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ABSTRACT During chronic infection with Helicobacter pylori, Schlafen 4-expressing
myeloid-derived suppressor cells (SLFN41 MDSCs) create a microenvironment favoring
intestinal metaplasia and neoplastic transformation. SLFN4 can be induced by alpha
interferon (IFN-a), which is mainly secreted from plasmacytoid dendritic cells (pDCs).
This study tested the hypothesis that Helicobacter pylori infection promotes SLFN41

MDSC differentiation by inducing pDCs to secrete IFN-a. C57BL/6 mice were gavaged
with H. pylori, and infection lasted 2, 4, or 6 months. Mouse pDCs were isolated from
bone marrow of wild-type C57BL/6J mice. The results showed that H. pylori infection
increased the number of SLFN41 MDSCs by inducing IFN-a expression in mice. Further
mechanistic experiments unraveled that IFN-a induced SLFN4 transcription by binding
to the Slfn4 promoter. Furthermore, H. pylori infection stimulated pDCs to secrete IFN-a
by activating the TLR9-MyD88-IRF7 pathway. Collectively, Helicobacter pylori infection
promotes SLFN41 MDSC differentiation by inducing secretion of IFN-a from pDCs.
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Gastric cancer is one of the most common malignant tumors in the world (1).
Chronic Helicobacter pylori infection is the main risk factor of gastric cancer. From

chronic superficial gastritis to chronic atrophic gastritis caused by chronic H. pylori
infection, once intestinal metaplasia and dysplasia occur, these precancerous lesions
may eventually develop into gastric cancer (2). Therefore, it is of great clinical signifi-
cance to block the occurrence and development of gastric precancerous lesions.
However, the exact molecular mechanism of how chronic gastritis progresses to intes-
tinal epithelial dysplasia after H. pylori infection remains unclear.

H. pylori infection induces chronic superficial gastritis, which eventually leads to chronic
atrophic gastritis, precancerous lesions (e.g., intestinal metaplasia and dysplasia), and then
gastric cancer in some infected patients (2–4). The myeloid cell differentiation factor
Schlafen 4 (SLFN4) marks a subset of CD11b1 Gr-11 myeloid-derived suppressor cells
(MDSCs) in the stomach during H. pylori-induced spasmolytic polypeptide-expressing meta-
plasia (SPEM), which is an early committed step appearing before gastric cancer (5). During
chronic infection with H. pylori, SLFN41 MDSCs induce the expression or secretion of some
cytokines, such as inducible nitric oxide synthase (iNOS), Arg-1, and miR-130b. Furthermore,
SLFN41 MDSCs can suppress T cell function and create a microenvironment favoring intesti-
nal metaplasia and neoplastic transformation (5, 6). Therefore, understanding the molecular
mechanism of SLFN41 MDSC differentiation is important to prevent intestinal metaplasia.

SLFN4 belongs to the Schlafens (SLFNs) family, a family of proteins strongly induced
by type 1 interferons, i.e., IFN-a, which has been implicated in lymphoid and myeloid
cell differentiation (7). Plasmacytoid dendritic cells (pDCs) are the major IFN-a-produc-
ing subset of hematopoietic cells and play an important role in connecting innate and
adaptive immunity (8). Toll-like receptor 9 (TLR9) is an important pattern recognition
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receptor in pDCs (9). Through the activation of TLR9, pDCs secrete cytokines such as
IFN-a, interleukin 6 (IL-6), and tumor necrosis factor alpha (TNF-a) and activate natural
killer cells, B cells, and T cells, thus exerting a stronger immune response (10). Then,
whether H. pylori infection regulates SLFN41 MDSC differentiation by inducing secre-
tion of IFN-a from pDCs is not known.

Thus, in the present study, we tested the hypothesis that H. pylori infection pro-
motes SLFN41 MDSC differentiation by inducing secretion of IFN-a from pDCs.
Furthermore, we explored the underlying mechanisms.

RESULTS
Infection with H. pylori increased SLFN4+ MDSC percentage and IFN-a

expression in mice. Infection with H. pylori had no obvious effect on the percentage
of SLFN41 MDSCs in mouse bone marrow and spleen (Fig. 1A to C). However, com-
pared to that in the uninfected mice, the percentage of SLFN41 MDSCs in the gastric
corpus from infected mice was significantly increased, which was dependent on the
duration of H. pylori infection (Fig. 1A and D). Furthermore, infection with H. pylori
notably upregulated the mRNA level of IFN-a in the mouse gastric corpus, and this reg-
ulation was dependent on the duration of H. pylori infection (Fig. 1E). Moreover, com-
pared to that in uninfected mice, the serum level of IFN-a was significantly increased
in infected mice, especially those with H. pylori infection of .2 months (Fig. 1F).

