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A variety of receptors perform the function of attenuating or inhibiting activation of cells in which they are expressed. Examples of
these kinds of receptors include TIM-3 and PD-1, among others that have been widely studied in cells of lymphoid origin and,
though to a lesser degree, in other cell lines. Today, several studies describe the function of these molecules as part of the diverse
mechanisms of immune tolerance that exist in the immune system. This review analyzes the function of some of these proteins
in monocytes and macrophages and as well as their participation as inhibitory molecules or elements of immunological
tolerance that also act in innate defense mechanisms. We chose the receptors TIM-3, PD-1, CD32b, and CD200R because these
molecules have distinct functional characteristics that provide examples of the diﬀerent regulating mechanisms in monocytes
and macrophages.

1. Introduction
1.1. Macrophages. Macrophages are phagocytic cells, which
are localized through the whole human body. Monocytes give
rise to these terminally diﬀerentiated cells. Monocytes and
macrophages belong to the functional immune system
known as mononuclear phagocyte system which includes
dendritic cells, circulating monocytes, and their progenitors
in bone marrow.
Macrophages have several functions to maintain immune
homeostasis such as host protection, tissue repair, phagocytosis, clearance, and secretion of diverse factors, which contribute to innate and adaptive defenses against infection and
counteract inﬂammatory processes, while distinct secreted
signals restore tissue homeostasis and promote subsequent
repair [1, 2]. To perform protective functions and repair
damaged tissue, monocytes and macrophages express a wide
range of surface, vacuolar and cytosolic receptors for recognition, and uptake of host-derived (damage signals) and foreign
particles; many of these receptors facilitate phagocytosis,
endocytosis, sense viral, bacterial, and parasitic molecules [3].

During organogenesis, macrophages expressed by the
embryonic yolk sac and fetal liver remain as a resident cell,
self-maintaining population, which turn over locally under
steady-state conditions and perform a variety of clearance
and organ-speciﬁc trophic functions [4]. After birth, bone
marrow-derived blood monocytes replenish resident macrophage populations with high turnover rate, such occurs in the
gut; larger numbers are recruited following injury, infection,
and sterile inﬂammation and give rise to inﬁltrating and
activated tissue macrophages [5].
Depending on the anatomical localization and its organ
requirements, macrophages consist of variably mixed populations of resident macrophages and blood-derived monocytes. As a result of their complex origin, distribution, and
physiologic responses to endogenous and exogenous stimuli,
these cells will express a marked phenotypic heterogeneity
(reviewed by Gordon and Plüddemann) [6].
Macrophages and monocytes are characterized by a multifunctional heterogeneity. For example, macrophages can be
polarized in two main subtypes, “classical” and “alternative”
activated macrophages. Classical macrophages depend on
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the presence of proinﬂammatory cytokines such as INF-γ
and TNF-α secreted by activated TH1 CD4+ lymphocytes
and NK cells and secreted bacterial components such as
LPS. Classical macrophages are also known as M1 which
has enhanced antimicrobial, inﬂammatory, and antigenpresenting properties [7]. Alternative macrophages are generated in presence of IL-4 and IL-13 cytokines secreted by
activated TH2 CD4+ lymphocytes. These macrophages play
an important role limiting inﬂammatory responses, perform
antiparasitic functions, and favor wound healing [8]. Moreover, alternative macrophages now can be classiﬁed in a
new proposed scheme M2 like M2a, M2b, and M2c subtypes
with speciﬁc functions and markers (reviewed by Martinez
and Gordon) [8].
Activation through the surface, vacuolar, and cytosolic
receptors results in signals to control or regulate functions
in their neighbors and distant target cells. Their phagocytic
capacity is variable and may even be undetectable but provides a well-developed machinery to internalize, degrade,
and store cargo such as poorly degraded foreign particles [9].
Also, macrophages expressing regulatory surface molecules can attenuate or inhibit cell activation, which could be
considered a tolerance or compensation mechanism as a
result of an exacerbated immune response, so they have to
preserve tissue homeostasis to avoid an inﬂammatory
process which can compromise the homeostasis.
1.2. Inhibitory Receptors. Cells of the immune system are activated by endogenous or exogenous antigenic stimuli. Endogenous stimuli are often causal agents of autoimmune diseases
but can also come from transformed cells (cancer cells).
Exogenous stimuli include a broad range of environmental
compounds, as well as other molecules that may come from
pathogens like bacteria, fungi, parasites, and viruses that have
entered into the organism where they can, potentially, establish infections [10]. These stimuli activate diverse cellular
mechanisms whose purpose is to prevent or eliminate infections that are frequently accompanied by inﬂammatory
processes. It is now well-accepted that the activation of
the immune system is a process highly regulated through
the expression and functioning of inhibitory receptors that
work to prevent an exacerbated inﬂammatory response
that can cause tissue damage or even autoimmune
diseases.
Surface receptors are proteins that extend through the
cell membrane. Their function is to transduce signals into
the cell in response to some external stimuli. Receptors have
intracellular domains that associate with cytoplasmic proteins such as adaptors, chaperone proteins, or enzymes which
are required to perform adequately signaling. These receptors
contain diverse conserved domains such as ITAM, ITIM, and
ITSM. ITAM is perhaps the one that has been described in
greatest detail. ITAM domains are found in several receptors,
including T cell receptors (TCR), B cell receptors (BCR), and
Fc region receptors (FcR). Studies of the structure of ITAM
domains have identiﬁed a conserved sequence characterized
by the presence of two tyrosine residues (Y), each one
followed by two variable residues and one residue of leucine
in the Y + 3 position, which is considered as a conserved
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domain that can trigger activation signals through conformational changes and phosphorylation of tyrosine residues, as
well as the direct or indirect association with enzymatic
elements present in the cytoplasm [11, 12]. Receptors with
ITAM domains are associated with cell activation in response
to stimuli or the ligands of those receptors. However, another
group of receptors exists with the function of moderating cell
activation. These are the inhibitory receptors.
The concept of the inhibitory receptor was introduced
early in the 1990s [13, 14]. These receptors have been deﬁned
as molecules that negatively regulate the immune response to
pathogenic microorganisms [15] and contain ITIM domains
in the intracellular tail that, when phosphorylated, recruit
enzyme phosphatases such as SHP1 and SHP2, which interfere with the activation pathways promoted by other activator receptors [16]. ITIM domains are similar to ITAM
domains in that both have a speciﬁc arrangement of
tyrosine/leucine [17]. This tyrosine/leucine arrangement in
inhibitory receptors is located inside of a sequence of 13
amino acid residues that usually have a hydrophobic residue
at position −2 [18].
Recent publications have demonstrated that inhibitory
receptors may, or may not, have ITIM domains in the
cytoplasmic tail [19]. Other mechanisms have also been
described that allow these receptors to regulate activation of
cells in the immune system. They include recognition and
binding to ligands that perform the function of costimulatory
molecules. In this way, inhibitory receptors block the cell
from receiving the signals necessary for cell activation in
response to speciﬁc antigens. In addition to recruiting
enzyme phosphatases and competing for ligands, they can
also be considered as a mechanism that regulates the status
of cell activation/inhibition [20]. In general, inhibitory receptors can interfere in diverse stages of cell activation mediated
by antigenic stimuli, inhibit the expression of genes involved
in cell activation, and possibly induce the expression of other
genes that inhibit the function characteristic of cell activation
to produce deleterious changes at the level of cell metabolism,
proliferation, and survival [21].
Therefore, we can deﬁne inhibitory receptors as molecules of the cell surface that interfere in various ways with
intracellular signaling pathways to negatively regulate cell
activation and cell function in response to tumors, infections,
allografts, and even allergens and many other antigens.
Numerous studies have described these receptors based on
the diverse mechanisms of tolerance and anergy present in
T lymphocytes and NK cells [22–26].

