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Littermate-Controlled Experiments
Reveal Eosinophils Are Not Essential
for Maintaining Steady-State IgA and
Demonstrate the In uence of Rearing
Conditions on Antibody Phenotypes
In Eosinophil-De cient Mice

Rachael D. FitzPatrick, Mia H. E. Kennedy, Katherine M. Lawr ence, Courtney M. Gauthier,
Brandon E. Moeller, Andrew N. Robinson and Lisa A. Reynolds *

Reynolds Laboratory, Department of Biochemistry and Mictgiology, University of Victoria, Victoria, BC, Canada

Conicting data has emerged regarding a role for eosinophdl in IgA production, with

some reports that eosinophils support both secretory and etulating IgA levels during
homeostasis. Previous studies have compared antibody levg between wildtype and

eosinophil-de cient mice, but these mice were obtained fron different commercial

vendors and/or were not littermates. Thus, the possibilityremains that extrinsic
environmental factors, rather than an intrinsic lack of edsophils, are responsible
for the reports of reduced IgA in eosinophil-de cient mice.Here we used wild-type

and eosinophil-de cient (1 dbIGATA) mice that were purchased from a single vendor,
subsequently bred in-house and either co-housed as adults,co-reared from birth

or raised as littermates. We found no differences in the lel® of secretory IgA or
in the numbers of small intestinal IgA-producing plasma ckl between wild-type

and 1 dblIGATA mice, demonstrating that under controlled steadystate conditions

eosinophils are not essential for the maintenance of secrety IgA in the intestinal
tract. While we found that levels of IgM and IgE were signi caly elevated in the
serum of 1 dbIGATA mice compared to co-reared or co-housed wild-type nice, no

signi cant differences in these or other circulating antibdy isotypes were identi ed

between genotypes in littermate-controlled experimentsOur results demonstrate that
eosinophils are not required to maintain secretory or cirdating IgA production and the