H. pylori infection increased the number of SLFN4+ MDSCs by inducing IFN-a
expression. To further clarify the role of IFN-a in regulating the number of SLFN41

MDSCs in the presence of H. pylori infection, we isolated bone marrow cells from wild-
type mice and infected these cells with H. pylori or treated them with IFN-a for different
durations. CD11b1 Gr-11 cells were now known as MDSCs. After infection with H. pylori,
the percentage of SLFN41 MDSCs among bone marrow cells presented a gradual
upward trend with the infection time and peaked at 24 h, followed by a decline at 48 h
(Fig. 2). Similarly, IFN-a exposure remarkably increased the percentage of SLFN41

MDSCs among bone marrow cells (Fig. 3). Importantly, pretreatment with IFN-a-neutral-
izing antibody attenuated the H. pylori infection-mediated upregulation of SLFN41

MDSCs (Fig. 4). These results indicated that H. pylori infection increased the number of
SLFN41 MDSCs by inducing IFN-a expression.

IFN-a induced Slfn4 transcription by binding to ISREs in the Slfn4 promoter.
After IFN-a exposure (Fig. 5A) in bone marrow cells, the mRNA level of SLFN4 increased
gradually, peaked at 24 h, and finally slightly decreased at 48 h (Fig. 5A). Then, we elu-
cidated whether IFN-a induces the transcription and expression of SLFN4 by binding
to interferon-sensitive response elements (ISREs) in the promoter region of the Slfn4
gene. A luciferase activity assay showed that IFN-a overexpression remarkably
increased the luciferase activity of the SLFN4 wild-type (WT) promoter-reporter con-
struct, whereas it had no obvious effect on that of the SLFN4 mutant (Mut) promoter-
reporter construct (Fig. 5B). Moreover, IFN-a overexpression did not have a significant
effect on luciferase activity after mutation of ISREs in the promoter region of the Slfn4
gene (Fig. 5C). These findings suggested that IFN-a induced Slfn4 transcription by
binding to ISREs in the Slfn4 promoter. This may be the mechanism by which IFN-a
increased the number of SLFN41 MDSCs.

H. pylori infection stimulated pDCs to secrete IFN-a. Next, we determined
whether pDCs are a possible source of IFN-a. We previously reported that IFN-a was
mainly secreted from pDCs that highly express plasmacytoid dendritic cell antigen-1
(PDCA-1) and E-cadherin (5). Therefore, we detected the number of PDCA-11 E-cadherin1

pDCs in mice infected with H. pylori. Compared to that in the uninfected mice, the per-
centage of PDCA-11 E-cadherin1 pDCs in the gastric corpus from infected mice was sig-
nificantly increased, which was dependent on the duration of H. pylori infection (Fig. 6A
and B). Furthermore, in mouse pDCs, the upregulation of IFN-a expression by H. pylori
infection was counteracted by silencing of either PDCA-1 or E-cadherin (Fig. 6C and D).
These results indicated that H. pylori infection upregulated IFN-a expression by increasing
the number of PDCA-11 E-cadherin1 pDCs.
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H. pylori stimulated pDCs to secret IFN-a by activating the TLR9-MyD88-IRF7
pathway. Finally, we determined the molecular mechanisms by which H. pylori infec-
tion stimulated pDCs to secret IFN-a. Evidence indicates that H. pylori DNA can be rec-
ognized by TLR9 that is highly expressed on pDCs (11, 12). TLR9 can induce IFN-a

FIG 1 Infection with H. pylori increased SLFN41 cell percentage and IFN-a expression in mice. Representative by flow cytometry plots (A) showing the
percentage of SLFN41 MDSC cells in bone marrow (B), spleen (C), and corpus (D) samples. IFN-a mRNA levels in the gastric corpus determined by qRT-PCR
analysis (E) and IFN-a levels in mouse sera determined by ELISA (F) from uninfected (UI) mice and mice infected with H. pylori for 2, 4, or 6 months. *,
P , 0.05, **, P , 0.01 versus UI. N = 5 mice/per group.
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expression via the MyD88-interferon regulatory factor 7 (IRF7) signaling pathway (9).
Thus, we investigated whether H. pylori infection stimulates pDCs to secret IFN-a by
activating the TLR9-MyD88-IRF7 pathway. The protein levels of TLR9, MyD88, and IRF7
in the gastric corpus samples from infected mice were significantly higher than those
in the uninfected mice (Fig. 7A and 8A). Furthermore, in mouse pDCs, the protein levels
of TLR9, MyD88, and IRF7 were also increased after infection with H. pylori (Fig. 7B and
8B). Activated pDCs highly express CD80 and CD86. The results from the flow cytome-
try assays showed that with or without H. pylori DNA infection, TLR9 silencing signifi-
cantly decreased the percentages of cells expressing CD80 and CD86, which suggested
that TLR9 silencing suppressed the activity of pDCs (Fig. 7C). TLR9 silencing also nota-
bly downregulated IFN-a expression in mouse pDCs (Fig. 7D and E). Importantly, the H.

