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The Mechanism of Microglia in the Pathogenesis
of Amyotrophic Lateral Sclerosis and Its Therapeutic Strategies
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('College of Life Sciences, Zhejiang Normal University, Jinhua 321004, China;
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Abstract ALS (amyotrophic lateral sclerosis) is a multifactorial neurodegenerative disease character-
ized by the degeneration of upper and lower motor neurons leading to muscle weakness, progressive paralysis and
severe functional impairment. ALS motor neuron damage is caused by a variety of factors including misfolded
protein aggregation, neuroinflammation, glutamate excitotoxicity, iron overload, and demyelination. Recent studies
have found that the activation of microglia is one of the important hallmarks of ALS neuropathology, but its pre-
cise role in the pathogenesis of ALS remains unclear. The balance between microglia and motor neurons executes a

protective effect in motor neuron damage and promotes neurogenesis. However, along the combination of genetic,
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environmental and other factors, stress-induced motor neuron damage is further exacerbated, concomitant with

abnormal proliferation and activation of microglia. Thus, microglia not only lose their ability in motor neuron pro-

tection and injury repair, but also is switched from anti-inflammation and neuroprotection to pro-inflammation and

neurotoxicity in phenotype. Besides, neurotoxic signaling from motor neurons induces microglia to produce inflam-

matory factors, further increases motor neuron damage, and promotes the motor neuron loss and vicious circle of

cell death, thereby exacerbating the ALS progression. This review will briefly summarize and discuss the pathologi-

cal role of microglia in ALS and its potential targeted therapy strategies.
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Fig.1 Microglia and its dual roles of neuroprotection and neurotoxicity
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Fig.2 Potential mechanisms of microglia-induced toxicity to motor neuron during the pathogenesis of ALS
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Z 58 R s 20 PR E A IR [
VER—Fhsm A A7), 2Rt 20 A=) 1 3 pl ™ B
I, T BBB AR E G 4R R AR S DULR I R 104
I, SRS TAE R 2 R EE, Bk
H (transferrin, THMH 4k H 3244 1 (transferrin recep-
tor protein 1, TFR1)E I E SRR B Lz 1K
i, 5818 2 (hepcidin) i ) M & JmikizEH
1(divalent metal transporter 1, DMT 1)k 12 &
1 (ferroportin, Fpn)t [F]Z 582725/ 77 0491, 5T
KU, ALSEEWIZI K ZH KSR RE S
EYETY S A WD W a Wi N Sl P sl A 1K 39

K- LI e A e K LIS B e i br 75
BRSO, R L, XA hR BN ALS
P 5. Beak, B H I A6 4(glutathione
peroxidase 4, GPX4)ZBRAL T KRB HI A 7. 1E
ALSH R Bt H IR/ PR AR 2 BUGP XA 2R3, AT
WA IR ALS 7 (E2D)

CNSZH et 20~ BA A A 18U, X mp
ReH B B SRRS TR Z R R . AR
I BERE A7 2 SLRETE BR R, TR A0/ R T 41 A e it
ZHE H e g PH R Bk 2, AT RE 9 0 B ROS 3 UM
FREL LRI [FI, /N 5T 28 /R BBBIF —
oy, HALRESS @S DMT1. TR Fpnfs kit ia &
H, DL 1 45 A 8RB HY (transferrin-bound iron,
TBI)F1HEFE 8k 25 (1 45 & 245 B (non-transferrin-bound
iron, NTBI)H 2k &40 0 15 2k a8 (K 2D) . (E1S7E
B, HERIEIE N IS BUEAIE FATER,
PR AN RS 5 SO MR AL, JERE I TNFa L2
HE DMT1ZIEF L 2 N 48 - 1 (heme oxygenase-1,
HO-1)/74, T 2R IE T (ferroptosis)(&l 2D)7,
AN, O CHRHRIE, 75 ALSHE & 22 10 /N s 4 i
PRI B3 B EER AR 1 U X BB /N T A
HLLE T BB AL () H 22 To i I, BEE 4G 2 A IR Bk i
AR A R T 4ERF CNSERES . Ak, /N i 4 g
i A Bk B 8 R I SRR BURAR E R AR, A
I ¥ B 40 9 BB AL I 2 JORE TR L, AN T — 28
HEFFCNS 17 o
4.5 WETHBEEHSALS