2. Receptors That Inhibit MacrophageMonocyte Functions
2.1. PD-1 Belongs to the Superfamily of Immunoglobulins, and
Its Function Is Associated with Cell Death and Regulating the
Activation of Distinct Cell Types. PD-1 (CD-279) is an
inhibitory protein made up of 288 amino acids from the
superfamily of the immunoglobulins. Initial studies were
associated with assays on cell death in the 1990s [27]. Since
then, we have learned that PD-1 is a protein whose expression is induced during the apoptosis process or after
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administration of apoptotic stimuli. Once synthetized, it is
found in the cell membrane. The structure of PD-1 contains
ITIM domains and an immunoreceptor tyrosine-based
switch motif (ITSM) (Figure 1) [27]. Because PD-1 is a
homologous protein to CD28, two ligands belonging to the
B7 family were quickly identiﬁed: PD-L1 and PD-L2 [28,
29]. The function of PD-1 has been studied widely in T lymphocytes and other lymphoid cells, and it is now well documented that expression of this protein is associated with
a dysfunctional state characterized by anergy in the presence of antigenic stimuli, a low rate of proliferation, and
reduced cytokine production by PD-1+ cells. This phenotype, in which T lymphocytes express PD-1, is known as
the phenotype of “exhausted” lymphocytes, and it has been
identiﬁed in patients with chronic viral infections and oncological diseases [30, 31]. Blocking with monoclonal antibodies aimed at PD-1 or its ligands, PD-L1, and PD-L2 has been
proposed as a therapeutic strategy that could revert the
exhausted state of the lymphocytes [32–34].
2.1.1. PD-1 Regulates Cell Activation and the Production of
Soluble Inﬂammatory Mediators. One of the mechanisms
regulated by PD-1 in macrophages is IL-12 production,
as was demonstrated in a group of patients with chronic
HCV infection. That study showed that PD-1 expression
increased in monocytes in peripheral blood and that this
increase was inversely proportional to the production of
IL-12 by those cells when compared to healthy subjects
or those whose infections had been completely cured
[35]. In vitro assays revealed that this reduction in IL-12
production is not secondary to the loss of recognition of
the virus by the macrophages but, rather, to alterations
in the intracellular signaling pathways that include a
decrease in the phosphorylation of the JAK/STAT pathway
[35]. Treatment with IFN-α and ribavirin reduced PD-1
expression, reversed the changes in STAT-1 phosphorylation, and increased production of IL-12 by macrophages
in patients infected with HCV [35]. Research using
ex vivo experimental models has demonstrated that blocking PD-1/PD-L1 with monoclonal antibodies in samples
from patients infected with HCV restores IL-12 production in response to LPS [35, 36]. This mechanism is
shared by TIM-3, another inhibitory receptor, since this
molecule also negatively regulates TLR-mediated cell
activation and IL-12 production [37]. Although these molecules do not belong to the same family, several studies
have documented that blocking them is an eﬃcient treatment that makes it possible to restore the activation of
cells that are incapable of responding to antigenic stimuli.
This was observed ﬁrst in T lymphocytes [30, 31, 38] and,
later, in other cells, including monocytes and macrophages
[35, 36]. Despite the fact that the PD-1 molecule was discovered in the early 1990s [27], little is known about its
functions in myeloid cells. In another hand, recent studies
in the oncologic ﬁeld have shown that PD-1 is expressed
by TAMs in mouse models of cancer and primary human
cancer. Gordon et al. demonstrate that PD-1 expression
increases over time and with disease stages in humans
[39]. Furthermore, PD-1 expression negatively correlates
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with the phagocytic function to eliminate tumor cells. In
this way, these results support the therapy with anti-PD1 or PD-L1 for distinct kind of tumors [40].
While various studies describe that macrophages and
other immune cells express PD-L1 and 2 ligands and,
through these molecules, can induce the death of PD-1+ cells
[41, 42], the function of PD-1+ macrophages must be investigated deeper in another kind of pathologies such as viral,
bacterial, and autoimmune diseases.
2.2. TIM-3 Regulates Diverse Functions in Macrophages
2.2.1. Introduction to TIM-3 Signaling and Functions in
Macrophages. The TIM-3 protein was initially known as a
membrane-speciﬁc marker for Th1 and Tc1 lymphocytes
[43], but its expression was soon identiﬁed in other cell lines.
Today, we know that TIM-3 is expressed in monocytes,
macrophages, dendritic cells, NK cells, and even diverse
cells in diﬀerent tumor types [31, 44–47]. The extracellular
region of TIM-3 consists of a mucin domain and an
immunoglobulin domain to which the known ligands of
TIM-3 bond, that is, galectin-9 (Gal-9) and phosphatidylserine (Ps) [48, 49]. Glycosylated sites are present in both
domains [50] (Figure 1).
Scientiﬁc evidence suggests that the interaction of TIM-3
with Gal-9 functions as a negative regulation pathway in cell
activation. The absence of this pathway has been associated
with the development of autoimmune diseases [40–42]. The
way in which signals are transduced into the interior of the
cells is via the phosphorylation of tyrosine residues found
in the intracellular tail of TIM-3. Currently, we know that
there is evidence of the participation of diverse proteins and
enzymes in TIM-3 signaling. A model based on the HEK
293 T cell line has shown that TIM-3-mediated signaling
begins when the intracellular portion of TIM-3 is phosphorylated by the enzyme interleukin inducible T cell
kinase—ITK—from the TEC family of kinases [51]. Phosphorylation by ITK kinase occurs in the tyrosine found at
position 265 (Y265) only in the presence of Gal-9 [51].
Another study, this one using the Jurkat, D10, and 293 T
cell lines, demonstrated that the Fyn and Lck kinases,
which belong to the Src family of kinases, can perform
phosphorylation of TIM-3, and further observed that Fyn
does so more eﬃciently [51]. Finally, Lee et al. demonstrated that Bat-3 protein (human leukocyte antigen Bassociated transcript 3) is associated with the intracellular
portion of TIM-3 in T lymphocytes and that it also
recruits a kinase belonging to the Src family (Lck). To
date, there are no studies of which kinase participates in
TIM-3 phosphorylation when this protein is expressed in
monocytes and macrophages. Determining which proteins
are involved in the myeloid signaling of TIM-3 could provide scientiﬁc knowledge about its function and how it can
regulate the diﬀerent processes identiﬁed in this section.
Although studies about how TIM-3 function in monocytes and macrophages are scarce, we do know that some
mechanisms can be regulated by TIM-3 in these cells in
various pathologies, including infectious, autoimmune, and
oncological diseases.

