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Abstract

Immune thrombocytopenia (ITP) is an autoimmune disorder characterized by anti-platelet autoantibody-mediated platelet
destruction. Antigen-presenting cell (APC) dysfunction is considered to play crucial roles in ITP. However, how APC affects
autoreactive B cells in ITP is still unknown. Using a mouse model of immune thrombocytopenia, we demonstrated an
increase in levels of TLR7 in splenic mononuclear cells (SMCs). Using both TLR7 agonist and TLR7 silencing lentivirus, we
found stimulation of TLR7 decreased platelet counts and increased levels of platelet-associated IgG (PAIgG) in ITP mice,
which correlates TLR7 with platelet destruction by autoantibodies. Levels of serum BAFF increased significantly in ITP mice
and stimulation of TLR7 promoted secretion of BAFF. Among the three BAFF receptors, only BAFF receptor (BAFF-R)
increased in ITP mice. However, activation of TLR7 showed no effect on the expression of BAFF receptors. These findings
indicate that upregulation of TLR7 may augment BAFF secretion by APC and through ligation of BAFF-R promote
autoreactive B cell survival and thus anti-platelet autoantibody production. The pathway of TLR7/BAFF/BAFF-R provides us
with an explanation of how activation of APC affects autoantibody production by B cells in ITP and thus might provide a
reasonable therapeutic strategy for ITP.

Citation: Yang Q, Xu S, Li X, Wang B, Wang X, et al. (2011) Pathway of Toll-Like Receptor 7/B Cell Activating Factor/B Cell Activating Factor Receptor Plays a Role
in Immune Thrombocytopenia In Vivo. PLoS ONE 6(7): €22708. doi:10.1371/journal.pone.0022708

Editor: Clive M. Gray, University of Cape Town, South Africa
Received March 24, 2011; Accepted June 28, 2011; Published July 27, 2011

Copyright: © 2011 Yang et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by grants from Tai Shan Scholar Foundation, National Natural Science Foundation of China (No. 81070396, No. 81070408,
No. 81070407 and No. 81070411), 973 Program (No. 2011 CB 503906), Foundation for the Author of National Excellent Doctoral Dissertation of PR China
(No. 200561), Program for New Century Excellent Talents in University (NCET-07-0514), Key Project of Chinese Ministry of Education (109097), Key Clinical Research
Project of Public Health Ministry of China 2010-2012, the 43rd China Postdoctoral Science Foundation (20080431205), the Second China Postdoctoral Special
Foundation (200902566), Postdoctoral Innovation Program of Shandong Province, China in 2008 (200803074), Natural Science Foundation of Shandong Province
(ZR2009CM001), Clinical Medicine Center Foundation of Shandong Province, Leading Medical Professionals Foundation of Shandong Province, Outstanding
Young Scientist Research Award Foundation of Shandong Province (2008BSO3009, BS2010YY039), Independent Innovation Foundation of Shandong University
(No. 2009TS053) and State Program of National Natural Science Foundation of China for Innovative Research Group 2011-2013 (81021001). The funders had no
role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.
* E-mail: houming@medmail.com.cn

9 These authors contributed equally to this work.

Introduction

Immune thrombocytopenia (ITP) is an autoimmune disease
manifested by immune-mediated platelet destruction and sup-
pression of platelet production. Although several abnormalities
involving the cellular mechanisms of immune modulation have
been identified, development of autoantibodies against platelet
glycoproteins remains central in the pathogenesis of ITP [1].
Increasing evidence suggests an important role of deviant APC in
the pathophysiology of autoimmune diseases [2]. Targeting APC
shows promising therapeutic effects in an animal model of
rheumatoid arthritis (RA) [3]. In ITP patients, changes in
number and function of APC have also been indicated [4].
Activation of APC is found to play a critical role in the
pathogenic anti-platelet autoantibody response [4,5]. However,
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how activation of APC affects autoantibody producing B cells is
not well elucidated.

Toll-like receptors (I'LRs) are type I transmembrane pattern-
recognition receptors (PPRs) that have long been known to
recognize highly conserved, pathogen-associated molecular pat-
terns (PAMPs) [6]. TLRs are expressed on many cell types,
especially APC [7]. They are key mediators of innate immunity
and also regulate activation of adaptive immune system. Evidence
suggests a role for TLRs in immune and inflammatory diseases
and increasingly in autoimmunity [8]. Intracellularly localized
TLR?7 participates in APC activation and autoantibody produc-
tion showing obvious importance in autoimmune diseases [9]. In
2006, using DNA microarrays, Sood et al. [10] found elevated
levels of TLR7 in ITP patients. Increased levels of TLR7 in I'TP
were also indicated in our previous study using microarray analysis
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(data not published). Nevertheless, the role of TLR7 upregulation
in APC in the pathophysiology of I'TP is still unclear.

