— Taylor & Francis
g Taylor & Francis Group

Gut Microbes

O ISSN: 1949-0976 (Print) 1949-0984 (Online) Journal homepage: http://www.tandfonline.com/loi/kgmi20

Immune/microbial interface perturbation in
human IgA deficiency

Delphine Sterlin, Claire Fieschi, Marion Malphettes, Martin Larsen, Guy
Gorochov & Jehane Fadlallah

To cite this article: Delphine Sterlin, Claire Fieschi, Marion Malphettes, Martin Larsen, Guy
Gorochov & Jehane Fadlallah (2018): Immune/microbial interface perturbation in human IgA
deficiency, Gut Microbes, DOI: 10.1080/19490976.2018.1546520

To link to this article: https://doi.org/10.1080/19490976.2018.1546520

@ Published online: 18 Nov 2018.

N
[:l/ Submit your article to this journal &

Py

@ View Crossmark data ('

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=kgmi20


http://www.tandfonline.com/action/journalInformation?journalCode=kgmi20
http://www.tandfonline.com/loi/kgmi20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/19490976.2018.1546520
https://doi.org/10.1080/19490976.2018.1546520
http://www.tandfonline.com/action/authorSubmission?journalCode=kgmi20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=kgmi20&show=instructions
http://crossmark.crossref.org/dialog/?doi=10.1080/19490976.2018.1546520&domain=pdf&date_stamp=2018-11-18
http://crossmark.crossref.org/dialog/?doi=10.1080/19490976.2018.1546520&domain=pdf&date_stamp=2018-11-18

GUT MICROBES
https://doi.org/10.1080/19490976.2018.1546520

Taylor & Francis
Taylor & Francis Group

ADDENDUM

W) Check for updates

Immune/microbial interface perturbation in human IgA deficiency

Delphine Sterlin?, Claire Fieschi®?, Marion Malphettes®, Martin Larsen? Guy Gorochov?, and Jehane Fadlallah®®

aSorbonne Université, INSERM, Centre d'Immunologie et des Maladies Infectieuses—Paris (CIMI-Paris), Assistance Publique-Hopitaux de Paris
(AP-HP), Groupement Hospitalier Pitié—Salpétriére, , Département d’lmmunologie, Paris, France; ®Department of Clinical Immunology,

Université Paris Diderot Paris 7, Paris, France

ABSTRACT

In a recently published article we report the metagenomic analysis of human gut microbiomes
evolved in the absence of immunoglobulin A (IgA). We show that human IgA deficiency is not
associated with massive quantitative perturbations of gut microbial ecology. While our study
underlines a rather expected pathobiont expansion, we at the same time highlight a less expected
depletion in some typically beneficial symbionts. We also show that IgM partially supply IgA
deficiency, explaining the relatively mild clinical phenotype associated with the early steps of this
condition. Microbiome studies in patients should consider potential issues such as cohort size,
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human genetic polymorphism and treatments. In this commentary, we discuss how such issues

were taken into account in our own study.

Introduction

In a recently published article we report the meta-
genomic analysis of human gut microbiomes
evolved in the absence of immunoglobulin
A (IgA). We first studied IgA-bound gut bacteria
in healthy controls and surprisingly report poorly
characterized Coprococcus comes as the main IgA
target in the colon. In order to further get insights
into the specific contributions of IgA to host/
microbial symbiosis, we then explored patients
deficient of IgA, but sufficient of all other antibody
isotypes. We show that selective human IgA defi-
ciency is not associated with massive quantitative
perturbations of gut microbial ecology. While our
study underlines a rather expected pathobiont
expansion, we at the same time highlight a less
expected depletion in some typically beneficial
symbionts. We also show that IgM partially supply
IgA deficiency, explaining the relatively mild clin-
ical phenotype associated with the early steps of
this condition." Microbiome studies in patients
should consider potential issues such as cohort
size, human genetic polymorphism and treat-
ments. In this commentary, we discuss how such
issues were taken into account in our own study.

