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Abstract: Protein acetylation is a process of adding an acetyl group to a protein lysine residue with the help of
acetyltransferase, which is a pivotal protein post-translational modification linking acetyl-CoA metabolism and cell
signal transduction. Recently, the development of mass spectrometry has deepened our understanding of lysine
acetylation. Lysine acetylation is involved in many processes such as gene transcription, protein degradation, cellular
metabolism, and stress response, which affects biological processes by regulating protein interactions, activity,
stability and localization. Protein acetylation is widely happened and plays important regulatory roles in a diversity
of human diseases such as metabolic diseases, tumors and cardiovascular diseases. Besides, deacetylase inhibitors
have displayed a great potential in the treatment of various diseases especially tumors and metabolic associated
diseases. In this review, we summarized the advances and application of acetylation, and discussed the remaining
problems in this area.
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Figure 1 Metabolites regulate acetylation and deacetylation. A: The metabolism of acetyl-coenzyme A (acetyl-CoA) mediates lysine acety-

lation. Acetylation is catalyzed by lysine acetyltransferase (KATs) with acetyl-CoA as a cofactor and reversed by lysine deacetylase

(KDACs). Acetyl-CoA can also mediate acetylation of lysine non-enzymatically; B: NAD" is an essential cofactor for sirtuin deacylase. Ino-
sitol 1,4,5,6-tetraphosphate (Ins(1,4,5,6)-P4) binds to HDAC1, HDAC?2 and HDACS3, then increases the catalytic activity of these deacety-
lases. These enzymes are inhibited by several other metabolites, including D--hydroxybutyrate (SOHB), L-carnitine, and sphingosine phos-

phate (S1P)
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WPE (45 4 35 F uel, — B KATS it 4 il A 27 5 06
OB A AR SEAN J), 854 4B A T LA KATS
WEPE, DR 2 A A S S BE A (0 BE 2R AT AR T
KAT 3% 1 3 S B (e bR . BbAh, ZBEA B A AT AE X #
AR IR AT E B E WA B 1, I HaxX P 2k k ™
FARTR T BRI A FIVRE . BeAh, i A 3 el s 4%
B AEF B W5 R A QR AT 0 2B K = 2R
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PR B R ) (K 1B). I —#ZHF NAD S 5
Y1 B F A B R 1 G BEAR Y, B TR B S AL R R
A FE AR WA Ry R T A
ale, e 2 A B AL 1 22 2 B4 K NAD 540 A I
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(Dghydroxybutyrate, SOHB) /K “F- F+ &, 5418 A 4 1k
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Then. A e T (L-carnitine) 2 3% 44 i 7= 4=
AR e & 1 FF Y, AT # ] HDACL A HDAC2, M
TN A LB I A R -1 R
(sphingosine - 1 - phosphate, S1P) # it 5 HDAC1 Al
HDAC2 45 & FF 9l 2 25 2 Wk ity % 14 231, 1 74 O R it
il HDACL1 1 HDAC3 I3 14 . A i 1) /&, HDACL.
HDAC2 Al HDAC3 t 5 J1 ¥ -1,4,5,6- VY 5 2 [Ins (1,4,
5,6) P4] 44, G0 CBERG AL vE VERY . 20 B AR Y
SR 8 A LB AL & 2B B, X R B
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Sas2 MIHLIH T X Ah4E AP, H TSA (trichostatin A) i
HlE BRI S, 4R A HA LA R B R s, AT 5]k
N SR Tk A 2 4 i v 4 4R AT v Bl R s R T B
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tmRNA 1 SmpB & & ¥ 11 45 &, 2% RNase R [ 454,
TS B B I RR AR . E I BE 2518, RNase R
LA KT A, R PEAS DLAR FRROS iy £ 2% 5 9
R RAT R % 165 BROAE DL Tau 2 (i B il R A0 D RRAIE, G B
% Tau 7K ~F- ] 4 26 10 < 25 22 o AR B 7R 2% i BRORE R, i
TR, W4 p300 A2 Z e 1L B SIRTL ] LA
W Tau i) Bk AL . Tau ) 20 B A6 7K 1 384 T g $o00 1) 2 PR
1 Tau I B . P £ BE AL B p300, AT LA #F Tau 2
LAk, BRI Tau (B ER A4, AT 2 32F Tau (1 B fd . i
W Tau ZBEAE AT B A2 k2D Tau A 5 1000 2095 22 18 A
IT R MR, g 5 R A A B (fatty acid synthase, FASN)
F2 AR G 107 TV R 1) 246 R, G 7 7E Y8 97 e hE L PR
i FH LAt 5 Hh PR B L NI R ARG B B, TR 9T
ARGHAH 56 2 Pl (1) BB FERE S . TE AR, K 4
FE AL HDACS ¥ % 2. kAL iy KAT8 X FASN ) .tk
&M, U855 FASN 5 E3 72 3 1% H2 § Trim21 1) AH B 1E
FH, AT 24 R L AE 0 e g F e M . HDAC3 Al Jd ik 3
I FASN [ 2R 1 7K ST 32 ik 988 44t B Jg 7 A2 s 5412 32 e
IR 41 g A KB4 B HDAC3 4 51 FASN 2 2Tk AL 2
JiB ¥ T PRV T A A
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B BRI E A R R E LS, H AT,
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16 1 AH EL B2, RH E B A, A T U 4 AN Al i AE S
K .
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A B 1) B A AZ M ) 2 3] 2202 R BE IR S KT,
2, ZENBESE T BB, AEAE
L TEAL T SIRTL 72 DNA 451455 B2 i 7 vp B o 22 4E
H. MDM2 "] 4§ SIRTLiZ F A&, IXFMEIHFE A
I (¥ DNA H3 453 15 150 T, % SIRTL 14 %2 5 M A0 Bl i 4 2
B AS [ O VA VR T, AT 2 A0 1 A g AT O 130,
BB A 2 — Fhoa] W RS AR, P E ARG
J 20 MRS BE AN R TRV B SR E B, BT
RN, B I SRS T IR A AR FLUR S, 72O ik, 4H
i H % Z WAL RG] 7 (histone deacetylase inhibitors,
HDACIs) 7£ S ok A T #0185 DX 0k, JF H.
HDAC s il 77 % 2 19 57 2 BE AL IR 80, 5 B0 7
P R TG 5 F1 240 M AME = U8 15 SO 172 1) L BERR Ak,
BNV OREAER . Rk, HDACIS AT LU 2B At -
T TR A 1107 B R0 T 9 95 0 JUE T B 91
25 MMEERCEUSESFNURIHET  HIEH (reactive
oxygen species, ROS) J& — KM B iG ik & A 0 1o
EMRESEFRREZENENIEM. EER T,
ROS Jy A AL RE R ACVH AR~ ROS I /& 5
E 8 PRI 2 ik 30 R AR A Aol 2238 4T 1k 9 AR 28 XU
PRI R AEPR M Rk K. I & ¥ ROS i i A
HE A DNA S YKo A i, S8 fust 1
FALE T, 77 AR A B R0

