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I, AT NF2 5L 250k 5 IR TS A ek, S5 NF2 5 rs2530673 il 152530662 22751 15 ki FEE9R8 5 Sk VAR A ik
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[Abstract] Objective The study aimed to investigate the association between the genetic variant of neurofibromatosis 2 (NF2)
gene and susceptibility to meningioma in Chinese population and analyze the correlation between NF2 gene polymorphism and
meningioma. Methods 215 patients who had underwent neurosurgical treatment and been histologically diagnosed as meningioma were
included as the case group in Department of Neurosurgery, Beijing Tiantan Hospital affiliated to Capital Medical University between May
2010 to January 2011. The NF2 gene polymorphisms including rs2530673 and rs2530662 were analyzed by Multiplex SNaPshot methods.
The correlation between NF2 gene polymorphism and prognosis of meningioma was analyzed. Results The NF2 gene polymorphisms
152530673 and rs2530662 are not significant associated with the susceptibility to meningioma (P>0.05). According to the WHO grade I
pathological subtypes, the result of stratification analysis showed that the patients carrying NF2 gene polymorphism loci rs2530673 CC
genotype reduced the risk of transitional meningiomas in the dominant model distribution (OR=0.506, 95%CI 0.266-0.962, P=0.036).

Besides, no significant association was found between NF2 gene polymorphism loci rs2530673 and rs2530662 and the recurrence of
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meningioma (P>0.05). For tumor location, the result of stratification analysis showed that the rs2530673 polymorphism of NF2 gene was

associated with postoperative recurrence of meningiomas and patients carrying the rs2530673 CC genotype had shorter progression free

survival time and higher recurrence risk in non-skull base meningiomas (all P<0.05). No significant correlation was found between

152530673 /152530662 polymorphisms and the prognosis of meningioma (P>0.05). Conclusions

The C allele of rs2530673 may be a

protective factor for the oneset of transitional meningioma. There may be no significant association between NF2 gene rs2530673/

152530662 polymorphisms and the susceptibility in meningioma. However, the rs2530673 polymorphism of NF2 gene was associated with

postoperative recurrence of meningiomas and patients carrying the rs2530673 CC genotype had higher recurrence risk in non-skull base

meningiomas.
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Gy B Z A A Y BB HCN R, 17
FARYUIGR G 85 WU B, ABAT5A 25 6.9% 1534
M L, WEoE o, MG 2% Bk S B oy
LA VIBRFEEE A OGO, Wrlfe St =N EAH
B 2 2 4k 9% 11 Y (neurofibromatosis 2, NF2)
I 5 I IR e AR AR DR IBAB £/ B AIE, 22 S Y A2
it 35 14~ U728 R NP2 2 PR 9 708 1 i S8 JE I 3
FET CHEME I, BFIT BN, 409%~60% (1480 & i i
9o JE AP AE NF2 B R 9848 5% 22 5 YL o (ARG 1Y), R
(7] 9 2HL 11 78 fii L8 1) NF2 58 A8 SRAN[R) - 27 4k B sk
T TR IR HERE 1) NP2 BEDH 878 388 70%~80% , T A BZ
TR fik IS 96 4 NP2 B TR 9 A8 AR 25% , $ 7 AN [l 9
BNV 78 1) A FEE e 0 ok 78 v R B G A (] 1Y) 352 4% 27
gAML R Z R AT IR 2 B (single nucleotide
polymorphism, SNP)7EIIRE b h LR, (H 4% X
() SNIP ] 5 1) 2 11 Jo 22 R S 4, DT 5 M JEE ) 3=
Ik, T e R Y & A & R, B R
NF2 5: 1K SNPs 5 fisi 55 5 Jlkek K 39 f) 5 32 20 DLl
10 o ASIFFE S0 G SR S8 35 Y NF2 B P o i 22 25 1
HATIESE , BRI NF2 5k R 22 25 P 55 i 508 98 1) A
Ktk