B cell activating factor (BAFF) is a member of the TNF
superfamily and plays a major role in B cell survival [11]. BAFF
has emerged as a crucial factor that modulates B cell tolerance and
homeostasis. Elevated serum BAFT levels are involved in the
pathogenesis of B cell-mediated autoimmune diseases such as
systemic lupus erythematosus (SLE) [12], multiple sclerosis (MS)
[13], systemic sclerosis (SS) [14] and RA [15]. BAFF binds to three
receptors expressed on B cells: B cell maturation antigen (BCMA),
transmembrane activator and calcium-modulating cyclophilin
ligand interactor (TACI) and BAFF receptor (BAFF-R). Several
lines of evidence indicate interaction between TLRs and BAFF or
its receptors but few regarding the role of TLR7 [16,17].

In the present study, we have explored the hypothesis that
pathway of TLR7/BAFF/BAFF receptors accounts for APC
affecting autoreactive B cells. The expression of TLR7, BAFF and
BAFF receptors was detected in I'TP using a thrombocytopenic
mouse model. Then effects of TLR7 on platelet counts and levels
of BAFF and BAFF-R in ITP mice were evaluated i vivo using
TLR7 agonist and TLR7 silencing lentivirus. Our results correlate
TLR7 with disease activity and indicate a role of TLR7/BAFF/
BAFF-R pathway in the pathogenesis of I'TP.

Results

Elevated levels of TLR7 in ITP mice

An ITP mouse model was developed according to Musaji [18].
The change of platelet counts was expressed as relative platelet
count, i.e. the ratio of the platelet counts after immunization to the
platelet counts before immunization. Fig. 1A showed that the
decrease of relative platelet count was gradual and reached a
maximum 3 weeks after the first rat platelet administration
(0.49%0.15, P=10.000). The experimental mice 3 weeks after the
first immunization were referred to as ‘I'TP mice’ in our later
study.

To investigate whether TLR?7 is activated in APC, SMCs were
isolated from ITP mice and controls to determine the levels of
TLR7. The relative mRNA expression of TLR7 was increased
3.14-fold (P=0.003) in ITP mice compared to controls (Fig. 1B).
The protein levels of TLR7 were also significantly increased in
ITP mice compared with controls revealed by western blot
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(P=0.033, Fig. 1C). Our data indicate that increased levels of
TLR7 are involved in I'TP mice.

Effects of TLR7 on platelet counts

In order to explore the effects of TLR7 on ITP mice, TLR7
agonist (imiquimod) and TLR?7 silencing lentivirus were used. The
silencing efficiency of lentivirus was validated by transducing
RAW264.7 cells i wvitro. In our hands, more than 90% of
RAW264.7 cells were transduced 3 days after transduction
indicated by expression of GFP (Fig. SIA). Then RAW264.7 cells
were harvested to determine the levels of TLR7 by real-time PCR
and western blot. The relative TLR7 mRNA levels in RAW264.7
cells transduced with TLR7 silencing lentivirus was significantly
decreased, only 3.82%+0.62% relative to controls (P=0.000) (Fig.
S1B). Results of western blot showed that TLR7 silencing
lentivirus can efficiently knockdown protein levels of TLR7 in
RAW264.7 cells (P=10.048, Fig. S1C), thus indicating that TLR7
silencing lentivirus can efficiently knockdown expression of TLR7
in vitro.

TLR?7 silencing lentivirus was then used  viwvo. The transduc-
tion efficiency of lentivirus i vivo was validated by GFP expression
in spleen frozen sections (Fig. 2A). Four weeks after the first
immunization, SMCs were isolated to determine the mRNA and
protein levels of TLR7. Results of real-time PCR and western blot
showed that TLR7 silencing lentivirus efficiently decreased the
levels of TLR7 in ITP mice both in mRNA and protein levels
(Fig. 2B and C), proving that TLR7 silencing lentivirus works
efficiently m vivo.

The effects of TLR7 on platelet counts were then determined.
TLR7 silencing lentivirus injection significantly increased the
relative platelet counts (1.11%0.12 vs 0.84*0.09, P=0.025)
whereas imiquimod injection significantly decreased the relative
platelet counts in ITP mice (0.59%0.05 vs 0.84%0.09, P=0.034).
However, no obvious changes were observed in different groups of
controls (Fig. 3). These findings indicate that activation of TLR7
may negatively regulate platelet counts of ITP mice and thus is
correlated to disease activity.

Effects of TLR7 on PAIgG levels

As development of autoantibodies against platelets remains
central in the pathogenesis of I'TP, it is important to detect the
effects of TLR7 on anti-platelet antibodies. Flow cytometry was
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Figure 1. The platelet counts and levels of TLR7 in ITP mice and controls. (A) Changes in relative platelet counts of controls (n=8) and
experimental mice (n=10). With rat platelet injection, experimental mice developed progressively thrombocytopenia. The relative platelet counts in
experimental mice reached the minimum 3 weeks after the first immunization (0.49%0.15 vs 1, P=0.000). There was no significant change in controls.
SMCs were isolated from ITP mice (n=10) and controls (n=8) for RNA and protein extraction. (B) Results of real-time PCR analysis showed that the
ratio of TLR7 mRNA in ITP mice compared to that of controls was 3.14 (P =0.003). (C) Increased levels of TLR7 protein in ITP mice were revealed by
western blot. The graph showed the densitometric quantitation of TLR7 to the housekeeping gene GAPDH. Bars represent SD, * represents P<<0.05,
** represents P<<0.01.

