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Abstract

Objective: To test whether IL-1 RI/My088-TIR mimic AS-1 can work as a new compound that targeted at blocking MyD88-
dependent signaling pathway, we investigated the physical structure and biological function of AS-1. Methods:The crystallographic

structure of AS-1 was examined by 'H nuclear magnetic resonance. The toxicity of AS-1 was measured with Methyl thiazolyl tetrazolium
(MTT) assay. The effect of AS-1 on phosphorylation state of p38 MAPK and IRAK-1 was observed with Western blot. Results:The
crystallographic details of AS-1 demonstrated that it was a tri-peptide sequence[(F/Y)-(V/L/M)-(P/G)] of the IL-1R I -TIR domain BB-
loop. No toxicity of AS-1 was shown to HEK 293A cells. The phosphorylation of p38 MAPK, induced by IL-18 significantly increased
from those in the control group. AS-1 significantly reduced the phosphorylation of p38 MAPK induced by IL-1B. IL-1B increased the

phosphorylation of IRAK-1 significantly, which was prevented by AS-1. Conclusion:AS-1 is a competitive mimic between IL-1R [ -TIR

and MyD88-TIR domain, which most likely interferes with MyD88-dependent signaling pathway.
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INTRODUCTION

Interleukin-1 receptor(IL-1R) is one of the inflam-
matory molecules, which plays a key role in the activa-
tion of both innate and acquired immune responsel.
Bound with the ligands at its extracellular part, the
receptor activates the signal transduction pathway
through its intracellular part. The intracellular structure of
IL-1R owns a conservative sequence as Toll-Interleukin-
1 receptor domain(TIR) for the homology with the cyto-
plasmic portion of the Toll like receptors(TLRs)?!. The
TIR domain situates at the sequence of 625-784 amino
acids and is the core element of the downstream signal-
ing of IL-1R®*. Serving as a scaffold for a series of
protein-protein interactions, it leads to the activation of
an intracellular signaling. When the extracellular part
of IL-1R binding with ligands(IL-1 a. IL-1B or IL-1Ra),
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TIR collects MyD88 to IL-1R and forms the TIRMyD88
activity complex. This complex triggers down-stream
signaling pathway, activates mitogen-activated protein
kinase(MAPK) and transcription factor nuclear factor-
kB (NF-xB); which results in the expression of its tar-
get genes, including those in the immune response, in-
flammatory reaction, cell adhesion molecule secretion and
cell growth and apoptosis, etc7. Bartfai T have shown
previously that AS-1, a synthetic low molecular-weight
IL-1RI/MyD88-TIR mimic, disrupted the interaction of
MyD88 with IL-1RI at the TIR domain and prevented
the serial reactions induced by IL-1B, by the imitation
of a tri-peptide sequence[(F/Y)-(V/L/T)-(P/G)] of the TIR
domain BB-loop™®. In mouse thy-moma EL4 cells and
spleen lymphocytes, Bartfai T performed coimmunoprec-
ipitation and sandwich-ELISA assays to analyze IL-1R 1 /
MyD88 association by using antibodies specific for
MyD88 and IL-1RI and found that AS-1 prevented IL-
1R [ /MyD88 association me-diated by IL-1 B. Also, it
was shown that AS-1 signifi-cantly inhibited the phos-
phorylation of p38 MAPK mediated by IL-1B . As a
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further proof of the effects on IL-1B signaling in vivo,
researchers found that AS-1 significantly attenuated fe-
ver induced by IL-1B in mice. But it had not reported
whether AS-1 had any cytotoxic effect, whether it pre-
vented IL-1B signaling in other cells and changed other
downstream signal molecules activation after prevent-
ing IL-1R [/MyD88 association. Interleukin-1 receptor-
associated kinase-1(IRAK-1) is an important adapter in
the signaling complex of Toll/IL-1 receptor family. After
IL-1IR I bound with corre-sponding ligand, its intrac-
ellular TIR domain combines with MyD88-TIR domain
and forms IL-1 receptor complex, then it recruits IRAK-
1 downstream. IRAK-1 is the first family member identi-
fied due to its association with the activated IL-1 receptor
complex and its pro-nounced autophosphorylation®. So
the activation and hyperphosphorylation of IRAK-1 can
detect the acti-vation of MyD88-dependent signaling
pathway after IL-1RI being stimulated. MAPK is also
an important downstream kinase of this signaling
pathway, then its level of phosphorylation can reflect
the activation of MyD88-dependent signaling pathway.
With the coop-eration of College of Chemistry and
Chemical Engi-neering of Hunan Normal University,
we synthesized AS-1 under the guidance of the docu-
ments and analyzed its physical structure and biological
function.

