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[# =B WU A 2255 3% K F (brain—derived neurotrophic factor, BDNF ) 3[Rl BUAZ R 22 5% (single nu—
cleotide polymorphism, SNP) 5 5 P& H X IfiL B AN BEBE 5 (vascular cognitive impairment, VCI) G FR . F73E 3% H 60 4] VCI
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fragment length polymorphism, RFLP)F AR %} BDNF 3K G11757C . G196A . C270T #4712 5L/ Hr , % JH SHESsis 7548 5 F k4714
B SEA e BAR L 00T, S5 R . VCI 4 G11757C A7 S R GG (30.4% ) (GC (53.6%) .CC(16.1%) , S 3 G (57.1%) .C
(42.9% ) ; 3T BRZA G11757C A7 S HL H I GG (30.9% ) .GC (47.4%) .CC(21.6% ), S i FE P G (54.6% ) .C(45.4% ) (x*=0.837 ,P=
0.658;x*=0.180, P=0.671), VCI 41 G196A {7 i3RI AA(23.3%) AG(51.7%) .GG(25.0%) , A HED] A (49.2%) .G (50.8%) ; Xif
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[ Abstract]Objective ; To investigate the association of brain—derived neurotrophic factor (BDNF) gene polymorphisms with vascular
cognitive impairment(VCI) in Chongqing. Methods ; Totally 60 patients with VCI(VCI group) 99 health (normal control group) were
chosen simultaneously. The genotypes and alleles frequencies of BDNF gene were analyzed by polymerase chain reaction—restriction
fragment length polymorphism (PCR-RFLP). The software SHEsis was used to analyze the linkage disequilibrium and the haplotypes
between the two groups. Results.G11757C genotypes frequencies between VCI group (GG (30.4%),GC(53.6%),CC(16.1%)) and
normal control group (GG (30.9% ),GC (47.4%),CC(21.6% ) )showed no significant difference and alleles frequencies hetween VCI
group (G (57.1%),C(42.9% ) )and normal control group (G (54.6%),C(45.4%)) also showed no significant difference (x*=0.837,P=
0.658; x*=0.180,P=0.671). G196A genotypes frequencies between VCI group (AA(23.3%),AG(51.7%),GG(25.0%)) and normal
control group(AA(22.2%),AG(46.5%),GG(31.3%) )showed no significant difference and alleles frequencies between VCI group (A
(49.2%),G(50.8%) ) and normal control group(A(45.5%),G(54.5%)) also showed no significant difference (}*=0.744,P=0.689; x’=
0.413,P=0.520). C270T genotypes frequencies(CC(8.30%),CT(56.7%),TT(35.0% )vs. CC(24.2%),CT(50.5%),TT(25.3% ) )and
alleles frequencies(C(36.7%),T(63.3%) vs. C(49.5%),T(50.5%)) showed significant differences between VCI group and normal
control group (x*=6.68,P=0.035; x*=4.98,P=0.026). And these were significant differences in the frequency haplotype GGT(Fisher’s

P=0.025) between VCI group and normal control group. Con—
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clusion . The polymorphisms of BDNF gene may be related to VCI
in Han population in Chongqing.
[Key words]vascular cognitive impairment ; brain —derived neu—

rotrophic factor;single nucleotide polymorphisms
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& N 2, AR 1Y L H a5 1
i, NI RERE A X AR A r 52 H 45 58 1
EAF IR BT « B SR KT BRI (alzheimer disease,
AD) MBI (vascular dementia, VD) JR-A B
2 (mixed dementia, MD) S HAB I | 145 AT
fEBE % (vascular cognitive impairment, VCI) J& 1993
41 Hachinski Fl1 Bowler! 5 ¥k 42t 8T &, & 48
FIR) 2 P I O e Sz PR3 o I R B A e
I REAE) T I (o i A S8 R il 115 00 55 ) B AN 1Y ik )
Ik X0 A5 (0 B % R P i s I ) 1 A 1) DA
FEINHIDIHE AT (mild cognitive impairment, MCI) £]
PR 1) — RBLEEIER R IE N R FEE S Z
AHOC NIRRT, Ry —Fh HAS R e S A RN ) B
B, 43R 3 A PR A« = 8 78 045 A e A
(vascular cognitive impairment no dementia, VCIND) |
VD 1 MDPI, X} VCI A HI ) B R () R R 3, A
FIT Ay R ) B R A T BE

