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Der p2 recombinant bacille Calmette-Guerin priming of bone
marrow-derived dendritic cells suppresses Der p2-induced T
helper17 function in a mouse model of asthma
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ABSTRACT

Background and objective: Previous studies have
demonstrated that our recombinant bacille Calmette-
Guerin (rBCG), which expresses Der p2 in house dust
mite (Der p2 rBCG) suppresses asthmatic airway
inflammation by regulating the phenotype and func-
tion of dendritic cells (DC) and reprogramming T
helper (Th) 0 cell differentiation into different T cell
(Th1/Th2/Treg) subtypes. However, the exact role of
Der p2 rBCG in reprogramming Th17 differentiation
and the relevant mechanisms are not known. The aim
of this study was to examine whether Der p2 rBCG-
mediated inhibition of allergic airway inflammation
is mediated by regulating Th17 differentiation in a
murine asthma model.

Methods: Primary mouse bone marrow-derived
dendritic cells (BMDC) were infected with Der p2 rBCG
and adoptively transferred to Der p2-intranasally sen-
sitized mice. The role of Der p2 rBCG-BMDC on
the regulation of airway inflammation and Th17 cell
differentiation was assessed.

Results: Adoptive transfer of Der p2 rBCG-BMDC
suppressed airway inflammation and mucin secretion.
Der p2 rBCG-BMDC inhibited excessive Th17 immune
responses but not BCG-BMDC. Furthermore, Der p2
rBCG decreased jagged-2 and increased delta-like-4
expressions on BMDC to a greater extent than BCG.
Conclusions: These findings suggest that DC plays a
key role in Der p2 rBCG-induced immunoregulation.
Der p2 rBCG also displayed a potent inhibitory effect
on Th17 differentiation, and these findings increase
our understanding of the cellular basis of Der p2 BCG-
mediated inhibition of asthma.
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SUMMARY AT A GLANCE

This study shows that in a mouse model of asthma,
Der p2 recombinant BCG is more effective in sup-
pressing asthmatic airway inflammation than BCG
alone. This effect is related to Th17 regulation
during differentiation, which is associated with the
regulation of IL-6 secretion and Notch ligand
expression by dendritic cells.

Abbreviations: BCG, bacille Calmette-Guerin; DC, dendritic
cell; IL, interleukin; MLR, mixed lymphocyte reaction; PS, physio-
logical saline; rBCG, recombinant BCG; RORyt, retinoic acid-
related orphan receptor yt; TGF-B, transforming growth factor-§;
Th, T helper; TLR, toll-like receptor.

INTRODUCTION

Excessive T helper (Th) 2 cells play a key role in
orchestrating chronic airway inflammation in allergic
asthma. However, Th2 cytokine inhibition has been
unsuccessful in treating established asthma in
patients.! Recently, knowledge of the pathogenesis of
asthma has broadened to incorporate the contribu-
tion of Th17 cells. Th17 cells have been shown to
be effective in upregulating neutrophilic and macro-
phage inflammation in the lung® Recombinant
bacille Calmette-Guerin (rBCG), which expresses the
Der p2 of house dust mites (Der p2 rBCG), can sup-
press asthmatic airway inflammation by inducing
more allergen-specific T regulatory cells, while native
BCG cannot.? Further studies have shown that these
effects are involved in regulating the functions and
phenotypes of dendritic cells (DC).* There is a close
relationship between mycobacterial infection and
Th17 differentiation; extended freeze-dried BCG
blocked transcriptional regulator signatures of Th17
(retinoic acid-related orphan receptor yt (RORyt))
cells.” Similarly, the frequency of Th17 cells in patients
with active tuberculosis is significantly less than that
in healthy donors.®
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The Notch signalling pathway is an important
pathway that regulates development with high con-
servation between species.” Notch receptors and
ligands are involved in the interaction between DC
and T cells. The effects produced by the different
Notch receptors and ligands are different. It has been
reported that Delta-like proteins 1 and 4 can promote
naive T cells to differentiate into Thl, while in the
pro-Th2/Th17 environment, the level of the protein
jagged-2 on the DC surface is elevated.®

Hence, we hypothesized that Der p2 rBCG plays an
important role in regulating Th17 differentiation
causing inhibition of allergic airway inflammation. In
this study, we compared the immunoregulatory role
of Der p2 rBCG with native BCG in Th17 differentia-
tion by employing a mouse asthma model.