doi:10.1371/journal.pone.0022708.g001
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Figure 2. Analysis of TLR7 silencing lentivirus in vivo. The transduction efficiency of lentivirus in vivo was validated by GFP expression in spleen
frozen sections from normal CBA mice (left) and ITP mice transduced with lentivirus (right), respectively. Scale bar, 100 um. SMCs were isolated from
ITP mice of group | (regarded as ITP mice, n=10) group Il (regarded as empty-lenti, n=8) and group Ill (regarded as TLR7-RNAi mice, n=28). Then
SMCs were used to analyze the mRNA levels and protein levels of TLR7 by real-time PCR (B) and western blot (C), respectively. Bars represent SD,

* represents P<<0.05.
doi:10.1371/journal.pone.0022708.9g002

performed in our study to detect levels of PAIgG and the median
fluorescence intensity (MFI) was used to evaluate PAIgG levels.
Four weeks after the first immunization, PAIgG levels were
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Figure 3. Effects of TLR7 on platelet counts. Empty lentiviral
vector, TLR7 silencing lentivirus and imiquimod were used in both ITP
mice and controls. The relative platelet counts of ITP mice were
significantly increased in group Il (n =8) whereas decreased in group IV
(n=8) compared with group | (n=10). No obvious changes were
observed in the four groups of controls. Bars represent SD, * represents
P<0.05, ** represents P<<0.01.

doi:10.1371/journal.pone.0022708.g003
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significantly increased in ITP mice compared to controls
(27.44%3.68 vs 3.00%£0.43, P=0.002). Imiquimod injection
significantly increased PAIgG levels (56.63+13.20, P<<0.001)
whereas TLR7 silencing lentivirus significantly decreased PAIgG
levels (9.99%2.78, P=0.026) in I'TP mice. No obvious difference
was observed in PAIgG levels among the four groups of controls
(Fig. 4). Together, our results indicated that PAIgG levels were
significantly increased in ITP mice and were promoted by
TLR7.

Effects of TLR7 on BAFF in vitro and in vivo

To elucidate how stimulation of TLR7 in APC affects anti-
platelet antibody producing B cells, we detected the effects of
TLR7 on BAFT levels both in vitro and in vivo. SMCs isolated from
ITP mice and controls were cultured i vitro and the levels of BAFF
in supernatant were detected by ELISA. Compared with controls,
levels of BAFF in supernatant of SMCs were significantly
increased in I'TP mice (ITP mice: 766.09%43.03 pg/ml, controls:
519.19%£43.95 pg/ml, P=0.004). Imiquimod significantly in-
creased the levels of BAFF in SMCs supernatant in ITP mice
(1145.17%123.70 pg/ml vs 766.09%43.03 pg/ml, P<<0.001) but
not in controls. TLR7 silencing lentivirus did not cause a
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Figure 4. Effects of TLR7 on PAIgG levels. Platelets were collected
from group |, group Il (empty lentiviral vector injection), group Il (TLR7
silencing lentivirus injection) and group IV (imiquimod injection) of ITP
mice and controls. (A) Flow cytometry was performed to detect PAIgG
levels on the surface of mice platelets of controls (left) and ITP mice
(right). The MFI of PAIgG for different groups was demonstrated as
histogram in (B). PAIgG levels were significantly increased in ITP mice
compared with controls. Stimulation of TLR7 significantly increased
PAIgG levels in ITP mice whereas inhibition of TLR7 significantly
decreased PAIgG levels in ITP mice. No obvious changes were observed
in the four groups of controls. Bars represent SD, * represents P<<0.05,
** represents P<<0.01.

doi:10.1371/journal.pone.0022708.9g004

significant change in the levels of BAFF in either ITP mice or
controls (Fig. 5A).

Effects of TLR7 on levels of BAFF were determined in vivo.
Before immunization, the levels of serum BAFF in experimental
mice and controls were 7015.27+454.33 pg/ml and 7043.45*
435.89 pg/ml, respectively. There was no significant difference
between the two groups (P=1). Three wecks after the first
immunization, the levels of serum BAFF in ITP mice were
significantly elevated (12448.34%695.23 pg/ml vs 7015.27=*
454.33 pg/ml, P =0.000) compared to the levels before immuni-
zation. A significant difference was also found between I'TP mice
(12448.34%695.23 pg/ml) and controls (7920.0%375.15 pg/ml)
(P=0.000). No significant difference was found in controls before
and 3 weeks after saline injection (P =0.224) (Fig. 5B).

Four weeks after the first immunization, the levels of serum
BAFTF in the four groups of I'TP mice and controls were detected.
At this time, the levels of serum BAFF in ITP mice were
significantly increased compared to controls (TP mice:
8481.66*x211.54 pg/ml, control mice: 7463.67+198.55 pg/ml,
P =0.006). Imiquimod significantly increased the levels of serum
BAFF in I'TP mice (10578.43%£417.54 pg/ml, P=0.001) whereas
TLR?7 silencing lentivirus decreased the levels of serum BAFF in
ITP mice (7258.36%359.17 pg/ml, P=0.011). No obvious
difference was observed in the four groups of controls (Fig. 5C).
Our results indicate that levels of serum BAFF is elevated in I'TP
mice and stimulation of TLR7 promotes secretion of BAFF.

