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Regulation effect of post-translational modifications of RelA
on the activity of nuclear factor-xB

SUN Ge, XITA Xianmin
(School of Food and Biological Engineering, Hubei University of Technology, Wuhan 430068, China)

Abstract The transcription factor NF-xB, a homodimeric or heterodimer consisting of five proteins, has an important
function in regulating immune response, cell differentiation, apoptosis and tumorigenesis. As one subunit of NF-
kB, RelA contains various post-translational modifications (PTMs), including phosphorylation, acetylation,
methylation, ubiquitination etc. The PTMs could subtly regulate the activity and function of NF-kB in response
to diverse stimuli in different cell types. They had distinct function and the same modification could result in
different influences depending on the context. In addition, there are complicated mutual effect between different
modifications, sometimes antagonistic and sometimes synergistic. In consideration of the importance of NF-xB
in human health, understanding these modifications will not only provide valuable insights into the regulation
mechanism of NF-kB pathway, but also lead to new drug targets and diagnostic biomarkers for related disease.
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#% B FxB(nuclear factor kB, NF-xB)J& %2
NS RIE R NP —FhE A E A, &Y
B PLRE % 55 e BR AR e e A B A 4 5 TR
A (GGGACTTTCC, «xBFA)454, HEm %
BN M Nk BERBEAY R IK, A4, BEHT 5 I
A, NF-«xBfF 5 I C 8% UE 52 Re IS A A & A
WKL, 52/ AR, Hrhm#irn
W5 U o T s R L O RN S Y &
KB IR, NI AE 58 NE-xB 19 98 22 HL x5+ 41
KPR IR IT R R U B A B2 58 . RelAfEh
NE-xBRY— ML, BA 2 M E3E 5 & i fE

1 NF-«B XEKEESHEEK

NE-xBZEGA LTSN HAL(E1): pl1os/
pSO(NF-kB1), p100/pS2(NF-kB2), p65(NF-kB3 .
RelA), RelBMc-Rel, 3 Z %M 3 HNRIGDNA
24580, RIRel[F]JH 45445k (Rel homology domain,
RHD)J % [a] 95 5 5 96 — % & . RelA, RelBHl
c-RelH E‘J%%Y}?ﬁ?ﬁiﬁ*@ﬁlﬁ(transcription activation
domain, TAD)AERSSE TR LY, HATHEE™
WIEINExBRE AW Zik15F, HpiemREER
T EBIKMWps0/p6S, pS0/C-rel, p65/p65HIp6s/C-rel

HIX LM/ AL L BRI W NF-«BAIEPE & 2%, WAA M6 1 H AT W
XY/ vIi 8 IR 515 5 2 I NF-«BJE 5 I8 — & pso/p6s.
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Figure 1 Structures of NF-xB protein family

RHD: Rel[d]JE45HE, NS 5E S DNAMEAER; IPT: Ig-like, plexins, transcription factorsZE I, S5 5DNAMHEAE
;s NLS: EENifES; TAD: FRiSIXI; LZ: leucine zipper, 4st&MRHiEE, N SDNAMEAEM; AnkR: F§8EHE
ERHIK, R SEAMEER; DD: JETaiiiE, MR SEAMEAM. Reld BiR THMEMIN A, Hobp: BER
LB, TN NS20S, T254, S276, S281, S311, T435, S468, TS0S, S529, S535, SS36#1S547; A: LMELIEM,
LA K122, K123, K218, K221, K310, K314MIK31s; M: HILALEM, CHLENK37, K218, K221, K314,
K315, R30, R3S, R174, R304flIR330; U: ZHAMM, CHAILINK29, K122, K123, K314F1K315,

RHD: Rel homology domain, which interacts with proteins or DNAs. IPT: Ig-like, plexins, transcription factors domain, which interacts
with DNAs. NLS: nuclear localization signal. TAD: transcription activation domain. LZ: leucine zipper, which interacts with DNAs. AnkR:
Ankyrin repeat domain, which interacts with proteins. DD: death domain, which interacts with proteins. Regulatory PTMs sites are shown; P:
phosphorylation sites including S205, T254, S276, S281, S311, T435, S468, T505, S529, S535, S536 and S547; A: acetylation sites including
K122,K123, K218, K221, K310, K314 and K31S; M: methylation sites including K37, K218, K221, K314, K315, R30, R3S, R174, R304 and
R330; U: ubiquitin sites including K29, K122, K123, K314 and K315.
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IEH 40P NF-«B 5 NF-«xBH ] K ¥ (NE-
kB inhibitor, IKB)?%%?%&E%MS, A FAE %
PR, AL T A Brh o 2 40 52 B[R Y
MLAME &, WS AE A0 M N T S AN R 2 A
(lipopolysaccharides, LPS)%5 4}, NF-xBif #%
AR OO o R R A 28 R AR RN A 28
wa AR RR e SR, ZEie
HRHAE —FRRAEE SR R FEAEAY
(X FRIxBIG & 414, IxB kinasea/B/y, IKKa/B/
), 3% AR A% B R 1L T B a 55 32051 M 2R 363 22
AR, BEJEBERR AP B IxBJE S R iE IR
S, JF R RACKESE, MINF-«BJ 2 1xB J5 5l g
MR B D, A A B D 1« B 0 1
37 b, VA O A R A NE - B JE IR 8

2 RelA HEIEF1E1H

Rel A F) 13 i A6 Wi m] A 20 6 P2 NP - B ) e S 33
W RE, I AR AN SPGB S 2 0 A T e v kA
HEAEH . HAT, PR B R (R A
AR, BT 25 T Rel AN B IR 1L A& i S AH 5E 11
R AN, CBEE . Z RSB MTIE AW
BB TR el AN ST B4 1 5 BB T 5 3L
RN B AR S, T 5 R A S B 1 K
A, RGP R SRy BORE R, HATE
A AR GBS TR A D BRI

2.1 BB L1E1ih

RelARTGEALEI AL F AU BT, Y (55
WP e, HebE g e R s Ts e, Jf
Y s AN N R IR SRR DI RE X LE R R
TR & A Hh AN ) Y 2 1 B i AL . © A AR g DO
SCe A7 AE Z2 TR Y R AN [R) 3 BT L R 1k
B, 3% 218 1 BE [l Rel ATE I 1k 5 A 1% 1k 2 ] 5%
b, DA kAR e 6 A AE P T fg .