4

Journal of Immunology Research

IgG

PD-L1

Phosphatidylserine

PD-L2

CD200L

Galectin-9

Extracellular
space
CD 32b

PD-1

TIM-3

CD200R

Cytoplasm

Figure 1: Schematic representation of the structures of inhibitory receptors. All receptors belong to the superfamily of immunoglobulins.
They have a single transmembrane portion and an intracellular tail, through which they associate with proteins or eﬀector enzymes. The
immunoglobulin domains are represented as blue ovals for receptors and red ovals for ligands.

Besides being a regulator of activation in macrophages,
TIM-3 participates in a process through which damaged cells
and apoptotic bodies are removed and eliminated from pluricellular organisms. This mechanism is called eﬀerocytosis
[52], a term that refers to the mechanism that works to
remove and eliminate cells that have culminated their life
cycle or have been damaged by some other biological or
physical processes. Some members of the TIM family, including TIM-1, TIM-3, and TIM-4, possess a binding site to
phosphatidylserine in the Ig domain, a phospholipid that
translocates to the external face of the plasmatic membrane
of apoptotic cells and constitutes the principal eat me signal,
which leads to the capture and elimination of those cells [53].
Crystallography studies have allowed us to determine that
TIM-3 binds to phosphatidylserine (PS) through the IgV
domain [54, 55]. Since PS is the principle signal for the
phagocytosis of apoptotic bodies or cells, blocking recognition of this phospholipid with TIM-3 can induce immunological abnormalities, such as generating autoantibodies,
since the detritus of apoptotic cells is not eliminated
eﬃciently [55, 56].
2.2.2. TIM-3 Regulates Cell Activation Via TLR. Research has
demonstrated that in addition to regulating Ps-dependent
mechanisms, TIM-3 can also regulate macrophage activation
and, later, cytokine production when it interacts with Gal-9.
Gal-9 is a lectin that recognizes carbohydrates contained in
the IgV domain of TIM-3. Based on this interaction, studies
have identiﬁed that TIM-3 negatively regulates activation of
diverse cell types through a mechanism that has been widely
studied in T cells [30, 31, 57, 58]. In macrophages, however,
little progress has been made in analyzing the process of inhibiting TIM-3-mediated activation. For example, we know
that the association of TIM-3 with Gal-9 expressed in other

cells (trans), or the macrophage itself (cis), has a distinct
eﬀect as a regulator of TLR-mediated activation. The transassociation of TIM-3 and Gal-9 negatively regulates TLRmediated signaling reducing IL-12 production, increasing
IL-23 production, and reducing phosphorylation of STAT1, while also augmenting activation of STAT-3. Meanwhile,
the association in Cis fosters corrects TLR signaling, and
there is also evidence that the expression of Gal-9 increases
through this mechanism [48]. This signaling pathway, which
impacts the intracellular proteins STAT-1 and STAT-3, also
causes alterations in cytokine production, especially IL-12,
since it is solidly documented that IL-12 production is
induced only after phosphorylation and translocation to the
nucleus of the STAT1 factor. While other nuclear factors
such as NF-κB and AP-1 exist and are activated through
TLR4, phosphorylation of STAT1 has also been shown to
occur, such that the interaction of this nuclear factor with
TRAF6 could be involved [59, 60] (Figure 2). Additionally,
research has identiﬁed that upon silencing TIM-3 expression
with siRNA, IL-12 and IL-10 production increases in macrophages derived from the THP-1 line [37, 61].
Together, these data indicate that the expression and
function of the TIM-3 receptor negatively regulate IL-12
production and, though to a lesser degree, other cytokines
such as IL-10 and IL-6. They further suggest the dynamic
character of inhibitory mechanisms and the ﬁne balance
between activation and inhibition signals. Therefore, regulation of activation is not restricted to lymphocytes and
mechanisms of adaptive immunity in general but is also
exerted on innate cells and must be the cause of several
pathological disorders that would not have been contemplated in past years.
Although we have not identiﬁed all the elements that
participate in TLR4-dependent activation, the interaction
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Figure 2: Inhibition mechanism of IL-12 production through interaction of TIM-3 and Gal-9. Graphic representation of the TLR4-signaling
pathway (black arrows) when activated by LPS (to simplify, not all proteins involved are shown), which induces phosphorylation of diverse
nuclear factors, such as NF-κB (p50-p65), AP-1, and STAT1. These nuclear factors induce production of proinﬂammatory molecules like IL12. When TIM-3 interacts with Gal-9, phosphorylation of the intracellular portion of TIM-3 is induced and activates the regulatory pathway
mediated by this protein. While we do not yet know the precise inhibition mechanism in macrophages, studies have identiﬁed a decrease in
STAT1 phosphorylation and an increase in STAT3 phosphorylation (red arrows). The result of this change is reduced IL-12 production and
increased IL-23 production.

of TIM-3 with kinases of the Src family must be considered. While several common adapters for diﬀerent TLR
participate in TLR4 activation—such as TRAM, TRIF,
and MyD88/MAL—no direct interaction has been found
between these elements and any member of the Src family,
though interaction between the Src kinase and CD14 has
been suggested [62], the latter being an accessory molecule
in TLR4 functioning. Also, it has been shown that recognition of LPS by TLR4 is followed by induction of the activation of other members of this family of kinases,
including SFK, c-Src, Yes, and Fyn [63]. The fact that
the Src family can regulate TLR4-dependent activation as
well as TIM-3-mediated inhibition makes analysis more
complex and impedes identifying clear signaling pathways
for these two processes.
In summary, TIM-3 can simultaneously foster and regulate several important functions in macrophages, including
the internalization of apoptotic bodies and activation in
response to stimuli captured by TLRs and mechanisms after
activation. However, despite the accumulated scientiﬁc

