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B E: A KA DNA 45745 I B 454 (growth arrest and DNA damage—inducible 454, GADDA5A) % 1 A4k
K ILWGE P53 E S AT A B, R ar42 P63.P73.BRCA1 & MYC #3247 & B . GADDA4SA 1% DNA #i
G5B, % P53 RBI(E B E4HE F) k2T P53 CFSMEH F)0 R 2AYT, A5 DNA Hifis £ wm e
B AT S R EEYF I, SITBEA AR RE ML, ERSEMBWET P, T SHA
e A (e B P AL TBRAL) BB R KT, B R a0 IR S A ARG R, RS ST it AR, i Rk
GADDASA T TSI R, £V BN IE 66T ¥, GADDASA $9 AR Mk Bt B mei A &%, K
X EZAF GADDASA FENF TG 5 97 F P K HE 09 4E A BAALH) AT 4238

KGR A KA DNA 34 2 B 454 (GADDA45A) ; Mg & 55 At sn e JA 2 Pk, 2m i 25 4097 4%
B4 25 Q71, R730.58 XERFRIRAD: A XEHE: 1007-7847(2021)02-0124-07

GADD45A and Tumor Therapy
HU Xiao-hong', YANG Li—fang®, LI Dan"

(1. College of Biology, Hunan University, Changsha 410082, Hunan, China; 2. Cancer Research Institute, Central South
University, Changsha 410008, Hunan, China)

Abstract: Growth arrest and DNA damage—inducible 45A (GADD45A) is the first P53 activated stress—in—
duced gene, which is also a target gene of P63, P73, BRCA1l and MYC. As a DNA damage repair gene,
GADDA45A is regulated by P53 dependent (induced by ionizing radiation) and P53 independent (induced by
ultraviolet light) pathways, and participates in DNA damage repair, cell cycle arrest, apoptosis, autophagy,
angiogenesis and other biological functions, which are closely related to tumorigenesis and tumor develop—
ment. In the treatment of most tumors, chemotherapeutics directly or indirectly (e.g. demethylation and acety—
lation) upregulates GA DD45A expression and improves the drug sensitivity of cancer cells. Meanwhile, over—
expression of GADDA45A can interfere with radiation resistance during radiotherapy. However, for a few tu—
mors, the expression of GADDA45A can increase the survival rate of cancer cells. Here the roles and mecha—
nism of GADDA45A in tumor therapy are mainly reviewed.
Key words: growth arrest and DNA damage—inducible 45A (GADD45A); tumor therapy; apoptosis; cell cycle
arrest; cell resistance; radiotherapy sensitivity
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Wrfm B 2020-05-14; f&E HEA: 2020-08-17

BN, T2 EY)2 D REh R HEOCHEAE

A BATRFI DNA #5147 3518 454 (growth arrest
and DNA damage—inducible 45A, GADDA5A) 25
1R R ZE B P53 0 I BAOF AL, 4
GADDAS5 5% DDIT1, fii F NG a4k 1p31.1~31.22,
A 3 DA, K/NF5IR 135 2 bp 125 0 bp
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F111 4 bpo HAS R A B 5 DNA #5175 %
1 GADD45a [FHXS 431 Fiht o 18.4 kD, F- %
SERLTAIAAZ, 5 GADD458.GADD45y .GADD34
GADD153 L [EI# A, GADD ZE5EP, KARiFsT 2,
GADDA45A 1] LI5S DNA HA506 145 20 it 422 ik
e T2 N o 1 B A 11 |
P R | AT BN 5 I GA DDASA NI
SR B R e A e, T LS g i) & AR K R
KRBY], HAEMRIRYT T BHE AN F 2 A
HIFER

