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LETTER TO THE EDITOR

C3a signaling is not involved in eosinophil migration during
experimental allergic lung inflammation in mice

To the Editor,

Eosinophilia of the lungs and airways is a hallmark feature in aller-
gic asthma. Eosinophils can exert proinflammatory and epithelial-
damaging effects.! New therapies in the field of asthma targeting
eosinophils have shown benefit in patients with high blood and spu-
tum eosinophilia, including fewer exacerbation and improved lung
function,? thereby pointing to the potential importance of thera-
peutics that interfere with eosinophil recruitment in the treatment
of asthma. In recent years, data from preclinical studies unveiled
an important role for anaphylatoxins, components of complement
system activation, in the pathogenesis of allergic airway disease.’
Signaling of the anaphylatoxin C3a through its receptor (C3aR) was
documented to promote the onset of Th2 responses in different al-
lergen-induced asthma models. Deficiency in or pharmacological
blocking of either C3a or C3aR attenuated the allergen-induced Th2
response, which included a marked reduction of the eosinophilia in
lung and airways.> While many studies focused on the interaction
between C3a signaling and cells of the adaptive immune system dur-
ing allergic inflammation,* only few investigated a potential direct
effect of C3a signaling on eosinophil function. Infusion of C3a in-
duced eosinophil adherence to postcapillary venules of IL-1f-stim-
ulated mesenteric blood vessels of rabbits, but did not influence
subsequent transmigration of eosinophils, suggesting a selective ef-
fect of C3a on eosinophil adhesion.” It remains elusive if C3a signal-
ing in eosinophils affects their migration to lungs during an allergic
response. This study aimed to investigate the role of C3a signaling
in eosinophils in their recruitment to the airways during allergic lung
inflammation.

We used an established mouse model of airway sensitization
and challenge with the clinically relevant allergen house dust mite
(HDM) (for details see Figure S1 and Appendix S1). HDM challenge
elicited similar increases (P = .94) in C3a concentrations in broncho-
alveolar lavage (BAL) fluid from HDM-sensitized WT and eosinophil
lineage-deficient AdbIGATA KO mice (Figure 1A). As expected, HDM
challenge induced eosinophilia in the lungs and airways of WT mice
whereas AdbIGATA KO mice showed a complete deficit in eosino-
phils in both lung tissue and BALF (Figure 1B). Next, we harvested
bone marrow cells from wild-type (WT) and C3aR knockout (KO)
mice and differentiated these into mature bone marrow-derived eo-

sinophils (bmEos) ex vivo (Figure S2A) as described in detail in the

Appendix S1. We confirmed that C3aR mRNA was present in WT
bmEos but completely abrogated in C3aR KO bmEos after 14 days
in culture (Figure S2B). Total cell numbers grew similarly from WT
and C3aR KO bone marrow to approximately 30 x 10° cells on day
14 (P = .91)( Figure S2C). Over a time span of 14 days, a high purity
of eosinophils, defined as CCR3 and Siglec-F double-positive cells,
was achieved from WT and C3aR KO mice (>95% at day 14, P = .92;
Figure 1C). Giemsa staining showed the stereotypical bilobed nu-
cleus and eosinophilic granules in eosinophils from both WT and
C3aR KO (Figure S2D) cultures.® Moreover, circular nuclear mor-
phologies, previously described in mouse eosinophils from periph-
eral blood were also observed.® Together, these data indicate that
signaling through C3aR is not essential for the proliferation and dif-
ferentiation of eosinophils.