HAT, ©%FlRelA |2/ 120 [ iYW R
A, Hid, N RIRHDZS #5854 4 R 1k
PP, A alJEsS20S, T254, S276H1s281, EHii%
X B 5 B AR 1 42 5 A e U 1A W R AR N,
FS311, T4 7 AR Ak AV 55 AR 43 A 7E CoR i Y
TADZS M3k, IKIRh: T435, S468, Ts505,
$529, S535, S536F1S547" M Rel A [] it 112 1k
A7 5 FENF-x B 53 [ b 1 R E R, F S0
R 5 s 1R AR A 0 B A DX AN (] 0 ) 7 LAY 48
2.1.1 RHD A 8 B BR AL AL &

{2 F RED 5 A4 35 P 109 56 27 6 v 22 %1% (S276)

SRR IR B Rl ABE R 1L 58, e SGHI Zhong
25 VLR T8 IR UE 52 27 6 110 8 R Ak B 42 a0 T Wi 31X fY
Besgimites WIS & PARelA S276/1 i IR 1L 16 1 E 1%
A NE-xB -5 AN [R5 st - [R] A AR o 3k se
SR 03 SR R B 2, — IS 2 e sp T T
T, WEFEER A TR S A - EE A /A
# [p300(cAMP-response element binding protein/
histone acetyltransferase p300, CBP/p300), 17—
H IR MG A -, W2H 8 2 S WEAL B (histone
deacetylases, HDACs). 4S2764b FuifR LAk
B, RelAZ:5psof MINF-xBIE ALY, HEim 5L 4
CBP/p300, Jf i T e RN 5% 5% 5 1248276
A FAEBE R AL IR S BT, psos LURVR — R AR IE
KiEAN, HEMEFEHADACs, M HpE] T it
DAY 55 5%, [H UL RelA $276 19 iR b 7K - BE 1% el 28
NF—KBE@%%?)@i?ﬁ/ﬂﬁﬂ%@f[mo B4h, Anrather
255 o 43 BT Re LA IR T 137 A 2 728 1R A 2 3 94 1
UiGe, WESE: RelAR I iR (LR AN 5w = 2%
I W e SHF A R R 45 G e )1, HRelAAR[A]
B BRI B AT REAFE S R AL R R,
— A7 A5 AR T A 04 3 PR T B B A% 3 sk JF At R Y
RE S I A #h . RelA S276W MR LIl £
F, A5 E A EEAD O | A 20 B TR 10O
O R e C A

FrS2764h, RelARYRHD NIk FE1E S A2 225
PR i BR AL A5, 40 il 2 S281 18205, HifiEfb &
NI EE R R AR . Anrather S5 HOBOR A4
il Y B0 45 FOR [ Rel 2 AR SF IR, K BES205, $276
MS28 1 HA PR IE, Hrbsa81 iRy Pk, B
ARelZEAB A X —Nim, HikHMs276fimi, H
FApS2/plo0EE AN EFAX — (i, RTFEmE
(Y S205 07 s o It i 4 FE R 256, AnratherZs!7)
UESE s X3 5 A8 AR 2 R P IR R el AT B SR 0
PR, (HB— L 58 R B DL 58 4 K il RelA s Y
28 i i 17 AN [ A AT, AN RS A B s R A
T 26 5, HEAML R 98 748 HOR 5 20 45 S ) 0 52
Mel, I 38 Ao iF — 25 SC 00 e Ak L A6 e 1Y W TR Ak 25
JA T RelAXT R B K A 45 G e ) o /R X SERHDIX
Sl 1 Wl T A 7 251 PT i 22 5 45 RelA S5 DNA /2K
FA R] A% FH B A R St S 886 40 5 ofi 3 A S TR 2%
XU AR AR R B I R e, A A
T 455 0 25 B 8% Xt S S AR R Y S, TR R
S I ) A T8 A o e R PR ik PO

RHD N [AHEAFTE R AR kAL, HEig
KPR elA T2542% i 2 TNFHI 3 1T 4% R AL A& i
164 Ji A B B R AL pThir-Pro 36 7 E 9% 5% 42 Ik 3
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Jifi 2 I 57 F il (peptidyl-prolyl cis-trans isomerase
NIMA-interacting 1, Pinl), Pinl1<PHTERelA 5
IeBaAH B AR FF 38 HAG M, AT 35 NF-xB
AN, YR PG TIRe, kAR R e o
VT 240 Jfd PR 1~ {5 5 il 51 1 (suppressor of cytokine
signaling 1, SOCSI1)XfRelAf%220-3355k Mz
FAL R 5 S Y B B AR R R S By YL
Ak, GSK-3a Ml GSK-3 B8 UiE 52 BE 1% i 2 fL RelA
T254, ZA B THREMMYENET 2 XE
B, GSK-3aFfIGSK-3Bm R /Iy Bl 2x 3R B B b )
LT WO
2.1.2 TAD K &) B8R AL A% %5

{7 F TAD &5 ¥ 38k 14 25 s 36 137 22 & 182 (S 536 ) 7E
Ao ANEL RS R AR TOHE I Rel A R BE RS, L
T R Ak A 1 P 37 21 2 Pl B Ak, RS
AEYIEERON,  H RS S 36 M IR b 18 1 7] BE JE RelA
T I A e 2 B — B0 . H R RF SR
O HRE 2 1~S5367M M, HFIKKs(IKKa, IKKB &
IKKe) 2 BRI I B 1 (ribosomal subunit
kinase-1, RSK1)P?" | TANKZE 4 i (TANK
binding kinase 1, TBI(I)/%*'{‘[MO

Sakurai Py S 3E i PR AN BB S 50 R R B
RelARYSS360; B FRfL A&, I G2 I UTTE 9 7
AR T HE MR A 2 A R, IKKa 5IKKP, Jf &
PLAZ A AR W 2 A n] BB 2 38 ) 2R 8 RelA R A8 2 111
S HAL R 45 A, ST SR NE-«B 1Y 5 sk T M
Bt J5 Hoberg 5 Y ik — 438 i ChIPSZ B IF : IKKa
WAL 1Y S S 36T R AL BE 1Y 98 Rel A5 4 Ui [ Fp300
M4 A, 1SS 5 A S B SMRT 4 &, IR i
Rel A Z WAk, HHENF-xB# 0% . Chen5 ™
T 1 20 i S 56 IE 52 S S 36 AZE AR AR TC Tk A A FE CBP
HREAY . WA, SS36 MR LR it LA K
FIcBIE G177 32 5 BINF-«B Y P 451 A v 7200
6 g A b, A9 P p S3RE BB TG RSKL
VG, JE A A A0 MR D B IR fL B M RelA T
$536, MM THLNE-xB/IxBa’Z G W 1% 5T 28 1R 1
T, LR S R IATE I AZ PR, R
B8R M NE-xB T T AR 56 5 IR 1 e S 3 1k 7