P ph 288 2R - (brain—derived neurotrophic
factor, BDNF ) /& #l £ 78 7 [ T (neurotrophins , NTs)
KA B — G Al DL 5 KRR B 5 &40 (long—
term potentiation , LTP) A& B FEHI | %0 (long—term
depression, LTD) , PRl i %27 2 FEAZ S5 ATt 72 2%
DIAHIE , BDNF ik ] LIS M i 22 o4 3558 74k
FNGE AR AT SEYE | 5 fik i e AV S5 AR, A 4l G/
A B IR 2 51 (singe nucleotide polymorphism ,
SNP) (NCBI SNP %4 45 156265, XFR G196A),
A0 BDNF 3 PR A £ 1 208 AR S (A TR
HAMR) , 20 BDNF HYLEY~230 4, BT 51 2 Ak
DIRERERTS, BDNF HE K AE7E 2R FE R 22854k (AT
AR B, AW B TER IR B PO X
FRAIDUB AR BDNF JE[H G11757C G196A .C270T
2 RPN S SR ALR JE AT S Val
IEH,

1 BZREFE

11—

VCI £ 60 17, Herbr 44 39 4], Y 65% , Ltk 21 4], oy
35% ,AFHE 54~96 % F-11(79.20 £ 9.02) %, Y PR EERLK
MR —ERE T 2013 4E 7 A ~2014 4 9 A BGARIEE,
YPRIUBEN . VCI 8 AEARMETRT S Rockwood S5 52 (11142
WIbRifE ., HEBRARHE . (1) TCREMA TRk 5 (2) ™ H A B TR
WFRIEARETE A LD PR A (3) 7 2 ERS MR e

RIS TS DU B DSM- IV SARAE AU A 2 5 (4) T g
FHOANFIEAFIY RS R B CAn B DIREA 4 | N 3 IR |
e B Z ) 5 (5) IS TR A48 | TE 790 He i AR S ol
LRGP 5 (6) TNl 245 i 25 o P HEZH 99 ] FErf I
P 49 ], &7 49.5% , 2ok 50 491, 4 50.5% , 4% 58~93 £ F
¥1(74.20 £8.79) %, ¥y PR S BB 5 — = B fa i A ke
H L ZRE YRR . HERARE . TCREHE 5 I D RE sk 4
A A A B 28458073 A6 B s, TS AN T B DU
PR VT SR, A SY B e PR B AR, T
BEBZEBME R E , HTRIRRSZ X IR AR 28RS /N,
FIRBFHINEIRES | B 02 FEE 4] DNA IR R MR,
O BRI AR A G5B, VCT AR AR % 51~95
& (7620 £8.97) %, SRR AT S0 T (1=1.323,
P=0.188) , 2R TG E X, 2 AP L (*=3.634, P=
0.057), 27Tt E L,
12 AR T &
1.2.1 Iy SEH 4 DNA M0 AT TN,
T8 R HIBUN # DK I 5~8 ml, EDTA-K, $LEE , R P A0 £ by
AR UM Y BE 20 DNA, 285036 61T 2 DNA e
-20 CIRAT-,
122 TG W6k S0 25 A BRI M R B B 22 5 M (poly-
merase chain reaction —restriction fragment length polymor—
phism, PCR-RFLP) ¥ BDNF F£[H G11757C G196A .C270T
23,

519596 A - 16 32 [ Z A {5 B o0 (National Cen—
ter for Biotechnology Information, NCBI) ) SNP % 4} % & 1)
G11757C ,C270T Z 5L 2 ¥4, F H Primer Premier 5.0
AR 2 N ZASPENLS RIS 14, 5 H NCBI ¥ BLAST #££k
TG IN A BAEE M . G196AM LAY PCR 51551 3%
L, H PSR A AR A PR A