Selective IgA deficiency (IgAD) remains a bio-
clinical entity that is defined by serologic means,
namely: serum IgA titers below 0.07mg/mL, with
normal IgG levels. Selective IgAD is the most com-
mon form of primary immunodeficiency (PID) in
the western world and affects approximately 1/600
individuals.” Selective IgAD was never until now
associated with any kind of monogenetic PID,
despite extensive research in the field. Common
variable immunodeficiency (CVID) frequently com-
bines IgA and IgG deficiency, CVID affects about
1/25000 Caucasians. Selective IgAD is associated
with recurrent infections,” but also with inflamma-
tory bowel disease (IBD) in a large case-control study
(3.9% in patients versus 0.81% in healthy control).*
In patients with Selective IgAD, sinopulmonary
infections are primarily caused by encapsulated bac-
teria, including Haemophilus influenzae and
Streptococcus pneumoniae, while intestinal infections
are notably caused by the protozoan Giardia intesti-
nalis. It was also suggested that IgG-deficient
patients with particularly low IgA would be at risk
for longstanding replication of gastrointestinal
viruses.

As underlined by Macpherson and Yilmaz in
their comment of our published article,’ IgA
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deficiency remains a paradox: how can we explain
that loss of such an abundant antibody is fre-
quently pauci-symptomatic ¢ What are the targets
of IgA and the consequences of it?

In the absence of IgA, we observed at the same
time preserved microbial diversity, and neverthe-
less significative and focused impact on particular
bacterial species.

What is the clinical relevance of these
findings?

Since secretory IgM (sIgM) is significantly elevated
in stool from IgA deficient patients, in comparison
to controls, (IgM+ bacteria 6.26(0.625 to 45)% vs
0.05(0 to 2.4)%; p < 0.0001), we hypothesized that
sIgM could at least partially replace sIgA and, in
particular, might contribute to preserve healthy
microbiota diversity, possibly by retaining highly
diverse and putatively beneficial bacteria within
gut mucus. This was our working hypothesis.

We therefore evaluated whether sIgM binding
was associated with species diversity within each of
the major phyla. As reported, we see a positive cor-
relation between sIgM binding and Actinobacteria
diversity in IgA deficient patients (Spearman coeffi-
cient, r = 0.716; p < 0.05), In the CVID patients we
analyzed diversity loss was particularly pronounced
in Actinobacteria (Shannon diversity index, 1.688
(1.170 to 2.223) in HDs vs 1.342(0.319 to 1.827) in
CVID patients; p = 0.05). It is therefore interesting to
note that Actinobacteria diversity is preferentially
decreased in CVID, while other phyla are compara-
tively less affected in this “IgM-deficient” model,
while, allegedly, confounding factors might have
similarly affected all phyla. Altogether, our data sug-
gest that IgM can preserve healthy microbiota diver-
sity, as it can be measured in the Actinobacteria
phylum (Figure 1). There is clinical relevance for
this concept as it is well established that patients
lacking IgA selectively rarely develop IBD, which is
instead more common and severe in those lacking
both IgA and IgM.”

What are the limitations of this
interpretation?

The positive correlation between IgM binding and
Actinobacteria diversity, as well as the reduced
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Figure 1. SIgM contribute to maintain actinobacteria diversity
in the absence of IgA.

diversity of Actinobacteria in CVID (in the absence
of IgM), support the proposition that IgM preserves
microbiota diversity. A larger CVID cohort is needed
in order to tell whether the absence of IgM would in
fact impact all phyla (not only Actinobacteria),
which is probably the case.

Considering microbiota complexity and inter-
individual variations is it possible to conclude
on a disease-associated signature from the
study of arelatively limited number of
patients?