WA R £ A PT LS 5 K AT TR S A SR SR
WRRE J7 o WAE R M 1 o, 38 0 4 v & T % #2 T
YHiQ BV FZ 8 N 22 5 LA 7K, Wl $5 K AT R 4t
PN BT A AL BE 11, T X £ WAL CobB i & )
A2 A R AR FHESY . FE N FLEh W R A A A AL Bl 2
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B EALE I HIE R . SOD2 %2 Z WAk i i i 4%, 2
Z AL B SIRT3 0] 3% SOD2, #2 v 41 i 3 A% 37 fig
77, VD S A AR ARG, S b A IR B U 2 (isocitrate
dehydrogenase 2, IDH2) £z - Zoki fA 7] 345 B 41 i
RFmPLEMRE ). X OBEALEE SIRT3 S IDH2, 2
e LA AR BE 7 LA K NADPH 197K 3F, AT B AR 41 At 4
10 5 K, A & BE-6- 5 IR I L6 (glucose-
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OB, e o A 7 A 2 i P EE 23 5 R NADPH.
SR AT OE 2% L TR AL I SIRT2, P G6PD 4 14k
AP, B FAEAGTE 7T o X BRI B AT LR LA A

Z1 Y M 5 52 A A I R AT
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AN [F] ) 20 PR AR P 2 b R . B AR TR )T IX (intrinsi-
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& (liquid-liquid phase separation, LLPS) #& — fih ¢ Jit £
Ji 25 T BT R, 7™ A 45 i IDR AT 28 W] £ LLPS X
L ER AT . WSS R, IDR WAL AT 25 2 Bk AL 7T
5 LLPS F1 SGs 11 7= 4= . RNA fi# Ji i DDX3X &
SGs M) B B4 %5 73, DDX3X ) Z WAL TR 1 900 1)
JE A%, 04 7 IDR f) LLPS. 2 Z W Ak i HDAC6 X}
DDX3X-1DR 2 £, W4k 7] 34 58 LLPS, 5 F T SG ik
P, IXTUHEFLIE B T IDR () ZBEAL AN 2 Z R Ak 1 S
LLPS (1) 387 AL, LA B Sk A4 3 G i 41 i 4% T8 R ) 1
FHE8Y, TE 18 HE O B 3 Taw B0 22 0 T 2 SR AR A
Bi] % VK e BR 99 A b 5, R M Tau BERS HE4T LLPS AT/
FIRELRE . WK, LA P300 X Tau ]
Z A, ) LLPS 3 F2 1 T30 T Tau 25 A R4
FAIRIE % . % AL I 2 BAR P T Tau 25
REFTT R AT IEER, HHE R F TauE A

