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WpRIAY 2 ARG SR B A KRR FAER, ABR. WPARIE, T REERRFNER LKA T
EAEBENETZE, Rm, BahkZ K035 HE G REIESE—F I IEKbhbEAY 2 R Sk
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Roles of B-hydroxybutyrylation in nervous system diseases

HU Yanwen', CAI Jing'*, LUO Peng’*
('Basic Medical College of Shaanxi University of Chinese Medicine, Xianyang 712046, China;
’Department of Neurosurgery, The First Affiliated Hospital of Air Force Medical University, Xi’an 710032, China)

Abstract: (-hydroxybutyrylation (Kbhb) is a novel post-translational modification (PTM) mediated by f-
hydroxybutyrate (BHB). It has biological functions involved in regulation of gene transcription and metabolic
reprogramming, and can regulate cellular processes such as oxidative stress and inflammatory responses. At
present, BHB and Kbhb play a role in inhibiting neuronal damage, anti-oxidative stress and inflammatory
response in neurological system diseases such as epilepsy, depression and Alzheimer’s disease, which have
shown great therapeutic potential. However, there is still a lack of extensive animal experiments and clinical
data to verify the mechanism of action and intervention targets Kbhb in neurological diseases. In this review,
we summarize the research process, biological functions and mechanism of Kbhb in neurological diseases. It is
hopeful that this work can provide new theoretical basis for the diagnosis and treatment of neurological diseases.

Key Words: p-hydroxybutyrylation; neuronal damage; oxidative stress; inflammatory responses
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PAAE MR R R R R R B, AR O9B-FREE T AL AAERERE . R N BRI RS AR AR A

(B-hydroxybutyrylation, Kbhb), HKbhbf2 &5
BHBK fE 2/ @k itk . 2a., AWRE
(ketogenic diet, KD)FIBHBYA T #lE 45 ¢ 2K bhb
AP TR, FEAEME R G050 R ) o &
TCI TS IR A SORE AV AL N (R aE
FRHEFAREER, MSBEHERERDIREA
RIEFHIACR . B, RAKFIKbhbIEM L R G5
o VR AL, X BIBHBAH VAT HLEE . &
I 2P AR AR e VR YT RO B R Y

1 KbhbHITR A2

RAE6O0Z W aT, HEAMEE RSB
(post-translational modification, PTM)ut C.# & i
FRIE . 20164F 4 K I Kbhb & —Ff HBHB % 77
A — T U PTM E*ﬂ%%’ﬁﬁiﬁﬁ(ﬁﬁﬂ H1Kbhb

A Z B ARACE BB 52, b5z “B AN A
“HERRT PEEHE AR D EﬂnKbthl’Ji%)ﬁiﬁL%‘J?Fﬂ

I Kbhb I X EERG, AR FKbhb ) AW 5: T e fi

VAR R T R .

1.1 Kbhb#y%& BLF04E AL H
ZhouZFI7E BHB AL F fr) 41 A b R K 309 25 i

PRI BRVAE B2 HH 25 19 7N BRUFFIE H R LK bhb, 3k —

,’f.‘.k i ISR il '
AR

Jig i B AL
Bk

LT CoA

LBt Z B CoA

HMG-CoA

ERCE: >| zezm

g

MCT

JHF I

M E] T Kbhb A7 7E . RAEBHB M C3FHE4F £,
BHBT] %3 NR-BHBAIS-BHB, 12 5 {4 f il
) £ E /&= R-BHB. Kbhb 4= i == 8 i fis 1y 12 B-
AR OBECoA, L EECoATE— D Hi AL 2 Bk
LTHCoA, TERRAARAY 1) B Rg3- 72 HE-3- FH Bk Tl —
1% 4 B A & BB 2 (mitochondrial 3-hydroxy-3-
methylglutaryl-CoA synthase 2, HMGCS2)IB-f£ 3
TIRME B 1(B-hydroxybutyrate dehydrogenase 1,
BDHI1){E ] R4 R-BHB, R-BHBi# T H H #k
By HLHR FR % J2 &5 1 (monocarboxyl-ate  transporter,
MCT)%EZ#—%?E?H,AH&LI& EAERENZ, MCTRAH
MM, IMMCTILE & A4 b iR ik,
MCT2T¥$?§E7E$D'%W R R PERIE, TMCT4M)
E@H}‘ it B LRI 5 40 M o R 7R B A
H, BHBHEN =R IE I (tricarboxylic acid
cycle, TCA)=EATPIE RERAGEIE; 5 —H 4
P A S A RSO B 2K B TR 2 (acy1-CoA synthetase
short chain family member 2, ACSS2)¥R-BHB#% 1t
NR-BHB-CoA, &I FEMp3000I#L, 51
K5 & A R A Kbhb(E 1),
1.2 KbhbHyiA=HEs
HAKbhbEZ “HAN”