Effects of TLR7 on BAFF receptors

To investigate through which BAFF receptor elevated serum
BAFF affects B cells, the levels of the three BAFT receptors on B
cells in peripheral blood of ITP mice and controls were
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determined. Results of flow cytometry showed that among the
three receptors, only BAFF-R increased significantly in I'TP mice
when compared to controls (P=0.006, Fig. 6). No significant
difference in BCMA and TACI levels were detected. The median
fluorescence intensity (MFI) of BCMA and TACI in I'TP mice was
8.45%1.24 and 9.55%0.97, respectively. The MFI of BCMA and
TACI in controls was 8.07£0.99 and 9.14%1.12, respectively
(data not shown). Therefore, elevated BAFF promoting B cell
survival through BAFF-R and suggests that the pathway of TLR7/
BAFF/BAFF-R plays a role in ITP.

As previous studies showed that TLR7 might influence the
expression of BAFF receptors directly [17], effects of TLR7 on
BAFF-R were then determined. Results of flow cytometry showed
no significant difference after stimulation or inhibition of TLR7 in
either controls or I'TP mice (Fig. 7). These findings showed that no
direct interaction was found between TLR7 and BAFF-R in I'TP
mice. Altogether, our results indicate that stimulation of TLR7 in
APC enhances secretion of BAFF by APC and thus through
ligation of BAFF-R promotes survival of autoreactive B cells and
contributes to autoantibody-mediated platelet destruction in I'TP
mice.

Discussion

In this study, a thrombocytopenic mouse model described by
Musaji [18] was used to explore the mechanism of APC affecting
autoreactive B cells. Elevated levels of PAIgG detected in ITP
mice indicate that the drop in platelet counts was due to the anti-
platelet autoantibody-mediated autoimmune response [18]. Addi-
tionally, presence of autoantibodies makes this thrombocytopenic
mouse model suitable for our study on mechanism between APC
activation and B cell autoantibody production. To construct this
thrombocytopenia model, rat platelets were injected into CAB
mice. Rat platelets injection may promote an anti-platelet response
and also additional immune responses. Saline injection in control
mice may not be a good control. However, results of Musaji and
ours showed that anti-platelet autoantibody production [18] and
increased TLR7 and BAFF levels (data supplied on request) are
specific to CBA mice but not in BALB/c mice. This indicates that
the changes observed in our study are mainly due to the anti-
platelet response.

TLR7 was found to be significantly increased in ITP mice.
Elevated levels of TLR7 have also been detected in autoimmune
diseases mediated by autoreactive B-cell clones such as SLE [19]
and even in I'TP [10]. Previous studies show that, in SLE, TLR7 is
necessary and sufficient for antibody production. Inhibition of
TLR7 reduces anti-RNA autoantibody production, glomerular
IgG levels and glomerular macrophage infiltration and thus
attenuates glomerulonephritis in lupus mice and represents a
potential therapeutic target in lupus [9,20]. Effects of TLR7 on the
pathology of ITP were determined in our study. In ITP mice,
activation of TLR7 negatively-regulates platelet counts and
increases PAIgG levels. Our results indicate that TLR7 is
correlated with disease activity in ITP and contributes to
autoantibody-mediated platelet destruction. But the potential
source of TLR7 ligand in I'TP is still unknown. A pathogen as a
source of ssSRNA or human mRNA in an immune complex may
participate in TLR7 stimulation. Additionally, how stimulation of
TLR7 in APC affects production of anti-platelet antibodies by B
cells is not well elucidated in I'TP.

Previous studies show that activation of TLRs might influence
expression or secretion of BAFF. Stimulation of TLR4 augmented
BAFF expression in spleen cells in vitro by inducing reactive oxygen
species and increased the total number of B cells in the spleen i
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Figure 5. Effects of TLR7 on BAFF levels /n vitro and in vivo. (A) Effects of TLR7 on BAFF levels in vitro were evaluated by SMCs culture. SMCs
obtained from controls and ITP mice were divided into four groups and treated with or without empty lentiviral vector, TLR7 silencing lentivirus or
imiquimod, respectively. The supernatant was collected and the levels of BAFF were determined by ELISA. (B) Serum samples were obtained from
the experimental mice (n=10) and controls (n=8) before immunization and 3 weeks after the first immunization. A significant increase of serum
BAFF was detected in ITP mice (At the time of 3 weeks after the first immunization, the experimental mice were regarded as ‘ITP mice’.) The
difference between ITP mice and controls was also significant. (C) Effects of TLR7 on BAFF in vivo were determined using mice serum. Both controls
and ITP mice were divided into four groups and treated with or without empty lentiviral vector, TLR7 silencing lentivirus or imiquimod,
respectively. The serum from each group was obtained and the levels of BAFF were determined by ELISA. Bars represent SD, * represents P<<0.05,