We believe that the cohort size is sufficiently
large to make conclusions regarding global gut
microbiota composition. We found more simila-
rities than differences between controls and
patients with IgA deficiency. However, when we
focus on IgA targets, there are clear differences in
terms of prevalence of given species like C. comes
or E. coli, which are respectively decreased and
increased in selective IgAD. This explains why we
are able to observe clear differences studying
a relatively limited number of individuals.
However, analysis of diversity and representation
of the dominant phyla remain at low resolution
level in the published study. We therefore can
only conclude in this article that IgA deficiency
does not strikingly alter global fecal microbiota
composition in affected patients. Of note, our
observations are limited to feces, and a more
severe dysbiosis may be present in the small
intestine, as shown in mouse models of IgA
deficiency.® Nevertheless the combination of
flow cytometry and metagenomic analysis proved



useful in order to increase the resolution of the
analysis on human fecal samples by monitoring
alterations of commensals specifically bound by
secretory IgA in healthy controls.

How to conclude on CVID, a lot more complex
condition than isolated IgA deficiency?

Indeed CVID is a more complex condition than
selective IgAD. The clinical presentation of CVID
is rather heterogeneous, various (PIDs) have been
linked to CVID, and patients are usually heavily
treated (Ig substitution, antibiotics). As we under-
line: the analysis of CVID patients in our paper is
hampered by several confounders, such as pre-
vious antibiotic courses and small cohort size
(although we took care to include CVID cases
that did not receive antibiotics within 3 months
prior to sampling). It is however interesting to
note that Actinobacteria diversity is drastically
decreased in CVID, an “IgM-deficient” model”.
We indeed show for the first time alterations in
phylum diversity in CVID. Alterations are parti-
cularly affecting Actinobacteria and to a smaller
extent Firmicutes. Jorgensen et al. recently pub-
lished that CVID patients display dysbiotic gut
microbiota with reduced alpha-diversity, reduced
abundance of Actinobacteria and increased abun-
dance of gamma-proteobacteria.” However, it was
not discussed in this article whether diversity loss
was phylum specific. Considering the trends
observed in our own study, we would postulate
this is not the case.
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Figure 2. IgA binding to healthy and selective IgAD microbiota.

Representative flow cytomery analysis of endogenous IgA colo-
nic microbiota coating.
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High and/or low affinity binding of IgA to
microbiota. Could the IgA repertoire be split
into high-versus low-affinity, binders?

Our approach allowed us to determine which
bacterial consortia are preferentially bound by
IgA using cytometry to detect bacteria-bound
IgA."° Interestingly we detected IgAY™ and
IgAP™ et cells (Figure 2). The technique also
allows to distinguish an IgAY® ' signal,
detected as a shift in the main bacterial popula-
tion, that is never observed in IgA deficient
patients. Therefore IgAY™ ' signal is not
background noise, and, may be functional.
More work will be necessary to determine
whether IgA%™ and IgA"8" bacterial popula-
tions, correspond to bacteria bound by high
versus low affinity IgA, respectively, and
whether these subsets have overlapping bacter-
ial repertoires or not. Very low affinity IgA
interactions are also suggested and could
account for the very discrete, but global, bac-
terial flow cytometry profile shift consistently
observed in healthy donors, but not observed in
selective IgAD patients. It should be empha-
sized that for metagenomics, we enriched for
all IgA binders, using beads and not flow sort-
ing of bright cells. Therefore all kinetic/avidity
types of interactions should have been taken
into account at this level of analysis.

Considering patient and control selection,
what could have been a better study design?

We compared patients with unrelated healthy
controls. Comparing IgAD patients with sibling
or first degree relatives with normal IgA level
could have represented another design option.
However, besides unaffected twins living under
the same roof, this option has its own limita-
tions, especially when recruitment is driven by
the inclusion of rare patients, like in our study.
Siblings are rarely age-matched (rules out par-
ents or children as controls), and sex-matched.
We therefore focused on non-related age- and
sex-matched healthy donors. The fact that we
see no major, but only minor differences of gut
microbiota composition suggests to us that the
matching of healthy donors and patients is
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representative and does not constitute a major
source of error in the published study.