MATERIALS AND METHODS
Materials
Reagents

Boc-phe-osu, Boc-Val-Osu, IL-1B and B-actin an-
tibody were purchased from Sigma(USA). MTT was
obtained from Amresco(USA). Phosphorylated-p38 and
p38 antibodies were products of Cell Signaling
Technology(USA). Anti-IRAK-1 was purchased from
Santa Cruz Biotechnology(USA).

Objects

HEK 293A cells were purchased from Shanghai cel-
lular institution, preservation and passage by our
laboratory. HEK 293A cells were maintained in
Dulbecco’ s Modified Eagle Medium(DMEM) (Invitrogen
corporation), supplemented with 10 U/ml Penicillin G,
10 v g/ml streptomycin, 2 mmol/L L-glutamine, and
10% fetal bovine serum at 37°C and 5% CO, in hu-
midified incubator.

Methods
Synthesis AS-1

AS-1 was prepared according to the listed methods
in the document™. AS-1 was obtained as slight yellow
oil, and then dried in vacuo for 24 h. Its structure was
detected by nuclear magnetic resonance(1H NMR),
which is consistent with the data of the referencel®.

Cytotoxicity experiment(MTT assay)

MTT was dissolved in DMEM at the concentration
of 5 g/L, filtered for sterilization, and conserved away
from light at 4°C. After the start of the experiment, 25 11
of MTT solution was added to each well containing cells
(96-well microtiter plate). Then, the plate was incubated
in a CO, incubator at 37°C for 4 h. When the amethyst
needle crystal was observed from the microscope, the
media was removed, and 200 1 1 of dimethyl sulphoxide
(DMSO) was instilled to each well, pipetted up, and
down to dissolve crystals. Lastly, the plate was placed
in the transfer to CliniBio-128 plate reader and the
absorbance was measured at 492 nm. The cells were
divided into six groups; control group served as blank
contrast, IL-1B (10 ng/ml) stimulated group served as
positive control and DMSO dissolvent group served as
negative control. The absorbencies of different concen-
tration of AS-1 solutions(0-100 1 mol/L) were also
measured.

Western blot analysis

Equal amounts of total cell protein(80 1g) were frac-
tionated on sodium dodecyl sulfate-polyacrylamide gel
electrophoresis(SDS-PAGE) and transferred onto
Polyvinylidene difluoride(PVDF) membrane for
immunodetection. The membranes were blocked in 5%
nonfat milk in TBS containing 0.05% Tween-20 for 2 h
at room temperature, then incubated with anti-p-p38,
anti-p38, IRAK-1 or anti- B -actin at 4°C overnight and
followed by peroxidase-conjugated secondary antibod-
ies at room temperature for 1h. The immune complex
was visualized by enhanced chemiluminescent reagent
(ECL) method, and then exposed to X-ray film. There
were five groups, including the control group(neither
IL-1B nor AS-1), IL-1B stimulated group and differ-
ent concentration of AS-1(0-100 1 mol/L)with IL-1B
groups.

Statistical analysis

Data was presented as mean + SEM. For tests of dif-
ference between the groups, one-way ANOVA was
performed. P values less than 0.05 were defined as sta-
tistically significant. All experiments were routinely
performed at least four times with comparable results.

RESULTS
The crystallization structure of AS-1 was

detected by NMR

AS-1 that we had synthesized was slight yellow oil,
and its structure was detected by 'H NMR:(400 MHz,
CDCl,) 8 :7.34-7.17(m, 5 H), 6.24 (d, J= 8.4 Hz, 1H),
4.60, 4.58(dd, J = 6.8 Hz, 7.2 Hz, 1H) 3.74-3.70(m,
1H), 3.49-3.40(m, 3H), 2.99-2.92(m, 3H), 2.53(t, J =
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8.0 Hz, 1H), 1.97-1.83(m, 5H), 0.90(d, J= 6.8 Hz, 3H),
0.82(d, J=6.8 Hz, 3H); LRMS(EL 70 eV) m/z(%): 302
M+, 5), 260(2), 204(14), 154(5), 127(4), 105(8), 91
(14), 72(100). The crystallographic details of AS-1
coincided with those of the reference!®. The chemical
molecular constitution of AS-1 was shown in Fig 1.
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Fig1 Chemical molecular constitution of AS-1