K R T S5 20 3L B el
3 WERIHMUWERRALE XRPNIER
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DIAR I, DA P 25 R O I 387 9 075 4 22 IR AT 1
PP I 958 5 B
31 ZEts588EREAESHERRAE X
B CBAk T LI b i 7 A B 1 B DGR R 3
R MNE, 2 58 RR A R BN . ERE IR
Hh SRR IS AR 5 1T DA i SRS A K (H
FF 22 1) e MW AT L 5 AR B R 1 SRk, AT AR K
B ZBGIREA. FRXM 8 B A BT Z
T AR ML 1) 2o B 1 5, AT 5 B0 R Th g 2 4R (K
2)o U R PR T A RTOBRE S AR SR AU R T R, LR AL
B 2 AFTE . TEBE PRI KBRS 2L Hp (O BF 20 52,
EA BRSNS T 5 PR R ACREEY,

EPEESNEA LB S S TR IRB N R
A VR FE . &1 66 kDa Src [F]VE 1k 2 45 Ky 4 1 2 A R
(p66Shc) 72 ROS I = 2 4T K+, fE ¥ Z H 4 h &
ik, Hol e A A R T AR B TR AT . TE KA
R i, p66Shc i T ) ROS 5| #2 P 57 T fiE & 15 .
p66Shc A& M & 2 2 £ Wk AL SIRTL 1) B 25045, JF H
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Figure 2 Excess acetyl-CoA produced in diabetes increases

acetylation of proteins. Excessive acetyl-CoA produced by hyper-
glycemia in diabetic patients increases non-enzymatic acetylation
of proteins via lysine residues
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AR CWRAGAENE PR I B 2 AR AL 1A RSt e
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L I

B AU RS LR DI O, 4 8 178- 32 52K
[l i i 20 BF (178-hydroxysteroid dehydrogenase type 4,
HSD17B4) fi: {k i — & (estradiol, E2) [7] #ERH (estrone,
E1) #eft, (et fL e K B K g . E1 B HSD17B4 4t
MR 669 (K669) L MtAk, {21 HSD17B4 [%fi#, K669 H
RALPHG HSD17BA [ i, i 13k 3 Jl s 4 B 3T #% A e
. CAMP N2 o454 B 1 (CAMP response element
binding, CREB) 4 & & Mt # #x Jy CREBBP & CBP,
B WAL B, B A2 O WA SIRT3 3t [ 1 4%
HSD17B4 ] K669 Z Mttt /K -F. B i E )2, K669 4
4k 5 N LR 4 2+ (1) HSD17B4 2 A o5, #7R
T LA AE TR e 2 g R B S B AR A,
(hepatocellular carcinoma, HCC) & th Jit I & 9 2 5 i
IE 2 — . fEIEW S =IRE T, M g8 R ih Je
FH W T e T A 2 E A B IR Ak, AT 77 2R I & 1) AL IR
A (B AU =4, X b IR FR A BLAA A 248 (Warburg
effect).  BUAFI RS R0 R % i A0 i AR A R B S . SRLBE-1,
6- Wi ERMF (fructose-1,6-bisphosphatase, FBP1) & 7+
A e R R I, 7E 22 M S A g i R RS R k.