** represents P<<0.01.
doi:10.1371/journal.pone.0022708.g005

vivo [21]. TLR3 was found to significantly up-regulate BAFF
expression in human bronchial epithelial cells via an autocrine
pathway involving IFN-B. Thus through local accumulation,
activation and Ig synthesis by B cells in the airway, TLR3 plays an
important role in airway immune responses [16]. However,
contrary results were reported elsewhere. Elevated levels of BAFF
were detected in RA patients. But none of the ligands of TLR2,
TLR4 and TLRY induced the de novo synthesis and release of
BAFTF by synoviocytes. In addition, IFN-y-induced BAFT synthesis
was inhibited by stimulation of TLR2, 4, 9 [22]. In our study,
significantly elevated levels of serum BAFF were detected in I'TP
mice. This result suggests that BAFF participates in the
pathogenesis of ITP. This is in accordance with the results of
previous studies concerning other autoimmune disorders [12-14].
In conclusion, our results showed that levels of serum BAFF was

@ PLoS ONE | www.plosone.org

positively regulated by TLR7 in I'TP mice indicating that elevated
TLR7 augmented secretion of BAFF by APC in ITP.

BAFF, a crucial homeostatic cytokine for B cells, exerts its role
through binding to its receptors: BCMA, TACI and BAFF-R. A
proliferation inducing ligand (APRIL), a cytokine homologous to
BAFF, can bind to BCMA and TACI but not BAFF-R which
makes BAFF-R a specific receptor for BAFF [23]. BAFF-R,
expressed on a wide range of B cell subsets, is the predominant
receptor that mediates BAFF-dependent B cell signaling and plays
critical roles in controlling peripheral B cell survival [3]. BAFF-R
was often found increased in autoantibody related diseases [24].
However, some studies showed that expression of BAFF-R did not
change or even decrease in autoimmune diseases including SLE,
SS, MS and RA [15,25-27]. Results of Zhou et al. showed that
mRNA expression of BAFF-R did not change in peripheral blood
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mononuclear cells but increased in SMCs in I'TP patients [28].
Unfortunately, the protein levels of BAFF-R were not detected in

their research. Here, our study indicated a significant increase of

BAFF-R while no changes in BCMA and TACI on peripheral B
cells in I'TP mice. Our results suggested that excess BAFTF promoted
autoreactive B cell survival by binding to BAFF-R in ITP.

Except for the effects on expression of BAFF, stimulation of TLRs
may also influence expression of BAFF receptors directly. TLRs,
together with BAFF receptors were shown to regulate the function
and homeostasis of B cells. Activation of TLRY strongly elevated
TACI levels on B cells in a MyD88-dependent pathway whereas
TLR4 ligand might increase both TACI and BAFF-R levels in
MyD88-dependent and independent pathways [17]. In lupus-like
mice, activation of TLR7/9 led to a strong upregulation of TACI
[29]. In our study, either activation of TLR7 or inhibition of TLR7
made no significant difference in the expression of BAFF-R. This
indicates that TLR7 does not interact with BAFF-R directly in I'TP
but exerts its role through interaction with BAFF.

Additionally, B cells also express TLR7. Stimulation of TLR7
may augment BAFF secretion by B cells and thus through ligation
of BAFF receptors promotes autoreactive B cell survival. To
separate this direct effect of B cells from the indirect effect via APC
described in our work, specific stimulation or silencing of TLR7 in

APC is needed.
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Figure 7. Effects of TLR7 on BAFF-R levels. Both controls and ITP
mice were divided into four groups and treated with or without empty
lentiviral vector, TLR7 silencing lentivirus or imiquimod, respectively.
Blood samples were collected from each group and the levels of BAFF-R
on B cells were determined by flow cytometry. Stimulation or inhibition
of TLR7 made no significant difference in the levels of BAFF-R in both
control mice (left) and ITP mice (right).

doi:10.1371/journal.pone.0022708.g007
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In summary, levels of TLR7 are elevated in I'TP mice. Stimulation
of TLR7 is related to disease activity by promoting platelet
destruction through anti-platelet antibodies in I'TP mice. The levels
of serum BAFF are increased in I'TP mice and stimulation of TLR7
promotes secretion of BAFF. Among the three BAFF receptors, only
BAFF-R is elevated in I'TP mice. No direct interaction between
TLR7 and BAFTF-R is detected. These results indicate a role of
TLR7/BAFF/BAFF-R in the pathogenesis of ITP. The pathway of
TLR7/BAFF/BAFF-R provides us with an appropriate explanation
of how activation of APC affects autoreactive B cells and
autoantibody production in I'TP and thus regulating this pathway
might provide a reasonable therapeutic strategy for I'TP.

Materials and Methods

Lentiviral silencing vector

Lentiviral silencing vector targeting mouse TLR7 (NM_133211)
was constructed and packaged by Genechem. The target sequence
of the TLR7 silencing vector was 5'-GATCTGCCATCCAGCT-
TACAT-3" [30]. RAW264.7 cells [31] were transduced with
lentivirus at a multiplicity of infection (MOI) of 20 in serum free
medium containing 10 ug/ml polybrene in 6-well plates. After
8 h, DMEM medium containing 10% FBS was added to the cells.
Three days later, the transduction efficiency was evaluated by
expression of GFP (Both of the lentiviral vectors contain a GIFP
expression cassette) and the RAW264.7 cells were collected for
RNA and protein extraction.

