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PTX3 is a unique member of the long pentraxins family and plays an indispensable role in
regulating the immune system. We previously showed that PTX3 deletion aggravates
allergic inflammation via a Th17 -dominant phenotype and enhanced CD4 T cell survival
using a murine model of ovalbumin (OVA) induced allergic inflammation. In this study, we
identified that upon OVA exposure, increased infiltration of CD11c+CD11b+ dendritic cells
(DCs) was observed in the lungs of PTX3-/- mice compared to wild type littermate. Further
analysis showed that a short-term OVA exposure led to an increased number of bone
marrow common myeloid progenitors (CMP) population concomitantly with increased
Ly6Chigh CCR2high monocytes and CD11c+CD11b+ DCs in the lungs. Also, pulmonary
CD11c+CD11b+ DCs from OVA-exposed PTX3-/- mice exhibited enhanced expression of
maturation markers, chemokines receptors CCR2, and increased OVA uptake and
processing compared to wild type controls. Taken together, our data suggest that
PTX3 deficiency heightened lung CD11c+CD11b+DC numbers and function, hence
exacerbating airway inflammatory response.

Keywords: dendritc cells, allergic inflammation, asthma, monocytes, chemokines, allergen uptake, PTX3 protein
INTRODUCTION

Allergic asthma is a chronic disease of the airways that is characterized by a maladaptive T helper
immune response. Several previously published reports have elaborated on dendritic cells’ crucial
role (DCs) in regulating specific helper T cell phenotype and functions in the lungs in response to
allergens. Upon allergen/antigen exposure, bone marrow releases CCR2high monocytes that circulate
through the blood, reach the pulmonary tissue, and contribute to the generation of inflammatory
monocytes derived CD11c+CD11b+DCs (1).

Airway DCs constitute a network with extended dendrites in the epithelium to capture inhaled
antigen or allergen then migrate to the T cell zone in draining lymph nodes (2). During this process,
immature DCs undergo maturation characterized by upregulation of cell surface expression of
org July 2021 | Volume 12 | Article 6413111
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MHCII, CD40, CD86 and CD80. DCs process aeroallergens and
present allergen peptides to the naïve CD4 T cells that initiate
differentiation of naïve CD4 T cells to specific Th cells (3). Upon
repeated exposures of allergen, differentiated Th cells return to
the effector site in the lungs and initiate inflammation (4).
During this stage, mature DCs co-localize with effector T cells
in inflammatory areas (1). Deletion of DCs at this stage resulted
in ablation of Th2-dependent inflammatory responses in mice,
suggesting a critical role of such DCs in regulating effector helper
T cell-mediated responses (1).

Pentraxin 3 is a member of a long pentraxin family of pattern
recognition receptors that plays a critical role in tuning
inflammation in several pulmonary diseases (5). Several reports
have shown the production of PTX3 by structural and
inflammatory cells in mice and humans (6). Dendritic cells,
particularly myeloid DCs but not plasmacytoid DCs, are among
the primary producer of PTX3 (5, 6). Furthermore, stimulation
with TLR ligands, CD40L, IL-10 and IL-1b induce PTX3
production by DCs (7, 8). PTX3 binds to the late apoptotic T
cells and inhibits their internalization by human dendritic cells (9).

Exogenous administration of PTX3 during the early stage of
aspergillosis in p47phox-/- mice restored anti-aspergillus
resistance (10). PTX3 treatment of DCs down-regulated
production of IL-23 that resulted in a restricted expansion of
IL-23-dependent IL-17A producing gd T cells (10). We recently
showed that PTX3 deficiency resulted in an IL-17A dominant
inflammation in the mouse model of allergic inflammation (11).
CD4 T cells exhibited enhanced IL-17A production in
ovalbumin (OVA)-exposed PTX3-/- mice than their wild-type
controls. CD11c+CD11b+ DCs from PTX3-/- mice displayed
increased production of Th17 polarizing cytokines, including
IL-6 and IL-23, favoring Th17 CD4 T cells (11). However, the
mechanism governing the PTX3 effect on regulating dendritic
cells in allergic inflammation is not fully understood.

