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Research progress in microglia-related susceptibility genes in
Alzheimer’s disease and their mechanisms

WANG Kuai, YANG Yu
(Department of Neurology , First Hospital, Jilin University , Changchun 130021, China)

ABSTRACT Microglia, as intrinsic immune cells of the central nervous system, play an immune
response function in Alzheimer’ s disease (AD), which prevents further damages by eliminating abnormal
proteins and apoptotic neurons while also leads pathological progression via inducing chronic
neuroinflammation. The previous studies have suggested that the functional changes of microglia activation
are initiated by AD pathologies. However, the recent genomic studies have challenged this understanding.
Large-scale genome-wide association analysis (GWAS) and whole genome/exome sequencing studies
have identified more than 70 risk loci of AD. Among these risk loci, most gene variants are involved in

encoding microglia function-related molecules or affecting the transcriptional activity of genes associated
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with the microglial biofunctions. The functional and pathway analysis results have revealed that these risk
loci are mainly enriched in signaling pathways regulating microglia phagocytosis, lipid metabolism, and
immune response, suggesting that microglia not only act as a “responder” to AD pathologies, but also
a “participant” in the development of AD pathogenesis.In-depth studies of these susceptibility genes may
further expand our understanding of the regulatory mechanisms and functional spectrum of microglia in AD.
This review is based on genetic studies and summarizes the current knowledge of microglial-related
susceptibility genes related to AD and their regulatory mechanisms.
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Bl IR % 6 BRKG  (Alzheimer’s  disease, AD)
PLVE Ry HEBEH | Tau 28 2 B2 95 R 6 A b 28 oo 21
Y g 48 F B AR L H TR AT JC K% S
HFWENE AD  (familial AD, FAD) % ¥ AD
(sporadic AD, SAD). FAD & fifarm, FEEH
FHF B RERFERTAE [ (amyloid precursor protein,
APP) FRH |, HEZZE 1 (presenilin 1, PSEN1) FEH
MREZK 2 (presenilin 2, PSEN2) [, 5[ APP
S SR AW A BIEMFE AR (amyloid B-protein,
AR), FERMAIRAY WAL L, FEMW LTI
o, RBfMEK, AR LANMIDGERE, £
WAD BH LM KL, & T SAD, A[FTF
FAD HA M B ECORILH, SAD &AL & 4=,
F 22 i B 3R e [] 52 o R 22 R AL S R Y o BECE AR
Amif 2, JLI A EERACHK M (Genome-Wide
Association Studies, GWAS) #ff 57 % /N [|] 7 5 #2
B AD 85 5 1 AT KU R AT, X AD
WAL LS IR R8T . AD A% ffar, ey
DU 5 R B i, AR KRR B2 5 ) AR XU S R o
J& . T I post-GWAS W55 L) S T fg 8 1% 43 At i2F
— 2 R KR o3 BB B R GE RN . APP AR
AB NN AR BRI 5 25 Sl g, FaRiE PRk
F 43 55 /0N B BT 4 B A7 A 25 D OB .

JIN R JBT 240 AR Sy v X B 9 R Gt Y R A AR
gy, W& RE AT AP, BETELE AD
A M W B 2 TG AN I B AR, R
SRTEVE R REBESRBAT AT, 36 k09 /0 0T 240 Pt LA s
23 )RR [ S B P, B 240 B0 ) ¢ S AR [] /) ¢ J5i 4
JiLW B & ¥R R A Thee . 78 AD R B B b &
PR /IN JE 5T 240 JE A 05 O A AR LR Tau s 1, BRI
FRYHL, BAERIERAOET, /NB 5 40 M ik v] fe e ok
5T P28 9 N e BRI /IR B 48 ) T i
It 700 2 o) J) P R A 1) — %, (HAE AD KA 7R
i, R OC R T AL A0 AeT & FE A OT A 15 20 5 4 i

B, Xt TR A HLE R B R PRV AT IR A7 AE B
KAWL T AF R 8 15 27 BIF 5 B0 e B o5 — b A
Ui B/ IR BT L 7E AD 2k S e i i AR .
FEU R AD Z R R E R AR TN B 5 AR
/N S A M A S P 2 v, S TR N A
AT I . AR S RE A B S A, A 2 A
RO (R [N R PR Y | R IR o SRR i 3 2 )
AE 4 M o A e ik s BRI R 48 ) AIE S R A5 31 1 3tk
— RS, WR/NE AR AR AD B S A Y
B, RW/MERAMR S5 AD &4, midEY
AN #9800 0 B B0 S I A IR . AR K o i A
B B N B A M D BE Y S 2, X AD &
Joi LT A BRAE % S BUBT Y AD IR YT R S BAT —
B o IR B DR 2L A SRR R 5 B 0N S I 2 i AR
K AD Gy PR K R 5 LR AT 2Rk

