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Phosphorylation of RelA/p6S: a crucial modification

driving cancer progression

CAO Shuo, SUN Xutao, WU Siyu, MAO Caiyun, SONG Yunjia™
(School of Basic Medicine, Heilongjiang University of Chinese Medicine, Harbin 150000, China)

Abstract:

Phosphorylation of p65 serves as a critical regulatory mechanism in the NF-xB signaling pathway,

playing a significant role in the regulation of various physiological and pathological processes including cell

proliferation, apoptosis, inflammation, and immune responses. Phosphorylation of p65 can induce the

expression of genes associated with cancer and impact cell survival and apoptosis, thus influencing cancer

progression. Aberrant activation of the NF-kB pathway, particularly phosphorylation of p65, is commonly

observed in cancer, affecting inflammation within the tumor microenvironment and further driving cancer

progression. Therefore, phosphorylation of p65 is considered a potential therapeutic target in various types of

cancer, with the potential to inhibit tumor growth and metastasis by modulating its activity.
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P, IR SR 2 S EOEE S 2 R R AR

1 p6SHYBEER (L

P65 IR J5 A& T RS 41 1A 3 NF - B 1) % 5% 38
TEIhRE, FRAEAH DI I AR AR R AR Rk R
HEAEH. HATE T2 &0 T p6SHI B IR (21
FAH I & Py, P 2 RN 1 ME 5 iRk
Fio pOSHEER LI 775 At BB T BINF-« B AN IE
PEAT T AL e, R 1R AR O IR R A
b, H RS 2 AR R A B DI, fEH
BTG R A, p6STEIR L 028 J2 v S A WA 11 i
W HETH LR R S S 2GR )T 1N B B Y,

p6SEH Z /M., RHDE M AL T 56 19-
306 LR, ERFEFE LW, ERelF KR
Ho SERTH AR K I, RHDSS F s8N B 45
Ptk . DNAZE GRS, —RIRGEHIE. NF-«B
#1125 A (inhibitor of NF-xB, IxB)Z5 &7 s LA K% 5E
{75 %l (nuclear localization sequence, NLS)V %%
P, TADZE MR AL T 55428-55 1 R ER, F 2
1 STp6S K FIE AT . TADR — N E SRR
BRI VELS M, BT TATFITA2 AN 4544
W TAU THEIRCAR UG EE520-5490 2 KR . TA2
T 55429-5201 24 £ 2, AFAE TNLSHMITALZ[A],
LIRS Ay S R R Blip 65, WFNF-«Bil 4 HE47 K
HERI S 24 1 710,

1.1 p6SHYBEER (UL S5

p6SHE R 1L A NF-«BEY 128 Ji5 A& Ui i 70 A3 5 v
I A HA A6 % e B T 18L& TR AN
SN TR IR FR A A7 25 DA S 2 AN SR B . X
S 7 B R AL 2 5 Bp 65 1A B Si /KT 488 i B %
i, IS BINF-«Bl 5 oS sl o[RS, a8
R I Z2 B e AN [R] T8 B p 6 5 IR I IR AL A5
M, e RIS S, S AN 4 A% T R p6s
R A AE S a5 K AN T s A = = = A
VIR, B2, poSTEIRILIENF-«BiE M %
RIEEEBENERGEELD,

1.1.1 RHDWM #9 85 B8 A% &

AL FRHDSE M35 N 1 22 R S276 42 25 | MK
DLHIp6SHERR AL i, W HZFIMEEN T HK
AR 2 H T 7T e o 1 — Fh S ZE R p6 ST IR AL I
fif /& 55 H A (protein kinase A, PKA)FJ AL IV 3

PKAc. ZhongZE!'"NER], PKAcELALILMEN S
NF-«xB-IkB& & ¥ [Tk B-oFl Tk B-B 45 & 1M 4 R
EAIRES, 42 BINF-«BEE A WLPS 5 S i
IBFFf#, FESZ 48 FPKAcIEcAMPH A
15 LA BE 5 Ip65 S276 AL . [EfFEERZ, R
HIX MK HNF-«B-IkBE &Y I PKAcHT /1 5 1 i
BRI A R R SINF-«BI S ig 1, [FIR, HA
ALK SDNAKSE & A2 . SR AEA -
a(tumor necrosis factor-o, TNF-o0)Fill 5 1% 4H g s
PKAct > 1k p65ifIS276 5k 5, HiZid L2 Ak
LR, BARRINLE R A 5P (reactive
oxygen species, ROS/{FETERIEHIL T, NF-kB¥E %1%
VERRAC. [FFERT, NF-xB#% 5 G201 5 DNARKISS & A
AW XA BT E A AAE PR T AENF-«B
FET AL . BRPRACH), 2224 5 BB S B i
1(mitogen-and stress-activated kinase 1, MSKI)t LA
ROSH i 7 Ak iR 1k p65!" . 7E TNF-okh B 1) /)N
BT 4ESR i, AR INF-kB p65 i) S2767
MSK 1Rk, LASENF-«BIf# %, {HROS
TR T LA ASMSK 1 5 p652 1A (A ELAE T, itk
4b, 1TE AMDA-MB-23141 /i, HALFEFM
p65 1) S s £ AR T MSK 211 A £ MSK 14
p65 S27647 IR AL, 1% B B E L 1E A %
NF-«Biifi A2 A A7 08 1 i 2,
PKACTE M5 R AL i, TITMSK /2 1
MR AEAE A AL

YL RPN R IR BB Pim- 1 5 R & A s A
Ky S2T6FETNF-ofl T REPRE B Pim- 1BEER AL, M
T HEHTAH AL K715 5 401l 551 1 (suppressor of cytokine
signaling 1, SOCS)HAIEZ 316 M B J5 1A -
I HPim-115 S HIp65 S276WE M1k A B T %4 & A4
P65 I B AT AR 47 41 il 4 52 TNF-aifs T (F1 8 2100
WangZF VLB, Pim- 1304177 SMI-4a sk ] [ 40
% ¥p6S R FILPS 5 5 (18276 B R 1 7K F,
IX 2 SMI-4 a1 il 0 41 A ™ A= 40 1 BR] 5 1) B EAT
$& N S276 U 4% T HE A LPS 5 3 (1 Bk i 452477
HITEEVRY TR o AT TIRAFTIE 99 G R AR RAL A e ¢
H HIHP40 X FR A 40 5 A i A(cell translocating
kinase A, CtkA), &2 fR/ 752 &
fig. CtkAFATYAML 5 ik, AERE 5 17 B HeLaZl
Ji e I LAV 77 20 NF-«BIE T, SR



WO, 2. RelA/p6STERRIL: IRANEE & 1) 2 1 - 383 -
F1 p6SHHBRUAN LS EBEXIEFRERRLE
TR A AL A B ThRERZ FHRI
$276 PKAc HIENF-«BREFIETE, AL 5 6 FIDNAZL & KSR SR 2 A0 S
$276 MSK1/2 Y ENF-« B 5 1, BEER AT B 240 A% -
$276 Pim-1 W ENF-«BREFOEE, AR T S ediuEith
$276 CtkA T SRNF-« B i 1 N F Bz 4 e
S276 RSK p90 T PENF-« B FE 1t e
$276 PKCa B ENF-« B G, N AL A AES -
T254 Pinl BN -« B#E 635 1t JH- 4
T254 GSK-3a. GSK-38 HESRNF-« B i 1 PRI
$205 - A BE A HABBE R AL S BT A0 5 -
S131. T136. S238-. B B
S261. S269. S472
S42. S45 - FHINF-BHE 35 1t -
S$536 IKKo/B HESENF-«BF e EME, SR Gapm AL E A 45 & -
S536 TBK1/IKKe B ENF -« B 636 1t -
S$536 ILK HESRNF-« B i B
S$536 RSK1 HPENF-«B N il e SR8 M RAE
S$536 CDK6 BB T A IR AN 4 A% P I p6 ST R 1L, o R R PO LR
S536 GSK-3p T SNBSS 3% 1 il B e
S536 IRAK/CaMK Il B ENF -« B L35 1t -
S$536 CKlo, HESRNF-« B i Ny L
S536 CKlyl FNHINF-«BHE S A 2 4 R 1P A RAE
S$535 CaMKIV HFENF-«B# FE MBI T3 R A -
S547 ATM FHINF-B#E 35 1t -
$529 CKIl 4 ENF -k B 8 1 -
T505 CHK1 FIHINF-«BFE &1, (R4 fE JH- 44 P e
S468 GSK-3p Fi/AG BENF -« B 0% TRk Jit g
S468 IKKe B ENF -« B S35 1t -
S468 IKKB FHINF-B#E 535 1tk -
T435 - HEBENF-k B BE ] (K1 R % AR 7K e
T464 PKG 1Rkp65 5PGC-1a# HAFE H JHF I A i A
S311 PKCY HORNF-«BRSRIEPE, BUE T AL H il ot
S316 CKI HASENF-«BHFE A, S B TE ifi 3¢
T308 PKC - -
“7 RRARA

SFIRIS276 5% S BRI fil K p6S A 84k, 51
BB FEOE R Fp300/CBPHI S5 4E, F & AEip65H
B MG . XM ORI E R R B B T
ik g | MR B U BT SO0 TR R AR WL s B AR ST
[1S2765% M PR AL I il R p6S IR R AB MK, 5l T
TR SR K T p300/CBP IS4, & p6s I
SEAEPERE SRS R, H A RER A2 g g pid ek
51 S27 6T R Ak Sk BH 1 p65 W 3 5 p300/CBP A H.