Mouse model

Female CBA mice about 7 weeks old were purchased from
Shanghai Slac Laboratory Animal Limited Company and the study
was approved by the Ethics Committee of Shandong University
School of Medicine (No. 005 in 2008 for Animal Ethics Approval).
This model was first described by Musaji [18]. Briefly, blood of
Wistar rats was collected from jugular vein. Platelet-rich superna-
tant was prepared by successive centrifugations. Platelets were
pelleted from this supernatant and washed as appropriate. Then rat
platelets were used to immunize experimental mice. Rat platelets
10® in 0.5 ml saline were first administered intraperitoneally,
followed by 0.5x10% platelets weekly. Controls were injected with
saline alone. Blood was collected from the retro-orbital plexus of
ether-anesthetized CBA mice and platelets were counted by
Hemavet 950 Animal Haematology Analyzer (Drew Scientific).
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Three weeks after the first immunization, treated mice with
minimum platelet counts were regarded as ‘I'TP mice’. The I'TP
mice and controls were divided into four groups, respectively:
group I received rat platelets (n = 10) or saline (n = 8) injection as
before, group II received injection of rat platelets (n = 8) or saline
(n = 8) once plus tail intravenous injection of 107 transduction unit
(TU) empty lentiviral vector, group III received rat platelets (n = 8)
or saline (n = 8) injection once plus tail intravenous injection of 10
transduction unit (T'U) lentiviral silencing vector of TLR7 and
group IV received rat platelets (n=28) or saline (n=28) injection
once plus 25 pg imiquimod (TLR7 agonist) (InvivoGen) every
other day [32]. Effects of TLR7 were detected one week later (i.e.
four weeks after the first immunization).

Splenic mononuclear cells (SMCs)

SMCs were isolated from spleens of mice using 1.092 g/ml
Ficoll-Hypaque (TBD) gradient centrifugation (2 000 rpm for
20 min, 20°C). The isolated SMCs were washed twice with PBS
for culture, RNA and protein extraction. For culture, the isolated
SMCs were diluted to 10°/ml and seeded into RPMI 1640
medium supplemented with 10% FBS and 10 ng/ml IL-2. The
SMC:s in culture were divided into four groups: group I (without
treatment), group II (transduced with empty lentiviral vector),
group III (transduced with TLR?7 silencing lentivirus) and group
IV (imiquimod 10 pg/ml). Then on day 3 the supernatant of
SMCis was collected for ELISA analysis.

Quantitative real-time PCR analysis

Total RNA was isolated from cells with TRIzol reagent
(Invitrogen). The amount of RNA was determined using ultraviolet
spectrophotometer DU800 (Beckman) and normalized to 1 pg/ml.
Total RNA was converted into cDNA using the PrimeScript' ™ RT
reagent kit (Takara). Real-time PCR was performed for TLR7 and
GAPDH on Lightcycler 2.0 (Roche) using SYBR Premix Ex Taq
(Takara). The sequences of the amplification primers for TLR7 and
GAPDH are as follows: TLR7 forward, 5'-CCTAGGA-

CATGCCTTGGTACCTG-3', TLR7 reverse, 5'-CCCAC-
CAATCTGAGCCATGA-3'; GAPDH forward, 5'-
TGTGTCCGTCGTGGATCTGA-3', GAPDH reverse, 5'-

TTGCTGTTGAAGTCGCAGGAG-3'. LightCycler Software
4.0 (Roche) was used to determine Ct value. All PCR products
were visualized by 2% agarose gel electrophoresis stained by
ethidium bromide. The mRNA expression of TLR7 was normal-
ized to GAPDH relative to control using 222" method [33].

Western blot

Cells were lysed in RIPA Lysing Buffer (Beyotime). The total
protein was extracted after homogenization and centrifugation.
The protein concentration was determined using BCA Protein
Assay Kit (Pierce). GAPDH was used to normalize the amount of
protein in all western blot experiments. Proteins were loaded onto
SDS-PAGE and transferred to a nitrocellulose membrane. The
membrane was probed with antibodies to TLR7 (Abcam) and
GAPDH (Jingmei). The secondary antibody used was HRP anti-
rabbit antibody (Jingmei). Protein bands were visualized with ECL
system (Pierce).

ELISA

Peripheral blood samples from CBA mice clotted for 2 h at
room temperature and were centrifuged to obtain serum.
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Supernatant from SMCs was collected by centrifugation. Then
levels of BAFF in serum and supernatant were measured by
Quantikine Mouse BAFF/BLyS/TNFSF13B Immunoassay
(R&D) in 96-well microtiter according to manufacture’s instruc-
tion. The lower detection limit of the assay was 4.3 pg/ml.

Flow cytometry

For determination of BAFF receptors, peripheral blood samples
of CBA mice 100 pl were incubated with 2.5 pl PerCP-Cy5.5 anti-
mouse B220 and 0.625 pl PE anti-mouse TACI or 5 ul Alexa
Flour 647 anti-mouse BAFF-R (eBioscience) or 20 pl monoclonal
anti-mouse BCMA-Fluorescein (R&D) for 30 min. B220 was used
to label B cells and was co-stained with the three BAFF receptors,
respectively. Then 2 ml 1 xFCM Lysing Solution (MultiSciences
Biotech) was added and the samples were incubated in the dark for
10 min. For detection of platelet-associated IgG (PAIgG), 2 x107
mice platelets were incubated with 1 pl FITC anti-mouse IgG
(H+L) for 30 min.