FIG 3 Effect of IFN-a exposure on the percentage of SLFN41 MDSCs. Representative flow cytometry plots (A) and the percentages of SLFN41 MDSCs
determined by flow cytometry (B) in wild-type mouse bone marrow cells exposed to 800 U/ml of IFN-a for different durations (0, 6, 12, 24, and 48 h). **,
P , 0.01 versus 0 h. The experiments were repeated independently three times.

FIG 2 Effect of H. pylori infection on the percentage of SLFN41 MDSCs. Representative flow cytometry plots (A) and the percentages of SLFN41 MDSCs
determined by flow cytometry (B) in wild-type mouse bone marrow cells infected with 100 CFU of H. pylori for different durations (0, 6, 12, 24, and 48 h).
**, P , 0.01 versus 0 h. The experiments were repeated independently three times.
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pylori DNA infection-induced activation of pDCs and increased secretion of IFN-a were
abolished by TLR9 silencing (Fig. 7C to E). Moreover, silencing of MyD88 and IRF7 alone
produced effects similar to those from silencing of TLR9 (Fig. 8C to E). Together, these
results manifested that H. pylori stimulated pDCs to secret IFN-a by activating the
TLR9-MyD88-IRF7 pathway.

DISCUSSION

An in-depth study of the molecular mechanism of the progression of chronic H. pylori
infection to gastric precancerous lesions is of great significance for the prevention and

FIG 5 IFN-a induced SLFN4 transcription by binding to ISREs in the Slfn4 promoter. (A) Relative
SLFN4 mRNA level determined by qRT-PCR analysis in wild-type mouse bone marrow cells exposed
to 800 U/ml of IFN-a for different durations (0, 6, 12, 24, and 48 h). **, P , 0.01 versus 0 h. N = 3. (B)
Luciferase activity in HEK293 cells cotransfected with the IFN-a expression vector/empty vector and
wild-type (WT)/mutant (Mut) Slfn4 promoter-luciferase constructs. (C) Luciferase activity in HEK293
cells cotransfected with the IFN-a expression vector/empty vector and luciferase constructs
containing wild-type (WT)/mutant (Mut) ISREs in the promoter region of the Slfn4 gene. $$, P , 0.01
versus vector. The experiments were repeated independently three times.

FIG 4 Effect of IFN-a neutralization on the percentage of SLFN41 MDSCs. Wild-type mouse bone marrow cells were pretreated with IFN-
a-neutralizing antibody (nAb) for 24 h and then infected with 100 CFU of H. pylori for 12 h. Cells only infected with H. pylori and treated
with PBS served as controls. Then, the percentage of SLFN41 MDSCs (CD11b1 GR-11) was determined by flow cytometry (A), shown in a
representative histogram (B). **, P , 0.01 versus control (Ctrl). The experiments were repeated independently three times.
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treatment of gastric cancer (13). Early studies by Merchant et al. demonstrated that
chronic infection of H. pylori affects gastric mucosal surface homeostasis through the
Shh/Gli1 (Sonic hedgehog/Glioma-associated protein 1) signaling pathway, leading to
the occurrence of intestinal metaplasia (14, 15). Further investigation revealed that
CD11b1 Gr11 MDSCs exert immunosuppressive function by expressing a myeloid cell
differentiation factor, SLFN4 (5). SLFN41 MDSCs can create a microenvironment favoring
intestinal metaplasia and neoplastic transformation during chronic infection with H.
pylori (5, 6). In this study, we found that the percentage of SLFN41 MDSCs in the gastric
corpus samples from H. pylori infected mice was significantly increased, which was con-
sistent with the previous report. In addition, we also proved that H. pylori infection
increased the number of SLFN41 MDSCs by inducing IFN-a expression.

