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WE  HFUE R FAATFL) B T oot 2 R BRI 4E 45 3R & & F 49 ATF/CREB4: K B F K%,
ATFALEIR R |2 RGA, e . k. RBTHEMFPZBITHES T RETENHA. ¥ 540
10 R 8 & R heZ—, F 3] RRIRFTZ &3 42, LI A5 ST R A, A BRIRIG T2,
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502 A G E B A S RIS 6 S A AL B AR K. R AR A b 6 KT AR iR A K AT AR 4
R T AN R Rml . IR R R AN, ATFAL RARST B fo i ST E i %, £ AW E
BATHE., WG R A RBEFRAT IR EEA G, AL BRNEFATFAE ¥ 3 iLlCEi48 X
PR T R ARGV R, A K Ik R 06 9T R R b

KR FHRBOER T4, )02, ST SR ph

Regulation of ATF4 in the Brain on Learning and Memory

ZHANG Tengteng, TU Wanyu, LI Chenchen, JIA Wenge, YI Shanyong, YAO Zhijun, ZHAO Bin*, WEI Lai*

(Xinxiang Key Laboratory of Forensic Toxicology, College of Forensic Medicine,
Xinxiang Medical University, Xinxiang 453003, China)

Abstract The ATF4 (transcription activating factor 4) belongs to the ATF/CREB transcription factor
family of alkaline leucine zipper domain proteins. ATF4 is widely expressed in the brain and plays an impor-
tant role in stress, pain, synaptic plasticity and neurodegenerative diseases. Learning and memory is one of
the higher brain functions. Learning is the process of acquiring new information, and memory is the process
of encoding, storing and extracting information, which are considered to be the bases of cognitive activities.
Synaptic plasticity is the changes and modifications in morphology, structure and function of synapses, which
is widespread in central nervous system and closely connected to the development and higher function of the
brain, such as learning and memory. Long-term potentiation and long-term depression of synaptic plasticity
are considered to the important foundations on learning and memory formation. Recent studies have shown
that ATF4 is bound up with synaptic plasticity and learning and memory, and plays an important role in neu-
rodegenerative diseases, brain injuries and drug addiction and so on. It is necessary that further investigations
the role of ATF4 in learning and memory disorders, given it is expected to become a new target for learning
and memory related diseases.
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B S W0 IR 7 4(activating transcription fac-
tor 4, ATF4) X FK cAMP J By F 45 4 85 1 2(cAMP-
response element binding protein 2, CREB-2), J& 17k
P2 2 R BE 45 F R A HH ) ATF/CREB#S 3[4 1
FIEM . ATFALERF LS L) 2 3Rk, fE R
T ST PPEIRAT AR SR R EE
FARSY, SRR TR I, ATF4 LR 1l 2 52
AL . FIRSEZ AT, A ERIR
T ATFASr TH5 i AW D Re S AR 22 2121207
T AT T3 e

1 ATF457 FHF R KR II6E

B S 0 IR T (activating transcription factor,
ATF) T 1987540 i IR dn 4, /2 I 2 7 015 3 7
E2. E3. E45HALFER LS CGTCAN mi4h
HMEER M. CAMPR N G456 8 EH (cCAMP-
response element binding protein, CREB)T 198744}
4, iR SAEKME R )T LI cAMP N ot
(cAMP response element, CRE)4 %5 155 15, CRE
5 ATFI LR 85 & 47 i € XL TGACGT(C/A)
(G/A)), JRAER, B9 B 3|5 ATF/CREAN figh &
A KRR cDNA, JL T2 /& ATFE CREB, fifyiX
L8 cDNA #B 2 i B AT Bl 1 2 2 B 12 6 (basic region-
leucine zipper, bZip)] DNAZE & [X, HRE 2 SE R AH
LT A CREB/CREM, CRE-BP1. ATF3,
ATF4. ATF6HIB-ATFIVEE(ZFR 1),