“HRERT MR

204
=

L CoA

A

LTk 21 CoA
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T BDHI1
A Kbhb
300
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ACSS2 HDAC1,2/Sirtuin3
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HIAYE . BEEKbhb “H N7 B igaet = A4k
ABL BB, BT Ea =R A B
2 (histone acetyltransferases, HATs)K %, BIE
p300/CREB%E: 4 2 M (p300/CREB-binding protein,
p300/CBP)X %« MYST(MOZ. Ybf2/Sas3. Sas2fll
Tip60) K I MGNATF >0, ip3001%E A —Fhoi
WA AR N, RS  CIE SEA
A LR A Kbhb I AE I, 38 AT BB AR A
B,

HHEKbhb “HEER” LR 2 WA B 1)
B, HHT R OB AN, HAR T, T IV
KB ZoWHEA L LW (histone
deacetylases, HDACs), I 352 {7 5 00k i i v v
TR ISirtuins FED T AR, 12K
M ZHDACs B A L Kbhbf& il (36 14, 1
5 1 28HDACs(f5HDAC1. HDAC2)# L,
Sirtuin3 % Kbhb A 1R 38 1 75 0

2 KbhbrI &2t ST ER

TEAYR S PSS, Kbhb B A 2 54
R g A DL SR Y R R SRR (M RE T, RS I N 4H
MREE ALl . IR E SORE MR P& 0 52
AN, MHURRR BENRYIE- . o
FLKbhb 1) A4 5 Dy i 5 U8 15 7R FH 6 1) B HLAA V% 31
BLI S 245 P i DL RO Il PR YR T B R e B
HEE L.

2.1 KbhbS5ERERZEFRIAE

BHB & i Kbhb X Jik [K] 2 12k (1) 1 455 PR i) 44 A Bk
IKAE W& BRI, BEE (kSR HE R S A
“F1(forkhead box protein O1, FOXO1) L4 EH
H3 1289 2= FR A s (H3K 9) Rl it S A0 Wy B A 1 B
WS ARy I K 7~ 1a(peroxisome proliferator-
activated receptor y co-activator-la, PGC-1a)ff)3
B, FRE, BHBAH AT LUE I H3K9bhb F i fig
AR I Ak, D 3 B LGN JhE A B s B 7K P 1
PEFITY, 3@ 2 B WL A4 X B KA A 9 B IR LA
WREHS FEBHBIK i F, MM AEFOXO1MHT A
ACHE I 2T 35 S8 AL - 1 (heme  oxygenase-1, HO-1)f
Rk, FHHIH#% R F-xB(nuclear factor-kB,
NF-xB) Mz TR E RN EWIBEZIKEA3

(nucleotide-binding domain and leucine-rich repeat

protein 3, NLRP3)RIEMAIRIE, KIFEHTHR AN
A T R N
2.2 KbhbZ5KiFERE

TEREEBIZ G OL T, AU E AR RE VA i A=
KASE AR BE I TR (U Re B /N 4 R R 53 A 4 ik
PRI P s 5 45 I 3 3 35 o - H3K 9bhb
MEEAR, M/ bR R 2R AR HMGCS24
MR, ZH R FTH3K9bhbIB MK 25 MG, W]
JREB 7 A2 U BHBRE 8 1 /N i 40 L B 83 4 A AR AR
FEgm AR MR A b, A g AR L
PVRAIE 2, b Je 4 B o oA A2 1) L g A2
N E SR AL T A R R R A G
5 F2(metastasis-associated protein 2, MTA2)/& /T
A It R R AR EY) . AR, MTA2iE
FIKIS RN R R W AR &, mUIRMTA2 U 45 R AH
U, BB SR B, MTA2fESHDAC2, B¢
)5 i e B DNA 45 & 55 [ 4(chromodomain  helicase
DNA-binding protein 4, CHD4)Z545, FERM— N
FIMTA2-HDAC2-CHD4E &%), Jfilid 7 RIA
#BDHIK 1%, fEAFBHB/KF-Fh et M2 #EH3K9bhb
Tk, TR R A BN S,