1 BREHE

L1 PR BEHE20104F s H —20114F 1 H T
FREE B2 Mg AUt R Is B B s &4 B b 22 T
AIRTT LR PR R AR 12 R I 58 1 R 215 491
B 57, Lo1ss i, Ak 16~75(502+103) % . 4HA
bRt (1) VEANSE S I A st PRk, RAARF PRt
K EFARIATERE; ()T BT ARTIBRMIE, Mgy
BRARBEAT IR 09 TR 5% 5 (3) M4 2021 42 T i
A T4 21 21 (World Health Organization, WHO) H1
FX 1 28 2 GE s o3 Al R 59 BEIS W by A 5
s (@) RILZ AT A (SO T (S)BETRT
(B >84F . HEBRARIE: A EIERIER . K ol i ok

B AL Z 2 B OIRERE AT, G I A P g
b B AR

75 M ] — I AR AU 50 R R B e A 7 (e R A 4G
28 X IRAL, 74 B, Lo144 B, A 24~79
(48.5£9.7) % o PRALTES . 4RI 22 RIS 58
S, BAF M, AP E AR R R Mg AL at
KIZBEBE AR T ZE 01 A (KY2018-047-01)  AIFFEXT
RIEFZ R EA .
1.2 SEERGR SAXER I 3 P 4 DNA il 42 35
& . HotStar Taq DNA R4l . i S A — B IR
(deoxy-ribonucleoside triphosphate, dNTP) . V& {k &
BE . IR WE N PCREIYSFE B FifEE THAARA
T ; SNaPshot Multiplex Kit, Genescan-120LIZ Size
Standard . 27 ¥ H [t % Hidi-Formamide [ A 14 FH
2% [ ABI 24 F] 5 P G Pk #% B2 B (shrimp alkaline
phosphatase, SAP )W [ 5[] Promega 2\ F] ; 4IRS
fit} Exonuclease | (Exo 1 )W [ 5% [E Epicentre 2\ Al ;
DNA Marker 4 H 5 [ Invitrogen /A 7] . LKA H 36
[ Bio-Rad /2 ] ; PCRAX . ABI 3730XL I X1 A 3¢
FE ABIAF
1.3 AMAEIMIEAIZH DNASR  FhZ i s Rs
AN JE B KL S ml, A 0.4 ml & % DU 2, % (ethylene
diamine tetraacetic acid, EDTA) By [k Ifil ¥ B¢ [# , &
T —20 CARIB VKA A7 5 T o F I L A 4 DNA
R &, SRR E U] B S IR P 2 DNAL X
S ) DNAFEAS I I 2880 53 66 BETHR v 2
M4, HRYE OD,,,/OD,, [ HLE W DNA 4L, [
{EYEEITE 1.8~2.0 MARRESHE s A5 ATELIER, TR
ML I 52 B DNA . OREAR UL i) DNA FEAS CE T
=20 CUKFHIRAFE
L4 SIS MR NCBIH Y dbSNP £
JE, AHIF T RNF2 B EE(E S A Ensembl 204
J% (https: //asia.ensembl.org/ ) HV e 45 v (& DU A FEAE
SRR, KA B SO A HaploView 4.2 8/,
PAZHELP>0.8 . Fe/ NI EE RN A >0.05 Ay i 25 1F
1517 HapMap $04%, #E L SNPs, 1217 tag 15 3
tagSNP, {45 rs2530673 Fl rs2530662. I FH7E k5|4
& B A Primer3 (http : //bioinfo. ut.ee/primer3-0.4.0/ )
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V7 45 152530673, Ll 5“-TGGCAGAGAATAGCAGGAA
CA-3, T Il S-TCCAGCCTCAGTGACAGAACA-3',
PCRY" 14 i BE K 388 bp; 22 A8 4 1s2530662, I
i 5-GCGCTGTAGCTGTATAGTA-3', Fil#S-AGGCA
CTCTCTATTCCTTA-3', PCR#" 4 F BE K J& 385 bp.
WIS 35t B TH ARG BRAF A . PCR™
Y HotStarTaq DNA RBAE W AT L EPCRIEMS, &
SAP F1 Exo | #fifbJi5 FH SNaPshot Multiplex kit 1#£47 4 fi
SN o 20 Wl PCRZ N AR R A4 : 2 pl 10xPCR Buffer,
0.8 pl MgCL, (50 mmol/L), 0.5 ul dNTP (10 mmol/L),
1 ul DNA #£ 745, 0.5 ul HotStar Taq DNA ¥ 4 [iff
(25U), 142 ulddH,0 fl 1 wl PCR 54, PCRY I
2k 95 CTAE M 2 min J& HEAT 11 4N A 31 4 3R 328
VAR (94 CAEPE20s, 65 C~60 CiEk 40s, FFA
JE A 0.5 °C, 72 CHEH 1.5 min), BlF #1724 1
JE 3 B TE LG B (94 CAEME 205, 59 Cil K 30,
72 CHEff 1.5 min), 72 CIEM2 min, 4 CLHE.