absence of eosinophils does not impact circulating IgG1, IG2b, IgM, or IgE levels during
homeostasis. These ndings emphasize the importance of opimally controlling rearing
and housing conditions throughout life between mice of diéfrent genotypes.
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INTRODUCTION serum of 1 dbIGATA mice that were co-reared or co-housed
with wild-type mice, no dierences in the levels of these
Historically, eosinophils have been regarded as type 2 e ect@intibody isotypes were found between littermate wild-typd an
cells during both helminth infection and allergic in ammah 1 dbIGATA mice. Our results demonstrate that eosinophils are
(1-5). During homeostasis, eosinophils reside in the thymuspot essential for the maintenance of serum or secretorybanly
uterus, bone marrow and the gastrointestinal tract and intcast  |eyels during homeostatic conditions. These ndings emjites
to in type 2 immune settings, their steady-state functionhivit  the importance of carefully controlling for extrinsic e ectsxng
these sites is not well understood).(Notably, under steady- development when comparing antibody levels between mice of
state conditions eosinophils comprise up to 25% of all leutexcy di erent genotypes.
in the small intestinal lamina propria (LP)’{ and recent data
suggests that eosinophils play a key role in several hommStafVIATERIALS AND METHODS
processes within the intestinal traé)( For example, eosinophil-
de cient mice have been reported to have impaired mucud\lice
production (9), stunted development of Peyer's patch@sand  All mouse experiments were performed at the University of
a unique bacterial microbiota compositio8<(11). In addition,  Victoria (UVic), approved by the UVic Animal Care Committee
two independent studies have reported a strict requiremeniand followed all guidelines set by the Canadian Council on
for eosinophils in the maintenance of IgA-producing plasmaAnimal Care. Wild-type BALB/cJ antl dbIGATA BALB/cJ mice
cells in the small intestine with reduced secretory and seru were purchased from The Jackson Laboratory and subsequently
IgA levels found in eosinophil-de cient mice9( 10). Despite bred in-house prior to use in experiments. Mice had access
these ndings, other studies have reported no dierence into food and waterad libitum and were housed in individually
secretory or serum IgA levels between wild-type and eosirtophiventilated cages under speci ¢ pathogen-free conditionsidte
de cient mice (7, 11) and recently, reported di erences in IgA wild-type and 1 dbIGATA mice born in separate cages to
levels between wild-type and eosinophil-de cient mice haveyild-type and 1 dbIGATA dams respectively were co-housed
been attributed to bacterial microbiota compositional diegices  when they were 6-11 weeks old and were euthanized 1 week
rather than due to an intrinsic absence of eosinophil®)( later for sample collectionSupplementary Figure 1. “Co-
Similar contradictions in published literature exist redmy reared” or “littermate” wild-type andl dbIGATA male mice
the function of homeostatic eosinophils in the bone marrow.were also generated. “Co-reared” mice were generated tiygset
an initial report found that eosinophils are required for bone up breeding trios consisting of onkdbIGATA male with one
marrow-resident plasma cell survivald), while later studies 1 dblGATA female and one wild-type female in a single cage.
have demonstrated that eosinophils are not required to caaty Male mice born to thel dblGATA female in this cage were all
this function (14, 15). of thel dbIGATA genotype, and male mice born to the wild-type
Previous studies that have compared IgA levels betwegemale in this cage were all of the wild-type genotype. Coeear
wild-type and eosinophil-de cient mice have used amale mice continued to be housed together after weaning,
variety of housing and breeding schemes, varying fronand were euthanized for sample collection when they reached
no co-housing and genotypes sourced from dierent6-12 weeks oldSupplementary Figure 1B “Littermate” male
vendors to dierent genotypes raised as littermates. Wenice were generated by setting up breeding trios consisting of
postulated that the conicting reports in the contribution one 1 dblGATA male with two females heterozygous for the
of eosinophils to the maintenance of IgA production could1 dblGATA mutation. Male mice born to these heterozygous
be explained by variations in the intestinal microbiotafemales were either of the wild-type drdblGATA genotype.
driven by dierences in environmental housing conditions Littermate male mice continued to be housed together after
of genetically-modi ed vs. wild-type mice (extrinsic e efts weaning, and were euthanized for sample collection when
rather than genotype-driven changes in immune functionshey reached 6—12 weeks olfupplementary Figure 1¢. The
and microbiota composition (intrinsic e ects). Indeed, dbIGATA mutation is X-linked 1) so it is not possible to
constituents of the bacterial microbiota do have the cagacitgenerate wild-type and homozygolislblGATA female o spring
to alter both secretory IgA (slgA) and systemic antibodyin the same cage from either the co-rearing or littermatetooin
levels (2, 16-20). breeding scemes, therefore female mice were not used in these
In the present study, we aim to address this issue usingxperiments.
BALBc/J wild-type and eosinophil-de cientL(dbIGATA) mice
(21) that were purchased from a single vendor and subsequent@enotyping PCR
bred in-house. We either co-housed wild-type and eosinophilDNA was extracted from ear clips digested with 25mM
de cient mice as adults, co-reared them from birth or gertech  NaOH/0.2 mM EDTA with heating at 9& for 1 h. Samples were
wild-type and 1 dbIGATA littermate controls. Under these neutralized with 40 mM Tris HCI and centrifuged at 4,000 rpm
conditions we found no dierence in the levels of intestinal for 3 min. Supernatants containing extracted DNA were used for
slgA or numbers of small intestinal IgA-producing plasmaell PCR using Taq DNA Polymerase (New England Biolabs Inc.).
between wild-type andL dblIGATA mice. We also found no To distinguish between wild-type andl dbIGATA alleles the
de ciency in circulating IgA in1 dblGATA mice. While levels primers G1mutF1: $CCCAATCCTCTG-GACTCCCA-3 and
of circulating IgA, IgM, and IgE were in fact elevated in theGimutR: #CCTACTGTGTACCAG-GCTAT-8(21) were used
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which amplify a 509-bp region fronl dblIGATA mice and a using a CytoFLEX Flow Cytometer and CytExpert software
459-bp region from wild-type miceSupplementary Figure 2. (Beckman Coulter).

