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Cutting Edge: A Critical Role for the G Protein-Coupled
Receptor mFPR2 in Airway Inflammation and Immune
Responses
Keqiang Chen,*,† Yingying Le,‡ Ying Liu,* Wanghua Gong,x Guoguang Ying,{

Jian Huang,* Teizo Yoshimura,* Lino Tessarollo,‖ and Ji Ming Wang*

The formylpeptide receptor-like 1, now officially termed
FPR2, inhumanand itsmousehomologmFPR2mediate
leukocyte migration in response to agonists associated
with inflammation and immune responses. To clarify
the in vivo role of the receptor, we generated mice defi-
cient in mFPR2. mFPR22/2 mice showed markedly re-
duced severity in OVA/alum-induced allergic airway
inflammation. This was associated with diminished re-
cruitment of CD11c+ dendritic cells into the airway
mucosa and secondary lymphoid organs, as well as re-
duced production of Type 2 cytokines and Igs. We also
found that the bronchoalveolar lavage fluid from wild
type mice with airway inflammation contained mFPR2
agonist activity. This study reveals a critical role for
mFPR2 in the progression of allergic airway inflammation
and immune responses. The Journal of Immunology,
2010, 184: 000–000.

T
he formylpeptide receptor (FPR) subfamily of the G
protein-coupled chemoattractant receptors consists of
at least three members in human and all were origi-

nally identified in phagocytic leukocytes (1, 2). The prototype
FPR (FPR1) is a high-affinity receptor for the bacterial pep-
tide formyl-methionyl-leucyl-phenylalanine (fMLF) and me-
diates fMLF-induced phagocyte chemotaxis and activation.
In vivo, FPR is likely to play a role in antimicrobial host
defense, because mice depleted of the FPR counterpart
mFPR1 are more susceptible to infection by Listeria mono-
cytogenes (3). The FPR variant formylpeptide receptor-like 1
(FPRL1 [FPR2]) and its mouse homolog mFPR2 are low
affinity receptors for fMLF, but they recognize a plethora of

agonist peptides associated with inflammation and immune
responses (1, 2). Whereas the interaction of FPR2 (FPRL1) or
mFPR2 with chemotactic peptides is believed to contribute to
proinflammatory responses, a lipid mediator lipoxin A4
(LXA4) and the N-terminal peptides of annexin I have been
shown to attenuate leukocyte recruitment at sites of in-
flammation (4, 5), and thus appear to elicit anti-inflammatory
signals through FPR2 (FPRL1) or mFPR2 (6). The third
human FPR subfamily member FPRL2 (FPR3) recognizes
a peptide fragment derived from Heme-binding protein (7),
and unlike FPR1 (mFPR1) and FPR2 (mFPR2) that are
mainly expressed in neutrophils and monocytes with re-
duction in mature dendritic cells (DCs), functional FPR3 is
more selectively expressed in human monocytes and DCs (8).
The identity of mouse counterpart of FPRL2 (FPR3) is not
entirely clear; however, recent studies have shown that
mFPR2 is likely a mouse receptor that is a homolog of both
human FPR2 and FPR3 (9, 10). Thus, mFPR2 might play an
important and complex role in pathophysiologic conditions.
To clarify the role of mFPR2, and possibly human FPR2 and
FPR3, in disease states, we have generated mFPR2 knockout
(mFPR22/2) mice. In this study, we report a critical role for
mFPR2 in the progression of allergic airway inflammation
and type 2 immune responses.

Materials and Methods
Animals

Cre-loxp strategy (11) was used to deplete mouse (m) FPR2 gene (Fpr-rs2).
(Supplemental Fig. 1). mFPR22/2 mice were backcrossed for five generations
to wild type (WT) C57BL/6 mice before use in this study. Bone marrow
transplantation was performed according to published methods (12). mFPR2
transgenic mice (mFPR2 Tg) were generated with human b-actin promoter in
FVB background (G. Ying, unpublished observation).
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Immunization and the measurement of Th2 cytokines and serum Ig

Immunization of mice with OVA/alum and airway challenge with OVA were
performed as described (13). Control mice received OVA sensitization and
airway challenge with PBS. The mice were euthanized on day 31. Cellularity in
the bronchoalveolar lavage (BAL) liquid was analyzed morphologically, and
cytokines were measured by ELISA (eBioscience, San Diego, CA). Mouse se-
rum total Igs were determined by ELISA. The Igs are expressed as the mean6
SE of fold increase in serum Igs in immunized mice compared with naive mice.