1.5 NP2 L Z MR N H 2 5k S5 2k fif
SNP 73 B4 H AR (Multiplex SNaPshot ) #£47 H (1 3E A (1) £
AR K 22 A5 A A NF2 JE 1M 12530673 FlI
152530662, (1) 2 H HLHH BE AT {1 5] ¥ . 152530673,
tettettettettetttttettttttttttttt CAATGACTTACCTTCCAGA
CCT; rs2530662, tttttttttttttttttttttttttttt GTAGAGATGC
TACCAGTTTCCT, (2) S [ N F2 ¥ : 96 °C il A&
I min; 96°CAEYE10s, 55°CiBkSs, 60°CHEAH 30,
o8 NMEFR . (3) FERI)F . Bafifb 4514 0.5 wl PCR
SEAH =), 5 0.5 pl Genescan-120LIZ Size Standard .
9 pl Hi-Di % IR 21, 95 CAYE S min J7, 7
PRISM 3730XL il - % Il J¥*, iZ4T GeneMapper 5.0
AT fsa SO, He IRARAERAE B 920 3R 7 i
i M R AAE A, 15 B o 8 fise e Pk e A 1] % B
paa g1 VN [ 635 0 TR R AV N i % B S YN
B FEAS Y S R A

1.6 Ffivi AR RAEE. 112, 5% 7 Ui
JEyRE BB F R TRE D, ME 20184F9 H 25 H, FI4FH
il Ta] R (8.16+0.18)4F . Tk JB A= £ 1 (progression—
free survival, PES) Ny F 612 i leg H 11 2 & 9 g
8RB FEICT RIS ], U BATY B ) RS e
FEEHRALIE, BILVAE

1.7 NF2 JE R 22 25X Wi RS9e s IAURs: B T s i 52
Ml BT 45 o7 5 J5 DR 78 5 i B A s RIS (%) 4 X
K AR 5514 logistic [FIH 438, 4370l 4 S e 1o A A 7R
T BB AR R TSR e P b (odds radio, OR)
F1195% 1] {5 [X.[8] (confidence interval, CI). ¥ R NHEf
AERVEEN IR, WO SR AR ISR JEIY M s AL A
RIDJRRIEH A Z M, 51T WW+WR 5 RR (1 HL#C 5
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Beol 5 fE AL L RRAWR BE G R R AU 208 4T
WW 5 WR+RR [ HL 8 . R o2 K 56 9F Al A7 A5
152530673 Fl 12530662 H Hk PR 75 1 86 o7 5 PR 431 %6 0 A1
JEAF A Hardy-Weinberg -2, 24 P>0.05 Bf AN
e RIR R AT G Hardy-Weinberg V-1, HA BEIAR(CE
Mo W Kaplan-Meier TEHIT G 8, Log-rank
50 b3 NF2 3R 22 285407 05, 152530673 il 152530662 /A
[7i] 35 A1 7 fik RS R0 AR AR 2R 25 575 R Cox XL
5 Ll ABABE Y 1Ak 452 i DR 25 -5 i R R R R ) %
7, 45 B AR B4 R AR B A9 52 0 DA XU H (hazard
ratio, HR) M 95%CIFR .

