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Research progress of histone deacetylase 6 inhibitors in the therapy of ischemic

stroke

ZHANG Chen-Chen’, LU Fang’, LIANG Jia-Qiang, ZHOU Yan-Fang"
Department of Pathophysiology, Guangdong Medical University, Dongguan 523808, China

Abstract: The protein acetylation by histone acetyltransferases (HATs) and histone deacetylases (HDACs) plays a significant role in
the development and maturation of the nervous system. HDACG6, belonging to class Il HDACs, by regulating the survival, differentiation
and maturation of neural cells, plays an important role in the development of the nervous system and participates in multiple pathological
processes of cerebral ischemic injury. In addition, HDACG6 participates in the regulation of cognition and emotion of the brain. This
article summarized the latest research results in recent years and expounded that HDACG6 inhibitors could produce a positive and
effective neuroprotective effect on ischemic stroke by reducing the neuronal damage induced by excitotoxicity and oxidative stress,
depressing the release of inflammatory mediators, inhibiting the apoptosis of neurons and promoting the growth of nerve and blood

vessel.
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WIARHS, Bl IMREEEE, (8 B AT PR T P
BEATXPRESCHFIR YT, DA B B AL, it
gt i, (ARCRT AR, HAAERREES I A
M3 RS, AR 22 8 5 S AR IR T IR )3t B
Zhress T,

1 BEBXZER{LEE6 (histone deacetylase 6,
HDAC6) 5 &R 14 fx 2= 4

1.1 AFEREMHREFTH X ZBLEF(histone deacety-
lases, HDACs)

AR KB RN, ML L] 5 A
ZRBMKE AR, HAHKAS 510 B LM &R 457 1
(C3-BUR LIRS R N b R L o
DNA 7 FIA R AEAS Ak, 1 2 PR 3Rk 0 % A8 AT 38t 4%
MAFMBLE, 45 DNA FREAL. HE A8,
o E YA, AR gAY RNA X 4 A F 8BS HLH.
HZ R B RS LS & OB k. Rk
HEHEMN., 2RUESHZRL. SRS LR
. H 208 H £ Bk AL B (histone acetyltransferases,
HATs) 1 HDACs = 5 [f1 5 (A i £ Bt A0 A8 1 X T i
SLRAMKE . RARFHEREZ L. KEHREH
HDACs 2 5 & ik i (o i e 2 157, g
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TREREYL BT g B e Y S

HAr AMTEAER A 3P & B 18 A~ HDACSs J%
T, RAEFEEMES A1 8 1 1L L IV 2R, 138
A5 HDACI. 2. 3. 8, TFEENM T, 25|
i B TR B S5 A0 40 i 456 B o Ak BT A T 28 HE
HDAC4., 5. 6. 7. 9. 10, " HEAMIEH
B LA As T B T S FE SIRT1~7, KN
Pk iz B P4 — A% PR (nicotinamide adenine dinucleo-
tide, NAD") R ¥ /EFH ™™ IV 28 H it L 45 —Ff,
Bl HDAC11, & /Ny HDACs WA, FHils Rk
T AN R R, (B TE S PR 4H i Rk B,
HDACI1 /& T J5 &2 3% 40 g o 3 40 fg A %= -10
(interleukin-10, TL-10) 4= i [ 47 18 5 PR 157,
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F BN TR A Y, f& HDACs [#) 1T 85 %
b SRR I K 52 . HDACG 4R A 58 38 (1) AL 25
P, AT o R TRIVR HL A TE C KA —AN1T LA
PRVZ RGBS, B X M R B T Re AN
B ST Bl E PR 1, HDAC6 AN LA 1R 98 1 20 &

HE B ZEHR Acta Physiologica Sinica, June 25, 2018, 70(3): 301-309

H 2 QA ER S, T H AR/ SAREE G (Fh:
14-3-30) Wit Z. Btk 372 PV, HDAC6 2 5 T 4l i
W Z M AR R, HEEERHIEYA o- TE &
H (o-tubulin). Bax. #WK¥ 2 A 90 (heat shock protein
90, HSP90). HIFla. GRK2. p300. fZN5hEE
(cortactin)™" & gL Al 5 VCP, NF-kB. Foxp3.
tau, PP1. Ku70. PCKa %A HAEH, Z 54
POTEAS | W A8 S S A B AR S5 A S Th g 02,