Eosinophils are not required for the generation of memory T
cells during the sensitization phase.” Thus, we adoptively trans-
ferred 5 x 10 WT or C3aR KO bmEos (intravenously) 24 hours after
the first challenge (on day 15) into AdbIGATA KO mice. Previously,
bmEos were shown to have a half-life of eight days following che-
motaxis into the lung,® enabling the investigation of migrated eo-
sinophils after completing the challenge phase in our HDM model.
Twenty-four hours after the last challenge (on day 20), saline-chal-
lenged mice demonstrated a lack of bmEos accumulation in both
lung tissue and BAL fluid (data not shown). HDM-challenged mice
showed similar numbers of WT and C3aR KO bmEos in their lungs
(P = .53) (Figure 1D) and BAL fluid (P = .94) (Figure 1E). Together,
these data suggest that C3aR-deficient eosinophils are not impaired
in their migration toward the lung and airways following HDM chal-
lenge in spite of the presence of elevated C3a levels in the airways.

We next examined the potential of C3a as a chemoattractant for
bmEos in vitro using a transwell system (for protocol see Appendix
S1). The potency to attract bmEos was expressed as chemotactic
index (Cl) defined as: number of cells migrated in response to chemo-
attractant/ number of cells migrated in response to vehicle control.
As expected, WT bmEos migrated toward hCCL24, a chemoattrac-
tant for both human and murine eosinophils,9 in a dose-dependent
fashion with a maximum CI of 11 at 1 umol/L hCCL24 (Figure 2).
C3a-mediated chemotaxis of WT eosinophils exhibited a maximum
response of Cl = 1.3, indicating that C3a at best is a very weak che-

moattractant for eosinophils, thereby corroborating the in vivo
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Mice

AdbIGATA (C.12951(B6)-Gatal™*"/J,) and C3aR (C3ar1™®) knockout (KO) mice on a BALB/c
background were purchased from Jackson Laboratories (Bar Harbor, ME, USA). Wild-type littermates
were used as controls. Mice were housed under specific pathogen-free conditions receiving food and
water ad libitum. All experiments were approved by the Animal Care and Use Committee of the

Academic Medical Center.

Bone marrow isolation and eosinophil cultures

The protocol for isolation and ex vivo culture of mouse bone marrow-derived eosinophils (bmEos)
was adapted from a previous study (1). Briefly, bone marrow cells were harvested from murine hind
legs and red blood cells were lysed using sterile lysis buffer (Qiagen, Hilden, Germany). Bone marrow
cells were cultured in IMDM containing 10% FBS, 1% penicillin and streptomycin, 2 mM glutamine
(Thermo Fisher Scientific, Waltham, MA, USA), 25 mM HEPES and 50 uM B-mercapto-ethanol in the
presence of 100 ng/ml stem cell factor (SCF) and 100 ng/ml FLT-3 ligand (Peprotech, London, UK)
from day O to day 4. From day 4 on, SCF and FLT-3 ligand in the medium were substituted by 10
ng/ml recombinant mouse (rm) IL-5 (Peprotech). Half of culture medium containing rmIL-5 was
refreshed every other day and cell density was kept at 1x10° cells/ml. Eosinophil proliferation was
measured concurrently with medium change starting on day 4 using a hemocytometer (Beckman
Coulter, Fullerton, CA, USA). bmEos maturity was determined by flow cytometric analysis of Siglec-F
and CCR3 (see below). Eosinophil morphology was visualized by Cytospin preparations stained with
Giemsa (Diff Quik, Dade Behring AG, Dudingen, Switzerland). For adoptive transfer and ex vivo

experiments bmEos cultured for 14 days were used.

House dust mite induced lung inflammation and adoptive transfer of eosinophils
Allergic lung inflammation was established by repeated intranasal challenge with HDM (2). Briefly,

mice were sensitized on day 0, 1, 2 and challenged on day 14, 15, 18, 19 with 25ug HDM extract