The SLFN4 promoter consists of a Gli binding site at 23323 (16) and several STAT/
ISRE elements at 2239, near the start site of transcription (17). Our previous study
proved that Slfn4 promoter activity required Gli1; however, elevated Shh levels did not
appear sufficient to boost SLFN4 expression in the corpus, whereas peak induction
required IFN-a (6). Evidence indicates that IFN-a induces gene expression by binding
to ISREs in the promoter region of the gene. Bioinformatics analysis showed that ISRE
sites existed in most human SLFN genes (18). Therefore, in this study, we tested the

FIG 6 H. pylori infection stimulated pDCs to secrete IFN-a. Representative flow cytometry plots (A) showing the percentages of
PDCA-11 E-cadherin1 pDCs in the gastric corpus samples (B) from uninfected (UI) mice and mice infected with H. pylori for 2, 4, or
6 months. **, P , 0.01 versus UI. N = 5 per group. IFN-a mRNA levels determined by qRT-PCR analysis (C) and IFN-a levels
determined by ELISA (D) in mouse pDCs transfected with PDCA-1 siRNA, E-cadherin siRNA, or scramble siRNA in the absence or
presence of H. pylori. ##, P , 0.01 versus scramble siRNA; $$, P , 0.01 versus PDCA-1 siRNA; @@, P , 0.01 versus E-cadherin siRNA. The
experiments were repeated independently three times.
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hypothesis that IFN-a might induce SLFN4 transcription and expression by binding to
ISREs in the promoter region of the Slfn4 gene. The results from luciferase activity
assays confirmed that IFN-a directly bound to ISREs in the Slfn4 promoter. This may be
the mechanism by which IFN-a promoted the differentiation of SLFN41 MDSCs.

Our previous study reported that IFN-a was mainly secreted from pDCs that highly
express PDCA-1 and E-cadherin (5). Here, the results of flow cytometry showed that
the percentage of PDCA-11 E-cadherin1 pDCs in the gastric corpus samples from

FIG 7 TLR9 silencing abrogated the H. pylori DNA infection-induced activation of pDCs and increased secretion of IFN-a. (A) Western
blot analysis of TLR9 protein levels in the gastric corpus samples from uninfected (UI) mice and mice infected with H. pylori for 2, 4,
or 6 months. **, P , 0.01 versus UI. N = 5 per group. (B) Western blot analysis of TLR9 protein levels in pDCs from mice infected
with H. pylori. The percentages of CD80 and CD86 on the surfaces of pDCs determined by flow cytometry (C), IFN-a mRNA levels
determined by qRT-PCR analysis (D), and IFN-a levels determined by ELISA (E) in mouse pDCs transfected with TLR9 siRNA or
scramble siRNA in the absence or presence of H. pylori DNA. ##, P , 0.01 versus Ctrl; $$, P , 0.01 versus scramble siRNA; &&, P , 0.01
versus scramble siRNA plus H. pylori DNA. The experiments were repeated independently three times.
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infected mice was significantly increased. Using PDCA-1 or E-cadherin knockout tech-
nology, we demonstrated that H. pylori infection upregulated IFN-a expression by
increasing the number of PDCA-11 E-cadherin1 pDCs. In addition, evidence indicates
that H. pylori DNA can be recognized by TLR9 that is highly expressed on pDCs (11, 12).
pDCs preferentially express TLR9, which is an intracellular endosomal receptor that
allows pDCs to respond to single-stranded DNA viruses and H. pylori by triggering sig-
nal transduction through the adaptor protein MyD88. TLR9 can induce pDCs to secret
IFN-a expression via the MyD88-IRF7 signaling pathway (9, 10). In the present study,
we performed rescue experiments by silencing TLR9, MyD88, and IRF7 to investigate
the involvement of the TLR9-MyD88-IRF7 pathway in the H. pylori-induced activation

FIG 8 Silencing of MyD88 and IRF7 abrogated the H. pylori DNA infection-induced activation of pDCs and increased secretion of IFN-a. (A) Western blot
analysis of MyD88 and IRF7 protein levels in the gastric corpus samples from uninfected (UI) mice and mice infected with H. pylori for 2, 4, or 6 months. **,
P , 0.01 versus UI. N = 5 per group. (B) Western blot analysis of MyD88 and IRF7 protein levels in pDCs from mice infected with H. pylori. The percentages
of CD80 and CD86 on the surfaces of pDCs determined by flow cytometry (C), IFN-a mRNA levels determined by qRT-PCR analysis (D), and IFN-a levels
determined by ELISA (E) in mouse pDCs transfected with MyD88 siRNA, IRF7 siRNA, or scramble siRNA in the absence or presence of H. pylori DNA. ##, P ,
0.01 versus Ctrl; $$, P , 0.01 versus scramble siRNA; &&, P , 0.01 versus MyD88 siRNA; %%, P , 0.01 versus IRF7 siRNA. The experiments were repeated
independently three times.
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of pDCs and secretion of IFN-a. Our results revealed that H. pylori infection induced
activation of pDCs and secretion of IFN-a by activating the TLR9-MyD88-IRF7 pathway.