METHODS

Animals

Healthy female C57BL/6 mice (6-8 weeks of age) were
purchased from the Experimental Animal Center of
Fourth Military Medical University (Xi’an, China). All
research protocols were approved by the Animal
Experiment Administration Committee of Fourth
Military Medical University.

Der p2 rBCG

Der p2 rBCG was constructed as previously
described.® Der p2 rBCG and native BCG were cul-
tured and harvested as previously described.*

Bone marrow-derived DC culture

and stimulation

Mouse bone morrow was flushed from femurs and
tibias, and a single-cell suspension was prepared,
followed by erythrolysis in ammonium chloride-
potassium buffer. Cells were cultured in Roswell Park
Memorial Institute-1640 medium containing 20%
foetal calf serum and 2 mmol/L L-glutamine
(20 ng/mL murine granulocyte macrophage-colony
stimulating factor, 10 ng/mL murine interleukin
(IL)-4, PeproTech, Inc., Rocky Hill, NJ, USA), and the
medium was refreshed on days 3 and 6.'° After 9 days,
BMDC was harvested and stimulated with BCG or Der
p2 rBCG (1 x 10° CFU/mL). Another group treated
with physiological saline (PS) served as a control.

DC transfer and study design

Mice were randomly divided into five groups: a
control group, asthma model group, Der p2 rBCG-
BMDOC transfer group, BCG-BMDC transfer group and
PS-BMDC transfer group. Each group had six mice. In
the control group, mice were treated, sensitized and
challenged with PS. In the asthma model group, mice
were sensitized with 100 ug of Der p2 (Indoor Bio-
technologies, Inc., Charlottesville, VA, USA) absorbed
to potassium alum (intraperitoneally) (A1577; Sigma-
Aldrich, St. Louis, MO, USA) and challenged with Der
p2 intranasally without any BMDC transfer. In other
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groups, mice were first sensitized on days 0 and 7.
BMDC that was pretreated with Der p2 rBCG, BCG or
PS was irradiated (10 Gy) and injected (intranasally)
(1 x 10° cells per mouse) into the sensitized mice on
day 14. The mice were challenged with 100 pg of Der
p2 intranasally on days 15, 16 and 17, and sacrificed
48 h after the last challenge.

Bronchoalveolar lavage fluid

Bronchoalveolar lavage fluid was collected as pre-
viously described. The cytokines concentrations
of bronchoalveolar lavage fluid were assayed by
enzyme-linked immunosorbent assay kits (Neobio-
science, Beijing, China).

Lung histology

Lungs were fixed with 10% buffered formalin after
bronchoalveolar lavage fluid collection. Lung samples
were embedded in paraffin and then sectioned
(4 um). Sections were stained with haematoxylin and
eosin as well as Alcian blue-periodic acid Schiff rea-
gents. The histological mucus index was quantified by
the formula as previously described.!!

Mixed lymphocyte reaction

Purified naive CD4* T cells were isolated as previously
described.* Naive T cells were co-cultured with BMDC
that were previously treated with Der p2 rBCG, BCG or
PS (ratio, 1:5). Der p2 antigen was added at the
beginning of the DC-T cell co-culture. After 72 h, the
supernatants were collected for enzyme-linked
immunosorbent assays, while the cells were collected
for fluorescence-activated cell sorting analysis.

Fluorescence-activated cell sorting analysis of
Th17 cells

Cell suspensions of lung tissues were prepared.*
Whole cells in mixed lymphocyte reaction were col-
lected and resuspended in fluorescence-activated cell
sorting buffer. Cells were labelled with PE-anti-mouse
CD4 antibody (GK1.5, BD PharMingen, San Diego,
CA, USA) and FITC-anti-mouse IL-17 (TC11-18H10.1,
Biolegend, San Diego, CA, USA).