1 MERAKRS ADHX

JINJE T3 240 B A S rR K B 28 2R G Y 3R A R A
L, 25 MG A P e B Y 4 R B . AR AR FRAS
T N AN M 2 5 5 A B 2 B B R R
WSS YESF . TERIR AR B, /NI 40 i 28 0 52
Ze s R, BRRFE ORI OURT LR PRI A
FH LT/ BT 4 X < RCT] 61 A5 K HR e T
A AL E . BV RN A0 i B,
T TE M A BB ] ] 2 BTG A 1 S0 R AR G /)N e o 4 e
(plaque-associated microglia, PAM ) /%% i #H & /N g
JiT 4 ffd (disease-associated microglia, DAM). i&fk
B B2 P /N T 4 S (activated response microglia,
ARM) FIF 40 2 5 WP /N I 5t 4 i (interferon
response microglia, IRM) 4%, H#TIA b /NI 5T 41
L3 G A 8 TR, I RS B
M PEARAE . BRI T [ IRIEH T o (tumor
FEan i 4 = 1B
(interlukin-18, IL-18) ], SEph&cHith. ok,

necrosis factor-a, TNF-a)
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bR TV FESES RN & R L L ZE 2 5k, R T
I3 — P AD i BURFAE RIS 4R R 9 R A
FR, e /N Jo 240 i A I R R SR B AR, BA
HH S AR5 Ik B /)N JE it 240 I 2 Ak A i 3 R R /N I T A
f2  (lipid-droplet-accumulating microglia, LDAM) ,
FATWEDIREZAR, W6 k4 A b 2% A e R 73,
TN AD %8, SR /N o 40 i A i A Gl i A o
Z 5 AD RAER I 855 AL WS e S AL it
TR BN B T AN ML A W D AE LB T AR I A B g
IO 5 85 PR el R O S BOBA e A K TR R G B B
BLA R 2 2 kR AR 3 D /0N i T 4 i 1)
FEMEH .

ZINJBE J5T 40 AL B A T AT AT S8 E , A ik 2H 21
B, HERFH PR MR PENT 32 o /1N 540 U3
PATRZET . BEEH R B SR A ) TE Y R 2R 1 AR BRI
HE IR, TR IR KM R . X
PEALE Z RPN S &, TR /M, 5 A g
TR R GEAR L A2 W e, T AR AT W ) B HERR 2
ARy R e sl R A g 80 ) () ek &4 i A 35
AW A R o AR AT — A R B R 2 R R
AD Ji B o 3T AR Ok GWAS BF 58 & Yy RE 1 B 23
B R B 2R IR R S R S ) i A i i 3
PERI & AR, BAs AD B Bt R AU o X /)
JI2 T3t 240 A 5 AD By SRS DR TR A 40 mT LA Bl
PR Ty TR E RN 1), % e BB (496 7 I i - 4 3
AMRAERT G T BT E L

2 IMNRRMAEXAD BREERREERANE

T R 2 2 B i B /DN I T 4 i A G B TR
BEPR e HAE ML W& 1,
2.1 B M ik X %4k 2 (triggering receptor
expressed on myeloid cells 2, TREM2) % B TREM?2
B PE BR IR M K R Y Bl E B B2 K,
TREM2 3 [N 4 5, 15 o X #2822 50 0 AL T /N IR
MR, TSR (BEE . mRRERMBIEEHE )
MARZ G, M REWAEN, WAEFHLIFRRESAA
O T U MO R A A O R [ SEAE
TE K3 FE BE A FL Y 0N e BT AR B e TREM2 3636 F
I, $&78 TREM2 25§84 /Mig B 40 i 7 AD P iy
FKREIEE. TREM2 7 AD 5 F B AT A /MR
B M A e M AR . R BRI ACIEE I K A i A
TR Y, TREM2 5 /0N i 5 40 A A€ 15 Ik
AA K, TREM2 B[ /N5 ot 40 1 f 1 T 1k 74K
A, RILK SAE SN 55 AR AR KT WA %

ik . TREM2 AJ LR 9 45 4 U8 B A BE S 5 AR 55
WY, W TREM2 5 8 AR MBS S &HEA
(tyrosine kinase binding protein, TYROBP) K i
FIf5 5 i, 5 DAM BRIV AR | e gk /N i 5 40
Mo BESAE RS, R R, DD B R E, 2
vEABTEBR, WS ARRIM A TEME . R Y R
7E TREM2 J [K] 5k [ 55 P45 140 5] 3 A8 J2 if PAM 2R
AR, ARSI, BEREE TR, S5
2B TR, IR 2 RAES A, T L s sh
TREM2 7] 24 3% AD i 3, $&/8 TREM2 5 3 /MK
A0 AR AP VR L SR TREM2 (1 R 47 PR A
22 8040, 165 —UREgE 7 op A B A 1Y) 25
W, R EIR . ERFEE P KBS TREM2 K
K IVE YRR B IV BRIG N, RO HE— 25 sl AR i
S0 Tauwg B, PR T TREM2 438 45 AL 45 55
BETE N [ 9 By B v i — 25 A