In light of our previous findings (11), we sought to understand
the role of PTX3 deletion in shaping CD11c+CD11b+ DCs
function in the context of allergic inflammation. Our study
identified that OVA exposure induced increased infiltration of
CD11c+CD11b+ DCs in the lungs in PTX3-/- mice compared to
wild-type littermate. Upon OVA challenge, PTX3-/- bone
marrow showed increased frequency of common myeloid
progenitors (CMP) population that corresponded with
increased Ly6C CCR2high monocytes and CD11c+CD11b+ DCs
in the lungs. In addition, pulmonary CD11c+CD11b+ DCs
exhibited enhanced expression of maturation markers upon
OVA-exposed PTX3-/- mice than their wild-type controls. These
cells also exhibited increased OVA uptake and processing.
Together, our data suggest a differential phenotype and
function of CD11c+CD11b+ DCs in the absence of PTX3.
MATERIAL AND METHODS

Mice
PTX3-/- and littermate PTX3 +/+ mice (129SvEv/Bl/6
background) were kindly provided by Dr. M. Matzuk (Baylor
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College of Medicine, Texas, USA). Animals were housed in
individualized ventilated cages with wooden chip bedding in
enriched environment conditions in the animal care facility, the
University of Manitoba. Animals were maintained in 12 hours
dark-light cycle and supplied with standard chow and water ad
libitum. Animal usage was strictly according to instructed
guidelines by the Canadian Council for Animal Care and the
University of Manitoba Animal Ethics Board (Protocol
Number 15802).

OVA Sensitization and Challenge, and OVA
Uptake and Processing
Six to eight weeks old females PTX3-/- and PTX3+/+ mice were
sensitized by intraperitoneal (IP) injection of OVA (Grade V,
Sigma Aldrich Canada) and alum (Imject Alum, Biotechnology).
In brief, on day 1, mice were sensitized with IP injection of OVA/
alum mixture, 250ml of 8mg/ml alum mixed with 250ml of 4mg/
ml OVA dissolved in PBS. On day 11, mice were boosted with IP
injection of OVA/alum mixture, as in day 1, and 50ml of OVA
(1mg/ml) administered intranasally (IN). On days 19 and 20,
PTX3-/- and PTX3+/+ mice were challenged with IN
administration of 50mg of OVA in 50ml PBS solution. 48 hrs
after the last challenge, mice were sacrificed, and tissues were
harvested. Naïve mice that received PBS only according to the
same protocol were used as controls.

To examine in vivo OVA uptake, OVA-sensitized mice, as
described above, then were challenged intranasally with 50 mg
OVA-DQ (Life technology-Invitrogen, Carlsbad, CA) in 50ml of
PBS at day 19. At the indicated time, the lung tissue and
mediastinal lymph nodes (MLN), were harvested to examine the
uptake and processing of DQ-OVA by DCs using flow cytometry.

In another protocol, mice were IN challenged with 50ml of
OVA (2mg/ml). Mice were then sacrificed at 12 or 24hrs, and
lung tissue, MLN, blood and bone marrow cells were harvested.
Again, naïve mice challenged with PBS were used as controls.

Bone Marrow Single-Cell Preparation
Naïve and OVA exposed PTX3+/+ and PTX3-/- mice were
sacrificed, and tibia and femur bones were collected as
described previously (12). Bones were flushed with 10 ml of
complete media, bone marrow cells were filtered using a cell
strainer, collected cells were centrifuged at 1200 rpm, and the
pellet was resuspended in ACK buffer for 5 minutes to lyse red
blood cells. ACK was neutralized with complete media, and cells
were then centrifuged and resuspended in fresh complete cell
culture media before FACS staining.

Flow Cytometric Analysis of Pulmonary
Dendritic Cells
Pulmonary conventional DC subsets were analyzed by FACS
from PTX3-/- or PTX3 +/+mice after OVA exposure. Briefly, lungs
were removed from mice, and enzymatically digested using 1
mg/ml collagenase IV and 0.5 mg/ml DNase in RPMI 1640
medium, as described previously (13, 14). After Fc blocking,
single-cell suspension was incubated with appropriate antibodies
(see Table 1) followed by acquisition using a BD FACS Canto-II
(BD, San Diego, CA) and analyzed using FlowJo software.
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Similarly, MLN, bone marrow or blood cells were blocked with
Fc blocker and stained with respective antibodies (Table 1).

For detecting CMP, bone marrow single cells preparation was
labeled with anti-mouse lineage Abs (lin-PE: anti-mouse CD3;
anti-mouse Ly-6G/Ly-6C; anti-mouse CD11b; anti-mouse
CD45R/B220; anti-mouse TER-119), anti-Ly-6A/E- (Sca1)
FITC, anti c-kit-APC, anti-CD16/32 PE-Cy7 and anti-CD34
pacific blue. Labeled cells were then acquired on FACS Canto
II (BD Biosciences) and analyzed using FlowJo software.