£ HCC B R 4143 FBP1 %345 N i, HLFBP1 %
KRS HCC 1ilE AN R A G . FBPL Mk E 5 HCC
3% A 4 K OF i HDACL AT HDAC2 & A A 5% .
{8 A1 HDAC 41 ] 57 = i Ik HCC 41 g HDAC1 &,
HDAC2, 1] 1k & FBP1 & i& Jf #l il HCC 48 iy 4= K o
HDAC 4 3 ) FBP1 & IA i 5 FBP1 #5148k
H3 M2 % 27 A7 L BEAL (H3K27AC) [/ AH 55 . R
() FBPL 2 1A 5 207 %) 8 /D F1FLIR 3, $ ik 1 4441
HCC 4 i AE KA/ BRI B K . (R Itk, HDAC X} FBP1
[ ) X HCC 15 A ya o7 oA B2 3, 4
WHJ= (nasopharyngeal carcinoma, NPC) 1, p300 #i& I
WA, A SRR R SE T R R . 7 S R AT &R P
Bk p300 Ji5, b R AR BV E-ES B R A a- B R
R AR R AR E YNSRI R A ERAM T
A, JiRE 4 i 1) I A AR 22 e ) B R A2 240 . p300iE
A2 TGF-p 15 5 i % ' Smad2 Al Smad3 ] Z Bk AL, 12
HE b Rz -17] 78 Ji 848 (epithelial-mesenchymal transition,
EMT)B4, R 748w, LA im e s & 4 &
JEd R R B EER R, B A LB e 2
Ji I8 Y8 T 1R S
33 ZEUs50MEEEMFELSEAT O
Fral il v 7 HWREE M ATP I E oK. O E AT
VAR 2 Bl A = A B 2 10 R, b g i BR 4R
A=A 1) ATP &7 1 BT 75 L& 119 50% ~70% . O 38 i
XoF i 0 TR P ) R o LS e RO PR 5 1 S R RRAE, PR
W P08 A7 25 A T H v = R v, DA T TR AL
Pt 8 1 NORD G P 3 i, (2 T 0 UL AR AR 5 3HE A AN
DhReRfs . 8w i R IR /N R, o0 k2 kL
A4 I 177 T A it R A R 2 SR A B P TR AN /K P S 2
I, 3X R AR Ak B 28R 2, Bk ¥ B2 B AH ¢ & 1 (GCN5-
like protein 1, GCN5L1) F= £ A 5%, 7E HIC2 41l i
HH RS AR GCNBLL AT B A 26 s 1 i 17 1R AL A0 Bl 1) 2 B
KT, 4k T PR 40 B P R B R A A 9T

I A RZ Ty R 25 L A2 51 0 I 5 05 1 32 2 )5
DL, T P 2 4 L ) R B A (R AR AR 2 — 72 & il — A AR
(nitric oxide, NO) A~ & . PN B2 4t i o 471 57 & A NO 1)
Mg £ 22 N — LA & 1§ (endothelial nitric oxide
synthase, eNOS). SIRT1 Al eNOS # H.1F ] 7] [ A% )5
H ALK, BOE eNOS TE 14, fiE 4k i B2 41 i 7= Ak —
FALR, (kM 47 akee, M Sk R I ERRFEEE.
Ao LA 993 AR R U2 95 T P 16 22 P 0 114 9 B 2 38 2
FHARER X, 2 —MEZUEEE. HREuEHE T
PGC-1a 2 RE B A 1 A1 ROS J75 W& g Y e S R 1 I 1.
I8 Bk 2 11 0T LAY 58 2 Bk A6 B GCN5 i 5 1f1 PGC-
Lo LT, WIS A SR 4 7, IX Se BT T 42
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UL B 988 2459 M 51, HDACIs 1 A — 2537 B4 B o
25, BE I R K LR AT FS . Romidepsin
(FK-228) /& H T 9897 F Wk T 4 B2 %k 298 (cutaneous
T-cell lymphoma, CTCL) 1 4 & T 41 g # &2 58
(peripheral T-cell lymphomas, PTCL) ({40 8 112 2tk
il 400 771 . FK-228 FE IR 2 T %} HDAC1 Al HDAC2
B 30 HE T, HU 8 Th 20 O AE 2 P i A 8 vp 43
FE s£e, H A7, £ F HDACIs 3 A Il PRt 56
HDACIs 7£ Il R 12 56 0 AR B 1 BB 1 470 ik 988 2%
B, T HEAA B RIE R /ANRRE (R 1),

BRDs #& — it B8 11 i1l £ Ik A4 1 2 1% ke 22 11 2 1 &4
P 5 RS R ) B A SR R R AR R, 2