HDAC6 i 15 #f 28 40 Jfd () A7 & 40 A0 AR 34,
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R EEER S, R, Eald. B,
BRSO RAR 5|k 1) A N B A, HDACG
AT A 28 A i L A B R TR B — AN B S R AR
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55 1k A3 455 1) 22 A BEEA YT, RGBT A IO A
FPE LRI N, J5 ) 2RE SN A2 L 1
BTN, B PR 4 7] HDAC6 fERJ5 3 h
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R T3, R 4 R B A R iR 32 0 O, B A Bl
LA H AR L) HDAC6 & 2 54 2 41 i 3 1 f)
PR E . Rivieccio 55 A AE S AL R JFARHH 22 0
%5 HDAC6 %1% ", Z5 L IR, HDACG [f) % ik
TEFRE TUEAL NI 12 h J5IA B IE(E, B HDAC6
(1) 2235 5 S A B I 5 I TR AR R 14 OC &R, HDAC6 W]
RE A 2800 B IUR R I Y BYCPE R BRAE 5 R R AE
Yuan 55 A 6F K B R 5T #H 48 T 1 S - i A B R
(oxygen-glucose deprivation, OGD) & %4 [ B 77 45
KW, OGD #5555 7% I K B R o # 22 e HE AR A
H HDAC6 {E#Z st f (3R IE 13 %, iz stk —
A K W] HDACG i i 1 15 3% % % (reactive oxygen
species, ROS) Fl Z WA e 25 ) 7K 1 5 i i
FEVE R th R 2 TT IR PR T B MR ML A 0 kA S
R4k R AR S n] B v LR HOR RO, W]
RE AT RIGIT & AR Nl 2. #F iR, HDAC2
()R IBAE /N B R KR A G 5~7 d B, JE e ek
TG JE] L 4o 28 7 [0) A7 T R A 28 ] B DL R 3 i 2
RPN PR D REE K, WAt KA TG
HDAC6 Al HDAC2 7K-F-#8_1 i, {H HDAC6 L]
I} Ji) B LT HDAC2™,

b 5 1t 45347 % A )& HDAC [ #35 Eil, S5
T—RINEV R T 1% WAL, B4 : o-tubulin
(12 Z AL R s R e, R R SR BT
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cortactin 1) 2 Z WEAL A8 40 M N S & M e T4 e, 40
4 22 JniE B i R AE K P T £ 45 HSPYO
1% CERAL AR HE AR 5 3% 5 R 1 (heat shock tran-
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(Prx-2) 1) 2 246 n Rl S Ak 845 77 & (D).
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2 HDACOHNHFETTER I 14 Ak ZZ A B 4L

HDACs #11 il 71 d5 4] =& 1 9 0 98 3 245 51 g A\
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FK228) &4 %l T 2006, 2009 4F 3k 2 [H £ 5 259
E LR (FDA) #tb 1 FH T I IR ¥6 97 K Bk T 48 B bk
Esg . HATC BT HDACs il F#4 5 F, 4
FE e ) HDACs #1171 : vorinostat. belinostat.
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) 750 5 1N AR 2 o 2 R BT v U AT A AL, 4
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Fig. 1. Relationship between HDAC6 and ischemic stroke.
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Table 1. Mechanism of HDAC:s inhibitors for ischemic stroke
Classification Name Mechanism Effect
Broad spectrum HDACs inhibitors VPA GLT? Reduce excitotoxicity™
NOS, COX-2] Anti-inflammation™”
TFs, HIF-10, Angiogenesis'™”
VEGF, MMP 1
Sodium butyrate NOS, COX-2 | Anti-inflammation™”
Trichostatin A NOS, COX-2] Anti-inflammation™”
GLT17 Reduce excitotoxicity™’
SAHA Inhibit p53 Inhibit neuronal apoptosis®”
LB-205 NGF1, Nerve nutrition™!
Activate TrkA pathway
Selective HDAC6 inhibitors Tubastatin A a-Tubulin acetylationt, Inhibit neuronal apoptosis"”
FGF-21 1
a-Tubulin acetylationt, Anti-inflammation™”
IL-107
Tubacin o-Tubulin acetylation, Inhibit neuronal necrosis™®”
ROS |

Prx-1 and -2 acetylation?