Real-time polymerase chain reaction analysis
of ROR-yt messenger RNA

RNA was extracted with TRIZOL reagent (Invitrogen,
Carlsbad, CA, USA), and complimentary DNA) was
generated using reverse transcriptase (Fermentas,
Vilnius, Lithuania) according to the manufacturer’s
instructions. Real-time polymerase chain reaction
was performed using a kit (SYBR Premix EX Tagq,
Takara, Dalian, China) and ABI PRISM 7500 real-time
polymerase chain reaction equipment. Sequences of
primers used are listed in Table S1.

Analysing toll-like receptor function of DC
phenotype regulation

BMDC was treated with toll-like receptor (TLR)-2/
TLR-4 (OxPAPC) (30 ug/mL, Invivogen, San Diego,
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CA, USA) or TLR-9 antagonist (ODN2088, 30 ug/mL,
Invivogen) for 24 h or 1 h before Der p2 rBCG/BCG
stimulation, TLR antagonists were all dissolved by
dimethyl sulfoxide, while the control group was
treated with the same volume of dimethyl sulfoxide.
Next, CD80, CD86 and major histocompatibility
complex II were detected by fluorescence-activated
cell sorting. The dead cells were excluded by
propidium iodide gating. The data were analysed by
Cell Quest software (BD Biosciences, San Diego, CA,
USA).

Real-time polymerase chain reaction detection
of Notch ligand messenger RNA in DC

BMDC was divided into four groups: Der p2 rBCG,
BCG and PS groups, and the fourth group was treated
with OxPAPC (30 ug/mL) 24 h before Der p2 rBCG
stimulation. Real-time polymerase chain reaction was
performed as described earlier.

Western blot

Western blot analysis was performed routinely, with
the following primary antibodies obtained from Santa
Cruz Biotechnology (Santa Cruz, CA, USA) or Abcam

Respirology (2014) 19, 122-131

#P < 0.05, ##P<0.01; $P < 0.05.

(Cambridge, MA, USA): anti-TLR-2, -4 and -9 (sc-
166900, sc-293072, sc-13215), anti-DII-4(ab7280) and
anti-Jag-2 (sc-28915). Anti-rabbit-immunoglobulin G
(Santa Cruz Biotechnology) was used as secondary
antibody:.

Statistical analysis

Data were expressed as mean * standard deviation.
Statistical analyses were performed by single-factor
analysis of variance for multiple groups and the Tukey
test for post-hoc comparisons. A value of P < 0.05 was
considered statistically significant.

RESULTS

Der p2 rBCG and BCG differentially modulate
cytokine production in BMDC

Both Der p2 rBCG and BCG inhibited IL-4 production
(Fig. 1a) and elevated interferon-y (Fig. 1b) and IL-12
(Fig. 1e). There were no significant differences
between these two groups (P > 0.05). However, Der p2
rBCG induced more transforming growth factor
(TGF)-f and IL-10 production than BCG (Fig. 1c,d). In
addition, BCG resulted in IL-6 production than Der p2
rBCG (Fig. 1f).

© 2013 The Authors
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Figure 2 Interleukin (IL)-4 surface staining and w
interferon (IFN)-y and IL-17 intracellular staining
of CD4* T cells after co-culture with stimulated IL17
bone marrow-derived dendritic cells (BMDC).
BMDC was pulsed with physiological saline (PS), e f
bacille Calmette-Guerin (BCG), Der p2 recombi- #
nant BCG (rBCG) for 72 h before co-culture with <
isolated CD4* T cells from C57BL/6 mice. Der p2 % |
antigen was added at the beginning of the g E
dendritic cell (DC)-T cell co-culture. After 72 h of .2 o
co-culture, cells were stained for intracellular (a—c) a
IL-4, IFN-y and (d,e) IL-17 and analysed by rf_" o
fluorescence-activated cell sorting. (f) IL-17 of the E e
supernatants were collected and analysis by = o
enzyme-linked immunosorbent assay (n=6). *P< f T
0.05, **P<0.01; #P<0.05, ##P<0.01. SSC, side ® @
scatter. e &

Der p2 rBCG regulates BMDC induction of
Th17 differentiation

Der p2 rBCG and BCG had similar capacities to
promote Th1 cell differentiation and inhibit excessive
Th2 cell differentiation (Fig. 2a—c). BCG induced Th17
cell differentiation, while Der p2 rBCG did not
(Fig. 2d,e). The BCG group had the greatest amount of
IL-17 in the supernatants, while the Der p2 rBCG
group had less, which was the same as the PS group
(Fig. 2f).