5 AD & K AH G 1 Z2 F TREM2 48 5 k4
% R47H, R62H., DS87N, TI96K Fl T66M %5, H:
T RATHZZ AR (—Fpis LA ) BAFFSREMANZ
A LR B R BCRAG (X AD & AR
AR, AT LAAR R R, JF Hoa DAKS i AD
A XU . RATH 7% S 1438 o 52 i) TREM2 1 3R 3K
KI5 . BCARSS & S5 5 1% 5 2T 52 0 /)N 1 5 20
MEAMEDIEE . 7 RATH /NI BT 40 i # & L TREM 2
SZ AR i ST AT R, DT ORI A T
Bef AU /0N J I 40 B B SR AR R AR L TR R B
RATH /N B 5% 240 it v AR [ B B, o B AR i 2
ezt . Who A Y E A X SAD #5 4 TREM2
RATH [ . A TR SAD H & K AR I DT L (0 15 %
AR W U AT R SR o T, AR R
R4THH SAD H [ T4 K (interferon-1 , IFN-1)
O L AR g T RO i A AR S 0 40
2 % W 5t D (natural killer group 2 member D,
NKG2D) Bk FiE, #2778 RATH AT 58 52 m /) i i
20 G g B o AR MEPE /N B & B RATH 5 5 3T
Jl Tau g B A 5 09 25 [ 042 B pG . PR 5 B I
W K E A B (protein kinase B, AKT) 5%
i B R TS, WA AKT {5 5 5 nT LB R
Tau i 28 75 5 19 2 filh % 2%, #2278 AKT J& TREM2
TSmO LN AD R IR TR
DL E B 98 32 7R B 6 TREM2 JE F 43 b7 A7 Bh T 3 B
TREM2 Z K AE A [F] 384 5 5 T KB RAE, 424t
AD BIR BRI W A
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2.2 #& 8% 4 E (apolipoprotein E, APOE) % B
APOE J& —Fi IR [E B2 4K, i APOE 5 5 4 5
FEM . BFIE S BE R A0 )z Rk, AR IR T
H4E IR R EEE AR A L VY SR AU B I A 2 0 5 T
M REREREEM., APOEA 3N 5H (e2. €3
Fled), 25 4mt% 3% (APOE2., APOES3 i
APOE4) #HfEHE . KHE GWASHEFE * ik
APOE e4 JEH S SAD H 56 1 B i 35t 4% KUBS ] %
I APOE €2 %5 {i7 K& A AT B IR AD 9 UK, 2 Fib =57
W, e3 5 SCAR SR V236E Al R251G HA AR PEFE T .
#54 APOE ed 55 007 JE A 19 AD fB 3 &9 45 1 30 .
PR HE AR, TERFEBRES | Tau 8 1 B A7 e 25 4
FEEE T A ™ E ", fEAEBRAE T, APOE £Z
BT 0 A0 i 43 3, T AE AD FRCE i PR 1 R
JIZ 5 40 i 2% 3k 0820, ARM 8¢ PAM ' APOE % A
Fik BH . 75 APOE B S FE 1) APP/PS1 /ML
5% 30 2R A A B e P11 /0 58 5 440 Lo /b, AR
PEYLI 2 H bR EL, 28 TREM2 6= if AD X
i 4 BB B 3T FR R E ] L /N 5 o 440 M R AR 1 1 L
AN BES R APOE 7] 8 TREM2 52 (315 . 4547
SR A, $E8 APOE 5 TREM2 4t ]
Z 5 /)N I8 0 A0 M R LG A R Y AT RS R A 0 )
fig . AE AD B h APOE 52 Wi /N 58 B 40 i i i
R, ey N & R AFWE D) g . APOE 5 IR [ B i
oAl B BT 45 5 08 G 2, A S i 5T 4 i N E [
s FURE G O L T APOE4 25 4 I8 3] 2 il s 19 g
155 F APOE3 } APOE2, % JIH [ B 4 HE & g 5 iz
TR, IR e B HEAR . R AR I 2 A
APOE e J [ R/ 57 40 M 3% 35 APOE 28 1 k70,
W WS SRR IR BT R A3 R D R B, B i T Gk AR
J AR b 22, S O [ A A R W HE R,
WE DI AR TR, WEMESE A AR, 2B nE AD
g B R L IS T 40 R A T DA R e H T g AR
A, HERE TR N SECREE, MEERET
LEROK R, B XES 26 T 40M (induced
pluripotent stem cells, iPSCs) 4355 A APOE &3
I APOE ed % 0 5 K5 4346 18 /N 8 5T 48 Jifd 32 47 T2
B RS HT, S5 R B/R: 5 APOE e33R 4
IL#, APOE ed J P 20 /N I J5T 40 Jfd 1) 52 ke 3 /0
R, L Sl AR RAROCHE A I . 4 i A% 3 Al
KL Ik T, APOE e4 55 P4 /N 5 5t 4 4
APOE 3 3 [ 77 Wk ABRE 1 T R, fij 38 2o 56 A 4 48
e AR A 5% B A (] BRS¢ & &2 P ] (clustered

regularly interspaced short palindromic
CRISPR) /CRISPR M X & 19 (CRISPR-associated
protein 9, Cas9) # APOE e4 3£ [H B}y APOE e3 3
PR Y I O 0 /0N JGE Jo 44 i A Wi A B BE 0 1§ m T 2
3 AD G HL Y BT APOE S [ 3 PR /N 58
ML DI RE S Hr . A s 1 SR I 5 A Y i B A 2 o A1
SNE VAT AD B B R YT AT T B, JF HOX
APOE e4 & P #5717 & 0936 7 7] B8 50 0 A %0