After centrifuge to remove supernatant, the cell and platelet
pellets were washed with PBS twice. Finally, 300 ul PBS were
added to resuspend the cell and platelet pellets and the samples
were determined by flow cytometer (BD Biosciences). The data
were analyzed using FCS Express V3.

Statistical analysis

Data were expressed as mean = SD. Statistical significance was
determined by one-way analysis of variance (ANOVA) using the
Statistical Package for the Social Sciences (SPSS) version 13.0. P
value less than 0.05 was considered statistically significant.

Supporting Information

Figure S1 Knockdown of TLR7 by silencing lentivirus in vitro.
Lentivirus expressing shRNA targeting mouse TLR7 and empty
lentiviral vector were transduced into RAW264.7 cells and
regarded as TLR7-RNAi and empty-lenti, respectively. (A) Three
days after transduction, more than 90% of RAW264.7 cells were
transduced as indicated by expression of GFP. Scale bar, 200 pum.
Then RAW264.7 cells were harvested for RNA and protein
extraction. (B) The mRNA levels of TLR7 were detected by real-
time PCR. The data were presented as percentage in gene
expression normalized to GAPDH relative to controls. (C) The
protein levels of TLR7 were determined by western blot. The
graph showed the densitometric quantitation of TLR7 to the
housekeeping gene GAPDH. Expression of TLR7 in both mRNA
and protein levels was efficiently knocked down by TLR7 silencing
lentivirus in RAW264.7 cells. Bars represent SD, * represents
P<0.05, ** represents P<<0.01.

(TTF)

Acknowledgments

We thank Ping-Yan Cheng (H. Lee Moffitt Cancer Center and Research
Institute) for valuable advices in preparing our manuscript. We thank
Edwin Speck (Canadian Blood Services) for linguistic advice.

Author Contributions

Conceived and designed the experiments: QY SX MH. Performed the
experiments: QY SX XL BW XW. Analyzed the data: DM LY JP.
Contributed reagents/materials/analysis tools: QY SX JP MH. Wrote the
paper: QY SX MH.

July 2011 | Volume 6 | Issue 7 | e22708



References

1.

Stasi R, Evangelista ML, Stipa E, Buccisano F, Venditti A, et al. (2008)
Idiopathic thrombocytopenic purpura: current concepts in pathophysiology and
management. Thromb Haemost 99: 4-13.

. Moransard M, Sawitzky M, Fontana A, Suter T (2010) Expression of the HGF

receptor c-met by macrophages in experimental autoimmune encephalomyelitis.

Glia 58: 559-571.

. Khan S, Greenberg JD, Bhardwaj N (2009) Dendritic cells as targets for therapy

in rheumatoid arthritis. Nat Rev Rheumatol 5: 566-571.

. Catani L, Fagioli ME, Tazzari PL, Ricci F, Curti A, et al. (2006) Dendritic cells

of immune thrombocytopenic purpura (ITP) show increased capacity to present
apoptotic platelets to T lymphocytes. Exp Hematol 34: 879-887.

. Kuwana M, Okazaki Y, Ikeda Y (2009) Splenic macrophages maintain the anti-

platelet autoimmune responses via uptake of opsonized platelets in patients with
immune thrombocytopenic purpura. J Thromb Haemost 7: 322-329.

. Takeda K, Kaisho T, Akira S (2003) Toll-like receptors. Annu Rev Immunol 21:

335-376.

. Akira S, Uematsu S, Takeuchi O (2006) Pathogen recognition and innate

immunity. Cell 124: 783-801.

. Li M, Zhou Y, Feng G, Su SB (2009) The critical role of toll-like receptor

signaling pathways in the induction and progression of autoimmune disease.
Curr Mol Med 9: 365-374.

Savarese E, Steinberg C, Pawar RD, Reindl W, Akira S, et al. (2008)
Requirement of Toll-like receptor 7 for pristane-induced production of
autoantibodies and development of murine lupus nephritis. Arthritis Rheum
58: 1107-1115.

Sood R, Wong W, Jeng M, Zehnder JL (2006) Gene expression profile of
idiopathic thrombocytopenic purpura (ITP). Pediatr Blood Cancer 47: 675-677.

. Rolink AG, Tschopp J, Schneider P, Melchers F (2002) BAFF is a survival and

maturation factor for mouse B cells. Eur J Immunol 32: 2004-2010.

. Zhang ], Roschke V, Baker KP, Wang Z, Alarcén GS, et al. (2001) Cutting edge:

a role for B lymphocyte stimulator in systemic lupus erythematosus. J Immunol

166: 6-10.

. Thangarajh M, Gomes A, Masterman T, Hillert J, Hjelmstrom P (2004)

Expression of B-cell-activating factor of the TNF family (BAFF) and its receptors
in multiple sclerosis. J Neuroimmunol 152: 183-190.