Samples were run on a PxE 0.2 Thermal Cycler (Thermo Electron

Corporation), under the following cycling conditions: 1 égc Lamina Propria Cell Isolation and Flow

at 94 C for 2min; 35 cycles of 9€ for 30s, 57.5C for 30s, Cytometric Analysis

72 Cfor 30s; 1 cycle at 7€ for Smin. A 1.5% agarose gel with o mouse LP dissociation kit (Miltenyi Biotec) was used to itola
SYBR safe DNA gel stain (Invitrogen) was used to visualiee tfpeis from the small intestine according to the manufactsre

PCR products. protocol, with a modication at the nal dissociation step

Quanti cation of Antibody Levels by ELISA where cells were gently crushed through an¥@ cell strainer

. immediately following enzymatic digestion to generate alsing
An En_zyme_—Lmked Imm_uno_sorbent Assay (I.ELISA.) was used Rell suspension. Cells were centrifuged for 20 min at 1,500 rpm
quantify antibody levels in either sera, small intestir&iges or

: . o ; and the cell pellet was resuspended in PBS containing 0.5% BSA.
feces.. To collect small intestinal cqntent the entire snm;lalstme . Cells were counted using a hemocytometer prior to stainingisCe
was dissected and then lavaged with 1 mL PBS. Blockingaoluti were stained with xable viability dye eFluor506 (ThermsiFér)
(PBSC 2% BSA) was added to fecal pellets at a concentratio%d Fc receptors were blocked with anti-mouse CD16/32 (2.4G2
of 100mg feces/mL. Both feces and small intestinal lavag Biosciences). Surface staining included rat anti-mouse
were homogenized using a Bead Mill 24 (Fisher Scienti c) an D45 (30-F11; BD Biosciences), rat anti-mouse B220 (RA3-
centrifuged at 10,000 rpm for 10 min to collect the supernatantGBz_ BD Biosc,iences) and rat arylti-mouse Siglec F (E50-2440;
InFestinaI contgnt and fecal supernatants were stored 20 C BD Iéiosciences). Cells were xed and permeabilized using BD'
prior to analygs. B.|00d s.amples were left to clot for -6 h &1 4 CytoFix/CytoPerm (BD Biosciences) and incubated with rdt-a
prior to centrlfugat]on to |solatg the serum. Sgrum samples;swermOuse IgA (C10-1; BD Biosciences). Liquid counting beads (B
stored at 80 C prior to a_naly3|s. NUNC mamsqrb at-bottom_ Biosciences) were added to samples prior to acquiring data on
96-well plates (ThermoFisher) were coated with the foIIowmga CytoFLEX ow cytometer (Beckman Coulter) to enable total
antibodies (all from BD Biosciences) diluted to 1:250 inN).1 cell counts of cells falling within 1gAB220 CDAEF live gates

S°d'“”? carbonate (pH 9.5): rat anU-mouge IgA (Clone Clo'3)according to manufacturer's protocol. Data were analyzedgusi
rat anti-mouse IgG1 (Clone A85-3), rat anti-mouse IgG2b (@&o CytExpert software (Beckman Coulter)
R9-91), rat anti-mouse IgM (Clone [1/41) or rat anti-mouseElg '

(Clone R35-72) and left at € overnight. Plates were blocked
for 2h at 37 C with blocking solution. A dilution series of each
sample was incubated on plates overnight af 4longside a

standard curve of puri ed recombinant mouse IgA, IgG1, IgG2b
IgM or IgE (BD Biosciences). The following primary antibaslie
(all from BD Biosciences) were diluted to 1:1,000 in blogkin

Statistical Analysis

Each data setwas rstanalyzed for normality using a D'Agostino
Pearson omnibus normality test and a Shapiro-Wilk normality
test. An unpaired-test was used to assess di erences between
two groups of normally distributed data. A Mann-Whitney
e . - test was used to assess dierences between two groups of
solution: biotin rat anti-mouse |gA (Clone C10-1), biotirar data that were not normally distributed. A Wilcoxon test was

anti-mouse 1gG1 (Clone A85-1), biotin rat anti-mouse 1gG2b . .
(Clone R12-3), biotin rat anti-mouse IgM (Clone CR6-60.2) c)rused to assess dierences between paired data sets that were
’ 9 i not normally distributed. Ap-value of 0.05 was considered

biotin rat anti-mouse IgE (Clone R35-118) and incubated onS atistically siani cant
plates for 1 h at room temperature. Plates were then incubateaI ysig )
with streptavidin-HRP (BD Biosciences) diluted to 1:1,000 in
blocking solution for 1 h in the dark at room temperature prior RESULTS
to developing the ELISA with BD OptEIA TMB substrate (BD . . .
nnd 3 ( osinophils Are Not Required for the