1.8 Gil2fAb B SR SPSS 22.0 Bk F 45 4L it 4y
Bro THEPORME A IES AT DL xes 2R, L] HLEK
KA KR s THECFORHAL ] LSRR . A e
I3 MR FHAE 45 14 logistic [IH 43 BT . P<0.05 W22 554
Gt X,

2 % R

2.1 IGARIREEZERE 215 BN ', WHO 12 196
#1(91.16% ), WHO 2 1% 3 9% 19 5] (8.84%) o 3§ L\ 7Y
Oy AR, MRAR L R R 7S (5] (34.88%) , £ 4T 59 14
(27.44%) , #F ¥ #Y S0 B (23.26%) , 1l 45 95 AU 6 17
(2.79%) , THki %L 149 (0.47%) , fHE7 441 (1.86% ) ,
ST 140(0.47% ), AEBLAINE 1745 (7.91%), [H)ASHE
2151(0.93%) o MbIREFRAL 3 A, (DAEMURIBYE . K
i ™ T 34 8] (15.819% ), MRS /955 44 141 (20.46% )
MR s B(2.32% ), 25 =M= 161 (0.46%), #: L%
K 6MH(2.79%) 5 (2) Fii Jic i RS9 - MRLYA) . I FOUIS 28
B(13.02%) , WEEUE 21 61(9.77%) , #55-HfHE 6 4]
(2.79%) , ‘& #FIX 34 1] (15.81%) , 5 /)N ki £ 16 141)
(7.44%) , Kt KALIX 6 B (2.79%) , /N Jili % 14 141
(6.51%, 1),

2.2 NF2IER B0 SRR R A NF2 JEH
£ 50 5L A 3 A £F 45 Hardy-Weinberg 1
(rs2530673:  x’=3.029, P=0.085; 1s2530662: y’=
0742, P=0401), H A BEIKACEME . NF2 &
12530673 i 25 77 £ CC. CT Ml TT 3 F 3k [K &Y
12530662 Vi S A {EAA. AT FITT 3Fh LAY, 240
NF2 22 5540 15 12530673 Fll rs2530662 5 PR I K% 2647 ik
R A1 22 B 0G24 L (P>0.05, #2).

2.3 FRERRALS Z 50 M NF2 3 K 22 25 5 i I 7s
B 2 RGE e P SR i DL ) 3 el BRI 78 A 1
B AR LERY ) 7R N ] e A AR (PR AR A
AR PERL A N HE47 50 2 50 B o I P 38t A A 7Y
(rs2530673: CC/CT vs. TT; 152530662: TT/AT vs.
AA) FI B 5t 45 B R (1s2530673:  CC vs. CT+TT;
1s2530662: TT vs. AT/AA) 534 I, ANifiEE - jz RURN&£F
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Tab.1 The clinical and pathological data of 215 meningioma cases

20571 HRifsRE 2 (n=215) X BB ZH (n=218)
P /4, ) 57/158 74/144
IR (Y, xts) 50.2410.3 48.5+9.7
B 49.5+11.5 50.97.7
‘e 50.5£9.9 472+103
WHO 7% [1(%)]
1% 196(91.16)
2—3% 19(8.84)
R IY [151)(%)]
i g iz 754 75(34.88)
FARZiit] 59(27.44)
LR 50(23.26)
A AP 17(7.91)
JIIKER A 6(2.79)
[pE 2l 4(1.86)
i) A= 2(0.93)
il Rl 1(0.47)
Baplv] 1(0.47)
Jir e AL [4611(9%)]
FBURE
FRHX 34(15.81)
WS i) LIS 28(13.02)
LI e gy 21(9.77)
/N £ 16(7.44)
NS 14(6.51)
Bz - 6(2.79)
BRALIX 6(2.79)
AR
FAREE /55 44(20.46)
PN kT 34(15.81)
WLk 6(2.79)
g = 5(2.32)
BENE 1(0.47)

Ak R g fIE R HR 2 NF2 K21 152530673 Fll rs2530662 £ 25
A7 255, 35 PR R0 03 A 55 0 R L i 25 S ¥ o g it2
B, NE2 K 25407 15 152530673 Fl 12530662 5 i
ISR (14) s IR AF DG YR I 35 (P>0.05 ) o NF2 3£ [H