2.3 =88 M 3F (adenosine triphosphate, ATP) £
4 & # 12 A7 (ATP-binding cassette transporter
AT,ABCAT)A B ABCAT7HHN A& 47 M08 T,
4K 3.6 kb, 4if3 ATP 45 & & 5 i % 1k A7,
ABCATHEHEMABIM ABCHi2EH, BA 2
T IRES & B 2 A Bk B8 s, )3z o0 A T AR 4%
FREHZL, A FDIR ST T SRR 20 2/ i o 4 i 3k
R . BN ATP &G &% 51k A1 (ATP-
binding cassette transporter A1, ABCA1) B9 [F] ¥ A
¥y, ABCATEHZ S5 WIERAS, FEH &
JIEL 1 st 0 Wl B 0 [ Ah Az %, 2 R AN P AN i B AR
& ABCATIEHESATIE . APP I T4 22 240 i
DIBEAH OC ™, fE BT RHEA & 1 GWAS #fF 58 =
Hf s 2 Ff ABCAT 2 A2 57 48 5 AD SO KR 77
fEOCHE, L GWAS B E 17 iR £ & 1 (single
nucleotide polymorphisms, SNP) . i B 2& || % 5
¥ 78 5 (premature termination codon, PTC). &
AR AR (rs3752246 Fl rsd146929) . A ZE £ H A
EE & (variable number of tandem repeat, VTNR)
(rs3764650 Flrs78117248) LI R ik ¥tk gy, bk
A SERGE G ABCAT 85 H Rk & & . B 16
PESU N ABCAT SN LS PEA R, B ABCAT i
I 2% D AE M 3E i AD B RUR: . ABCAT &
UL ZE WL SNPs 5 MR AR 7 Gk . — g X
BN TE (9 BF 52 7 R B4 ROR 0 RURS 7 5, AL A
rs3764648 ., rs3752229. rs150594667 Ml rs4147914,
ABCAT7 R 45 AR A6 AD 835 v al G2 (19 43+ HL
TER Y B ARSI 58 45 B i — B Sk . 7E APP/
PST/NE T ABCAT7 ZE R B [ BEAIR IR AR A, 51E
PSRN R, IO A O RINACARE Y 5T R 3
(protein  kinase RNA-like endoplasmic reticulum
kinase) /H # # i I F 2« (peukaryotic initiation
factor-2a, elF2a) 17 % il B, B4 W WG (B -site
APP cleaving enzyme 1, BACEL) Fl[& & JE 1455
#H H 2 (sterol regulatory element-binding protein 2,

repeats,
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SREBP2) KFFhim, ek APP N T4 AB, il
TEM AR IR, RS Y fE AD/NELABCAT
FE PR BRE RS R A P R BN S R AN L B N A
B, JF B T ABTE /NI ot 41 i P9 44 75 il 14 2
Kot — 2 WA, DT AU TN BT A ML P, R OR
ABCAT ] ¥ 37 /)N i I 41t B 92 B v e N A A o
ABCAT 3 R il [ Jai 553 /05 Jie 5 40 B 4 W AR RE 1
H 2 AL 1 R 58 4 B