1EH ] S EUNF-xB e SBUE >, T R FE TR
e

FEh, A HAl— e e M A p65 S27 6T IR
1, WIAZFER SO B (ribosomal S6 kinase, RSK)
POOFIEE [ C (protein kinase C, PKC). RSK p907&
HT-29%% 7 b F 40 B8 FHERK /26 R Ui Sl ,  Refis
55 A B 2 48 (protease-activated  receptors,
PARs) B2 L p65. PARIAIPAR2 G 45 S
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RSKIFIRSK2 4% S i, fHIRSK 1R 7 PAR2H
A FFAKPARE S HIp6SBERR AL : [FFE, RSK2MH
I BEWT 7 PARTS S Ip6SEIR I . Aid, PAR
W 5 A2 LA ERK ) 7 2 2 7 5% 41 i) BRL 1
H 7 A% LWL B2 (histone deacetylase 2, HDAC2)
Hp65igi4, 2k IINF-«B 3 m 1P, X
XF T 98 RE 14 i o5 A 46 i g B BB I R = .
PKCHJ# H LA PK Cast NF-k B _E W0 [ 1.
FE NI/ BRI L B b, 0 i 9 o) R
T FPKCaliE KM S276 BE MR 1k, I 248 =
NF-kB % 33 1 L A A i 77 5 .

B T 22501, RHDM 75 2RI LA 1 T254
7] RT3 B TN S T 43 ol R AL i 0, 84 Js AR
FSC ) R A Thr2 54 -Pro ik 7 g 18 53 42 JI 526 i 2 1k
5 KB 1 (peptidyl-prolyl cis-trans isomerase NIMA-
interacting 1, Pinl), Pinl<fHiSp65-5TkBatf H.AE

FHIESE AR, T3 p6S A% AR 52 Al i % 5%
WG IhEE, X2 iEd FHKTSOCS-15Fp65HZ AL A

HiZ 2N S HE AFUK RSB, g iR
B BT HINF-«BYE P, A IS W 15 p 655 R
HFORATp6sSRIA, &8 ¥l p65STET254 41
ST AN A& S 53640 s57 1A B A R 1 T L AR )
oAk, BE IR A BEEEE-3(glycogen synthase kinase
3, GSK-3)fJEGSK-3afIGSK-3p, W HiFZREN
R A p6SIIT25447 pii, T HLIX R T 51 40 P 1)
IR BERREE, GSK-30fGSK-3LmiIE /N )
pOSTERR AL AL HIH, I HH B 2 1 B 40 B o0 4%
iR ERATR Y,

Anrather®: P UL B, p65 1715 £ E IR
It HA ) 22 52 R Bk 356 1) 1l R A0 72 S A T 22 5%
ForhS205 2 MR A AE B e HI AL, R E20542 1
22 S TR R TR A T R A2 R AR L Bl 1R Ak S B BT 6 7
Mo [RIET, RORHEAAL SR BERRIL IR %N, BB
TR 24 S TR AR R AN M p6 S BEAR DN AL A G 1. i
FHAEF LW RN, B s RN R LA R
P65, FEAML AU TRAR N JE LRy S A 5
M, IXMEIR T p65s b2 AN A 2= R 1L nT R 2
LB [ AR R DR IV DT 45 S A Wi 82 A () 4 A
SRR, I IERE F, LanucaraZEPO%) H 194k
RITEE ) i 135 S (1) 25 oK 2 L SK-N-ASH £ BESH i
I8 20 it r P YR p 6.5 I S TINTF - o0 355 A 4] 5k PR £ Fef

W3 /1%, FF{Ep6sS % i Z MR 1, A
F5 7> ERT R W R R A RU(S42. S131.
T136. S238. S261. S269f1S472). HH, HPKA
S HS45R1S238 LA I HIKK B S T136. TS131
FIS3TILEP6S I 7 — FEAR AR pSOAF LE I % iR A4 7K
PR AN, HARSEIN INTkBoE M FRK. 1X
Ui R S S I NF-xB-IkBE &) T1p65 1 2 A 1]
FH BB B2 A A7 15 52 31 T B A 8 ik B 7E 5 Tk B 45 & )5
P GARAATAL s (10T R PP, R Fp6Ss — 5
AT 52 3 22 e R4 T = A D Re ke 1 . B4,
S42F1S45 i) 1 R Ak 18 i PRI p6 5 S5 DN A 45 & Xf
POSHG S = A A7 T ]

1.1.2 TAD A &9 B85 A Az &5,

K7 Fp65 = EE I TA 1R I SS364 72
WEFL, AT 52 3 2 P /R R A R 4K 5T 52 e
TR Y ThEe . SakuraiZsEP T i A A 5 g S
I E ORI T p65IHISS36h R IL 1B, I %
HPUE R RS T B 2P ——IK Ko 5
IKKB, FHRIZAL R0 AT §E 2l i i Ep6s
(R Gt s e 5 H A B L R ) 4, T Y R A
5% . TANK%: & #4051 (TANK binding kinase 1,
TBK1)ZIKKelW [FJRY), TEBES L% teaafl, It
H A 75 A B AT BOE 2R B R A — A SR ) 22
GRS RS 1, B % 8 p6S SS536iHE,
It HIKKeFITBK 1 7] fe % p65 1S53 67 A4 1) 449 ik
KVH BE M,

A R IE M (integrin-linked kinase, ILK)/&
— i 3k IR L e B AR ST I 22 SR T B R B L
i, HEEREMESK, BRILKAZ 5LPSH
F & HMNF-xBf5 S, HE FSS36BIRIL
P65 B LPS KA ANF-kBf5 5 5% T 1 B A0S %
o HIT BT E 2 —ME B R, HMEREZNE
Jot SR B VDR O A B o TLKCTE W [ AT i J
(1) W A4t B FH B TR 4t R, JE I p6S S53647 ki 1)
Ffk, AT T NF-«BAS 5@ S MBS, g 7
TNF-afJ7= 4, DNAT AP AL R
FRFE VA H B Saos-2-Tet-On-pS34H i f5, JEILH)
T Kl T-p532 5MEK I /RSK il % 19 i, 305 1
RSK 1t M 21 a5 128 \ 40 i A% o % p 65 1S 53 6.3
TSR LB, B &I/ D NF-xB/IkBo & & 1 K%
R R HENF-xBLY [F] i kappaB i+ 1145 & LA
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T F o M NF - B R 97 M 5 35 IR (1 e e g 1k,
LRI, A %K 1 (angiotensin 11, Ang II)tHfE
HINRSKELEE 351, Ang T i@ it Ras/MEK 1/ERK/
RSKAE 5@ B0 1 15 -1 1F LA p65 S53647
RURIBERR AL o I PR IR 4K 2 I W) R Ang T1 ¥R B2 At
. Ang 175 T FINF-«B#UE M B8 J5 102 98 K+
U A &-6(interleukin 6, TL-6)f177 4 /& H 5] 2 i
B R SR IR P2, i B AR A B 6
(cyclin-dependent kinases 6, CDKG6)&CCD2AH ¥
ity 28 TR IR R 7, R N 2R g ol o S R BB
o Buss® PRI, CDKG6RE B3 1 i o v Jie il
ML P I p6 SRR AL, R L% TE Jy— M S53 6%
FHENF-«B¥#E . 7EEp-v-cyclin®g 3 A /)N iR AR 4
1, CDK6/KF- S536M#EME 1 /KF-. NF-xBiF
DA i Jo R I bk EEL 90 T e 50384 m, - $27s CDK 6 ]
eI I NF-kBAZZE IR T e IeAk, 75— 00N i i
FERIRE TR R B, 76 17B-E — BE(B2) B0 i M R
ZARERaFK XN, p6SKILH B PRAIS468F1
S536MEER I, %k T NF-xBifitE. LiClfE NGSK-
3BAIFEBLA, AT THBRE23E 58 (1) TNFofilt & [Fp65 1]
S468MWE IR A, (HIG N T S536 MBI 1L, X Fhig N
FKIAS536AL MBI L 5 S p6S Hr [ Hu il (1) 38 =,
XA e 5NN S SR A O . BRAE
B — AN 72 CK 1aCasein kinase 1 alpha)7E £ 4
Fr gk L8 e AR, 3 HOm R T BN AR A2 AR A
KAG T, FEAEp65 S536MMIHEIR 1L KR MINF-
KBAE S IE B KBS, TSR 40 B A A7 A G B .
XK PICK1ofENF-«B5 5 i i i L 7 4% 1)
YEH, #Map6SHIBE R IR .

