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Research progress on mental retardation related gene ILIRAPLI
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Abstract: Deletion, inversion and mutations of /ZIRAPLI (interleukin—1 receptor accessory protein —like, gene
1) are associated with non—specific mental retardation (MR). It may be associated with human cognitive ability.
Studying the biological and cognitive function of /LIRAPLI is important for MR diagnosing and prevention.
This paper reviews the progress on ZLIRAPLI including its production, biological and cognitive function. The
further study work in this domain is also reviewed here.

Key words: nonsyndromic/non—specific MR; /ZIRAPLI gene; 1L-1 receptor accessory protein; cognitive function

FH Bt A% DAL 3R 5 kS (R RS Ak & R sl KT
(mental retardation,MR) R -5t52 2 AATHI G E,
TR, SRR M MR (non—syndromic/non—spe—
cific mental retardation, NSMR) AHICHEK )48 5
SE LRI T REAIEFE T AR A A 231K A0 27 i 7 ) 34
=N 11} R I NS S LA BSR4 I WAk <
R FE PRI ST F S ) o Y iR MR AT A4 -
WEFEIT AT TAR REE &, UL o (1) MR AH OGS
DRI v B 5 e A6, JerP A 20 15 MRS NSMR
F, EHRERZEIN FUR2, OPHNI. GDII.
PAK3. TLIRAPLI. TM4SF2. VCX-A. ARHGEF6
25 RSO L [ 7L 1 RAPL 1 3E DRI 5017 1t 7 222
WATERIR
1 ILIRAPLT EEAF

19994F Carrié %5241 55 34 5 X B A4 57 M K
Pl B IR A (MRX34) 28 R0 ) X Qe fhk Xp21. 3 —

22. LALKRBL T —BUh R IXBL, JFAEIZALE ol T
ILIRAPLI(interleukin—1 receptor accessory protein —
like, gene 1), FRZ NHENRIZAKMBIEEIERL,
N 440PHN4 (0ligophrenin—4) B{TIGIRR-2 (three immu—
noglobulindomain—containing IL-1receptor-related?2),
J& T A4 A #2481 (IL-1R) FIEM A 2 —
PENCBIZHE /4 (www. ncbi. nlm. nih. gov) % EHE
7, ILIRAPL1 B4R 1 369kb, H 11 MohE
T BRE 11 SAME RN T 622bp 41, H
R L0 MR T R/AME 75 — 649bp Z (1] %I K
B~ mRNA K FE R 3 624bp, 5 BHRR 4G S AE
mRNA [¥155 63 1bp &b, 3" JEBHPEXAKREHR 903bp,

Ik BEA: 2008-09-01; f&[E HHER: 2008-09-19
ESWME: EXARB%ELSIHE (30771182,
30470577) ; BEVU BARRIAIE S IH (2005C115)
*BIEE: gaoxc@nwu. edu. cn



136 ARl

21 %

S TP IR SEAE (ORF) KA 2 091bp, M 2 4h 5+
2 1L ANE TGS 696 N IEIR .
2 IL1RAPL1 ER G R EIRINAE

TLIRAPLI BP9t () 1 696 /™24 kR 21 1 1)
ILIRAPL1#E A& T-IL-1/Tol 1 2K b 2 — o %
WA T 34N g-11ke Z5RIA 1A JRANAITIR
GERIEE (TIRGE MR AETL-1/Toll AR IRIIERE) 2
Ah, B T ANRRERR B 150 ANEIEER 2 i C ot
SERIE, XA GRS AT A AN DD RER & (A #E
F Y5 . Bahi SIS KB, TLIRAPLL &
FE O HRR R C i &5 M3l & o s K sz 48 - 1
(neuronal calcium sensor—1, NCS-1) #HEHAEH, 7T
Ca? MO H JAE T . Gambino SFMWHFFTRIL, &
PC12 4 Bo e A 1) IL1RAPLL ] LA 4% 22 1)
NZRY i 1 [ 1445 28 i i (N-type voltage—gated cal-
cium channels, N-VGCC) Iyt ERWE M, TMAE NCS—
1 3 B 2k 1K) PC12 40 i mp W42 SR 1€ 1) N-VGCC
FIThhetEdi sk, 76 TL1RAPLL 40 ffrf R NCS-1 X
A EER N-VCCC i PRI . XL KB NCS-
1 BEMFEIHFTN-VGCC WiEsh, RIFHIEE T