Survival Assay
Apoptosis/survival of lung DCs were determined by staining
lung cell suspension with annexin V and DAPI using Apoptosis
Detection kit FITC according to manufacturer’s instructions
(eBioscience Inc.) as we described previously (11). Briefly, cells
were first stained with specific fluorochrome-conjugated
antibodies, washed with flow buffer once and then in 1X
annexin V binding buffer. Resuspended cells were then
centrifuged at 1200rpm and stained with FITC labelled
annexin V. These cells were incubated at room temperature for
10-15 minutes, followed by washing in 1X binding buffer. After
washing, cells were resuspended in 100-200ml 1X binding buffer,
to which 1ml of DAPI was added, and incubated at room
temperature for at least 5 minutes. Cells were then acquired on
FACS Canto II (BD Biosciences) and analyzed using
FlowJo software.

Statistical Analysis
Results are shown as mean-/+ SEM, analyzed using two-way
ANOVA (Graph Pad prism 8) and post hoc Tukey’s multiple
comparisons, and the Mann-Whitney test. Unless otherwise
stated, data are collected from at least three experiments; each
experiment contained at least three-five mice in each
experimental group. p-value <0.05 was considered significant
in all quantitative experiments.
Frontiers in Immunology | www.frontiersin.org 3
RESULTS

PTX3-/- Mice Exhibited Enhanced
Accumulation of CD11c+CD11b+ DCs
in the Lungs Upon OVA Exposure
Recently we showed that the deletion of PTX3 resulted in
excessive airway inflammation upon OVA exposure, mainly
characterized by enhanced airway and lung tissue infiltration
by eosinophils and neutrophils (11). OVA-induced IL-17-
dominant inflammation in PTX3-/- mice compared to their
PTX3+/+ counterparts was attributed partly to a preponderance
of IL-6 and IL-23 producing DCs in PTX3-/- mice (11). However,
whether PTX3 deletion leads to enhanced recruitment of
particular DC subsets in the lung upon OVA challenge is
unknown. Using the OVA protocol described in Figure 1A, we
found that PTX3-/- mice showed enhanced accumulation of
CD11c+ DCs in the lungs compared to PTX3+/+ mice upon
OVA sensitization and challenge (Figures 1B–D). CD11c+ DCs
are further characterized as proinflammatory CD11b+/high

pulmonary DCs known to transport antigen from lungs to the
lymphoid organs (15, 16). In PTX3-/- mice, we observed a
concomitant increase in lung CD11c+CD11b+ DCs upon OVA
exposure compared to their WT littermate (Figures 1E, F).

Next, we were interested in understanding the plausible
mechanism that supported an increased abundance of lung
DCs in PTX3-/- mice. PTX3-/- CD4 T cells showed enhanced
survival compared to CD4 T cells from PTX3+/+ littermate (11).
Thus, we next examined the survival of PTX3-/- and PTX3+/+

lung DCs ex vivo by staining cells with annexin V and DAPI to
assess whether a similar phenomenon existed for DCs in PTX3-/-

mice. Interestingly, OVA–exposed PTX3+/+ and PTX3-/- lung
DCs showed comparable survival (Supplementary Figure 1),
suggesting that the survival pathway has no role in increased
abundance of DCs in the lungs PTX3-/- mice.

PTX3-/- Mice Showed Enhanced
Common Myeloid Progenitors
Generation in Bone Marrow
Previously published reports indicated that common myeloid
progenitors (CMP) in the bone marrow efficiently give rise to Ly-
6ChighCD11b+ inflammatory monocytes (17). Inflammatory
monocytes emigrate from the bone marrow, circulate through
the blood and rapidly differentiate into CD11c+CD11b+ DCs in
the peripheral tissue under inflammatory conditions (18).
Therefore, we aimed to understand whether augmented
pulmonary accumulation of CD11b+DCs in PTX3-/- mice was
due to enhanced generation of CMPs, increased recruitment of
Ly-6ChighCD11b+ monocytes, or differentiation of the latter into
inflammatory DCs in the lungs. PTX3+/+ and PTX3-/- mice were
challenged intranasally with 100mg OVA (Figure 2A), and the
frequency of CD11b+CD11c+ DCs in the lungs 12 hrs and 24 hrs
post-OVA challenge were assessed. As observed in the three
weeks OVA sensitization and challenge protocol, short-term
OVA challenge increased accumulation of lung CD11c+
CD11b+DCs in PTX3-/- mice compared to PTX3+/+ mice
(Figures 2B, C, n=6-8, P< 0.01).
TABLE 1 | Antibodies used in flow cytometry.

