52 O WA k¥ % WO(E ¥R 2014 49
Vol. 52 No.9 JOURNAL OF SHANDONG UNIVERSITY (HEALTH SCIENCES) Sep. 2014

XEHS:1671 -7554(2014)09 - 0015 - 05 DOI:10. 6040/j. issn. 1671-7554.0.2014. 018

JERMEE B E P Neuroligin2 B FRRIZRE X

WA, B4R KRR, F R K
(AR FF 8 BB /N LML, LUK BT 250012)

WME.ae MEALRBELHE(HD) 5)LA KM F + Neuroligin2 2 B 49 & i H 2, 38+ Neuroligin2 & £ k5
HD £ AWM T %4, 7 RFLAXRFFEERDIVIMTFRG76 HD EILLMARARL 42 4,4 HD &
JUSE B A S S PR, A AT B B B Bk h B4, ) Western blotting | 52 B 3% b 2 B R A B4 X R A
(gqRT-PCR) & %, 9% 4B L2405 3 & 75 ik WL & Neuroligin2 /2 &Mk #g 2 ik L, % %  Western blotting 4 £ 8+
Neuroligin2 & & £ F BAA 8T £ A& 4 0.012 £0. 001, 8] £ & T AT B A= £ 5 £ (0. 039 £0.001, 0.057 +0.002;
P <0.05), gRT-PCR % % 2 =, Neuroligin2 4§ mRNA K-+ 5 &G Rk A% —%, LEHARNLFEE T HD &
JUSEF B & 69 DUIE) i A 22 3 40 B P A7 Neuroligin 5% Fa bk 4 fLd R ik, M B F BB % F 5 Rk 4T
W & ¥ JL Neuroligin2 FabE4m it el % ik, %+ HD EBIURE B M E F Neuroligin2 # & ik #: % a5 HD 69 4 4
X
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Expression and significance of Neuroligin2 in
children with hirschsprung’s disease

YANG Hongchao, WANG lJian, ZHANG Wentong, LI Aiwu
(Department of Pediatric Surgery, Qilu Hospital of Shandong University, Jinan 250012, Shandong, China)

Abstract: Objective To investigate the expression of Neuroligin2 in normal and spastic segments of colon in children
with hirschsprung’s disease (HD) , and to explore the correlation of Neuroligin2 with pathogenesis of HD. Methods
A total of 42 resected colon specimens of HD cases treated during 2012 to 2013 were enrolled. Normal colonic segments
were served as control group, while the transitional and spastic segments as experimental group. Neuroligin2 expression
was detected with immunohistochemical staining, Western blotting, and qRT-PCR. Results Western blotting revealed
that Neuroligin2 protein in spastic segments (0.012 £0.001) was lower than that in transitional segments and normal
segments (0.039 £0.001 and 0. 057 £0. 002, respectively; P <0.05). qRT-PCR revealed that Neuroligin2 mRNA
level was consistent with the protein expression. A large number of Neuroligin2 positive gangliocytes were observed in
the control group, while none was observed in spastic segments. Significantly fewer Neuroligin2 positive gangliocytes
were found in the transitional segments. Conclusion Neuroligin2 is significantly down-regulated in spastic colon seg-
ments, which may be associated with the pathogenesis of HD.
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it o BUSRSET HD KR ALE I SRR T A D,
B2 2 IR B — 5 T AT W, HanwiE o de 2
() RET L[ D) e 2550 H Al 3 R (SOX10 %K \ECEL
FEHAE) 1548 HUE R ATE 50% 1) 205 P 1) 58 )L
W I, DL 7% 3 35% W RCE R B, JF A BB
FRRR I A SR LR B

Neuroligin2 Sy 5 fiil J5 5 IR 26 11, ‘& A A7 7E X
X128 22 45 ( central nervous system, CNS) 2 fih i) JE
KB U R A R R B EE RS, B
RPN, ENS 5 CNS 247 £W '+, Neuroligin2 75
HD 3 B 20 72 75 38 AR 2GR 10 5 1 ANV
HE o XTI, FRATTN T S 2 214k 4% . Western blotting
& qRT-PCR %% Neuroligin2 £ & 7 Bt i) 32 ik 15
O, PRIT UL X HD & i 7 o

1A S

L1 BB

LT FEASRIE  iedk 2012 - 2013 4RFE IR R
Fr& BN LA TP AR YT B HD L 42 6, 5
36 4], 2z 6 I, Hollfa IR R B R A A AP &
HD, I HEAR GBI b st . FARBERHIZNLT]

