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ABSTRACT

Membrane-associated RING-CH-1 (MARCHL1) is
an E3 ubiquitin ligase which targets MHC-Il, CD86
and various other molecules for degradation. It
is one of the most efficient post-translational re-
gulators of antigen presentation. MARCHL1 is ex-
pressed in resting immature dendritic cells and
B cells but can be induced in other cell types.
While activation of most immune cells results in
a reduction in MARCH1 gene expression, its
anti-inflammatory properties are highlighted by
its induction in response to IL-10. Here, we re-
view what is known about the regulation of
MARCH1 gene expression in response to IL-10
by various immune cells. We speculate on the
role of MARCHL1 in infection, its differential ex-
pression pattern and the promise that this E3
ubiquitin ligase holds to influence immune re-
sponses and mitigate immune pathologies.
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1. INTRODUCTION

The membrane-associated RING-CH (MARCH) fam-
ily of proteins is an eleven-member group characterized
by the presence of a conserved RING-CH domain con-
ferring ubiquitin ligase activity. They were first identified
as human homologues of the K3 family of ubiquitin li-
gases which specifically target surface MHC molecules
[1-3]. Phylogenic analyses have revealed that three pairs
of closely related members could be identified: MAR-
CH1 and MARCH8, MARCH2 and MARCH3 and
MARCH4 and MARCH9 [4]. MARCHS8 was found to be
identical to the previously characterized c-MIR [5].
Functionally, the MARCH proteins represent the last step
leading to the ubiquitination of target proteins. Briefly,
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the ubiquitin-conjugating system is supported by three
distinctive steps. Ubiquitins are activated, in an ATP-
dependent manner, by an El-enzyme which then trans-
fers the ubiquitin moiety to E2-enzymes. Ubiquitin lig-
ases (E3) are the final enzymes in the ubiquitination pro-
cess, in which they serve as a bridge between the E2-
enzymes and the substrate. As such, the MARCH pro-
teins confer specificity to this reaction and each have a
different set of targets.

2. INTERLEUKIN-10

IL-10 is a pleiotropic cytokine with a wide spectrum
of biological effects on lymphoid and myeloid cells [6].
The IL-10 receptor complex is coupled to the JAK1-
STAT3 signal transducers [7]. By this pathway, IL-10
inhibits the production of pro-inflammatory cytokines
such as IL-1a, IL-18, IL-6, IL-10 itself, IL-12, GM-CSF
and TNFa by macrophages after Toll-like receptor (TLR)
activation [8-10]. Nowadays, it is widely accepted that
IL-10 limits and down-regulates inflammatory respon-
ses in general. 1L-10 is predominantly produced by T-
cells, macrophages and dendritic cells. Most types of T-
cells produce IL-10 including Thl- or Th2-polarised T-
cells and regulatory T-cells [11]. IL-10 also inhibits the
production of chemokines, e.g. MCP-1, MIP-1a and IP-
10 [12,13], as well as the expression of MHC-II on the
surface of APCs.

3. MARCH PROTEINS IN IMMUNITY

While the different MARCHSs share sequence homol-
ogy and a functional similarity, they however target very
different substrates. Of these, multiple were identified for
particular MARCHSs. For instance, MARCH3 down-re-
gulates the transferrin receptor (TfR) and B7.2 (CD86),
MARCH4 and MARCH9 down-regulate MHC-I and
CD4 while the closely related MARCH1 and MARCH8
down-regulate TfR, CD86, Fas (CD95) and MHC-II [4,
5,14]. New targets were recently identified for MARCH
8 in primary human fibroblasts, namely CD44 and CD81
[15]. These were particularly interesting findings as they

OPEN ACCESS


mailto:Jacques.thibodeau@umontreal.ca

162 T. Galbas, J. Thibodeau / Open Journal of Immunology 2 (2012) 161-167

implied a regulatory role of the adaptive arm of immu-
nity by the MARCH proteins. Moreover, even though
MARCH1 and MARCHS are functionally closely re-
lated, they present a differential expression pattern. Where-
as MARCHS is more ubiquitously expressed and pri-
marily found in the lungs and pancreas, MARCH1 was
found to be highly expressed in secondary lymphoid or-
gans, mainly in lymph nodes and splenic tissues, high-
lighting, again, a potential role in adaptive immunity [4].
Herein, we will concentrate on the recent evidence that
MARCHL1 is transcriptionally regulated in professional
APCs by the anti-inflammatory cytokine 1L-10 [16-18].