EBJi 853 AR R 44 B & I 22 1 1 (latent  infection
membrane protein 1, LMP1)gEIET A4/ %&-1
(interleukin-1, IL-1)5ZA&AH CIABF(IL-1 receptor-
associated kinase, IRAKI)XKi% Sp65 S536M R,
{HIRAK 1 (3G M A 2 LMP 115 5 I NF -« B#E
B @i, IIRAK IR R W A SRR E R 5 4R
P65 S536 1 LL I 3B NF - B i # s vk 1, 7
LMP135- 3 FINF-xBEOH @Y, IRAKT 545 &
ARG M 33 1T (CaM. kinases I, CaMK I )#H E.AE
IS CaMK T 0%, B0 I CaMK 1T AT ALEA
Ji it h B BR AL S536 47 UK BUENF-kB, MIMTZ 5
EBV [ 38 5 98k L BE 0 (1 % At AP0 BRR e K

ZHATREIE TR, p65 SS36AMERR L 52 K 5t
B BOEAE R, (BB A D &SRR A BERR 1L 1 p
65 S536,& NF-kBif ¥ (1) 5 8 7,  JE L HHINF-
kBf& 5% FoRETIEA FEJOEPY . Bk, B
I 1 50 % 53 CK 1y 1l 3 S 53 6T 2 Ak F1 I N F-
B S T AN R VAR 28 BRI B A, DT A )
RNAJ 2 Wl & S0 M S R G SR 115
SIE g A FHPUR R R, R B O R
G R Y,

pOSTERR AL T 1), BNBERRAL Ip65aT LLAE 2
WERRIL B AOVE N R AE L MR1L .t Tp6SH 21k
P A A2 VK S NF-«BIFTIE H R SLRE ) G E D IR, L
BEAE R B2 i 8 L IR 3R 5 45 RNF-xB{5 5,
FIT LAp65 1) 25 1 B A fENF -k BFE 305 (10 3 b th
WEE EEMA G, Chew 5Pl i 3 [F] 41 A% (1)
sIRNATF AU, LA WIP1HER S536 2% fif
BRAk, DL Kp65 5p300 MM HAE I, RIEXT
NF-kBIFI SO AE o AR B 7 200 B 1 B IR
2AETE Np6S ERIRALEG, FURE M S536 %
FRAL I M HINF - BB g 04 Ak, —Fhe
F R T bR R 6 R 43 A TR e I N T R K R 2 R TR
&l (phosphoserine aminotransferase)SerB, HJ DL
S LR A R R A M p651S536. SerBfit
g Spesei A It G e, (e %
BEER AL, HMH TNF-odiE 1 b R g fip65i s iz,
HE U A SRR IR AR, 00 ) 2 R T 1 [
E[M]o

L5S536 A0 4R 1S53 55k ik n] LUk 5 1 2 1 4t
PP IV (CaM kinases IV, CaMKIV)@§igit, J+H
WEPECaMKIV 5 8 A4 B p6s i L R IA AT L S BUK T
T 5 5 0 40 B TPk S R A B Bel-2 B 1 B
F W CaMK IV FR /U NF-xB p657£S535 3 i 7 NF-
kBHLELRIRIA, BLHEPUI TR K Bel-2, M 0]
AR T ARFEIA T K 254 2 51 EEDN A XU
Wr%4(double strands break, DSB), 441 k4K
FEIDNAS G, DNAGAG R 5 0 0 50 -
1ZE S I ATM(Ataxia telangiectasia mutated, —
FIDSBIE I A1 5 DN A543 S5 b7 (14 4% 5 g ) i ik
Nt 5 p65 48 A FF 4 7 M IR p 65 ISS4TAL 55, 4k
1M {23t H S HDAC 1 AH BAE FEA 1 5 DNA
ghfy, AN INF-«B NI R . it



- 386 - CEMMAEY 20259454531 Zrik

(EAR I TA2 3B A TA 1M 35 N (1 SS29RE M CK T
FRAL, MIkBa5p65H4s &Mt 7iX &, X4
IkBalf#fif )5, CKIIE B 1kp65IS5294 55, 14
SRNF-kBRIE & M, BEm s manpuE K, 5—
TR, NF-«Bilg b F R IGK R, HHER
NAHEE, Z4E N B 4 A% e INF-xB7K P B8 5,
X2 T BE 5p65 S5291 BB A A7 e,

TA2IEIR P [ TS05 0 st A] AL iR { . ARF
AE S P9 1 #61) K] - 41 77 0 e KL 98T P A
B4 . CHKI1/&—Ff# ATR(ATM- and Rad3-related)
WOBCE R T, T IR 3 1 ARF S 5 1M %
IR, TEARFIEFHI4HMS, TS505M&4M1p6s %
fr T ARz, HAhif SRR R BOE LR ER 1L
R ARFI T 14k 8 0] Re ) 75 20K CHK 1L #E )
FEEEY) . ARFXT ATRIHEGATCHK 130T AL
H AT Ee 5 DNAS 5 BIBOE AR . APiE 2
IFEF A PR 40 B % AE DNAS %, T505 KB iR AL 7]
5 BUNF-«BHLEE K Bel-x LW #3055 02 M
T3 RINOXA™ . BRIET- AN, TSOS BB AL IE XA
Z Y Ik AR P AR SO AR, a0 R 5 A R 40 T
8, RABER LTS0S 2 HINF-«B & 1 A0 80 14,
Xt F-p6:5 (1 i 8 ) 3 1 B A S, CHK 1M
T Kb 1 AR AR 6 1R BT B RE T VR, CHK X
T50517 £ i 2 A4 & ATR A B0B0% CHK L i b 75
(9, M IREN A ATR/CHK 1E 538 16 A i, 1% 2
i 200 M 7E =5 7K P DN A S il B3 A2 A7 BT 4 75 147
p65 T505%8 B A0 A7 1 1) R A2 2 I A DN A S 1| N
SN, SEECCHK 3 70 24 444

S4684L AL T TA2E5 M N, BEHGSK-3P.
IKK e FIKK B FEF0E R4, 1240 5 p6s EE Kk
FE R $NF-x B i S 0E I VE A o T RS2
HeLaZliffiiZH, GSK-3pWmLIbp6sSHIS46817 £, FF4
HINF-kB I g ThRE, DA A RR7E JE A TG 1
Y FE B0, TR R R TAR B R, IKK efE
WL AN AZ N B R T p6 S IrIS46847 1, JF il ok
I R Y, R A TNF-o L - 1 25 S,
IKKBRETE 2 Pl 4 B 1 41 i 5 - B3 R 1k p6 5 (1) S 46847
B, RN RAEEKB-p6SEAYIN, ML IENF-
kBAAZEY, iR S468147 s iR 1k J5 BT R BLH i %2
FiEPEHE— W T pesBIR E M B
S E

T435 47 FTADIITA2N, TNF-ofll % S,
Al FKp65S 5 HDACTIMAE HAE T, FFidk £ e 1 0
NFE-kBHR A ESE A (1 %355, YehZIE R SUMEK/
ERKA 538 6 W e 34 5 I 61155 (N F -« BIEUE H K
B, HABRE4NTA3S EMmA B, feismin
IS S IONF«BRE G M, I8 A PR BT 261 10 R BF
AR 470 e 980 R 1 b, DR S A S I o 3
I p65 T435 1) IRk 2> 3 Elp 65 sk I 52 24l
KimZEP7E BRI 35 SRS TERLIR 2 R BT 51 R
(1 72 B I PR K B, R B SMI-7 13RI 1)
WA p65 T435 M BERR AL 1S 0. d i n] i
TNF p55521&(STNFpS5R)Hiid: H A TNF-a,, #1414
Fe 2 Bp65 T435E R4k, wT LAk i i 5
P o 725 5 4 K e R s 28 B A% . Zhou %P i it 58
ARG R I, p6SHITA64%E I X L /A 1 5 22 6
2. fikPrE s PKCEUEPK Gt 1 i IR L T464K
BEP65, 1RiEp655PGC-1affM HAEH . X FhAH
HAEHAEPGC-1a%kiE, /b Zbifh & &I 5
JE AR R A
1.1.3 HAb X35 A B BR ez &

