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[{B=] B89 - iR R R M FER 1 (early growth response gene 1, EGRI) 5 IR N BER /R K G Bk (Alzheimer's disease,
AD) RIS, F5iE - AN 2 AN REARIE T 715 5] AD 3% Fn 760 5 fd HEXT B (RLEE R B AR AR IBIX Y 382 f] AD BB E 0
426 19 fie R 8 LA K R 1 P8 PR LXK Y 333 451 AD % it 334 Bl BT RE ), SRV A ik O 52 BX DNA, F1] ] SNaPshot H AR X ik
HlE % BN 1s11743810 AT, 454 A BB EE R EGRI FEHAE AD 535 Ffd He o R Kb & A AE 2 e kih s Jhaad
STRING $fi @ R 5 — AR E AR (protein-protein interaction, PPI) FA%IEl, LIWIH EGRI 5 AD i ML P 2 1A 2 45 47
TEHE F s RN RIBBCRPEIREEF E (expression quantitative trait loci, eQTL) SCHR/FHTIRTT rs11743810 2 B4k 5 AD BRI K FR, &
R ERRBHVIRI, AD EBH S ANN EGRI FPES KB RIBFAERE RS (BRIER log,FC[=0.780, P=0.000; FDR %
1EJ5 P=0.001), PPI &5 & EGR1 &5 AD = RUGH: PRI s i 8 (5 nde by B3 A RiT#& (amyloid precursor protein, APP) DLK#k
fe#EE J (clusterin, CLU) ZRMAE(ER BHAEM. Aifi, eQTL /&5 R o, EGRI B AT ER % &1 rs11743810 A AL BILE 10
AMEIX R RBEHEES (RIER P>0.05), SMAIL DNA FEA S B 45 R iz m AD 20 Frfd Hext BEH Y rs11743810 4 x5 5k P B Fin 2
BER S AR R 22 I I GE i 22 L (P>0.05), S5i8 - rs11743810 2 AL 25 T REAS 2 v B DU AT AD ) ZEURALA
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Association analysis of EGR1 gene and Alzheimer’s disease in Han Chinese people

FANG Xin-yu', LU Wei-hong', WANG Hui-zhen’, NI Jian-liang’, ZHANG Jiang-tao’, CAl Jun', LI Tao’, ZHANG Deng-feng’, ZHANG Chen'

1. Biochemical Laboratory, Shanghai Mental Health Center, Shanghai Jiao Tong University School of Medicine, Shanghai 200030, China; 2. Kunming Institute of Zoology,
Chinese Academy of Sciences, Kunming 650223, China, 3. Department of Mental Health, Tongde Hospital of Zhejiang Province, Hangzhou 310007, China; 4. Psychological
Health Center, West China Hospital, Sichuan University, Chengdu 610041, China

[Abstract] Objective - To investigate the association between early growth response gene 1 (EGRI) and Alzheimer's disease (AD) in Han Chinese people.
Methods - A total of 715 AD patients and 760 health controls were recruited in two independent samples from Eastern China (382 AD patients and 426
normal individuals) and Southwest China (333 AD patients and 334 normal individuals) . SNaPshot technique was utilized to analyse the single nucleotide
polymorphism (SNP) of rs11743810. A public database was used to explore whether EGRI gene was differentially expressed in the brain of AD patients
and health controls. Then the protein-protein interaction (PPI) assessment was conducted using the STRING database, and the brain eQTL (expression
quantitative trait loci) analysis was used to explore the difference in rs11743810 expression between different genotypes in different brain regions.
Results * Cross-platform normalized data showed that there was significant difference of EGRI expression in temporal cortex between AD patients and
control subjects (|log,FC[=0.780, P=0.000 before FDR corrected; P=0.001 after FDR corrected). PPI analysis revealed that EGR1 was physically connected
with amyloid precursor protein (APP) and clusterin (CLU) protein in the network. However, different genotypes of rs11743810 showed no significant
difference in expression in 10 brain regions, and no significant difference in the genotype and allele frequency of rs11743810 between AD patients and
controls were found in our two independent samples. Conclusion * The rs11743810 in EGRI may not be major susceptibility gene site for AD in Han
Chinese people.