Cortactin acetylation

Reduce oxidative stress damage!™”"

Promote nerve cell growth””

VPA: valproic acid; SAHA: suberoylanilide hydroxamic acid; GLT: glutamate transporter; NOS: nitric oxide synthase; COX-2:

cyclooxygenase-2; TFs: transcription factors; HIF-1a: hypoxia inducible factor-1o; VEGEF: vascular endothelial growth factor; MPP:
1-methyl-4-phenylpyridine; NGF: nerve growth factor; FGF-21: fibroblast growth factor-21; IL-10: interleukin-10; ROS: reactive
oxygen species; TrkA: tyrosine kinase receptor type 1; Prx-1: peroxiredoxin-1; Prx-2: peroxiredoxin-2.

IR ¥ 128 M 1 (glutamate transporter 1, GLT1) {314,
S i R T e I 4 0 7 SRR PRI BRI, AR AR R I S5
[t ks e
2.2 BRERAERG

R I AR S, S AL o A K B i A AR N
H S mE Y, 5l EAR R 5 W R & 3 %
fifg, BRI AE ), B 2T B A 40 i ) T
RERALEL AT XA ST A 2 Bk I i #i
23 R EE K K. HDAC6 Rk i A 15 i A
WA Prx-1 Fl Prx-2 2 ZBEAL, RIS R 545 -
W 7¢ 8 78 MCAO K i 41 21 79 8% (malondial-
dehyde, MDA) & & & & ¥4 0, 1 i 48040 7 804k g
(superoxide dismutase, SOD) F{7KF- I B & R %, 54
HH 3k S A R B 408 7 s i R I A 2B RN R R 1) B [
= M R /N BB 45 T HDACs 4 771
AEER, AT AL B R AL LR R 2 (eukaryotic initia-
tion factor 2, eIF2) FIMERE tb A\ 1T PG elF-2a /- F 1Y
JH TR 44 C/EBP [FJR & FHIRIE, I8 N4
AATR - Einty R
2.3 HNHIRAES T B AT

PR AL R AR S, A R 28 e R T A

% -1 (interleukin-1p, IL-1PB) I ALK ¥ -0 (tumor
necrosis factor-o, TNF-o) &5 %8 it/ i, DL I 41 Al
43 -1 (vascular cell adhesion molecule-1, VCAM-1),
21 B[] 25 B 93— -1 (intercellular adhesion molecule-1,
ICAM-1). A SR F 531 (endothelial cell adhesion
molecules, ECAM). FAZ 41l a1k &5 H -1 (monocyte
chemotactic protein, MCP-1). 14 & -2 (cycloox-
ygenase-2, COX-2) &5, X %84 ES i M 40 M K - 1)
Tk L RAELR L EEEE R, S SN E
FEAA Ik E AT A 5 2 7 I BE IR I A S o, gk —
WBOR RIER P T RN, WAHEREEER A AT
i HDACG6, BEik o-tubulin f) Z, % fb F5 FEE 175 Jin 3 42k
EIRE, NMFEMRENELE . £ KR MCAO
PR o N i HDACs #0171 T /2 44 (sodium
butyrate, SB). VPA Flili 5 I & A (Trichostatin A,
TSA) 0] ¥ 2 5E A it — F AL B A B (nitric oxide
synthase, NOS) fl COX-2 HJ5RIA, M KIEH L&
R4 1E i 7. HDAC6 #1177 Tubastatin A 7] Z, Bt
1t o-tubulin, 3G g 2 ¥ (lipopolysaccharide, LPS)
755 1 p38 WS 5@ %, R R A IL-10 (1)
SRk RIEFLRAEF . th4h, HDAC6 #iiil ik
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A] fEiE I $ ] Caspase-3. A #AKR 78 8L 1 70 (heat
shock protein, HSP70) H) & 1A 1M 9 /b R GE [ N, K
AR R
2.4 HfIHRE LRRA T