AT p65 TAD-S5RHDMIESE AL I BERR A7 fUAS
%, HETRIMAS311. S316LL T308=1""
Duran5 0 i 328 5 35 [H] i b /N BRI 7 R B, 2R
B C,(protein kinase C{, PKCQ)HEHFFHH S
p65 S311REER AL LA N TNFRIE, HAZAL S iR
b3+ FNF-kB5E 5 p300/CBP 0% T i IL-65E A 1)
e E AR . — IO Il R T AT S 45 R
N, R PKCCRE R /N B2 5 T & MW 55 AILPS
J (il 98 RE R LG B AR BN R, 3X 2 B PKCERT
fiip6s S311BEIRAL, FMTEIENF-«xB, #FRPKCIR
DT RAER R AP, WangZ5 P8 o 5 2 M £ 9
pOSEAIL-1PAL 5 /ES3 164 BRI, p65 S3164 1
5 1k 2 5 BUINF-« B G g MG 5 . L Rl
M5 B, CKIFMNHIFIDA4765E 3 A% 1 IL-1pid %=
IS b PR IK1293 CO4H i [INF-kBif5 F 5 14, {HX)
S3 164 pi AR Ik A A 4T i TG B 2.5, R B CKI
SR p6SHS3 1611 B, S316/HIRA < 5]k
NF-xB HJ3#0E F 40 i £ K g /0P8, p65 T308 7] LAYE
T IR B4 1) 7 calyculin AZCEE R HEBERR 1L . [FIIY,
MaZ5 18 22 1 p65 7 51 ¥ B 11 ik 1 450478 FPE Scansite s
PKCHE A 72 ME— M5 B A 1)
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2 pOSHEER K SIERERIIAR BT

p651E ANF-xBE &A1) F B, HBERE L
BN S RE R T BOFD K e B SRR E ] o po ST IR
AR T NF-kBU A PE 980E K[ 318, anIL-640
IL-1Bo X 46 Rl F AN BE 3 5 6 i AH 18 14 28 0
A B s A 3 B A JE A0 PR s p6 ST IR
{IET] LR Bel-2 XIAPZEHR T A SR R R Rk,
TN T RIS R R, WiCyelin
DIFIMMPY, & 3t20 i i WiiR = A iR 1= 28 &
e 4% Akt/mTOR. MEK1/MSK1/p-p65(S276)%%
AT IEEE, BEEER W LT R gn s T T
PR JERE S IR A T T R B Th AR ().

TEARZRERE, p65 -5 I Je Al 1) 5C R 70
Iz, H R A RO 2 ANBE T 26 A e )% M i
2z —, FrUAHEAARNME, HLHITE T IR
BT B BRI o AR T R g A e
R R ARG i 7t
2.1 p65TEER{L 5 AT ARYE

41 B (hepatocellular carcinoma, HCC)& AT
T B BRCHE LR, A BRI E M B T B LR
. & Z%RHAIT A BT ss, (5 A T 28 i g
TS U E R 2. R, SIER
JHAMAR LG, 76 40 B 7 SMMC 772148 it H1p65
FIREFE, JangZE U FE R, HCCHE A I
R p6SHBERR A K F T, T S Ak K

GSK-3a, GSK-3B. Pinl

IKKa, IKKB. ILK.
CDK6. RSKI. TBKI.\
CKla « IRAK/CaMKII

PKAc. MSKI1. MSK2, Pim-1.

GSK3B. IKKB

— > HIREE
> Al

B, HCCHEA KR H 2 S276 F1SS536 HI i FR L
KV L AR . XuZ SRR, AEA
S0 3 1 (Arrestin beta 1, ARRBI)A] DL R
pOSHITENE, FHR BRI, JE A2 ARRBLEE
Hp654E A et HAESS36hL i B RR1L, IRBh T4
PPt T . p657ES536/4T M I BEIR 14 18 £330
ARRBI1JE & T RIAKUmTOR(E 58 S, SENIA
hRIBEDIMIG. ZuoS OBt e R BL, 1B
MHTHCCZHZ T, NF-«B p65Ei&iL, TMip65 S536
IR AL K R AN o A P S8 R B p65 SS361H)
T R AL B AU S AR A (p65/S536D) 1] LA BH. 1l i g 34 e
MEEF . p65 SS36MERAL I T NF-xB p65HI#Z
¥, I8/ TBcl-2. PCNA. Ki67HiH T 1 Fl4H
BB AR OS] TRk, DR gAY, @i
FEAR 5 b B - 8] 78 J53 6 A0 AH 5K I bR e 9 LA e MMP2
AIMMPO (1) Z2 3 SEIL AN AT AL I 28 . S5361E
A FEMHCCHE 5L RIE KA, 7] fe 5T A
[ A 28 3 5 ) 5098 AL ) B A [ P i g B B A K
Chen5F st £ 1, EHCCHIE®ITHA S, £
Jz A KR F- 52 4 (epidermal growth factor receptor,
EGFR)FI eI SR 3 K T i 5 85 13(A20) mRNA
RIEIKP 2 [BAFAE R W IEAH M, R IEGFRIE
530 B AT RE S AT R A20 /0 Rk, Al FIMSK 1411
1l FHTH 89 T Ak 2 4 A 7T LA i1l p6 5 7ES2 7647 st 1)
Mtk FHPEMCA20% /K, FKIEGFRATAEE L

\>[ REFER: HIEMMP2, MMP9 J

% fEikik: Lif PD-L1 ]

\\[ 455 BB AkUmTOR ]

[ 50 R Fps3tHEER ]

WRLPS, TNF. IL-1B ]

W4HeE: iMCyclin D1, EGFR ]

VAT AE]: i Bel-2, BIRC3 . XIAP .
CIAP1, BcL-xL8{ FifINOXA

)

PEL P72 T pS T 4 X B LR 2 802 00) LA Bep S ERR L ZEAE AR A % T o % 0 S LA 4 )
Bl p6SHABRILHVAES. L= REWEFEEHSIREE
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MEK1/MSK 1/p-p65(S276){5 5 il B £ 2 A20 /11 3=
ik, FEHIXFRIATT RS S R R A K.

Moles2% i i 1] H# p65 T505A A8 (KRR /N
BB, FRIT T TS0SHL s B B AL AE Ak I X NF-xBI)
REMI S o AFFC AR I, 53 I 1) B B DY &1k Bk
(CCly) % S 47 J5 I TS05 A/ R I H 0 1 BF
YU E . X ST 5E 5 p6S I TS05 4 f /EDNA
S 1) U S LE DN A 437 95 77) (A IR ) Ak 25 5 B Chik 1
PGB RE A 0% . BERR 1L )5 Ip65 T5055: 2INF-xB
TEPESZ RIS, PR T TR S BB AIDN AT
A5 SN, 33 T X P U P P A AR 2 o 7 A i
Mo ShuZE W 78 R B, Sl R R IE i 15 FE PP2A/
12PP2 AKH A F AR PP2 A i 1 S 53647 il 2
WEmetk, MIMIHINF-«BI S SHCCHIET .

pOSTRER IR T 52 M 4 Hu i T AN 5, 3B AT LA
T3 SOOI B B, 5 55U 40 e 1) 2R AN
HtJE. PinlfE 5p65 (R b Thr254-Prodt 7 45
&5, ATiE Sp6sHS2765E F MRk, UM FH
5DNA%Z A, miBRPinl v] & 35 10 #p6 S B ER 1L
T254F1S276 13K 1E, M P HepG24H il ' NF-«xB
s, AT B HCC R 3k 7,
2.2 pO6SHEER 1L S5 PhBRYE

it e A2 T SR AR AR A KA i LI E , 3L
Hh R /N0 i A A LI 2R A, 2 S T
it 995 1811 (11 85 %, T I Jit e A2 o 5 AL ) /N 240 i
FERL, 29540%Y, p6 R AL A it i b giE
B A B D) RE R AR

E2:8 i ER off2 125 il it 41t 384 5 R fb 8 A &
E234 0 7 RIAER a4 A TNF-052 #4145 I TNF-
ofil & FINF-xBiE M, L FE A Rk BLGSK-3B4 5% 1
TNF-aifs 5 % p657ES468 A1S536 5% J: i s iR 1k,
JEHIES468M LA, i T NF-«kBIF i0E, *
W GSK-3B7EE2/TNF-af5 5 H b K IFIEH, EB2il
L ER ouffe 35 A g 41 P 436 R o 26 B4 R A
B, HeWHERT ERRRR4Y. i
T HIBRWD3 T~ V1 1 i i e 4 e 348 4 -3 i p S 3
p6SH KA FAMMII T, XK NBRWDIHL ST
Hp65. S276MIS536[1 IR S H R iFPT i T A
BIRC3. XIAPFICIAPIH FiFIT, BiF S 1
BRWD3 i A g fiti litds V697 B A AR L. X
Se gk R, p6STE R A LE il i i@ E A, B

HE L AN aE . BT TIAR G
2.3 p6STEER (L 5 H e TR

NF-kB/& — P G 55 K 7, REs il 2 Fh
M ThAE, p6sIE AW I, BRIk GEHY 5B NF-
KBIRHE Sk, 5 BT e R 1 3Rk R AR U
KL, p6SHE R 1L 5 22 Bl i AH 5K .