(Greer Laboratories, Lenoir, N.C., USA) or sterile saline. All mice were anesthetized by isoflurane
inhalation prior to intranasal administration of HDM. Adoptive transfer of 5x10° wildtype (WT) or
C3aR KO bmEos was done on day 15 by intravenous injection in the tail vein of AdbIGATA mice. All
mice were euthanized 24 hours after the last challenge. In all experiments bronchoalveolar lavage
(BAL) fluid was collected by airway lumen lavage with 2x 0.5 ml PBS. BAL fluid samples were
enumerated by hemocytometer (Beckman Coulter). To assess the amount of pulmonary eosinophils,
the lavaged lungs were mechanically minced and digested in RPMI containing 5% FCS, 1%
penicillin/streptomycin, liberase™ and DNAse at 37°C for 30 minutes. Next, cells were dissociated by
aspiration through a 19-gauge needle to obtain single cells. Erythrocytes were lysed with sterile lysis
buffer (Qiagen). In both BAL fluid and digested lung tissue samples, cell differentiation was

determined by flow cytometry.

Flow cytometry

Cells in BAL fluid were stained with CD3-FITC, CD11c-PercP, SiglecF-Alexa 647, CD11b PE-Cy7, viability
dye APC-Cy7(all BD Biosciences, San Jose, CA, USA), Ly6G-Alexa700 (Biolegend, San Diego, CA, USA),
MHCII-PE, CD45-PE-eFluor610 (eBiosciences, San Diego, CA, USA) in the presence of Fc blocker
(CD16/CD32, eBiosciences). Single cell suspension from lungs were stained with CD4-FITC, CD45-
PerCP-Cy5.5 (eBiosciences), GATA3-Alexa 647, viability dye APC-Cy7 (BD Biosciences). For nuclear
staining, cells were stained using a FOXp3 Staining Buffer set (eBioscience). All appropriate
fluorescence minus one (FMO) controls were used. Data were collected on a BD Biosciences Canto |l

flow cytometer and analyzed using FlowlJo software (Treestar, Palo Alto, CA, USA).

Eosinophil ex vivo chemotaxis assay
Eosinophil migration was determined largely as described (3). Shortly, mature bmEos (cultured for 14
days) were washed and resuspended at 1x10’ cells/ml in RPMI medium supplemented with 1% FCS

and 10 mM Hepes. Using a 96-wells HTS Transwell© plate with 5.0 um pore membrane (Corning Life



Sciences, Radnor, PA, USA), 100 pl of cell suspension were transferred into the upper wells, and 100
pl medium containing recombinant hCCL24 (Peprotech), recombinant mouse C3a (R&D Systems, MN,
USA) or PBS control was added into the bottom wells. Plates were incubated for three hours at 37°C
with 5% CO, after which migrated cells were counted by hemocytometer (Beckman Coulter).
Chemotaxis towards hCCL24 and C3a was expressed as chemotactic index (Cl):

number of cells migrated in response to chemoattractant

number of cells migrated in response to vehicle control

RNA isolation and qRT-PCR

Total RNA was isolated from bmEos using RNA isolation kit (Nucleospin RNA, Macherey-Nagel, Diiren,
Germany) and reverse transcribed using oligo(dT) primer and M-MLV RT (Promega Benelux, Leiden,
Netherlands). Primer sequences for gene  expression  were: C3aR1  forward:
TCAAGTGCAGAAACGCCCTGAAGC; C3aR1 reverse: CTCCACCCACGTGTCCTTCCCAATG; Hprt forward:
ACAGGCCAGACTTTGTTGGAT; Hprt reverse: ACTTGCGCTCATCTTAGGCT; Quantitative real-time
guantitative PCR was performed on a LightCycler 480 System using Sensifast SybrGreen mix (Bioline,

London, UK). Data were analyzed using the LinRegPCR software (v.2014.4).

Statistical Analysis

Results are expressed as mean + SEM. All data have been tested for normal distribution using the
Shapiro-Wilk test. Comparison between groups were analyzed using a parametric t-test. Data are
representatives of at least two independent experiments. In vivo experimental groups consisted of 6-
8 mice. P<0.05 was considered statistically significant. All statistical analyses were performed using

GraphPad Prism 7.
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