Jit i A 2 A A AT R AL, R ORI E
FHZIRAT VEAR B OCBRARFAE 2 — o B o R I A
HhIRANM N Ca® FFERE U ROSHY £, AT 5 2%
B ILERA N R S RN ES R NP UE U EES CY S AN
H AT, R R o 4 45 £ T Boph £ o it B
AR, ALSE A 2 IURE R 3 BUR B o, B
ALSHI K[ 548 K (U1 SOD 1) Ff gl 2 5 H op 1731,
[FIIS, A SCRRARE , R /N IR ot 4 A BB kB IR
HRIFARA TR, (RS DA BE S AR A B TR T AN T 1 RE AR
PR B[R U4, X TN 28 I o 4 LA 4 R A 1
Dierh B HEAEH.

A OCHERIRIE , /NI T4 M B8 18 3T Ranvierdh 5
55/ 5 B o 20 o AH ELAE T 3L (R 4 e s . A,
/N 405 Ranvierd 15 (AR BLAE 52 BI04 0%
BRI KRR o AE B BE R R AR B R, R
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KA G E I B R T 1 /NI 5T 4 M e 45 A2
FAERMIRES), FFFEAC T RERE P AR U, R il
PRECAR B, i 58 IR, T A0 /NI o 48
T RE A% B Bl (Rl RE 5 3 i R U7, ZE IS AR P TNFR
RAYET EEAEF . TNFR1Z: & ] 7 TNF A
HEAHTE 15, TNFR2UJ 255 % B TNE AT 2 12F Rl 5 7
(I 2E)7, 341 B /)N e J57 240 5 0 48 e it i 28 ) .
HEVI R SRTH— TR TR, /N 5T 40 i 2
il (cuprizone, CUP)AR Y Hh i fif 1 1) 32 2 W 2535 1
KN 2 — T /N B R DI, B
A K K- -B1 (transforming growth factor-B1){E 57K
P B, T R B A I M R EEC Y, 1T CSF IR /MR i
4 K = 1) Pk 2 RS IR CUP H i A 1) 4 £ 100
DA AR HE R BA , /)N o7 200 P 2l 5% ot A A v B A X
HAEM . /N5 AN N 3RAS 0 1 AR R A I RE A8 75 B
BB R R, B0 R B4+ RGER
R, M = A 35 50 AT 2 B CNS AT , JF AT RE
TRHEALS KL R JE -

5 ERE R RYBREAIALSIATT TRAE

H 18244F ALSH R I LK, iR _FATH6 = 2
(AT FB, IXEER T ALSHI 2 N R EUR R,
ELFEIE ) B . PR EE AR e B B B
INFRE T A RLPE ALS P22 975 33 Jie o (1) B LA S i 4
TN, BATVEGE T =2 ) /NI T 40 IR ALSTR YT 3R
B, ELFEAHIM LR S RER B FE e . (EFEM2 AR
PR A A DL SRR ) /N B T AR B R AR PR A (R 1)
5.1 $BEV/DNRRABEHNEIMIFRE K AEFR B

ALSHHESE [ #h £ 980 38 5 5 2R 45 1) /N TR
YIS AR G, T Ath VT 22454 (statins) AE 5% %F 1l BBB
TRV MO/ J5i 40 8505 AR 8 hiE DR g s LA Lk 9k
B S B, [H, miR-1551F A SOD 1%L FE R 5
B % miRNAZ —, HRA e85 APOE
55 TIPS ALS /NS SR 4R I I AR, DABH 1k Ao
Zu R B IX RS M1/ 5T 28 i 1) i
RAE L AT BE N ALS A TT HE W o