APOBEC1 B %MAF-(APOBEC1 complementation
factor, A1CF)REW (R it i 40 B s 5 . 401 40
P . XE5AICF#IHIp6S SS36MM LA K. p
65 SS36WERR AL T i T BULE A R AZ AR R b,
T BINF-xB T i #05E RLIFN-BI F 3B AL 17 5K
PRI A FUKE R, [, S E R, B
M AICFRIAE, p65 S536MEMRILIE TR,

Zhang %7 iy 24 75 7003 7 S B 0t 11 fls otk
S 20 IR R P BRI B U R B, ERERE
i SR PR G S468 01 A BERR1L, X P RE R A
UM T BE M BR R 2 —

SEIG ORI, HHCtkARE R R N b 40
St Hp65 S276 [ R A0 AH A B B2 B B fh.p 6.5 7. 3
A R8BI NF-xB_L i e AR A8 R AR NS, PRASD
i FRIH-891 K 25 3% B UBS 109 AT LA i 10
HIPKAc N fp65 S276 IRk, 338 1 1 1) Sk 20 3488
iR 41 ffl & (squamous  cell carcinoma, SCC)JAE
K, $IRS276IME IR ] BE 2 1R TT KB SCCHIE
TEHE R

MaZ5 "4 7L ZCL-082 X Al S AL &4, KRBl
FHorT DRI RSK 1 FF i p65STESS36/47 £ 1 ik FR 1k
SRINHINF-xBAE 58, M AE A SN Py 35 240
1l b EL R A PR B R VR F

PAKS5(p21-activated kinase 5)/& —FPAK S %]
WA, BAZMAEYSINEE, EAME 5%
SRS mEA ., PAKSHEITE#p6sREmR L
FIAZ A 6 7 R AR 3t LI 40 R IR 3 . PAKS )t
TR T p6STEAMAAZ H 1504, TTPAKSHIUTER
TR D T p6STEAH BAZ H I 43 AT o p6 SR 1T LA
Wi EHEEE S B Cyelin DIWE )T _F k3N H &
FIRFRIE, M k20 i 40 R i 3 A7) Chen
UL T — R =R AHEFBATAEY, Hifk
HWTRN3afiE s 45 A IKKB, FMiHp6s Bk A K
pOSHI R, &ML ENF-xB Fiif 5 58
P T AN G B BA AR G IR S R R, R FE A ) 7L i
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AR

SongZ5 " FL KW, GEE MBI AZ R CELS )
71 A(G protein-coupled receptor class C group 5 member
A, GPRCSA)TERZ HAE /N s rh e #0 ) . 3
F& R Np65 5 L8 IR 52 fA a/B(retinoic acid receptor
alpha/beta, RARw/P)E & I 1 FE L XIGPRCSAJH 3))
TRMRAR N T, SERNARGH I 24
IR IR e, R R, 25 S27647 rURAR
NG RN 27242, p65 S27647 s B2 5
RARo/BAH EAE A4 GPRCS A BT b 75 17

Hong 25" il it PCRAG I 27, 5 €0 3090 41 i
AR A Inc-PKNOX1-18 ZFF{K. Minc-
PKNOX1-1_F ] AR 8 € 208 "R IL-8 3R IA I fie 2t
p657ESS3607 M BERR 1L, p65 S536[MBERR 1L AElE
et RO F AN G5 . IERE AR 2%, KW Inc-
PKNOX 1- 138 it ¥ 15 IL-8 i p6 5 8 44, 10 7] 2B £ 3

3 p6SEEER L S HAtbiZihEEIEA

P65 KT g 52 2| 2 B BH 3 5 B0 BORS 4R 1
BFREBRN . OB BEREAAZ Z0E. Hf,
T R A0 2 B L HLF FL R N iB I 2 —, (HIE
WA REMOREER, S H ARSI AR B PR
AR AR DL, M8 T s HE RN %,
R R 4% NP Bl I R 35 P AN T A
3.1 BRUS5ZE

p6S K FR AL AN 2L Bk Ak 2 18] (1) 5% R & AN 47,
KN p65AS A A rd 1) 1 R Ak e 3 5K 3 1011 £ ik
o Yao5 W e B, 7 R Bk B ARG 1R,
BRI p65 A ZLBE Ak p65 1K 2 11 ik 70 il il T
185.4%7%192.4%, & BABERR AL AN 2040 1 [R] R 454
Flo S53647 iS5 IR 1L A& p6STEK3 1047 /5 L AL )
S B0 p65SIITA3S AL SR B AL e IRk 55 e 5
HDACI1)45 4, HDACIZEER D Hip6sH 2Btk
IS, ghAh, TNF-aif Sp657ES3 1167 A 1K)
WERR A T HDACS A 5 1Ip65 K310/ 2 ZBEAL,
FHESHDACS-p65HH BAFH I-E#EPD-LI%% 5%, HKfE
HENF-«BREE . CLERFRCUEM], p65HEma 1L Xt
H oA HEAEH .

3.2 B 5izEN
Z RN BRIE I 2 MAFEAC EAE . =5

FEHE21(Trim21) 72 —ME3Z & & HEEME,
Trim2 AR 2 I T A i 6 R Trim215
PRLTR I i H RIp 65 L i A7, Rl i i R 63 (K 63 ) it
YIHLE5 A FZ R ALp65. Trim2138 58 1 p65 51kBi#L
FEMIAH EAE R, AmEEE T B R p6s. kg i
UL RO, X AT RS AR Trim2 15 &6 8 5 3% 26
T DK SRR AR R AR 1 R

TECK1yI/7/E T, p6SHICUL2 R fAH HAEH
B8 58, CK1y1/r S p657ESS3647 f (M B R L
BT B3 R CUL2AMCOMMD 12 i p65iZ &
TRRESR, AT HIHINF -k B S & PE AT R (S il
RATRIG- 15 5 S e R 2 A7 S 450
3.3 BB SHMEBIHERNXR

BT LA Bk, BERR AL IR T DL F (L
I FEER, 5 R R N2 M B 1 1L (small
ubiquitin-like modifier, SUMO){&H/EH . BfR{L
St a2 4 EH, Bk T AL
AHM R RIS 2 PR 3R

p65 K3 1047 s () 51 F L A0 AT DLk 40 2 1 R O
R BGGLPI A R O HE TR, %7 HI 7Rl
ZAF T I GLPA T 1 2H 8 T H3K 9 — H AL PRI
p65HE KL K e €0 )5 (1 IBCIRAS « PKCCIE i i R AL,
p65HIS311, FHITGLP5p65 K310 5 H RAL M4 F,
VBl 55 6F #E 3 PR (4], Silva B4 g ] Thiamet-G
(ThG)Ab B ) /I 3 22 M6 3 ok v 16 B 24k 7K~ B
B, XEp65 S536ME IR I /DA G . LPSALEE
(17705 B B IR AB IR (FINF-«B  p65 7 LA 193¢
b, 1 4 ThG AR B /I BR A oA W %% 3] 3% Fh s 2>
p6SHE IR AL AR V] BE AR T ThGIBIT IPL RAEH
HCCEFH I AL Hp-p65S/K-F- T+, H HSUMOL
FKIEFAERLIME, MSUMO2/3 LMK . Ht—
IR R SR B8, SUMO15p6s iRk K1 5
1EAHSE, FRIASUMOITAHKRIKISUMOp65FIS2767
B A p6S Y 3E N T I Jes 40 L 1 3% Sy AR 28 0, X ]
DA A1 98 400 e g 9 161