evidence on the structure and function of TIM-3, it is still
not clear how it is that one protein with such distinct functions can act, or exert its eﬀects, on one single cell. In addition
to these questions, it seems that the phenomenon of activation/inhibition is being described more often each year.
While some reports have documented or proposed possible
mechanisms through which TIM-3 fosters the activation of
macrophages and lymphocytes, the majority of studies support this protein’s role as a negative regulator. This discrepancy may arise from our incomplete understanding of this
protein’s function and signaling pathway. Given that TIM-3
does not have a conventional ITIM domain, its function does
not depend on an association with phosphatases. Hence, the
mechanism through which TIM-3 negatively regulates activation pathways in macrophages and T cells must correspond, or perhaps be similar, to that of other inhibitor
receptors, like CD200R, which do not require an association
with phosphatases to inhibit cell activation. Discovering the
precise mechanism that allows TIM-3 to regulate cell activation will propitiate a much better understanding of
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autoimmune pathologies in whose development the loss of
tolerance to autoantigens plays a crucial role. To diﬀerent
degrees, understanding the ﬁne balance between activation
and inhibition signals will allow us to develop new therapeutic strategies in diverse areas of immunology.
2.3. Fc-Gamma Receptor (CD32b), a Negative Regulator of
Macrophage Activation. The family of immunoglobulins
includes a heterogeneous group of receptors that can bind
to crystallizable regions of immunoglobulins (FcR). The
IgG receptors (IgGR) are the ones most widely expressed
and may be present in the membrane of most immune cells.
According to the functions they perform and the structural
motifs they present, these receptors can be classiﬁed as
activators—FcγRI, FcγRIIa, and FcγRIII—or inhibitors:
FcγRIIb. FcR activators can trigger diverse events in cells that
gain expression as increased intracellular Ca2+. For these
events to occur, the FcγRI, FcγRIIa, and FcγRIII receptors
must be associated with accessory chains that possess an
ITAM motif and are found in the intracellular tail of receptors, as well as in accessory chains, such as the common
gamma chain. Research demonstrates that, like other receptors that have no extensive intracellular tail, FcγRI and
FcγRIII receptors lose sequences that allow them to associate
with proteins or enzymes of the cytosol and so become
incapable of mediating signaling on their own once they
bond to their ligand. Studies have also shown that the receptors for the Fc region with no extensive intracellular tail can
associate with the common gamma chain [64] and, in this
way, acquire the capacity to send signals to the interior of
the cell. The FcγRIIa and FcγRIIb receptors, in contrast, have
an intracellular tail with domains that allow them to initiate
signaling directly once binding to their ligand occurs, with
no need to form an association with accessory molecules.
The intracellular tails of these two receptors show substantial
changes, and alternative splicing generates more changes in
the terminal amino and carboxyl regions of FcγRIIb [65].
The main diﬀerences between the intracellular portions of
these molecules are their respective tyrosine-based activation
and inhibition motifs.
In the case of the FcγRIIb inhibitory receptor, the motif is
an oﬀ the ITIM type [66] (Figure 1). Although initially the
capacity of the FcγRIIb receptor to modulate activation in a
model of B cells was identiﬁed [17], we now know that this
receptor represents a regulation point for activation that is
found in many immune system cells. The mechanism by
which the FcγRIIb receptor performs these functions
involves enzymes that eliminate phosphate groups from
ITAM domains [67]. The phosphatases usually present in
the cytoplasm are SHP (Src homology 2-containing tyrosine
phosphatase) and SHIP (Src homology 2-containing inositol
phosphatase), which are recruited and associated with the
ITIM domain in the FcγRIIb receptor through the Sh2
domain (Src homology 2) found in these phosphatases [18]
(Figure 3). While the FCγRIIb receptor can bond to the
enzymes SHP and SHIP, the function of the association
with SHIP has been studied more widely in macrophages.
The phosphatase SHIP can inhibit signals of cell activation