[Key words] Alzheimer'’s disease; gene polymorphism; early growth response gene 1 (EGR1); expression quantitative trait loci (eQTL); differential
expression
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Pl JR % 15 Bk 95 (Alzheimer’s disease, AD) J&—4H %
DU M EA T RS Sl R P, BRI IA AN RE
HRIDC I mGR v, Bl A BRER L R iR, AD %
Wi A — R AR Y, ARk, RETIRE Kk
PREEWHE ) THZ AD H99 IR, AH2& H R LI R 5 4
R, AT U BoR, AD WIfERE NS EA IERE.
i, WA, R, AARIER DA RSB R R . &

MR S EWF 7T KRBT 20 £/ AD i AR 38 % 47 245

X ST K B A IR SRR ) g R . HE I RIS AH OG
&, e REE AR (amyloid precursor protein, APP).
HE 1 (presenilin 1, PSENI), H- %2 2 (presenilin 2,
PSEN2). #M8%& 1 E4 (apolipoprotein E4, APOE4) Fi#k
fE®E A J (clusterin, CLU) %, BIRIXLEIER L AMEEN
REFARE WL, A/ R B RS2 AR N, foR T 5
1 ST A P 1 2T B 215 AD 1
KRR

B K 3R 1 (early growth response gene 1,
EGRI) & W N S5 F R B, 2 5170 4%
RAER R, g, R E AR R Y, F
7 “EsE, EGRIfEZEfilfEih . Ml 8k, & 2 fK i
I R EEEEM, Hik, EGRI a[§E2 5 AD (155 HL
HLl, shi B sr " kB, AD /NEUAFIE Egrl %3k &
2k, Qin % RILME] Egrl FENIIZFRIS, " AD
NI S A B e N, (A, Alvarez %5 " Ak EGRI
A FA % A0k S5k AD 19 % 5k WG - To A e k. Fk
AL, EGRI #H 5 AD Z[RIHIKE & [ A I

AW F E B F EGRI # [H] rs11743810 £ g5 %
Bl I 1 N AD ke s RGBS (9 52 M, 1) 2 6 B 9 e 4
2 1511743810 % 5P /£ AD J8.35 0 { He b 18 A oK i v
TAFEZE Sk, Jil A 8 1 i - 3R B se BLAE A
(protein-protein interaction, PPI) %% & B EGRI 5 AD
e A AR R Z A AP AER &, DA & FRIB B PR
JEE (expression quantitative trait loci, eQTL) 43 #14& i+t
rs11743810 £ &5 AD 5 BEMEry ot &, LM AR AD
IR PRI (A (AR

1 HBREHE

1.1 W5k %

AMFFAINT 2 M FRSTHIREA, 57 Bl ok B A AR X
FJ 382 f5il AD fE5 11 426 (il fg e xt B (il sl Rl
S BE PR SR RS b TR HP OO RN LA S R AR R B ), DA
oK F PE R HbIX 1 333 51 AD fE &N 334 il g Heoxt B (fapd
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BEANARE: 56 CEERMBERR WS T
(% 4 W)Y (The Diagnostic and Statistical Manual of Mental
Disorders IV, DSM- 1V ) F13g [ [E 740205, 1 5 DAk
Z LA i 25 BE 5T BT B AD FIAH ¢ 9% B &5 (National
Institute of Neurological and Communicative Disorders and
Stroke and the Alzheimer'’s Disease and Related Disorders
Association, NINCDS-ADRDA) [If5 B i2 Wt #7 # b 1) AD
Wik —ZORETC AD N s DURNEE. * IR,
IR R R 22 RO T IDURMERENRE, H—JoRET
AD Jpi 52, ABIFIE i v L RR 7 B B W ah it o ol K 0 28
LB ZE I s . T AL G % 8 i )
B,

1.2 DNA $EBUFML sk £

e I A6 G A0 R Dk O 2 mL,  fR A7 T EDTA
Lk, Hrp ImL T =200C & HIRAFE T, W5 A
ImL, ffHRMRACFE (L) AR 2 & B0 A8
IfiL 78 A& K] 20 DNA 2 Ui 7] & 42 Hie DNA, AR §i& HapMap
Kot 1 vp v B AR IR DUR N B R T R 2
P (single nucleotide polymorphism, SNP) #r% &+, #H
a5 E v 25 7>0.8, B/ NEAAEFSIZE (minor allele
frequency, MAF) >20%, i ik 75 | SNP rs11743810, %
JH SNaPshot SNP 43 # AR % rs11743810 fi7 5 3k 1745 7Y,

YIRS R 2 B Ok sk

1.3 JEs kb

AT EGRI JERAE AD H.35 Fd HEwt B A 5] v
X R S AAERIRZE S, BRI b B BB W 2h 4
W98 B JT % 19 AlzData 2% S804 4 & ™ 1T 5 °F S 4k
HERIB T, B F BRI R IRE — PR A LS
HRHE R PRI TF BOEA T & R 5 s 1058 T LA BR
AFPE G Z A AR S ik, REFARISEE & TR
TR FEZES, FFHOA AL meta 534775 & BUAE P bR
W5 T B SE ORI ", B o Tl g B 3 R
ot AD B FU IRAE LR 2 | D, | U B B DL R AR
FLZ 4 RIS R Rk 22 5, JETRIZRGR S 22 S 4L
(fold change, FC) LA 2 44 (Jlog,FC|) KT 0.1,
(R P2 (false discovery rate, FDR) /N 0.05 %A
W SCAAFAEZE T RIRIIHE

