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Neuronal JNK pathway activation by IL-1 is mediated through
IL1IRAPLI, a protein required for development of cognitive functions
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nterleukin-1-Receptor Accessory

A Protein Like 1 (ILIRAPLI) gene muta-

tions are associated to cognitive impair-
ment ranging from non-syndromic
X-linked mental retardation to autism.
Functionally ILIRAPL1 belongs to a
novel family of Toll/IL-1 Receptors, but
its ligand is unknown. In a recent study,
we have shown that ILIRAPLI1 is pres-
ent in dendritic spine where it interacts
with PSD-95, a major scaffold protein
of excitatory post-synaptic density. We
demonstrated that ILIRAPLI regulates
the synaptic localization of PSD-95 by
controlling JNK (c-Jun terminal Kinase)
activity and PSD-95 phosphorylation.
Loss of ILIRAPLI in mouse not only led
to a reduction of excitatory synapses but
also to specific deficits in hippocampal
long-term synaptic plasticity. Here we
report that activation of JNK pathway in
neurons by Interleukin-1 (IL-1) is medi-
ated by ILIRAPLI. The interaction of
ILIRAPLI1 with PSD-95 discloses a novel
pathophysiological mechanism under-
lying cognitive impairment associated
with alterations of the JNK pathway in
response to IL-1 and leading to the mis-
localization of PSD-95, that subsequently
result in abnormal synaptic organization
and function.

Mental retardation (MR) is defined by an
overall “intelligent quotient” lower than
70, associated with adaptative and behav-
ior problems. Over the past years, about
60 X-linked genes involved in MR disor-
ders have been identified,! but only few of
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them give rise to products with well char-
acterized neuronal function.?? Mutations
in the Interleukin-1-Receptor Accessory
Protein Like 1 (/LIRAPLI) gene have
been associated with non syndromic
forms of MR* and more recently with
autism.” ILIRAPLI belongs to the Toll/
IL-1 Receptor family and, as other mem-
ber of this family, is characterized by three
extracellular Ig-like domains, a trans-
membrane segment, an intracellular TIR
domain, plus unlike the others 150 addi-
tional amino-acids (aa) at the C-terminal
end.* Through these last aa, ILIRAPLI
interacts with the neuronal calcium sensor
NCS-1.° In neuroendocrine PC12 cells,
this interaction between ILIRAPLI and
NCS-1 mediates the regulatory effect of
ILIRAPLI on N-type VDCC activity.

In our recent study, we found a novel
partner of ILIRAPLI, PSD-95, a major
scaffold protein of excitatory synapses and
showed that ILIRAPL1 regulates den-
dritic spine number and PSD-95 localiza-
tion to synapses.® In vivo, we found that
ILIRAPLLI loss of function led to a slight
but significant reduction of synapse num-
ber in the CAI region of hippocampus. At
the physiological level, ILIRAPLI deficit
led to an altered theta-burst induced long-
term potentiation (LTP) at the Schaffer
collateral (SC)-CALI synapses.

It has been previously shown that over-
expression of ILIRAPLI in non-neuronal
cells activates the JNK pathway but not
the other pathways classically involved in
IL-1 signaling®!® (and personal data). In
neurons, the balance between JNK and
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Figure 1. IL-1 response is impaired in ILIRAPL1 KO neurons. Mature neurons in culture were treated with IL1B (concentration: 0.01 ug/ul) or with
vehicle (veh.) (saline, 0.1% BSA) during 10 min before protein extraction. Protein samples were processed as described in Pavlowsky et al.® The upper
panel shows representative immune-blot of JNK (A) or P38 (B) phosphorylation level in each condition for both genotypes. The lower panel shows
quantifications of JNK (A, left) and P38 (B, right) phosphorylation level. Bars show mean of pJNK/JNK or pP38/P38 level = SEM normalized to vehicle
condition. Two-tailed t-test, ***p < 0.001, the number of experiment is indicated as n.

PP1/PP2A activities modulates the phos-
phorylation level of PSD-95 on Ser-295
and regulates its synaptic localization."
These findings led us to test whether the
ILIRAPLI deficit or overexpression were
associated with an unbalance between
JNK and PP1/PP2A phosphatases activ-
ity. In ILIRAPL1 KO neurons, we found
a deficit in JNK activity and consequently
in phosphorylation level of Ser-295 of
PSD-95 leading to a reduction of PSD-95
localization at the synapse.® Intriguingly,
the deficit in JNK activity seems to be
independent of neuronal network activity,
suggesting that another signal is involved
in the activation of the ILIRAPLI/JNK/
PSD-95 pathway.

