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The composition of the intestinal microbiota is regulated by the im-
mune system. This paper discusses the role of cytokines and in-
nate immunity lymphoid cells in the intestinal immune regulation by

means of IgA.

ur gut is filled with quad-
rillions of symbionts, com-
mensal bacteria that ful-

fill, as demonstrated by Honda and
Littman [1], additional functions
useful to the host. The discovery of
the mechanisms that regulate in-
nate immunity has brought forth a
surprising riddle: how does the im-
mune system establish a balance in
the intestines that does not allow an
inflammatory response to develop.
Indeed, pattern recognition recep-
tors on the cells of innate immunity,
such as macrophages and dendritic
cells, recognize commensal bacteria
in the same way as they recognize
opportunistic pathogenic and path-
ogenic bacteria. As a result of such
recognition, defense reactions are
triggered that may be dangerous to
the host.

Another aspect of the problem
relates to the use of antibiotics, be-
cause “good” bacteria respond to
antibiotics in about the same way
as pathogenic ones do. Recently,
Ubeda et al [2] demonstrated con-
vincingly that, upon systemic anti-
biotic therapy, undesirable patho-
physiological reactions may develop
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in model organisms, up to the for-
mation of neoplasia. A new concept
has emerged, holding that com-
mensal bacteria are “tuning” the
immune system in the gut, provid-
ing it with a “tonic” signal.

Analysis of the diversity of com-
mensal organisms in the human gut
and in experimental animals (micro-
biota) conducted using new tech-
nologies over recent years has led
to the understanding that not only
a predisposition to various diseases,
but also the response to the therapy
depend on microbiota composition.

Intestinal immunity is provided
by the same tools that the immune
system generally has. These include
lymphoid organs (Peyer’s patches
and lymph nodes draining the intes-
tine), the arsenal of innate immune
cells (part of which perform regu-
latory functions), and lymphocytes
that, in particular, produce protec-
tive antibodies (Fig. 1).

Antibodies, primarily IgA, par-
ticipate in both the protection of
the gut and in the regulation of
the intestinal microbiota composi-
tion. For their production, B-lym-
phocytes, which initially express

membrane-bound antibodies of
the IgM type, need to first reach
the gut compartments associated
with immune responses and, then,
“switch,” under the influence of the
microenvironment and soluble fac-
tors, to the production of IgA and
to become plasma cells (Fig. 1). Sev-
eral mechanisms responsible for the
recruitment of B-lymphocytes into
the intestinal lamina propria and
for their switching to IgA produc-
tion are known.

Unique mice were previously
generated in our laboratory and
used to study the mechanisms con-
trolling the production of IgA an-
tibodies in the intestine [3]. These
models employed the methods of
“reverse genetics,” in particular,
the so-called “conditional knock-
out” in mice. Such technology is
based on manipulations with em-
bryonic stem cells and, for mam-
mals, was developed only for
rodents, such as mice and (very
recently) rats. This explains why
most of the information about im-
munity mechanisms has been ob-
tained primarily in mice.

By using the conditional knock-
out technology, we generated
unique mice that differed from
wild type mict by defects in cy-
tokine expression in different types
of cells of both innate and adaptive
immunity. If the phenotypic dif-
ference, such as functional defects
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Fig. 1. The lymphoid system in the small intestine and a scheme of the IgA production. The switch to IgA can be induced
in the Peyer's patches, isolated lymphoid follicles, and in lamina propria. In the lamina propria, IgA induction is controlled
by LT-a and LT-3, which are produced by type lll innate lymphoid cells

in the intestinal immune system
are observed in these mice, then
the function of a certain cytokine
produced by a specific cell type can
be deduced.

One of the areas of our research
interests is the cytokines of the
tumor necrosis factor (TNF) fam-
ily; in particular, the lymphotoxins
(LT) a and B. These two molecules
form a single membrane complex.
It was, therefore, believed that
most of the physiological functions
of LTa and LT coincide, because
the signal is transmitted through
a single receptor, the LT-3 recep-
tor (TNFRSF3). At the same time,
lymphotoxin-a can occur in solu-
ble trimeric form. In this case, it is
very similar to the classic TNF and
uses its receptors (p55 and p75). To

date, separate, unique (non-redun-
dant) functions of soluble LT-a in
vivo have not been demonstrated:
so the TNF-like properties of this
cytokine in vitro have been per-
ceived as a curiosity.

However, when we “turned off”
the LT-a and LT-f genes in type
IIT innate lymphoid cells (ILC3),
which are characterized by the ex-
pression of the RORyt transcrip-
tion factor, we detected differenc-
es that allowed us to suggest a new
mechanism for immunity regula-
tion in the gut.

It turns out that, on one hand,
the LT-a/LT-f3 membrane com-
plex, when transmitting a signal
from ILC to stromal and dendritic
cells, regulates the recruitment of
B-lymphocytes of the Bl and B2

types to lamina propria and triggers
the controls antibody isotype switch
through a special mechanism in
which reactive nitrogen species
play an important role (Fig. 1). On
the other hand, soluble trimeric
LT-a, acting through the TNF re-
ceptors, recruits not only B-, but
also T-lymphocytes, and these are
T-lymphocytes that regulate the
switch from IgM to IgA and that
express a ligand for the CD40 re-
ceptor of B-lymphocytes (Fig. 1, 2).

Thus, we stumbled on the func-
tion of LT-a (different from LT-f)
in vivo, and this paradoxical TNF-
like function of soluble trimeric
LT-ais associated with the regula-
tion of IgA production in the intes-
tines and with microbiota composi-
tion control (Fig. 2).
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Fig. 2. The role of LT-a and LT-, produced by type lll innate lymphoid cells, in the control of IgA and in regulation of
microbiota composition. A - the IgA content in the feces of wild type (WT) mice and mice with deletion of the gene LT-a
(LTo”'RORyt-Cre) and LT-f (LTRRORYt-Cre) in type lll innate lymphoid cells. B - fraction of segmented filamentous
bacteria, C — Bacteroidetes, and D - Lactobacteria in the contents of the terminal ileum of WT mice, LTa//'RORYt-Cre,

and LTRRORyt-Cre

An important clinical aspect of
our study that needs further in-
vestigation is the fact that one of
the most popular therapeutic TNF
inhibitors, etanercept (Enbrel),
which is already being used in
millions of patients with rheuma-

toid arthritis, blocks soluble LT-
a. Before our study, it had been
believed that this cytokine has no
individual functions, and so its in-
hibition had not been considered
as a potential source of side ef-
fects.

Interestingly, the only known
type of autoimmune diseases,
when all TNF inhibitors, except for
etanercept, are effective, is actually
intestinal inflammatory pathologies
[4]. An explanation of this paradox
has yet to be provided... ®
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