PCR ¥4 . PCR AR ¥4 25 ul: TransGen A H] ) Easy—
Taq DNA Polymerase for PAGE (5 U/nl)0.2 pl, 10 x EasyTaq
Buffer for PAGE (Mg>plus)2.5 pl,10 mM dNTPs 0.5 ul, |-°F
WS4 (10 pmol/L) 4% 0.5 pl, F 3L 41 DNA (50 ng/pl) 1 pl,
TNZEEFKE 25 pl, BHEE 1 PCR ¥4 4117 PCRY 14,
SAFFARL =W, S EE T, FH 2% Mg MR e ri ik, R A A
1% Z B WEE PCR 71k

I PCR =4 10 wl, hi 10 U/pd INEEY] 1wl 1 x BEIZE
P 2wl INZEEFoK 18 wl, 37 CHEYI 16 h,

12%AEAE PR N M BRI BE I (J #K PAGE HLK ) , Bio—rad
JNIEUARE B A YK AN 120 V, HELPK 80 min, GoldView (100 ml il 10
pl goldview) L% 30 min, FERE LG R G0 AR T BT SE 1R 4
"
13 St F o

SR H SPSS 17.0 GEit#ct AR A P PR ST AR A ¢ A6
5, M SRR FE P R T R 6 2 ] ) 28 AR 46 A5 5 PR A 4 L
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% 1 BDNF E[HE SNPs #3191 5] BR#I M EIES IR MR EEFI PCR =Bl 53 Y
Tab.1 Primer sequences, restriction enzymes, annealing temperatures and
enzyme-digested fragments of BDNF-SNPs
BDNF SNPs  PCR5|¥)74 FRAIEADIEG B JGRE (C) A (bp) BRI B (bp)
G11757C F5° ACCTGCCTGTGAGAAGCC Ecod7 1 55 201 GG(201)
R5’ CCACCAGAAAGCTCAATC GC(201/157/44 )
CC(157/44)
G196A F5’ CTGGAGAGCGTGAATGGGCC Eco72 1 60 206 AA(206)
R5” TCCAGCAGAAAGAGAAGAGGAGGC AG(206/137/69 )
GG (137/69)
C270T F5’ TGGAGGTAGAAAGAGGGC Psp1406 1 55 434 TT(434)
R5’ GGGATGTGAGATTGTGGG CT (434/288/146 )
CC(288/146)

FRI KIS, 4% Hardy—Weinberg Pk firll A A RE AR SR
Pk, FTRZRIR AL /W4 SHEsis P TR AHATIE SR
Elzfﬁéfﬁ}’*ﬁ(linkage disequilibrium,LD) ,2 2 PR RS % <0.03
i, il 2Bl B SRR . KRBk E a=0.05,

2 # R

2.1 PCREAEYHLER

£ PCR " 34J5 , BDNF-G196A 137 5 H # F-BEK /N A 206
bp,G11757C 13 s, H B - Be K /A 201 bp, C270T v 45 H )
JBeR/IN A 434 bp, WA 1,

1 2 3 4 5 6 7 8 9 10 11 12

-

o .~ L
Nt ot
- -
500 bp e — N o -

1.5.9 Jkifi 3 DM2000 DNA Marker,2.3.4 ¥kili i G11757C-PCR 7=
W, R BER/NA 201 bp,6.7.8 Ykl R G196A-PCR =4, A Bt K
} 206 bp, 10, 11,12 JKiiky C270T-PCR 7=4), Fr By 434 bp
1 BDNF-SNPs PCR #1845 R ik &
Fig.1 Electrophoregram of BDNF-SNPs PCR amplification

2.2 BDNF B G11757C.G196A .C270T # PCR-RFLP #:
gk

BDNF J&[H 3 2P 54 PCR-RFLP J5 ¥m) 7=/ 3
RTINS R, 23 BREARRI RGN AL, PCR P24 A W4E DNA
A3, ELBR I N DI BEAT [ RO B 31, Bk PCR P22 N
YT U] J mT R g 4 e 7= A il U0 RIS 7= A i U+ B 3 b
AFIEFYIZE R WA CFA R IE B, W G11757C-PCR