1.4 eQTL 4 Hi
STk AD 8% 1511743810 B AR R A
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FER M vh F iRk 22 5, AR 3 E i Rs e (the
UK Brain Expression Consortium, UKBEC) #:T 134 5] 7
s DNA K RNA %47 57 #r 45 R I K A BT 23 S 408 P2
Braineac %t rs11743810 {7 S5 384T eQTL 43 ¥, 1Z40HE 2 1
T NERM 10 AR, BAERIH R, fhrt i B
MR, BRI, R, TR, XL D, e
B, M B ™, K IERT P<0.05, UL % Bonferroni £ iF
Ji P<0.005 (0.05/10), #EiA Ay iZ M6 X A [R] A K B 2 [A] A&
HZBINCTFRIZE A G L

1.5 PPI 53 ¥t

3 T W EGRI 5 & S R0 240 Hr - (genome-wide
association study, GWAS) WFZTiR B AD &5 R A ¥
ZIE S AFAER R, RARITAH AR RIS R/ R A=
T.H. STRING ##i8 /%13t 47 PPI 43 Hr AL L 2R 19 iU 2 TR 58 AL
TEF R4 1 ™, STRING A LAFI FHREAEAS [R5 9 5 K] %
PEA AL R w2 O Z RIAH VR IR OC R %R P vl il
bR A S BAE ISR 5 AR 5 AT A, NI TE R
— AT RS HAERI RN, ASCERSE T 5445
PFor KT 0.4 (STRING Hoffg & vh A ERIABIE ) A2 (A R
FH VR F A AL 2 PP IS ",

1.6 Zil“Forbr
iz JH SHEsis % ff ik 47 W5 il i 17 #% 7 i (Hardy-

EGRI FE PR 5 v [EBUG N W BT 1 95 6 B 090 JRLIRG: B9 SR R | 155

Weinberg equilibrium, HWE) #&44. FERI DL K 27 2
Wy br, HWE K%, S, EEM MR OB
AT ELAER . LA B AT 35 50 BIAE 2 A SRSEREAS ik
11, RIERAEHREARD T,

2.1 EGRI J:P 72 523385y B

o EhrEfL TR W a R oR, AD B S5kt
My EGRI AL RFEdE D . B K2, it i BT
fERZEZS (logFC>0.1, P<0.05), £id FDR KIEJF,
(X EGRI J:RITESN B B FIRTE AD B SR 2
Al 22 AR (RS L5 L (FDR B S5 P=0.001), AD #3#
EGRI £ RI{EHIH B 2R GR AT T (@ et I, g5 &
1FnE 1,

# 1 AD B SRR P EGRI FE PRS- & MG &K 5 bt
Tab 1 Cross-platform normalized expression analysis of EGR/ in AD patients and
healthy controls

Jigi[X. Log,FC P FDR
AL —0.110 0.491 0.663
i —0.360 0.008 0.072
R —0.780 0.000 0.001
A B —0.230 0.040 0.122

|[" L
89 12
Q4 ¥
ER 111 :|:
J_“é' 8 L 14 N
X & 10 - - !
;.j 51 + 74 :-t_ -
b o o1 | A 61
54 T . H A
5 8 @ 51
4 B B
A B AD A4 BR Al A B AD A4 BR Al
PugL pE L g Wit p B W i 2L

T GAbRALL 2 RO B AT
1 AD B2E5RFMBINA EGRT BRMB T AL RELE

Fig 1 Cross-platform normalized expression data of EGRI gene in AD patients and healthy controls