by dephosphorylating phosphatidylinositol triphosphate
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(PIP3) [68]. In this way, it prevents PIP3-mediated signaling events, such as the translocation of kinases of the Tec
family, like Akt and Btk, which are required to activate
phospholipase C (PLC) [69, 70].
2.4. CD200R, a Receptor That Inhibits Activation of
Macrophages and Propitiates the Survival of
Intracellular Pathogens
2.4.1. Structure and Activation Mechanism. CD200R is a
glycoprotein belonging to the superfamily of the immunoglobulins that are expressed on the surface of myeloid cells,
principally in the subpopulation of regulator macrophages
with the M2a phenotypical proﬁle, which can be used as a
speciﬁc marker [71, 72]. The extracellular portion of
CD200R consists of two domains of immunoglobulin type
(IgV and IgC2) [73]. This receptor contains a single transmembrane portion, which means that it can only cross the
cell membrane through this region [73] (Figure 1). Unlike
other inhibitory receptors, CD200R does not contain an
ITIM domain in its intracytoplasmic tail; instead, studies
have identiﬁed three tyrosine residues that are important
for the function of CD200R (Y291, Y294, and Y302 in
humans and Y286, Y289, and Y297 in mice). It has been
shown that the interaction of CD200R with its ligand,
CD200, in macrophages induces phosphorylation of tyrosine
residues present in the intracellular portion of CD200R, a
phosphorylation mediated by kinases of the Src family. The
phosphorylation of these residues results in inducing recruitment of the adaptor protein Dok2 through its binding
domain to the phosphorylated tyrosine (PTB), which then
initiates the cascade of inhibitory signaling [74]. Once
Dok2 has bound to the intracellular portion of CD200R, it
can recruit other proteins, such as the activator protein of
Ras-GTPase (RasGAP) [74]. In human macrophages, studies
have shown that the recruitment and ensuing activation of
RasGAP are essential for inhibiting the signaling pathway
of the Ras-ERK and PI3K kinases [74] which, in turn, are
essential for diverse, vital processes, including cell growth,
diﬀerentiation, proliferation, and metabolism by activation
of other transcriptional factor such as STAT-1 which also
is involved in macrophage activation by IFN-γ [75]. This
mechanism that regulates or inhibits activation in myeloid
cells is clearly distinct from that of the receptors that contain ITIM motifs, which recruit phosphatases and are the
principle eﬀectors of the inhibition mediated by this type
of receptor [76] (Figure 4).
Several studies have demonstrated that the interaction of
CD200 with CD200R negatively regulates the activation of
myeloid cells. This regulation may be caused by posttranslational modiﬁcations, such as tyrosine phosphorylation in the
CD200R cytoplasmic tail, as well as increased expression of
the receptor itself and its ligand CD200 in endothelial,
epithelial and lymphoid cells, ﬁbroblasts, and astrocytes
[77, 78]. Also, it has been demonstrated that the expression
of CD200 is induced by several nuclear factors such as
NF-κB(p65), STAT1a, and IRF-1 when they bind to their
corresponding cis-elements which are found in the
CD200 promoter region. Furthermore, one of these factors
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is c-Rel, the NF-κB transcription factor, which is required
for TLR-induced upregulation of CD200, probably induced
by pathogens [77, 79]. Recently, it was determined that
CD200R1 expression is regulated by C/EBPb and that
overexpression of this transcription factor due to stimulation of microglia cells by LPS signiﬁcantly reduces the
expression of this receptor at the protein and mRNA level,
but in the case of C/EBPb KO cells, this decrease was not seen
[80]. The authors of that study suggested that the mechanism
which inhibited CD200R expression was histone deacetylation since C/EBPb interacts with the histone deacetylase
HDAC1 which, in turn, can bind directly to the CD200R promoter to inhibit transcription of the gene [80].
It has been reported that CD200R modulates the activation of cells in the microglia under conditions of acute,
chronic inﬂammation by interacting with its ligand CD200
[81]. At the same time, CD200R expression is modulated
by IL-4 [81]. An in vivo study with mice demonstrated that
upon decreasing CD200R expression, activation of the cells
in the microglia increases. CD200R expression decreased in