2.4 HRBESLAREZGHBEEF 3(sialic acid
binding Ig-like lectin 3, Siglec-3) %X B  Siglec-3 &
AR CD33 KK, CD33 %M E il AD M &
AU B DR, G 2 A% 0 3R 5K 67 1 /0N JE 0T 40 i 2% T 1Y)
— ol 5 e R 45 A 22 MK CD33 R . X Ml
A5 AN ) BC MRS A 0SB A IR R
4| F£ ¥ (immunoreceptor tyrosine-based inhibitory
motif, ITIM) 8 % % 2 1k B 2 B 6 & )7
(immunoreceptor tyrosine-based activatory motif,
ITAM) BEERAL, V81 /N B 0T 200 M 1 e e B 280, 2
MZHAER “TFR”, CD33RERNZETES AD 5%
PEA B, Bk e AD IR IR E R 5 . CD33
b 5 F-2 1% SNPs A] 8 52 M pre-mRNA [ 3% 5 14 5
B, RN TR B A CD33 B, 520 /N 5 5 400
TEWETRE , DA R S BEAR AD KU . BFgE Y B
7N 18386544 B AN T -2 BYHEROR g &k
AD 7 1E KB, 1512459419 5 rs386544 $h i 1,
M A1 5k - -2 B3 A1 4 1 T o4 AR K B JE i) CD 33 LA
(D2-CD33/hCD33m) 5 CD33 K #ifk (hCD33M)
Bl AD 5 B 55 {7 3 [ rs12459419C (5
rs386544C HEHIA V-7 ) FE CD33H H KB KF
FhE, HrhD2-CD33 5 10%, 1 AD {47 P 45 o7 it
rs12459419T 5 rs386544T 3t 44, A] DL F& A%
CD33 % &Ik K P, M D2-CD33 i 2 30% .
WF5T 5 R . hCD33M 30l /)5 i J5t 48 75 W o)
fig, 1M D2-CD33 A] 34 5 /)N e ot 41 Jfd X AR 19 7 Wit 7
o Pk i i 2> CD33 83 i D2-CD33 H il 1] fig
AR R /DN S5 40 B A e AR, BE T R AR AD B XUBS: -
— TR KA HEBRFN B 58 & B rs2455069 5 AD
FEO XUBS: A7 AE CBE . rs2455069G AT BE 3l 1 41 4h Y
W R 235 5 (o7 A 34 e L TR ) 3 LR RRR SR, B
FH CD33 X € ¥y FF B He [ g 09 30 ) 1E ] 3 5 .
CD33fi T TREM2 {5538 i L liF, SMERRES G,
it TREM2/DNAX {64 14 12 (DNAX-activating
protein of 12 000, DAP12) {555l %, #3557/

I 4O A WE D RE . #E SXFAD /N R Rk bR
CD33 3P ] DA e AR Bk AE , k0 N T g
B 76 BF— 2B BB TREM2 %£ R 5 1% 4E I 25 o 78
TREM2 [ i B /b B AR B E , JF BN
i o E R CD33 K k. CD33 7l BE 2 5 /) i
A f A AR i 2 . AR T hCD33M, hCD33m i
Z AL T LS o S AR R Ol BT AR 19 O 5 2
FELES ), AT BE X /0N e JoT 200 e B o A 38 5L A VS A 5 T
H AR CD33 #8 a] 8 15 /)5 J52 J5T 48 At 2 6l 14 5 W A
Pt CD33HL M f iR 7, % CD33mRNA 59 %
i hCD33m %% fk 4 DL ot 3% AD fig 3 o A48
CD33 3N Z A e A R Bl Z a1 A7 22 5%, JF
HAZ A AN 7 NG R E W, NI 2
fiff 152 92 06 245 TR K I FH e Ak o

2.5 4RBEBEORAERH%EAAKN (membrane-
spanning 4 domain family subfamily A, MS4A)
A B MS4AREH G 4R BBEE ARG, 06
MS4A4A . MS4ALE, MS4ABGA Fil MSAAGE, |~
2R IR T/ R AN AN AN R e e A R, S 54
BT NEAEHMREE S R SR
MS4A4A . MS4A4E, MS4A6A Fl MSAAGE T #
TESE 5 AD B U A JCIE,  (F B AL ] i N v
2 MR AN ILNG B, MS4AA TR 4 R IE R 451
RAETE S O BB XL, RS M, 5 A
PR B Z M (Dectin-1 fil TREM2 %5 ) A 5. /E A
IR R UEAE 5 B . T P TREM2 (soluble
TREM2, sTREM2) J& TREM2 £ th 4 )8 & A i
I FI Rl 20 M A0 3B 43, 2 /NS o 4 A 3 A 1 2R
EWZ—, 5ADWRERAAEY X, sTREM2
LIS ABMREWL A, FT /RS, T
e —Fh AD RPE 7o BF5E Y R MS4A
A5 TREM2 7E IR 78 b e vy, 3k AR 574k
rs1582763 55 MS4A4A FI MSAABGA /K F-FEAK . ik %
W STREM2 K FEFH 5 . AD KU BEAIK . & 0 41 il
FER A7 AE KB, T MS4A K& K 4 { rs6591561 5
MS4A & [ £ iEKF T+ & . sSTREM2 K F FEAK .
AD 95 IRV 38 0 R & 95 AT 1 B T AE AR OCHE, UK
MS4A 7] g3l 1 5 0 sTREM 7K - 4 355 /0N J5¢ i 40 g
Tiee, ®m AD PERE, JF HLUK [A) 56 AR 54K 6 0k 2R
AU aEER, TE#F - LWATR. B
RNA I J5 25 5 o . #E7 rs1582763A 1 /NI 5t 41
4 E RMEIRZ LB (Mic. 3) #6hm, i 5 DAM
LA R S (Mic. 1) FelBEAG, #MA g X 3
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RAE, FRxFMEC3HG N, X5 AD B4R EM,
$ 78 MS4A 0] B fh 7 T TREM2 %& #% o fig © .
MSAA % /IN i J5t 40 JfL Dy g 8 15 =2 40, X 41 i fa i
A AT R, B B — 2 5E AD BE
MS4A XA Jid Fe 9 5 b S i 1 B A AE T o