AR, B IR PG ) 75 5 28 JE (masitinib)
B R BAAE SOD1-G93 A/ 5 H 4] /) Jise Joit 41 i 5 %
MISEEE . WO SRS SR, AT S 57T ALS
AR JOE S, A H RN (cromolyn sodium) M i
TR 2 /I8 JI2 I 24t i 2 73 A (1 A Wk /N Je o 4 ., DA
Bk ER SOD1-G93 A/ R JEE e b7 BT, KPR 5

(minocycline) B I\ REWS K S PEA ) M1 AL L 46, 1T
M M2FR AR, IR I 0] M1 /M5 40 i
(735 AL A NF-xB 1) _E I #E SODI-G93 A/ B3 -4
AR, T SE 22 5 )2 JiE B9 4 ALSHY, ROCK
T AR ] 2 5 M1/ 5T A0 B 28 AT BRI
I AR AP IR (Fasudil)$H] ROCKGE B HE WS FE K
SODI-G93A/INER A AF I [8] 7, [RII, ILSZ AR AR G
fif -M(interleukin receptor-associated kinases-M, IRAK-
M)FE A 7INBE 5 41 52 A& TLRAEE B GO 15 K 7, g
B S RE PR 1R 7 A LA SOD1-G93 AN ER R i
ZICERE, BRILZ AL, /INB 5T 4 A TR 5T 40
(astrocytes) FIAH HAE FH 7E A 22 IR AT PR Hh s
FELA 0, WTESODI-GI3A/IN S /N i 41
REMEREIIL- 108 TNFo 20 K, E MR A8 2 TN
JRAAR = A 2 EE I, DU 3 Jig B0 (H7E (A
A0 S5 v /NI 5 A 73 WA PR 1 7K T TL-10 X RERS 41|
BRIV S ALSEK AL,
5.2 $B[E1NR BRI M2t 2 (R IP R B #

N ST AP AE ALS A 1 Rt e 52 30 L 90 2
WAL, HRIUAE R W BA E 2 MR, 7EBR AR
W45 = B NOX2 I MR A T In il #h 28
LRI DR R RS o DAL, 38 25 W03 ) /N IR 5
PRI P2 IR R A M2, AT BEXTVE YT ALS
PHEA G RCR o MR/ T AN R AL BT, R
SRS 1) R, W A I (resveratrol ) 122
T & (curcumin) A AMH] T M1/NZ B4 I 42
B, IR T M2/ RS A A 42 TR DR 1 () 4 U6,
MR HE T 52832 Bl #h 28 Jo MRS I Z = 0,