Antibody Clone Company

Lin - PE mix Biolegend, Inc
SCA-1 - FITC D7 Biolegend, Inc
CD16/32 - PE-Cy7 93 eBiosciences Inc
CD34 - PB RAM34 eBiosciences Inc
cKit - APC 2B8 eBiosciences Inc
Ly6C - FITC HK1.4 eBiosciences Inc
CCR2 - APC SA203G11 Biolegend, Inc
CCR5 - APC HM-CCR5 eBiosciences Inc
CCR6 - PE-Cy7 29-2L17 Biolegend, Inc
CD40 - APC 1C10 eBiosciences Inc
MHC II - PB M5/114.15.2 eBiosciences Inc
CD80 - PE 16-10A1 eBiosciences Inc
CD86 –APC or PE-Cy7 GL-1 eBiosciences Inc
CD45 - PB 30-F11 eBiosciences Inc
B220 - PB RA3-6B2 ebiosciences Inc
CX3CR1 - BV711 SA011F11 Biolegend, Inc
CD11b - PE-Cy7 or BV711 M1/70 ebiosciences Inc
CD11c - FITC N418 eBioscience, Inc
Gr-1 - PE RB6-8C5 Biolegend, Inc
F4/80 - PE BM8 eBioscience, Inc
Siglec-F - PE E50-2440 BD Biosciences.
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https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Balhara et al. PTX3 Deficiency and DC Function
We then determined how the OVA challenge affectedmonocytic
lineage progenitors in bone marrow in the presence and absence of
PTX3. In contrast to PTX3+/+, CMP cell count in the bone marrow
of PTX3-/- mice, gated on Lin- cKit+Sca1+ (Figure 3A), showed a
significant increase upon OVA exposure (Figures 3B, C).
Conversely, we observed a slight reduction of bone marrow
monocytes frequency, gated on GR-F4/80-Siglec- (Figure 3D), in
PTX3-/- mice 12 hrs post OVA challenge (Figures 3E, F). After 24
hrs of OVA exposure, monocytes frequency in PTX3-/- mice come
back to the baseline level; however, monocytes accumulated in the
BM in PTX3+/+ mice (Figure 3F).

To investigate the possibility of BM increased exit to the blood
and attraction toward lung tissue in PTX3 -/- mice compared to
WTmice, we analyzed their frequency within the blood and lung
(gated on CD11b+ and Ly6C levels, Figure 4A). At 12hrs upon
OVA challenge, the Ly6Cint CD11b+ blood monocytes frequency
increased compared to the baseline in PTX3-/- mice but was
significantly lower than WT mice (Figure 4C). Furthermore, the
frequency of blood and lung CD11b+ Ly6Clow cells was similar
Frontiers in Immunology | www.frontiersin.org 4
between both strains (Figures 4B, E). Conversely, at 24h post
OVA challenge, the Ly6Cint CD11b+lung monocytes frequency
was higher in PTX3-/- compared to WT mice, but no difference
was observed in WT mice (Figure 4F). Interestingly, in contrast
to WT mice, no difference on the frequency of Ly6Chigh CD11b+
blood monocytes was detected in the blood of PTX3-/- mice
compared to the baseline at 12 and 24hrs post OVA challenge
(Figure 4D). On the other hand, compared to the baseline level,
the frequency of Ly6Chigh CD11b+ lung monocytes decreased in
both PTX3-/- and WT mice (Figure 4G).

PTX3-/- Lung DCs Exhibited Increased
Expression of CCR2, CCR5 and CCR6
CCR2, a chemokine receptor, plays a key role in directing DC
precursors to egress from bone marrow to blood, enabling their
migration to the tissue sites upon antigen exposure (19).
Furthermore, CCR2 is highly expressed by Ly-6ChighCD11b+

inflammatory monocytes compared to Ly-6Clow/intCD11b+

patrolling monocytes (20), and is associated with increased
A

B

C

E F

D

FIGURE 1 | PTX3 deletion results in increased accumulation of CD11c+CD11b+ DCs in the lungs in response to OVA sensitization and challenge. (A) Schematic
diagram showing the protocol of OVA sensitization and challenge. (B) Lung Cells were gated for autofluorescence- Gr-1-Siglec F-F4/80- CD11c+ cells (C, D) that were
then gated for CD11b+ cells (E, F). Quantification and statistical analysis of FACS data are shown as graphs. n = 6-8/group, *p < 0.01 using Mann-Whitney test.
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differentiation of Ly-6ChighCD11b+ monocytes into pulmonary
CD11c+CD11b+ DCs (21). Therefore, we investigated the
regulation of CCR2 expression in OVA- challenged PTX3 -/-

mice. Lung DCs from PTX3-/- showed increased expression of
CCR2 at naïve state and 12 hrs post OVA exposure in
comparison with WT mice (Figures 5A, B) but not at 24 hrs
post OVA challenge.