2.6 Spi-l REAEXH¥RZEF PU. 1(Spi-1 proto-
oncogene or transcription factor PU. 1, SPI1/PU. 1)
AW ZWGWASHIS “ K. CUGHGEA L,
Elav ¥t K & i 51 1 (CUG-BP, Elav-like family,
CELF1) /SPI1 A:PH g #IE S 5 AD AHOG . Hir,
it 5 S N PUL 1B SPI1 i & & CELF/SPII
L JEE AT AD Zy Bk KU B K, SPIL/PUL 1T
IR T s A, Ry O /DN T 4 R T A
Mi. SPIL/PU. 15 & & 40 Ml b 19 3% M 3 5+ FS
TS, BANRBRAREE . REKLZA AD S
fE R 2 (ABCA7, CD33, MS4A ., TREM?2
M APOE N %) Kikny EEH W + . SPIL/
PU. 1 & 23k 5 AD B KBS 3 A o6, i AL«
kK BA R E . r1057233G 5 SPILE £ ik A &
B, JF 5 AD & &R f77E KHBE . SPIL/PU. 1%
5N B 0 A0 i G E N K (A WA R R R A 3 )
S ) /)N JiE JBT A L A SR LA S DAM % 7% . PUL 14
T AD /N 4 K 33 (interlukin-33, 11.-33)
WA E DAM 5545, 12 3 /N I J5T 200 Jfd v W 3 B3k 1
P FERALN, BRI PU. 1K AT 8 55 /02 5 40 it
g ik, BRI DAM BB, U 2> 75 W5 40 it 5 B,
iR DIIANY it R s G P S S N O [ A
FR, PU. 1Y 8 36 0T 7 e 20 M i S B, s b
TR R R A T T, RIS /0N R S5 4H v
R4 KK 263k Bk . SPI1AEPI X AD /)N B 5t 48 fifd f)
R R A A, 5E A B SPI1 3 IR AT BH 1k /) i R
A5x4k . BRI PU. 1258 U8/ AT 42 2 /N i i
ML AR FE AL, X AD AR ER], W] AEE i
JF X Z A& (liver X receptor, LXR) /ZEW#EEE X 52
& (retinoid X receptor, RXR) {55l i . 44
ZCOCWILAMMEMM (K) HEEHRHT 2
(eukaryotic initiation factor 2, EIF2) % H B¢ A
S, KT DAM. LXR/RXR i 3h 7 ar LUk 35 i
S AR R E R, B T AD IR YT . LXR/
RXR # 5k F ) LA S8 B [APOE, MAAEHEH
(clusterin, CLU) . ABCAl. ABCA7 #1 TREM?2
KA ] 5 AD B KA &, SPIL/PU. 1R 5
RS SRR B, o] LR B e R R T

B o M A5 a2 A i I 28 3 A Y 45 £ i2F AD
Ji&, TR bR iR AR BB Y S R X AD AT £, S
RN B At B b PUL 1R By R AEHT, B
SPI1/PU. 1 £ A F 40 il s AR R 2k v 4 AD Y& 7E
RITH Y

2.7 IMERRmEAREERMXER DT
il of X B 52 f& (pattern recognition
receptors, PRRs) &K1 Fpfl (G %, TR IFH
Wi, F5e S 30 o DA I Tl A ik A o fie A W) o, DA
ENERS . AR B L N R BN R
PREE IR 5 AD S0 KRS A7 78 DI, 5 /0N i J5T 248 g
DA AR B A i AR . MFEREE B A 1 (bridging
integrator 1, BIN1) Jt P 5 AD # 5& tE ALk T
APOE, %t GEN, 593 hEAMME
F s i A SR ORI EE 2% RS F DA A R e T
AR IR RGeS v R ¥EVE . B 1 AR e
ZEAE 5 A W A B ) G B A R 4 . BINT H AD
HH 1 SNPs AR BINT 1 5 7 36 P, i /0 e o 40
ff 2235 BINT W, B AD (% KU . BINT 2 A
TE/IN B 5T 240 Jf b (4 Zh BEVE T i R 18 BIR A ST . B
I g BIND 98 5 /) 5 J50 240 i A2 4% 38 38 5 5 95 AH OC
SN P o /0N BT 440 B T R BINT 3 A s A WA H
U859, NEZHKE (lipopolysaccharides, LPS) i S
fiE 9 W L O FLAE MR P R b 52 8 v % B BINT 6k
SR AT /DN 18 5T 240 B 404 48 7 A TEN- T 2 g (9 g )
Z A, B DAM MG IR R k38 . iR R
(progranulin, PGRN) i ik f& & (1 (granulin,
GRN) HEHN i, EhiXsh g RZEH EL A&
JCHINE BT AN M 2R3k, S /0N B JoT 240 S 1% Ak 1Y 2 0 A
EWZ—. PGRNEAEIFME | U B4 il
WIhfe s ZMEH . GRN N E #idE 4 b AD %
TE XU LR, K 43 D i g2 2k AR SR i AD 5
JE M . rs5848T f#7E T GRN (13- B % X (3-
untranslated region, 3-UTR), 4% PGRN mRNA
TS, B FEAR PGRNKCE, 3841 AD (95 XU
B o GRN Bk 2% Al 8 S B0/0N e 5t 20 i 345 1 44 2 g i
f5 . R Jox 2 U 0 A M A BEAG,  [R] 75 S /N BT
S ) B RIS L RS A ARG I, T 4 SR A 5%
fi o JBE A PGRN R UM 53 /)i ot 40 Jd % AR it
UM NAEN, S m GRNIEE, # i PGRN
FIR T LIE R B R AD IR YT R HE o H7E GRN HE A
B R /N B 2 B DAM A B ki B (TREM2/
DAP12iaE #), JFAIFETHBR TREM2 J5 FEAR, #2758
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GRN % 7] i & # TREM2 #Hi ft) DAM #f £ £
YER, TR PGRN ZKF- T i o] RE S A Mg ke A= e
£ B GRN 3 [ A1 PGRN [ 4E 8 AD I 97 88 41
W, P AR AD PR T 0N L PGRN Y
TRTEAN A2, [R] I 225 1 B AR 7 I AL

