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Abstract: The activating transcription factor (ATF) family, a key branch of the basic leucine zipper (bZIP)
transcription factors, is widely involved in various biological processes including cellular stress responses,
inflammation, apoptosis, and metabolism. In the pathogenesis and progression of pulmonary fibrosis and
inflammatory lung diseases, such as acute lung injury/acute respiratory distress syndrome, chronic obstructive
pulmonary disease, asthma, ATF family members regulate critical mechanisms including cellular stress,
inflammatory responses, and ferroptosis, thereby influencing immune responses and tissue remodeling. They
exhibit bidirectional regulatory roles with both pathological promotion and protective effects. This review
summarizes the expression changes, biological functions, and potential molecular mechanisms of ATF family
members in inflammatory lung diseases and pulmonary fibrosis, aiming to offer novel research perspectives for
developing mechanism-based targeted therapies for pulmonary diseases.
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(pulmonary fibrosis, PF) 5 % A4~ F Z 7|04, {H157F
ok F: 2025-07-17; [ HJ: 2025-11-14. EIZ, PFRIKAEKR RS 2 Mir s 208 % V) AH G,
FEETHH : F K E SRR (2023YFC3502804, 2024YFE0201300). ) . .. .
*J@ HAEH Tel: 86-10-63165207, E-mail: rebeccagold@imm.ac.cn 2 i 45 )7 (acute lung injury, ALT)- COPD K 1 <

DO 10.16438/].0513-4870.2025-0839 Sl A A8 98 E, 35 ] 38 I {8 £ 4 A4 DR 7 0 R RN o




- 322 - 222224 Acta Pharmaceutica Sinica 2026, 61(2): 321-331

21 S AN s AL, 5 5 A0 M AR 22 T (extracellular matrix,
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AT 454k (idiopathic pulmonary fibrosis, IPF) 7E N
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&5, @il T ER(E S, ATF % LA g
% W) T e L e A ) g AP, T U S S 4 L )
RIE L T ERBE T S T 4 4 i 18 5 i AL 55 0
FEUCT SR AR S, A5 RV B EF R AL T, ATF
FIRAN Be HES) B ¥ 993 B AR, 30 W] 78 FE L0 8 1)
o B R A N R AR ORIPE R, 20 e A T RE

ATF F 5 L AHE 7S, B ATF1~70, Hor,
ATF3. ATF4 5 ATF6 1 fifi #8973 F 7 b 4 38 f5e o 78
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Table 1

ERS: Endoplasmic reticulum stress
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(1) 22 5 B i L . CREB % Ji% i it (CREB1.CREM)
Y S GRS AU 2 Th RS &) T
ATF 5% 15 U 75 40 B 57 8 87 1 T2 R 2H 4R 4F b 45 A
H AR PO (B N RSB IR ATF Kk
RO LR 40 o A 1 0, T RARYE AR E AR
H% (Human Protein Atlas) % #% & (https://www. pro-
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Subcellular localization and distribution of activating transcription factor (ATF) family members. ER: Endoplasmic reticulum;

Member Subcellular localization Distribution
ATF1 Nucleus Widely expressed, low tissue specificity
ATF2 Nucleus, mitochondria Widely expressed, relatively high in the nervous system
ATF3 Nucleus, cytoplasm Widely expressed in various tissues; significantly upregulated under stress stimulation
ATF4 Nucleus, cytoplasm, ER Highly expressed under ERS; widely distributed
ATF5 Nucleus, cytoplasm Primarily expressed in the liver
ATF6 ER, Golgi apparatus, nucleus Widely expressed, relatively high in the pancreas
ATF7 Nucleus, cytoplasm Widely expressed in multiple tissues
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Figure 1 ATF family members regulate gene transcription through
the formation of homo- or heterodimers, which specifically