N ATF4FE AL T 22 5 e ok b, FEpEK
JEZ)N2 122 bp. ATF4EE A& 3SIANE IR, %5
F 2 AN SR, X S S5 R0 T ATF4R) — 3%
1k« DNAZE & DL H i I 2 b A n b g i,
NE M ATF4 mRNAS P AL T3R5 X (5'UTR)
(1) = AN 55 P B S HE 2 5 18 4 P J5 X 7 R B A
FEXT ATFAR R HI 1 U2 ATF44E e s i
PR T, s RN R — B A s R T, JE e e
JK A 2 1f) CRE 57 1 1 75 5% 3%, 0] < 3 1 5 Ak AR
Ak, XA RN F& ATEALE K012 (R FE R4,
ATFAH A — P S BOE R 7, et i S E e &
FILAE N B AR A DR -85 B R ) Rk U1,

ATFATEVF 2 R 2 RIS RIEEEAMEH .
KASETTIS U187 F 1 S K Fa 175 5/ B Y HR B
R IUAE SRR AN T ' IR At 4 AR 41 23 40 P A 7Y e
ATF4E /KPR E T & . HUSE PIEZY) 8 R
TR AN 5 5 /N B8 Tl R BB (W 285 i b B Je 46 1 4% &
IR I i B R R B ATF4 mRNAFI & [ kK
TR BRI TR TR N B
2 5| LI 2H 230G T HE AR AN S8 A MR T R T R i
TR AT AN RS S ATF43E DR R /N B, T DL 2%
PR/ I P B AR PO LT ANGEE 25 i i s v S 24
VB MR A B 2 A /0N SRR PR ' A 2R A B 2H 21
HHATF4%E AR IE /K FAImRNAZK P 83 B, L
AR, ATFAXS T 4R 2 MU B N IEH 4
MR R R EE,

R1 WHFLEPIATF/CREBES R E T Z R (R3S % SCRR (10112250
Table 1 Mammalian ATF/CREB transcription factor family (modified from the reference [10])

i JE 51 SRR
Group Members Alternative names
CREB CREB ATF-47
CREM
ATF1 TREB36, ATF-43
CRE-BP1 CRE-BP1 ATF2, TREB
ATFa
CRE-BPa
ATF3 ATF3 LRF-1, CRG-5
JDP-2
ATF4 ATF4 CREB2, mATF4, C/ATF
ATFx hATF5
ATF6 ATF6 ATF6a
CREB-RP G13, ATF6pB
B-ATF B-ATF
JDP-1
- B IR

-: no other name.
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2 ATF45% 3212

)5 R MR R DR L —, IR A
PN SRR EESRBCHTE BRI R, 1012 72 I 3k
S BT A . A7 SR I AR, —F oA
e AT B IR Al 22231, S fish ] 98 1 2 S A ) T
AR ] R A B A SR R, AR AR A2 2R
G WAL, HHERGIIKE LIS e AL S5
() 1 L D REE Bl 8 VIR O P42 S fih ] 28 4 32 02
TRk BCRE 1 B3, T fish 285 P R N R S L 4 5
Sk R, SREEIGE. WA, K
FERCB AL FE K I FE 1% 5 (long-term potentiation, LTP)
FHK I FEHH] (long-term depression, LTD)FFi A,
1 LTPAT LTD# N Ay 72 & Ak 21 5 2] FHeAZ T Bl
R HE AT,

TEWFLENI P4 R G , ATFAL S fim] S8 VE A
CAZTE VIR 9¢ . PASINISE UM FH 185 25 4 7 1
/NI ATFAIR Zak, RIS B2 R 5240
[ I, &5 1 AR BRAII(100 Hz/1s) )5, ¥ 5 Schaf-
ferfil] 5 ——CA L@ P& 7 (RILTP (¥ 2 2 35 FEAIK, 1
B CA3MZ I (1 Hz/15min), K I CAIFHZ G LTD &
FU D . BEAR, TR AMARSE P FLI K RIS 4
JeH, ARG EERF S0 umol/LA 2R /1 pmol/LH 2
TRAETCEE & I P 252 30 SRS LTP, KIS
ATFATE KT R, 28 BRTIR, ATF42 IE 5
fidmT B PR R A2 75