Soave EL45 MR A, Horp 8 flH BEB B 25 7 i L
KB T B mAaAR . RIEAR PP
X NIRRT B2 FEAT B pe s BOA, I 20
W R, T BT, TR A TE I EP &,
WA G BT - 80 CUkAH IR AE, FBAT A
4% WU [ E o

1.1.2  FTALEs ik H ik iY ( BioRad Power/
Pac3000) . %% E[1 B, Jk ## ( BIDRAD) | 5Z i 52 & PCR
1 ( #i 1 Roche Molecular Biochemi—cals LightCy-
cler Operator 7S Manual Version 3. 5October 2000 ) ,
RNA 7 % s A% (&% Eppendorf) | i {3 % ( Nikon
E800) ; 2 RNA i Ht it 51 & RNAiso Plus ( H 4
TaKaRa) , )2 5% 5557 £ PrimeScript ® RT reagent
Kit with gDNA Eraser ( H 4~ TaKaRa) ,SYBR ®

Premix Ex Taq™ [l Tli RNaseH Plus ( H 4< TaKa-
Ra) BPTA B-actin HLIR (AL A2 B A P HOR
AMRAHE) EHUA Neuroligin2 £ 47144 (32 San-
ta Cruz) B-actin Az Neuroligin2 5|4 ( ¥4 T4
TAARRAE, BRI 1) 458 DAB 5 &
WAE R R 2Pk S AR D R & (bt b A2 4
B AW HARABR A AD) o

F 1 5IYFE R G A BER B
H a5 PFE1(5° —37) BJGRE(T) Jr B (bp)
Neuroligin2 F:CCAGTCTCCCGTCTACTTTTACA 59 316
R:CTGCTTCTCCTTGCTGTTGAAT
B-actin F:AGCGAGCATCCCCCAAAGTT 60 285

R:GGGCACGAAGGCTCATCATT

F: EiiF5190; R M54,

1.2

1.2.1 Western blotting (DS H2E B3 44
JZW 45 25 mg T EP &, A 300 pL RIPA
20 g 240 (RIPA: PMSF = 100: 1) £ 5] 3 4% 58472
FRRE ARTELES .0 (4 °CL,12 000 x )20 min, B -3
W, HUER 43 b 3 VI B R B2, R A i SDS-
PAGE H 1 FFEZ R (5 x ), WK 10 min 5553
A, -20 CHRAF; QLUK : BUR L 1 30 ng, 4 5%
Heds ik SDS-PAGE Hi Jk 80 V, 30 min, 8% 4y & K¢
100 VHL Tk 45 min; Q¥ B . e B 45 —)E 40—0. 45
PVDF [R— e — U8 40— 4 (1) 07 5% B, 250 mA
90 min;5% BSA f[4] 1 h; @Gkl : PVDF i
TP W [ 5T A Neuroligin2 #t {4 (1:200 Hi
) s BRPT A B-actin HTiA (1:2 000 Fike) 1,4 Cid
P23 H R 5 30 min, TBST % 4 YK, 5 min/
;2 T PVDF 853 52 T P ik [ AR bR