WA VFZ 5 NIRE R RS CH L, #ik
Bl AD 3t 5, G Ras 1l Rab 28 B 4% 3 (Ras
and Rab interactor 3, RIN3) F& P A1 Iig Bk UL B 25
A MRS E F 2B A (phosphatidylinositol-binding
PICALM) JEP 5 A A%
fiff (32 f A e, CD2 Bk 1 (CD2 associated
CD2AP) 3 A 5 77 /N A T2 il A5G Bk
Ras #1 X% M (Ras-associated protein, RAB10) 3
W& 5N kizMmms, 755 KIKEEH 2A (signal
peptide peptidase-like 2A, SPPL2A) & A 4 5 4
WA E A B, S HEBMEZIEL (sortilin-
related receptorI 1, SORL1) JEH 50N IkA X
B, ERHMEXEEAE G 4T 5 epsilon 1
(adaptor related protein complex 4 subunit epsilon 1,
APAEL) HE PR AIE it a5 A OCEE 1 A 459 4 WAk mu 1
(adaptor related protein complex 4 mu-1 subunit,

APAM) e [N 5 75 7R & 1A B THT 0 265 445 1 1) o R 2

clathrin assembly protein,

protein,

FIPE AT eI o %o b 3 i DR X6 /0N Je ot 40 i 19 75 1
JH/ VA 5 Tl ) 66 19 52 W) 28— 2B IR ABIE T

2.8 AZHbBRBmemmiAR BT LAERZ
Ah, GWAS BIFFE 38 30 H: At 7T B8 34 15 /)N it 5 240
Jitl ZE o FE 09 AD B JEREE PR, A0 A W TC AR OG k]
CLU/# g% 1] (apolipoprotein J, APOJ) FE[H,

LDL) FIAPOJHE HAFTE MG OL T, /1N o 20 e mT
e A SO A WE AR, JF H it B K TREM2 52
o AR AR OC B T [ Ah A Z K 1 (complement
receptor 1, CR1) FE[ |, #0465 e S5t 4 Jid 3% 3% AR
o BE D X e % Bk B AE 2 B A2 K o (paired
immunoglobin like type 2 receptor alpha, PILRA),
5 AT B K A AR OC 38 IR & F1 2 (perilipin 2,
PLIN2) £ XHE, 5 TREM2 T {5 558 H #0E A
FECEN B4k 8 (B-cell linker protein,
BLNK) J& P . # 5 # Cy2 (phospholipase C
gamma 2, PLCG2) J& A F1 LA 22 W B2 -5- 0 1R 1
(inositol polyphosphate-5-phosophatase D, INPP5
D) FER ] A CEE, 5iE R R4 A 1 42 5 9 AH OC KL
[NCK 1 # #& H 2 (NCK adaptor protein 2,
NCK2) F M | ras A &KX B G H (ras homolog
family member H, RHOH) XK | MG AME 2 &
#H (embryonic ectoderm development, EED) 3
. ABI % & W 51 3 (ABI family member 3,
ABI3) HE [N B EG 3CTE E IE K N KB 4
(potassium calcium-activated channel subfamily N
member 4, KCNN4) FERKH | FERMT2 (Kindlin-2)
. Cas THEEHRGEM R 4 (Cas scaffold
protein family member 4, CASS4) 3 [H fl CD2AP
FEEH ] B/ e o A4 e R A A A G R R [ 4ok A
Ah B Bg BT A% W R W I F (outer mitochondrial
membrane lipid metabolism regulator, OPA3) A
AN I B8 B2 (lactamase beta 2, LACTB2) A
] AR, FIRILATRES 5 /N K0T 40 i e 3