i Y8 4 4441 8 78 7% [A - (brain-derived neurotrophic
factor, BDNF)/2 #f4 R 4Gt i BB AR KA+, B #
LOPHER , 1852 21 5id42 07 T R 5 S8 Th Re 220,
LIUSE BUFE K B 52 J2 At B i i 42 oo s 72 i #
TSN BDNF, &30 B2 2 At 5 i ATF4H) = H
KPFRET G, T I E LR E B 2k
P B(tropomyosin receptor kinase B, TrkB)#1 /5]
K252a)5 KL ATFAE FHRIEWE I, IXRPIE KR
BB 2 A By 22 SO 4 i F BDNF I 1 0 TrkBAi2
#E ATF4 mRNAFIER H /KPR 8G 0, AT 4 #f
ATFARI & LRY DI RE , 2F 1M FEACH 2R AT A8 &k A=
R XU o

B A RAE N 53 X B8 (protein kinase R-like
endoplasmic reticulum kinase, PERK){E N AR $TEHH
SN R4, a5 R SO G, G S
Z MR AR T M B UIAE OGP . WOLZAKS: 1R
FH PERK B 2 4 28 70 A1 2 J o 400 i SR F 7 6 Sk

Z PERK[1E L T #8045 57 PR TR 328 1N 5 I 2 38 1)
ML, R IUTE A S5 X LT, /DN BR 28 0 R IR
JHR A0 A ATFA3E N 5 78 5 T I o 40 i H e Bk PERK,
ATFAFRAK HARE IE® , H2EM 2 Tt ik PERK
J&, ATF4 B B T IR E. DL ERFFRER,
PERK 1) g b5 £ A~ [7] 288 28 4 28 48 g 7 % ATFA) 1
WA ZE 3. ATFATE PERKIHAEFEAS (11 AL
AT BE N IBOE AP 42 70 A o B2, 83 PERK-ATF4
T, TR A 207

BB UG IR T 20(eukaryotic initiation fac-
tor 20, eTF20)/E A% NS B ¥ B B R 4y, B 1)
T R X, £ R M) AT F 411 328 38 17 52 1 2% ) 10 12 Th g
B4, SHARMAZE B i\, fEAE KM E R AT
H p-elF20 A Jd/D 5| 42 ATFAZRIE PRI, 3 d i
FRALHIGEREICAZ TR S — i i 244 s i
FHZE 00T Schaffer (] ST RS, AT HS N LTP i) i
JE ; 58 b2 TAIE 2% (temporoammonic pathway,
CATIXHEIAAH M B 4552 A ISLRZ 2= B 4358 ) B LTP, A
T 152K B A R J2 R i N T R 22 T

AT JE S, B A C-0(PKC-0) 4 w5 52
SICAZ I FE BT, E RR R S B AR AT 5] A 5
A ThRESZ A0, AR 7 e AR mT B R 5l RS )
FEFEBSS1, YUANSEHOI 5 R B, s iRk = 22 51
BN BRI, 5SS ATFARIE I N, B
ATIEAP G DI A% HH PKC-8 #1122 76 AT BH
7 1 €0 I T (OB A, S ATF A S8 8k, HAS
RIS B BRI, 6 A A A% ) ATF43EAT #0012l
LG, MEHNTEGE K T EEIRN e it —
T EEALH], 7 o 2R S = 1)1 0 T X AL S A
SHATIIH], R R IEAR RE D T E S
(A5 A2 A% PKC-8 28 0 Hh 48 FH 0 771K 2 T ph 2233
i, RIAE R AEENEE. OB, BEIRDN
A8 T 3 R R 51 IR R B 2 2T AEAZ T REFR AT
HHL AT BN SRR 3R A - A% PKC-8 1 48
JG, S AL ATFAZIA R I, 3142 = PKC-8 4
2 oG, ST B 4 T B i A 1T S 80 e iR
0 M7, 3 1T e R R % 2 21 A2 Th RE R