Mk AR 5, MAtEREE. Ca’ L. LR
PRTHRERERT . R = A DL R 98 9 J 8 5 # mT ot
M it ™ B 45115 . Caspases. p53. Bel-2. Bax %5
FERIPBOE, RS MBEAEIX 5] MR ST, T £E G
M BE w X 5 R g . BB, £ KR
MCAO # 74 fii G 1fil 357155 24 h J5 45 F HDAC6 1714
AL EE, A bR B A R R 4R Y 8 3 HSP70
F1 Bel-2 fIFRIE, Mk gpiET: Y M KR
B 1 MCAO #5284 vh i H] HDACG #4571, U] 7]
AR TR T Caspase-3 (€A, MNET-EA
Bel-2/Bax [ EL{E, s M . AAEREY,
PRI A R 5% A p53 1 KA K, HDACs
75 SAHA W] #1l i p53,  [F] BF 3 Jn % 2 4. PKB
Rk, KRIFEMERTIER. M1E/ R MCAO #E
i v F HDACG6 1455 Tubastatin A #1141 HDAC6
H% QWAL yE M, TS a-tubulin ZEELKSE, B
W R A5 4 41 B Ak K R F- <21 (fibroblast growth
factor-21, FGF-21) 13815, MM/ 4nfstr:, &
Ehz o he ", 7E KR OGD #AL v 3 Fl HDAC6
4 7] Tubacin #1141 HDAC6 §i5 1%, A LLE&E{K ROS
HI7KF T R 28 e A7 s 2R Y,
25 (RHHLAREESmERE

R A5 5, AL T SUIRAR % B IR R (sub-
ventricular zone, SVZ) F1if 5§k F JZ (subgranular
zone, SGZ) KM & T4 M oS IF G 5E, Bl 5 1T
2R AN Z AT, (R E A . HIH
HDAC6 1] 3 i i J5 P #f 2 °5 F% [ F (brain derived
neurotrophic factor, BDNF) f) B it Fl iz %, ¥4 W&
BDNF-TrkB {5 5 18 #%, &2k 22 40 il 1) 3 B A
Ak, FIMEE Z A P, R HDACs 401
7] VPA 1] | i %% 5% [X -7 (transcription factors, TFs).
& %8155 S K F la (hypoxia-inducible factor-1a, HIF-
lay. I3 P B2 A K AT (vascular endothelial growth
factor, VEGF) FlI3& )i 4 J& 25 i (matrix metallopro-
tein, MMP) [1)3815, FIBEUME A s 4, o
s A v, g Thae s R . NS T
HDACs #i5] LB-205 RA$EE45 G #7, Ak
TR T 2R 11 28 HDACGs, feitmpa KA T
(nerve growth factor, NGF) 7, W0G IS 2 RIS 52

HER A % LA BN TG T SR A h BT T 305

& (tyrosine kinase receptor type 1, TrkA) id %, KI%
HIRMEMER P thal, HDACG i3 vl 4
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s 09 H B, %0 HDACG kI FR />, ik
(1) HDACG6 il 5136 4 TR 3P Bt . BLA (1) HDAC6
P AP EE — A 2, i Tubacin, fEN
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R, GREH, HAEHEIENAYHTIRRE
7 1, Akt i B HDAC6 #0141 71 (R BT 9% v 12% B
IOORVEAR N AR 258 5 A2 Ve R R VR AY
TATHIEE 2 AR 7 HEA R 47 1f i 5 B el 25 1 119 38
1% HDAC6 # 74 IF & >k, F T a7 Stk
M e rp S MEIRAT MR 4
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