5 AR LT AEAL R BEAR G W BR A O, BFSE T A Rb R, (EEARHLET R DA B, AR R
M. fE AL % R & 11 (low-density lipoprotein, J5T 241 2y g 3 % ot o rh i — 2D BRIk
F£1 DEEAKEMHRE AD 5 RAEE R
Tab.1 Microglia-related AD susceptibility genes and their functional regulation
Gene Protein function in AD Risk variant Variants effect on microglial function AD risk  Reference
TREM2(6p21.1) Phagocytosis rs75932628 Impaired phagocytosis Increase [4,44]
Immune response rs143332484 Neuroinflammation
Metabolic fitness rs10947943  Reduces mitochondrial respiratory
capacity and glycolytic metabolic
SORL1(11qg24.1) Functions as endosomal trafficking rs11218343 Impaired endocytosis Increase [4,45]
receptor and mediates endocytosis rs74685827 Affects DAM transition
Intracellular APP transportation and
proteolysis
CD33(19q13.41) Binds sialic acids and inhibits rs3865444 Alteration in alternative splicing of CD33

phagocytosis mediated by TREM2

Immune response

rs12459419

o Increase/ [31]
Affects activation of TREM2/DAP12
) . Decrease
signaling pathway
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Gene Protein function in AD Risk variant Variants effect on microglial function AD risk  Reference
CR1(1q32.2) Complement receptor for C3b/C4b and ~ rs679515 Reduces induced A clearance by  Increase [4,46]

Clq rs3818361 complement
Promotes phagocytosis as an opsonin rs6656401 Affects complement system cascade
PLCG2(16q24.1) Acts downstream of TREM2 signaling  rs72824905 Regulates phagocytosis Increase/ [47]
pathway rs12446759  Regulates DAM related genes expression  Decrease
Intracellular calcium release
MS4A(11q12.2) Intracellular protein trafficking rs6591561 Related to TREM2 processing
Lipid sensing rs1582763 Associated with the level of sSTREM2 Inerease/ 136)
Phagocytosis Immune response /complement system Decrease
PILRA(7q22.1) Binds sialic acids and inhibits Reduces inhibitory signaling in microglia
rs1859788 Decrease [48]
phagocytosis mediated by TREM2 Reduces microglial infection during
Mediates invasion of HSV-1 into cells HSV-1 recurrence
CLU/APOJ(8p21.1) Bind A and lipids rs11787077 Reduces A phagocytic clearance Increase  [4,49-50]
Phagocytosis rs11136000
Lipids metabolism rs2279590
Immune response
PICALM(11ql14.2) Endo-lysosomal trafficking rs3851179 Rescues endocytic defects caused by Decrease [49]
Lipids metabolism APOE4
Regulates microglial lipid droplet
formation
ABI3 (17q21.32) Cytoskeleton rearrangement rs616338 Impairs microglial migration and Increase (51]
Focal adhesion phagocytosis
Cell migration Increases A deposition
Phagocytosis
BIN1(2q14.3) Endo-lysosomal trafficking rs6733839 Impaired phagocytosis Increase [40]
Cytoskeleton Promotes inflammation
7YX(7q34-q35) Actin cytoskeletal rearrangement rs11771145  Affects immune response and endocy Increase [52]
Cell migration tosis
Synaptic development and plasticity Disruption of the blood-brain barrier
integrity
GRN(17q21) Lysosomal degradation rs5848 Lysosomal dysfunction Increase (41]
Lipid dysregulation
Microglial hyperactivation
APOE(19q13.2) Acts as an opsonin and facilitates rs429358 Affects lipid transportation and  Increase/ [21]
Phagocytosis rs7412 cholesterol efflux Decrease
Mediates cholesterol efflux Affects immune response
Enhances or reduces A3 phagocytosis
ABCA7(19p13.3) Lipids metabolism/Lipids homeostasis ~ rs12151021 Abnormal lipid metabolism Increase [4,25]
Immune response rs3752246 Promotes APP processing into AR
AR phagocytosis and clearance rs115550680 Reduced microglial clearance of A
INPP5DI(2q.37.1) Interacts with DAP12 and inhibits rs10933431  Reduces inhibitory signaling of TREM2 Decrease [52]
downstream of TREM2 signaling
pathway
SPII/PU1(11p11.2) Regulates microglial transcriptome rs10437655  Decreases PU.1 expression and regulates ~ Decrease [52]
rs3740688 microglial inflammatory response
HLA-DRB1(6p21.32) Involves in immune responses including  rs9271058 Induces microglial activation Increase [52]

antigen processing and presentation, as

well as immune cell self-recognition
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/NG ST 240 B AE AD o #H AR A ok 3 OGS AE H .
BESEYIZAMEIE KB A6 AD AT B B Fe A []) DX 38 &
EVFZFRIEA TR /N T A i, 2 e 5 0 N 3R 58
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AR T/ INBE T A A A i L R B AR R B 5 N 25 1% B e
i B, Hh TREM2 #1 APOE 75 £ $ i h 2 59
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X430 AD s KU AN HBE . B RTA 2 Bl XU R4S
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W Z % (polygenic risk score, PRS) /it f& XU T
43 (genetic risk score, GRS), R & KU F K 5%
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