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Abstract

Upon a variety of adverse conditions, eukaryotic cells usually form aggregating droplet-like
mRNA-protein complexes namely stress granules (SGs) in the cytoplasm. The physiological signi-
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ficance of SGs formation is to minimize stress-related damage, promote stress adaptation and cell
survival via regulation of mRNA translation and inhibition of apoptosis-related signaling pathways.
Accordingly, dysregulation of SGs are closely associated with many diseases, including many types
of cancer, neurodegenerative diseases and viral infectious diseases SGs hijacked by cancer cells
promote the survival of cancer cells under adverse conditions, while protein aggregates found in
some neurodegenerative diseases are also related to abnormal SGs. Therefore, SGs attract the at-
tention of growing studies as a new therapeutic target, concomitantly with the emergence of SGs
inhibitors. This review will summarize and discuss recent progress on compounds targeting SGs
and their application in SGs-related diseases, which may be helpful for research and therapeutic
application of SGs inhibitors.
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1. 5]

FAZAIMIAESZ B AGRIE IR = AP 58 AR SR B IR e S A S B I, 41 i 2 e
BNHLIE ST NBHLA, HAE 4H5E P E ARBURLIR Y mRNA-ZR (1R 2 Ak, BRSOk (stress granules,
SGs) o ZH BR300 458 2% 1 P S5 I B3 I, AT DAAAS IRLCE ik PR e 5 L RMLIEE A% LA S mRNA Bl 557K ARG
T KR 22 0 408 2% B, A PR Ko 08 358 2% A (03 I, = BT %o R S O RS N AN A PR AT 5 ) mRNA
MIERRERIE. BT, 240 mRNA KRR E1F, mRNA, 8RR 7 LA RNA 454
H M Z BRI BARIEN SGso WBE 241 N TR M REIRM A IR, XS Bt R R 224
HH RS SR T 126 1S 1 5 FLhy 40 o 957 3k e O () R 1 (AR S B 1) o T — 28R A T mRNA B0 1% 75 22 i %
M, (HIXEE mRNA XA RE B A T 7E S IE 5 A58 5 o] LLEE R B3 . SGs & B /71X 2 mRNA (1) “ 3k

R SGs 5 Z BRI R AR FEYIA, W2 FPRRIM MR . w17 B DL 25 L AH
I o IR AN M SGs 1E A BEANHLE T (R340 B A5 10 —Fh T2, ARk 7 iR ik 2B R &
T — e h 22 3R AT VT Hh B 1 SR ERAR T LUK SGs (B MBS LU A1, G 1B AT 8 SGs ¥k h 8
MIFFLEAY SGs. [HIk, SGs T A LA 3597 3T 2L 24 P k52 BB SRAR 2 87 ST 9%, SGs #ifI77)
WHRLE A . AR BRI SGs FI A W) K ILAEAH JSBR F IRFH AT T B 25 ARt .

2. SGs MIEIZS
2.1. SGs BILEHaFImR 5

SGs 7&— MEA ot Hh A TR 1 SR AR, ST A 4E 0.1 31 2.0 oK AEE . SGs FE B LM A
SEM A" S5 ATELE P TEJE 7 X (intrinsic disordered region, IDR)ZNZS “#h72” Wil ik, XA
X 35 ] B EA AN R A RCAr DI REARN BN 772 [ 1] NEBURURL [ 3X — 4R35 J “ W - WA 43 257 (liquid-liquid phase
separations, LLPS)id 2, XM FEYIR T Flgefa e S Mmahads “4b5e” , JEFH RNAS6EA e
IDR 82423k LLPS FT b F 2] [3]-

ik
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SGs & REHEN) mRNA ., B 7 A/ NEIERIR 2 RNA 456 8 H[4] [5]. RAERRLT “ %
L7 FSELERIZ) S0%I A RNA 558 A1 [6]. WFFEBAEA R &M R IR SGs (IR AN, 8
AR 2% B g iy 22 57 7] [8] [9]. SGs HEEJE RNA 555 A, SRR BIEE. Qi
KEERE, RNA G641, XEE @S EAR - 8 A AR SRR NN, S5 R0 SN IRORE
ZHZE RIS . NOSOURL AT LIS Ik F7 35— 2815 5@ B P (0 4 4 R R 4505 5 @ B 10 3% 5 S L AR B AN 1]