Should host genetics have been extensively
explored as well?

IgA deficiency is of course observed in various
PIDs of known genetic origin. In particular,
CVID frequently combines IgA and IgG defi-

ciency. > Indeed, there are now several CVID
genes described.
However, selective IgAD occurring in

a sporadic manner (as it is the case here) was
never until now associated with any kind of
monogenetic PID, despite extensive research in
the field. Only gene polymorphisms were listed
(http://omim.org/entry/137100). A single IgAD
patient carrying a TACI mutation was
described."! However, the patient presented
with borderline low serum IgG level at time of
diagnosis, was born from a mother suffering
from CVID, and was himself probably CIVD,
as subsequently acknowledged by the same
authors.'”> Other TACI mutations were not
found by the same group in 34 individuals
with IgAD."> We have no such familial cases
in this study, and, by definition, all IgAD
patients included had normal systemic IgG
levels (cf. Figure S1). More importantly, as het-
erozygous TACI mutations may also be found
in healthy controls and were not functionally
validated until now (only TACI -/- cells lack
response to TACI ligands, ' there is no genetic
mutation directly responsible for a proven PID
associated with any form of selective IgAD
(neither sporadic, nor familial).

Altogether, and as stated above, selective IgAD
remains a bio-clinical entity of unknown genetic
origin that is defined by serologic means, namely
undetectable seric IgA titers (< 0.07mg/mL) with
normal IgG levels. The cohort we studied therefore
cannot be stratified according to corresponding
PID genes, because they have not been described
in the literature.

Conclusion

Altogether we conclude that IgA plays a dual role.
IgA not only protects from pathobionts and

pathogens, but also preserves beneficial microbiota
diversity. IgM can only partly compensate for the
lack of IgA, as IgA deficient patients present with
signs of altered microbiota composition and
altered bacterial networks. Of note, polyclonal
immunoglobulin preparation currently used in
the clinic are IgA-depleted. We believe our data
pave the way for trials based on oral IgA supple-
mentation, not only in antibody PIDs, but also in
other dysbiosis-associated conditions, such as IBD
or graft-versus-host disease.

Acknowledgments

We thank the reviewers of the original paper for their com-
ments and suggestions that prompted us to question our
work and discuss its limitations, as now presented in this
commentary.

References

1. Fadlallah J, El Kafsi H, Sterlin D, Juste C, Parizot C,
Dorgham K, Autaa G, Gouas D, Almeida M, Lepage P,
et al. Microbial ecology perturbation in human IgA
deficiency. Sci Transl Med. 2018;10. doi:10.1126/sci-
translmed.aan1217.

2. Hammarstréom L, Vorechovsky I, Webster D. Selective
IgA deficiency (SIgAD) and common variable immu-
nodeficiency (CVID). Clin Exp Immunol. 2000;120:
225-231.

3. Ludvigsson JF, Neovius M, Hammarstrom L. Risk of
infections among 2100 individuals with IgA deficiency:
a nationwide cohort study. J Clin Immunol. 2016;36:
134-140. doi:10.1007/s10875-015-0230-9.

4. Ludvigsson JF, Neovius M, Hammarstrom L.
Association between IgA deficiency & other autoim-
mune conditions: a population-based matched cohort
study. J Clin Immunol. 2014;34: 444-451. doi:10.1007/
$10875-014-0009-4.

5. van de Ven AAJM, Janssen WJM, Schulz LS, van
Loon AM, Voorkamp K, Sanders EAM, Kusters ]G,
Nierkens S, Boes M, Wensing AM], et al. Increased
prevalence of gastrointestinal viruses and diminished
secretory immunoglobulin a levels in antibody
deficiencies. J Clin Immunol. 2014;34: 962-970.
doi:10.1007/s10875-014-0087-3.

6. Macpherson AJ, Yilmaz B. Antibodies that lIgAte our
intestinal microbes. Sci Immunol. 2018;3eaat4037.
doi:10.1126/sciimmunol.aat4037.