4. REGULATION OF MARCH1

Multiple functional studies have been conducted in
recent years for the MARCH proteins. Still, little is cur-
rently known about the regulation of their expression.
Existing MARCH1 antibodies fail to detect the endoge-
nous molecule, which is expressed at very low levels.
Thus, current analyses of MARCH1 expression patterns
are principally looking at the mRNA levels. Quantitative
real-time PCR and microarrays have shown that MAR-
CH1 was constitutively expressed in resting immature
dendritic cells and B cells and could be induced in
monocytes and macrophages [16-18]. Activation of most
dendritic cells and B cells results in a complete loss of
expression, implying a deleterious role of MARCH1 for
optimal effector functions. As MARCHY1 targets MHC-II
trafficking in APCs, redirecting MHC-11 molecules from
recycling endosomes to degradative compartments, it is
of no surprise that maturation/activation signals would
lead to a decrease in MARCHL1 expression [14] (Figure
1). Moreover, by targeting the co-stimulatory molecule
CD86 in APCs, MARCHZ1 not only reduces the amount
of MHC-II-peptide complex to be presented to CD4+ T
cells but also the activation stimuli required for proper T
cell activation [19]. Overall, regulating MARCHL1 ex-
pression in APCs might provide an optimal and easily
malleable way to control antigen presentation without
affecting transcription of the implicated genes. While
proper antigen presentation machinery induction can take
up to 60 hours for ultimate effectiveness, regulating the
expression of MARCH1 can have a rapid and reversible
effect allowing APCs to fine-tune T cell stimulation. In-
deed, the half-life of MARCH1 has been estimated to be
around 30 minutes, providing an efficient way to modu-
late not only MHC-I11 but also CD86 output [20]. In addi-
tion, CD83 has recently been shown to block the inter-
action between MARCHL1 and some of its targets lead-
ing to an impaired MARCH1-mediated ubiquitination of
MHC-II and CD86 [21]. While the activation of dendritic
cells leads to a decrease in MARCH1 mRNA expression,
it also induces an up-regulation of CD83, providing a
second mechanism to counter remaining MARCH1-me-
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diated ubiquitination. This process could be especially
useful in the context of a previously activated APC re-
sponding to the presence of IL-10. Pathogen-induced-
IL-10-mediated MARCH1 expression could lead to a
decrease in antigen presentation in infected APCs, where
CD83 could provide the only mechanism to block
MARCH]1 activity. Ultimately, this might allow an APC
to rapidly adapt its antigen presentation machinery in
response to persistent infections.

5. IL-10-INDUCED MARCH1

As up to now, only the anti-inflammatory cytokine
IL-10 has been shown to induce MARCH1. While IL-10
diminishes the production of inflammatory mediators by
monocytes/macrophages and antigen presentation, it in-
creases their uptake of antigens. IL-10 signals through a
trans-membrane receptor complex composed of IL-10R1
and IL-10R2. The former being mainly expressed in
immune cells where its expression is normally low but
can be induced by an LPS-driven activation. In contrast,
IL-10R2 is widely and strongly expressed in most cells
[22,23]. A nice parallel can be drawn between the pattern
of expression of both subunits of the IL-10 receptor
complex and the pattern of expression of closely related
MARCH1 and MARCH8 which possess overlapping
functions. While most immune cells express either con-
stitutive or inducible amounts of MARCH1 (like IL-
10R1), MARCH-8 is found in most cells and tissues like
(IL-10R2). Thus, the IL-10-MARCH1 axis might be a
master regulating pathway for a wide range of the 1L-10
functions on APCs.