1 GADD45A FEEMER £ 4 B HERAN
%1

SRR, SIEH AL, GADD4SA £
PR (45 B 1 LR BRI e
S R RIR AP B AN RIRE R T A, GA-
DDASA 3% & B9 BB A B R A A7 R
Thmtel,

WFFE I, CADDASA Wi 4 A Lhs 515 5
MR AZH R VIBR DNA 185, S0 £ %
SEER AN S R IR IR SR DR 2R, P53 2R
15 DNA RE BAF TS GADDASA %%
SE, Hhnm H S BIBE A A% 5T (proliferating cell nu—
clear antigen, PCNA)AHEAER, TE R TCWE BE A% iR
MY 1/%84638 5 F 1 (apyrimidinic endonu—
clease 1/redox factor 1, APE1/Refl)-GADD45a-PC—
NA # FE G W2 AL T N5 s 20 ) 2 A%,
M EBERIE UIBRE E 1. 1 P53 THREIEH A1
LT, GADD45a 1/ 21 B JE A 2 11 eyclin B1 /1Y
BRI 2 R A0 B E AR A Cde2 ¥
BRI PE, 175 20 B 3 G2/M LI A A ]
B WIS, GADDASA it B %I E (B-
catenin)5/NE 1 (caveolin-1) AT EAE, 5
5 B—catenin MJEIAZ FIIL 5T 5 o7 2 200 58 iy 184 52

HEAGE M, LAZESRR A0 0 (5] 85 B A2 b 4o ], 49 6] e
FAR R HES T TE Ras VKSR FLIRE T, GAD-
D45A FTLLGE c—Jun Z A0 (c—Jun N—termi-
nal kinase, JNK)if i, fe dHR ARSI T, [R]A, JH
dn] PLEE P38, (e b LIRE A A g2, 7akE
BRI ML 40 i b ik R ik GADDASA, W] i P53
HFRIE, ML 4R E -9 (matrix metal-
lopeptidase—9, MMP-9)fll il Bid MU i 50, 1 3%
5 GADDASA AT AL S 7 ke R AR
(mammalian target of rapamycin, mTOR) 515 544 S
N G AL F 3 (signal transducer and activator
of transcription 3, STAT3)WEE R, #lliil STAT3 (1)
Rk, IS0 E M A ¥ a (vascular endo—
thelial growth factor alpha, VEGFa) 23k T #, #F
T ey 25008 A M AT A, GA DDASA i
115 Beclinl fHEAEM, A Beclinl-PIK3C3 (pho-
sphatidylinositol 3-kinase, catalytic subunit type 3)
AW, BR ARG S YRR, JEmHm
FEEIRRANML FT WD, GADDASA 1E 13 kIR sh i
K FEEAEYEIIRRANR 1 PR, KX LR Y)
FINREFT I N BG5S AN 1 R

2 GADDA45A TERhEAL BT R EI1E A

1A

2.1 GADD45A 5frZ5¥

AT 24589 32 S50 3 5 e e A B ) B R s
B {5 5 i, (0 R A i Sz 340 i sl B0,
BENAT TR IIRCR . BRI, GADD45A F]fg
SEZRMEIT VIR R Z —. ARSI
24 (non—steroidal anti—inflammatory drugs, NSAIDs)
REAE S T R0 20 P U B AN R R A R
JoR 3 AUAH DG R -7/ (T 4L A 224 (melanoma di-
fferentiation associated gene—7/interleukin—-24, M-
DA-7/1L-24), #4i% GADDASA Fe R/ 24575
AL P (mitogen—activated protein kinase, M—

&1 GADDA5A FERPEH R F HY1E
Table 1 The role of GADD45A in tumor progression

Biological function

Tumor type Promotion/Inhibition

DNA damage repair
Apoptosis Breast cancer
Cell cycle arrest
Autophagy
Angiogenesis
Metastasis

Cell senescence Breast cancer

Cell-cell adhesion/contact inhibition

Skin cancer, colorectal cancer”

18]

Colorectal cancer'”
Esophageal cancer'""
Cervical cancer'

Medulloblastoma®

18]

Cervical cancer, colorectal cancer, glioma® "

Promotion
Promotion
Promotion
Inhibition
Inhibition
Inhibition

[10]

Promotion

Promotion
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AP GADD45A l
BER | +— «— (PCNA) +—ro NER T

1 GADD45A EMBAE %L RHHERILE
NER: #3815 5; BER: s ig- 5,
Fig.1 Mechanism of GADD45A in tumorigenesis

NER: Nucleotide excision repair; BER: Base excision repair.