4 BEERE

MR AL 2 p65 ik B B I E R G B 7 . A
MEET 2RI A, B55S276. S536.
S468%5 18N L ARSI E IR, ASFIL A B R
T RENS S INF-«BIEAZ N 36 %06 . DNASE & fE
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J R R R (1 18 4 R R

p6SHIBERR I 5 2 M E AR OC,  HURCH WA
JH98 55 I 45 o p6 ST IR A )5 23 {2 1HENF-x B % 3% [A]
T, BEmE s — RPN E KA. BT A
i 5 5 R e B A O ) B R R IA . 1K R e E
pOSIBERE b K FEAE F A% DL . p65 1B IR 1k
X R SR R T E R B R M 2R, XY
BT R A AL 21, 38 52 0 A 20 il P4 40 55 2 Fh R
R . RN, BRI IE 5 HARAS 1 ) 45 1 AH
HAER, AR EE AN HE O R L R AR PRI R
POS IR IR A0 7E AR 22 95 i v A2 (i a3k e e A K e 11
RIE, HIEA AT W iE A 2 R I H p6 5 /K-F 1
SANCIE

pOSHIBE IR L TE ST I R AR RIEAR YT A
AEER S, BN BT I R
PUIE RN o T pOSHE IR A 7E Je hE HH ) EZEAE
BN MBTEIRITRE AL, RN T p6STE iR 1L
FIFE R RS, AMUA BT A 6 /~NF-«B
5 22 Thae 5 IR MU, 3858 A OB 1) B ik
PR B GLHE R BE Rl . X SOBIF TR N T R R e
HE RS 1Al RS VR T T BB B AR, HESh DU IR T
A A S AR o

& STIk AR -
BB WUESEEERE, BECEFEN LA
I RE R
PNV OB SCE B, SCERUCER S AR, R0
HHEK
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B
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(R AN, RS
MEESRERR: A AR 2R

RPN

[1] Alharbi KS, Afzal O, almalki WH, et al. Nuclear factor-
kappa B (NF-kB) inhibition as a therapeutic target for
plant nutraceuticals in mitigating inflammatory lung
diseases. Chem Biol Interact, 2022, 354: 109842

[2] Sharma V, Chaudhary AA, Bawari S, et al. Unraveling
cancer progression pathways and phytochemical thera-

peutic strategies for its management. Front Pharmacol,

2024, 15: 1414790

[3] Msweli S, Pakala SB, Syed K. NF-xB transcription
factors: their distribution, family expansion, structural
conservation, and evolution in animals. Int J Mol Sci,
2024, 25(18): 9793

[4] Deka K, Li Y. Transcriptional regulation during aberrant
activation of NF-kB signalling in cancer. Cells, 2023, 12
(5): 788

[5] Leeman JR, Weniger MA, Barth TF, et al. Deletion
analysis and alternative splicing define a transactivation
inhibitory domain in human oncoprotein REL. Oncogene,
2008, 27(53): 6770-6781

[6] Zhang X, Sun CY, Zhang YB, et al. Kegan Liyan oral
liquid ameliorates lipopolysaccharide-induced acute lung
injury through inhibition of TLR4-mediated NF-xB
signaling pathway and MMP-9 expression. J Ethnophar-
macol, 2016, 186: 91-102

[71 FengJ, Guo C, Zhu Y, et al. Baicalin down regulates the
expression of TLR4 and NFkB-p65 in colon tissue in mice
with colitis induced by dextran sulfate sodium. Int J Clin
Exp Med, 2014, 7(11): 4063-4072

[8] Shi Q, Cao J, Fang L, et al. Geniposide suppresses LPS-
induced nitric oxide, PGE2 and inflammatory cytokine by
downregulating NF-kB, MAPK and AP-1 signaling path-
ways in macrophages. Int Inmunopharmacol, 2014, 20(2):
298-306

[9] Malek S, Huang DB, Huxford T, et al. X-ray crystal
structure of an IkBB-NF-kB p65 homodimer complex. J
Biol Chem, 2003, 278(25): 23094-23100

[10] Ngo KA, Kishimoto K, Davis-Turak J, et al. Dissecting
the regulatory strategies of NF-kB rela target genes in the
inflammatory response reveals differential transactivation
logics. Cell Rep, 2020, 30(8): 2758-2775

[11] 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-indepen-
dent mechanism. Cell, 1997, 89(3): 413-424

[12] Jamaluddin M, Wang S, Boldogh I, et al. TNF-o-induced
NF-kB/RelA Ser276 phosphorylation and enhanceosome
formation is mediated by an ROS-dependent PKAc
pathway. Cell Signal, 2007, 19(7): 1419-1433

[13] Xue Y, Li C, Deng S, et al. 8-Oxoguanine DNA
glycosylase 1 selectively modulates ROS-responsive NF-
kB targets through recruitment of MSK1 and phosphor-
ylation of RelA/p65 at Ser276. J Biol Chem, 2023, 299
(11): 105308

[14] Vermeulen L. Transcriptional activation of the NF-kappaB
p65 subunit by mitogen- and stress-activated protein
kinase-1 (MSK1). EMBO J, 2003, 22(6): 1313-1324

[15] Jacks KA, Koch CA. Differential regulation of mitogen-


https://doi.org/10.1016/j.cbi.2022.109842
https://doi.org/10.3389/fphar.2024.1414790
https://doi.org/10.3390/ijms25189793
https://doi.org/10.3390/cells12050788
https://doi.org/10.1038/onc.2008.284
https://doi.org/10.1016/j.jep.2016.03.057
https://doi.org/10.1016/j.jep.2016.03.057
https://doi.org/10.1016/j.intimp.2014.04.004
https://doi.org/10.1074/jbc.M301022200
https://doi.org/10.1074/jbc.M301022200
https://doi.org/10.1016/j.celrep.2020.01.108
https://doi.org/10.1016/S0092-8674(00)80222-6
https://doi.org/10.1016/j.cellsig.2007.01.020
https://doi.org/10.1016/j.jbc.2023.105308
https://doi.org/10.1093/emboj/cdg139

G, . RelA/poSHERRAL: XA AL e 1 S A M

- 391 -

[16]

[17]

(18]

(20]

(21]

(24]

[26]

and stress-activated protein kinase-1 and -2 (MSK1 and
MSK2) by CK2 following UV radiation. J Biol Chem,
2010, 285(3): 1661-1670

Nihira K, Ando Y, Yamaguchi T, et al. Pim-1 controls NF-
kB signalling by stabilizing RelA/p65. Cell Death Differ,
2010, 17(4): 689-698

Wang J, Cao Y, Liu Y, et al. PIMI1 inhibitor SMI-4a
attenuated lipopolysaccharide-induced acute lung injury
through suppressing macrophage inflammatory responses
via modulating p65 phosphorylation. Int Immunopharma-
col, 2019, 73: 568-574

Kim DJ, Park KS, Kim JH, et al. Helicobacter pylori
proinflammatory protein up-regulates NF-xB as a cell-
translocating Ser/Thr kinase. Proc Natl Acad Sci USA,
2010, 107(50): 21418-21423

Furusawa J, Funakoshi-Tago M, Tago K, et al. Licochal-
cone A significantly suppresses LPS signaling pathway
through the inhibition of NF-kB p65 phosphorylation at
serine 276. Cell Signal, 2009, 21(5): 778-785

Wang H, Moreau F, Hirota CL, et al. Proteinase-activated
receptors induce interleukin-8 expression by intestinal
epithelial cells through ERK/RSK90 activation and
histone acetylation. FASEB J, 2010, 24(6): 1971-1980
Wang Y, Mo X, Piper MG, et al. M-CSF induces
monocyte survival by activating NF-«B p65 phosphoryla-
tion at Ser276 via protein kinase C. PLoS One, 2011, 6
(12): e28081

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

Barlow L, Josephraj S, Gu B, et al. FASN negatively
regulates p65 expression by reducing its stability via
Thr254 phosphorylation and isomerization by Pinl. J
Lipid Res, 2024, 65(4): 100529

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

Anrather J, Racchumi G, Iadecola C. cis-acting element-
specific transcriptional activity of differentially phos-
phorylated nuclear factor-xB. J Biol Chem, 2005, 280(1):
244-252

Lanucara F, Lam C, Mann J, et al. Dynamic phosphoryla-
tion of RelA on Ser42 and Ser45 in response to TNFa
stimulation regulates DNA binding and transcription.
Open Biol, 2016, 6(7): 160055

Sakurai H, Chiba H, Miyoshi H, et al. IkB kinases
phosphorylate NF-kB p65 subunit on serine 536 in the

(28]

[29]

(30]

(31]

(32]

[33]

(34]

(35]

[36]

[37]

[38]

[39]

[40]

transactivation domain. J Biol Chem, 1999, 274(43):
30353-30356

Mattioli I, Geng H, Sebald A, et al. Inducible phosphor-
ylation of NF-kB p65 at serine 468 by T cell costimulation
is mediated by IKKe. J Biol Chem, 2006, 281(10): 6175-
6183

Adli M, Baldwin AS. IKK-i/IKKe controls constitutive,
cancer cell-associated NF-kB activity via regulation of
Ser-536 p65/RelA phosphorylation. J Biol Chem, 2006,
281(37): 26976-26984