Biosciences). 1 M hydrosulfuric acid was used for quenchinﬁ X
Absorbance was read at 450nm using a BioTek Epoch Maintenance of Steady-State Secretory or

microplate spectrophotometer and antibody concentrations foCirculating IgA Levels

each sample were interpolated from the standard curve. Previous studies have examined the contribution of eosinsphi
. . . to secretory and circulating IgA production. While some gpsu

IL-1b Quanti cation by Cytometric Bead have reported a reduction in fecal sigAQj, small intestinal

Array Assay slgA and circulating IgA levels9( 10) in eosinophil-de cient

Duodenum and jejunum samples were prepared bymice compared to wild-type mice, others have detected no
homogenizing weighed tissue in 1 mL PBS containing proteash erences (7, 11). We rst set out to determine if eosinophils
inhibitors (cOmpleté™ Mini Protease Inhibitor Cocktail; are required to maintain steady-state sIgA levels by anadyzi
Roche) using a Bead Mill 24 (Fisher Scienti c). Homogenatefecal samples of female wild-type ardddblGATA mice. A
were centrifuged at 13,000 rpm for 10 min, supernatant wasecent study found that while fecal sIgA was signi cantly
collected, and the centrifugation step was repeated. Regultireduced inl dbIGATA mice compared to wild-type mice, sigA
supernatants were stored aB0 C prior to analysis. IL-h levels levels normalized following a period of co-housing wild-type
were measured using a mouse |b-Ex set (BD Biosciences) and 1 dbIGATA female mice in a single cag@?. Therefore,
according to the manufacturer's protocol. Samples were andlyzeve too assessed sIgA levels in female BALB/cJ wild-type and
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FIGURE 1 | No impairment in steady-state IgA levels in femal& dbIGATA mice prior to or following co-housing with wild-typ mice. Feces was collected from 6 — 11
week old female wild-type and1 dblIGATA BALB/cJ mice prior to and following 1 week of cohousig (“co-housed”). Serum was collected following co-housingFecal
slgA and serum IgA levels were quanti ed by ELISAA) Fecal slgA data shown are pooled from four independent experients, with a combinedn D 14-17 in each
group. Column heights are at the median value for each groupral data were analyzed by a Mann-Whitney test(B) The same data shown in(A) was assessed for the
effect of co-housing on sIgA in individual mice using a Wilcan test on paired (pre- and post-cohousing) samples(C) Serum IgA data shown are pooled from four
independent experiments, with a combinedn D 21-22 in each group. Column heights are at the median value feach group and data were analyzed by a
Mann-Whitney test. Each data point is representative of amdividual mouse. ns, no statistical differences; ***® p  0.0001.

BALB/cJ eosinophil-de cientl dbIGATA mice both prior to changes during development or other extrinsic variablesraur
and following a 1 week period of co-housing to con rm thesedevelopment. Therefore, we set up a breeding trio that akbwe
ndings. Since the bacterial microbiota composition is know us to rear1 dbIGATA and wild-type male mice in the same
to in uence homeostatic IgA levelsl8-20), co-housing is one cage from birth: “co-reared” maleS(@pplementary Figure 1B.
method used to expose each genotype to the microbiota dotably, previous studies investigating the requirement of
the other with the goal of making the intestinal microbiomeseosinophils in IgA production did not co-rear wild-type and
of these mice less distinct. In our animal facility, we foundl dblIGATA BALB/c mice 9, 10, 13 22, 23). We found no
no signi cant di erences in levels of fecal sIgA between wild-impairment in fecal sIgA levels it dbIGATA males co-reared
type and 1 dbIGATA females either prior to or following with wild-type males Figure 2A). Furthermore, we found
co-housing Figure 1A). When we directly compared fecal no impairment in serum IgA levels in co-reareddbIGATA
slgA levels prior to and following co-housing, we found nomice, in fact, we found a modest but signi cant increase in
signi cant impact of co-housing on the fecal slgA levels ofcirculating IgA levels in co-reared eosinophil-de cient raic
either genotype Kigure 1B. We next measured serum IgA (Figure 1A). While most extrinsic factors that may in uence
levels and found signi cantly elevated circulating IgA éé&s IgA levels are controlled for in co-reared wild-type and
in female 1 dbIGATA mice compared to co-housed wild-type 1 dbIGATA mice, these mice are born to dams with di erent
mice (Figure 10). genotypes$upplementary Figure 1B Therefore, we set out to