/N BB B B4 R B, M23R B i 4 ] B A8 4%
ALSH#ERE . TREM2-DAPI121E Ay 45 /N i 5 41 g &
R iz —, HBBOE N e 7% 5 M2/M iR
5T S L T A 32 240 J A v A W R 28 6 BT 1 7 3 B4
TREM2-APOE(E 53 % X} DAM# 2 (130 t 5 1%
FEALS/IN R AR AR 22 BRI, R, /IR 5T 240
YEJy CNSH BE BRI, 5 HoAth G 72 200 B A AR EL A
FEFE R IEE EEDRE. 15 SODI1FE7% /N R 1 51
BB, VAT THHHE (regulatory T cells, Tregs)# & Hi
RERE 2 1E M2/ S A0 M = 19 0, I RE K RAE /N B
FIAEAF I PN T SR H IR (tecfidera) AT BL 22 42
A AR = N AR Tregs /K V-, AN I8 4 58 Tregs A2
JE PR FREARAR 28 TAN M i (e 2 M2 b 22 OR AP R T bR
HEWNRIELT,
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Table 1 ALS therapeutic targets and potential drugs based on microglia
AT SRS 2K TEITRLAT BT TEEAE WL S5 Wk
Therapeutic strategy Therapeutic target ~ Potential drugs Potential mechanism of action Refer-
classification ences
Target M1 neuroin- miR-155 - Inhibition of miR-155 expression by targeting APOE signal [83-84]
flammation can restore homeostasis of ALS microglia
Target M1 neuroinflam-  IRAK-M - As an important negative regulator of microglia receptor [88]
mation TLR4, it can inhibit the production of inflammatory factors
to reduce neuron loss in mouse models
Target M1 neuroin- Astrocytes - Activated microglia release IL-1a and TNFa to induce neuro-  [89-91]
flammation toxicity from astrocytes, but high levels of IL-10 significantly
decrease the ALS phenotype induced by astrocytes
Target M2 neuropro- TREM2 - Activation of TREM2-TYROBP induces M2 microglia, [94]
tection which promotes cell debris phagocytosis and down-regulation
of inflammatory factors
The TREM2-APOE signaling pathway promotes DAM [84,95]
phenotype activation in mouse models
Target mitoch- Mfn2 - Regulation of Mfn2 inhibits LPS-induced mitochondrial [99]
ondrial disorders disruption in microglia
Target M1 neuroinflam- - Statins Crossing the BBB regulates M1 microglia activation and [82]
mation release of inflammatory factors to reduce neuroinflamma-
tion
Target M1 neuroin- - Masitinib Reduce abnormal proliferation of microglia and release of [6]
flammation inflammatory signals in mouse models
Target M1 neuroin- - Cromolyn sodium The neuroinflammatory microglia are transformed into pro-  [85]
flammation phagocytic microglia to reduce the inflammatory response
of the mouse model
Target M1 neuroin- - Minocycline Specifically inhibits M1 phenotypic transition without af- [86]
flammation fecting M2 marker expression, and inhibits M1 microglia
activation and NF-«B upregulation
Target M2 neuropro- - Resveratrol and Inhibit M1 microglia inflammatory toxicity and enhance the =~ [92-93]
tection curcumin secretion of M2 microglia neurotrophic factor, thus promot-
ing damaged motor neurons and myelin repair
Target M1 neuroin- ROCK Fasudil Inhibiting the participation of ROCK in the release of M1 [87]
flammation microglia inflammatory factors can prolong the survival
time of mouse models
Target M2 neuropro- Tregs Tecfidera Improve the level of human Tregs, and promote the expres-  [96-97]
tection sion of M2 neuroprotective phenotypic markers by enhanc-
ing the stabilization of Tregs and decreasing the number of
proinflammatory T cells
Target mitoch- Drpl P110 Selective inhibition of the binding of activated Drpl to Fisl ~ [98]

ondrial disorders

in microglia plays a protective role

- RHfE

-: not determined.

5.3 #R[E) R AP AD LR R IABERS

ALSIEPRIF TR, 40 #H 2 oy BoE i Fr
AR T B 2 T 1) 708 J52 I 400 B 4 7 AR R T 21 NS
BEPr 300, ZHR 7 M AR ALS T 1 it BV
I &5 JJH1% 5 4 1(dynamin-related protein 1, Drpl)
75T I 2R A M7 2R 1 PR b #h 28 IR AT PR (1) S 7Y

FEAE, T P110RE W 1% F P 3] /)N JB o 48 A v v A6 1)
Drpl 5 2ki4k 72485 [ 1(mitochondrial fission protein
1, Fis)fI454, IIMEALSH RAERTERPY, thah,
1E M4 TE RS TR B AR il & £ 1 2(mitochondrial
fusion protein 2, Mfn2)fFJK ik, iE— 24| LPSi% T 1)
/N A B AR AR W 2R 7T R B B AR
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ZE TR, FHIMIARE 208 ek M2 AR
FNERRL ARG ZWARIE , KPR UL B =R 7ETR
J7TALSHTTHEA E R /1. B, IRAWF R MI/M23E
R W R 2R AR B RS AE ALSH 1 FH B4R AE 5 1R
FALSIRIT I BB ER UL B