MTT assay found that AS-1 has no cytotoxicity

To detect if AS-1 had any cytotoxicity, MTT assay
was taken on HEK 293A cells. MTT can permeate
plasma membrane(the amber dehydrogenase in the
mitochondria of living cell deoxidize exogenous MTT)
to create indissolvable royal purple needles of formazan
crystal which are found deposited in cells. The crystal
can be dissolved by DMSO. The quantity of living cells
can be detected indirectly by using CliniBio-128 plate
reader and measured absorbance at 492 nm!"®. This
empirical method can detect whether AS-1 has cytotox-
icity or it reduces quantity of living cells. Our result
demonstrated that IL-1B stimulated groups had cyto-
toxicity reaction and those 492 nm A figures were de-
creased by 37.90% compared with control(0.50
0.02 Vs 0.31 £ 0.03, P< 0.05). No toxicity of AS-1
were shown to HEK 293A cells at all the concentrations of
10 v mol/L, 50 1 mol/L, 100 & mol/L and DMSO group.
The 492 nm A figures of AS-1 groups were not signifi-
cantly different compared with control(P> 0.05, Fig 2).

AS-1 attenuated activation of p38 MAPK

mediated by IL-1

The degree of the phosphorylation of p38 MAPK
induced by IL-1 B was analyzed by Western Blot to
detect whether AS-1 can efficiently block the associa-
tion of IL-1R-TIR and MyD88-TIR and the downstream
of signal transduction.

It was shown that the phosphorylation of p38 MAPK
induced by IL-1B (10 ng/ml) significantly increased
by 50.90%,(0.11 £+ 0.01 Vs 0.67 £ 0.02, P < 0.05)
compared with control group; Compared with IL-18
stimulated groups, the phosphorylation of p38 MAPK
induced by preoccupation of AS-1(10 v mol/L) de-
creased by 34.32%(0.67 = 0.02 Vs 0.44 + 0.07, P<
0.05), that AS-1(50 pmol/L) decreased by 41.79%
(0.67 = 0.02 Vs 0.39 = 0.04, P< 0.01), and AS-1
(100 1 mol/L) decreased by 89.55% (0.67 & 0.02 Vs
0.07 =+ 0.01, P<0.01, Fig 3).
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Different concentrations of AS-1(0-100 rmol/L) were added to cells
for MTT assay. IL-1B (10 ng/ml) stimulated group served as positive
control. It was shown that IL-18 stimulated group had cytotoxicity
reaction. No toxicity of AS-1 were shown to HEK 293A cells at all the
concentrations of 10 umol/L, 50 umol/L, 100 1 mol/L and DMSO
groups(P > 0.05). Compared with control, "P < 0.05.

Fig 2 The results of MTT assay signed AS-1 has no oxicity
to HEK 293 cells
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HEK 293A cells were incubated with different concentrations of 0-
100 u ol/L for 15 min, each group was added IL-1 B (10 ng/ml) to stimulate
for 24 h, then extracted total protein of cells for Western Blot. Control
had added neither AS-1 nor IL-1B8 . Compared with control group,
“P <0.05; compared with IL-1B stimulated group, # P< 0.05; compared
with IL-1B stimulated group, “P< 0.01.

Fig 3 AS-1 attenuated the activation of p38 MAPK mediated
by IL-18
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AS-1 attenuated the activation of IRAK-1

mediated by IL-1 B

We had described that IRAK-1 was an important
downstream signal molecular of MyD88-dependent
pathway', so the degree of phosphorylation of IRAK-1
was performed by using Western Blot to measure the
inhibitory action of AS-1.

Western Blot showed that IL-18 caused IRAK-1
activation, and the phosphorylation of IRAK-1 in IL-1 B
stimulated group significantly increased by 157.83%
(0.02+0.01 Vs 0.39 £0.03, P< 0.05) compared with
control group. IL-1B stimulated group plus AS-1 evi-
dently decreased the phosphorylation of IRAK-1, by
51.28%(0.39 + 0.03 Vs 0.19 £ 0.04, P < 0.05), than
that of the IL-1B stimulated group(Fig 4).

DISCUSSION

It was demonstrated that, the low molecular-weight
MyD88 mimetic AS-1 we synthesized had no cytotox-
icity to HEK 293A cells through MTT assay, and it at-
tenuated the phosphorylation of p38 MAPK and IRAK-1
mediated by IL-1B .
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HEK 293A cells were incubated with AS-1(100 1 mol/L) for 15min,
then added IL-1B (10 ng/ml) to stimulate for 24 h. Control had added
neither AS-1 nor IL-18 . Compared with the control group, “P < 0.05;
compared with IL-18 stimulated group, ¥P < 0.05.