In conclusion, this study demonstrates that H. pylori infection induces pDCs to
secrete IFN-a by activating the TLR9-MyD88-IRF7 pathway, while IFN-a promotes
SLFN4 transcription and expression by binding to the Slfn4 promoter and thereby pro-
motes SLFN41 MDSC differentiation. These findings provide new insights into the
mechanisms underlying the SLFN41 MDSC differentiation during chronic infection
with H. pylori and shed new light on the prevention of gastric metaplasia that could
progress to gastric cancer.

MATERIALS ANDMETHODS
H. pylori infection in mice. C57BL/6 mice (4 months old) purchased from the Department of

Experimental Animals of Central South University were maintained in a room with controlled tempera-
ture (23 6 2°C), at 45 to 55% relative humidity, with a 12-h day/night cycle, and had free access to food
and water. Animals were gavaged 3 times over 5 days with H. pylori (CS1 strain), 108 CFU per 100 ml.
Control uninfected mice were gavaged with 100 ml saline alone. Infection lasted 2, 4, or 6 months (5).
This study was approved by the Ethical Committee of Xiangya Hospital, Central South University.

The corpus tissues were minced for total RNA and protein extraction as well as for tissue dissociation
in EDTA for flow cytometry. Mouse bone marrow cells were isolated from the femurs of mice and proc-
essed by red blood cell lysis. Cells were collected by centrifugation at 400 � g and resuspended in
200 ml phosphate-buffered saline (PBS) containing 5% bovine serum albumin. Spleens were removed
from mice and dissociated into a single-cell suspension as previously described (5).

Mouse pDC culture and transfection. For generation of mouse pDCs, bone marrow was isolated
from wild-type C57BL/6J mice. pDCs were sorted from bone marrow cultures using a pDC isolation kit II
(Miltenyi Biotec, USA) according to the manufacturer’s instructions.

Mouse pDCs were transfected with PDCA-1 small interfering RNA (siRNA), E-cadherin siRNA, TLR9
siRNA, or scramble siRNA (GenePharma, Shanghai, China) (Table 1) using Lipofectamine 3000 (Invitrogen,
USA) in the absence or presence of H. pylori.

Flow cytometry. According to our previously reported method (5), SLFN41 cells were sorted from H.
pylori-infected mouse stomach, bone marrow, or spleen. For detection of the percentage of SLFN41

MDSCs among bone marrow cells, bone marrow cells were isolated from control mice and then infected
with 100 CFU of H. pylori or exposed to 800 U/ml of IFN-a (R&D, number 12125-1) for different durations
(0, 6, 12, 24, and 48 h). In another experiment, bone marrow cells from control mice were pretreated
with IFN-a-neutralizing antibody (R&D, number 22100-1) for 24 h and then infected with 100 CFU of H.
pylori for 12 h. After that, bone marrow cells were incubated with anti-CD11b-fluorescein isothiocyanate
(FITC) antibody (BioLegend, USA), and then gated CD11b1 cells were analyzed for SLFN4-tdTomato fluo-
rescence and the GR-11 surface marker using anti-Gr-1-allophycocyanin (APC) antibody (BioLegend,
USA) as previously described (5).

For detection of the percentages of PDCA-11 E-cadherin1 pDCs, corpus cells were stained with anti-
IFN-a-FITC antibody (Interferon Source), and then gated IFN-a1 cells were incubated with anti-PDCA-1-
Alexa Fluor 647 (eBioscience, USA) and anti-E-cadherin-AF647 (BioLegend, USA) antibodies as previously
described (5).

For detection of the expression of CD80 and CD86 on the surfaces of pDCs, pDCs were isolated from
control mice and then transfected with TLR9 siRNA, MyD88 siRNA, IRF7 siRNA, or scramble siRNA in the
absence or presence of H. pylori DNA. After that, pDCs were suspended in 100 ml PBS and then incu-
bated with 3 ml anti-CD80 (BioLegend) and 3 ml anti-CD86 (BioLegend) antibodies at room temperature
in the dark for 30 min. Cells were analyzed by flow cytometry (FACSCalibur; Becton, Dickinson, USA).