W (B4l T GG) 28 Ecod7 1 BBV IS AN 77 AL B
PAGE L7k 5 HEL 201 bp 1 Y] B ;G11757C-PCR 7=
Y(ET GC)Z EcodT | BEBGY) G 7= A48 5r BiFY) , PAGE
VKR HEL 201,157 bp Fil 44 bp 3 ANEFYIH BE; G11757C-PCR
PE (A LA T CC) 2 EcodT | TRV IS 7 4 56 2T
PAGE HLIK 5 L 157 bp F1 44 bp 2 VI BE, G196A—
PCR 774 (9878445 T AA)ZS Eco72 1 N EI R IS A 7721
fiti 7], PAGE HiVk J5 4 B 206 bpl ANt H Bt ; G196A—PCR
T GRGF AG)ZE EcoT2 | INVIBGEEYI™ A= 5853 Y] , PAGE
ALK H B 206 137 bp H1 69 bp 3 MEI]F- B ; G196A-PCR
FE (AR AA T GG)Z Eco72 | NI = A 58 2]
PAGE K5 H B 137 bp i1 69 bp 2 AEEYI A BL, C270T—
PCR 724y (B R 451 TT) 4 Psp1406 | BBV IS AS 77 A il
Y1, PAGE HLJKJ& Hi#H 434 bp 1 MY A By ; C270T-PCR 7
Y (ZGF CT) 4 Pspl406 | BRI 5 7 A8 43 B D) ,PAGE
L VKOS HE B 434 288 bp T 146 bp 3 Y] A Bt C270T-
PCR P2 (RAAIA T CC) 2 Psp1406 1 BBV G 7= 58 4
fiil], PAGE FLIK ) HH B 288 bp 1 146 bp 2 MEFHI A B, %
P 3 A LML PAGE BLIKIE, UL 2~&] 4,

B2 G11757C Egl] PAGE Bk [E
Fig.2 PAGE electrophoregram of G11757C enzyme-digested

fragments
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200 bp 206 bp
150 bp 137 bp

B 3 G196A B PAGE FEikE
Fig.3 PAGE electrophoregram of G196A enzyme-digested

fragments
CT CC TT
500 bp = 434 bp
400 bp| =
300 bgh-.. Ld e s L-J 2 288 bp
150 bp! e k—d | RS 146 bp

3_-

4 C270T Egt)] PAGE EBikE
Fig.4 PAGE electrophoregram of C270T enzyme-digested

fragments

2.3 VCI #Aext 820 BDNF 2B & SNPs 2 B A Fm 5515 2L )
IR Ao A P AR

BDNF 3 A a5 5 R AU R 43 A1 Y455 Hardy—Weinberg
SEAFER, GL1757C A5 AE VCIL 20 4 MEEAR XFREA 2 MEE

ARKRE RSP HEEE AL H PCR =4 200 552 90 T3k
He g4 Ares B 0 A0, VCT 4S5 {dt ) id ] b i, G11757C
1 G196A S P 0 I 3 o S50 Bk PRI T e 22 R T e 12 o

(G11757C x*=0.837,P=0.658; x*=0.180,P=0.671.G196A : *=
0.744,P=0.689; x*=0.413, P=0.520) , Ifij C270T {7 s %E& A AU i
B R LR 25 5 AT Giit 24 3 X (x*=6.68, P=0.035; x’=
4.98,P=0.026) . FEEHIAIEIT43 2, VCIND 5505 R4 b g
G11757C Je G196A FEPR AT A8 o A5 BRI 2 25 S To e it
2FR X (=1.54, P=0.462; x°=0.113, P=0.736; x°=1.66, P=0.435;

X=0.108,P=0.741) , VD 5%} f41 HLEE G11757C 2 G196A fir

SRR R T A SRR R 22 RIS E L (*=1.24, P=
0.536; x¥*=0.463,P=0.496, x*=0.555,P=0.757; x*=0.372, P=
0.541), MD S5XFBRZL LL#E G11757C B2 G196A A fh 3 A Hd ke
SIS R IG5 L (}*=0.051,P=0.974;x°=0.040,
P=0.840; x*=0.095 , P=0.953 ; x’=0.094, P=0.759) , 3 i PRIT.
T3 ) 45 %6 IR 2H 1488, G11757C 1 G196A K DR TR 4 < I 46
PSR E S G FE X, Wk 2~F 4,
2.4 BDNF 3k B SNPs & LD 441