IL-4KO mice, while stimulation with this cytokine increased
expression of the receptor. These results are manifested in the
macrophages of WT and IL-4 KO mice stimulated with LPS,
as the latter showed higher production of the proinﬂammatory cytokines IL-1, IL-6, and TNF-α, and of the expression
of CD40, while CD200R expression was null [82].
2.4.2. CD200 and Its Participation in Pathogenic Infections
(1) Parasites. In infections caused by intracellular parasites,
cells increase their expression of CD200R and its ligand,
but this has deleterious eﬀects on the inﬂammatory
response. For example, in wild-type mice infected with
Toxoplasma gondii, research has documented the
overexpression of CD200R in cells in the microglia and of
CD200 in endothelial cells. This increase in CD200R
expression has been associated with reduced cell activation
and the production of molecules that are important in the
immune response, such as TNF-α, iNOS, and MHC-II [83].
In contrast, in CD200 KO mice, it has been documented
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Figure 4: CD200R-induced signaling pathway. Interaction of CD200R with its ligand induces phosphorylation of the tyrosine residues (red
squares) present in the intracellular portion of the receptor mediated by kinases of the Src family. This mechanism propitiates recruitment of
Dok2 through its binding domain to tyrosine (PTB). Dok2 binds to the phosphorylated tyrosines, and it recruits the activator protein of RasGTPase (RasGAP), which inhibits Ras and downstream ERK activation. ERK is a MAP kinase which is involved in macrophages activation by
IFN-γ. JAK/STAT-1 signaling pathway is required for cell activation, and STAT-1 is phosphorylated by JAK proteins and ERK-1/2 in turn to
allow the gene expression for cell diﬀerentiation, growth and metabolism, so then, if CD200R binds to its ligand CD200 it allows the inhibition
of cell activation [74, 95].

that the cells of the microglia increase their proliferation and
activation rates, as well as the expression of MHC-II, TNF-α,
and iNOS during chronic Toxoplasma gondii infection [78].
There is also evidence of a reduction in the parasitic load
and mortality compared to WT mice that might be
explained by the fact that the CD200 KO mice exhibit an
increased inﬂammatory phenotype in response to ligands of
TLRs, as shown by the increase in the production of TNF-α
and IL-6, and the activation of the NF-κB pathway [78].
A mouse model of parasitic infection of bone marrow
macrophages with Leishmania amazonensis (L. amazonensis) has also made it possible to evaluate the role of CD200/
CD200R. It has been identiﬁed that infections by this parasite
induce increased expression of CD200 at the protein and
mRNA level compared to uninfected macrophages [84]. It
is not clear yet, but this increase in CD200 expression favors
survival of the pathogen, perhaps because CD200 aﬀects
normal Th1 lymphocyte development which is essential for
immune response against Leishmania; in fact, IFN-γ-