Ahmed AU, Sarvestani ST, Gantier MP, et al. Integrin-
linked kinase modulates lipopolysaccharide- and helico-
bacter pylori-induced nuclear factor kB-activated tumor
necrosis factor-o production via regulation of p65 Serine
536 phosphorylation. J Biol Chem, 2014, 289(40): 27776-
27793

Bohuslav J, Chen L, Kwon H, et al. p53 Induces NF-xB
activation by an IkB kinase-independent mechanism
involving phosphorylation of p65 by ribosomal S6 kinase
1. J Biol Chem, 2004, 279(25): 26115-26125

Zhang L, Ma Y, Zhang J, et al. A new cellular signaling
mechanism for angiotensin II activation of NF-«B.
Arterioscler Thromb Vasc Biol, 2005, 25(6): 1148-1153
Buss H, Handschick K, Jurrmann N, et al. Cyclin-
dependent kinase 6 phosphorylates NF-kB P65 at serine
536 and contributes to the regulation of inflammatory
gene expression. PLoS One, 2012, 7(12): e51847

Cheng LC, Lin CJ, Chen PY, et al. ERa-dependent
estrogen-TNFa signaling crosstalk increases cisplatin
tolerance and migration of lung adenocarcinoma cells.
Biochim Biophys Acta, 2021, 1864(8): 194715

Manni S, Fregnani A, Quotti Tubi L, et al. Protein kinase
CKlo sustains B cell receptor signaling in mantle cell
lymphoma. Front Oncol, 2021, 11: 733848

Kim JE, Kim SY, Lim SY, et al. Role of Ca*" /calmodulin-
dependent kinase II-IRAK]1 interaction in LMP1-induced
NF-«kB activation. Mol Cell Biol, 2014, 34(3): 325-334
Pradére JP, Hernandez C, Koppe C, et al. Negative
regulation of NF-kB p65 activity by serine 536 phosphor-
ylation. Sci Signal, 2016, 9(442):

Wang Y, Hu L, Tong X, et al. Casein kinase 1yl inhibits
the RIG-I/TLR signaling pathway through phosphorylat-
ing p65 and promoting its degradation. J Immunol, 2014,
192(4): 1855-1861

Chew J, Biswas S, Shreeram S, et al. WIP1 phosphatase is
a negative regulator of NF-«kB signalling. Nat Cell Biol,
2009, 11(5): 659-666

Li S, Wang L, Berman MA, et al. RNAi screen in mouse
astrocytes identifies phosphatases that regulate NF-xB
signaling. Mol Cell, 2006, 24(4): 497-509


https://doi.org/10.1074/jbc.M109.083808
https://doi.org/10.1038/cdd.2009.174
https://doi.org/10.1016/j.intimp.2019.05.040
https://doi.org/10.1016/j.intimp.2019.05.040
https://doi.org/10.1073/pnas.1010153107
https://doi.org/10.1016/j.cellsig.2009.01.021
https://doi.org/10.1096/fj.09-137646
https://doi.org/10.1371/journal.pone.0028081
https://doi.org/10.1016/S1097-2765(03)00490-8
https://doi.org/10.1016/j.jlr.2024.100529
https://doi.org/10.1016/j.jlr.2024.100529
https://doi.org/10.1074/jbc.M112.372086
https://doi.org/10.1074/jbc.M409344200
https://doi.org/10.1098/rsob.160055
https://doi.org/10.1074/jbc.274.43.30353
https://doi.org/10.1074/jbc.M508045200
https://doi.org/10.1074/jbc.M603133200
https://doi.org/10.1074/jbc.M114.574541
https://doi.org/10.1074/jbc.M313509200
https://doi.org/10.1161/01.ATV.0000164624.00099.e7
https://doi.org/10.1371/journal.pone.0051847
https://doi.org/10.1016/j.bbagrm.2021.194715
https://doi.org/10.1016/j.bbagrm.2021.194715
https://doi.org/10.1128/MCB.00912-13
https://doi.org/10.1126/scisignal.aab2820
https://doi.org/10.4049/jimmunol.1302552
https://doi.org/10.1038/ncb1873
https://doi.org/10.1016/j.molcel.2006.10.015

- 392 -

CEMLEY 202552458531

Zrik

[41]

[42]

[43]

(44]

[46]

[50]

[51]

[52]

[53]

[54]

Yang J, Fan GH, Wadzinski BE, et al. Protein phosphatase
2A interacts with and directly dephosphorylates RelA. J
Biol Chem, 2001, 276(51): 47828-47833

Takeuchi H, Hirano T, Whitmore SE, et al. The serine
phosphatase SerB of porphyromonas gingivalis suppresses
IL-8 production by dephosphorylation of NF-kB RelA/
p65. PLoS Pathog, 2013, 9(4): ¢1003326

Soon Bae J, Kyoo Jang M, Hong SH, et al. Phosphoryla-
tion of NF-kB by calmodulin-dependent kinase IV
activates anti-apoptotic gene expression. Biochem Bio-
phys Res Commun, 2003, 305(4): 1094-1098

Sabatel H, Di Valentin E, Gloire G, et al. Phosphorylation
of p65(RelA) on Ser547 by ATM represses NF-xB-
dependent transcription of specific genes after genotoxic
stress. PLoS ONE, 2012, 7(6): 38246

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

Tavenier J, Rasmussen LJH, Houlind MB, et al. Altera-
tions of monocyte NF-kB p65/RelA signaling in a cohort
of older medical patients, age-matched controls, and
healthy young adults. Immun Ageing, 2020, 17(1): 25
Rocha S, Garrett MD, Campbell KJ, et al. Regulation of
NF-«B and p53 through activation of ATR and Chkl by
the ARF tumour suppressor. 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. Mol Biol Cell, 2011,
22(17): 3032-3040

Hunter JE, Campbell AE, Butterworth JA, et al. Mutation
of the RelA(p65) Thr505 phosphosite disrupts the DNA
replication stress response leading to CHKI inhibitor
resistance. Biochem J, 2022, 479(19): 2087-2113

Buss H, Dorrie A, Schmitz ML, et al. Phosphorylation of
serine 468 by GSK-3f negatively regulates basal p65 NF-
kB activity. J Biol Chem, 2004, 279(48): 49571-49574
Schwabe RF, Sakurai H. IKKP phosphorylates p65 at
S468 in transactivaton domain 2. FASEB J, 2005, 19(12):
1758-1760

O'Shea JM, Perkins ND. Thr435 phosphorylation reg-
ulates RelA (p65) NF-kB subunit transactivation. Bio-
chem J, 2010, 426(3): 345-354

Yeh PY, Yeh KH, Chuang SE, et al. Suppression of MEK/
ERK signaling pathway enhances cisplatin-induced NF-
kB activation by protein phosphatase 4-mediated NF-xB
p65 Thr dephosphorylation. J Biol Chem, 2004, 279(25):
26143-26148

Kim JE, Ryu HJ, Choi SY, et al. Tumor necrosis factor-o-

[55]

[56]

[57]

[59]

(60]

[61]

[62]

[63]

[64]

[66]

mediated threonine 435 phosphorylation of p65 nuclear
factor-kB subunit in endothelial cells induces vasogenic
edema and neutrophil infiltration in the rat piriform cortex
following status epilepticus. J Neuroinflamm, 2012, 9(1):
6

Zhou L, Yu X, Meng Q, et al. Resistin reduces
mitochondria and induces hepatic steatosis in mice by
the protein kinase C/protein kinase G/p65/PPAR gamma
coactivator 1 alpha pathway. Hepatology, 2013, 57(4):
1384-1393

Duran A. Essential role of RelA Ser311 phosphorylation
by PKC in NF-xB transcriptional activation. EMBO J,
2003, 22(15): 3910-3918

Yao H, Hwang J, Moscat J, et al. Protein kinase CC
mediates cigarette Smoke/Aldehyde- and lipopolysacchar-
ide-induced lung inflammation and histone modifications.
J Biol Chem, 2010, 285(8): 5405-5416

Wang B, Wei H, Prabhu L, et al. Role of novel serine 316
phosphorylation of the p65 subunit of NF-kB in
differential gene regulation. J Biol Chem, 2015, 290(33):
20336-20347

Ma Z, Chalkley RJ, Vosseller K. Hyper-O-GlcNAcylation
activates nuclear factor k-light-chain-enhancer of acti-
vated B cells (NF-kB) signaling through interplay with
phosphorylation and acetylation. J Biol Chem, 2017, 292
(22): 9150-9163

Wang J, Huang Q,Chen M. The role of NF-kappaB in
hepatocellular carcinoma cell. Chin Med J (Engl), 2003,
116(5): 747-752

Jiang C, Zhang C, Dai M, et al. Interplay between
SUMO1-related SUMOylation and phosphorylation of
p65 promotes hepatocellular carcinoma progression.
Biochim Biophys Acta, 2024, 1871(1): 119595