CCR5 is expressed by immature DCs that facilitate migration
later to the tissue sites. Immature DCs also express CCR6 that
performs a similar function as CCR5. We evaluated the expression
of both chemokine receptors on lung DCs and found that the
expression of CCR5 (Figures 5C, D, P<0.01) and CCR6
(Figures 5E, F, P<0.01) was more significant on PTX3-/- DCs at
naïve state as compared to PTX3+/+ DCs. PTX3-/- lung DCs,
although it exhibited increased surface expression of both CCR5
and CCR6 24 hrs post OVA challenge compared to PTX3+/+ lung
DCs (Figures 5D, F), this expression was not different compared
to the baseline expression for CCR5 or even decrease for CCR6
(Figures 5C–F and Supplementary Figure 2). No apparent
difference in their expression was found on monocytes from
BM, blood and the lungs (data not shown). Altogether our data
demonstrated an inherent increased expression of CCR2, CCR5
and CCR6 on lung DCs PTX3-/-mice at the baseline and enhanced
CCR2 expression upon OVA challenge compared to WT mice.

PTX3-/- Lung DCs Showed Reduced MHCII
but Enhanced CD86 Surface Expression
In OVA-exposed PTX3-/- mice, CD4 T cells exhibited enhanced
activation and IL-17A dominant cytokine production (11).
Given that DCs process and present antigens to T cells and
regulate T cell-dependent inflammatory response through the
expression of costimulatory molecules, such as MHCII, CD80,
CD86 and CD40, we next assessed whether PTX3 deletion
Frontiers in Immunology | www.frontiersin.org 5
resulted in differential maturation status of DCs, which may
explain the phenotype and functions of CD4 T cells. PTX3-/- lung
DCs showed lower surface expression of MHC II (Figures 6A, B)
but an enhanced expression of CD86 (Figures 6A, D) upon
OVA sensitization/challenge (Figure 1A). Surface expression of
CD40 (Figures 6A, C) and CD80 (Figures 6A, E) remained
similar in both genotypes at this time point.

We also determined the surface expression of MHCII, CD80,
CD86 and CD40 at naïve state and after short-term OVA
exposure (Figure 2A). Their surface expression was comparable
on naïve lung CD11c+CD11b+ DCs in both PTX3-/- andWTmice
(Supplementary Figures 3A–D). Interestingly, lung DCs from
PTX3-/- mice showed an increase in the expression of MHCII,
CD80 and CD86 24 hrs OVA challenge compared to WT mice
(Supplementary Figures 3A, B, D). CD40 surface expression was
similar in DCs isolated from OVA challenged (12 hrs and 24 hrs)
mice of both genotypes (Supplementary Figure 3C).

PTX3+/+ Lung CD11c+CD11b+ DCs Exhibit
Enhanced OVA Uptake and Processing as
Compared to PTX3+/+ DCs
DCs take up allergen/antigen and process them into
immunogenic peptides for subsequent T cells presentation (1).
To study whether PTX3 deletion affected OVA uptake and
presentation by lung DCs, we used DQ-OVA in vivo. DQ-
OVA is digested proteolytically to release photostable and pH-
insensitive green fluorescent peptides by antigen-presenting cells
(22). The frequency of DCs, which processed OVA, was higher in
PTX3-/- mice lungs compared to WT mice (Figures 7A, D).
Similar to total lung DCs, a subset of CD11c+CD11b+ DCs that
were actively processing OVA showed reduced MHC II
(Figures 7C, F) and increased CD86 (Figures 7B, E) surface
expression in PTX3-/- mice.
A