Fig 4 AS-1 attenuated the activation of IRAK-1 mediated

by IL-1 B

The Toll/IL-1 receptor family plays an important role
in inflammation and regulation of immune responses'?..
These receptors are characterized by the TIR domain,
which locates the C-terminal homology motif "', A
principal function of the TIR domain is mediating ho-
motypic protein-protein interaction in the signal trans-
duction pathway. After the extracellular part of IL-1R
binding with ligands, MyD88 bound to IL-1R via ho-
motypic interactions mediated by TIR domains to form
TIR-MyD88 activity complex, swhich in turn recruited
IRAK-1, thereby allowing the association with death
domain(DD) of MyD88"!. When the cells were in qui-
escent condition, the N-terminal of IRAK-1(DD) com-
bined with Toll-interacting protein(Tollip), which in-
hibited IRAK-1 to form dimer. But when IL-1R was
activated, Tollip/IRAK-1 complex shifted to the MyD88-
TIR complex, then Tollip dissociated from the complex,
which made the association of DDs of MyD88 and
IRAK-1 and then formed IRAK-1 dimer, leading IRAK-1
autophosphorylation/cross phosphorylation. Kollewe
C had reported that IRAK-1 was phosphory-lated at
Thr**? and resulted in a conformational change of the
kinase domain, permitted further phosphoryla-tions to
take place!!. For this reason, when MyD88-dependent
signaling pathway was activated mediated by IL-18 ,
the total protein of IRAK-1 in cells would not increase.
But there was more IRAK-1 dimer and phos-phorylation
of IRAK-1 was increased. AS-1 blocked the associa—
tion of TIR of IL-1R and MyD@88, and then prevented
MyD88 from recruiting and activating down-stream
IRAK-1, so the phosphorylation of IRAK-1 decreased.

After forming IRAK-1 dimer, IRAK-4(another mem-
ber of IRAK family) combined with MyD88-TIR-
IRAK-1 complex and then self phosphorylated, thereby
allowing the activation of tumor necrosis factor recep-
tor associated factor 6(TRAF6), which made TRAF
family form homologous or heterologous oligomeriza-
tion"Y. Meanwhile, IRAK-1 made TAK1- Binding Pro-
tein 2(TAB2) bind with TRAF6-Transforming growth
factor beta-activated kinase 1(TAK1)-TAB1 complex.
This led to the ubiquitylation of TRAF6, which induced
the activation of TAK1. TAKI1, in turn, phosphorylated
both MAPK and the IKK complex(inhibitor of nuclear
factor-x B(I ¥ B)-kinase complex). Then it activated
NF-kB/AP-1 and induced the expression of its target
genes!*131,

MAPKSs were found include the extracellular signal-
regulated kinases(ERKSs), the stress-activated/c-Jun
NH2-terminal kinases(SAPK/INKs), p38-MAPK. In-
volvement of all three classical MAPK pathways
had been implicated in the mechanisms of immune
response!'*!7l. These cascades differ in their upstream
activation sequence and in downstream substrate specify.
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As an important downstream kinase of MyD88-depen-
dent signaling pathway, the phosphorylation of
p38MAPK could be used as sign of the activation of
this signaling pathway®. According with the describ-
ing in reference'®!, AS-1 inhibited IL-1 B-induced the
phosphorylation of p38MAPK in EL4 thymoma cells,
we also demonstrated AS-1 attenuated the phosphory-
lation of p38MAPK mediated by IL-1 B in HEK 293A
cells.

MyD88-dependent signaling pathway plays a crucial
role in the activation of both innate and acquired im-
mune responses. Recently, researchers also found that
it participated in the regulation of varied heart diseases,
such as myocardial infarction, ischemia/reperfusion
(I/R), cardiac ventricle remodeling and so on"*?!!. Ac-
cording to our research results, AS-1 inhibited efficiently
the phosphorylation of IRAK-1 and p38 MAPK induced
by IL-18 , then prevented MyD88 dependent signaling
pathway, and it had no cytotoxicity according to MTT
assay. Therefore, AS-1 hoped to become a new drug
that targeted at blocking the association of IL-1R [ and
MyD88 and further interfere MyD88-dependent sig-
naling pathway.
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