FRRelA SS36iX — i Z M BE MR L7 £i4h, TAD
N 2 I AFAE T b MR R LAV 55 o

AR ABFFE R R Bl TNFafif 51 i 4 48
S A FERE S 15 T AL P RelA SS29MBERR L, K
PRAZ A R 0 T R AR e LT, HX — B AL
Bk EFEIRB S RelAZT BS Z 5, REHY R NF-xBI1
BESEAGE, BN S FLA% E A L S DNAM S & fig
Fo ERABIPVL M. TNFalal B RETE 2 IE KR

M5 FRelA SS297E AN N MR 1L, Hi%
i RS i AN A, X — 3 AR T B 5 U 1 &
AR

RelA S4681 mi MBI L [FFE A T TAD, F#
P NE-«B 1) 75 SR G DI RE , (HAT AT DL R B 58
SRR IE M, A S RE B 3 A [R] 1 YA 1
W8 I G PG 3 B (glycogen synthase kinase-3f,
GSK3P) . IKKeFIIKKB, “EA15 5 i A [&] i) 2 7
P, H R AR R R AR AN TR BT A R A
fHeladll 4% W, GSK-3pHifRILRelA S468, Ji-41
Tl NE-xB A% ST T RE , LAl H 2 5 18 AR
U FRI A A B R S TR P, TR KefiE
% 7 20 MU A% P EL 3 W R fE Rel A S468, Jf- 3458 T Ui
FENF DT, BeAh, M4 TNFa, IL1RHIEH,
IKKPAEFE 22 i 20 i (1) 40 i J53 7 5 2 fE Rel A S468,
K FEIRB-Rel A S9N, M FH 1E NF-xB
AR, FIHMSEIE R R85 s4681 5 T B
R 22 B0 TS PR I — 25 U0 A R e LA I % S5 168 i 9 42 X0
I e, MIZA ST BES 5 IRl ABR IR L 1Y
FHRFEI R, AR XS NE-BIE M (056 48 & 7 0 5
PERIP,

C A WS P ESE . RelA SS3S A (B2 1k
P A5 3 2R G R O TV AR AL, %08 U fE 4 o
NE-xBXT CBPIH S, 7] B fift B3 AH 5G4 90 61 I 19
ERT, B0E FIEFE R AL 5%, e g8 17 L A 1
PR, I LA 20 R TR

20124FRelA S5471 i 1) W R Ak B W8 & PR o
MY A& EDNARIG, WDNAXUEE W 2 (DNA
double-strand breaks, DSB)H}, 40ffl N <#0G 17
FRADNA$ 15 % (DNA damage response, DDR)
(A5 i, s ) — M E G L s
H, BmEY RELFTRMEEEN, il
i NG 5 RelAZ &, FF7ERelANYSS4707 i 17
fR e, ZBM A MRIASDNAMLE &, H
St R 5 HDACI M EAEH, T IANF-xB T lif
B SR N

RelA TAD P I R A6 A6 4 (37 4 5% L3R JL D 22
ARSI, A2 A IRIRIE, 7 R T435HI
TS0S . 3K 20 A5 P 1l R 1k 34 38 31 93] 15 NF-x B4 5%
TG PR L HEDIRE o T43 S0 A5 1 B W2 Ak 5 0] 4 & IR
5 MEK/ERKIM #1850 O H0 240 PE A5G 1, & g
fifg A% i 7 A R IR AL B, REAE SiHaZH M 3 5
JF4A (cisplatin) 55 FNF-xB#E 5 1% 1, ¥ 40 i 4t
25 PR T I ROWEA BT M R B BT, R e AE e
7 T 0 84 P RelA T 4351 8 R Tk £ 3 ) I 3 1A
55k o AHAEN A TNFafll R, RelA T43SHIBEIR 1L
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B A e R RelA SHDACLIAH B AE T, B9
FH ALK, P E R i R s %
4% UE S 0T B8 -5 000 51 S 9 10 48 K i B b 28 A5
Bk Ts0s A Y TR 1k 5 An i A K R g Ak
KAREY], ZE Mgt % RelA'SSHDACL[H
BRI EAE T, $0HINF-«B AL SE R ThRE, S
YER ALY, UNBel-xLAEE SR FIE U Hizdr
ST TR A A R S e UL 30 AR 1 R N A i A A
KIEH W FL, MR T A
BB I A% 2 i A

2.1.3 HAuBFER A &

S311& &L HIMfE—— "L FRelA TAD5RHDI¥
AL R BR AL A A, %A A W) I Duran %)
KB, DuraneU75E 1k %k HE N R D BB OT
K —Fh AR LR (IS C, zetaZE 1K HE C (zeta-
protein kinase C, PKCY?), RETE S 1175 T RelA S311
R Ak, DA R TNERIE, %A A5 A0 i R 1h X
T NF-«xB5FHECBP/p300 . JIH N IFIL-6FE K (154 5%
EHEZEEH,

AW BERR B AR S B BT IS IR A
KM —REAMEREEHIEL, CBhER
IR 5T B9 — N #5403, X T Rel AT 5 [RFE 40
oo TR S N (5 A5 E B 2 2
Tif 110 A T TR AB T DR SR, Rel A Ay 6 A% s 1 4%
KA SRR OIRE M E A A T, HEE R L& i e
FEASNF- Bl J P & 45 1 40 5 8 R P
Rel A 1) 15 92 1 057 A0 J2 AR 5 I T Acb 235 o 358 2 ¥ 00
Uike, 1% 7 TRAD MBI 5 5 Rel AR DNA /2R
AR B AVE R AR G, i T TAD B B 2 Ak 37 o5 38 5
Rl AT e S ST /A0 D REAH O o AHL[R]— 137 1t i)
o AS [e] ) st Tl i R B e e SR AT M, R
[F 7 s Z IR fEAESE 5 . AMEEIR R DGR, A
D7 15 B AR A B 2 T e, ) el 32 31 3 AN R 4
W2 ) s, e 22 R B i — IR
AW FRZE .