2.2.SGs MK SRE

FAZAMI 75T SGs TE R MLE T 2 PR —MLHI I T elF20 25 51 AL 22 A BRI ERR AL . DUFh
B AW 9 5 5 T AREE 7151 21 eIF20 B2 1L : HRI (Heme-regulated elF2a Kinase) i 51 fE153% [k /78
EALE 71512 elF20 2L ; PKR (protein kinase R) %7 57 75 35 26355 25 B L AN i 5 51 S Y elF2a IR 1L s
GCN2 (general control nonderepressible 2) 1 7 7£ 41 ffl it = 2 B TR B H A E 7255 6 71 512/ elF2a BRI ;
PERK (PKR-like endoplasmic reticulum kinase) 1 51 & [ AR 378 S 23T B 10 N 5N 77 512 1) elF2a B R
[ 10] 6 A8 AN IR0 0 5 ROROIR IR 2R 8 0%, AR AFAE [R] — PSos 8 i 0 A [F 0 2 2 elF20 16
TRACIL B I 11]e 53— FHLH AR T elF2a BRI, TEZ eIFAA Rl eIFAE W& PEANH] S B ke ah
ZPH, TR SG TER[12]. MEH RS, A IDR ] RNA 456 &5 H R st kK 4E B RER R SG
Wiz, REEdER - EEMHEIEH, SG W —PRa. LERKIFBRIITE. 51—l SG B B A
4 SGs Sl LLPS JERUBURLANTE, SR 5 UKL A Ja) 8 i FE I RNA S5 5 R TE A SGs WiZ. 43
B R PR e A pE N T 5, SGs it RAEMER . HRTA A LT SGs HIRE®: H—I N SGs 1
PR E 54 HSPB8-BAG3-HSP70 KAEMER[13]: H 1NN SGs il i 40 H W K A i 58 [14].

2.3. EM SGs BISHEE

SGs FJ2H 25 E S i T 2% 4 1% 25 1 (ribonucleoprotein, RNP)Z ][ 2 FAH BAEH, 4% RNA 454
FZEMEA - EAEME. FEA-RNA E/ERL K RNA-RNA HAE. HAE&EE - EAEIEN SGs K™
B[], FERBEZAME R, SGs R 11 G3BP1 Al G3BP2 £xilid H B AH HAE FHAEiE SGs T,
[15]. SGs & [ Caprinl 1 USP10 i#id 5a 4+ 45 A G3BP1/2 45 T SGs HIzh &t #2: G3BP1/2 5 Caprinl
Hgs A et 17 SGs 2%, T G3BP1/2 5 USP10 45 & et 7 SGs HIf#ZE[16] [17]. A% SGs 15 H LA
& SGs JE RT3 2L 00K (35 B 1535 N i e S e A JRs S, Lhan 4 4 i b Fi3 3B i 2614 N
SGs UL FFAMKH T G3BP1/2 5 Caprinl [17]. BbAb, B (A 5B 3 J5 1240 a0 H 364k« EER (LAl PARylation
WAE SGs MIBhA T &% 7 EZAEH 18],

