were analyzed using Student’s ¢ test.
p<0.05 was considered to indicate statistical significance.

Results

Blimp-1 siRNA reduced the expression of Blimp-1 in
PMBCs and tissues

To examine the impact of Blimp-1 siRNA on Blimp-1
expression in MRL-Fas(Ipr) mice, the Blimp-1 mRNA and
protein expression levels were determined by RT-PCR and
Western blot, respectively. Blimp-1 was highly expressed in
PMBCs (Figure 1), kidney, spleen, lymph nodes and liver of
MRL-Fas(lpr) mice (Figure 2). Interestingly, after adminis-
tration of Blimp-1 siRNA for 21 days, the expression level of
Blimp-1 mRNA in PMBCs declined by 78% (Figure 1, right).
No changes in Blimp-1 were detected in the liver; however,
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Figure 3. Immunohistochemical staining of Blimp-1. C: control group, S: study group. The numbers of Blimp-1 positive cells (marked by black
arrows) in glomerulus, renal tubular epithelium, spleen, and lymph nodes of the control group were obviously greater than those in the Blimp-1 siRNA-
treated group. Blimp-1 expression of blood, kidney, spleen and lymph node was decreased significantly following Blimp-1 siRNA administration.

the Blimp-1 expression in kidney, spleen and lymph nodes
declined by 95, 72 and 47%, respectively (Figure 2). The
results of immunohistochemical staining indicated that
Blimp-1-positive cells (brown color) were mainly distributed
in glomerular mesangial cells and tubular epithelial cells,
and the number of Blimp-1 positive cells in glomerulus,

renal tubular epithelium, spleen and lymph nodes in the
Blimp-1 siRNA-treated group were significantly reduced
compared to those in the non-treated control group (Figure 3,
p<0.05), suggesting that the endogenous Blimp-1 level
was significantly reduced following systemic injection of
Blimp-1 siRNA.
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Blimp-1 siRNA reduced the level of anti-dsDNA Ab in
lupus mice

The level of anti-dsDNA Abs in serum of MRL-Fas(lpr)
mice was analyzed every 3 weeks to explore whether Blimp-
1 could affect the production of anti-dsDNA Ab. As shown
in Figure 5, the level of anti-dsDNA Ab increased gradually
with the age of mice. At 15 weeks of age, the study group
was injected with Blimp-1 siRNA, and the control group
was injected with pLL3.7 vector only. While the anti-dsDNA
Ab level continued to increase in control group, the level of
anti-dsDNA Ab in the study group remained unchanged.
When mice were sacrificed at 18 weeks of age, the anti-
dsDNA Ab level in the study group was significantly lower
than that of the control group (p<0.05, Figure 4). These
results suggest that inhibition of endogenous Blimp-1 could
prevent anti-dsDNA Ab production.

Impact of down-regulation of Blimp-1 on the levels of
BCMA, XBP-1, J-chain and C-myc

To explore how Blimp-1 regulates the production of auto-
antibody levels, we analyzed the changes in RNA expression
of XBP-1, BCMA, C-myc and J-chain, which are downstream
mediators of Blimp-1 and are also necessary for the production
of antibodies as reported in other studies [21-26]. By RT-PCR,
we found that following Blimp-1 siRNA injection, the
expression of BCMA, XBP-1 and J-chain in the peripheral
blood decreased by 92, 86 and 70%, respectively, in MRL-
Fas(lpr) mice compared to levels in the control group. By
contrast, the expression of C-myc was increased about 65%.
Similar to mRNA levels, by Western blot, we also found that
administration of Blimp-1 siRNA reduced the protein expres-
sion of XBP-1 and increased the level of C-myc (Figure 5).
These results suggest that the inhibition of endogenous Blimp-
1 down-regulates the expression of BCMA, XBP-1 and J-chain
and up-regulates C-myc mRNA.

Inhibition of endogenous Blimp-1 reduced the level of
24-h urinary protein in SLE mice

To determine whether administration of Blimp-1 siRNA
could improve renal function and decrease urine protein
concentration, we used metabolic cages to collect and
measure 24-h urinary protein from 15- and 18-week-old
SLE mice. The results demonstrated that after 3 weeks of
Blimp-1 siRNA injection, the level of 24-h urinary protein
was significantly lower in the study group than in the control
group (p <0.05; Table 2).