activated macrophages produce NO to kill intracellular
Leishmania major, but if CD200 is increased, it can avoid this
immune response which can lead to the development of
systemic Leishmaniasis [84]. Infected macrophages treated
with iNOS inhibitors also foster replication of the pathogen
and increase CD200 expression, suggesting, at least concerning L. amazonensis infections, that the infected macrophages
can inhibit activation of neighboring macrophages by
expressing both CD200 and CD200R.
In addition to the aforementioned mechanisms in which
CD200/CD200R can regulate cell activation and the response
to intracellular pathogens, another mechanism has been
described through which infected macrophages can regulate
the activation of other cells without any direct interaction.
This is the release of exosomes and small vesicles (30–
150 nm) that contain membrane proteins and provide signals
to naive macrophages. This type of regulation was described
recently; [85] hence, it is likely that the exosomes contain the
CD200 protein and that, once secreted, the CD200 on their
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surface could bond to its receptor in neighboring macrophages with no need for cell-cell interaction.
(2) Bacteria. Aside from parasites, another pathogen that
induces CD200 expression in macrophages in bone marrow
is Neisseria meningitidis, through recognition of LPS by
TLR4. A study in 2010 demonstrated that CD200 : CD200R
interaction in WT mice negatively regulates the immune
response against N. meningitidis. It has been documented that
CD200 and CD200R expression is modiﬁed diﬀerentially
when administered to macrophages of mice TLR agonists
and for the inﬂammasome activators NOD2 and NALP3. That
work showed that induction of CD200 expression is dependent on the c-Rel transcription factor and is negatively regulated when there is activation of the pathways activated
through TLR and NOD2 [86]. This response turned out to
be dependent on MyD88, but independent of the scavenger
receptor A (SRA), which is considered one of the principle
receptors that permits the interaction of macrophages with
Neisseria meningitidis [87]. Additionally, agonists of patternrecognizing receptors, such as NALP3, also induced CD200
expression, with c-Rel a member of transcription factor NFκB—being essential in this signaling pathway. In contrast, an
increase in the mortality of CD200 KO mice was observed in
response to experimental meningococcal septicemia, due to
high levels of proinﬂammatory cytokines and activated leucocytes [86]. Infection by Chlamydia trachomatis also increased
CD200R expression in macrophages of the endometrium
and CD200 expression in epithelial cells from the genital tract
by regulating inﬂammation and suppressing collateral damage
in the tissue during chronic infection, thus enabling persistence [88]. These mechanisms are consistent with the absence
of changes in the vaginal epithelium, which complicates clinical studies of infected patients. It has also been reported that
infection with Chlamydia increases the percentage of macrophages in the endometrium that coexpress CD200R and
CD206 (mannose receptor), both of which are markers of
alternately activated macrophages (M2) [88].
(3) Virus. Models of virus infections have also documented
the importance of the CD200/CD200R pathway and its role
as a regulator of the immune response. For example, it has
been shown that CD200 KO mice infected with the inﬂuenza
A virus manifest greater weight loss and higher mortality
rates than native mice. These eﬀects may cause the increase
in NO levels in the lung and of the cytokines IL-6, TNF-α,
IFN-γ, and MIP-1α measured in bronchoalveolar lavage
[89]. In contrast, administering the anti-CD200R agonist
(CD200-Fc) partially reverses the phenotype of CD200 KO
mice by reducing weight loss and the number of cells compared to KO mice not treated with this agonist [90]. In this
case, the function of CD200/CD200R interaction is to protect
the host from “the cytokine storm” produced in response to
the infection, which is the principal cause of the deleterious
eﬀects seen in CD200 KO mice.
In a 2011 study, Goulding et al. used an in vivo mouse
model to show that the absence of the CD200R receptor in
macrophages initially infected with the inﬂuenza virus and
later with Streptococcus pneumoniae reduced the bacterial
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load and prevented mortality in WT mice [91]. That study
suggested that the absence of CD200R is beneﬁcial for the
host because the exacerbated inﬂammation that occurred in
the WT mice contributed to disease pathogenesis and
increased the viral load [91]. In this sense, the inhibition or
attenuation of cell activation by blocking the CD200R receptor would provide an advantage for treating secondary infections by counteracting the exacerbated inﬂammatory
responses that might occur in such infections.
In another approach, Soberman et al. used a mouse
model of encephalitis by the herpes simple virus (HSV-1)
infection to demonstrate that increased morbidity and mortality that had been seen previously were related with the
release of cytokines and chemokines that occurred once virus
was recognized by TLR2. In contrast, in CD200 KO mice,
observations showed a reduced inﬂammatory response
against HSV-1, since the production of cytokines, such as
IFN-γ, IL-6, and CCL5 (RANTES) decreased by 80% compared to WT mice [92]. However, the WT and CD200R
KO mice did not diﬀer in terms of IL-1β production, and
in both types, the study detected adequate activation of
inﬂammasome after stimulation with LPS and ATP [92].
This suggests that the pathway mediated by the CD200R
receptor in mouse macrophages does not interfere with the
activation of inﬂammasome and does not aﬀect the production and release of IL-1β. Hence, we can consider that the
CD200R receptor can regulate the activation mediated by
membrane receptors for PAMPs, such as TLR4, but does
not aﬀect receptors of the NOD family. An additional way
in which virus utilize the CD200/CD200R signaling pathway
to counteract the host’s inﬂammatory response is by incorporating into its genome proteins that are orthologues of the
CD200 in the target cell. One of the most characteristic genes
that codiﬁes these orthologue proteins is the K14 gene of herpes 8 virus (HHV8), better known as the Kaposi sarcomaassociated herpes virus, which codiﬁes a viral orthologue of
CD200 (vOX2), whose expression on the surface of infected
cells occurs during the lytic phase. Although vOX2 shares
36–40% of the identity of CD200 in humans, it bonds with
similar aﬃnity to its ligand and negatively regulates the
release of TNF-α, G-CSF, and MCP-1 from macrophages
activated with IFN-γ and LPS [93]. In addition to this protein, there is another viral orthologue of CD200: the R15 protein of the adenovirus that infects rhesus monkeys (RRV)
and is a gamma herpes virus similar to HHV8. This protein
is expressed on the surface of infected cells and is released
into the supernatant of cell cultures. R15 reduces mRNA
expression and the release of TNF-α from THP-1 macrophages activated with PMA, as well as the primary monocytes and macrophages of rhesus monkeys. These levels of
inhibition were similar to those caused by CD200 in humans
[94]. Therefore, these proteins of viral origin provide new
therapeutic targets for which we can design and synthesize
compounds to be directed against viral products of this kind
to eliminate, or counteract, infection or viral propagation.
It is clear that diverse pathogens utilize, for their beneﬁt, the signaling pathway realized by CD200/CD200R
interaction to limit the inﬂammatory response and so survive
inside the host cell. However, few studies have focused on
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identifying the molecules that are associated with this signaling. Thus, understanding how infectious agents use this
pathway to regulate the host’s defenses may lead to the development of new clinical tools and therapeutic strategies.
Depending on the context of the infection or pathology, a
blocking antibody, for example, directed against CD200R to
block its interaction with CD200, could be eﬀective in counteracting infections by pathogens whose survival is favored
by, or associated with, overexpression of CD200R, complemented by conventional antimicrobial treatment. In contrast,
using agonists to activate the CD200/CD200R signaling
pathway, or adjacent cells, may also contribute to inducing
the eﬀector immune response.