© 2013 The Authors
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Adoptive transfer with Der p2 rBCG-BMDC
suppresses airway inflammation and

Th17 differentiation

Der p2 rBCG-BMDC and BCG-BMDC recipients dis-
played significant reduction of airway inflammation
and mucus secretion (Fig. 3a). The histological mucus
index was less in the Der p2 BCG-BMDC group
(Fig. 3b). Furthermore, Der p2 rBCG-BMDC had
stronger inhibitory effects on Th17 production
(Fig. 3¢,d).

Respirology (2014) 19, 122-131
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Figure 3 Adoptive transfer of Der p2 recombinant bacille Calmette-Guerin (rBCG)-bone marrow-derived dendritic cells (BMDC)
suppressed airway inflammation and mucus secretion in vivo. The mice were sensitized with Der p2 (100 pg, intraperitoneally)
absorbed with 9% potassium alum. BMDC (1 x 10°) from mice immunized with Der p2 rBCG, bacille Calmette-Guerin (BCG) or
physiological saline (PS) was transferred intranasally (i.n.) into the sensitized mice. Finally, the mice were challenged with Der p2
(100 ug, i.n.). The experiments were performed 48 h after the last challenge. Haematoxylin and eosin (H&E) stains for analysing airway
inflammation and pathological changes. Goblet cells were stained with Alcian blue-periodic acid Schiff (AB-PAS). (a) Lungs were fixed
in 10% buffered formalin, and lung sections were examined by H&E or AB-PAS staining. (b) The histological mucus index (HMI) of each
group is shown. (c,d) Lung tissues were collected and minced, cells suspension was filtered through a nylon membrane and
resuspended in fluorescence-activated cell sorting (FACS) buffer (phosphate buffer saline, 2% foetal calf serum, 0.05% NaNs), and T
helper 17 (Th17) cell number of every group of mice was analysed by FACS group. ¥*P < 0.05, **P < 0.01 versus control group; #P < 0.05,
##P < 0.01 versus model group; &P < 0.05, &&P < 0.01 versus PS-DC group; $P < 0.05 versus BCG-dendritic cell (DC) group. APTI, airway
pressure-time index (n = 6); SSC, side scatter.

The levels of IL-4, IL-5 and IL-13 of bronchoal-
veolar lavage fluid were less in the Der p2 rBCG-
BMDC and BCG-BMDC groups (Fig.4a—c). The
levels of interferon-y in the Der p2-rBCG-BMDC
and BCG-BMDC groups were all greater than those
in the positive control group and PS-BMDC group
(Fig. 4d). Der p2 rBCG-BMDC could enhance

Respirology (2014) 19, 122-131

IL-10 more effectively than BCG-BMDC (Fig. 4e).
In addition, TGF-f was also significantly greater in
the Der p2 rBCG-BMDC group, but there was no
change in the BCG-BMDC group (Fig. 4f). The levels
of IL-6 and IL-17 were less in the Der p2 rBCG-BMDC
group compared with the asthma model group
(Fig. 4g,h).

© 2013 The Authors
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Figure 4 Bronchoalveolar lavage fluid was
collected 48 h after the last challenge. The
concentrations of (a) interleukin (IL)-4, (b) &
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versus control group; #P < 0.05, ##P < 0.01
versus model group; &P<0.05 versus
physiological saline (PS)-dendritic cell (DC)
group; $P < 0.05 versus BCG-DC group.