Xu X, Lei Y, Chen L, et al. Phosphorylation of NF-kBp65
drives inflammation-mediated hepatocellular carcinogen-
esis and is a novel therapeutic target. J Exp Clin Cancer
Res, 2021, 40(1): 253

Zuo W, Ma H, Bi J, et al. Phosphorylation of RelA/p65
Ser536 inhibits the progression and metastasis of hepato-
cellular carcinoma by mediating cytoplasmic retention of
NF-«xB p65. Gastroenterol Rep, 2024, 12: goae094

Chen H, Wu X, Zhou H, et al. Epidermal growth factor
upregulates the expression of A20 in hepatic cells via the
MEK1/MSK1/p-p65 (Ser276) signaling pathway. Am J
Transl Res, 2021, 13(2): 708-718

Moles A, Butterworth JA, Sanchez A, et al. A RelA(p65)
Thr505 phospho-site mutation reveals an important
mechanism regulating NF-kB-dependent liver regenera-
tion and cancer. Oncogene, 2016, 35(35): 4623-4632
Shu G, Zhang L, Jiang S, et al. Isoliensinine induces


https://doi.org/10.1074/jbc.M106103200
https://doi.org/10.1074/jbc.M106103200
https://doi.org/10.1371/journal.ppat.1003326
https://doi.org/10.1016/S0006-291X(03)00869-6
https://doi.org/10.1016/S0006-291X(03)00869-6
https://doi.org/10.1371/journal.pone.0038246
https://doi.org/10.1074/jbc.M001358200
https://doi.org/10.1186/s12979-020-00197-7
https://doi.org/10.1038/sj.emboj.7600608
https://doi.org/10.1091/mbc.e11-04-0280
https://doi.org/10.1042/BCJ20220089
https://doi.org/10.1074/jbc.C400442200
https://doi.org/10.1096/fj.05-3736fje
https://doi.org/10.1042/BJ20091630
https://doi.org/10.1042/BJ20091630
https://doi.org/10.1074/jbc.M402362200
https://doi.org/10.1186/1742-2094-9-6
https://doi.org/10.1002/hep.26167
https://doi.org/10.1093/emboj/cdg370
https://doi.org/10.1074/jbc.M109.041418
https://doi.org/10.1074/jbc.M115.639849
https://doi.org/10.1074/jbc.M116.766568
https://doi.org/10.1016/j.bbamcr.2023.119595
https://doi.org/10.1186/s13046-021-02062-x
https://doi.org/10.1186/s13046-021-02062-x
https://doi.org/10.1093/gastro/goae094
https://doi.org/10.1038/onc.2015.526

G, . RelA/poSHERRAL: XA AL e 1 S A M

- 393 -

[67]

[70]

[73]

[74]

[75]

dephosphorylation of NF-kB p65 subunit at Ser536 via a
PP2A-dependent mechanism in hepatocellular carcinoma
cells: roles of impairing PP2A/I2PP2A interaction.
Oncotarget, 2016, 7(26): 40285-40296

Shinoda K, Kuboki S, Shimizu H, et al. Pinl facilitates
NF-kB activation and promotes tumour progression in
human hepatocellular carcinoma. Br J Cancer, 2015, 113
(9): 1323-1331

Shi J, Hua X, Zhu B, et al. Somatic genomics and clinical
features of lung adenocarcinoma: a retrospective study.
PLoS Med, 2016, 13(12): 1002162

Zhu Y, Xiao M, Zhao R, et al. Arsenic-induced down-
regulation of BRWD3 suppresses proliferation and
induces apoptosis in lung adenocarcinoma cells through
the p53 and p65 pathways. Hum Exp Toxicol, 2024, 43:
9603271241279166

Liu Y, Yang J, Weng D, et al. A1CF binding to the p65
interaction site on NKRF decreased IFN-3 expression and
p65 phosphorylation (Ser536) in renal carcinoma cells. Int
J Mol Sci, 2024, 25(7): 3576

Zhang L, Ling Z, Hu Z, et al. Huanglianjiedu Decoction as
an effective treatment for oral squamous cell carcinoma
based on network pharmacology and experimental valida-
tion. Cancer Cell Int, 2021, 21(1): 553

Arun P, Brown MS, Ehsanian R, et al. Nuclear NF-«B p65
phosphorylation at serine 276 by protein kinase a
contributes to the malignant phenotype of head and neck
cancer. Clin Cancer Res, 2009, 15(19): 5974-5984

Zhu S, Moore T, Morii N, et al. Synthetic curcumin analog
UBS109 inhibits the growth of head and neck squamous
cell carcinoma xenografts. Curr Cancer Drug Targets,
2014, 14(4): 380-393

Ma C, Liu M, Zhang J, et al. ZCL-082, a boron-containing
compound, induces apoptosis of non-Hodgkin’s lympho-
ma via targeting p90 ribosomal S6 kinase 1/NF-xkB
signaling pathway. Chem Biol Interact, 2022, 351: 109770
Zhang YC, Huo FC, Wei LL, et al. PAKS-mediated
phosphorylation and nuclear translocation of NF-xB-p65
promotes breast cancer cell proliferation in vitro and in

[76]

[77]

(78]

[79]

[80

—_

(81]

[82]

[83]

(84]

vivo. J Exp Clin Cancer Res, 2017, 36(1): 146

Chen T, Chen X, Liu L, et al. Synthesis of melampo-
magnolide B derivatives as potential anti-triple negative
breast cancer agents. Eur J Med Chem, 2024, 264:
116024

Song H, Ye X, Liao Y, et al. NF-kB represses retinoic acid
receptor-mediated GPRCS5A transactivation in lung
epithelial cells to promote neoplasia. JCI Insight, 2023,
8(1): e153976

Hong A, Cao M, Li D, et al. Lnc-PKNOXI1-1 inhibits
tumor progression in cutaneous malignant melanoma by
regulating NF-«B/IL-8 axis. Carcinogenesis, 2023, 44
(12): 871-883

Yao X, Chen W, Liu J, et al. Deep vein thrombosis is
modulated by inflammation regulated via sirtuin 1/NF-xB
signalling pathway in a rat model. Thromb Haemost,
2019, 119(3): 421-430

Rajendrasozhan S, Chung S, Sundar IK, et al. Targeted
disruption of NF-kB1 (p50) augments cigarette smoke-
induced lung inflammation and emphysema in mice: a
critical role of p50 in chromatin remodeling. Am J
Physiol-Lung Cell Mol Physiol, 2010, 298(2): L197-L209
Zhou Y, Jin X, Yu H, et al. HDAC5 modulates PD-L1
expression and cancer immunity via p65 deacetylation in
pancreatic cancer. Theranostics, 2022, 12(5): 2080-2094
Yang L, Zhang T, Zhang C, et al. Upregulated E3 ligase
tripartite motif - containing protein 21 in psoriatic epi-
dermis ubiquitylates nuclear factor - kB p65 subunit and
promotes inflammation in keratinocytes*. Br J Dermatol,
2021, 184(1): 111-122

Levy D, Kuo AJ, Chang Y, et al. Lysine methylation of
the NF-«B subunit RelA by SETD6 couples activity of the
histone methyltransferase GLP at chromatin to tonic
repression of NF-kB signaling. Nat Immunol, 2011, 12
(1): 29-36

Silva JF, Olivon VC, Mestriner FLAC, et al. Acute
increase in O-GlcNAc improves survival in mice with
LPS-Induced systemic inflammatory response syndrome.
Front Physiol, 2019, 10: 1614


https://doi.org/10.18632/oncotarget.9603
https://doi.org/10.1038/bjc.2015.272
https://doi.org/10.1371/journal.pmed.1002162
https://doi.org/10.1177/09603271241279166
https://doi.org/10.3390/ijms25073576
https://doi.org/10.3390/ijms25073576
https://doi.org/10.1186/s12935-021-02201-6
https://doi.org/10.1158/1078-0432.CCR-09-1352
https://doi.org/10.2174/1568009614666140312163524
https://doi.org/10.1016/j.cbi.2021.109770
https://doi.org/10.1186/s13046-017-0610-5
https://doi.org/10.1016/j.ejmech.2023.116024
https://doi.org/10.1172/jci.insight.153976
https://doi.org/10.1093/carcin/bgad073
https://doi.org/10.1055/s-0038-1676987
https://doi.org/10.1152/ajplung.00265.2009
https://doi.org/10.1152/ajplung.00265.2009
https://doi.org/10.7150/thno.69444
https://doi.org/10.1111/bjd.19057
https://doi.org/10.1038/ni.1968
https://doi.org/10.3389/fphys.2019.01614

