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Biological functions of CREB/ATF bZIP transcription factor in metabolism and
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Abstract: Nutrient overload-caused deregulation of glucose and lipid metabolism leads to insulin resistance and metabolic disorders,
which increases the risk of several types of cancers. CREB/ATF bZIP transcription factor (CREBZF), a novel transcription factor of
the ATF/CREB family, has emerged as a critical mechanism bridging the gap between metabolism and cell growth. CREBZF forms a
heterodimer with other proteins and functions as a coregulator for gene expression. CREBZF deficiency in the liver attenuates hepatic
steatosis in high fat diet-induced insulin-resistant mice, while the expression levels of CREBZF are increased in the livers of obese
mice and humans with hepatic steatosis. Intriguingly, CREBZF also regulates cell proliferation and apoptosis via interaction with
several transcription factors including STAT3, p53 and HCF-1. Knockout of CREBZF in hepatocytes results in enhanced cell cycle
progression and proliferation capacity in mice. Here we highlight how the CREBZF signaling network contributes to the deregulation
of metabolism and cell growth, and discuss the potential of targeting these molecules for the treatment of insulin resistance, diabetes,

fatty liver disease and cancer.
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AR ESEAE Y, FEHS ARG AR
WG, . AR BFABEANE TS 2 07 AR,
KEUEYE Box, FhlaniiQE. Ak, WM T:
(A5 5 2 T B 5 5 AR IR 1k i 07 ek A . 2
B PRI LA 8 S50 093 1) % A RN R J 2 DD AH 5 1,

OSSR IcAMP [ BT 456 B H (activating
transcription factor/cAMP responsive element binding
protein, ATF/CREB) Z % & — R HAZ AN % 5% R 1,
FEAEMRN 22 5 s, 5. e
PAT S RE 0, B A Y R S R
(basic region-leucine zipper, bZIP) iX — {574t 79,
ATF/CREB )i i i CREB/ATF Bk 7 2 B i %
A ¥ (CREB/ATF bZIP transcription factor, CREB-
ZF) [ Dy Re it 70 M AL T HIRE B By, {H T 52 31 i
FKvE, WHFEEW], CREBZF 2 555 iS5 4
MK, s R ik CREBZF [ iZ f
AR A AR A G R R ik P
ASCH CREBZF 11 20 4F (AT 78 e (1] 1) BEAT 2514

1 CREBZFHIZ I 54544

CREBZF, Y %4 Zhangfei, & —f bZIP & A,
J& T ATF/CREB & I KRR 01, BRI RERE 5 1 A
4li ¥t 92 9% ¢ (herpes simplex virus-1, HSV-1) # 5< 15
F4HML A T 1 (host cell factor-1, HCF-1) #H H.1E I,
FAMH HSV R 8 58 i gl 0L 11 sl s

CREBZF identified

CREBZF functions
as a bZIP
i as a regulator of
transcription factor
. : ; the nuclear
via interaction with
receptor

HCF-1

2005 2009
Roles of CREBZF

in regulating ER
stress and cell
growth

1. CREBZF KB 5078 Dk

Expression pattern

CREBZF identified
to stabilize tumor
suppressor p53

i 8 — KA A ¥ DNA XUEE% 35, B85l J ik
M. MR WSR2 R AR 4
Jo, BSOS T VP16 # iz it i e ot S5 1E
YA F Oct-1. HCF-1 JE i 5 52 & W H0s 5 5%,
fie it d i . CREBZF fEf% 5% G+t VP16
5 HCF-1 454, Al LAFHIE HSV-1 37 BB )R
r itz 4k, CREBZF nf L] HSV-1 DNA & il fit
D5 5 B0 AN A B o A Y, T A1) HSV
(i 2 il g g U1

CREBZF 5 H v 7 20 e 7 5 5 1 5 i L 7 o
RIRAA X B A = BRI, #AS bZIP 454X,
P 1k S DX DA S AR 1 T R AR I 1 45 A X S 45 1
BT MR R R R (I KR DNA 45 X A
= FEERSE 751 NxxAAxxCR (x AR B E R ),
Bl 2 R e S IR 7 T LU I BZIP 45 A X I 5
AR SR L R 2655 . CREBZF 2 05 i 4171 1) 7 %
ACE R Nl R R, RIS AEY E TR
Hi - CREBZF 7F DNA &5 & [ 3 AR X ik = R4
fek s, B AREE S DNA 456 3 0E 0 &
CREB 18 8 7 "". CREBZF 534 ik Z K& &
P& % 5 1) bZIP %% 5% [ ¥~ (C/EBP [F] Y5 & 1 CHOP,
GADDI153, DDIT3 Ml HBZ %5 ) — k¢, 45 & H e
SERT, RS R SR Y, it CRE-
BZF 1] U 5 % 5% 3 1% [ 7 4 (activating transcription
factor 4, ATF4) JE i3I8 — 284k, {iEit ATF4 5 CREB
gk 4, HEmifE MEK] {5 518 % i # ATF4 [1)§%
SiE P, CREBZF 1E LN SR 2 FRIE,
D] 0 28 N RS 46 25 A 1 T AN R T 20 N P R Y, 4 )
N Zhangfei (272 AA [{1 55 7 & ) A1 SMILE (354 AA

CREBZF acts as an
of CREBZF in inhibitor of STAT3 to
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system proliferation