APKYJNK DU & T2, [FBFHPH] Cde2-cyclin B
HAE U LA RO A A B2 5—TFUBR MR INE (5 -
fluorouracil, 5-FU)IGYT AT 45 W7 20 A S 0IRHAS,
P53 B, Wi} i GADD4SA I3t FAS 42 1%
ST LSS AR D, A RS A
1 GADDASA B L3R, fie i MAPK #9380 , 71
GADDASA H1 INK/P38 Z [AJFE iLIE S (53R, M5 |
B 96 2 6 B R ) 8 T BN i RIS P53
R H G 2R Bax FI Bim A LA B R Ui 40 4
GADDA45c, B35 B I LR 4L A -0, 2.0
FEHT B 14-B - 11, 12- A2 EN
fi5(14~deoxy—11,12~didehydroandrographolide, 14—
DDA) AT 755 PN 5 I F A A T8 B, TS
GADDA5SA, Jt i i3 GADD45A/P38 MAPK/DDIT3
T TS S TR A R A A T AE T
TE—LEAAL AL T 25 ), GADDASA k%
7 HAE IR PR RV AT RE T . AR BI
PN149 R A7 CHLE BRI 254, $2 /5 P53 K-,
EIH GADD45A, 7S SR TR SR RE I, £
JREIR TR, JE % 2 (taurolidine, TRD)REMSFE
RS SR FE R - AH OGP T35 S FLAA (tumor necrosis
factor related apoptosis—inducing ligand, TRAIL)
HPERFI R, 1 GADDASA, fik k£ T A0 A U
TP, BAAHURMEN S LA R ShumE 2 an
A sCE TS .COX-2 i 55 0 24 AP R 558 1B, i LA
B4 GADD45« HYZRIX, i AR T, $hh
SR o SNHIAIPLEER B (retigeric acid B, RB)
A4 ATM (ataxia telangiectasia mutated) ,ATR
(ataxia telangiectasia and RAD3), Jf-it—-18 1034
6 H TR iE P53 f3RIE Il GADDASA, %55
AR T, B (As)VE R —Fh AT 2 R Ik 4 i

r—i Autophagy

|
—I b — c—' Angiogenesis

— —[Cd2 |—1 G2/M arrest

[ M (acute promyelocytic leukemia, APL)F1Z &
5 BE 98 (multiple myeloma, MM) A9 Stk 241697
), 76 AT A fi & GADDA45A %4k INKs/
AP-1 4HMIAET 3R 4%, A ROH AR T, Xt
TIEH AR FE AR N, KRR e
FEPLRA YR, HAT @ - GADD45A i
B R RS 5E, 15 A AL E T,

2.2 GADD45A SPhE4HRamiZ5 1%

AT ORI TR A T B . —, (HE
YA AT LA RIS 22 R 2 e A gl vk, E R X
B2 T 251, X BB AT T ARSI
HRCER, BUA IR B8, GADDASA SEHRIFE &
B T AR g i 25 1 R VR L A AR E AL
Y7 T 245 1) T B A LB AR

FEREE B P, IRERIR Y7230 IncRNA SF-
TA1P 2 3K, Flid FH hnRNP U-GADD-
A5A TR IGTR A T, I = 9 200 B 24 ) R
PER, Chk 1 il nT @ L P01 ATR/Chk1 5% G-
ADDA45A WiFRIR, WA SCH fih /% 1 15 Bl 18 20 g
Jo(c—Myc = 2238)WFET-, K L# ] ATR/Chk1 7]
ARG R AA ) BT Th AL, I BRI &
JCARM R ELA AT AT A2 A IR 9 A i
i R R IR Y S100P JE K A il GADDASA, 11
20 P 4 B, AR 200 ) O BELIY, 384 kT 24
IR, eI B A R Bk PK Cn SR AT
P53 GADDASA KikTHi, Wos P38, HF e 241
It S A LA, 5 200 B XAk 24 R ff
TP R I 254 27 (long—term estrogen depri—
vation, LTED)ZL %3 40 i) AMP 36 4k 2 1 9%
(AMP activated protein kinase, AMPK), & FOX03
B ¥R S K Bim  FasL 1 GADDASA, 43 1=
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G2/M HIBELHF; AR, W o o) B A T s 4
Jl AMPK B387E, JRBLIE AN AT T, 4R
O 5 28 AR 1 L 98 0 X s ) et e
ST TR R M (secretory clusterin, sCLU)ZE &5 2H 40
il R BB AR (YR, TRk
GADDASA T] 3@ 1 500 Ak 15 AO B R A K S
PRI T, SO IR0 M 25 P07 AT 2R
it HH S 2K GADDASA W] LI 4R AN A 25 )
fUSE, (Ht A 5T 7R GADDASA W DL &
0 2R3 20 R AT o R 200 M 52 AT T 245 0 i ),
AR T GADDASA THREIE Z=bE