3 ATF47E% 32 12X = RI1E R
3.1 PA/RIREER TS

BT 7R % i BRI (Alzheimer’s disease, AD)s& PA
o)L B2 D Re BRSO 32 EURE IR 1) ¢ 2 1R AT PR R
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I, HRTIAN, ADE S ik P 5 B0 3 U8 4 4 T
21 4 i 25 R B-VE o A% B AR . DEVIFEUUAEAD /I
B A 2R 1 5 2 PEL S B o R B /DS B HEL Vs AR A B
G, WAFERUR M, 18425z, B S H ATF4
FEAREEFEI. EADK R G, 85 A
ST AR M FEADRLAY, 12 F Morris7K ik B S48 A I
K BRI B AR BB 38 0, As 5 R A5 B 1) R ek,
LR R B L2328, HR IS X ATFAS H
FEIB KT 3 N, s v S R N A i )
(integrated stress response inhibitor, ISRIB)/&, & Ik
B2 A0 R 2 (R 12 I S 2, HAATF48E HKFIRE
IR,

H 7, ADFI A LI A R R Ca> Fa &S KA
SRL AR ) fie B A A 2 1 5T 1 1 2R U A 2 MR R
A4 FH I &5 SR BT IR 4 B, 1R — Fph &
JRE AR Y, o AR R 42 R R S Al S AR 4R T Y
1EH R B # B AR Y. DEMATTEISS"I7E
3xTg-AD/N 5 ()3 B 52 1 ot 40 it 2 3, ATPA
MIZERLAAR T Be 5240, WA= AN 2, Ca oS Ri,
LRRL APy R X B S 46 0, HATF4 mRNAZR IS L,
SV E A R BRI 0T SN N, FEADI R SR i
FE AR, 20— Py JoiE I AH LA, BRI R 5 48
MIFIREE S . RS E OIS, XER R
YE, TER—FhBURTERE, 4519 2RI o 4 (i a2
A REN T fe, AT #ih 22 6 H I D) RE R

WL R, B-IEMFEE AU N F A IC R
P, PEPETCE RN, RN AT R A T A
BB, 51 R AR AT B B OB 0 i B TR
JOR 24 5 4 4 25 7% Rl T (mesencephalic astrocyte-
derived neurotrophic factor, MANF) & i #Z#1 £ ¢
KRB W E AR AR, BT RN ] R
LB XUSE B TR I, 75 APP/PS1T# 5 R /N B
B AR L AE B ¥4 22 T o MANF A A 5 19 82 98
FHOCHT I ATF4RIE MG IN, HARE o T3, ¥
MANF IS R IE B JG, ATF4ZF K BRI =, T
A AH R B BRAR BT =, R MANF#E 3% N
JiE I L5 | EE ATF A RIA 84k, G2 AR AR R4
B, WK IERZ TR ER

R, /£ ADH, 22201812 D Re 24, TR
YA 22 TC KA B EAE Y, R N BRI, 91K
KA S A R, 3 5] iR ATFAT =, fe 45 50
SR T I XS S P ATF4HEAT 9, PRI

Fik, ADII M S ic 2 oh R e ts 5 fr ok, JE T
Wb, RO ATFATEAD R H 5 45 S 2 A (6, A LA
ATFMENADIRTT HIHTHE A5
3.2 HERRE