Histology

Lung tissues fixed in formalin and embedded in paraffin were sectioned (5
mm). Tissue sections were stained with H&E or periodic acid-Schiff. Peri-
bronchial cells and goblet cell hyperplasia were quantified using a five-point
(scores, 0–4) grading system (13). At least three fields of coded lung sections
were examined by pathologists without knowledge of sample identities. Mean
scores were obtained from three to four mice after decoding the samples.

Immunohistochemistry and immunofluorescence

Eosinophils were identified by immunofluorescence using a rat anti-mouse
major basic protein Ab (Dr. J. Lee, Mayo Clinic, Scottsdale, AZ), macro-
phages with rabbit anti-Iba1 (Wako Pure Chemical Industries, Osaka, Japan),
neutrophils with Gr-1 Ab (eBioscience), and B lymphocytes with a rat anti-
mouse CD45R/B220 followed by a biotinylated anti-Ig secondary Ab (BD
Biosciences, San Diego, CA) and Streptavidin-HRP/DAB with hematoxylin
counter staining (Surgipath, Richmond, IL). For immunofluorescence, frozen
sections were stained with hamster anti-mouse CD11c and anti-mouse CD3«
Abs followed by biotinylated anti-Ig Abs (BD) with streptavidin-PE or
streptavidin-FITC and DAPI (Invitrogen). Hamster IgG (eBioscience) was
used as isotype control.

Chemotaxis

Chemotaxis of bone marrow cells (BMCs), neutrophils, and macrophages was
measured as described (14). The results are expressed as the mean6 SE of the
chemotaxis index, representing the fold increase in the number of migrated
cells in response to chemoattractants over spontaneous cell migration.

RT-PCR

The expression of mFPR2 mRNA in mouse BMCs was examined by RT-PCR
as described (15). b-Actin transcripts were used as a control.

Flow cytometry

The expression of BAL cell surface CD11c was analyzed by flow cytometry
using hamster anti-mouse CD11c Ab and hamster IgG as the isotype control.

Statistical analysis

All experiments were performed at least three times. Representative and re-
producible results are shown. The statistical significance of the difference
between testing and control groups was analyzed by t test of the computer
software Prism (WattMaster Controls, Parkville, MO). Values of p # 0.05
was considered statistically significant.

Results and Discussion
Generation of mFPR22/2 mice

We used Cre-loxP strategy and 129/Svj embryonic stem cells to
generate mFPR22/2 mice (Supplemental Fig. 1) (11).
Southern blotting of tail DNA (Supplemental Fig. 1A) and
RT-PCR analysis of BMC total RNA confirmed the disrup-
tion of mFPR2 gene and the absence of mFPR2 mRNA in
BMCs (Supplemental Fig. 1B, 1C). An mFPR2 specific
chemotactic peptide MMK-1 failed to induce migration of
BMCs, neutrophils, and macrophages from mFPR22/2 mice
(Fig. 1A). The expression of mFPR1 mRNA, another mem-
ber of FPR family, was detected in mFPR22/2 neutrophils,
and the cells migrated in response to fMLF, an agonist with
relatively higher affinity for mFPR1 compared with mFPR2
(Supplemental Fig. 1C, 1D). Thus, mFPR22/2 neutrophils
retained the expression of functional mFPR1. However,
compared with WT neutrophils, cells from mFPR22/2 mice
showed significantly reduced response to fMLF at low con-
centrations, which presumably interact mainly with mFPR1
(Supplemental Fig. 1D). These results suggest that the func-
tion of mFPR1 in neutrophils from mFPR22/2 mice may be
affected, with mechanisms that are yet to be defined. In
general, mFPR22/2 mice appeared to develop normally, and
their lifespan in a pathogen-free facility was equivalent to WT
(mFPR2+/+) littermates.