2.2 ZEL &

YER T — A2 LIRS B, RelAiS
FEHEZAESN AN S, HATRelA £/
ASPHCERALM S E BRI, 4308 K122, K123,
K218, K221, K310, K314H1K315, 1B 5#m 1k
AN, KB4 £ BEAC 6 B A0 & AR N, IR fE
AR I EED* . Chen ™k SEIF S RelAZ
FEALAE MR I AF 7R, IF & B £ BE 1k B Rel ARE 5 3 5
NF-xB5DNAMZE A M H AL SEHIETIRE, HiXx —
i T B (1 p300/CBPIE R, [RIRelARY £

P Ak A REAE PLIcB 5 HLZE &5 T Y i L 5 53 fi il
HDAC3# S F|RelA LI, %8 A BEM LBERelA
F BB, A IeBAE Al 5 2 45, IR
Rel A7 BN ML, 2 IR NF-xBAYFE SR EG i 72 .
B J BIF 58 B0 B —2IE 52 T Rel AR 34 2 B A A7 A5
K218, K221M1K310; HPKR221ZBELAENS i RelA
FIDNAMZS A, K310 BEfb AE I 9 Rel AR #5 SR 3%
IGIRE, MIK221 K218 2 B4k I 3t [F] 71 5 45 Hi1xB
454 . Ak, Kiernan®C'SIESZ. p300/CBPA
p300/CBP45 4 A (P300/CBP-associated factor,
PCAF)RETEK 122 FIK12317 £ T fbRelA, H 2
b2 RO 2R (W IE FL A, i1 NF-xB 5 DNASS &
e R RE, PR SEEEICB, iHi% 0 B4 s s
B2 s SRR T RE 5 K218, K221 H1K3101
X TRAR R R R AEAER .

Z 5RelA L BB i WHDACsH IF £
i, iR A MWAWHDAC3Y, A HDACI,
HDAC6, VLB EBFETHTF1, 2(silent mating type
information regulation 2 homologl, 2, SIRT 1, 2)
BT AN, R E A WMIE g S Y
T RIAR WAL, WA ERIEN, JCHRE
FIEIT N B 4G 002 88 (1, Y REME & X Rel A £ ik
648 B3 IS B I IR 45, S fE 2 el aE A B S
DR R 7 MG I R B 9T B EIESE . RelA
() £ kAL BE N 225 22 Fh AR AR B, AE il AR AT PR
A OBEPRIE . SRE F N K R SR bk
ER . HEE & B 2 R oA 56 25 ) )2 38 1 52 1 Rel A
ALK K FE DR, 1 X2 88 5 3 10 25 ) F
HWBEIRA, X E A Rel AN A 5T B #1851
HIT o

Rel AT & WAL 5 H w2 A 2 [] [F) FF A7 7E L 4t
REBE &, HhyiE AR EK3100 2 Bk
SR AL 2 8] 0 AH G o R 1 B R A 1B 1 Y Rel A
8276 F1SS36 N HIK3 1014 2 Bk, — 7 ifiix2
AL B R AE X T 40 2£p300/ CBP S 41 & 11 £ ik
FH L FL 1 (histone acetyltansferase, HAT) M 75 42
Tt B TR T HDACs 5 RelA
6] B AR EL AR T, DT HE 2 2 BE AR I 1k AR
S276FISS36WEM LML Hp30045 75, 1Y iERelA K310
CBEALD ) B SRR N T B R A
JERelA K310L WAL, #F— 2 F & Ff e 7o
TR R el AT M IR T R 4% (1 IAR, X BE A 5 A B
fENE-xB I MR 42 5 T BA R X

2.3 iz&4
ZESFIZAETEEARN, FI&EE
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TRy, A 76 MR ILIRIRIE, Z B i U T ZE
TEHEEL ., 45 5 EFE2MEEME3 AT — R I RN,
Hop 3R R R . HATE A wrgE e
IESE: ERMZR BN AA ZRI6E, KWl
1 —Mz KRB e e E R LR — &2 Rz
RAE, BESZE P B26 S AR U Sopt B is
9 Tl A R O R O 2K (R R B n] A AT
Mz R oz Z A mid B AT E R s
B, EAL. AHEAEH] RS PESFIIRE

RelA H Al & % B2 i s BRIk L A7 7R iz R Ak
B A, A G AR08 T i A5 B R 20 2 0 o AR I
i B0 ] 51 (suppressor of cytokine signaling 1,
SOCS1) 4 — Ff P45 H R AU Rel A E33E 1Ll ,
WA S O CS & 45 10 WU R #5112 KB HE AR T o i 7E
SOCSK KW, NERESRelAMEAEH, H XM
ME45E, SOCSIIT T HIRelAZ RIS G &
HDNAWE G RES), I 2P RelAZ |ENF-«Bil
BRSO BRAR 45 e Sk 2 1 1(copper metabolism
domain containing 1, COMMDl)E‘Eﬁi&SOCSI*ﬂ
RelAf 42, HET N M Rel AR E P S A~ 18 %
B PE . PDZAILIMZS #  # F12(PDZ and LIM
domain protein 2, PDMILZ)%%%;"H % —1E3
R, AEIEAE N B RelA RS B 31 R 4 ks 40 i v
I3 (promyelocytic leukemia, PML)E{fkH, £
T 51 A6 S 5 1 1 AR e e B P e R 1T Zotti
SFUOHE Y K B B 2 B0 12 3K B G R B Ak
AN, RelA[RIFETT DLdE i) 2 R -1 A & 42 & AL B
fift IR 52 i g IR B R ¥ 32 4K A OG AL F- 7 (tumoor
necrosis factor receptor-associatedfactor7, TRAF7)
RERS (2 ERelA K29iZ FAL, AT I A 9
fift, MHINF-xBIGHYE

12 Z AW R B Rel AR H: Al A& i £7 75 2 Fib
LHAEM . NihiraZ5"V & B 528 2 B 007 7% 7
HIJ B 2 5 85 1 1 (proviral integration site for
moloney murine leukemia virus 1, lel)ﬁ'é’ﬁ%@%{
TNFafill i, JEBEMRIERelA S276, X —BEMRILIE
Wiz M RelARYIZ R AL -85 B IR A%, T3 5
NE-«BXf 5L K I TL -6 1Y B s il M o AHJ, RelA
S468ME R AL 25 I I RelAVZ AL, 71145 NF-«Bil
B, ZA R BEIR LB i 32 GCNS, &t —2
S5 PIEEMESIR A Y (6L COMMD1, Cul2%)
b, fEIEReIARZ RALKEM T BRBEm L 52 %
AT S EAE AL, S WAL 512 R AL R FEHGIE
SIREM TR . LiE R SR UESS . RelARY
MR A A (K122, K123, K314HMIK315)MEREDEZ
21k, WREBL O mEfl, X 2R B BE UL E Rel AR i