22 254V 14, 152530673 18 i P it L AR 7 (CC/CT vs. TT)
AT, CC LRI & A Aok I 70 M e g IR B d e
% (P<0.05, F3). 1V 7Y AEIRE £ 3 NF2 JiE R A6 o5
152530662 F& K U537 550 IR A 22 S e 4 it
2 L (P>0.05, #4).
2.4 NF2 FE R Z 2507 5 N [ 56 PR 1 5 i B8R 1 174
FSETE 215 BIRASR 196 1911 (91.29% ) FKBETT, 19
1517 (8.8%) o BEVEIANE], 166 11(84.7% )Pk &2 K 4,
KA B, Mgk 24100(12.2%) 5 LT 64
(3.1%) Kaplan-Meier$ ENAY R T R
NF2 3 [H £ A7 5 rs2530673 CC. CT+TT i [K 1 5
F 1) PES 43 9 4 (7.77240.352) 4E . (8.091+0.089) 4F-,
CC. CT+TT 5 [F 7Y 55 fix 595 835 U AH AN b 2
(Log-rank y’=0.272, P=0.602) ; rs2530662 AA. AT+
TT 3 K & B 19 PES 4 51 4 (8.022+0.124) 4F |
(8.129+0.119)4F, AA. AT+TT KD %1 5 fiki By i
T J5 #H AN 1 3 (Log-rank °=0.004, P=0.949, K1),
TE S i BRE v, NF2 KR R 22 507 5 152530673
CC. CT+TT JEH AL E 1Y PES 43514 (8.147+0.195)
4 (8.170+0.190) 4, CC. CT+TT H:H A5 i &
& M & R B F (Logrank §=1.338, P=0.247) ;
152530662 AA, AT+TT #& [F &I /5 & ) PES 43 5| A
(8.151+0.190) 4F- . (8.192+0.189)4F, AA. AT+TT %
PRI Y 5 Ji Jj 52 J AH OGS 1 3 (Log-rank y’=1.506, P=
0.220, Kl2). FEAEMURIGRLE 1, NF2 5L N 238467
11152530673 CC, CT+TT %& K &l 5 3 ) PES 43l A
(6.768+0.806) 4F- . (8.007+0.150) 4%, CC %E [ %! PES
BCT+TT RN R4 Je, 52 R 3% ¥ (Log-rank y=
4.574, P=0.032); rs2530662 AA, AT+TT JE[F &I HH
) PES 43 5l & (7.743+£0.227) 4F . (8.175+0.174) 4F
AA . AT+TT HH A5 g 52 & AH A 1. 3% (Log-rank
(=1254, P=0263, [3).
2.5 iR IR PES 52 Rl K 1 Cox 2 [F 5 4 1 45
PP AR . RETKPS TE4r (270, <70) . g
RO (R . AR ) . WHO M (19 . 2—39%) .
IR I BR AR B (28] . KRIER ) & NF2 52 2385407
I rs2530673 . 152530662 40 A Cox LU 15 XU 45 Y g1 7
ZIHZEHT, S8R BN, WHO Jr 22 520 i 15

F2 L NF2 5 R 20 A B R A RSG5 B PR o3 A1 U151 (%) ]
Tab.2 Comparison of genotype distributions and allele frequencies of NF2 SNPs between two groups[n(%)]

- 152530673 152530662
ZH 5] 1%
cC CT TT AA AT TT A/T
Xt Rl 218 26(11.9)  82(37.6)  110(50.5)  134(30.7)/302(69.3)  137(62.8)  69(31.7)  12(5.5) 343(30.7)/93(69.3)
Mg 215 21(9.8) 94(43.7)  100(46.5)  136(31.6)/294(68.4)  124(57.7)  78(363)  13(6.0)  326(31.6)/104(68.4)
e 0.522 1.673 0.675 0.081 1.208 1.034 0.058 1.005
P 0.470 0.196 0.411 0.776 0272 0.309 0.809 0.316
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K3 HHRISEALY)E I NF2 SR 2 750 A rs2530673 5 50 50 [k O AR DGR S A 4
Tab.3  Stratification analysis of relationship between NF2 gene polymophism rs2530673 and meningioma susceptibility with different

pathologic subtypes
— el () BAHERIRI(CC/CT vs. TT) AR (CC vs. CT+TT)
p OR(95%CI) P OR(95%CI)
TR HE_L fz 751 i R 8 39 0.818 1.064(0.629~1.798) 0.769 0.882(0.381~2.042)
LT YERY R 6 34 0.328 1.335(0.747~2.386) 0.708 0.836(0.327~2.137)
T Y AR i R 3 17 0.036 0.506(0.266~0.962) 0.224 0.471(0.137~1.624)