6. MONOCYTES/DENDRITIC CELLS

Antigen presentation can be modulated on many levels,
both transcriptionally and post-transcriptionally. The
master regulator of transcription, CIITA, can be induced
by IFN-gamma to increase MHC-II gene expression but
also accessory molecules HLA-DO, HLA-DM and the
invariant chain. In the endocytic pathway, HLA-DO and
HLA-DM control peptide loading directly and modulate
the intrinsic characteristics of classical MHC-II mole-
cules. Antigen presentation can also be regulated indi-
rectly through the action of cytokines, such as IL-6 and
IL-10. IL-6 induces the STAT3 pathway, leading to an
increase in cathepsin S activity and thus a reduction in
MHC-II, the invariant chain and HLA-DM [24]. Para-
doxically, Koppelman et al. showed that IL-10, despite
signaling also mainly through STAT3, could reduce the
amount of surface MHC class Il molecules in monocytes
without affecting transcription, polypeptide synthesis or
subunit assembly, but the exact mechanism was unknown
[25]. Later, it was shown that MARCH1 was induced by
IL-10 in monocytes and immature dendritic cells leading
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Figure 1. Schematic representation of the regulation of MARCH1 in APCs. Monocytes/Dendritic cells and macrophages only ex-
press MARCHL1 after stimulation with IL-10. On the other hand, B cells express constitutive amounts of MARCH1 and its expression
is repressed upon activation with IL-10. MARCH1 redirects MHC-1I from recycling endosomes to degradative compartments by
ubiquitinating the MHC-I1 beta chain. It is thought that MARCH1 uses a similar mechanism to regulate CD86 expression [16,17].

to the intracellular sequestration of MHC-II molecules
[16]. In this fashion, through MARCHL1, IL-10 is able to
act as an immunosuppressive cytokine by impairing an-
tigen presentation, leading to a decreased CD4+ T cells
activation. Moreover, it was shown that upon LPS-driven
maturation, moDCs decreased their MARCH1 mRNA
expression leading to an increase in surface MHC-II
molecules stability and antigen presentation [26]. Young
et al. have shown that as opposed to cDCs, pDCs failed
to down-regulate MARCH1 mRNA after maturation,
promoting the turnover of MHC-I1-peptide complexes on
their surface and the presentation of endogenous viral
peptides [27]. These results demonstrate that MARCH1
is used by some APCs to fine tune their antigen present-
ing functions to promote a constantly “updated” peptide
repertoire on their surface, maximizing T cell priming in
rapidly changing infection profiles. On the other hand,
ten Broeke et al. suggested that increased turnover of
MHC-I1-peptide complexes on the surface of MARCH1-
expressing iDCs would prevent presentation of peptides

loaded before the danger stimulus has been received [28].
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In another set of mind, higher MARCH1 expression
would lower both the MHC-I1I and co-stimulatory mole-
cule CD86 on the surface of DCs, leading to a weak
stimulatory potential and a tolerogenic phenotype. Thus
the fate of MARCH1 following exposure of different
APCs to tolerogenic cytokines will have to be assessed.

7. MACROPHAGES

Macrophages play a central role in infections as a tart
for multiple pathogens and a producer of a wide range of
cytokines. A recent publication by the group of Drake [18]
demonstrated that PGE2 could induce I1L-10, through a yet
unidentified factor, which in turn induces MARCHL1 in
Francisella tularensis-infected macroages. These results
suggest that MARCH1 could be used by pathogens,
through the production of IL-10, to evade the immune
system by down-modulating pathogenic antigen presen-
tation. Many human pathogens, such as Salmolla typhi
[29], Mycobacteriumum tuberculosis [30] and Legionella
pneumophila [31], and tumors elicit the production of

OPEN ACCESS



164 T. Galbas, J. Thibodeau / Open Journal of Immunology 2 (2012) 161-167

significant levels of PGE2. Another mechanism by which
MARCH?1 could contribute to immune evasion is by tar-
geting surface Fas (CD95) molecules. IL-10 has been
reported to block TNF-induced apoptosis, but could also
impair apoptotic signals by inducing MARCHL1 and re-
ducing the amount of Fas molecules. Again, providing a
useful mechanism by which pathogens could evade de-
struction of their host cell.