ICARPT I 1gG (1:5 000 #i k) K -9t bl 1gG
(1:5000% &) ] o 1 hy PEJEE 4 WK, 5 min/¥; il
Immobilon Western 1}, 2# % 5t HRP Ji& 4, B AH; &
Gel-Pro analyzer 4.0 734558, IR K (AR R H
FER L X IKEE(H = Neuroligin2 10D/ B-actin 10D,
1.2.2 qRT-PCR (D RNA $EH5 M & i B H
3 Hlp B =445 25 mg, 580 BT#E . 2 [ RNAiso
Plus Total RNA $2Hiz %] ( TaKaRa ) 15 BH 5 42 B 24
RNA, JFR B RNA ¥ (CRAM IO, T
-80 CR f7 % F; @ cDNA 4 i: hif ] SYBR @
Premix Ex Taq™™ II ( Perfect Real Time )} i RNA
¥ 5%k cDNA,20 pL S %% 4K 5, f04% 5 x ¢ DNA
Eraser Buffer 2 pL, gDNA Eraser 1 pL, Total RNA
1 wg,RNase Free dH,0 #p & 10 pL,42 C 2 min,
hold 4 C ;4R 5/l A 5 x PrimeScript ® Buffer 2 ( for
Real Time ) 4 pL, PrimeScript. RT Enzyme Mix I
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1 pL,RT Primer Mix 1 uL, RNase Free dH,0 #p /&
20 wL, JZ 3 £ :37 € 15 min,85 C 5 s, hold 4 C;
(3)qRT-PCR f Jif : it SYBR ® Premix Ex Taq™" II
(Tl RNaseH Plus) %¢ ¢ 5 &8 PCR {5 &, 7 20 uL
R ZE I SYBR ® Premix Ex Taq I (Tl
RNaseH Plus) (2 x ) 10 pL, PCR Forward Primer
(10 pwmol/L)1 uL,PCR Reverse Primer( 10 wmol/L)
1 pL,cDNA 2 pL,dH,0 #h &2 % 20 pL, i f Light-
Cycler ® System Real Time PCR 4" #{¥ 7¢ ¢ & &
PCR {47 2 i ; @gRT-PCR J3 47 - 73 1) I 7 451>
f i Neuroligin2 mRNA #) Ct {H, &M BIESR
LB B RZE o SRR & 7 s m B4 i
SIPI i) ACt, ACt=Ct HI3EHE - Ct NSRHF, H
WA ACt= ACt HIGEER - ACt 2T, 115
2700 ME I 5 NS S B R
B, 2 7 SRR BRI AR A TR S BRI TR
i ) A 2 PR A 2R A5
1.2.3 fgEdigbsy: OA: VIR E 65 CHEAH
45 min, JRER —HIFE T 1 . K LEE95% 85% |
75% WFFILET , 78 18 7K ik min; QBT B D) )
ZA0.01 mol/L MR EEZZ vfifi (pH 6. 0) , Sl b
I, w5 K 7 min, ¥4 2 min; SR )5 80% i K N
1.5 min, ¥ %0 1 min, JE¥F 8 ¥, H AR HI PBS % 3
,5 min/ P @K i N IR i 4 AL P 3% H, 0, ,
37 °C,15 min,PBS(pH 7.3) ¥ 3 ¥k,5 min/ ¥ ; @t
[4]:5% BSA ¥ ,37 C 30 min,PBS % 3 ¥X,5 min/
K ; ©F F Neuroligin2 —#; (1:50) ,4 T3k ; ©IK

1 2

Neuroligin-2

H37 CH¥# 30 min, PBST(pH 7.3) ¥ 3 ¥X,5 min/
UK ;71 Polymer Helper,37 CH# & 20 min, PBST ¥t
3 ¥K,5 min/ ¥R ; %I poly-HRP anti-Goat IgG, SAB,
37 CiEHF 20 min, PBST ¥t 3 ¥&k,5 min/¥k; ©DAB
WA AT DAB W4 TARML RS G MR A, &
T, B8 T i R L[] (3 ~ 5 min) | %2 0 5 200K
JE IR S @ AR R E YL 1% $h LRI 5L,
F R K MR i K, BB, rh R I e, AR
WS, U1 A BEAH (Nikon E800) 5 437 ; @45 4 H
T - STP/ 1) B 52 S I 4 O 92 A €6, %5 BE 3l 7y 3
NEER (- ~ ) TR O (B, ) s (+ ~
++ ) I e A (S B E, BIR ) 5 (++ ~
+++ ) B O R (R, B AR R ) .

1.3 Siit24b3 SR Graphpad Prism® 5 %5 if%k
15 A EHRALL X £ 5 FoR, 4] 22 5 AT Oy 22
I3t M Tukey SEHATSEIHAE I, P <0. 05 Sh 22 5 H
it .

2 £ X

2.1 Western blotting Neuroligin2 7 HD 1F i %} i&
HE XS &5 0. 057 £0. 002, #8647 B2 4 1 A
Xy 0.039 £0. 001, B Bed b 2 AR X 638
1o 0.012 +0. 0015 1FE 7 X B4 5817 B4l LA,
ERAGIEEX (P <0.05) . Neuroligin2 7L 7
AR IREOE TR BRA FEAT B b, 2 A gt
FHEX(P<0.05), WA 1,

4 5 6

D G —— —— i

1 Neuroligin2 25 [47E HD fh3kik%5

1.2 JIEH R IRAL; 3 4 WRSATBIAL: 5.6 e Bedl.
Fig.1 Neuroligin2 expression in children with HD by Western blotting
1, 2. Normal ganglionic colon segments; 3, 4. Transitional colon segments; 5, 6. Aganglionic

colon segments.