7. Agarwal S, Mayer L. Pathogenesis and treatment of
gastrointestinal disease in antibody deficiency
syndromes. ] Allergy Clin Immunol. 2009;124:
658-664. do0i:10.1016/j.jaci.2009.06.018.


http://omim.org/entry/137100
https://doi.org/10.1126/scitranslmed.aan1217
https://doi.org/10.1126/scitranslmed.aan1217
https://doi.org/10.1007/s10875-015-0230-9
https://doi.org/10.1007/s10875-014-0009-4
https://doi.org/10.1007/s10875-014-0009-4
https://doi.org/10.1007/s10875-014-0087-3
https://doi.org/10.1126/sciimmunol.aat4037
https://doi.org/10.1016/j.jaci.2009.06.018

8.

10.

Bunker JJ, Flynn TM, Koval JC, Shaw DG, Meisel M,
McDonald BD, Ishizuka IE, Dent AL, Wilson PC, Jabri B,
et al. Innate and adaptive humoral responses coat distinct
commensal bacteria with immunoglobulin A. Immunity.
2015;43: 541-553. doi:10.1016/j.immuni.2015.08.007.
Jorgensen SF, Troseid M, Kummen M, Anmarkrud JA,
Michelsen AE, Osnes LT, Holm K, Hsivik ML,
Rashidi A, Dahl CP, et al. Altered gut microbiota
profile in common variable immunodeficiency associ-
ates with levels of lipopolysaccharide and markers of
systemic immune activation. Mucosal Immunol
2016;9: 1455-1465. d0i:10.1038/mi.2016.18.

Moor K, Fadlallah J, Toska A, Sterlin D, Balmer ML,
Macpherson AJ, Gorochov G, Larsen M, Slack E.
Analysis of bacterial-surface-specific antibodies in
body fluids using bacterial flow cytometry. Nat Protoc.
2016;11: 1531-1553. doi:10.1038/nprot.2016.091.

11.

12.

13.

GUT MICROBES (&) 5

Castigli E, Wilson SA, Garibyan L, Rachid R, Bonilla F,
Schneider L, Geha RS. TACI is mutant in common
variable immunodeficiency and IgA deficiency. Nat
Genet. 2005;37: 829-834. doi:10.1038/ngl601.

Castigli E, Wilson S, Garibyan L, Rachid R,
Bonilla F, Schneider L, Morra M, Curran J,
Geha R. Reexamining the role of TACI coding var-
iants in common variable immunodeficiency and
selective IgA deficiency. Nat Genet. 2007;39:
430-431. doi:10.1038/ng0407-430.

Salzer U, Chapel HM, Webster ADB, Pan-Hammarstr
6m Q, Schmitt-Graeff A, Schlesier M, Peter HH,
Rockstroh JK, Schneider P, Schiffer AA, et al.
Mutations in TNFRSF13B encoding TACI are asso-
ciated with common variable immunodeficiency in
humans. Nat Genet. 2005;37: 820-828. doi:10.1038/
ngl600.


https://doi.org/10.1016/j.immuni.2015.08.007
https://doi.org/10.1038/mi.2016.18
https://doi.org/10.1038/nprot.2016.091
https://doi.org/10.1038/ng1601
https://doi.org/10.1038/ng0407-430
https://doi.org/10.1038/ng1600
https://doi.org/10.1038/ng1600

	Abstract
	Introduction
	What is the clinical relevance of these findings?
	What are the limitations of this interpretation?
	Considering microbiota complexity and inter-individual variations is it possible to conclude on a disease-associated signature from the study of arelatively limited number of patients?
	How to conclude on CVID, alot more complex condition than isolated IgA deficiency?
	High and/or low affinity binding of IgA to microbiota. Could the IgA repertoire be split into high-versus low-affinity, binders?
	Considering patient and control selection, what could have been abetter study design?
	Should host genetics have been extensively explored as well?
	Conclusion
	Acknowledgments
	References