2.2 PPI 43
i 2 for, PPLIMZE RIS 29 A (O K 2wk
HE) DA 49 KimimlELk, R bELEY AD 5
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i£: APOE 24 #ifl5 % 1 E (apolipoprotein E), ADAMI0 k25 %% & 2545 J& & A 15 10 (a disintegrin and metalloproteinase domain 10), UNCSC 24 UNCS5 [AlJFH & 4 C
(Unc-5 homolog C), PLD3 JifHgHs D3 (phospholipase D family member 3), TREM2 2 2 ZUEEZ A fih % 521k (triggering receptor expressed on myeloid cells 2),
DSG2 A#hitabEE R 2 (desmoglein 2), SORLI1 oy #E AAHE52 1K 1 (sortilin related receptor 1), CD2AP 2% CD2 #H3:# [ (CD2 associated protein), CASS4
“h Cas H42%E 1 4 (Cas scaffold protein family member 4), FERMT2 24 fermitin &[4 2 (fermitin family member 2), RIN3 4 Ras Jz Rab {EffI[A 1 3 (Ras and
Rab interactor 3), ZCWPW1 2 CW M4 (& PWWP £54958) (zinc finger CW-type and PWWP domain containing 1), PICALM RS ILEL S5 2 A% 25 1
lic & 1 (phosphatidylinositol binding clathrin assembly protein), NMES % NME/NM23 K JE#E 8 (NME/NM23 family member 8), BIN1 #fl#& 4 & 9 1 (bridging
integrator 1), INPPSD iz fJLEE -5- #2EG D (inositol polyphosphate-5-phosphatase D), ABCA7 % ATP 54 &3kia g A WK G 7 (ATP binding cassette
subfamily A member 7), CR1 M sr (3b/4b) 2Z{& 1 [complement C3b/C4b receptor 1 (Knops blood group) ], CD33 4> {t4i)ii 33 (CD33 molecule), SLC24A4
iR AR R 24 51 4 (solute carrier family 24 member 4), CELF1 24 CUG £54 71 1 (CUGBP Elav-like family member 1), EPHA1 % EPH k&9 Al
(EPH receptor A1), PTK2B A% %% & [ {54/ -2B (protein tyrosine kinase 2B), MEF2C A fILA0IIRIESEF - 2C (myocyte enhancer factor 2C)

B 2 EGR1 5 28 4~ AD 18X 5 B E E RAIE B HI PPl 4347
Fig 2 PPI analysis of EGRI protein and 28 AD-related susceptibility gene coding proteins

2.3 HWE 45 2.4 AD 4155 % M4 rs11743810 {37 53 55 04k P B 3 DA 50450
1511743810 {7 3 A D5 B 5y A A7 238 A (e Ff ot R (A8 2 i AR

X, P=0.858; PHEEHLX, P=0.321; &HFE4A, P=0.594) 1E 2 ARSI REAR S & IEFEA H, AD BB RN (d Hext

HhIEFF A HWE, BFRREA HA BF AR A R ALY rs11743810 7 5k PR BRI 25 (KSR o A A3 1 22 S

BESTH AR (P>0.05), S8R0 2,

2 AD HBE S HEXT IR rs 11743810 1 25k PR 0 265 £ 5 R 45 36 11 bL e
Tab 2 Comparison of genotype and allele frequencies of ERG/ gene rs11743810 polymorphism between AD patients and healthy controls

SRR R
2H 50 N
TT/n CT/n CC/n P! P T/n Cln P! P1a
LMK A EE 0.611 0.737 0.274 0.601
AD ## 381 8 113 260 129 633
it Bt A 426 10 116 300 136 716
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B
2053 N
TT/n CT/n CC/n P!
AR X A B 1.118
AD #¥ 332 13 98 221
e et 1 334 12 87 235
CEIN:: 1.550
AD #3#% 713 21 211 481
i et I 760 22 203 535

T AERM XA X AT & A 1 6] AD #34 1s11743810 i iR AR o 1Y,

EGRI FE PR 5 v [EBUG N W BT 1 95 6 B 090 JRLIRG: B9 SR R | 157

(%:%2)
AL
PiE T/n C/n P! PiE
0.572 0.971 0.325
124 540
111 557
0.461 1.162 0.281
253 1173
247 1273

BN T13 il AD B3,

2.5 rs11743810 i "5 NIty EGRI JEPIHEEIT K &
eQTL 4y #7 &5 H B /v, EGRI #& [H] 1511743810 fif
AS ] & R RS 2 la) 7E Be i B B (P=0.043) Fin/h ik 5 5
(P=0.041) XM REFERERFELSIFEL (E3).,
FERRIT B R IX, CT JE Ak s Talis 1 CC s TT

BRI R IR s AR/ E BUX, CT A B4 CC 8t
TT R AR RAL, (Hadix 2672 714l ik Bonferroni
¥ 1IE (Bonferroni £ 1F J5 P>0.005), BI A g 10 4~ fig [X.
EGRI H R s11743810 o7 i A [ & P 84 2 [R] A A& R 2k TG
B ZER,