. Matsushita T, Hasegawa M, Yanaba K, Kodera M, Takehara K, et al. (2006)

Elevated serum BAFT levels in patients with systemic sclerosis: enhanced BAFF
signaling in systemic sclerosis B lymphocytes. Arthritis Rheum 54: 192-201.

. Nakajima K, Itoh K, Nagatani K, Okawa-Takatsuji M, Fujii T, et al. (2007)

Expression of BAFF and BAFF-R in the synovial tissue of patients with
rheumatoid arthritis. Scand J Rheumatol 36: 365-372.

. Kato A, Truong-Tran AQ), Scott AL, Matsumoto K, Schleimer RP (2006)

Airway epithelial cells produce B cell-activating factor of TNF family by an IFN-
beta-dependent mechanism. J Immunol 177: 7164-7172.

. Treml LS, Carlesso G, Hoek KL, Stadanlick JE, Kmbayashi T, et al. (2007)

TLR stimulation modifies BLyS receptor expression in follicular and marginal
zone B cells. J Immunol 178: 7531-7539.

. Musaji A, Vanhoorelbeke K, Deckmyn H, Coutelier JP (2004) New model of

transient strain-dependent autoimmune thrombocytopenia in mice immunized
with rat platelets. Exp Hematol 32: 87-94.

@ PLoS ONE | www.plosone.org

20.

21.

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

TLR7/BAFF/BAFF Receptor Pathway in ITP

Santiago-Raber ML, Baudino L, lzui S (2009) Emerging roles of TLR7 and
TLRY in murine SLE. J Autoimmun 33: 231-238.

Pawar RD, Ramanjaneyulu A, Kulkarni OP, Lech M, Segerer S, et al. (2007)
Inhibition of Toll-like receptor-7 (TLR-7) or TLR-7 plus TLR-9 attenuates
glomerulonephritis and lung injury in experimental lupus. J Am Soc Nephrol 18:
1721-1731.

Moon EY, Lee JH, Oh SY, Ryu SK, Kim HM, et al. (2006) Reactive oxygen
species augment B-cell-activating factor expression. Free Radic Biol Med 40:
2103-2111.

. Alsaleh G, Messer L, Semaan N, Boulanger N, Gottenberg JE, et al. (2007)

BAFF synthesis by rheumatoid synoviocytes is positively controlled by
alphabbetal integrin stimulation and is negatively regulated by tumor necrosis
factor alpha and Toll-like receptor ligand. Arthritis Rheum 56: 3202-3214.

Treml JF, Hao Y, Stadanlick JE, Cancro MP (2009) The BLyS family: toward a
molecular understanding of B cell homeostasis. Cell Biochem Biophys 53: 1-16.
Warnatz K, Salzer U, Rizzi M, Fischer B, Gutenberger S, et al. (2009) B-cell
activating factor receptor deficiency is associated with an adult-onset antibody
deficiency syndrome in humans. Proc Natl Acad Sci USA 106: 13945-13950.

5. Carter RH, Zhao H, Liu X, Pelletier M, Chatham W, et al. (2005) Expression

and occupancy of BAFF-R on B cells in systemic lupus erythematosus. Arthritis
Rheum 52: 3943-3954.

Sellam J, Miceli-Richard C, Gottenberg JE, Ittah M, Lavie F, et al. (2007)
Decreased B cell activating factor receptor expression on peripheral lymphocytes
associated with increased disease activity in primary Sjégren’s syndrome and
systemic lupus erythematosus. Ann Rheum Dis 66: 790-797.

Thangarajh M, Kisiswa L, Pirskanen R, Hillert J (2007) The expression of
BAFF-binding receptors is not altered in multiple sclerosis or myasthenia gravis.
Scand J Immunol 65: 461-466.

Zhou Z, Chen Z, Li H, Chen X, Xu J, et al. (2009) BAFF and BAFF-R of
peripheral blood and spleen mononuclear cells in idiopathic thrombocytopenic
purpura. Autoimmunity 42: 112-119.

Groom JR, Fletcher CA, Walters SN, Grey ST, Watt SV, et al. (2007) BAFF and
MyD88 signals promote a lupuslike disease independent of T cells. ] Exp Med
204: 1959-1971.

Al-Salleeh F, Petro TM (2007) TLR3 and TLR7 are invovled in expression of
IL-23 subunits while TLR3 but not TLR7 is involved in expression of IFN-beta
by Theiler’s virus-infected RAW264.7 cells. Microbes Infect 9: 1384-1392.

Shi CY, Wang R, Liu CX, Jiang H, Ma ZY, et al. (2009) Simvastatin inhibits
acidic extracellular pH-activated, outward rectifying chloride currents in
RAW264.7 monocytic-macrophage and human peripheral monocytes. Int
Immunopharmacol 9: 247-252.

Pawar RD, Patole PS, Zecher D, Segerer S, Kretzler M, et al. (2006) Toll-like
receptor-7 modulates immune complex glomerulonephritis. ] Am Soc Nephrol
17: 141-149.

Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression data using
real-time quantitative PCR and the 2 (—Delta Delta C(T)) Method. Methods 25:
402-408.

July 2011 | Volume 6 | Issue 7 | e22708