B C

FIGURE 2 | PTX3-/- mice showed increased accumulation of DCs in lungs after short term OVA exposure. (A) Schematic diagram showing the protocol of OVA
exposure and collection of samples at 12 hrs and 24 hrs. (B) Lung Cells were gated for autofluorescence- Gr-1-Siglec F-F4/80- CD11c+ cells. (C) Accumulation of
lung CD11c+ CD11b+ DCs 12 hrs and 24 hrs post i.n OVA exposure was compared with naïve lung DCs. (C) Quantification and statistical analysis of Flow cytometry
data is shown as graphs. n = 6-8/group, *p < 0.01 using two-way ANOVA.
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Lung DCs transport allergen to mediastinal lymph nodes and
present allergen peptides to T cells to generate a specific effector T
cell response (23). Therefore we explored the migration of DQ-OVA
containing lung DCs to mesenteric lymph node (MLN). PTX3-/-

mice showed greater infiltration of processed DQ-OVA containing
DCs into the MLN (Supplementary Figure 4A). DCs in MLN also
showed reduced MHCII (Supplementary Figure 4B); however,
CD86 expression remained similar (Supplementary Figure 4C).
Frontiers in Immunology | www.frontiersin.org 6
DISCUSSION

DCs are strategically located in the epithelium to capture
antigens/allergens and orchestrate immune response according
to the antigen type (1). They are equipped to process allergens
and present them to naïve CD4 T cells (4). Recently, we showed
that deletion of PTX3 resulted in enhanced infiltration of
inflammatory cells in the airways and the lungs, increased
A

B

C

D

E
F

FIGURE 3 | OVA exposure results in increased CMP progenitors and in increased egress of monocytes from the bone marrow in PTX3-/- mice. Lin-cKit+Sca-1- cells were
gated for CMP as (A). (B, C) CMP cells from naïve, 12 hrs and 24 hrs post i.n OVA exposed PTX3-/- mice were compared with CMP cells from PTX3+/+ mice. (D) Gating
strategy for Ly6C+ CD11b+ monocytes in bone marrow. (E, F) BM monocytes from naïve, 12 hrs and 24 hrs post i.n OVA exposed PTX3-/- mice were compared with
monocytes from PTX3+/+ mice. Quantification and statistical analysis of Flow cytometry data is shown as graphs. n = 6/group, *p < 0.01 using two-way ANOVA.
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production of IgE and enhanced airway hyperreactivity in
response to OVA challenge. Also, we identified that PTX3
deletion favored IL-17A-dominant inflammation in the lungs
and the draining lymph nodes that is at least in part due to Th17
CD4 T cells (11). In this study, we identified that OVA exposure
induced increased infiltration of CD11c+CD11b+ DCs in the
lungs of PTX3-/- mice compared to wild-type littermate. This
effect is associated with an increased number and frequency of
common myeloid progenitors (CMP) population that may
explain increased Ly6C CCR2high monocytes in the blood and
subsequently CD11c+CD11b+ DCs in the lungs. Significantly,
pulmonary CD11c+CD11b+ DCs exhibited enhanced expression
of maturation markers upon OVA-exposed PTX3-/- mice
compared to their wild-type controls and exhibited increased
OVA uptake and processing. Taken together, our data suggest
that PTX3 deficiency mediated increased inflammatory response
Frontiers in Immunology | www.frontiersin.org 7
in the context of allergic asthma is in part due to enhanced
DCs function.

In this study, we first showed an increase in CD11b+CD11c+
DCs infiltration into the lungs of PTX3-/- mice compared to
PTX3+/+ mice upon OVA exposure. Unlike PTX3-/- CD4 T cells
(11), PTX3-/- DCs did not show any apparent difference in
survival compared to PTX3+/+ DCs. A plausible explanation of
such an increase in inflammatory CD11c+CD11b+ DCs could be
enhanced generation of CMP in the bone marrow, which was
observed in PTX3 depleted mice compared to their wild-type
counterparts. Manz et al. (17) reported that CMP in bone marrow
gives rise to granulocyte-monocyte progenitors (GMP), giving
rise to functional DCs in vitro and in vivo. Although in our study,
we did not find any difference in GMP population while CMP
count was significantly increased in PTX3-/- compared to PTX3+/+