Reduced severity of allergic airway inflammation in mFPR22/2 mice

Because mFPR2, similar to its human homolog FPR2, has
been implicated in inflammatory and immune responses (1, 2),
we examined the responses of mFPR22/2 mice in OVA/

FIGURE 1. Reduced severity of allergic airway in-

flammation in mFPR22/2 mice. A, Migration of

BMCs, Casein-induced peritoneal neutrophils

(PMNs) and thioglycolate-induced peritoneal mac-

rophages (MF) from WT and mFPR22/2 mice in

response to the mFPR2 ligand MMK-1 (1025 M).

The results are expressed as chemotaxis index repre-

senting fold increase in cell response to MMK-1

versus medium control (2). Asterisk indicates sig-

nificantly increased migration shown by BMCs,

PMNs, or Mf; from WT mice (p , 0.01). B, Total
number and differential counts of leukocytes con-

tained in the BAL liquid from mice. Eos, eosinophil;

Lym, lymphocyte. C, Histology showing infiltration

of inflammatory cells in the perivascular and peri-

bronchial regions of the lung tissues (H&E, original

magnification 3200). The severity of lung in-

flammation was scored and the asterisk indicates

significantly reduced severity in mFPR22/2 mice

(p , 0.01). Mice used were 8-wk-old females.
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alum-induced allergic airway inflammation, which is charac-
terized by leukocyte infiltration into the lung and type 2
immune responses. In OVA/alum-immunized and OVA
aerosol-challenged mFPR22/2 mice, the severity of airway
inflammation was markedly reduced, as evidenced by di-
minished exudation of leukocytes in the BAL liquid (Fig. 1B).
There was a reduced infiltration of inflammatory cells in the
lung tissue of OVA/alum-immunized and aerosol-challenged
mFPR22/2 mice compared with WT littermates (Fig. 1C;
Supplemental Fig. 2A). The airway epithelial layer of OVA/
alum-immunized and OVA aerosol-challenged mFPR22/2

mice contained considerably fewer periodic acid-Schiff–
positive goblet cells (Supplemental Fig. 2B), suggesting at-
tenuated epithelial proliferation and secretory function.

Reduced type 2 cytokine and Ig production in mFPR22/2 mice

Examination ofmouse immune responses revealed significantly
lower levels of type 2 cytokines IL-4, IL-5, and IL-13 in the BAL
liquid of OVA-immunized and aerosol-challenged mFPR22/2

mice compared with WT littermates (Fig. 2A), indicating di-
minished immune responses in mFPR22/2mice. The de-
ficiency in type 2 cytokine production in mFPR22/2 mouse
airway was substantiated by reduced secretion of IL-4, IL-5,
and IL-13 by splenocytes isolated fromOVA/alum-immunized
mFPR22/2 mice and then stimulated with OVA in vitro
(Supplemental Fig. 3A). Moreover, OVA-immunized and
aerosol-challenged mFPR22/2 mice produced lower levels of
type 2 Igs in the sera, with reduction in total IgE as well as
OVA-specific IgE, IgG1, and IgG2b (Fig. 2B). The production
of secondary anti-OVA IgG1 and IgG2b in the sera by OVA-

immunized mFPR22/2 mice was also reduced (Supplemental
Fig. 3B). However, there were no differences in the production
of type 1 cytokine interferon g between mFPR22/2 and WT
littermates after OVA treatment (Supplemental Fig. 3A).
To verify the involvement of mFPR2 in airway inflamma-

tion, we transplanted bone marrow-nucleated cells from WT
mice into mFPR22/2 mice. The chimeric mice showed
a considerable restoration of airway inflammation and immune
responses elicited by OVA/alum immunization and OVA
challenge (Supplemental Fig. 4A–D), as evidenced by increased
production of Th2 cytokines, exudation of eosinophils in the
BAL liquid, and enhanced serum IgE. Furthermore, in FVB
mice overexpressing human b-actin promoter-controlled
mFPR2 transgene (G. Ying, unpublished observation), a sig-
nificantly increased immature DC migration to the CCR7 li-
gand CCL21/SLC and a markedly increased response to OVA/
alum immunization and airway challenge were observed,
compared with WT FVB mice (Supplemental Fig. 5A–C).
These results support the hypothesis that mFPR2 plays an
important role in allergic airway inflammation and type 2
immune responses.