FRHEEDN A Re S50, ELATAEAR B 4 A DG 2 o

2.4 BEAEM

R A ) — 2 BB
A, R LAY ER B ARG AL A Ry o R Ak
FUNG 2 R 5% 2, M1 2 IR 1 WY A A& 1l S 43y 1R
il . —H 3k & = W Sk, RS &R 1Y H 51k
D) 53 A X6 TR A B/ R A B A X R A B/ B H
A A SO R SR (B | BN/ i SO L ]
B WA ME X 335 P R 1 i) A R A Y

5 R JUMEMIE A, C T RelAR) H g
et fieaE s b . B an g & 30H B A A =R
AL, WAEAERS R W 4k, HoaxX wFh H 561k
AR R VA P NE-« B SR G M o B P2 o ok
I Rel A F 38 Ak J2 1 & SET X el i 22 ik WY 5L 4% % 1
7(SET domain containing lysine methyltransferase 7,
SETD7, WHFRASETD) /iy H AL, XH
fEAEK37HI AL, Z B X T RelA%S & IDNA I
TR, I E S e JENF-xB R Jif 3 R 54 57
1M SETOMEIL K314 /315 H JEALRT, BRI 1T 15
Rel AP ER [ B [ it 1 10 I N BB A TPV Bt
BT R B2 Rel AR 2R Y SE AL, 43 Bl
ZARLGE A SET K I AL & 8 [ L FIE-box & % ¢ 2 IR &
HE A1, HAEMW AR K218 K221,
& AT B SR AB 1 fE S RelARL SR IGPE, TG
F AR AT O S AR 0 A T Rel A RS SR E M o B X
K37, K218/K221MY%AEMF 5" it — L KBl x st
3 22 PR % R 1) B AR B 1 2 U Y5 NUE - B X 4 3 A 71
EH, HILEMNAUSHERIAM E M, 8 X H
L DNAZE G RS PR R A 2

RelAXE 24 B8 W BE 4k H Ap 4 h —Fh i R4k
fiti: A ARH EEBES, ZXB L ReIAR
S KE A PR AR FE AT L& 1fi . R30, R3S,
R174, R304HIR330, &MLl —H3fbl 3, IFAE
& 1F R U S R A i, TR R3O Y Y AR 5
809 Y NF-kBHE KL 75T

M T Rel AMi 2 2 H 3L A S se /0, B
B R RS BRAZ MAAEAC H G R , RelA K218/
K22 1437 13 i H A BB 6% 55 4 A )R] U5 98 28 11 20,
J& & ¥ BHL T 2 0 R B 2 AXT Rel A1) 25 8 R 1L 7E
A, AT RelAZEHe T I IR A, FRSL 3T 5
5L

2.5 HEft&ifmX
RelABR [k JUFRH WL )& 1 I X 46, A7
e H A, il iR S AL . Ak SN A A



RelA RSB RXTAZI 7 «B WG VERIATEET e, 25

849

JRE o il R S Al At Pin 1AL, LA AN R
P25S, 1ZAB K LA Rel A5 IxBatil B4 FI I3 i
HAsmte, NIMiFEENE-«BAK, W3R S )
BT B A A A R R R L, —
ST AT R B RelARI Y66 RIY 15245 J A Tt J
e, AN AE N — AL RORIBA T, RelARYIX2
AL A 2t R LR A SR, T XX 2 A L R AR
21t R elAAZ A B ) L S NE-x B K1 o Rel A%
MBS AL 5 A 55 38 6L Y~ I 28 2 (C38) , I A
i 23 B 1 RelA S DNAGT F I 45 &, M 0 4l
TR AR S . HATE KB 1s- A -A i 5
%]2[83]\ WA B ARAK (epoxyquinone a monomer,
EqM)" R T TR TR A e Y
i %57 s R A A

3 %iE

B ik . suMofk . iz E LA 4 Wk % HAlh
B0 % S 46 i 5% W N B -« B 6 P 4% o 2 1R SE AL
a2 Pk B 5 DN AR I % 5t I 0 A AR L .
Rel AT RE [ & 15 T 22 J2 38 iof 2 Fh B 3% ) 18 i A B
M FH 77 A 0 90 B B I B 45 R, R S ) 6 R0 ) o O
Jei 16 i 3 TR) 1 AT 32k 80 B4 RS 207 o B R AL 18
5 Rel A M H Al Ff 25 46 4 7 2 B0 =22 8] 2 8RR AR B 5
Wi, D R SO [R)6 i 2R AR A ) 4% A i
JE R REURGRIT IR R B ], Xk SR
J& H FTOC T RelABH I 5 18 1 B 58 (0 5 5 5 1) o AR
CAEZE T RelA H T C M0 Z R B G B0, M
RES & I H R R R A RS AR, A AT
M 22 55 2 HTR A AR NE-x B [ 13 25 4% i it o1 542
PR Oy . RS B R AL R SR B
K, ARKXT Rel ABH PRI 18 1 09 B 508 25 5 i i
A, VFZ2 A0 1) B £ 2 A5 3 e e

SE 3k

1. Sen R, Baltimore D. Multiple nuclear factors interact with the
immunoglobulin enhancer sequences[J]. Cell, 1986, 46(5): 705-716.

2. Zhang Q, Lenardo M], Baltimore D. 30 Years of NF-kB: a blossoming
of relevance to human pathobiology[ J]. Cell, 2017, 168(1/2): 37-S7.

3. Gilmore TD. Introduction to NF-xB: players, pathways,
perspectives[ J]. Oncogene, 2006, 25(51): 6680-6684.

4. Smale ST. Dimer-specific regulatory mechanisms within the NF-
kB family of transcription factors[J]. Immunol Rev, 2012, 246(1):
193-204.

10.

11.

12.

13.

14.

1s.

16.

17.

18.

Catrysse L, Van Loo G. Inflammation and the metabolic syndrome: the
tissue-specific functions of NF-kB[J]. Trends Cell Biol, 2017, 27(6):
417-429.

Kondylis V, Kumari S, Vlantis K, et al. The interplay of IKK, NF-kB and
RIPK1 signaling in the regulation of cell death, tissue homeostasis and
inflammation[ J]. Immunol Rev, 2017, 277(1): 113-127.

Perkins ND. Post-translational modifications regulating the activity and
function of the nuclear factor kB pathway[ J]. Oncogene, 2006, 25(51):
6717-6730.

Nasr R, Chiari E, El-Sabban M, et al. Tax ubiquitylation and
sumoylation control critical cytoplasmic and nuclear steps of NF-xB
activation[J]. Blood, 2006, 107(10): 4021-4029.