Itis not possible to co-house male mice born in separate $ttergenerate wild-type and dbIGATA male littermate controls by
and co-housing adult female mice for 1 week does not contrdbreeding al dbIGATA male to females that were heterozygous
for the potential in uence of environment-induced microld®m for the 1 dbIGATA mutation (Supplementary Figure 1. We

Frontiers in Immunology | www.frontiersin.org 4 October 2020 | Volume 11 | Article 557960


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

FitzPatrick et al.

Eosinophils Dispensable for Steady-State IgA

sigA
ng/mg feces

sigA
ng/mg feces

differences; ****D p  0.0001.

250+

- - N
[= [3,] [=
o (=] o
1 1 1

a
o
1

ns

250+

200+

- -
(=3 a
o o
1 1

a
o
1

o

Wild-type AdbIGATA
Co-reared males

ns
—
A
AA
) A
A‘A

Wild-type AdbIGATA
Littermate males

FIGURE 2 | No impairment in steady-state IgA levels in malé dbIGATA mice that were co-reared or littermates with wildype mice. Male wild-type andl dbIGATA
BALB/cJ mice were raised in the same cage from birth but born talams of different genotypes (“co-reared”) or raised in theame cage from birth and born to
heterozygous1 dblIGATA dams (“littermates”). Feces and serum were colleetl when offspring were over 6 weeks old, and fecal sIgA and seru IgA levels were
quanti ed by ELISA. (A) Fecal slgA data shown are pooled from three independent expénents, with a combinedn D 12-15 in each group. Column heights are at the
median value for each group and data were analyzed by a Mann-Witney test. Serum IgA data shown are pooled from four indepestent experiments, with a
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detected no signi cant di erences in the levels of fecal slgAof either co-housed female wild-type anddblGATA mice,

or serum IgA in male wild-type andl dbIGATA littermate

male wild-type andl dblGATA littermate controls, or wild-

controls Figure 2B), further strengthening our conclusion that type and 1 dbIGATA males who had been co-reared we
eosinophils are not required for the maintenance of IgA underetected no di erences in the levels of small intestinal sigA

homeostatic conditions.

Small intestinal eosinophils express |b-©, 24), and it has

(Figure 30). To determine if an absence of eosinophils alters
the population of IgA-producing plasma cells in the small

been proposed that baseline IgA production, seen locally imtestinal LP during homeostasis, we quanti ed these cells in
the small intestine, is supported by eosinophil-derived H.-1 co-reared male controls by ow cytometry. Consistent with

signaling @). We too found a signi cant reduction in IL-th
levels in the duodenum and jejunum df dbIGATA females
that had been co-housed with wild-type miceigure 3A) and
in male 1 dbIGATA littermate controls Figure 3B). However,

the unaltered local levels of slgA in the small intestine of
eosinophil-de cient mice, we found similar total numbers of
IgA-producing cells in the small intestinal LP of co-reared
wild-type and 1 dbIGATA male mice Figure 3D). Together,