Reduced DC recruitment in OVA-immunized mFPR2 2/2 mice

The impaired innate and type 2 immune responses in
mFPR22/2 mice prompted us to investigate DC recruitment
in vivo, which is crucial for proper immune responses. After
OVA/alum immunization and airway challenge, the re-
cruitment of CD11c+ DCs into the bronchial epithelial layer
and DC exudation into the BAL liquid were markedly re-
duced in mFPR22/2 mice (Fig. 3A, 3B). The size of the
mediastinal draining lymph nodes (MLNs; Fig. 3C) and their
T/B lymphocyte zones (Fig. 3C, 3D) were considerably
smaller in mFPR22/2 mice with reduced number of CD11c+

DCs in the T cell zone (Fig. 3E), indicating that the homing
of DCs carrying Ag to the draining lymph nodes was di-
minished. These results demonstrate reduced trafficking of
mFPR22/2 DCs into the airway and secondary lymphoid
tissues in OVA-induced allergic airway inflammation.
To clarify the role of mFPR2 in sustaining DC function, we

pulsed DCs from WT mice in vitro with OVA and transferred
these DCs into mFPR22/2 mice via airway. This significantly
restored the responses of mFPR22/2 mice to OVA challenge.
In contrast, transfer of OVA-pulsed mFPR22/2 DCs did not
increase the responses of WT mice (Supplemental Fig. 6).
Thus, mFPR2 is involved in DC-mediated adaptive immune
responses.

Increased mFPR2 agonist activity contained in the BAL of
OVA/alum-immunized mice

A number of agonists for mFPR2 and its human counterpart
FPR2 have been identified and most of these agonists are
associated with inflammation and immune responses (2). We
therefore asked whether mFPR2 agonist activity is produced
in the airway in allergic inflammatory responses. We found
that the BAL liquid from immunized WT mice contained
high levels of mFPR2 agonist activity, because the BAL liquid
exhibited a much more potent chemotactic activity for human
embryonic epithelial cells (293) transfected to express mFPR2
(a gift of Dr. P. Murphy, National Institute of Allergy and
Infectious Diseases, National Institutes of Health, Bethesda,
MD) than for the parental 293 cells (Fig. 3F). mFPR2/293

FIGURE 2. Reduced type 2 cytokine and Ig production inmFPR22/2mice.

A, The levels of type 2 cytokines IL-4, IL-5, and IL-13 measured in the BAL

liquid of mice. Asterisk indicates significantly lower levels of cytokines in the

BAL liquid of mFPR22/2 mice compared with WT littermates (p, 0.01). B,
The levels of total IgE, OVA-specific IgE (OVA-IgE), IgG1 (OVA-IgG1), and

IgG2b (OVA-IgG2b) detected in mouse sera. Asterisk indicates significantly

reduced serum Ig levels inOVA-immunized and airway-challengedmFPR22/2

mice (p , 0.01). All mice used were 8-wk-old female littermates.
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cells pretreated with a defined mFPR2 ligand MMK-1
showed reduced migration in response to the BAL liquid. In
contrast, the migration of parental 293 cells was not attenu-
ated by MMK-1 (Supplemental Fig. 7), indicating that the
BAL liquid from immunized mice indeed contains mFPR2
agonists. Preliminary characterization of the nature of mFPR2
agonists in the BAL liquid suggests that the agonists are of
polypeptide in nature of ,3000 Da. Additional experiments
are required to clarify the identity of the agonists.
Asthma isa type2 inflammatoryairwaydiseasecharacterizedby