TEDUBR AT T, G196A 5 G11757C Z16] .G196A 5C270T
2] G11757C 5 €270T Z[H] LD Z%( D’ #5>0.5,2 3>0.33,
WIEAE BT A, AR 5.
2.5 VCI @ifest P20 8] BDNF 2 B SNPs He st /K A 47 5
1ot

EFNEEH G11757C G196A 5 C270T Bixf s A AIGGT
I, VCT 415 X BRZ 18] GGT BRI R 2% A St
X (Fisher’s P=0.025) ; 54K CAT F1 GGC A1 WL (¥>
80%), W6,

%2 VClA5EExRA BDNF £E G11757C (i S EFE RS E FSHE
Tab.2 Genotypes and alleles frequencies of G11757C between VCI group and normal control group

FEREL (5], %) ERSEE (%)
2H5
GIG (], %) GIC(#1,%) C/C(H], %) G(%) C(%)
VCIZH (56 #) 17(30.4) 30(53.6) 9 (16.1) 64(57.1) 48(42.9)
X HEZH (97 1)) 30(30.9) 46(47.4) 21(21.6) 106(54.6) 88(45.4)
i 0.837 0.180
P1H 0.658 0.671
# 3 VCIAS#EYIRA BDNF EE G196A (L 2 EFB R EMERRER
Tab.3 Genotypes and alleles frequencies of G196A between VCI group and normal control group
FERTL (51, %) AL (%)
ZH 31
A/A (B, %) AIG(H, %) GIG(#1,%) A(%) G(%)
VCIZ (60 ) 14(23.3) 31(51.7) 15(25.0) 59(49.2) 61(50.8)
Xt HEZH (99 f4i]) 22(22.2) 46(46.5) 31(31.3) 90(45.5) 108(54.5)
¥ 0.744 0.413
P1E 0.689 0.520
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F 4 VCIASEREIRA BDNF EE C270T i mE R R R EMERRE
Tab.4 Genotypes and alleles frequencies of C270T between VCI group and normal control group

4157 SERBL (I, %) SN BE (%)

C270T CIC(fd, %) CIT (191, %) /T, %) C (%) T(%)
VCIZH (60 1)) 5(8.30) 34(56.7) 21(35.0) 44(36.7) 76(63.3)
it BEZH (99 f5i]) 24(24.2) 50(50.5) 25(25.3) 98(49.5) 100(50.5)

X MH 6.680 4975

PE 0.035 0.026

% 5 BDNF & SNPs Z [E# LD 534
Tab.5 Analysis of LD among BDNF-SNPs

D’ Y
BDNF-SNPs
G196A C270T G196A C270T
G11757C 0.937 0.876 0.877 0.623
G196A - 0.928 - 0.703

WD T 0~120,D =0.5,2033 K58 LD,D’ =1 K54 LD,
“ AT ESL LD ST TR R AL = (8]

% 6 VCI 533820 BDNF EHE SNPs [B]E T B E AR (% )
Tab.6 Haplotypes frequencies of BDNF-SNPs between VCI

group and normal control group

AT 1-2-3  VCIZ (%) XHHEZ (%) Fisher’s P8
CAC 0.00(0.00) 320(1.6) -
CAT 48.00(429)  81.76(42.1) 0.907
CGC 0.00(0.00) 2.03(1.0) -
CGT 0.00(0.00) 1.01(0.5) -
GAT 5.00(4.5) 3.04(1.6) 0.140
GGC 43.00(384)  90.77(46.8) 0.093
GGT 16.00(14.3)  12.19(6.3) 0.025

1 :1=G11757C,2=G196A ,3=C270T, “-" ,2 ZH B {7 45 2% <0.03
V€ 1 A = 31| Y QUL N ) e g A e

303 i

BDNFE R 7 T YL Ak 11p13, Hfu 55 11 4~4h
WA 10 NS T, R — AN T g
JPHIX T AETE AR EE . A2 BDNF 24
IR TR 22—, 8 D R 2 2 1
LU EZ D v aala S o B i L 25 ) PSP (| DN 14
2 G R AW, BRE SR n A AR A7
KE M BAEE v LUE IR R 5 A A
Jij Bz S X 37, WF5E 2R BDNF AMEA B THZso0
FEG ARG B, 16 BE VA1 5 fih 14 336 11 28 fi
ALIEYE SRR ART R B LTP, AAIHR B
BDNF 7KF-A] BESZ M AD == LRG0 (1) I\ 41 D) RE R