‘Wei H, Wang B, Miyagi M, et al. PRMTS dimethylates R30 of the p65
subunit to activate NF-kB[ J]. Proc Natl Acad Sci U S A, 2013, 110(33):
13516-13521.

Chen LF, Greene WC. Shaping the nuclear action of NF-kB[J]. Nat
Rev Mol Cell Biol, 2004, 5(5): 392-401.

Vermeulen L, De Wilde G, Van Damme P, et al. Transcriptional
activation of the NF-kB p65 subunit by mitogen- and stress-activated
protein kinase-1 (MSK1)[J]. EMBO J, 2003, 22(6): 1313-1324.
Viatour P, Merville MP, Bours V, et al. Phosphorylation of NF-xB and
IxB proteins: implications in cancer and inflammation[J]. Trends
Biochem Sci, 2005, 30(1): 43-52.

Sabatel H, Di Valentin E, Gloire G, et al. Phosphorylation of p65(RelA)
on Ser(547) by ATM represses NF-kB-dependent transcription of
specific genes after genotoxic stress[ J]. PLoS One, 2012, 7(6): e38246.
Hochrainer K, Racchumi G, Anrather J. Site-specific phosphorylation
of the p6S protein subunit mediates selective gene expression by
differential NF-kB and RNA polymerase II promoter recruitment| J]. J
Biol Chem, 2013, 288(1): 285-293.

Zhong H, Voll RE, Ghosh S. Phosphorylation of NF-kB p65 by PKA
stimulates transcriptional activity by promoting a novel bivalent
interaction with the coactivator CBP/p300[J]. Mol Cell, 1998, 1(5):
661-671.

Zhong H, May M], Jimi E, et al. The phosphorylation status of nuclear
NF-kB determines its association with CBP/p300 or HDAC-1[J]. Mol
Cell, 2002, 9(3): 625-636.

Anrather J, Racchumi G, Iadecola C. cis-acting, element-specific
transcriptional activity of differentially phosphorylated nuclear factor-
«B[J].] Biol Chem, 2005, 280(1): 244-252.

Zhong H, Suyang H, Erdjument-Bromage H, et al. The transcriptional
activity of NF-xB is regulated by the IxB-associated PKAc subunit
through a cyclic AMP-independent mechanism[J]. Cell, 1997, 89(3):
413-424.

Wang Y, Mo X, Piper MG, et al. M-CSF induces monocyte survival by

activating NF-kB p6S phosphorylation at Ser276 via protein kinase



850

I R i 2 i, 2018, 38(4)  http://Icbl.amegroups.com

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

C[J]. PLoS One, 2011, 6(12): e28081.

Perkins ND, Gilmore TD. Good cop, bad cop: the different faces of NF-
kB[J]. Cell Death Differ, 2006, 13(5): 759-772.

Ryo A, Suizu F, Yoshida Y, et al. Regulation of NF-kB signaling by Pin1-
dependent prolyl isomerization and ubiquitin-mediated proteolysis of
p65/RelA[J]. Mol Cell, 2003, 12(6): 1413-1426.

Itoh S, Saito T, Hirata M, et al. GSK-3alpha and GSK-3beta proteins are
involved in early stages of chondrocyte differentiation with functional
redundancy through RelA protein phosphorylation[J]. J Biol Chem,
2012,287(35): 29227-29236.

Sakurai H, Chiba H, Miyoshi H, et al. IxB kinases phosphorylate NF-
kB p6S subunit on serine 536 in the transactivation domain[J]. J Biol
Chem, 1999, 274(43): 30353-30356.

Haller D, Russo MP, Sartor RB, et al. IKK beta and phosphatidylinositol
3-kinase/Akt participate in non-pathogenic Gram-negative enteric
bacteria-induced RelA phosphorylation and NF-kB activation in
both primary and intestinal epithelial cell lines[ J]. J Biol Chem, 2002,
277(41): 38168-38178.

Mattioli I, Sebald A, Bucher C, et al. Transient and selective NF-xB
p65 serine 536 phosphorylation induced by T cell costimulation is
mediated by IxB kinase beta and controls the kinetics of p6S nuclear
import[ J]. ] Immunol, 2004, 172(10): 6336-6344.

Buss H, Dorrie A, Schmitz ML, et al. Constitutive and interleukin-
1-inducible phosphorylation of p65 NF-{kappa}B at serine $36 is
mediated by multiple protein kinases including I{kappa}B kinase
(IKK)-{alpha}, IKK{beta}, IKK{epsilon}, TRAF family member-
associated (TANK)-binding kinase 1 (TBK1), and an unknown kinase
and couples p65 to TATA-binding protein-associated factor I1131-
mediated interleukin-8 transcription[J]. J Biol Chem, 2004, 279(53):
55633-55643.

Bohuslav J, Chen LF, Kwon H, et al. p53 induces NF-kB activation
by an IxB kinase-independent mechanism involving phosphorylation
of p6S by ribosomal S6 kinase 1[J]. J Biol Chem, 2004, 279(25):
26115-26125.

Hoberg JE, Popko AE, Ramsey CS, et al. IxB kinase alpha-mediated
derepression of SMRT potentiates acetylation of RelA/p65 by p300[J].
Mol Cell Biol, 2006, 26(2): 457-471.

Chen LF, Williams SA, Mu Y, et al. NF-xB RelA phosphorylation
regulates RelA acetylation[J]. Mol Cell Biol, 2005, 25(18): 7966-7975.
Sasaki CY, Barberi TJ, Ghosh P, et al. Phosphorylation of RelA/p6S on
serine 536 defines an I{x}B{alpha}-independent NF-{x}B pathwayl[ J].
J Biol Chem, 2005, 280(41): 34538-34547.

Bird TA, Schooley K, Dower SK, et al. Activation of nuclear
transcription factor NF-kappaB by interleukin-1 is accompanied by
casein kinase II-mediated phosphorylation of the p6S subunit[ J]. ] Biol
Chem, 1997,272(51): 32606-32612.

32.

33.

34.

3S.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Wang D, Baldwin AS Jr. Activation of nuclear factor-kxB-dependent
transcription by tumor necrosis factor-alpha is mediated through
phosphorylation of RelA/p6S on serine 529[J]. J Biol Chem, 1998,
273(45): 29411-29416.

Wang D, Westerheide SD, Hanson JL, et al. Tumor necrosis factor
alpha-induced phosphorylation of RelA/p65 on Ser529 is controlled
by casein kinase II[J]. ] Biol Chem, 2000, 275(42): 32592-32597.