BT H AT = A 20WiE &7, ALSHIIRIRIE
I7 77 % B PR AR AR A AR TR T E )
FB b EBEE RIEHLEI RN 5T LA & 2 R AR
A B, I AR IR T 5 1R R I, B4
FERIT IR Gy SR AT VR A0 fR YT VA SR U, HEH
BT K 2 B0t 98 s SR AR 5 B AE S B o B, T
Tk EER T AKALSEE . AN, 3)
VIRE TP R (1) 52 % AR B R RIAT MBI TR 528 ALS
BT RS IR R B AL T S W . o SOD1 .
C90rf72. FUSUVL K. TARDBP%: ALSHH 5 5848 5L K )
G HEFI B HESI B AL AE G IR B A RIRHAE , i —
ARHE T ALS KR bLI B AR . HE AT 2
Kt DR /N TR Sh A R A S Pt ALS I3 45 A1E 7 THI
e — 2 R, @, 7z SODI-G93A
/N BRASE R LE K 17 J2 v ik = 38 Bl 40 48 0 AR MERRAE
X — 4 N R EH B E . — 1, Hik,
R B B R AE BN 28 ALSHI J7 T A7 72 A
&, (B HAEHES) ALSKRIGHLEI AR ZR . B BB yT 24
VIRITTE R U B A= Wb 0 (R AR S5 7 THT R A T B
il 8

6 DEERE

ALSTE AR NIZEh & et fw W, i B
REENERZ —, HEASURISAEE. =
W5 3 B ) LM s L0 98 A8 2L IR 5 AL St i %5 ) A
Ko BEAL, FEANAR 25 M B0 RS A 0 40 5 AN i
B ALSHF T8 BB AL, 5 ) 208 B 4 48 7 o] L TR 25
SR /N AN, EAT1S ALSHI R ML 2 D) A
Ko — 5, NS A ME R ER, 5
— 5T, /)N o A ot O T B0 D e B A T R
TG ALSHIRERE o R, A SCff 2 [ml i 1 30 4ok
ZINFR IO A0 BTG AL -5 AL S P00 AH S R ATE Tk i, HE
KETMHERRE. BEBNMETME. EARER.
e R i A A5 T T, DA R /N T 44 )
ALSIBIT MG, Bl ags LiRwir, BEd— D
SR ALSEURE HLHI TR AR T

RE ALSHR IO A KA HEFE, KT H KR

JE R 5B mALH RIS T B RE, (6 ALSH
i ARG TT RS A IS BRI MR . FIEm, AR
R R FBAMBRER T KB EULE TR
BNIE G A A NGRS FDAVE ] [ ALSYRYT
Wi, X REFEIRIE RS A i KRR A IR, X PR A
KI8T B IR N2 I ALSHZ o0 H & B AN
SHLHIA CNSH 4 2 B 1S5 M4, DU AR I
TFRHTH ALSTRITHE AL T/ 415 ALS
BRI G, IXHED) TR /N R 40 ML ALSTR
J7 SIS I AR 7T o A, 3045 S /N 5 200 it o)
& BN T I 3 AR A 28 70 8% o AL AT B )
RO BE NALSIRIT 1 R

SR, ALSHE N —Fh 2 R A RGu0i, BEin)
/N T A L PR AL S YR 97 SRR AT T I 15 22 Bkl . 1 2k,
BRI ) ML/ S5 40 B AL T A 2 BATE I PR b S 3R
YEIT R, DRI, e ] A LB ML /DS B 5 40 PR B
STV 5T 20 e 5 LAt 20 R R B PR AR, B[R] B i
M2/ R AR, T T — PR R ik Hak,
I B MI/M2/IN B T 20 B PR YR 97 3R BT e % Hp
(AR (6] g AT 7, 1T K B T 00 1] SR ML/MI2Z N
J5R 4 B FT f6 £ B ARG /N 2 I 400 A P e, 3 i 52
HAPETNREM R WG, 2805/ N LB Yt
TR 581 N 28 ALSPRIFRAE , JF H LB 1 A4
i JE S DA R A e OB A g R N SRR AT
PRSI o DRI, 3 A SR /0N I 5T 240 AR A WL )k —
BT, DA S AR R K5 KA ALSE) A5 AL 1
LA, 7T ReA B T8 7~ BE 20 N2 ALS I € i 4
LA T AR DA b R R, AR R /N R T 4
HLE 97 I ALSTE A [ CNSHIR TR W (1 Rl 5%
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