airway eosinophilia, increased mucus production by goblet cells,
and structural remodeling of the airway wall. DCs are crucial for
the initiation and progression of allergic airway inflammation
(16). In such mouse asthmatic models, DCs take up Ag in the
bronchial alveolar tissue (17) and enter the T cell zone ofMLNs,
where they become functionallymature to induceproliferation of
naive T cells (18). In our study, mFPR22/2 mice exhibited
markedly reduced severity of OVA-induced allergic airway in-
flammation accompanied by reduction in type 2 cytokine andAb
responses. These defects were associated with diminished re-
cruitment of mDCs in the airway draining lymph nodes. Thus,
reduction in DC homing might be responsible for attenuated
airway inflammation seen in mFPR22/2 mice. In addition to
reduced allergic airway inflammation, mFPR22/2 mice also
exhibited diminished myeloid cell exudation into peritoneal
cavity in response to thioglycollate and casein (data not shown),
suggesting decreased inflammatory responses in another location

than the airway inmFPR22/2mice.Moreover, in an LPS/OVA-
inducedTh1 airway inflammationmodel (19),mFPR22/2mice
also showed diminished neutrophil exudation in the BAL liquid
and infiltration in the lung (Supplemental Fig. 8A–C). Fur-
thermore, in a model of LPS/OVA-induction of Th1 cytokines
(20), mFPR22/2 mice showed reduced production of IFN-g
and IL-2 (Supplemental Fig. 8D). Thus, mFPR2 might play
a role in both Th1 and Th2 responses.
FPR family members are differentially expressed in human

and mouse myeloid cells. The human mFPR2 counterpart
FPR2 is downregulated during the process of myeloid DC
maturation (8, 21), whereas another FPR variant, FPR3, was
persistently expressed (8). In mouse, mFPR2 has been shown
to function as both FPR2 and FPR3 (9, 10) and is expressed
in mouse myeloid DCs (K. Chen, unpublished observation).
In fact, mFPR2 in mouse DCs was essential in mediating the
signaling pathways elicited by a lipid agonist LXA4 that at-
tenuates the function of the chemokine receptor CCR5, re-
sulting in reduced lethal production of IL-12 in Toxoplasma
gondii infection (15). In addition, injection of stable LXA4
analogs in T. gondii-infected mice reduced DC accumulation
in the spleen (15). These observations suggest that manipu-
lating mFPR2 function alters DC trafficking and subsequent
host immune responses.
It is intriguing that activation of mFPR2 or human FPR2

has been shown to elicit both proinflammatory and anti-in-
flammatory signals depending on the nature of the ligands (2).

FIGURE 3. Reduction of DC recruitment in OVA-immunized mFPR22/2 mice. A, The recruitment of CD11c+ DCs to the airway mucosal region of OVA-

sensitized and airway-challenged mice. CD11c immunofluorescence is shown in red; nuclei are shown by DAPI in blue (original magnification 3400). CD11c

immunohistochemistry is shown in brown. B, Reduction of CD11c+ DCs in the BAL liquid of OVA sensitized and airway challenged mFPR22/2 mice. Left
panels, FACS analysis of the percentage of CD11c+ DCs in the BAL liquid. Upper right panels, CD11c immunostaining in the BAL liquid shown in red; nuclei

shown by DAPI in blue (original magnification 3400). Lower right panel, Numbers of CD11c+ DCs in the BAL liquid. Asterisk indicates significantly lower

number of DCs in the BAL liquid of mFPR22/2 mice. C, The size and histology of the MLNs (original magnification335; H&E, original magnification3200)

from OVA-sensitized and airway-challenged mice. T zone, T cell zone. D, CD45R/B220+ B cells (brown) in MLNs (original magnification 3400). E, CD11c+

cells in MLNs (original magnification 3400) detected with red fluorescence. T cells were in green. Nuclei were stained with DAPI in blue. Insets, An amplified