Blimp-1 siRNA attenuated renal pathological changes
in SLE mice

The renal pathological appearance was also examined. In the
control group, the numbers of glomerular mesangial cells and
endothelial cells were increased. In addition, the glomerular
capillary was dilated and congested with mild lymphocytic
infiltration, which further narrowed the capsular space.
However, after Blimp-1 siRNA administration, the glomerular
pathological changes were mitigated. In addition, the numbers
of mesangial cells and endothelial cells as well as the capsular
space were similar to those of normal controls, and no
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Figure 4. The level of anti-dsDNA Ab in serum of the 18-week-old MRL-
Fas(Ipr) mice. At 15 weeks old, MRL-Fas(lpr) mice (8 mice per group)
received an intravenous tail vein injection of lentivirus (1x10° pfu) or
controls. The anti-dSDNA Ab concentrations in mouse serum were
determined at 3-week intervals. Similar results were obtained in three
individual experiments. *p <0.05 compared with control.
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Figure 5. The effect of Blimp-1 inhibition on the expression of BCMA,
XBP-1, J-chain, and C-myc. Western blot and RT-PCR were performed 3
weeks after administration of the lentivirus Blimp-1 siRNA (study
group) or PLL3.7 (control group). (A) Peripheral blood of the mice (8
mice per group) was collected, and mRNA expression of Blimp-1,
BCMA, XBP-1, J-chain, and C-myc were detected by RT-PCR. (B)
Spleen cells of mice were collected, and protein expression of XBP-1
and C-myc were detected by Western blot. Similar results were obtained
from three individual experiments. C: control group, S: study group.

GAPDH

Table 2. The 24-h urinary protein concentration in experimental groups.

Groups 15W (g/L) 18W (g/L)
Study group 0.43+0.19 0.40 +0.20%*
Control group 0.42+0.10 0.63 +0.09

*p <0.05; 15W: pretreatment; 18W: lentivirus injection for 3 weeks.

significant inflammatory changes were found in the glom-
erulus (Figure 6). These pathological results suggest that
Blimp-1 siRNA can mitigate the renal inflammatory changes.

Discussion

We previously found that Blimp-1 expression is upregulated
in SLE patients and in the SLE mouse model [10]. To explore
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Figure 6. The renal pathological changes in
the experimental groups. (a) capsular space;
(b) endothelial cells; (c) lymphocytes; (d)
capillary; (e) mesangial cells. In the control
group, the numbers of glomerular mesangial
and endothelial cells were increased com-
pared to the study group, and glomerular
capillary was dilated and congested with mild
lymphocytic infiltration, which further nar-
rowed the capsular space. After Blimp-1
expression was inhibited by Blimp-1 siRNA
(study group), the glomerular pathological
changes in the study group were mitigated.
The numbers of mesangial and endothelial
cells and the capsular space tended to be
normal, and there were no significant
inflammatory changes found in glomerulus.

the roles of Blimp-1 during SLE progression, in the present
study, we investigated the effects of inhibition of endogenous
Blimp-1 by lentivirus-mediated RNAi method. This inhibition
significantly reduced the levels of Blimp-1 in the kidney,
spleen and lymph nodes. In addition, the renal pathological
changes were obviously alleviated, and the level of serum
anti-dsDNA dropped significantly compared to that in non-
treated controls. These results indicate that inhibition of
Blimp-1 may provide a novel strategy for the treatment
of SLE.

SLE is a type of systemic autoimmune disease character-
ized by increased pathogenic autoantibodies, which can often
lead to injury to tissues and damage to organs in the form of
immune complexes [27-29]. SLE is characterized by B-cell
hyperactivity that, at least in part, results from polymorphisms
in genes encoding B-cell signaling components that increases
disease susceptibility. Thus, B cells appear to play a central
role in the immuno-pathogenesis of SLE. Therefore, thera-
peutic strategies targeting B cells have been a focus for SLE
treatment. With the recent availability of biologic agents that
can deplete B cells or block their function in vivo, it has
become possible to target B cells therapeutically, such as
CD20 monoclonal antibody and BAFF inhibitor [4]. However,
when only targeting B lymphocytes in the treatment of SLE, it
is difficult to avoid recurrence of the disease [30]. Studies
have revealed that the reasons for recurrence of SLE are
CD20 and BAFF, which disappear during terminal differen-
tiation of B cells into plasma cells. In other words, the CD20
monoclonal antibody or BAFF inhibitor cannot remove
plasma cells. In addition, 40% of plasma cells secreted
autoantibodies that have longevity, and these autoantibodies
can reactivate potential pathological immune responses
[31,32]. Random clinical trials have also confirmed that
treatment of lupus by rituximub is ineffective. Thus, in order
to alleviate the symptoms of SLE for a long time, plasma cells
(including the long-lived plasma cells) and their functions
should be inhibited [8].