Der p2 rBCG-infected BMDC regulates the
transcription factor Th17

The messenger RNA level of RORyt was much less in
lung tissues of the Der p2 rBCG-BMDC-group mice
than in those of the asthma model, PS-BMDC and
BCG-BMDC groups (Fig. 5a). However, it was greater
in the BCG-BMDC group than in the asthma model
and PS-BMDC groups. In addition, the relative ratio of
RORyt messenger RNA was also less in the Der p2
rBCG-BMDC group after MLR (Fig. 5b).

© 2013 The Authors
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Der p2 rBCG activated BMIDC through TLR
Western blot analysis showed that Der p2 rBCG-
BMDC expressed great levels of TLR-2 and TLR-4 than
the PS-BMDC group, while there was no significant
difference in the TLR-9 level. Conversely, TLR-9 was
elevated in the BCG-BMDC group (Fig. 6).

Der p2 rBCG-BMDC expressed greater levels of
major histocompatibility complex II (Fig. 7a,b), CD80
(Fig. 7c¢,d) and CD86 (Fig. 7e,f) than control DC.
Furthermore, TLR-2 and TLR-4 antagonists could

Respirology (2014) 19, 122-131
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Figure 5 Cells were collected, and the retinoic acid-related orphan receptor yt (RORyt), the vital transcription factor signature of T
helper 17 (Th17), messenger RNA (mRNA) level was determined by real-time polymerase chain reaction. (a) /n vivo; RNA was extracted
from every group of mice lung tissue. *P < 0.05, **P < 0.01 versus control group; #P < 0.05, ##P < 0.01 versus model group; &P < 0.05,
&&P < 0.01 versus physiological saline (PS)-dendritic cell (DC) group; $$P < 0.01 versus bacille Calmette-Guerin (BCG)-DC group. (b) In
vitro, cells were collected from the mixed lymphocyte reaction system (n=6). **P<0.01 versus PS group vs BCG group; #P< 0.05

recombinant BCG (rBCG) group versus BCG group.
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Figure 6 To investigate the molecular basis of Der p2 recombi-
nant bacille Calmette-Guerin (rBCG) in modulating dendritic cell
(DC) allergen-driven cytokine production patterns and allergic
reactions, Western blot was performed to measure the protein
level of toll-like receptor (TLR)-2, TLR-4, TLR-9 and B-actin. Der p2
rBCG-bone marrow-derived dendritic cells (BMDC) expressed
significantly greater levels of TLR-2 and TLR-4 than the physio-
logical saline (PS)-BMDC group. Conversely, TLR-9 was elevated
in the bacille Calmette-Guerin (BCG)-BMDC group. The data of
average of the intensity of the bands in different groups were not
shown. Western blotting was performed, and TLR-2, -4 and -9
expression values were normalized to B-actin (n = 6).

inhibit these changes effectively, while the TLR-9
antagonist could not. Conversely, TLR-9 antagonists
could inhibit these changes effectively, while TLR-2
and TLR-4 antagonists did not achieve this effect in
the BCG group (Fig. 7a-e).

Der p2 rBCG regulates Notch ligand expression
in BMDC through TLR

Both quantitative polymerase chain reaction and
Western blot results showed that after stimulation of
Der p2 rBCG, jagged-2 expression in BMDC was

Respirology (2014) 19, 122-131

reduced (P < 0.05). DII-4 in BMDC was elevated by
Der p2 rBCG and BCG, while the expression of DII-1
and DII-3 was not changed (Fig. 8). TLR-2 and TLR-4
antagonists inhibited these changes.