L5 it g FE ORI AE K . BRD7 2 16 3. 3h 4 SWI/SNF
(switch/sucrose non-fermenting) & & ¥ 140 43, HAE 45
W e 240 T 2% e 2H 23 % B0 B 20 23 b ) R A R R A
UMK . B 70 KB, SWI/SNF & & 9 78 45 5 4l 4,
300 3 U 4 T 2 W A i A ) bR 0 A AT FE Trim S0
mh, IR G5 A B AR 5 Trim24 v DUZE A [ g 2 AL o
KA RIE. M, Trim24 6 5 H Al Trim Kk
BB (U Trim28 F1 Trim33) JE B &4, E &M 5
PR 2 AR B AR A BAE A, S 80 LB KT BRI, 2
T PR PR A A, AT AR SR U R 8, X R IR R T
B IR GRS IR VR 9T AU T

o Jie 8 A1, R < A AE AR R IR 9T
WL 7. BT R, LA D Re w0 N B4 B
# (human cytomegalovirus, HCMV) 7= 4, 7555 5 B e
MR, LB Z, K134R R4S S 8041 B #% R 7 4¢
FEIVE S I AR . R R LB R B A AR A A
0975 R 5 5 N AR R O B 1990, R 2R LK 7 A 09
IR R 4TS A5 45 58 4 58, MSL3 2 i 1 4% €0 J5 KH % 1Y) A
P4 T EFIE (male-specific lethal, MSL) 5 &4 1) 1k
D ZE A R A e A P MR N i R E A E B
H4 i % % 16 Z Bt 1L (histone H4 lysine 16 acetylation,

Table 1  Specific histone deacetylase (HDAC) inhibitors in cancer therapy. CTCL: Cutaneous T-cell lymphoma; PTCL: Peripheral T-cell

lymphomas
Type HDACIs Specificity Cancer type Stage Reference

Class | Romidepsin (Depsipeptide/FK228)  HDACL, 2 CTCL and PTCL FDA approved 62
BRD8430 HDACI1, 2 Neuroblastoma Preclinical 63
Compound 60 HDACL, 2 Neuroblastoma Preclinical 64
MRLB-223 HDACL, 2 Lymphomas Preclinical 65
Entinostat (MS-275) HDACL, 2,3 Multiple cancer cells Clinical trial 66
CHR-3996 HDACI], 2,3 Multiple cancer cells Clinical trial 67, 68
Apicidin HDACL, 2, 3 Multiple cancer cells Preclinical 69, 70
RGFP966 HDAC3 CTCL Preclinical 71
BG45 HDAC3 Myeloma Preclinical 72
T247 and T326 HDAC3 Colon and prostate cancer Preclinical 73
PCI-34051 HDACS8 Lymphoma, neuroblastoma Preclinical 74
Compound 2 (Cpd2) HDACS8 Neuroblastoma Preclinical 74,75
C149 (NCC149) HDACS8 Multiple cancer cells Preclinical 75,76
Compound 22 d HDACS8 Lung cancer Preclinical 77

Class lla TMP269 HDAC4,5,7,9 Multiple myeloma Preclinical 78,79
MC1568 HDAC4,5,6,7,9  Gastric, colorectal, pancreatic and Preclinical 80, 81, 82

breast cancer

LMK235 HDAC4, 5, Multiple cancer cells Preclinical 83

Class Ilb Ricolinostat (ACY-1215) HDAC6 Multiple myeloma, lymphoma, Clinical trial 84, 85, 86, 87

glioblastoma

Tubacin HDACS6 Multiple cancer cells Preclinical 88
Tubastatin A HDACG6 Multiple cancer cells Preclinical 89
Cl1A HDAC6 Multiple cancer cells Preclinical 90
HPOB HDACG6 Multiple cancer cells Preclinical 91
Nexturastat A HDACS6 Melanoma Preclinical 92
Compound 12 HDACG6 Colorectal cancer Preclinical 93
Befexamac HDACS, 10 Neuroblastoma, lung cancer Preclinical 94, 95, 96, 97
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HAK16AC), WF 5t & ¥, HDACIs 1] = #7 V- 7 2 Bt 1k /K
S, Yk B A RE AR T,
5 FREKREZE

R R O AR 2 TR AGAE R N AL T B 7T 4,
PERFAMMARES . BR T S AL LAAN, 25 Fh 20 (ot 2 1R
6 A4, #05 T BB 7E 240 JRLA5 5 A% 5 rp b A A P, T 0K G ik
WABMRIE A R 2 Bl 10 A Rl e W02 5 BT A I
P FB BBV, B AR T DA sk M 7 Sk Ak 2
A 75 R AR AN [ (R M4 X 3?2 AN R 2 Bk 2
NSRRI ThREE, B2 AR AL LT ? &
R ARG U A P R, T v 4 R R R
BTSN K BT T 0 R K 1 R A
R AL ) PR, T 3K — AU ) R AR K S E
FF R E A AR, B IR T IR 2 4.
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