CD11c+ cell area among T cells in the MLN of WT mice (original magnification 31000). F, Chemotaxis of mFPR2-transfected 293 cells and parental 293 cells

in response to BAL liquid from immunized WT mice. *Significantly increased chemotaxis of mFPR2-transfected 293 cells (mFPR2/293) compared with the

response of parental 293 cells (293).
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Whereas our present study clearly demonstrated mFPR2 to be
a proinflammatory immune response mediator, results ob-
tained using anti-inflammatory mFPR2 ligands have shown
protection of the host in some disease models. For example,
LXA4 and annexin I peptides significantly reduced leukocyte
infiltration of airway tissues and type 2 responses in the airway
inflammation model (5). Clinically, the development of ex-
ercise-induced bronchoconstriction in asthmatic children was
linked to reduced biosynthesis of endogenous LXA4 (22).
However, it remains unclear how a single receptor such as
mFPR2 is capable of mediating opposing signaling events
elicited by different ligands. One possibility as suggested is
that anti-inflammatory ligands such as LXA4 may bind to
unique epitopes in mFPR2 (4). Alternatively, these ligands
may exhibit the property of partial agonists that desensitize,
and thus dampen, the proinflammatory function of mFPR2
or human FPR2 (1). In this context, although the chemical
nature of the mFPR2 agonist activity contained the in-
flammatory BAL liquid remains to be elucidated, our present
study has revealed a nonredundant role for mFPR2 in the
development of innate and adaptive immune responses rep-
resented by allergic airway inflammation.
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Figure S1. Generation of mFPR2-deficient mice.  A: Cre-loxp strategy was used to  

deplete mouse (m) FPR2 gene (Fpr-rs2). Mouse Fpr-rs2 targeting vector was constructed  

by flanking Fpr-rs2 with a floxed neo cassette and a loxP site (triangles), and introduced  

into 129/Svj ES cells by electroporation. Correct homologous recombinants were screened  

by Southern hybridization with an internal (3 -) and an external (5 -) probe. Schematic  

representation of the Cre recombination processes. Homozygous EIIaCre mice were  

crossed with homozygous FPR2neoloxp mice to obtain mice with mosaic Cre-ecombination  

patterns, which were mated with wild type C57BL/6 mice and screened for offspring that  

inherited an allele with either neo excision (Floxed mFPR2) or total excision (both neo  

and Fpr-rs2) (mFPR2+/-). mFPR2+/- mice thus obtained were backcrossed with wild type  

C57BL/6 mice for 5 generations before being used in the study. neo: neomycin resistance  

cassette; TK, thymidine kinase cassette. B: Mouse Fpr2 gene was identified by Southern  

blot of genomic DNA after Hind III digestion. mFPR2+/+ (WT) mouse DNA shows one  



band at 10.1 Kb. Mouse DNA with disrupted mFPR2 shows a band at 7.5 Kb, while  

mFPR2+/- mouse DNA shows both 10 and 7.5 Kb bands. C: For detection of mFPR2 mRNA,  

total RNA isolated from BMCs was utilized for RT-PCR. The expression of mFPR1 (Primers: 

sense:  5 -CAT GAA CAA GTC TGC AGT GAACCT- 3 5 -AGG TTT ATG TCT 

ATT ACA GTA TAT-3 and -actin mRNA was used as a control. D: Migration of bone  

marrow cells (BMCs) from WT and mFPR2-/- littermates in response to the mFPR1 and mFPR2  

agonist fMLF. The results were expressed as CI representing fold increase in cell migration in  

response to fMLF over the base-line migration (to medium). * indicates significantly increased 

BMC migration in response to fMLF compared to baseline migration (to medium) (P < 0.01). All  

mice used were 8 week female littermates.          

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
Figure S2. Inflammatory cell infiltration and PAS positive goblet cells in the lung.   

A: Immunofluorescence staining showing MBP+ eosinophils (Green), immunohistochemical 

staining showing lba 1+ macrophages and Gr-1+ neutrophils in lung tissues of mice after OVA/Alum 

immunization and aerosol OVA challenge. B. PAS staining of airway epithelia to show goblet cells, 

400 ×; Inset a: an amplified PAS cell pasitive bronchial region of OVA-treated WT mouse, 1000 ×. 