P{E . ORMEIYZIE NN ERIE

R4 HORHRY ) NEF2 LR 22250 05 1525306662 5 K595 5 Bk X AR S 43 A 4 1
Tab.4  Stratification analysis of relationship between NF2 gene polymophism rs2530662 and meningioma susceptibility with different

pathologic subtypes
B AACH) TT () AR (TT/AT vs. AA) BRI (TT vs. AT/AA)
P OR(95%CI) P OR(95%CI)
IR 1 B 75 i R 6 41 0.211 0.713(0.419-1.213) 0.438 1.493(0.540~4.128)
21 2 R i R 2 37 0.985 0.994(0.549-1.803) 0.511 0.602(0.131~2.769)
oY TR A R 5 27 0.247 0.694(0.373-1.291) 0.240 1.907(0.640~5.684)

PA. OR{HIZMNFRALIE

IOO-—E\RL_‘ 100 -—L‘_h"‘-\_.__‘\__
804 801
M 604 M 601
& e
= =
404 40-
H |
iR 152530673 iR 152530662
-nCC i MAA
204 —ACT+IT 2 ~ AT+TT
ccik AAR
P=0.602 T P=0.949 AT
0 7 4 6 8 10 0 2 4 6 8 10
B 8] (4F) Fisf 8] (4F)

PES. JCiEJR A7 40
Bl K NF2 3N 2 250 AN R R Y 5 PRS By AH S
Fig.1 Correlation between different genotypes of NF2 SNPs and PFS

oo ———_ N
-
80- 80-
M 60- 604
& &
B B
N 404
40 )
}-R 1s2530673 ‘.R 1s2530662
-mCC M AA
20+ —MCT+TT 20+ M AT+TT
—+ CCMi%: + AA-IN S
P=0.247 ~+ CT+TT-Mi%k P=0.220 = AT+TT-H%
0 2 4 6 8 10 0 2 4 6 8 10
A R] (45) A 1] (4F)

PES. JoHE A A7 1]
2 NF2 RN Z AL RN R N -5 i A SR PES AR SC 1
Fig.2 Correlation between different genotypes of NF2 SNPs and PES in skull base meningioma
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# PFS (HR=27.117, 95%CI 10.040~73.241, P=0.000)
B S7 B M PR 2R, T NF2 25 PR 22 28500 2 T AS 2 i i

100+
80
’e\?/
M 604
&
=
40-
i
1s2530673
20 -nCC
1 CT+IT
—+ CCMi%
P=0.032 - CT+TTM%
0 2 8 10

4 6
A1 (4F)

T IS N 2R (P>0.05, £S).

100_‘%
80
5
M 604
&
=
40
#H
]-R 1$2530662
20 -MAA
1 AT+TT
—+ AAIK
P=0.263 i AT+TT-MM%
0 4 6 8 10
A [ (4F)

PES. Joilt JE A3
B3 NF2 3L A0 i AN ] 25 PR 7Y 5 3 e ik SR8 PES R AR G4

Fig.3 Correlation between different genotypes of NF2 SNPs and PFS in non skull base meningioma

xS MBI 196 BITCHE A A7 5200 K R 1 Cox 22 [FI 3R [B1IH 4347

Tab.S Cox multivariate regression analysis on PFS of 196 meningiomas
S R % )9 2 %5(B) FRIfER (SE) HAXHEI E (HR) 959%CI p
5 -0.755 0.694 0.470 0.121~1.832 0.277
AER -0.043 0.663 0.958 0.261~3.512 0.948
KPS 143 0.296 0.752 1.345 0.308~5.867 0.693
LR S A 1.169 0.712 3.219 0.798~12.991 0.100
WHO 4% 2.991 0.730 19.910 4.759~83.300 0.000
JipdRE DR AR -0.145 0.815 0.865 0.175~4.271 0.859
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