2013 2018 2020
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Fig. 1. Discovery and research process of CREBZF. Following its discovery in 2000, understanding of CREBZF’s function has

progressed rapidly over the years. CREBZF was first identified as a regulator of cell growth by regulating ATF4, nuclear receptors,

p53 and so on. Decades of studies have revealed its effects on regulating metabolism and cell growth. HCF-1: host cell factor-1; ER:

endoplasmic reticulum.
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ANZ MR eI R TR, R
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5. KRk 4, CREBZF B A S AL Yy BEAR 1 5E
WIS AR v FLIE AT 1o (peroxisome proliferator-
activated receptor-y coactivator-1a, PGC-1a) a4 H 5
JiF 40 ffn 4% R+ 4 (hepatocyte nuclear factor 4, HNF4)
HIgE4, MTmAE] 7 HNF4 -5 50 T IR S5 28 A0 o
FEDRI e s g e o R B0 3 ) S AR 7 1 CREB-
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9% B /1 5 () CREBZF id % ik (Ad-CREBZF) £ &
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AR % I 20 i FH g B 2 b 38 5, CREBZF |
mRNA /KPR ERE, @FENEQ XEds
ATF4 HAEAE R RCRIE =384k, RN Insig-2a (5
S, ETAF T RS RS S IR KA R
R RV, FHIERE R CREBZF
i /I BT Insig-2a A1 Insig-1 &i& B, M
il 7 R B 2N A R G KRR R . AR
JE e BE RO B S B IE /N R A o, R R S
CREBZF $ % BEAT 20 22 fif LIPS A 14D JEF Ak I i 37

o AR, EREHSIRREN RS %
PEJE /N B (ob/ob) i CREBZF 334 1 2 # 1Y
I, [E SR AR 1 T 197 555 I CREBZF 7K
FHEE L, 455K, CREBZF/ATF4-Insig {5
510 BRAE S U B R IRPUIRAS N 3 AR 5
G AR R Rk, A R RR BT, AT fi#
B 7 RT3 5 1k ot ) SRR ok 2 [ 2

JOEL ] e s A4S ) 4 5 75 22 P IR S AR R AR 2 AR R
7, FFHE X 224K a (liver X receptor o, LXRa) J& T
AR R 7, LXRa & — /N SR A1, i
ot B A AR R AR A DGR R Rk, FENR
W& i R ¥EE AR U, Bt R, CREBZF
AT LI 0 LXRou [R5 S35 14, AT 00 o) ] e 1)
TIotE4E A8 E 1c (sterol regulatory element binding
protein-1c, SREBP-1¢). [Elil& & fiif (fatty acid synthase,
FAS) Fll Z Bk 5li i A 211 (acetyl-CoA carboxylase,
ACC) S [H [ 3£IE ™. CREBZF il it 5 4 B 71
SRC-1 1EH, se4+ M| LXR #3h7] (TO901317,
T7) 5 5 1 LXR % 53& M 5 1% 5 (Ad-CREBZF)
/51 CREBZF i R iA nf ks T7 LA 2 fs IR ik &
P B/ R EAR DTS, IF T R R G A O 2k A
Ko REMGAENERR (ursodeoxycholic acid, UDCA) A]
108 I AL A4 PN T [T T 1 5 ol S 2 i, SR IR 45 T
i 25 HEEERE . 51 NIEREMZ, UDCA i
B E I 5R 7 CREBZF 53 Fi&tk, JFH TR T7
% $ 1 SREBP-1c. FAS fl ACC FRARIAKY 5 F
W PR % CREBZF %5 [K 1A 1 i 9% # (shCREBZF)
| 1% % 7 UDCA % SREBP-1c. FAS il ACC & [
AR IEER . BL RS R KB, UDCA n] LU
_Fiff CREBZF AL, ATm0H] LXR 43 HIHTE
i A A 5% 325 IR f) 2 3 SR R AT IR ARk AR Y. 7
CREBZF Z 5 IRQ# 75, CREBZF i i #l i
Insig, & Z123k SREBP-1c f)iE PEAN g I e & i s
i —J7 T, MBS T 1) CREBZF i R & #0] 1

LXR #3507 T7 i 5 ) SREBP-1c 25 fI5 & i3 K
ik ™, CREBZF 415/ SREBP-1c {5 il LXR [0
il ] BE 9 40 Bt — b AP FUE IR, R 4ERRAN R
PIIE R BT K, AT 4 R U o A s~ i (1)
AT

1 b ATk, CREBZF X AT B A A€ 5 £ & A
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#1155 PKB/CREBZF 15 5 i i 3% 4 14 41 ] PGC-1a
A0 T 00 IR S AR A DG R 0k, o5 v L R
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Fig. 2. Key biological functions of CREBZF. CREBZF couples insulin to hepatic lipogenesis, which results in accumulation of excessive
triglyceride accumulation and hepatic steatosis during nutrient overload condition. In addition, CREBZF functions as a transcriptional
coregulator and plays important roles in cellular stress response and growth of several cancer cell lines. HSV, herpes simplex virus;

OS: osteosarcoma.
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Fig. 3. Overview of the role of CREBZF in the regulation of pathways involved in metabolism and cell growth. In response to nutrient
changes or compounds, CREBZF is activated to regulate transcription of downstream targets. CREBZF regulates cellular metabolism
as well as cell survival and proliferation via the formation of heterodimer with other cellular proteins. ATF4, activating transcription
factor 4; LXR, liver X receptor; PGCla, peroxisome proliferator-activated receptor-y coactivator-1a; HDAC4, histone deacetylase 4;
STAT3, signal transducer and activator of transcription 3; HCF-1, host cell factor-1; CREBH, cAMP-responsive element-binding
protein H; XBP1, X-box binding protein 1.
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