8. B CELLS

Matsuki et al. have shown that MARCHL1 plays a piv-
al role in the post-translational regulation of MHC-II in
B cells [14]. Their group and ours have demonstrated
that MARCH1 was constitutively expressed in all B cell
subtypes but highly enriched in mature follicular B cells
[14,17]. Constitutive MARCH1 expression in B cells
could prevent a too strong MHC-II expression and an-
ergy induction through B cell maturation. On the other
hand, a high MARCH1 expression in follicular B cells
could prevent these cells from presenting self-antigens
prior to meeting with exogenous peptides. Follicular B
cells patrol secondary lymphoid organs in search of signs
of infection; upon antigen encounter they seek T cell help
for activation. At this point, the activation stimuli would
drive down the expression of MARCHL1 and allow for
full antigen presentation. While IL-10 decreases MHC-I1I
amounts in dendritic cells, its effects on B lymphocytes
are anything but immunosuppressive. By increasing their
survival and MHC-I11 expression, IL-10 has a stimulary/
activating role on B cells. We have previously demon-
strated that IL-10 suppresses the expression of MARCH1
in B cells leading to the well-characterized increase in
surface MHC-II molecules levels [17]. Other activating
stimuli such as LPS or CD40-CD40L interaction also
results in a complete loss of MARCH1 expression in B
cells. These phenotypes match accordingly to the idea
that MARCHL is deleterious for optimal effector func-
tions in most APCs. The group of Lesage [32] has re-
cently highlighted the role of IL-10 on the CD4-CD8-
double-negative (DN) T cell and auto-reactive B cells
interaction. Indeed, IL-10 has been shown to induce apo-
ptosis of DN T cells which normally specifically lyse
auto-reactive B cells loaded with self-antigens. As this
effector function is dependent on MHC-II recognition,
MARCH?1 could prevent B cells from being targeted by
DN T cells. However, in the presence of IL-10, apoptosis
of DN T cells would prevent the elimination of activated
B cells that express more MHC-II molecules due to
MARCH1 down-regulation. If the activity of IL-10 on
the deletion of auto-immune B cells and/or the develop-
ment of Tregs is mediated, at least in part, through the
down-regulation of MARCH1 remains to be determined.

The interaction between B and T cells is required for
entry into germinal centers, thus a constant low amount
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of antigenic presentation is required for GC formation.
The effectiveness of GC creation by individual B cells is
dependent upon help provided by T follicular helper (Tgy)
cells and antigen presentation by these B cells. As shown
by Draghi et al. [33], germinal center entry by B cells
can be modulated by antigen presentation players. They
elegantly demonstrated that H2-O, a biochemical inhibi-
tor of peptide loading onto MHC-11, acted as a repressor
of GC entry, thus, highlighting the importance of antigen
presentation for this selective process. Moreover they
showed that upon entry into germinal centers, B cells
significantly decrease their amount of H2-O proteins. We
hypothesize that MARCH1, because of its ability to
modulate antigen presentation, and making a parallel
with H2-O, could act as a germinal center guardian.
MARCH1-expressing follicular B cells have reduced
antigen presenting abilities and thus are restrained from
GC entry. H2-O indirectly selects for higher affinity pep-
tides to be presented and thus creates a selective pressure
for specific antigens to be mounted on MHC-I1I in order
for B cells to enter GCs. While H2-O modulates the
quality of presented peptides, MARCHL1 is a non-quali-
tative antigen presentation repressor. MARCHL1 relocates
MHC-11 molecules, disregarding its antigen load, leading
to the accumulation and degradation of the MHC-II-
peptide complex in lysosomes. Thus, only highly respon-
sive follicular B cells that previously increased their
MHC-II pool may effectively prime Tgy cells and even-
tually take place in the germinal center reaction. These
results suggest that MARCH1 may set a threshold for
germinal center entry in the spleen by selecting B cell
clones that have optimal antigen presenting abilities.