3. SGs HE Y1 ThRE
3.1. SGs B I ThRE

SGs EL A o NS 2 i 45 4 40 it DX = Ak (1038 FH Dh e, A0 HE MR 46 A A0 R SE IR B (AN B V2 AR ), B 5
AR (W EE RNA FER B AR AEDD 75 A A7 (00 mRNA)ZE[19]. SGs 138 K15 a8 B Hh 1) 1 B 2
FHAZEE SGs, KAE TGS FHIThAE20]. SGs HITE RS EAZ AN M T Bh [ S E M 3 10 55 K 1)
—Fp 8% 77 e SGs TR RE 1 H 2126 1F T 4B oA, 28 W07 ok SEil: — 2 ilid 44 5% mRNA
% SGs, HEFEMEHEAT RN ERIRERIHI[21]; 2 SGs B SR RFE TG 50 FeiRE R T,
il TR A S IAIE T FEE IR, B SGs T a2 T SN B A7 5 SR BH S PR [22]. R,
SGs ] LK FAZ AN AE I /1 2604 R 2 BB i i/ Mb,  Leinif 4 SGs fE M jG e 2] 17 & 1%
P ThRE[23]. SGs BIHE WAEYFDhRean [# 1 Fras[24].
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Figure 1. Biological significance of SGs [24]
& 1. SGs EMFE N [24]

TAEE 518 A ELAE HIE S R N A e (18 22 o 5 22 AR ) AL 3 A S0 R AL il R vh (O 2 o 4
FSMIA)RAE T EEAER . TE1E FARNZ T LLPS TR SGs #2165 £ B s # i) — 2 7. 470
RGN, SGs AT AT A 20 A A 95 25 A 1 B KT RORFRAIR, AT 23 K 2 /. SR,
AR A R P AT A T 0 AR IS ) R A R, 305 SGs KRB M EAEH], EET)E
SGs #1557 30, AR FH I SGs BIFER, (b 2 8 1 IR0 13 DL 35 1 = A (25

3.2. SGs 13X 5ER%

YT SGs WHEZ LY IiRe, SGs MR SZ MR E VMG, WIFMHEIBITIHER . MR, Wi
JRYLAN— LSS PR [6] [13] [26] [27]o SGs A&EHe 77 5% A T 4 A7 3% (1 r A g e RO R - AT i sk
TR R A UL R R AR B 25 PR AR . SGs AERREAIR AT MR R AR R PR ORI T EEAE A . AR
("] FUS. hnRNPA1 1 TDP-43 %5 RNA 254 8 H I g4 SGs 1E &t 45 Eclh 51 & LLPS, i B T4 f i
I T AR, IEH AT SGs ¥k W IRFEE AL SGs, M T2 71X 48 RNA 456 HEH
Y HEAZ PN IE H ThBE I O DL R 4 P T R 4l PR EE M I Th e SR AR . DT SGs A 55 L 46 N 2 A 4k
(amyotrophic lateral sclerosis, ALS) & FA: & (154 K (frontotemporal dementia, FTD)%5 #H Z21B 1T 14 5%
I3 1 R A BE D AH G

DRI, iR B i 2 IR AT PRI HH IR S35 SGis B LN #T B 2504 s, TGS 2 SGs #1771 >R BHL B
g K b 22 3R AT VR Hh 55 SGs IITE AT BE 2 A — Pl B i VR 97 SR [24]
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4. SGs HlHIl57 K E A
4.1. $5] eIF2a RIBLERIL