4 4> #%J9i (Parkinson disease, PD)/& LLIZ 5. A
HITHREBRAS N T2 ERHE I 4 R GURAT M, B
2 B B A KR Sy i R 22 B R R A 4 T IR AR
NFE. PARK27ZPDI) — A U ik K, H g idParkin
HH. SUNZEBIY N, Parkindh BE &K R PD K 2E K
Je 3ok A% P — B R SO ML TEPC1240 f by 2 1)
PD4H i A% 7 H  Bil Parkin 2 (4 K %, HATF4% %
LBEAS A4 T CIRIN(— oo _E IR BE 2K 35)
)5, ParkinZi [ R K 36 1, ATF4E [ K I W EE 2
4 m, R ATFAEPD R I I 72 R 15 T B B 1 E
M. SHAHZEPI 5T 7R, K H 2 EE Ge #h 4 o 4i
Fl(Mes23.54H )i E PDAN B A 7Y I AR AL 2\ 2%
(147 £ it 25 4 0 P J5 I S 38R % B (1 ATF4 mRNAJK
SRTE SRS SR ASE Ry LGASE S SN SEd
S TP A AR ) J A 25 1 0k 385, P9 I D SRR O
HHATF4 mRNAKPYKE, i RIS B2
LSRR BRIV VIR I o QT S A i
MR LR EH .

PL_ERE SR B, ATF45PDE BAHIOE, fEPDR IR
It AR, PDEUR FE K B g 5 ) Parkin 25 11 & AF BUAR,
HETT 2 ATFAR) R IE, B2 I 5 2 40 i 8 14 51 ik
PN I 5 B AT F AR A 25088 2456 240738 (1) ATF 433
1T WG, PDRERA AT i, iE—DIESE T ATFALE
PDH 5 1) A FH
33 =#

BEE RS R K, ) 5idI2fe &z~
F%. KRUKOWSKIZEa H i o 8 7K 1K 5 s 46 fi
B JBU T R B S A N 5 A /) BRI A A% /)N B A (] 2
SR FACIZRE 11, RILEHE /N A 2 S0
ARG AL RE F1 ¥ 52 0085 [N R BE A/ BRI
X ATF4 %5 H /K- 2 3% = T 4R 82 /N B, 11 25 T ISRIB
J&, /N RSB 23 (8] 2 S A2 R Fd Iz fg
B NGE, HiE D NATFAE A RIEKEER . B
WF 58 KB, 7EMorrisZK 2R B w22 85 B S 0] 22 21E 12
AE 1 N BE, T H R B D N 7 2 X ATFAEE FH /K &
100, B AL CREB(p-CREB) & 1 /K & 3 F %,
9 To-WRIR 12 A 5, L2814 2d 1268 1
BT, I 5 RN 2 2 N ATFARTp-CREB 2R 4 7K °F- 1)
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PRIZ IR, 3K W o- MV JBR IR 7T e A2 3l T W ATF43E 5
CREBI) fit 1 17 o0 2 47 8 AH 5% (1A B A (7, L
ERFFRR I, EEZ R, ATFAME A RIERE
B HUR, 32 5 R MRS 5 ATFAR A KT F
CiSAR=IEAIL P
3.4 fnfs

4547 42 51 ke 2 e 2 ThRE B AS, B E WA E
WA Z A QTR 3, AF R —Fp ok i x4 i,
TR S WA ThRe % UIA G . LIGFPI s a4 v
NG 451455 KBRS RRY 32 FH Morris 7K 2 B B A% K B 4 1)
WINHIRE J1, IR R 23 (8] 5 21ia A2 68 71524, ELIDFAK
1N ATFASR H 28 K -F- T im; B IS5 R R 3R 32 44
2B FIIWHI33 J5, KBS 0] 52 218 1268 7 3 o
2, WEAKAR X ATF4 5 E 7K P BEARAEAT) & T % HE 2
IR L & — Pk 254, W mT 51 RS A R4
PO YANSECE T ) 0 0 TR M R R
K ERABEAY, R K B () 2% S1a A2 68 7132 4, 5 N
ATF47E H/K VT, p-CREBHAIBDNF#E H 7K - f# 11K,
N NATF43 i 411 CREB [ ¥i% 1 FIBDNF i) 22 1A 7K
SESR A A 02 R B MR EE M, K
fl AT S O™ AR A RGN Th AR, BT
KU, ESDK RU18 M2 52 WA IR A6 A J5, 12 K
TR B SIS I AR B 5 5OK R S R 2 2] B2 R
71N, BT W ATF4E (1 3R EKF T &, 8T FH
PR 240 e S 2 1, ML) T e D T A R B iE it ]
P J5 IR S SR R AT 8 R 1 RO SR 15 R ATF4 1) 3R I8,
51 5 X A AR T, kT R 2 2] a2 a8 1
DRk, FRATTIA A, FE R 45140, ATFALE 645 14 i 452 73
Ak B 51 R 4537 H R H5EAE F R mT BE ML N
G 453473 15 K P9 J5R I SE R, 51 S ATFASR A 38 Jn, 3k 1fi
2 i A 2% 2) 0 A2 A 98 43 F WCREB BDNF45 [
Rk, Sl E MM, & FEEE ILIZ IR
£
3.5 ZYIRTE