9. CONCLUSION

There can be little doubt that MARCHL1 is a master
regulator of MHC class Il antigen presentation at the
post-translational level. It is expressed in APCs and has
been found to be repressed upon immune activation. The
biological relevance of MARCHL1 is better understand-
able if a parallel with the anti-inflammatory activity of
IL-10, its only known inducer, is kept in mind. IL-10 is a
rather late cytokine, usually being produced after the
pro-inflammatory mediators. Thus MARCH1 would pro-
bably have a special significance in limiting and pre-
venting an excessive immune response. Its first function
is probably highlighted by its ability to specifically target
MHC-II and CD86 molecules, leading to an impaired
antigen presentation, and T cell activation, one of the
main modes of action of IL-10. What strikes us is that
some cells, mainly immature dendritic cells, plasmacy-
toid dendritic cells and B cells, maintain a constitutive
MARCH1 expression. We can hypothesize that MARCH1
could be expressed to maintain a constant turnover of
various MHC-I1-peptide pools for immune sampling. But
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also, MARCH1 could have a role as to limit the amount
of MHC-I11 on the surface of APCs for specific purposes,
such as tolerization. For instance, throughout B cell
maturation, the amount of MHC-I1 molecules could dic-
tate the fate of B cells, whether they would go on to full
maturation or plain anergy. Also, through its action on
Fas and the transferrin receptor, MARCH1 could alter
the fate of infected macrophages. By preventing their
apoptosis, MARCH1 could increase survival of infected
cell and the formation of a persistent pathogen pool. This
possibility is especially striking considering that many
intracellular pathogens such as mycobacteria and viruses
either lead to a robust production of IL-10 or even en-
code their own IL-10 homologue. In this respect, it will
be interesting to assess the effect of the different mem-
bers of the IL-10 cytokine family on MARCH1 expres-
sion considering that they don’t use the same receptors
but they signal through the same cascade of mediators,
namely STAT1 and STAT3 [34]. The knowledge regard-
ing MARCHL1 effects forces us to think about modulation
of MARCHYL1 activity as a potential therapy for chronic
infections (by decreasing MARCHL1 activity) or chronic
inflammatory disease (by increasing MARCHL1 activity).
Moreover, MARCH1 has been recently shown to dimer-
ize and auto-ubiquitinate in order to regulate its own ac-
tivity [35]. Future experiments should look at the poten-
tial implication of MARCH1 auto-regulation on its role
in immune suppression. We could hope to dissociate the
effect of MARCH1 from the bulk of IL-10 effects for
ultimate therapy designs. The IL-10 knock-out (IL-10-/-)
mice develop a chronic enterocolitis similar to human
inflammatory bowel disease. Clinical symptoms are loss
of bodyweight, hunchback and piloerection, diarrhea,
blood stools, and consequently anaemia [36]. It would be
interesting to compare the MARCHZ1-KO mice to see if
these effects are MARCH1-mediated. Finally, it is fasci-
nating to ponder on the opposing effect of IL-10 on
MARCH1 expression between different cell types. As
such, a systemic IL-10 treatment would increase MARCH1
in macrophages, monocytes and dendritic cells but de-
crease it in B cells. This would in turn lead to a massive
B cell activation skew and should be assessed when con-
sidering the use of systemic IL-10 instead of localised
IL-10 treatment.
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