HEG RIBIUR B (integrated  stress response, ISR)HRFELEIE & 5 B0 20 1B AT M2 5 1 i 8 5 7 1)
B [28]. PR, #i ISR I BEVE AL AT e 23 BN — S50 IR IT 1A 2077 . ISRIB 22 KI5 — 4
A1) eIF2B F ISR #I 71), T LA elF20 BERRAL MK AL SGs TR R, FEAZE SGs (1) B fif 52 P & mRNA
FERIKE, {H ISRIB AREAH elF20a BERRALAR U Y SGs (U1 eIF4A $Ii7) Pat-A i3] SGs) T L
[29]. WFFL3R M, ISRIB PHLIL T elF2a BFRAGIA T ¥ SGs [T BLHF IG5 1 W 14 S P K WAC 12 [28] . TERE
NG H e (PCa) B8, ] ISRIB A L@ I JR 55 B AL elF2a & 1 AT S 1A 2 e i 1 H
WAk, AR E X B e I/ BREAT 7 ISRIB ¥6YT, KW ISRIB | R AL elF2a & 1 AT DL 25 SE K7
A BN AL IR AR ) /N ARG FA[30]. 9 — Wit 9 R, k¥ HIV 85 3 B0 7558 JE 8 35 (Nelfinavir)
55 ISRIB 1A 14 FH AT LAA R ] 52 74 i 2 BRI B (receptor tyrosine kinase, RTK) i 14 e (1 4= 4 o [RI B
F N4 HepG2 st 2/ R4ie iz T, RIAZR AR H5/ISRIB. 1415 7T DL 2 4100 1) Je e ) A=
K B A S FE 1. Rk, ZR9EA8 5 ISRIB B6A 8 FH wT A 50 il i 8 40 i RTKC ()t v 4k,
T AR S b A0 ) e 0 PR ) A [3 1] X BT 55 45 S AR B ISRIB A B jli oy — M £ I ph 23R AT 1 9 T
AR (6T J7A([32] AT HRERR, GSK2606414 (— Fft PERK )/ 7p 5l DX elF2a {5 5 57 5
TR MR IR 1 TDP-43 5 31 SR T T DI e B RS [33] o B AR P 22 IR AT VP8 A1 i 83 559750 55 SGs
YIRS, {5 ISRIB Fl GSK2606414 T fE I K45 & 15 5 X e 1 578 SGs G R ELEAH K, A it —
I TR S
4.2. ¥8[E SGs 25

G3BP1/2 £ SGs [F#ZCoB S, X 240 SGs M A E K B, 752 iR b my 3Rk, sk 3o « il |
AP &5 i FI L . BFFUSR I, G3BP1 RHIRMIIHEE S T SGs MBI 8T IR I F1i2
22, Mm% G3BP1 JG, SGs JERWs/D, AR I F AR 28 bk B R 400 [34] . G3BP2 7R i 7L M k4
SR R EEEH . G3BP2 il 454 19" 7 SART3 mRNA, i T Fif Oct4 A1l Nanog (%I, M
TMERE T FU R P R T A S A R 3G A 22 etk . DRI, B0 A B Rg 4E i G3BP1/2 (TR BCAT R 22 i A4
il Je g A K ) — RGBT S . BIF TSR BL— R RN GAP161 FIZ IKFT LT G3BP1 [(IRIAH- (2 #E HCT116
NN T2[35]. 39— A AL K3 Resveratrol 1] LAE 4% 5 G3BP1 456 k38 G3BP1/USP10 fHEAEM, B
Jit USP10, #EM S5 USP10 /311 p53 Kz &b, m&ES psS3 WatEangi®r-. T G3BP1 fEA K
B EREANA T ERIE, H psS3 N BORR P RTIHRBAL, FIH Resveratrol 7] AEXT B A2 A 1R
AT IER[36]. BE4h, #Em G3BP2 AWt C B n HtR T, MRS C108 &5
LR T A7 9 R 3G B s e, Ik B ) G3IBP2 I 1) LA (1 A 2 [3 7]

Caprinl J&— MYk 1A H 5 B ORI IS s A5 5 A O B 1, B2 SGs MRl ar[16]. WFFL R,
Caprinl 5ZFCEMMREAE I, WH R, ALIE M RESE38]. HAtC AWM 70K Caprinl F 540
P PR Wi G2 Wi ) 22 b 2B 4039 [40]. (R Caprinl 45 3 SO IR G T FOAT AR . WF R R IL— P&
R 1k &%) Tylophorine J#id #1445 Caprinl, G3BP1 2 SGs & FH LA & c-Myec. cyclin D2 % mRNA ff] RNP
SAEY), ) RNP A1) Thae, Wi KR bumET[41]. S8, LB/ TG ) SGs &
FEAE U T MR KT SGs I, A FEE— P AR R