mice. Monocytes, an intermediate stage between GMP and tissue
A

B C D

E F G

FIGURE 4 | PTX3-/- mice showed increased egress of monocytes from the Blood and increased accumulation of monocytes in the lungs upon OVA exposure.
(A) Blood monocytes were gated on CD45+ Gr1- F4/80 -. Monocytes from blood (B–D) and the lungs (E–G) at naïve, 12 hrs and 24 hrs post i.n OVA exposed
PTX3-/- mice were compared with monocytes from PTX3+/+ mice. Quantification and statistical analysis of Flow cytometry data is shown as graphs. n = 6/group,
*p < 0.01 using two-way ANOVA.
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DCs, give rise to DCs that infiltrate the tissue upon inflammation.
To understand whether the increased accumulation of lungs DCs
depended on monocytes’ differentiation into DCs, we monitored
monocytes in the bone marrow, blood, and the lungs. Reduction
of monocytes in the bone marrow and blood but increase in their
count in the lungs of PTX3-/- mice upon OVA exposure partly
explains the increased accumulation of lung CD11c+CD11b+
DCs. Such monocytes, which can differentiate to functional DCs
upon inflammation, are known as inflammatory monocytes.
These are characterized by high expression of CCR2 in contrast
to Ly6Clow/int CCR2low patrolling monocytes (24).

CCR2 plays a critical role in facilitating the egress of
inflammatory monocytes from the bone marrow to blood and
from blood to the lungs in response to allergen challenge (19). In
our study, we observed that inflammatory monocytes were
CCR2high in both genotypes. As CCR2 expression on monocytes
at basal level was comparable in PTX3-/- and PTX3+/+mice, it rules
out the plausibility of an effect of PTX3 deletion on CCR2
expression in naïve state. Although we did not find a significant
difference in the CCR2 expression on BM, blood and lung
monocytes, lung DCs showed upregulation of CCR2 expression
Frontiers in Immunology | www.frontiersin.org 8
upon OVA exposure. Such observation could stem from two
possibilities. PTX3-/- lung DCs with increased CCR2 represent
monocytes that had increased CCR2, which upon antigen
encounter differentiated into DCs; and/or the increase in CCR2
in PTX3-/- DCs regulates their accumulation in the lungs
independent of its role on monocytes. Previously, diesel particles
induced inflammation was shown to upregulate the expression of
CCR2 in the lungs (25). Recruitment of inflammatory monocytes,
monocyte-derived DCs and induction of subsequent pulmonary
inflammation was also CCR2 dependent (25). Similarly, CCR2-
dependent recruitment of monocytes-derived DCs has also been
reported upon influenza infection, exposure to LPS and particulate
antigens (19, 26). Loss of CCR2 could not be compensated by
other chemokines- chemokine receptor systems (19).

Other chemokine receptors, including CCR5 and CCR6, have
also been involved in directing monocytes to the tissue sites.
These chemokine receptors are expressed on immature DCs and
regulate their immigration to the tissue sites (27, 28). Previously
Norata et al. (8) also showed enhanced CCR5 expression in the
vascular wall of PTX3-/- apoE-/- mice compared to their PTX3+/+

counterpart. In our study, we observed an increased expression
A B

C D

E F

FIGURE 5 | PTX3 deletion affect CCR2, CCR5 and CCR6 expression on lungs DCs. Expression of CCR2 (A, B), CCR5 (C, D) and CCR6 (E, F) were assessed by
flow cytometry on CD11c+CD11b+ DCs from the lungs. Gating strategy as shown in Figure 1B. White bars represent PTX3+/+ and black bars represent PTX3-/-.
Quantification and statistical analysis of Flow cytometry data is shown as graphs. n = 6/group, *p < 0.01 using two-way ANOVA.
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of CCR5 and CCR6 on naïve supposedly immature lung DCs
in PTX3-/- mice at steady sate. Surface expression of CCR5 and
CCR6 downregulate as DCs undergo maturation. Similarly,
we found a reduction in CCR6 but not CCR5 expression 12
hrs post OVA challenge for PTX3 -/- mice, suggesting the
possibility of acquiring naïve like phenotype by lung DCs 24
hrs after the challenge. Altogether it seems likely that increased
CCR6 on naïve PTX3-/- lung DCs renders them more responsive
to chemokines, which are released immediately after exposure to
OVA. CCR6, on the other hand, regulates the migration of Tregs
and Th17 cells into the inflammatory region (29). CCR5
expression, known to be associated with Th1 cells (30), was
not different in both PTX3 and WT mice lung DCs. Whether the
altered expression of these chemokine receptors on lung DCs is
also involved in the regulation of Th17 promoting cytokines
needs further studies.