3. Conclusions
The nature of the innate mechanisms of the immune
response has become increasingly complex. Immunologists
used to speak of how these mechanisms, made up of cells
and receptors with some soluble elements, functioned
through nonspeciﬁc recognition, in contrast to adaptive
immunity mechanisms. Today, we know that all proteins that
participate in pathogen recognizing perform this task, in a
pathogen-associated molecular patterns recognition dependent way. This recognition of patterns indicates that nonspeciﬁc recognition by the innate immune response does not
exist but we consider it as nonspeciﬁc because the variety of
antigens recognized is limited when compared to adaptive
mechanisms. Something similar occurs with the regulation
of activation. While we do not yet know exactly how many
copies of an antigen must enter an organism to trigger activation of speciﬁc lymphocytes, we do know that the activation
signals generated by the presence of these antigens must
cross a threshold—or limit—in order to emit activation signals that are suﬃciently intense to trigger a successful activation process. Also, the intensity of the activation signal must
exeed the signal given by the inhibitory receptors present in
the cells of immune system that, as mentioned earlier, participate in diverse signaling mechanisms and pathways whose
purpose is to prevent an exacerbated, or even unnecessary,
activation process.
This text has focused on four receptors that are known to
have opposite functions to the receptors that mediate cell
activation. TIM-3, PD-1, CD-32b, and CD200R form a group
of receptors that use diverse mechanisms to inhibit cell
activation, such as association with phosphatases or steric
impedance in the plasmatic membrane. However, there are
other receptors like SIRP-α/CD47, which have similar role
and function recruiting phosphatases as CD32b. There is
reliable evidence that the balance between activation and
inhibition signals also occurs in cells with innate functions,
such as monocytes and macrophages, suggesting that the
function and activation of these cells are a highly regulated
process in which it has often been demonstrated that the loss
of regulation can generate such deleterious processes as
exacerbated inﬂammation or the loss of tolerance to autoantigens. Several authors refer to these regulating mechanisms as response elements that are capable of generating
immunological tolerance, although others consider that we
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are dealing with mechanisms that inhibit activation which,
when functioning at a high level, cause a dysfunctional state
in immune cells. In reality, we should consider that no such
frontier exists between these two descriptions but that we are
trying to deﬁne the extremes of a concept that consists of a
broad range of levels of regulation, the lowest of which is inhibition. The level associated with exacerbated responses and
the opposite level of regulation would be the one that, as an
overinduced mechanism, causes lack of cell response or cell
senescence upon recognizing an antigen. Given all the possible immunological scenarios that can emerge from the presence or absence of inhibitory receptors and their functions, it
is extremely important to continue studying these proteins
in both lymphoid and myeloid cells. Obtaining a thorough
understanding of the function of these receptors may provide new ways of dealing, clinically, with diverse pathologies
and of increasing the eﬀectiveness of current treatments.
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