2.2 gRT-PCR IE# XA SBITBAT A
Neuroligin2 mRNA {33k , H H 1E 5 X} B4 ) 3Rk
BRATERARM, ZR A5 2% E X (P <0.05);
Neuroligin2 mRNA 7E87= Beliz 5 vh Jo W] W 43k, H
5 IEH X B FRS A T B 2Rk LU A 2E R S it
FEX(P<0.05), k2 K2,

# 2 #R 3 BL4H Neuroligin2 mRNA ik

2057 %L Neuroligin2
1E X B 42 (9.46 £0.21) x10°°
BB 42 (4.74+0.23) x10°°
e Bl 42 (1.20£0.11) x10°°
P <0.05
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Fig.2 qRT-PCR results of Neuroligin2 expressions in differ-
ent colonic segments
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2.3 fupEdigifes Neuroligin2 ££1E X I 4
(B 3A ) PAT WL AT L [ A4 K i A 1 40
JHEAZ i 16— 0] ) S S8 Aol 221 40 L e 22 5 P 3k
(++ ~ +++ ), HRR R IRGER B O 7ER 1T Bl
(& 3B \b) BYAT LA AT L2 1] 14 1 2 AN R
AP R HERIE(+ ~ ++) , HfK
SRR B 1R B BLA (1 3C, o) YT LRI A T
WU JCH 2 i, S TERE (- ~ + ), AR
PRE kL, ILIAL 3,

Neuroligin2 # 47 HD A[a] i BOi 22715 vh i 43k

A &a: EFM IR IURGR HE R A ++ ~ +++) (A, x200; a, x400) ; B &b: AT

AU WUR R 215 S PR R  ( + ~ ++) (B, x200; b, x400) ; C & c: HeA= B 4UIA LI

AR E( - ~ +)(C, x200; ¢, x400)

Fig.3 Expression of neuroligin2 in HD by immunohistochemistry assay

A & a; Intensive expression in muscular plexuses of normal control group ( ++ ~ +++ )
(A, x200; a, x400) ; B &b Positive expression in muscular plexuses of transitional colon
segments ( + ~ ++ ) (B, x200; b, x400); C & c: Weakly positive expression in agangli-
onic colon segments ( — ~ ++ ) (C, x200; c, x400).
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3o i

FERANE A 58 LR i 1 78 0 28719 A sl 2
HBR R BT B 0 2 2 B B . B
ST AN R A SR 2 RUH BRI R A O A
4% RET .GDNF NRTN ,EDN3 ECEIl ,PAX3  SOXI10
8 XSS R I 2 TS e A RTR I R F L i H 24K
o] J2 22 5 R ELVE R 46 70 T e L R
REff R o LY A o

TEHRX P2 R e, 5 Ml Aif FEE 5 2 ik F JE ) 1)
TEHER 28O0 it 22 AT PR ATL A A 91 95 S B G B A
FH, Hetneg 2] 3 R AL KO k5 0 1
He R B4 Neurexin 3 R ¢ 3% T 5 fil iy 5%, Neu-
roligin J K 38 T 5 fi J i, 7E 22 fiph o JE B Neuroli-
gin/Neurexin 2 [ & & 1, H #JiF 52, Neuroligin 55
Neurexin A H.AEHIAT 5 fil 1) i 452, I35 52 fk 1)
A5 # % . Neuroligin2 J& Neuroligin #8 5 % H
() — A, FEEAE CNS P28 S0 A il 5 fid f B
Fe3k1" D Neuroligin2 5 Neurexin A H.E 1 7] LA
{2t CNS ' GABA fgtfi & S il (T8 1 . & & M o3
16,32 5RMINAEREIR " . HFFE %KW, ENS Al
CNS Z [Al A 2% V) IR 2R , FL LU A 2 8 (1 78 ENS Al
CNS w BA7 REEE /R . HHATXT Neurol-
igin2 7£ CNS HHORFF O 26 MR ¢ %, IR 2 7E ENS
1T BRI ATEAE . Neuroligin2 K& P k2 5 4 5¢
AFHER AT RS ENS 5 il (1) T8 1 S 5% fih A5 2. 1) A%
i, TS0 T HD B8 B DL M R4 7 B Ik sh D e