23 GADD4SA 58 RMEER/NFEHY

g 4 B ) SR AR AL A% el A8 A ¢,
WP KM AEAE AR, 140 DNA H LAk 41
B AEAE gD RNA Fak, i fif H ik ke Ak
2T IR AE B M, Bk R R B,
P 2 X 35t 1708 Ak o 14) 32 PRI i SRR RE 1 & A A
MR 28 G TR DR R A /N 2
Tia) 2 L35t A g AN 8 1 2 1, LR IR 697 T
TR R A AR,

W E B, GADD45a J&—Fl 2 54EREFE N 4]
FoUE P \DNA & 52 R ] 240 B A= 4 0 A 2 49,
e DNA 8 52 0k 22 fifg 3 W 35t % S R R
T A DNA fi F 6, B s < m T AL 9]
DNA HUILALTTER ) GADDASA HY353k, JIEAETR
JPERAE TR RIS, DNA B IEALE(DNA methy—
lase, DNMT) I il 551 1 P4 th 70 4k FH 448 5 0 3 0%
GADDASA 3Rk, 75 3L ZH DNA Jij F L~
1 PRIMA-1 (P53 reactivation and induction of mas—
sive apoptosis)ifl 2 #1H] DNMT £ | GA DD45A
FIFEIR, ' P53 S8R IR A & AE 444 DNA)
JI58 FR 00, R 27 S A X e e 25 ) R Ak A
FHE- AR, PG AbEERE A AN N T
R0 BRA 45 4t LS A AE DG 5L XL GA DDA5A Fi
CDKIN1A W33k, 18§ MEK/ERK .JAK-STAT FlI
NF-«B, S0 ARz, 40l 2 4 vk T 08 A
JIAE R, it R b PG AR ()R TR

AN, GADDASA 5 IE B 7 — S 5 o] 41 2R
B 4 /N 53 —F 25 90 6V P 3 B v R FEE
A 2= AL B 57 (histone deacetylase in—
hibitor, HDACi) PCI-24781 kb F & g 24 i fi 2.
FALHE TR, S GADDASA ik, LT,
T 2N BT 240, ol X AR 24 0 B AR
iy 2 (trichostatin A, TSA)J&— ke S 1) 4 55

125 AL EER A T A0 I 4ml 5], i AT™ A
SHRE A S CADDASA ik, SEUE A0 iE I
T /N 2454 LBHS89 I3 i+ 20 25 11 (H3K9
1 HAKS) Y Z Ak 3R GA DDASA , 75 54 it J51 30
P RIR T ATt & BE, B s 2
Z AL BRI HI ) PXD101 BEMS 52830 e 50y 4
M3 ss A, bR T, Wik — AL ST
R GADDASA J& JL & ¥ 4 F i) B 22 R A5
EHEHARER).

3 GADDA45A TERPE R SHE T R RI1ER

FH, 25 4R 5T (ionizing radiation, IR)JA T )& I8
i SE A IIRYT Jrik 22—, AU B T R4
il H RS kL, T FLIA AT LAl s s i) 4 B A E), TR
IRIT B9l R ROH KT H5 5 DNA #4053 20H
FER NI A AIZET 1, TCIE O U 2 i RHIG
U IR, BRI R A X TR RO 43+
B AT LA AR Y 4R BERT 9 70T HEhR