PAS positive goblet cell proliferation were scored and * indicates significantly reduced severity in 

mFPR2-/- mice as compared with WT littermates (p < 0.01). All mice used were female littermates 

at the age of 8 weeks.   

 

 

 

 



 
 

Figure S3. Cytokine production by slenocytes and immunoglobulins in mouse sera.  

A: Mice were immunized with injection of OVA/Alum by I.P. on day 1 and 10. Twenty four hours 

after the second OVA/Alum I.P. injection, splenocytes suspended at 5 × 106 cells/ml, were 

supernatants were collected to measure the levels of IL-4, IL-5, IL-13 and IFN- . * indicates 

significantly reduced production of cytokines by splenocytes from mFPR2-/- mice as compared with 

WT littermates (P < 0.05). B: Mice were I.P. immunized with OVA on day 1 and 14. The sera were 

collected on day 10 and day 21 for measurement of primary (First) and secondary anti-OVA 

immunoglobulins. * indicates significantly reduced Ig levels in the sera of mFPR2-/-mice as 

compared to WT littermates (P < 0.05). All mice used were 8 week old female littermates. 

 

 

 



 
 

 

Figure S4. Substantial restoration of airway inflammation and immune responses after 

OVA/Alum immunization and OVA challenge in mFPR2-/- mice transplanted with WT bone 

marrow (Chimera).  A: Substantial restoration of airway leukocyte infiltration (× 200, H&E) and 

B: Substantial restoration of airway mucus production by goblet cells in Chimera mice (× 400, 

PAS). * indicate the PAS+ cells. C: Restoration of eosinophil infiltration in BAL and D: Total 

serum IgE level in Chimera mice. * indicates significantly reduced BAL eosinophils (C) or serum 

IgE level (D) in mFPR2-/- mice as compared with WT littermates and Chimera mice (p < 0.05).  

 

 

 

 



 
Figure S5. Increased airway inflammation induced by OVA immunization and  

challenge in mFPR2 transgenic (Tg-mFPR2+/+) FVB mice. A: Migration of bone marrow cells 

(BMCs) from WT and Tg-mFPR2+/+littermates in response to mF 42. The results 

were expressed as CI representing fold increase in cell migration in response to the 42 over the  

base-line migration (to medium). * indicates significantly increased migration of BMC from  

Tg-mFPR2+/+ mice as compared to WT littermates (P < 0.05). B: BM nucleated cells cultured in  

presence of GM-CSF and IL-4 for 6 days were stimulated by LPS for 24 h as mature 

dendritic cells (mDCs). The migration of mDCs from WT and Tg-mFPR2+/+ littermates was  

examined in response to CCR7 agonists CCL21/SLC. The results were expressed as CI  

representing fold increase in cell migration in response to SLC over the base-line migration (to  

medium). * indicates significantly increased mDC migration from Tg-mFPR2+/+ mice as  

compared to WT littermates (P < 0.05). C: Increased severity of allergic airway inflammation in  

Tg-mFPR2-/- mice (× 200, H&E). All mice used were 8 week male littermates.    



 
 



 

Figure S6. Substantial restoration of airway inflammation after transfer of OVA-pulsed  

WT DCs into mFPR2-/- mice. A, B: BM nucleated cells from WT and mFPR2-/- mice were  

cultured in presence of GM-CSF and IL-4 for 9 days, then were stimulated with OVA (200  

µg/ml) or PBS for 48 hours. The expression of CD11c, CD86, and MHC II was analyzed by  

FACS.  C, D: BM nucleated cells from WT and mFPR2-/- mice were cultured in presence of 