DISCUSSION

In previous studies, we found that Der p2 rBCG could
inhibit allergen-induced airway inflammation by
regulating DC phenotypes and functions.* However,
whether Der p2 rBCG regulates Th17 cells remains to
be determined. We used adoptive transfer methods
to demonstrate that Der p2 rBCG could suppress
Der p2-triggered Th17 differentiation possibly by
downregulating jagged-2 and elevating Delta-like-4.
Th17 is characterized by producing IL-17 (or
IL-17A), IL-17F and IL-22. IL-17 is involved in a variety
of pathological and pathophysiological changes of
asthma.'** Many studies have shown that IL-17 levels
are significantly elevated in asthmatic patients’
samples compared with healthy individuals.”* In
this study, we found that Der p2 rBCG-treated BMDC
had a more potent effect on inhibiting airway inflam-
mation in asthma compared with BCG-treated
BMDC. Fluorescence-activated cell sorting analysis
showed that the ratio of Th17 cells in the Der p2 rBCG-
BMDC group was much less than that in the asthma
group, but it was greater in the BCG-BMDC group.
Several kinds of BCG vectors can influence Th17
differentiation. Lagranderie etal. found that BCG
inactivated by extended freeze-dried reduces airway
hyperresponsiveness, partly through downregulation
of RORyt (Th17 signatures), but BCG cannot.’ In our
studies, Der p2 rBCG-treated BMDC could inhibit
Der p2 antigen-induced Th17 overproduction. IL-6
induces Th17 differentiation potently.” Freches et al.
found that there is a significant elevation of IL-6 and
TNF-o in the spleen and lungs after BCG immuniza-
tion.* IL-6 induces naive ThO cell polarization to Th17
by activating the signal transducers and transcription
activators 3 signalling pathway and then transcrip-
tional activation of RORyt.?” In the present study,

© 2013 The Authors
Respirology © 2013 Asian Pacific Society of Respirology
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Figure 7 Bone marrow-derived dendritic
cells (BMDC) were treated with toll-like
receptor (TLR)-2/TLR-4 or TLR-9 antago-
nist for 24 h or 1 h before Der p2 recom-
binant bacille Calmette-Guerin (rBCG) or
bacille Calmette-Guerin (BCG) stimula-
tion, while the control group was treated
with dimethyl sulfoxide (DMSO). The
expression levels of (a) major histocom-
patibility complex (MHC)-II, (b) CD80 and
(c) CD86 in BMDC were analysed by
fluorescence-activated cell sorting. The
results are shown as mean * standard
error of the mean (n=6). *P<0.05, **P<
0.01 versus control group; #P<0.05, QG"
##P<0.01 versus rBCG + DMSO group; Q
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BMDC stimulated with BCG secreted a high level of
IL-6. Moreover, there was a greater ratio of Th17 cellsin
the BCG-BMDC group than in the control group. The
level of IL-6 in bronchoalveolar lavage fluid was also
greater.

Different BCG vectors have different biological
effects. Chatterjee et al. have provided evidence that
H37Rv, which secretes early secretory antigenic target
6, promotes Th17 cell responses, and this effect
depends on TLR-2/MyD88 signalling and involves
IL-6 and TGF-B production by DC.? TGF-§ is also
required for Th17 cell differentiation. It has been
pointed out that at lower concentrations, together
with pro-inflammatory factor IL-6 or IL-21, TGF-
promotes Th17 cell differentiation. However, at higher
concentrations, TGF-f favours suppression of Th17
differentiation.”? Different immunological effects
between Der p2 rBCG and BCG may be related to their

© 2013 The Authors
Respirology © 2013 Asian Pacific Society of Respirology
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different molecular structures. BCG, as a
mycobacterial vector, interacts with DC mainly
through TLR.* Although there were no differences in
the degree of DC activation between BCG and Der p2
rBCG, BCG could elevate IL-6 more than Der p2 rBCG.
BMDC isolated from TLR-9-deficient mice treated
with BCG expressed lower levels of IL-6 than the same
cells isolated from wild-type mice.*' TLR-9 seemed to
be required for IL-6 generation induced by BCG. We
found that the Der p2 rBCG-BMDC group expressed
significantly greater levels of TLR-2 and TLR-4 than
the PS-BMDC group, while there was no significant
difference for TLR-9. Conversely, TLR-9 was elevated
in the BCG-BMDC group. Using different TLR antago-
nists further confirmed that Der p2 rBCG activated
DC through TLR-2 and TLR-4, and BCG through
TLR-9. Combined with previous studies, we believe
that due to the molecular structure differences, Der