Ryu HJ, Kim JE, Yeo SI, et al. p65/RelA-Ser529 NF-xB
subunit phosphorylation induces autophagic astroglial death
(Clasmatodendrosis) following status epilepticus[J]. Cell Mol
Neurobiol, 2011, 31(7): 1071-1078.

Buss H, Dorrie A, Schmitz ML, et al. Phosphorylation of serine 468
by GSK-3beta negatively regulates basal p65 NF-kB activity[ J]. ] Biol
Chem, 2004, 279(48): 49571-49574.

Schwabe RF, Sakurai H. IKKbeta phosphorylates p65 at S468 in
transactivation domain 2[J]. FASEB J, 2005, 19(12): 1758-1760.
Mattioli I, Geng H, Sebald A, et al. Inducible phosphorylation of
NE-kB p65 at serine 468 by T cell costimulation is mediated by IKK
epsilon[J]. ] Biol Chem, 2006, 281(10): 6175-6183.

Jang MK, Goo YH, Sohn YC, et al. Ca2+/calmodulin-dependent
protein kinase IV stimulates nuclear factor-kB transactivation via
phosphorylation of the p6S subunit[J]. J Biol Chem, 2001, 276(23):
20005-20010.

Bae JS, Jang MK, Hong S, et al. Phosphorylation of NF-kB by
calmodulin-dependent kinase IV activates anti-apoptotic gene
expression[ J]. Biochem Biophys Res Commun, 2003, 305(4):
1094-1098.

Yeh PY, Yeh KH, Chuang SE, et al. Suppression of MEK/ERK signaling
pathway enhances cisplatin-induced NF-xB activation by protein
phosphatase 4-mediated NF-xB p6S Thr dephosphorylation[ J]. ] Biol
Chem, 2004, 279(25): 26143-26148.

O’Shea JM, Perkins ND. Thr43S phosphorylation regulates RelA
(p6S) NF-kappaB subunit transactivation[J]. Biochem J, 2010,
426(3): 345-354.

Kim JE, Ryu H]J, Choi SY, et al. Tumor necrosis factor-alpha-
mediated threonine 435 phosphorylation of p65 nuclear factor-xB
subunit in endothelial cells induces vasogenic edema and neutrophil
infiltration in the rat piriform cortex following status epilepticus[J]. J
Neuroinflammation, 2012, 9: 6.

Min §J, Kang TC. Positive feedback role of TRPC3 in TNF-alpha-
mediated vasogenic edema formation induced by status epilepticus
independent of ETB receptor activation[J]. Neuroscience, 2016, 337:
37-47.

Campbell KJ, Witty JM, Rocha S, et al. Cisplatin mimics ARF
tumor suppressor regulation of RelA (p65) nuclear factor-kB

transactivation[ J]. Cancer Res, 2006, 66(2): 929-935.



RelA RSB RXTAZI 7 «B WG VERIATEET e, 25

851

4S.

46.

47.

48.

49.

S0.

SIL.

S2.

S3.

54.

SS.

S6.

57.

S8.

S9.

Rocha S, Garrett MD, Campbell KJ, et al. Regulation of NF-xB
and p53 through activation of ATR and Chkl by the ARF tumour
suppressor[ J]. EMBO J, 2005, 24(6): 1157-1169.

Msaki A, Sanchez AM, Koh LF, et al. The role of RelA (p65) threonine
505 phosphorylation in the regulation of cell growth, survival, and
migration[J]. Mol Biol Cell, 2011, 22(17): 3032-3040.

Duran A, Diaz-Meco MT, Moscat J. Essential role of RelA Ser311
phosphorylation by zetaPKC in NF-kB transcriptional activation[J].
EMBO J, 2003, 22(15): 3910-3918.

Quivy V, Van Lint C. Regulation at multiple levels of NF-kB-mediated
transactivation by protein acetylation[J]. Biochem Pharmacol, 2004,
68(6): 1221-1229.

Chen LF, Fischle W, Verdin E, et al. Duration of nuclear NF-kB action
regulated by reversible acetylation[J]. Science, 2001, 293(5535):
1653-1657.

Chen LF, Mu Y, Greene WC. Acetylation of RelA at discrete sites
regulates distinct nuclear functions of NF-«kB[J]. EMBO J, 2002,
21(23): 6539-6548.

Kiernan R, Bres V, Ng RW, et al. Post-activation turn-off of NF-xB-
dependent transcription is regulated by acetylation of p65[J]. J Biol
Chem, 2003, 278(4): 2758-2766.

Rothgiesser KM, Erener S, Waibel S, et al. SIRT2 regulates NF-xB
dependent gene expression through deacetylation of p6S Lys310[J]. ]
Cell Sci, 2010, 123(Pt 24): 4251-4258.

Seo JS, Moon MH, Jeong JK, et al. SIRT1, a histone deacetylase,
regulates prion protein-induced neuronal cell death[]]. Neurobiol
Aging, 2012, 33(6): 1110-1120.

Yang CJ, Liu YP, Dai HY, et al. Nuclear HDAC6 inhibits invasion
by suppressing NF-kB/MMP2 and is inversely correlated with
metastasis of non-small cell lung cancer[J]. Oncotarget, 2015,
6(30): 30263-30276.

Bravo Cruz AG, Shisler JL. Vaccinia virus K1 ankyrin repeat protein
inhibits NF-kB activation by preventing RelA acetylation[]J]. ] Gen
Virol, 2016, 97(10): 2691-2702.

Wollebo HS, Bellizzi A, Cossari DH, et al. Epigenetic regulation of
polyomavirus JC involves acetylation of specific lysine residues in NE-
kB p65[J].J Neurovirol, 2015, 21(6): 679-687.

Ning Z, Zheng Z, Hao W, et al. The N terminus of orf virus-encoded
protein 002 inhibits acetylation of NF-kB p65 by preventing Ser(276)
phosphorylation[J]. PLoS One, 2013, 8(3): e58854.

Lanzillotta A, Porrini V, Bellucci A, et al. NF-xB in innate
neuroprotection and age-related neurodegenerative diseases| J]. Front
Neurol, 2015, 6: 98.

Paneni F, Costantino S, Volpe M, et al. Epigenetic signatures
and vascular risk in type 2 diabetes: a clinical perspective[]].

Atherosclerosis, 2013, 230(2): 191-197.

60.

61.

62.

63.

64.

6S.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Hwang JW, Yao H, Caito S, et al. Redox regulation of SIRT1 in
inflammation and cellular senescence[J]. Free Radic Biol Med, 2013,
61:95-110.