GM-CSF and IL-4 for 9 days, then were stimulated with OVA (200 µg/ml) (WT DC = WOD,  

mFPR2-/- DC = KOD) or PBS (WT DC = WND, mFPR2-/- DC = KND) for 48 hours. WODs  

were intranasally transferred into mFPR2-/- mice and WT mice (5 mice/each group), WNDs into  

mFPR2-/- mice (5 mice/group) as controls. KODs were also intranasally transferred into WT  

mice and mFPR2-/- mice (5 mice/each group) and KND into WT mice (5 mice/group) as  

controls. Ten days after DC transfer, animals were challenged with 100 g OVA intranasally 

(i.n.) for 4 consecutive days. On day 15, mice were sacrificed and leukocytes exudating into  

BAL were determined. * indicates significantly increased total cells (C) and eosinophils (D) in  

BAL of mice received OVA pulsed DCs from WT mice (WOD) as compared to mice receiving 

OVA-pulsed DCs from mFPR2-/- mice (P < 0.05). E, F: After intranasal transfer of OVA-pulsed 

DCs and OVA challenge, the mice were sacrificed and lung tissues were harvested. Histology  

was performed to demonstrate infiltration of inflammatory cells in the perivascular and 

Peribronchial regions of the lung tissues (H&E, 400 ×). G: The severity of lung inflammation 

was scored and * indicates significantly increased severity in mice transferred with OVA-pulsed  

DCs from WT mice (WOD) as compared with the mice transferred with OVA-pulsed DCs from 

 mFPR2-/- mice (KOD)  (p < 0.05). Transfer of DCs with or without OVA pulse from mFPR2-/-  

mice did not increase airway inflammation in WT or mFPR2-/- mice.  Mice used were 8 week old 

females.  

 

 

 

 

 

 

 



 

 
Figure S7. Desensitization of mFPR2/293 cell migration to BAL from WT mice with airway  

inflammation by defined mFPR2 agonist peptide MMK-1.  Parental 293 and mFPR2/293 cells  

were pre-treated with a defined mFPR2 ligand MMK-1 at 10-5 M for 60 min at 37oC. The cells 

were then examined for migration to BAL from WT mice with airway inflammation. The results 

were expressed as CI representing fold increase in cell migration in response to the BAL over the  

baseline migration (to medium). * indicates significantly reduced cell migration of mFPR2/293 

cells pre-treated with MMK-1 as compared to untreated mFPR2/293 cells (P < 0.05).  MMK-1 

did not affect the migration of parental 293 cells to inflammatory BAL.  

 

 

 

 

 

 



 
 

Figure S8. Reduction of a Th1 immune response in mFPR2-/- mice.  

Mice were immunized with  and OVA /mouse intranasally on day 0, 1 and 2. 

On day 14, 15, 18 and 19, mice were challenged with OVA (25 ug/50 ul PBS/mouse) intranasally.  

On day 21, mice were euthanized and BAL and lung were harvested. A: Total and differential  

counts of leukocytes contained in the BAL from naïve mice. EOS: eosinophils,  

PMN: neutrophils, LYM: lymphocytes, ND: not detected, FW: few cells. B: Total and differential  

counts of leukocytes contained in the BAL from LPS/OVA treated mice. * indicates significantly 

reduced total cells and PMN in the BAL of mFPR2-/- mice as compared to WT mice (P < 0.05).  

C: Reduced PMN infiltration in the lung of mFPR2-/- mice as compared to WT mice. B: Bronchiol  

D: The severity of lung inflammation was scored and * indicates significantly reduced severity in 

 mFPR2-/- mice (p < 0.05), ND: not detected. E: Mice were injected i.p. with 2 mg OVA and 25 µg 

 E. coli LPS/mouse. Spleens were harvested 4 day later and 1×106 splenocytes were plated in  



triplicate in 12-well plates in 1000 µl RPMI-1640 supplemented with 10% FBS in the presence of  

 for 4 days. The supernatants were then harvested and assayed for IFN- , IL-2 and 

 IL-4 by ELISA.  * indicates significantly reduced IFN- -2 in the supernatants from mFPR2-/-  

mice as compared to WT mice. N: naïve, T: LPS/OVA treatment. Mice used were 8 week old  

females.  

 

 

 

 

 