Quantitative real-time PCR analysis. Total RNA was extracted from gastric corpus, bone marrow
cells, and pDCs using TRIzol reagent (Invitrogen, USA). Subsequently, RNA was then reverse transcribed
into cDNAs using the iScript cDNA synthesis kit (Bio-Rad, USA). Then, the mRNA levels of IFN-a and SLFN4
were detected by quantitative real-time PCR (qRT-PCR) using the Platinum Taq DNA polymerase
(Invitrogen, USA). b-Actin levels served as the internal control of mRNA expression. The relative expression
was calculated using the comparative threshold cycle (22DDCT) method. The primers were as follows: IFN-a
forward, 59-CGCATCAAAGGACTCATCTGCTG-39; IFN-a reverse, 59-CTGCTGCATCAGACAACCTTGC-39; SLFN4
forward, 59-GCCCTCTGTTCAAGTCAAGTGTCC-39; SLFN4 reverse, 59-CCCAGATGAAATCCTTTCCACGA-39;
b-actin forward, 59-GGCTGTATTCCCCTCCATCG-39; b-actin reverse, 59-CCAGTTGGTAACAATGCCATGT-39.

TABLE 1 siRNA sequences

siRNA Sequence
PDCA-1 siRNA GCCCTCTTTCTATCACTATCT
E-cadherin siRNA GCTTCAGTTCCGAGGTCTACA
TLR9 siRNA GCTGAACTTGAGCTATAATGG
MyD88 siRNA GGAAAGCAGTGTCCCACAAAC
IRF7 siRNA GCTGTTTGGAGACTGGCTATT
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Enzyme-linked immunosorbent assay. The level of IFN-a in mouse sera or cell supernatant was
measured with a commercial enzyme-linked immunosorbent assay (ELISA) kit (Abcam, USA) according
to the manufacturer’s instructions. The optical densities were measured at 405 nm using a microplate
reader (mQuanti). The IFN-a level was determined using a standard curve established with the appropri-
ate recombinant IFN-a (expressed in picograms per milliliter).

Luciferase reporter assay. Evidence indicates that IFN-a induces gene expression by binding to
interferon-stimulated response elements (ISREs) in the promoter region of the gene (18). A luciferase re-
porter assay was performed to determine the interaction between IFN-a and ISREs in the promoter
region of Slfn4. The promoter region of Slfn4 was synthesized and obtained from GenePharma
(Shanghai, China). The fragment was individually cloned into the pGL3-Basic vector (catalog number
E1751; Promega) to generate the wild-type or mutant type of reporter vectors containing the Slfn4 pro-
moter. Briefly, HEK293 cells were cotransfected with IFN-a expression vector/empty vector and wild-
type (WT)/mutant (Mut) Slfn4 promoter-luciferase plasmid using Superfect transfection reagent (Qiagen,
Germany). In another experiment, HEK293 cells were cotransfected with the IFN-a expression vector/
empty vector and luciferase plasmid containing WT/Mut ISREs in the promoter region of the Slfn4 gene
(in which there was a mutation or wild-type sequence at the binding site of ISREs). At 24 h posttransfec-
tion, luciferase activity was measured using a dual-luciferase reporter assay system (Promega, USA)
according to the manufacturer’s instructions and normalized using Renilla luciferase activity.

Western blotting. Proteins were extracted from mouse corpus tissues or cultured pDCs by using
radioimmunoprecipitation assay lysis buffer (Beyotime, Haimen, China). Proteins were then subjected to
Western blotting as previously described (5). The primary antibodies were as follows: anti-TLR9 (1:1,000;
Abcam, USA), anti-MyD88 (1:1,000; Abcam, USA), anti-IRF7 (1:1,000; Santa Cruz Biotechnology, USA), and
b-actin (1:1,000; Abcam, USA) antibodies. b-Actin was used as the loading control. Following incubation
with horseradish peroxidase-conjugated secondary antibodies, the immunoactivities were visualized
with an enhanced chemiluminescence (ECL) kit (Thermo Scientific, USA) and semiquantified using
ImageJ software.

Statistical analysis. Statistical analyses were performed using SPSS 25.0 (SPSS, Inc., USA). The differ-
ences among groups were analyzed using the Student’s t test and one-way analysis of variance
(ANOVA). P values of,0.05 were considered significant.
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