TDP-43 1 TARDBP %5, f&— il %54 ) DNA/RNA 45 & H, 5LB1T %% ALS Al FTD
MR [42].4E ALS BLFTD & v, TDP-43 RAL & 1R U AVE IR Y 5 SGs 44) TIA1/PABP1/eIF3
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HERL[43]. HiEHER, fF B ANHFILWT SGs I RAT LAHIH] TDP-43 A &R R [44]. LA,
TDP-43 ikl it 520 SGs %08 (W1 G3BP1 Ml TIA-D) 4 3# HE M52 SGs 8h2s, E TDP-43 #2k1H
A+ G3BP1 [, %A1 SGs JE UK K/ (451 — Hibit 7eiz - A MG B 220 i 5 T L&) +40 TDP-43
) RNA H7 255 RRM1/RRM2 G5k )68, %€ th—H /746 &%) rTRDOL, K3 rTRDO1 A LA It
454 TDP-43 ) RRMI/RRM2 £5 #3841 TDP-43 5 RNA FI/EA, ik TDP-43 48 & (#7553 SGs
H, ATIZEAA | ALS SRUE AL IKIZ B BREE[46]. — U A Sl &7k SGs #7830, A= 1i
k&%) Mitoxantrone F1 Pyrvinium 7] DL /D12 ) #H 22 oA Y iPS-MNs " RFAME TDP-43 15 5 4%,
I HAERIL ALS K TDP-43 RASE H(M337V) /N AR o ) DL 3 PR 4 o SR AE T
[47]. &z, HATC%E M LN FAE Pl FPin SGs AR A - S AEEUE H/RNA B
1B, Btk ALS AHRCRAZ R A 552 SGs H I/ b i BV B B RAE AR B AR, XTI RES BN ALS/FTD
SRR IRAT IR RV AE VR YT g . ARG T CHRE IR SGs HARFIE R I/ TG, FRRH
TEPIR R R AT T Mgk, 4Rk 1 R,

Table 1. Compounds targeting SGs
= 1. $0[5) SGs L&)

Compound Target Mode of action Treatment application References
elF2B Inhibiting SGs formation ALS [32]
ISRIB
elF2B Inhibiting SGs formation prostate cancer [30]
GAP161 G3BPI Inhibiting SGs proteins Colon cancer [35]
Resveratrol G3BPI Inhibiting SGs proteins melanoma [36]
C108 G3BP2 Inhibiting SGs proteins Breast cancer [37]
Caprinl Inhibiting SGs formation Breast cancer [41]
Tylophorine
Caprinl Inhibiting SGs formation Colon cancer [41]
rTRDO1 TDP-43 Inhibiting SGs formation ALS [46]
Mitoxantrone TDP-43 Inhibiting SGs formation ALS [47]
Pyrvinium TDP-43 Inhibiting SGs formation ALS [47]

5. R ERE

L Pk, SGs WIEEAA Z MR . SGs W] LUK SR MLAE I ) 260 1 32 B i dri e /ME
BRI FOR I SGs SRR AR EA R . BAE L MRALR IR . AR ZIBAT VRGO DL 35 R GLAH G
RIS o FEMRE T, SGs HI LARZM IR 40 M R i 25 PE A M T2 RE J1 . AEREIBAT VRS T, 18 PR ARpE:
Pk SGs M i FEAM M B VE 28 . DRIk, TP S E PR AL SGs TR AT e 2 oy —Flo i)
PRIRIRTT MG . AICEEE T SGs AHRAL S BBt g, B H ATwE U ISR PR T4y, s —FlmT
BV VAL SGs, 25905950 [0k R SRS o Bl i 20 s W BT x4 30 SGs (9384, K4 SGs
I BRI AR T BR ML 4R B B . AT BL SGs AR N2 HE s IR RIS 2 7 S IR I T Xoke, WU {1138
R IE VT2 25 DRE S SGs (L RGE AN RT7p o U] SRAT AR A 22 3R AT VE O S50 2 5 SGs 1)
R PRSI, TR B IR SGs M IEIEH A B IIRE, XZAE SGs I Bt MRk St A d R b
TR R R AL A E LI SGs 1AL S ) AL DB H IR AT AT 1 S5 ANERT . DU SGs
IR TR S % .
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