when we measured local sIgA within the small intestineour data conrm that eosinophils are not essential for the
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FIGURE 3 | 1 dbIGATA mice show reduced small intestinal levels of ILblcompared to wild-type mice but equivalent levels of sIgA in sail intestinal content. 6-11
week old female wild-type andl dbIGATA BALB/cJ mice were co-housed for 1 week (“co-housed”prior to collecting small intestinal tissue or content. Mal wild-type
and 1 dbIGATA BALB/cJ mice were raised in the same cage from birth biborn to dams of different genotypes (“co-reared”) or raise in the same cage from birth and
born to heterozygous1 dblGATA dams (“littermates”), and small intestinal (SI) dise or content were collected when mice were 6—-12 weeks old(A) IL-1b was
measured in homogenized duodenum and jejunum samples using cytometric bead array assay. Data shown are pooled from tlee independent experiments, with a
combined n D 13-17 in each group. Column heights are at the mean value foraeh group and data were analyzed by an unpaired-test. (B) IL-1b was measured in
homogenized duodenum and jejunum samples using a cytomefribead array assay. Data shown is pooled from two independenexperiments, with a combinedn D
10-13 in each group. Column heights are at the median value feach group and data were analyzed by a Mann-Whitney tes{C) sIgA was quanti ed in S| content
by ELISA. Data shown from co-housed females are pooled from twindependent experiments, with a combinedn D 5-7 in each group. Data shown from male
littermates are pooled from three independent experimentswith a combined n D 10-12 in each group. Data shown from co-reared males are poed from two
independent experiments, with a combinedn D 8-9 in each group. Column heights are at the mean value for edcgroup and data were analyzed by an unpaired
t-test. (D) IgA-producing plasma cells (Live CD45 IgAC B220 cells) were quanti ed by ow cytometry in the small intestinalamina propria (SI LP). Data shown are
from three independent experiments, with a combinech D 8-21 in each group. Column heights are at the median value farach group and data were analyzed by a
Mann-Whitney test. Each data point is representative of amdividual mouse. ns, no statistical differences; *® p  0.01;***D p 0.001.

maintenance of steady-state serum IgA or slgA, nor folgGl and IgG2b levels were comparablegre 4B). Early
the maintenance of IgA-producing plasma cells in the smallife bacterial microbiota compositions can aect circulaiin

intestinal LP. IgE levels in adulthood 15, 17) and while co-reared male

) o mice are lifelong cage mates they are born from dams with
Rearing Conditions Rather Than an dierent genotypes $Supplementary Figure 1B. Therefore,
Absence of Eosinophils Impact we measured circulating antibody levels in wild-type and
Steady-State Circulating Antibody Levels 1 dbIGATA littermate controls born to mothers with the

We next set out to determine if an absence of eosinophil§@Me genotype Supplementary Figure 1§ to ensure that
aected circulating levels of other antibody isotypes, usingn® microbes and other factors transferred from dam
co-housed, co-reared and littermate wild-type ahdblGATA 0 0spring were optimally controlled for. Under these
mice. Circulating IgG1, IgM and IgE levels were signi cgntl conditions we detected no dierence in circulating IgG1,
elevated in 1 dbIGATA females compared to co-housed!9G2b, IgM, or IgE levels between wild-type afidiblGATA
wild-type females, whereas IgG2b levels were comparablkice (Figure4C). Together these data reveal that while
between the two genotype&igure 4A). Similarly, when we extrinsic factors in uenced by housing and rearing conditfo
assessed circulating antibody levels in co-reared male- wiléan impact circulating antibody levels, an intrinsic lack of
type and1 dblGATA mice, we detected a signi cant increaseeosinophils does not aect circulating antibody levels under
in circulating IgM and IgE in 1 dbIGATA mice, whereas homeostatic conditions.
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FIGURE 4 | Rearing conditions rather than an absence of eosinophils ipact steady-state circulating antibody levels. 6-11 week lol female wild-type and1 dbIGATA
BALB/cJ mice were co-housed for 1 week (“co-housed”) prior tocollecting sera. Male wild-type andl dbIGATA BALB/cJ mice were raised in the same cage from
birth but born to dams of different genotypes (“co-reared”pr raised in the same cage from birth and born to heterozygoud dbIGATA dams (“littermates”), and sera
were collected when mice were over 6 weeks old. Serum antibog levels were measured by ELISA(A) Serum IgG1, 1gG2b, IgM and IgE levels in co-housed female
mice. Data shown are pooled from four independent experimets, with a combined n D 19-23 in each group. 1IgG1, IgG2b, and IgM data column heights arat the
median value for each group and data were analyzed by a Mann-Witney test; the IgE data column height is at the mean value andata were analyzed by an unpaired
t-test. (B) Serum IgG1, IgG2b, IgM, and IgE levels in co-reared male mice. Deashown are pooled from four independent experiments, with @ombined n D 14-29 in
each group. The IgG1 data column height is at the mean value farach group and data were analyzed by an unpaired-test; IgG2b, IgM, and IgE data column heights
are at the median value for each group and data were analyzedyba Mann-Whitney test.(C) Serum IgG1, IgG2b, IgM, and IgE levels in male littermate mice. Eza
shown are pooled from three independent experiments, with @ombined n D 16-17 in each group. IgG1 and 1gG2b data column heights are at #amedian value for
each group and data were analyzed by a Mann-Whitney test; IgMral IgE data column heights are at the mean value for each groupral data were analyzed by an
unpaired t-test. Each data point is representative of an individual mese. ns, no statistical differences; **b p  0.001; ***D p  0.0001.