Knowing that ILIRAPLI is a mem-
ber of the IL-1 Receptor family and that
ILIRAPL]1 KO mice present a deficit in
neuronal JNK signaling, a pathway acti-
vated by IL-1, we tested if this interleukin
is involved in the activation of the newly
highlighted neuronal IL1IRAPLI1/JNK/
PSD-95 pathway. To this end, we stimu-
lated cortical differentiated ILIRAPLI
KO or WT neurons with IL-1B or vehicle
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10 min prior to protein phosphorylation
analysis (Fig. 1). In WT neurons, IL-13
treatment induces about a two fold
increase of JNK activity (pJNK/JNK
level normalized to vehicle: WT = 1.00
+0.10, WT, . = 2.41 0.2, p < 0.001,
t-test) whereas in ILIRAPL1 KO neurons
no such effect is observed (pJNK/JNK
level normalized to vehicle: KO , =1.00 £
0.09, KO, ; = 1.28£0.13, p = 0.10, t-teso)
(Fig. 1A). In order to test the specificity of
the deficit in IL-10 effect on JNK pathway,
we measured the phosphorylation level of
P38, another kinase classically activated
by IL-1B. As shown in Figure 1B, in WT
neurons, IL-1B stimulation increases the
level of P38 phosphorylation (pP38/P38
level normalized to vehicle: WT = 1.00
+0.11, WT, ., = 3.64 % 0.28, p < 0.001,
t-test). In ILIRAPLI KO neurons, we also
observed a similar increase in P38 activ-
ity (pP38/P38 level normalized to vehicle:
KO_, = 1.00+0.12,KO, . = 3.61 +0.34,
p < 0.001, ttest). Thus, these results indi-
cate that ILIRAPLI is required specifi-
cally for IL-1 mediated activation of JNK

in neuronal cells.
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For the first time, we report biologi-
cal evidences indicating that in neurons
ILIRAPLI might be involved in IL-1 sig-
nal transduction in neurons. Moreover,
our data strongly suggest that ILIRAPLI
could act as a receptor or a co-receptor
of IL-1f, as its closed homolog IL1RacP.
A previous works
sion approach in COS cells suggested
that ILIRAPL] or the combination of
ILIRAPL] and ILIRacP are not suffi-
cient for IL-1B binding.® Although bind-
ing and affinity of IL-1B to ILIRAPLI
alone or in combination with IL-1 recep-
tor (IL-1R) were not tested in our current
work, the apparent difference between the
two studies might be likely related to the
cell type used and the expression in neu-
rons of specific receptor and/or accessory
protein. Interestingly, a specific neuronal
isoform of IL1RacP with 140 additional
aa at the C-terminal end, IL1RacPb,
involved in neuronal response to IL-1,
has been recently described,”? though
its neurophysiological functions and its

using overexpres-

implication in cognitive function were
not investigated. The discovery of a link
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between IL-1 and ILIRAPLI, a synaptic
protein involved in mental retardation is
in agreement with the emerging function
of IL-1B in neuronal physiology and not
only in immunopathophysiological pro-
cess. Indeed, at low concentration, i.e.,
physiological concentration, it has been
shown that IL-1P is involved in hippocam-
pal LTP maintenance.’® Moreover, both of
the KO mouse model for the IL-IR and
the transgenic mouse overexpressing the
IL1-Receptor antagonist (IL-1Ra) in the
central nervous system have deficit in the-
ta-burst induced LTP in the CA1l area of
the hippocampus as well as impairments in
spatial memory."""> Interestingly, prelimi-
nary data of behavioral studies shows that
ILIRAPL1 KO male mice show deficits in
spatial memory (personal communication,
Nosten-Bertrand M), suggesting that the
three mouse models share some common
features including deficit in synaptic func-
tion at the hippocampal SC-CAl path-
way and impairments in spatial memory.
Altogether, these data highlight the rel-
evance of IL-1/ILIRAPLI/JNK pathway
in cognitive functions and provide a ratio-
nale for therapeutic developments target-
ing this pathway.
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