114 = -
10 i N . , "
o T-: - T-T _._°T e ) . ' .
B o g 1ig 77 .28 -, vy L Do
J - H =
N !;i i Lo | LT IR ST R N R
=7 0L TEeosr LT i [ime mes pEB Big g
6+ . . + 0. . " 1 T 14 aamulF L .
5. ' B S . HE = 1= i * H
oC CT 17 CC CT 171 CCCT TT CCCTr Tt CC CT 171 CC CT 171 CCCr T1 OC CT 17 OC CT 17 oC CT 17
R MR YR Tk gL FHiEE R - i W s

TE: JNABARALL 2 A EBOTBUIE . 10 Ao DX AN R] Ak PR 2 2 i) R ik R P22 5709 P {53 51124 0.043 ., 0.054, 0.150, 0.200, 0.930, 0.790, 0.450, 0.015, 0.990,
0.041, eQTL s34 T 134 (5 P lisirh EGRI EHRIZR KA, Horh CC AR 29 i, CT AR 65 5, TT H K7 40 {5,

3 K% 10 MEX A EGRT #[F rs11743810 £7514H) eQTL 347
Fig 3 ¢QTL analysis of rs11743810 in EGRI gene in 10 brain regions

AD JEHi R W, HRRAE TR 55 BE 228 oA i A
B FEIEHY R A0 tau R A PUR ", Shal B A 7 s
VR S5 7 W N 8% 4 i s 5 AD R 95 B AL I D 3 A
¥, EGRI B THHREARIE, N EGRI AR T4tk
5q31.2, 3rik **" 43 EGR1 wl P850 7L 3h 4 K i v tau
RHRIBEER L, R20 APP K FIHY v- i S EGY), JF Hgees
TAEXRBKEFLRPRERZEMN, TS5 AD BYH
HALEL, WFoe ™ & ILgmAD eE B 152 h——G & A 18Ik
& 39 (G protein-coupled receptor 39, GPR39) [1y % A 7F
WLy R R N X FRORAFEZE R, FRANAEE R 22 5
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FOREERWoR, AD BE (@ Y EGRI SR ERD
Wi B R FEI B X A AR5, AD BEEHI
I D X R B (e et RIS, i AEA B R X 263k 5
Tl X R, 4 FDARRIESGE, 2 42 A 22 S A AR BLAE 3
HHz B 1X., Lanke 25 ™ th & ¥l AD ¥ 5 [X. EGRI # N
FiRMAK, I H Desjardins %5 ™ 3 i 24y 5c 0 & Bl X
EGRI W iABE AR W K BRIK, SRiM, thfs —2effs =
KL AD B H N AD ZhptiAih EGRI JERZib EiA, k-
RHFFEEEH LA 22 T SR R AT e S0 S (138 15 15 S LA
Je AD BEIRIEH ™ B EARA L, REXMERTE
AR R R A AT, {H2 DL BRSS9 R BIAE AD g
fA1E EGRI SR FR S R . B, i Fnik X

RS (BN L 2019, 392) ()
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BigiA %, K™ L8, AD BEGFEHY K E.
B BB D X A5 S ThRER S i o X 3 B AR 5T
TN, LYo ™ & BT TS Bk ]
(memory retrieval of inhibitory avoidance) i} £ v ¥ & [X.
EGRI I KB 5 R AESEE, 1878 EGRI AJREZ 5 AD
19 & L

Fe 111 PPL 4y 47 &5 % & B, EGR1 5 APP & H il
CLU EH Z A/ B2 BAEH, CLU & —Fh £ Ihig
FR, BAREMBRANHEXR, 25ERks. 9
JRT, AR A BTS2 1 . CLU fE & 4% Fn & 3 i
2k T3 SAERR AR DS A 0%, ffE AD™, i APP
TR AD B KN B- Te i HEE A RT R4 BT, APP FI
CLU N ¥y GWAS WFZEIRBIAY AD & KGR ¥, Tl
1y PPI S5 SR AE—E R L R T EGRI BH v e S 58
M) AD AH 2 5y Bk TR iy oy 1l %%, HL5 APP Fn CLU
IR RS S AD kR,

S THZE EGRI F: [ 1511743810 £ S AN R R AE N
o 1 2638 & WAFAE 25 5, FAT D 10 AN X 47 T eQTL
SN s B R BLIZ AR DRAS [ B R A (LA AR B2 B R/ N
JR X AFER IR ZE S, (&40t Bonferroni £ H A% 1F J5 2 5+
HARG I SE s #m NIk EGRI 5] 1811743810 {7 15,
ANEEEF AR A W B2,

Jy T —B AR EGRI J: R 5 AD [yt At
715 5] AD .3 Fn 760 5%t B rs11743810 £ & PEdEAT T
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