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Abstract

Colonic mucosa is a very peculiar immunological site daily exposed to a huge amount of harmless antigens. It is
important for the immune system to be able to recognize this innocuous antigens from pathogens. Among all the
immune cells, CX3CR1+ macrophages exploit this critical role. In this commentary on our recent publication on
Immunobiology we want to highlight the crucial and unique role of these macrophages in order to maintain
homeostasis and avoid the rise of aberrant inflammation and tissue damage.
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Case Report
The intestine is an exclusive tissue able to maintain balance between

the immune system activation and the tolerance against the very huge
amount of harmless antigens that are in contact with the intestinal
lumen, including food antigens and microflora.

It is fundamental for our health that our immune system is able to
respond with a robust and appropriate response to potential dangerous
antigens; but the same reaction against harmless antigens, like
commensal bacteria or dietary proteins, could be very dangerous and
could give rise to allergies or chronic inflammation that, in the end,
can lead to tissue damage or cancer development. Many immune cells
participate in the maintenance of the homeostasis in gut, with the role
of understanding how an antigen is a potential danger for the organism
and being silenced in response to commensal bacteria and food
antigens. This complex landscape includes T and B lymphocytes,
natural killer cells, innate lymphoid cells, eosinophil and mononuclear
phagocytes: dendritic cells and macrophages.

Among the latter, monocyte-derived macrophages, expressing the
CX3CR1 receptor, constitute the most abundant population [1]. The
manuscript by Marelli et al. [2], is focused on the role of CX3CR1+

macrophages in both steady state and acute colitis. In the last few years
intensive research has been performed in order to clarify the role of
these immune cells in the maintenance of homeostasis, but still,
contrasting results have been reported regarding their role in the
control of inflammatory response in the intestine [3,4]. Considering
this confused landscape, our paper aimed to clarify the role of
CX3CR1+ cells in the development of acute colitis. By using mice
lacking the receptor (CX3CR1GFP/GFP mice) we demonstrated that
the absence of CX3CR1 on gut macrophages leads to a more severe
degree of DSS-induced colitis, higher colon infiltration of
inflammatory macrophages and Th17 lymphocytes and higher
expression of inflammatory cytokines.

Macrophages in the intestinal mucosa are considered mononuclear
phagocytes that originate from a common myeloid progenitor which
can differentiate also into dendritic cells [5]. In contrast to others

resident macrophages, they are continuously replenished from blood
stream Ly6C+ monocytes, independently from the CX3CR1 receptor
[6]. This issue caused considerable misunderstanding in the past,
generating the belief that these cells were dendritic cells [7,8].
However, today it is recognized that Ly6Chi monocytes are recruited in
the mucosa and there, in few days, they differentiate in mature
macrophages, progressively loosing Ly6C and starting to express
typical markers, such as F4/80, CD64, MHCII and CX3CR1 [6]. As
highlighted before, different authors investigated the role of CX3CR1+

gut macrophages with controversial outcomes.

CX3CR1+ macrophages are supposed to maintain homeostasis in
the gut [9]. In accordance with this concept, our data revealed an
exacerbated intestinal inflammation with a huge accumulation of
macrophages in CX3CR1-KO mice. As reported also by different
authors, [3,10] the natural consequence of the accumulation of
macrophages is an increased production of cytokines, and hence a
higher recruitment of immune cells in the colon, in particular T
lymphocytes of the Th17 subset. On the contrary, other authors [4]
suggested that the lack of the receptor impairs macrophages
accumulation in the lamina propria. Moreover they suggested that the
engagement of the receptor by its unique ligand (Fracktalkine/
CX3CL1) resulted in an intensification of iNOS production, an
inflammatory enzyme. Our data, instead, clearly demonstrate that the
absence of the receptor increases the level of iNOS and of many other
pro-inflammatory cytokines. This is a tissue-specific competence of the
intestine, being colonic resident macrophages an exemption from the
rules. Indeed, in other tissues, the expression of CX3CR1 receptor is
associated with a pro-inflammatory phenotype [11,12]. In support of
our data it is important to underline that, in the gut, CX3CR1
macrophages are fundamental to bring antigens and present them to
DC in order to establish oral tolerance. When this mechanism is
missing due to the lack of the receptor, the immune system is activated
and this results in an acute inflammatory response [8].

We have shown in Marelli et al. that if the CX3CR1 receptor is
lacking, the ability of these cells to control inflammation is lost. Of
note, CX3CR1-KO macrophages try counter-balance this aberrant
situation by producing more IL-10, a major immune-suppressive and
anti-inflammatory cytokine. In spite of this increase, IL-10 is not
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sufficient to control the inflammatory disease and mice have an
exacerbated colitis (Figure 1).

Figure 1: Macrophages expressing the functional CX3CR1 receptor
have a non-redundant role in the control of aberrant intestinal
inflammation: CX3CR1 receptor expressed on intestinal
macrophages is able to control colitis, avoiding the rise of aberrant
inflammation. When the receptor is missing, the balance in the gut
is broken, leading these cells to produce a huge amount of
cytokines. Feeling the higher level of inflammation, CX3CR1
macrophages attempt to limit it by producing more IL-10, however
this is not sufficient and the result is a higher accumulation of
inflammatory Th17 lymphocytes and increased tissue injury.

Overall, with our study we wanted to propose a definitive protective
and anti-inflammatory role of CX3CR1+ macrophages during the
processes of acute colitis; this concept may shed light also on the role
of these cells in other pathological conditions of the gut associated with
persistent inflammation. Our study established that macrophages
expressing the functional CX3CR1 receptor have a non-redundant role
in the control of aberrant intestinal inflammation, a harmful condition
that may lead to tissue injury.
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