Plasma cells are unique antibody-producing cells that play
an important role in immune responses. Dysregulation of
plasma cell differentiation and survival will result in various
autoimmune diseases, such as SLE, and rheumatoid arthritis
[10,33]. A variety of transcription factors, such as Pax-5,
Bcl-6, XBP-1 and Blimp-1, play critical roles during the
differentiation, survival and antibody secretion of plasma
cells. Several lines of evidences have demonstrated that
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Control

increased expression of Blimp-1, BCMA and XBP-1, and
steady absence of Pax-5 are necessary for the survival
of plasma cells [22-25]. Blimp-1 expression is regulated by
Pax-5, and Blimp-1 acts upstream of BCMA and XBP-1
[21,26]. The results from the present study show that
inhibition of endogenous Blimp-1 in a spontaneous lupus
mice model reduces levels of BCMA, XBP-1 and J-chain as
well as the level of autoantibodies. As a result, lupus nephritis
symptoms were alleviated and the autoimmune symptoms
were also mitigated. It is also likely that Blimp-1 regulates the
expression of BCMA and XBP-1 through C-myc pathways
and then affects the secretion of J-chain and Ig, influencing
autoantibody production.

Our study also demonstrated overexpression of Blimp-1 in
PMBC s, liver, kidney, spleen and lymph nodes of MRL-
Fas(lpr) lupus mice, and administration of Blimp-1 siRNA
significantly reduced Blimp-1 expression in these organs.
Therefore, this study provides evidence of the correlation
between Blimp-1 expression and lupus symptoms in these
organs. Zhou et al. recently reported that Blimp-1 siRNA can
inhibit B-cell differentiation and prevent the development of
lupus in mice [34]. We further confirmed these results in
MRL-Fas(lpr) lupus mice. Moreover, we analyzed Blimp-1
expression in different tissues and observed the pathological,
functional changes in SLE mice. The results indicate that
inhibition Blimp-1 can improve symptoms of SLE and may
become a new treatment for SLE. The improvement of
symptoms may be related to the decrease in autoantibody
levels, alleviation of kidney disease changes and reduction of
urine protein. It should be noted that because Blimp-1 plays
an important role in maintaining normal immune responses,
and our purpose was to use Blimp-1 siRNA to inhibit rather
than clear the expression of Blimp-1 in various vital organs,
the Blimp-1 expression levels in spleen, lymph node and liver
did not seem to be highly depleted, specifically with no
significant changes in the liver (p>0.05). In spleen and
lymph nodes, we hypothesize that the higher number of
lymphocytes can prevent the level of Blimp-1 from being
depleted too much. Regarding liver, this may be the result of
the method using to inject Blimp-1 siRNA. Because the
plasma cells reside in bone marrow, we did not successfully
obtain sufficient bone marrow specimens, and thus, it is hard
to evaluate the data. In addition, because the life span of
female MRL-Fas(Ipr) mice is about 17 weeks, the mice were
sacrificed at 18 weeks old to observe pathological changes,
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resulting in only one time point and the inability to collect
survival data in the present study. Furthermore, we also took
steps to avoid potential off-target effects, such as using a
lentiviral vector rather than liposomes to infect mice [19],
avoiding the siRNA seed region matching the 3’-untranslated
region (UTR) of off-target genes [35] and applying BLAST
similarity searches against sequence databases to identify
potential off-target genes [36].

In conclusion, our results suggest that Blimp-1 may be a
new target for plasma cells in the treatment of SLE. This not
only lays a foundation for further constructing a specific
immune inhibitor screening model and investigating new
drugs in the treatment of SLE, but also provides a new
strategy for the treatment of other autoimmune diseases and
drug design for plasma cells.
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