TNF

l

ILIRAPLL Fl NCS-1 Lhfg KIeZ (M AR AR . it
MALUESE TLIRAPL T AHOC RS ph & & 1R ¥ A T
N=VGCC sl NCS—1 At (1) 5 il FH 4 28 T0 3 12k R Al
it e - Yoshida FIMishina® i@ Wi sisd a5
I FLa 1) TLIRAPLL [ [RYE 2L 1 T11rapl1b, AL
I11rapl IbXJ 5/ INEL AR SR ANBE S ISR RS FTEAS
IR R 525 1) X 3kt o T1 1 rap] 1bif
HHTIR Z s R AR B A S T11rapllb
FINCS-1 7 C i 45 F ORI S ful /ML R 2R o IX 8
S5 FALRTE T R Al I FE R T Lrap 11X} 5 fid i i
(1) 73 A A

LB A 38 TL-1 2R KA 46 TL-1RT,
IL-1R 1T+ IL-1 S24A%HB)E 9 (IL-1RACP) . IL-1%%
A 1 (IL-1RrP) . ST2. MyD88. A Toll
FESZAA 1 —5(hTLR1-5) 25 11 pibi. ILIRAPL1 2%
H5 B4R 1 2R & (IL-1RACP) A
KRS . BLAST 43 #7 2 W), IL1RAPL1 R Y
A IL-1RACP & HZIFT 52% MRS . A TL-
LRACP AW 2% D e O FE 2 R SCHR P 3EAT T 14046
AR, LA HLEI LA 1,

IL-1

IL-1RI/IL-1RAcP

)
RIP _TRAF2

FADD
TRADD
TRADD

KKy

Proteasome /

32/36P

Dagradation of
ubiquinated IkB protein

/

i E:—:-KB translocation

/"/ 3 —l—' B
-
L B transcriptional *\\
Q activation
"-\_
_-_‘-‘_‘_—ﬁ_

t

IRAK/MyDS8
1]
IRAK/TRAF-6
NIK o |
S
.. T TAKI
A
KAP | o

IxB phosphorylation/ubiquination

gene product

—

B 11 REZREEIE B (IL-1RACP) A I 4/ &



1 [

B, S SRR EIRMEAT ORI 1L 1RAPL 1 SENBESUHE 137

TL-1 505 = AN L #RRE S TL-1RT 2 TL-1R 11 &5
Hro IL-1 5%4k454 5, TL-1RI 5 IL-1RACP 454
JERIL-1 AR5, WoE IL-1 AR50 i
545 IL-1 SZMAHOCHL (G (TRAK) , 4R )5 IRAKL 5
S IL-1 {55/ TRAF6 MIEAEH, MRz —&
GRS 5 ITBOR S, 4R ¢ — Jun Z AL i i
(JNK) Fll g2 8+ NF-«B, W22 %
LK (proinflammatory genes) HIERIE HIT N 55 S 4
i S (RIS, E 20 TL— 115 S L 7 TH B AR K
R o RS IR 2 B TL-1 32 ARALEHE AR i IR o]
HRIE, CARAEIE ARSI TL-1 5 5 i e
390 TRV AR 82780 A 5 A L B 0 DAL X
P 2E A B R LA S M 2 e, {EOGE TL- 145 5l %
TEH R A2 3R G0 A B2 T (R G IR AT A FE /D
3 JLIRAPLI BEE S5HEWMAFIRFEXANMAR

XPTL1RAPL 1 558500 R & 18 0 1R ¢ R
o FEREDUMR B LKILE RN NG IR
o MIEX MRX A 358 R 58 AR IR 0 45 1 TR,
TLIRAPLT SER LG R S e {3 DA e 58 AR 55
JEIE MR [ EZ R K, $EoR 7L IRAPL 1 KERIH) L)
REE B IE W RA 5 N MR &R wr H AT A G
PEo Jin 250075 B Backer WLIAIZESE . H ki
BB R LR B AN R AR R I 2R 1
BRAREERBE T ORI, PUVVE FEA R
M ITLIRAPL I R ERAMIE, kT H Y
IL1RAPLT 25 140 M N5 5 &5 1) 3 540 et il
%Ko BIMABATIAY, IL-1. IL-18 SEAHALSF1Erh
B ff 22 2 B R Iy R T A8 L A AR AR A
Sasaki ZEUUZE1IAN2Z A 1A 9 H HAMR &)
WA TR BRI S Lepretre S 27X 1
A6 MR JLERFIT A, B EAAAE X B oA &
Sinv(X) (p21.3-q27. 1), HRESRM R AR T X A ik
FI'E, SRRV (FISH) 2 Wi, TLIRAPLI
FERITEXp21. 3R E P T Carrié®5 2N 7E =
S N AERE R PEMR K R, KRIAE ILIRAPL I
FERRIEE 115 ANE P C/A e, SEUGE X548
tyr/stop CRHI% 2 B 2% i 5848 4 EF) o HAAFF5T
sl R LT ANRI R B (W) 72 1RAPL IBE R 58748 55 A
SEPEMR (NSMR) H% &,