ARSLEGYEE HD £ Be g i dl SO RAS, R T
A 55 PR 2k 5 1 B R, FRATTR ] Western
blotting ,qRT-PCR W Fj il HAHIETE AT I AR X H
LR 3 20 i Bt AT A, S5 45 R Uk 58 HD filL
(] A 28 D\ H B 5L P ) 2GR AR AN [ 11 B Z TR A B
W2E5 . AT SOR i 2 UL 22 e 07 R
Neuroligin2 74z B &R AL I 2B M5 00, & BUAE IR
Xof B2 Jizn 5 LI A T AV (B8] 200 A% v 1] — 00 £4) g
AT A P S i PR 28 s FE RS AT B L) Y
A A FRINTE it 28775 200 i v 52 585 PP 58, T 7 AR 2
25 v R Y U oS NN 1 o R Y T T
P, F AT 145 i Neuroligin2 4 X 7E A\ 28 ENS £ 3%
ik, 1 ELAT BB ENS SfIE R LB A — & KR
Neurelogin2 K& [A] (1% fikt 25 B 242 W] 520 | ENS
H SR i AT 1 % 5 ik 4 45 S A% 338, AT B2 1) 1 HD
i I B G sh I RE . (E2 AT HD B & AR i B
2 5L, BT A T#E— 058 XF Neuroligin2

£ HD 2% B FIR B it — 28 Uk HD 972 AL
JEZFEE ISR, 9 HD ke 3t 108 A9 18
FERNBIEFETT 1]

S 3k

[1] Bergeron K F, Silversides D W, Pilon N. The develop-
mental genetics of Hirschsprung’s disease[ J]. Clin Gen-
et, 2013, 83(1) . 15-22.

[2] Yamamoto T, Ono K, Hitomi S, et al. Endothelin recep-
tor-mediated responses in trigeminal ganglion neurons[ J].
J Dent Res, 2013, 92(4) : 335-339.

[3] Fritschy J M, Panzanelli P, Tyagarajan S K. Molecular
and functional heterogeneity of GABAergic synapses[J].
Cell Mol Life Sci, 2012, 69(15) ; 2485-2499.

[4] Comletti D, De Jaco A, Jennings L L. The Arg451 Cys-
neuroligin-3 mutation associated with autism reveals a de-
fect in protein processing [ J]. J Neurosci, 2004, 24
(43) . 4889-4893.

[5] Hampton T. Scientists scan genome for autism clues[ J].
JAMA, 2007, 297(12) ; 1303-1304.

[6] Holschneider A M, Meier-Ruge W, Ure B M. Hirschs-
prung’s disease and allied disorders- a review[J]. Eur J
Pediatr Surg, 1994, 4(5) . 260-266.

[7] Dang R, Torigoe D, Sasaki N, et al. QTL Analysis iden-
tifies a modifier locus of aganglionosis in the rat model of
hirschsprung disease carrying Ednrb (sl) mutations [ J ].
PLOS ONE, 2011, 6(11): 27902 doi: 10. 1371/jour-
nal. pone. 0027902.

[8] Sudhof T C. Neuroligins and neurexins link synaptic func-
tion to cognitive disease[ J]. Nature, 2008, 455(7215) .
903-911.

[9] Chih B, Afridi S K, Clark L, et al. Disorder-associated
mutations lead to functional inactivation of neuroligins
[J]. Hum Mol Genet, 2004, 13(14) . 1471-1477.

[10] Poulopoulos A, Aramuni G, Meyer G, et al. Neuroligin
2 drives postsynaptic assembly at perisomatic inhibitory
synapses through gephyrin and collybistin[ J]. Neuron,
2009, 63(5) : 628-642.

[11] Chi B, Engelman H, Scheiffele P. Control of excitatory
and inhibitory synapse formation by neuroligins[ J]. Sci-
ence, 2005, 307(5713) . 1471-1477.

[12] Graf E R, Kang Y, Hauner A M, et al. Structure func-
tion and splice site analysis of the synaptogenic activity
of the neurexin-1b LNS domain[ J]. Neuro Sci, 2006,
26(16) ; 4256-4265.

[13] Moore S W. Hirschsprung’s disease and the brain[ J].
Pediatr Surg In, 2011, 27(4) . 347-352.

[14] Krueger D D, Tuffy L P, Papadopoulos T, et al. The
role of neurexins and neuroligins in the formation, matu-
ration, and function of vertebrate synapses[J]. Curr
Opin Neurobiol, 2012, 22(3) ; 412-422.

(%4 KHR)





