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mbalance in cytokine homeosta-

sis plays an important part in the
pathogenesis of various chronic inflam-
matory diseases. In multiple sclerosis
(MS), the pro-inflammatory cytokine
interleukin-13 (IL-1B) is present in the
central nervous system, being expressed
mainly in infiltrating macrophages
and microglial cells. IL-1B activity is
inhibited by the secreted form of IL-1
receptor antagonist (sIL-1Ra) whose
production is increased in patients’
blood and induced in human mono-
cytes by IFNP and glatiramer acetate
(GA)—both immunomodulators dis-
playing similar therapeutic efficacy in
MS. Because intracellular pathways
are currently considered as potential
therapeutic targets, identification of
specific kinases used by both immuno-
modulators might lead to more specific
therapeutic targeting. We addressed the
question of intracellular pathways used
by IFNB and GA to induce sIL-1Ra in
human monocytes in two recent studies.
This addendum to these studies aims at
discussing common pathways and dif-
ferent elements used by IFNf3 and GA
to induce sIL-1Ra in human monocytes.
This pinpoints PI3KS activation as a
requirement to induce sIL-1Ra produc-
tion downstream monocyte stimula-
tion by either IFN or GA. However,
the immunomodulators differentially
use MEK/ERK pathway to induce sIL-
1Ra production in human monocytes.
Together, our current studies suggest
that PI3K8 and MEK2 might represent
new targets in MS therapy.
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The secreted form of IL-1 receptor antago-
nist (sIL-1Ra) is a natural IL-1 inhibitor
that binds IL-1 type I receptor without
inducing signal transduction. Since it
potently inhibits the various effects of
IL-1, sIL-1Ra is considered an important
regulator of the inflammatory and overall
immune response mediated by IL-1, and
contributes to the maintenance of cyto-
kine homeostasis in human.'® Because it is
expressed by microglial cells and infiltrat-
ing monocyte/macrophages throughout
the white matter in and around the lesions,
IL-1B is likely to play a part in multiple
sclerosis (MS) pathogenesis. Currently
there is no cure for MS, but treatment
with disease-modifying immunomodula-
tors display beneficial effect by diminish-
ing the severity and frequency of relapses
in the relapse/remitting form of the dis-
ease. Among these drugs, IFNB and glat-
iramer acetate (GA) display comparable
therapeutic effects,’ although their mecha-
nisms of actions are still elusive. We made
the observation that both IFNB and GA
display similar effects on the IL-1 system
in vitro since they enhance the production
of IL-1B induced by lipopolysaccharides
(LPS) in freshly isolated human mono-
cytes, i.e., in conditions mimicking acute
inflammation, while they inhibit it in con-
ditions mimicking chronic/sterile inflam-
mation, i.e., T-cell contact with activated
monocytes.®” Furthermore, both IFNR
and GA directly induce the production of
sIL-1Ra in human monocytes.”” The lat-
ter observations corroborate the fact that
sIL-1Ra levels are enhanced in the blood
stream of patients treated with IFNB
and GA.”'%"? Since sIL-1Ra crosses the
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Figure 1. Models of how IFNB and GA activate PI3Kd/Akt and MEK/ERK pathways to induce slL-1Ra
production in monocytes. (A) IFNB binds its specific receptor (IFNART-IFNAR2), which induces

the activation of MEK2 and the translocation of MEK2 and PI3K3 to the membrane. The activation
of PI3K&/Akt pathway leads to slL-1Ra production in monocytes; Grey kinases and proteins are
activated but not implicated in sIL.-1Ra production. The type 1 IFN canonical STAT1 pathway also is
dispensable to sIL-1Ra production."” (B) GA is recognized by a receptor (cell surface) or a sensor (in-
side the cell) that transduces signal via activation of both PI3K&/Akt and MEK1/2/ERK1/2 pathways.
The two pathways then converge to phosphorylate/inactivate GSK3, resulting in the induction of
slL-1Ra production. This scheme is adapted from reference 13.

blood-brain barrier, it is likely to mediate
part of the effects of IFNB and GA within
the central nervous system.

Both studies which are the subject of
this addendum reveal that PI3K® acti-
vation is required to the triggering of

sIL-1Ra production in monocytes'>!

con-
firming the key role that the kinase is play-
ing in the optimal secretion of sIL-1Ra in
monocytes independently of stimulation
conditions (Fig. 1). Indeed, we recently
reported that PI3K8 accounts for the PI3K-
dependent signaling ruling the production
of sIL-1Ra in monocytes activated by LPS
(acute inflammation) and contact with
stimulated T cells (chronic/sterile inflam-
mation).” Interestingly, while PI3Kd
activity is required to sIL-1Ra induction
independently of the stimulus, it damp-
ens the production of pro-inflammatory
cytokines in LPS-activated monocytes,
but slightly enhances it in T cell-contact-
activated monocytes.” Thus, PI3KS is
likely to be a key element in the regula-
tion of inflammatory effector functions of
human monocytes.

In contrast with PI3K8, although both
GA and IFNP activate the MEK/ERK
pathway, the elements of the pathway are
differentially required to sIL-1Ra produc-
tion by human monocytes. As depicted in
Figure 1A, the activation of MEKI and
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ERKI1/2 is dispensable to the production
of sIL-1Ra in IFNB-activated monocytes.
Indeed, the binding of IFN to its specific
receptor (IFNARI-IFNAR?2) induces the
activation of MEK2 which is required to
the activation of PI3K3. Both PI3K8 and
MEK2 co-localize in membrane fraction,
and are essential for the activation of the
PI3K/Akt pathway leading to sIL-1Ra
production. Since MEK2 is recruited at
membranes together with PI3K$, one can
hypothesize that it acts as a scaffold pro-
tein as recently described by Pan et al.'®
Indeed, to be activated, PI3K3 needs to
interact with an YXXM motif which is
absent in either IFNAR or MEK2. Our
results shed light on the existence of an
adaptor protein(s) and/or pathway(s) that
link type I IFN receptor to MEK2 and in
turn, to PI3KS activation. The identity of
the adaptor remains to be determined. In
contrast, in GA activated human mono-
cytes, the activation of both MEK1 and
MEK?2 is required to optimal produc-
tion of sIL-1Ra which is controlled by
their downstream substrates, ERK1/2
(Fig. 1B). Thus, when GA is recognized
by a receptor (cell surface) or a sensor
(inside the cell) PI3K&/Akt and MEK/
ERK pathways are activated and are act-
ing in parallel, being part of different sig-
naling pathways contrasting with IFNf
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signaling. Both pathways converge to
phosphorylate/inactivate GSK3a/. Since
downstream elements (i.e., Akt, ERK1/2
and GSK3a/B) were phosphorylated
within the same time frame it is likely that
both PI3K&/Akt and MEK/ERK path-
ways are concomitantly activated to con-
trol GSK3 phosphorylation/inactivation
(Fig. 1B) and in turn to regulate sIL-1Ra
production in human monocytes.

To conclude, our two studies dem-
onstrate that IFNB and GA, both major
immunomodulators used for the treat-
ment of MS, induce sIL-1Ra production
in human monocytes by triggering dif-
ferent crosstalks between PI3K/Akt and
MEK/ERK pathways. However, at least
two elements are required to the signal-
ing of both IFN and GA, namely MEK2
and PI3K3. These shared elements might
represent new molecular targets to modu-
late MS treatment.
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