4 /LIRAPLT EEHHINFTI e Rt R

XF TLIRAPL T RS 5NN DNRE % R A 5T, H
AT B2 DA B A O Sm T R . BLIE 1%
FLR 5 NN B Re ) 0% &R ST Ie /> WARGE .

CLENY) A A RIRE 7L 1RAPL 1 RN S0 T g (T
G A B AR Z L R 1) 30 40 [ 25k DRI 7 fi 45 ) <
IEHIFFT LA SO TL~ 145 510 56 6 2% 393012 A8 s R 1)
SCWE WS 51 o Carrié 2525 | LIRAPLI HEIA 5
B IR RIS, 3 DA/ BRI BPRIAT SRR 71 1rap DEDR R ik
RIBROEATIN I . 5 REKW, WK Ilirapl A
BRAEE NSy DIRIATS IR Py 7 2 A it ey v e
FakAh, BEBAANE WL Pk RS X
FIE, XEEDIRASEH IO F R E VIR TN,
Fo dkKatsuki 550OHGE T TL- 15 50 B0 LR i
L5 CA3 X I I R i A (R b i, LAt o)
WAESE T IL- 15 5 2% ] LU i i 48 5 rhois ph 22
RO P DT XS 48 2 ST R T 2 A 1 5 A A
Mo Bbsh, X2 et —28 TL-1 {55 10 B 314
SIS BT AR B TL- U5 5 8 B B A 20 i 1
T2 RN 5 fd ] S 2 7 A 5 g (1) &5 SR TR S o
4 REE

AT, X TLIRAPLTFEDR R L= gk . ik
I AR At Dhfe O T KREIT, 28 TRHM
FHE IR, EHZIER S5 ARl Fife )1 k&
HITF ST AL o ZEX TLIRAPL 1 3P 5 NN %N
RE R R I TUT WA AN D 75 M P ity o) i, F2 %
FHAE: 55—, DLAEMR AME RS0, B
PR T ILIRAPL DER ) D g R BAR IE Rk 5 A
PR G IR A A, (BRI IER 2 &
PES NFINFNRE I IR R AR T, T2 K
FEARTIBEHLABEE G, i RN 238505
IS ) R BR A M, [RMEAR ) 7L IRAPL 1 55K 22
AES ANRWREI KGR 25, IL-1RACPs [
EWEEDRELL O FIDh BE IR 45 R B O R T 2
B IL-1 15 582 Wi TLIRAPLI R R N ZS5IA %N
e AT e BA LR IR DL n] REFRIREma L], (H
Py B S AR, T RS KRR K 5 84
NG SARTRVA: A PR Tt i 27 S A MRS 8
BRI DA 01 66 07 5% 1 (1 ] Be AL o

(& % 3 #]

[1] Martinez—Castellano F. Non—specific X-1linked mental
retardation. RevNeurol, 2006, 42(1) :77-83

[2] CarrieA, JunL, BienvenuT, et al. A newmember of the IL-
1 receptor family highly expressed in hippocampus and in—
volved in X-1inked mental retardation. Nat Genet, 1999, 23
(1):25-31

[3] BahiN, Friocourt G, CarrieA, etal. IL1 receptor accessory
proteinlike, aproteininvolved inX-1inkedmental retardation,



138

Rt

n,

54

21 %

(4]

(5]

(6]

(7]

(8

9]

[10]

(11]

(12]