PTX3 interacts with P-selectin and inhibits the migration of
neutrophils to the peripheral tissues (31). This phenomenon was
reversed upon disruption of PTX3 and P-selectin interaction
either through PTX3 deletion or antibody-mediated inhibition
(32). Furthermore, increased expression of P-selectin has been
observed in PTX3-/- mice, further supporting the likelihood of P-
selectin-dependent migration of inflammatory cells in the
Frontiers in Immunology | www.frontiersin.org 9
absence of PTX3. As monocytes are also dependent on P-
selectin for migration, it is tempting to hypothesize this
pathway’s involvement in enhanced monocytes and CD11c+
CD11b+ DCs accumulation in the lungs.

In the lungs, DCs exist in an immature state and initiate their
maturation upon allergen exposure process. Mature DCs process
allergen, present allergen epitopes through MHCII along with
the expression of an array of costimulatory molecules including
CD40, CD80, and CD86, which are well known as maturation
markers of DCs. PTX3-/- CD11c+CD11b+ DCs showed a greater
ability to uptake and process OVA compared to PTX3+/+ DCs.
Surprisingly, PTX3-/- DCs expressed a reduced level of MHCII.
Whether the lower expression of MHCII by PTX3 -/- DCs was
due to increased recycling of MHCII or reduced biosynthesis or
transport to the membrane is unknown (33). Engagement of
CD80/86 by CD28 induces the production of IL-6 by DCs (34).
In our work, we observed enhanced expression of CD80 and
CD86 by PTX3-/- CD11c+CD11b+ DCs in contrast to PTX3+/+

CD11c+CD11b+ DCs, which is also concurrent with increased
production of IL-6 by PTX3-/- DCs (11). Consistent with
increased maturation, antigen uptake, and processing, we also
observed more significant migration of OVA peptide containing
CD11c+CD11b+ DCs from lungs to the draining lymph nodes in
A

B C

D E

FIGURE 6 | PTX3 deletion results in reduced surface expression of MHCII but an enhanced surface expression of CD80 and CD86 in response to OVA. After 3 weeks
of OVA sensitization and challenge regimen, lung CD11b+CD11c+ DCs were analyzed for the expression of MHCII (A, B), CD40 (A, C), CD86 (A, D) and CD80 (A, E)
by flow cytometry. Quantification and statistical analysis of Flow cytometry data is shown as graphs. n = 6 mice group, *p < 0.01 using Mann-Whitney test.
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PTX3-/- mice as compared to their wild type controls. Altogether
our data provide plausible insight into how deletion of PTX3 has
rendered pulmonary DCs hyper mature upon OVA exposure
and affected their function.
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Supplementary Figure 1 | PTX3+/+ and PTX3-/- lung DCs show comparable
survival. (A) Survival of lung DCs (CD11c+CD11b+) was assessed by annexin V and
DAPI staining. % of gated cells is presented as mean+/- SEM in graph (B), n = 8-10/
group. *P < 0.01.

Supplementary Figure 2 | PTX3 deletion affect CCR2 expression on lungs DCs.
Expression of CCR2 (A), CCR5 (B) and CCR6 (C)were assessed by flow cytometry
A B

C

D E F

FIGURE 7 | PTX3-/- lung DCs showed enhanced OVA uptake and processing. DQ-OVA was administered intranasally to PTX3-/- and PTX3+/+ mice and lung DCs
were assessed for processed OVA signal (FITC) 16 hrs post administration (A, D). Surface expression of CD86 (B, E) and MHCII (C, F) was determined on
processed OVA+ lung DCs (gated on CD11b+CD11c+). Quantification and statistical analysis of Flow cytometry data is shown as graphs (D–F). n = 6 mice per
group, *p < 0.01 using Mann-Whitney test.
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on CD11c+CD11b+ DCs from the lungs. Quantification and statistical analysis of
Flow cytometry data was done using two way ANOVA. n = 6/group, p values are
indicated above the graph bars.

Supplementary Figure 3 | Quantification and statistical analysis of the
expression of MHCII (A), CD86 (B), CD40 (C) and CD80 (D) at naïve state, 12 and
24 hrs after single i.n OVA challenge. n = 6/group, *p < 0.01.
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Supplementary Figure 4 | PTX3-/- mice exhibited increased accumulation of
OVA containing DCs in MLN. (A) Sensitized and challenged mice were IN
challenged with DQ-OVA at day 19, then 24 hrs post i.n administration of DQ-OVA,
PTX3-/- MLN DCs that contained processed OVA were compared with those from
PTX3+/+ mice. Surface expression of MHCII (B) and CD86 (C) was determined on
processed OVA+ PTX3+/+ and PTX3-/- MLN DCs. Result depicted is a
representative of 2 experiments with n = 4 mice per each group.
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