2.3 KbhbB5F LA

5 P % (reactive oxygen species, ROS)i& —HK &
A8 B B EER ST, 2okl i b IR 40
WIS AR F I 4 A2 TR AR A 1) 2% b A2 B Ty
e 5 AL BB AR, MROSHI = Akt Hoat
AALREIR, MEsSAHS SR ERE. A
W78 & B, BHBW G i) B BE 4 2 1 3%
HDACs#Kik, fREmbUATTEMaE ), MRS
Bos B BRGSO O L BB P 45
i /N AR e B, BHBYA T BEWS G SR /N B
ORI R e R, BB O LN RLIAROS Y AE
J5,  BEAR /IS B A P S R BOK S AT L, 7R R
AL T H, BHBAE S D508 2 b 44 F1 28 i i (1)
AAEIRBE ), IHRR LKA DI RERERT, fIHIROS
A,k A RO LA R 45 45
2.4 Kbhbif 5 28 E & [

i 8 BE 5 15 NLRP3 Z0E/MA ) il TG
FBER 24 109A(G-protein coupled receptor 109A,
GPR109A) ] 3 it £ S BHB I NLRP3 4 i /M £
Fik, KA E-1p(interleukin-1, IL-1p)FIIL-
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BT J7 ik 2 RGBT e A S .
A, KD ZL iz 3h #2444 W BHB /K- T &
TR FARAE . B JR PRI ERI5S (Alzheimer’s
disease, AD)FIIF 4757 (Parkinson’s disease, PD)
S IRAT BRI EDEIR, B R N R
FYEH
3.1 EifR

TR 2 R S A 22 o R T | AR I PR 2 T A A
P22 98 RE T 484X I U355 g R AR 4K 3 B ) — g
PE RGBT . (ENHBHBIR YT B R ZEH B4
BARYE T A BB R I, BHBRES L
IR P 22 T AT AT R ) JORE s B S A, R AE DL
TRAE SR R AR R AR, S 3 B i
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H BHBIKF- MM R0 15 P Joia 04 182 33 5% fik w98
P, 0 R R B TR B A K A 2] S A2
BE 7, PRARIUN (0 & 1 20T, BLIE 1002 44T,
KDh C B BIm PR, Hx T8 e (76 97 2R &
FENEST F N, AR BARYLE A . A
MREZW LRI, KDX T 67 ol g 512
HEFERABHBKFH K. HAVFRKIN, BE
L 1742 41 8 7B IE K CNQ2/3 % i I # 42 TEMIE
WA B TBHBRIEFURAR /EHY . v L, BHB
X TR A — 8 S AR IT AR, H I B ARAE
PSR frite— PR A
3.2 HMEREE

FIAIRE A& — T AR S8 14 1 28 A7 AN PR Sk sk 55 49
FRAE ()1 25 B RS 1t ,  H AT v R 8 FH T4 AR
SiE FRTIE R 12 Wi bs 54 . FEARIE 58 55 B8 fa R i A

A I, AL 2R R R R P 2
5 72K F-(brain derived neurotrophic factor, BDNF)
KT AR, B BT 25 90 n] DL = A o
BHRMIMBDNE/AKY, o B AR, Wil
BDNF 57— 2 KB, HHF7 &8, BHB
AT LA ff 0T S AR N BRI B 47 B, T
AU 1 G B VAR 24 47 5 1R RS 2508 AR T AN A 4 ]
. AWM, BHB#I#EEBDNFEET L
Y EE FAH3 MR BR2 747 5 £ Bk Ak (H3K 2 7ac) o5 FH AT RE
TR BR2 747 A = H R4k (H3K 2 7me3) ) 5 F A 75
BDNF [ RIAE5R, il REEFHEERD Y. &
TFFLAE BP0 AN A SE 50 B R B, KB AR AE 1)
/NBR % I BHB S & ATH3K9bhb /K P14 &K, £
BHBYTJa, /)RR PIH3K9bhb/K T B BHB &
(3G N A E T =, %% TBDNF Fif, /N4
ARAT A3 2k AR, kA W, BHBH LAE AT
PIARZG, TTH3KObhb A fE A2 I6TT FIARIE 1) — AN
A
3.3 M/RRBEE