Respirology (2014) 19, 122-131
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Figure 8 Bone marrow-derived dendritic cells (BMDC) were treated with physiological saline (PS), Der p2 p2 recombinant bacille
Calmette-Guerin (rBCG) or bacille Calmette-Guerin (BCG) for 72 h, and the fourth group of BMDC was treated with OxPAPC (30 pg/mL)
24 h before Der p2 rBCG stimulation. (a) All groups of dendritic cell (DC)’'s RNA were collected, and the Notch ligands messenger RNA
(mRNA) levels were determined by real-time polymerase chain reaction; (b) Western blotting was performed, and Dll-4, Jag-2
expression values were normalized to B-actin. Data were presented as mean + standard error of the mean (n=6). *P<0.05, **P < 0.01
versus PS group; #P < 0.05 versus BCG group; &P < 0.05 versus rBCG group.

p2 rBCG and BCG interact with DC through different
TLR. In turn, different TLR trigger different levels of
IL-6. Finally, TLR has different capacities for inducing
TH17 in vivo and in vitro.

The Notch signalling pathway is an important
pathway that regulates development with high con-
servation between species. It is involved in the inter-
action between DC and T cells. But, the effects
produced by the different Notch receptors and
ligands are different. The Delta-like family of ligands
can promote naive T cells to differentiate into Thl,
while jagged-2 promotes Th2.3* According to the lit-
erature,* mycobacterial infection can affect the levels
of Notch receptor ligands in DC. BCG can recognize
TLR-9 on DC and affect the expressions of IL-6 and
Delta-like-4 in DC through the MyD88-dependent

Respirology (2014) 19, 122-131

pathway, promoting Th17 differentiation. Our results
showed that both Der p2 rBCG and BCG could
increase the messenger RNA and protein level of
Delta-like-4. It is worth noting that Der p2 rBCG was
more efficient in suppressing jagged-2 expression
than BCG; and TLR-2 and TLR-4 antagonists could
effectively reverse this function. In addition, Notch
signalling is also involved in the regulation of Treg
differentiation. Fu et al. found that although the fre-
quency of Treg was intact in recombination signal
binding protein-Jk-knockout recipients, their ability
to suppress effector T cell responses was significantly
dampened in recombination signal binding protein-
Jk-deficient mice.*®* Furthermore, Kared etal. has
reported that jagged-2-expressing hematopoietic
progenitors promote regulatory T cell expansion in

© 2013 The Authors
Respirology © 2013 Asian Pacific Society of Respirology



Der p2 rBCG regulates Th17 cells

the periphery through Notch signalling.** Possibly,
Der p2 rBCG may affect the differentiation and func-
tion of Treg by changing the Notch ligands of DC and
ultimately restore Th1/Th2 balance.

In summary, our findings emphasize the potent
immunomodulatory functions involved in asthma
and lay a foundation for future clinical rBCG vaccine
research and development.
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Table S1

Gene Primer sequence

ROR-yt Forward GTACATAGAAAGAGACGTGACTCCT;
Reverse  GAGTTGACCCTCACGGAATGGTCCA.

jagged-1 Forward CAGTCCTAAGCATGGGTCTTG;
Reverse GCATAGCCAGGATGGACAGATA.

jagged-2 Forward, TTCCAGTGCATGCCTACA;
Reverse, GTGCTCGGTGGCTCTTCT;

DII-1 forward, GCCAGCGTGAGAAGGACATCTC;
reverse, CTCGGATATGACGTACCGACTG;

DII-3 forward, GAGACACCCAGGTCCTTTGA,;
reverse, CAGTGGCAGATGTAGGCAGA;

Dll-4 forward, AACTGCCCTTCAATTTCACCT;
reverse, GCTGGTTTGCTCATCCAATAA,

B-actin Forward CATCCGTAAAGACCTCTATGCCAACG;
Reverse ATGGAGCCACCGATCCACA.




TLR2

forward, GCTCCAGGTCTTTCACCTCTAT,

reverse, TCCAGCAGGAAAGCAGACTCGCTTA;

TLR4 forward, GGAAGCTTGAATCCCTGCATAGAG,;
Reverse, TCCACATGTACTAGGTTCGTCAG;
TLR9 Forward, AACCTGCGGCAGCTGAACCTCAA,;

Reverse, AGTTCAGTGTATGGAGAGAGCTGGATGGAGGG-3’.
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