AR, T AN B Ao A A AR R SR A R
T, TR 2 DU 3 U A R0 (Warburg effect) 20
A5 19 B BB A R AR, DA T AR 22 9 40 P 1 24
KRN BT R, P A 5] 2 -
D—##] % B (2—deoxy—D—glucose, 2—-DG) T4k FH I 4
J, 2 IR ALBR A0S GADDASA 3RIK, Kk
HHAIFET-, FENEERIR AN b, IR A LS &
FRANZR K GADDASA, B 4 Xt IR A fUk
PEO X FHEREAN R, TR LB 0T LUK e 40
M GADDASA [RIK, feit 4 A RH Ay, i nl
LA MMP-9, it Fifvse e 8% , ol i 3 4 73 24
FRLXS S HGS 7 RUSO, TS SR AN, GADD45A
TSP H R —4E AL & A i (endothelial nitric o—
xide synthase, eNOS)FIi75 Al — 4 fb & & B (indu—
cible nitric oxide synthase, iNOS), #f—401 ] NO
JH15 APEL A BT SE 7, AT 1 58y 25008 20 B 1Y)
TBUHBURANE; AR, GADDASA 3235 (R MK 52 it
HERCHARBT A ™, X T — L B A U Y
SR, BIANBRIRE, B8R DPS (darinaparsin)
BT IRTT REI R GADDASA ik, [RIBf R
PR I lE e b R A, F5 S A AE GL/S AN
G2/M &A= 24 B JE SABE i, JiE 75 2R (gliotoxin) 45
JHCHAYT RT A GA DD45A ~P38-NF-«B /- 311
AR AR, ORI AN ML JR T, DT £ 55 T80 7 4L
SR A, g TR BE Hh R AR S 2T 4
AN S E A Z 18] ) ER 4 AT AR GADDA4Sa K-,
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Fig.2 The roles of GADD45A in tumor therapy
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Table 2 The roles of GADD45A in tumor therapy

Therapy Biological function Tumor type
Chemotherapy ~ NSAIDs Apoptosis activation Melanoma, ovarian cancer,

acute myeloid leukemia*"

Baicalein Apoptosis activation Colon cancer™

Cisplatin Apoptosis activation Lung cancer, medulloblastoma®

PN149 Apoptosis activation Bladder cancer™

TRD Apoptosis activation Squamous cancer™

RB Apoptosis activation Prostate cancer™

Arsenite Apoptosis activation Liver cancer, gastric cancer®

Gentamicin Apoptosis activation Gastric cancer™

Combination green tea catechins Apoptosis activation Lung cancer*””

and anticancer drugs

Estradiol Apoptosis activation LTED breast cells™

Estradiol Apoptosis inhibition Wild type breast cells™

5-FU Apoptosis—regulatory pathways (FAS)  Colon cancer®*

Berberine Mitochondrial apoptosis B cell lymphoma 9%/

Combination anticancer drugs with Mitochondrial apoptosis Hepatocellular carcinoma®

over—expression of GADD45A

NSAIDs Cell cycle arrest Melanoma™®

PN149 Cell cycle arrest Bladder cancer™

Combination anticancer drugs with Cell cycle arrest Cholangiocarcinoma™

over—expression of GADD45A

Estradiol Cell cycle arrest Breast cancer™

14-DDA Autophagy activation Breast cancer

Methylase inhibitor 5-aza—-2'-deoxycytidine  Demethylation Pancreatic cancer®

PRIMA-1 Demethylation Thyroid cancer™

Combination 5—-aza-2'—deoxycytidine with Demethylation Hodgkin lymphoma™

small molecular weight inhibitors

PCI-24781 Acetylation Bone sarcoma*

TSA Acetylation Colon cancer, cervical cancer™!

LBH589 Acetylation Leukemia®”

Radiotherapy ~ Glycolytic inhibitor 2-DG Apoptosis Glioma®

Over—expression of GA DD45A Apoptosis Tongue squamous cell carcinoma,
cervical cancer'® %l

Gliotoxin Cell cycle arrest Hepatocellular carcinoma

DPS Cell cycle arrest Thyroid cancer'®

IR Cell cycle arrest Medulloblastoma®
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PG REIN, GADDASA 25 T JEE 40 A1 |
YA T DNA #iG B E | A 5 55 52 Fh
A2 R, R 2 B DR 2R R S P A b o &
AR R R P AR AR . IR 2 FnE2
Jli7R, GADDASA FEIAE IR YT o HoA W T, LAk
SRy g e DRI (R L DR R FEVE T RE S R
T B e B 538 5 A L BT Ak B P e e PR 5%
BEANA] 43 BETIIIENT GA DD45A 1 T Bk LA
AR, L, AR T IR ST 5 G R ALY
FASE, T4 GADDASA I TR IR/, ik
Y HoB i AR SR 1 BT Ek RNA 40+, 3248 3
55 PR AR BT (AN A IR AR | 9 A+ O J T 4 2 i
B S5 20 250 B B 2R, LA R HG A 2 R 3 A4 46 A (FR
Ak A B SE) R i fA e, SR TE, IR
AWFFE GADDA5A TE%@I@S%@&%EPE@HL
il AT R R I R IR T SR AR AR R AR OCIRYT R
w, FEHT EP/JQ FHENE,
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