254 LR A FH U 2 ) 5 K I 2L H R G
HAEF 51 1 S R R, 75 2502 BRI 28 %R
INEEARI ZR 5, T R ot [ 14 15 BE A 1 27 2112 12,
F R BN 5 3 M FH 24 R0 X 25 40 10 e 48 1k VR SRR
A, JTANEEOM ] K B 2% 1 18 AL L I % (condi-
tioned place preference, CPP)FE B 5T 254 iR 1212
()P DAL ek 78, 78 R /MU A 4% R ILATF4E
KPR 2 BRI, 45 25 I /MU A A A% R 5 B B B

U6 PR 2002 W IR AL 400 1) 771 Sal003, 7] BHL W e ik B8 ]
R T HICPPRICIZ L, HATF4%E [ RIAN &;
15 18955 B A 5 10 5 R ERNA TP 58 i A 5 4=
¥ ATF4R) ik, 7] BH W Sal003 51 2 1 47 R %4 S Al
| ERIEEAN, RPFERIMIA % NATF4Z 52
ZALIZ RS DU K36 T B A B 4 TR 202
BERR ALK P o AR B, TR A 2 R T 5 U
[IEEF AN AE B D) RE 8, PR A 48 0T R 2 iR 1 Y
rh % T R B R 6T ATF 4 25 1 7654 52 1 A 1l
2, HAE RIS F AR B ZER R, Wk 225 n
ATF45 F FRIES, B it 7 WP IESE T ATF4
TE RO IR A, H BRI mANE 2, &0 E

J 3T, N R AR SG0 I T TR o7 $R AR 78
A
2 L TIR, ATFATE #0142 IR AT B (AD. PD.
W) WA ) o R EEEAEH, fEiX
Sep g i, 25 B I A2 B D RERRAS, W [A) 2 2
RS E S RVEICAZ BEAS A 2 Y 28 R 12 g
S, TEHI 2 S1CAZ D RE R RS I, 38375 % P Jo I
5| AL AR S5 B I (WPERK . p-elF20i2%) 3 3 5 184 i,
FHRAT S E O R, 5 RATFARIE K5, i
FLIATF4 R 74> 7CREB. BDNF% [ £k /K °F,
I AL 2 A0 R T, T ATF43EAT T Fil)S, 1X
SE P 1) 5 207 D e PG 38 6 B 2 03, kR T
ATFALEIXE6 2% S] e AZ AR IS I EE 2R

4 RE

ATFAE Ny — R S0E R 7, HRTHOANTE S
il 5 2% STUE A SR R B RBEE . 7E22 )]
12 FERSBR R b R FLATFAR) 34 %, 45 748
KAV TG % 2 e 2 B0, HATF4RIE K
T IR W, R ATFATE 25 2 e A2 M B Hh R P B
FVEF . K, &0 ATFALE 2 2] 04200 0% 1)
WU 0 B — 20 B 9T, TR AN PR I ATF4/E 2%
2147 I L, A 2 LLATFAR8E i, 25 )
012, B A AH I (1R T TR AT 3 R4
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