fi3, 220 BDNF JE R A BB 4E 2 M\ HI D) B R s 1) &
S ML bk B AR S0, BDNF JE 7 AE ZFp LA
LA, 2 A G11757C . G196A FIC270T,
G11757C ###ET BDNF 2 A1 3°-UTR X, 338G~
C iR, AT AESZ I BDNF 25 (-4 Y5 G196A (L
FK 1s6265) , G196A AWV 1 I AE (SR BT
AR )X BDNF 25 KR 1 32 18 24 77 A B gl 5
i1, C270T A74E T BDNF LR Y 5 S 5 5 1 X 48
FETC BRI, W BESY I BDNF JE [F 4% % il
BEEHA R, VOISR R AR WA R A I
IRFEIA NI RERRNS . KR AFSE R BDNF SEH
Z MR BE RS AHOC , 275 BDNF EE [ W] fE
& VCI i

A HF5E 45 9 7, BDNF 3£ 5 & SNPs Hardy—
Weinberg V#7695 26 S5 B T0 G0 27 1 3, R W] VCI
ZH R X FRZE I LA REARACER . A R
DRl B30 A3 U5 A TRE G1O6A A3 i ik PRI 50 451 2% A 452
A7 FEFIIRAE 2 1) 22 5 I 243 3, T C270T
e PRI TR A5 38 % S5 JE PRI A VCT 25 fa ) TR
Wz 2T A G EE L, G11757C Z8PEA A
e PR U A1 23R K A5 A7 6 DR A R A P 4 ) 25 7 e e 1t
RS VO R AR WRIE ,G11757C
7 #5457 F BDNF JE[H ) 3 -UTR X, BSRA G—C
B3 R 4, G AT RERR A 45 SR X BDNF 25 1A AL
SEMAAR/IN WA AT R R TASHE 98 rh AR AR IR N4l
() SR B, T B0 AL s FEASBIESE b i B 1 4
G196A 7 s J2 AN Se & BB AT DO RE A58 SLRAE
B4 AT gt T AR XA ] 1 S 80% 48 %
A5 %F N BDNF SE R I 2 (1 3Rk s i /N, Ay ]
Bt T A I REA A IR A (1) Jy R, i 5 25207
STEARDEFE P IBAPEZE R . 1 C270T 57 5547 T
BDNF (5 57 i f 21 X388, J 8 F o] LAgE RNASR
G EFHEN IR 5% %08 s T IX 38 T-C 28748,
AJ HE 5 BDNF & [K] %) 5 S JE i 52 i) BDNF 2K [
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A B, FEMSZ AT RE . ARBFITSS SR /R IR
by DX 43 UG N RE I 451 TA R0 ) e B A 1T fig
C270T {7 A SE 2, T VCIL 5 HAb 2 A 5 Jo i B
AHICAE

AHFFEXT BDNF 3 22 8P S #E T ECX LD
ST AR R TE EDUR AR ,G196A 5G11757C
28] .G196A 5 C270T Z[1] .G11757C 5 C270T Z
B I AEAERERAY LD(D’>0.5,12>0.33) . HAR W%
1 LD HAT A = A= H 2 SR BUASE AU S5 H7 g
i LA TR BT B 7 SR AR R R 4 LD () — 2k i
FEIE,

A GT HARTY S BT 4 5 87, VCT 21 R B
R 2 ] SRR 3 4340 LA, VETL 4 G11757C
G196A 5 C270T B xf AR GGT (14.3% ) b 2 5
F{d B XTI 2H (6.3% ) (Fisher’s P=0.025), o] REJ&
VCI i I AMakH =, A E kM T Vel 5
BDNF J:H GGT PR AT GG 56, 175 HoAh o A Y
TCA R,

25 L TiA  BDNF JE R 7 22 A M7 o5 58 A8 %
TEARF AR SR X BAE7E 2 5, TR ER 2
R —E, AR5 BDNF JEH N7 25 2
A R B TR 55 E B Ml X 4 DUE R VCT 1] g
PRI R, I, anfay 1] FH ZRJ5 4 BDNF >k
T A VO INAIIRE , A ek — 200 5E

2 % X M
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