DISCUSSION bacterial species can signi cantly in uence IgA productioh?(

18-20, 25. Therefore, taking measures to control for these
Tissue-resident eosinophils are being increasingly reeeghfor  extrinsic e ects during development is of critical importance
their roles in development and immune regulation under stead when quantifying steady-state antibody levels in adulthdthis
state conditions). Eosinophils are highly abundant in the small reportis the rstto describe steady-state secretory anduting
intestine and it has previously been reported that they supporantibody levels in BALB/cJ wild-type and eosinophil-de cient
the production of slgA 9, 10), however, more recent studies 1 dblIGATA mice that were sourced from a single vendor and
have found that eosinophils are not essential for maintagnin either co-housed, co-reared or littermates. After corlingj for
homeostatic IgA levels7( 11, 12, 22, 23). Other environmental extrinsic variables, we found that eosinophils are not essleot
factors such as colonization of the intestinal tract by sjgeci maintain steady-state IgA levels.
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The commercial source of mice can signi cantly impact their ~ While the focus of our present study aims to assess eosinophil
intestinal microbiota composition, therefore, using migerh  function during homeostasis, the role of eosinophils in IgA
a single vendor is one of several strategies available twaton production during infection has also been investigated. Dgri
for environmental in uences when studying mice of di erent intestinal parasite infections additional eosinophils areruéed
genotypes 46, 27). Even with these precautions, caging e ectsto the intestinal tract?2, 23). Toxoplasma gondian intracellular
and the impact of genotype on the microbiota can result inapicomplexan parasite that drives in ammation in the murine
mice harboring di ering microbiota compositions, and distih  small intestine induces an IgA response, yet on day 10 post-
microbiota compositions between dams has been shown tmfection in 1 dblIGATA mice a signi cant reduction in Ig&
inuence IgA levels in adult ospring 5. The impact of cells was found in the small intestinal tissue compared tal-wil
microbiota composition on IgA levels it dbIGATA mice has type mice £2). Similarly, 1 dbIGATA mice infected with the
been recently demonstratet dbIGATA mice that were bred in- small intestine-dwelling helminthHeligmosomoides polygyrus
house were found to have reduced sIgA levels compared to wildhad a signi cant reduction in Ig& B cells in the Peyer's patches
type mice sourced from a commercial vendor, yet after a perfod dl4 days post-infection2(d). Interestingly, it was only during
co-housing sIgA levels normalized between genotypds This  infection that both of these research groups found that a loss
study identi ed small intestinal colonization by speci ¢ orobes  of eosinophils impacted IgA B cell numbers: in naive mice,
as the extrinsic modi er of sIgA levels, rather than an insic  no signi cant di erences in the frequency of IgAcells in the
lack of eosinophilsi(2). small intestine 22) or in the Peyer's patche&®) were identi ed.