[13]

interacts with neuronal calcium sensor—1 and regulates
exocytosis. Hum Mol Genet, 2003, 12(12) :1415-25
Gambino F, Pavlowsky A, Begle A, et al. IL1-receptor ac—
cessory protein—like 1 (ILIRAPL1), aprotein involved in
cognitive functions, regulates N-type Ca*—channel and neu-
rite elongation. Proc Natl Acad Sci USA, 2007, 104 (21) :
9063-8

Yoshida T, Mishina M. Zebrafish orthologue of mental re—
tardation protein IL1RAPL1 regulates presynaptic
differentiation. Mol Cell Neurosci, 2008, 39(2) :218-28
Bliss TV, Collingridge GL. A synaptic model of memory:
long—termpotentiation in the hippocampus. Nature, 1993,
361 (6407) :31-9

Huang J, Gao X, Li S, et al. Recruitment of IRAK to the
interleukin 1 receptor complex requires interleukin 1 recep—
tor accessory protein. ProcNatl Acad Sci USA, 1997, 94(24) :
12829-32

Sims JE, March CJ, Cosman D, et al. cDNA expression
cloning of the IL-1 receptor, amember of the immunoglobu—
linsuperfamily. Science, 1988, 241 (4865) :585-9

Kopp EB, Medzhitov R. The Toll-receptor family and con—
trol of innate immunity. Curr Opin Immunol, 1999, 11(1):
13-8

JinH, Gardner RJ, ViswesvaraiahR, et al. Two novel mem—
bersof the interleukin—1receptor gene family, one deletedin
Xp22. 1-Xp21. 3 mental retardation. Eur J HumGenet, 2000,
8(2) :87-94

Sasaki R, InamoY, SaitohK, et al. Mental retardation ina
boy with congenital adrenal hypoplasia: a clue to contigu—
ous gene syndrome involving DAX1 and ILIRAPL. Endocr
J, 2003, 50(3) :303-7

Lepretre F, Delannoy V, Froguel P, et al. Dissection of an
inverted X (p21. 3q27. 1) chromosome associated with men—
tal retardation. Cytogenet Genome Res, 2003, 101 (2) :124-9
Wheway JM, Yau SC, NihalaniV, et al. A complex deletion—

(14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

inversion—deletion event results in a chimeric ILIRAPL1-
dystrophin transcript and a contiguous gene deletion
syndrome. J Med Genet, 2003, 40(2) :127-31

Zhang YH, Huang BL, Niakan KK, et al. ILIRAPLI is asso—
ciatedwithmental retardationinpatientswith complex glyc—
erol kinasedeficiencywhohave deletions extending telomeric
of DAX1. Hum Mut, 2004, 24(3):273

Tabolacci E, Pomponi MG, PietrobonoR, et al. A truncating
mutation in the ILIRAPLI gene is responsible for X-1inked
mental retardation in the MRX21 family. Am J Med Genet
A, 2006, 140 (5) :482-7

KatsukiH, NakaiS, Hiraiy, etal. Interleukin—1betainhibits
long—term potentiation in the CA3 region of mouse hippoc—
ampal slices. Eur J Pharmacol, 1990, 181(3):323-6

Rada P, Mark GP, Vitek MP, et al. Interleukin—1 beta de—
creases acetylchol ine measured bymicrodialysis in the hip—
pocampus of freely moving rats. Brain Res, 1991, 550(2) :
287-90

Cassel JC, JeltschH. Serotonergicmodulationof cholinergic
function in the central nervous system: cognitive
implications. Neuroscience, 1995, 69 (1) : 1-41

Sims JE, Smith DE. Regulation of interleukin—1 activity is
enhanced by cooperation between the interleukin—1 recep—
tor type I1and interleukin—1 receptor accessoryprotein. Eur
Cytokine Netw, 2003, 14(2) :77-81

Avital A, Goshen I, KamslerA, etal. Impaired interleukin—1
signaling isassociatedwithdeficits inhippocampal memory
processes and neural plasticity. Hippocampus, 2003, 13(7) :
826-34

Yirmiya R, Winocur G, Goshen I. Brain interleukin-1 is in—
volved inspatial memory and passive avoidance conditioning.
Neurobiol Learn Mem, 2002, 78(2) :379-89

Schneider H, PitossiF, BalschunD, et al. A neuromodulatory
role of interleukin—1beta inthe hippocampus. ProcNatl Acad
Sci USA, 1998, 95(13) :7778-83