ADJZ BH B-E B B B 8 K i AR R T 51 A
— PR A IRAT VR, BILAR T 2 B A 2
TEAD R A TETE R R o WA AT DAV ) 2 i
ZH I FE BRI AT FmE S A E N R AD
B, RILTZE AD /N B 78— 5 771) B R A v ik 2 410
Bl F AL RIOKE B B-TE A FE B IR, $R
I AD/IN BRI 2 IR AZ B8 AP0 5 — R 7T b
FEBHBAR I, 1ENEAAN = ZR 5y, BHBA] LA
R0 B R A AR R I 40 IR AV R AR I &
X ADFI R R BA — @ M Y, KD L
FF = A WA, T FE B R A 1) Tau B 1 4 AR
(144 8 0 21 4 28715 4 A 8 AD IR 3 PR 3EURE £
Z—, Sp-iEmHEANRIAX. GFREds
T AD/NRKDMEFE R DL, KDA] LL$E &/ [RBHB/K
-, AFARB-TE A A B DU A Tau s (3 FE B R 1L
B, HREEE N RN T N, H R
ERIL,  B-UE kR AL A ) B RS BR B8 ) 5 HMGCS2
MR E A — e AW, a7 A, BHB
A B I 5 5 R L A T s A U YT 0 R 4 A A
PEARH, I B- U A H 1 5 SR AR 2 1)/ IR BT 4
M SE, X ADIRIT R = AR ). 4
b AN A B X ADRIR TV A1 T RE S 1 W
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P B-VE ¥ B 2R 113 2 B A A Tau 2 11 B R AL
AR, ERHE— LT,
3.4 TAEFRA

PDZ — M LU BBk IE . 2 D AE 10 2 e Bt s
A= fid A% B A2 K o S SR 4R D9 2 BERR IR A 4
ZORATIER G . WFFUR I, BHBIRYT BENS 22 PD
/N BR 2 L A 4 0 1 SR RE ORI BR SE T2, e
Ll R R RS S S B R M R EOE R T3
(signal transducer and activator of transcription 3,
STAT3) /13 INLRP3 JAE/IMA S, X PD A%
—EMPRIEM, WEEPDIIEERE, APDIPIHHE
OB BHERES . BRI, A FE A KD
RE W PD RIS B DI REAIBRIE, I/ PD IR 2 ik
REMP 2 TT M RAR B 1007, 2 iy FLPL A AL RE ) AN
ATP/K T, APDIIRTT AL 2 77 AR 37 R
Vo PO ETTME, — @R MR A BRI
REWS [ BHBI/K V- $2 A2 202 2 2 bt H g A it
RIVER], R IT 2 5PDAH RI AN E
AREMERI, S NIThRE, K EH R AP,

4 RESRE

BHBAIKbhbE#12: R 45 1 b Fe A e A
BORIT ME MR E RE RN BRI
E R VI I EUESS 2 ni TR W R Y VA7 S N1 & £ 0
R AER s 32 M BDNF /K] & 3 i3 PR AT 5
N LRI T RE . VR B- T R FE AR 1 EE BN
Tautk (AR L2 VAT ADIF BT B 1 22 B %
REAHZE 0 IR0« B A BLBRN 2 0E 2 N6 PDIA
HRIZ B 55 D Re I s B A K I AR E R

BHBAIKbhbEMZ R G H R T B KKIA
J7I 71, BT BHBS 5 KbhbEKbhb H #:4E FH T
ARG IE I A Z . KbhbZ&BHB T
BB 51, BHBXT T4 R G500 e
PLHIEKbhbH 2 5 [F AL A BOE 77— B4R 5. 7
4b, KT BHBFIKbhb I 5T K % 46 Hh 72 B0 5
A, BHBAIKbhb I ARG YT R IE 75 i — 2D 5%

A5 5 22 (W1l PRAE 72 AN 3 P S 56 K bhb 78 9 )7
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