While co-housing is a simple method to make the microbiotaThis observation is consistent with our ndings that eosindh
compositions of mice born to dierent dams less distinct, it are not required to maintain IgA-producing plasma cells in
is not possible to co-house male mice born in separate litterhe small intestinal LP at steady-state. While it is importsmt
and this method does not resolve the inuence of uniquenote that the wild-type and eosinophil-de cient mice used in
microbiota compositions during the neonatal period when thethese studies were sourced from di erent vendors and were not
mucosal immune system is under signi cant development. Byo-housed 22, 23), together these ndings suggest eosinophils
co-rearing malel dblIGATA and wild-type mice we controlled recruited during in ammation may have a dierent role in
for cage-driven e ects on microbiota composition. Additidhyg ~ supporting IgA production than tissue-resident populations. In
we generated wild-type antldbIGATA littermates to optimally the future, it would be of interest to investigate the regurent
control for extrinsic factors during gestation and births these for eosinophils in supporting IgA production during other
mice were born from dams in the same cage and with the samenteric infections, for example, during infection with thedberial
genotype. Our experimental set up allowed us to conclusivelspecie€itrobacter rodentiunand Helicobacter pylomhich also
conrm that an intrinsic lack of eosinophils did not impact elicit slgA production (9, 29).
circulating antibody levels. When we measured circulating antibody levels at steady-

Recently, a study set out to determine if the presence astate, we identi ed signi cantly elevated levels of ciwtihg
absence of eosinophils in uences the microbiota compositbn IgA, IgM and IgE in1 dbIGATA mice that were co-housed or
mice using littermate controlsl(l). This group used male wild- co-reared with wild-type mice. While these results appear to
type andl1 dbIGATA littermates to demonstrate that a geneticsuggest that eosinophils have a regulatory function in steady
loss in eosinophils intrinsically results in an altered Btteal state systemic antibody production, data we acquired from
microbiota composition {1). The most prominent distinction wild-type and 1 dblIGATA littermate controls did not con rm
was reduced microbial diversity in the intestinal mucuselay these ndings. Our data reveal an intrinsic lack of eosinoghil
of eosinophil-de cient mice, compared to eosinophil-su cient does not impact steady-state antibody production, and irgtea
littermates, illustrating that eosinophils themselvebeitdirectly con rm that mice born to dams with di erent genotypes even
or indirectly a ect the ability of microbes to colonize the gu within the same cage can display di erent immune phenotypes.
(12). In our opinion studies such as this and our own are criticalCirculating antibody levels in mice born into the same cage
to tease apart the e ect of genotype on microbiota compositiorbut to either wild-type orl dbIGATA dams may have been
and immune functions (intrinsic e ects), from environmerita in uenced by the acquisition of dierent microbiota species
factors that may in uence microbiota composition and immune from the dams, and/or by the acquisition of antibody or
functions (extrinsic e ects). One explanation for conictn other factors from the dams during gestation or sucklingA Ig
reports in the literature on whether and how eosinophils impactand IgM are present in breastmilk and this source of slgA
steady-state IgA levels is that di erent groups have incdastty has been demonstrated to have lifelong e ects on o spring
controlled for extrinsic factors that may have in uencedAlg microbiota composition 0). Microbes and sIgA transferred
levels, for example by co-rearing (or not) mice of diering from dam to o spring in breastmilk and during birth could
genotypes. Alternatively, it is possible that discrepancies ibe substantial sources of early life microbiota diversgyween
reports are from facility to facility di erences in microbial wild-type mice born from a wild-type dam ant dbIGATA mice
exposures to all mice being housed that could impact mucosaélorn from a 1 dblIGATA dam which occurs in both our co-
immune responses?(, 29). It remains possible that while our housed and co-reared housing conditions. While circulgtige
data shows eosinophils are not essential for maintainingdste has been studied in this context, where early life micradoiot
state IgA levels, eosinophils may play a role in supporting IgA&ompositions have been shown to a ect IgE levels into adulthoo
production under more in ammatory conditions42, 23). (16,17) less is understood about how early life microbial factors
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aect lifelong circulating IgA and IgM levels. Nevertheless DATA AVAILABILITY STATEMENT
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