Dong J, Jimi E, Zhong H, et al. Repression of gene expression by
unphosphorylated NF-kB p6S through epigenetic mechanisms|[J].
Genes Dev, 2008, 22(9): 1159-1173.

Hoberg JE, Yeung F, Mayo MW. SMRT derepression by the IxB kinase
alpha: a prerequisite to NF-kB transcription and survival[ J]. Mol Cell,
2004, 16(2): 245-255.

Yeung F, Hoberg JE, Ramsey CS, et al. Modulation of NF-xB-
dependent transcription and cell survival by the SIRT1 deacetylase[ J].
EMBO J, 2004, 23(12): 2369-2380.

Mukhopadhyay D, Riezman H. Proteasome-independent functions of
ubiquitin in endocytosis and signaling[J]. Science, 2007, 315(5809):
201-208.

Kwon YT, Ciechanover A. The Ubiquitin code in the ubiquitin-
proteasome system and autophagy[ J]. Trends Biochem Sci, 2017,
42(11): 873-886.

Strebovsky J, Walker P, Lang R, et al. Suppressor of cytokine signaling 1
(SOCS1) limits NF«B signaling by decreasing p6$ stability within the
cell nucleus[ J]. FASEB J, 2011, 25(3): 863-874.

Saccani S, Marazzi I, Beg AA, et al. Degradation of promoter-bound
p65/RelA is essential for the prompt termination of the nuclear factor
kB response| J]. ] Exp Med, 2004, 200(1): 107-113.

Maine GN, Mao X, Komarck CM, et al. COMMDI1 promotes the
ubiquitination of NF-kB subunits through a cullin-containing ubiquitin
ligase[ J]. EMBO J, 2007, 26(2): 436-447.

Tanaka T, Grusby M]J, Kaisho T. PDLIM2-mediated termination of
transcription factor NF-kB activation by intranuclear sequestration and
degradation of the p65 subunit[ J]. Nat Immunol, 2007, 8(6): $84-591.
Zotti T, Uva A, Ferravante A, et al. TRAF7 protein promotes Lys-29-
linked polyubiquitination of IkappaB kinase (IKKgamma)/NF-kappaB
essential modulator (NEMO) and p65/RelA protein and represses NF-
kappaB activation[J]. ] Biol Chem, 2011, 286(26): 22924-22933.
Nihira K, Ando Y, Yamaguchi T, et al. Pim-1 controls NF-kB signalling
by stabilizing RelA/p65[J]. Cell Death Differ, 2010, 17(4): 689-698.
Mao X, Gluck N, Li D, et al. GCNS is a required cofactor for a ubiquitin
ligase that targets NF-xB/RelA[J]. Genes Dev, 2009, 23(7): 849-861.
Li H, Wittwer T, Weber A, et al. Regulation of NF-kB activity by
competition between RelA acetylation and ubiquitination[]J].
Oncogene, 2012, 31(5): 611-623.

Murn J, Shi Y. The winding path of protein methylation research:
milestones and new frontiers[ J]. Nat Rev Mol Cell Biol, 2017, 18(8):
517-527.

Ea CK, Baltimore D. Regulation of NF-xB activity through lysine
monomethylation of p65[J]. Proc Natl Acad Sci U S A, 2009, 106(45):



852

I R i 2 i, 2018, 38(4)  http://Icbl.amegroups.com

76.

77.

78.

79.

80.

18972-18977.

Yang XD, Huang B, Li M, et al. Negative regulation of NF-kB action
by Set9-mediated lysine methylation of the RelA subunit[J]. EMBO J,
2009, 28(8): 1055-1066.

Lu T, Jackson MW, Wang B, et al. Regulation of NF-xB by NSD1/
FBXL11-dependent reversible lysine methylation of p65[J]. Proc Natl
Acad SciU S A, 2010, 107(1): 46-51.

Lu T, Yang M, Huang DB, et al. Role of lysine methylation of NF-xB
in differential gene regulation[]J]. Proc Natl Acad Sci U S A, 2013,
110(33): 13510-13515.

Harris DP, Bandyopadhyay S, Maxwell TJ, et al. Tumor necrosis factor
(TNF)-alpha induction of CXCL10 in endothelial cells requires protein
arginine methyltransferase S (PRMTS)-mediated nuclear factor (NF)-
kB p65 methylation[ J]. ] Biol Chem, 2014, 289(22): 15328-15339.
Harris DP, Chandrasekharan UM, Bandyopadhyay S, et al. PRMTS-
mediated methylation of NF-xB p6S at Argl74 is required for
endothelial CXCL11 gene induction in response to TNF-a and IFN-y
costimulation[ J]. PLoS One, 2016, 11(2): e0148905.

ARSI PhAY, R RelABAIRJG &1 %) 42 8 FxB I 1 1
PEHEAERI). I PR S B ZeE, 2018, 38(4): 843-852. doi: 10.3978/
jissn.2095-6959.2018.04.026

Cite this article as: SUN Ge, XIA Xianmin. Regulation effect of
post-translational modifications of RelA on the activity of nuclear
factor-kB[ J]. Journal of Clinical and Pathological Research, 2018, 38(4):
843-852. doi: 10.3978/j.issn.2095-6959.2018.04.026

81.

82.

83.

84.

8S.

Zhang T, Park KA, Li Y, et al. PHF20 regulates NF-xB signalling
by disrupting recruitment of PP2A to p6S[ J]. Nat Commun, 2013,
4:2062.

Park SW, Huq MD, Hu X, et al. Tyrosine nitration on p65: a novel
mechanism to rapidly inactivate nuclear factor-kB[J]. Mol Cell
Proteomics, 2005, 4(3): 300-309.

Straus DS, Pascual G, Li M, et al. 15-deoxy-delta 12,14-prostaglandin
J2 inhibits multiple steps in the NF-kB signaling pathway[ J]. Proc Natl
Acad Sci U'S A, 2000, 97(9): 4844-4849.

Liang MC, Bardhan S, Pace EA, et al. Inhibition of transcription factor
NEF-«B signaling proteins IKKbeta and p6S through specific cysteine
residues by epoxyquinone A monomer: correlation with its anti-cancer
cell growth activity[ J]. Biochem Pharmacol, 2006, 71(5): 634-645.
Kastrati I, Siklos MI, Calderon-Gierszal EL, et al. Dimethyl fumarate
inhibits the nuclear factor kB pathway in breast cancer cells by
covalent modification of p6S protein[J]. J Biol Chem, 2016, 291(7):
3639-3647.