recognize and bind to the "TGACGTCA" DNA sequences
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Thfe AT H &2 JH T2, ERS 7E PF Il COPD %5 % 5
JTIZAFAE, 5l S350 L 2% O0E AE SRR % U AH
KPU, RN R, ATFs R4 T EZAEEER- .
ERS Wi () ATF4 862 5 R AT 4E 40 i 135 46, #E3) PF
(19 & APV ATF6 W0 i fe 6 1 P9 J5 99 e 76 Al 0% 2k
5, 41 XBP1 {13835, A By T A 40 i Ik 0 Ik R 21
IhRER; T ATF3 7F 52 31 ERS Il 5 % LA, 15 A4l
I 7 %) LR Y R, R A A I S T T TR Y
SPAT, AERFI L3RRS Ak, ASIF] ATF A% 57 7E ERS
2 00 2% bt B R B R 5K &R, I ATF4 5 ATF6
Al B[R] _E i R U #E 2 R CHOP, /i 5 40 B ) 12 Bl o
PRI RS ATF3 /R S ATF4 (1R i #E & ], vl @ ik
ATF4-ATF3-CHOP i # P} [F] 1 5% CHOP ) 345, X
X ERSAS 5 M 4E R B AT H B3 .

AL B (oxidative stress) A& H1i% 1 % (reactive
oxygen species, ROS) Fl 3iF ¥ % (reactive nitrogen
species, RNS) 55 H & A4E Jil 577 B 2 11 5| % 1 48 B4
13 1 #2722 T R s AN g J IR A% Do L 22—
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%5 HDACI, B#AK p65 11 LTk AL K SF, #0055 e 1
RIFPLRINEE . A3 8RN RAE N FE R HBE T R
H 9RE IR R RO I AN B st % BT, [FIRESR VR ATF3 7R
8 ) 98 R RN B A EEAR P EAE Y. 52K,
ATF4 4035 Jo 7] Hpd el 5 NF-«B By [5] 75 F 16 98 1L-6 45
IRl 3k, 76 AR 35 6L 3018 M 330 F OR ROE (S
ST BOE PISK-AKT 15 5 30 1, 48 58 LPS H)30™ 4 1
S bRz 41 P 98 IO, S B0 AR A 2 W itk
4b, ATF4 38 7] i i 8 4 ¥ L K] SMPD3 (W3R 15, i 3 B
Wik £ L ML B A, 38 ST A4 R 28O0 e B2, [R] A
ATF6 tH# & I 2 5 {2 i 5 . B FL R BH, ATF6 R
/N R b R AR A SR 4% B R TNF-a. CXCLI1 %5 % i
DR - IR 2 08, T 98 i 14 9 11 33 Je e (i A FH B 4
il ATF6 i 8 T 1 B 1 41 g o 1L-6 A1 TNF-o ¥ B2 3%,
AT ik 2 P U e o — P B 457 £ v 7 9 SR 7K
23 BT

BRIV T (ferroptosis) A — F DAk B8 1 i 4 T i
T A PR RO RFAE I A0 B AL T ALY . T ARk, Bk
FE T W AIE 55 5 22 It 350 5 9 2% V) AH % . W /E ARDS
HH R AU T R R 0 — T A I 5 R, R % 0 5
KRB 5 PF o, AR B0 T I RS R A2 3F b 5 35345 « 480
S R AT o 20 3 Ak HE B £F 4 b 3 FESY, T 7R
COPD W 8 AH 5 Jili 453 475 H, % B8 1 0] X1 470 444 B A0
A5 0 E S8 R A R AR, ATF % K R
ATF3 . ATF4 75 1 2 41 f Bk B0 T2 F2 77 b R 4% 46 Q3R
F, HLIEH R 0 X R 3 R

ATFAE NS 5B TR I OISR 7, —
T RE 40 1) 2k SE T2 3 B, U ATF4 nJ 3@ i 5 5 SLCT7ALL,
REL BT S 380 D% 1 2k BB T2 0%, AHR-ATF4 Al i) 0% T 3d
AT Bl AR P ) I S R A R, R A ke
BT BUBERY . 55— 5 T, ATF4 76 520 BUR & R
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Al S3E RSB T, 404 vl it EIF2AK3-ATF4-CHOP
55 BE S /NE LRI R A BRI T-;, ATF4 I8
A[EE CHACT MERIE, 2 5 B iRk = 7 5 11 i g 41
MRk AE T AR Y,

1M AE N ATF4 T i N O 56 5 TR ) ATF3, )k AE
TR YA [FIRE e I AR . — D7 T, ATF3 g id g
VTR BT M S EE [H, 1 GPX4.FANCD2 %5 5 3%, #1
il g5 ot/ P R 9 1 S DO L B R FE TS, 5B — T T,
ATF3 f8i8 it 5 SLCTALL J& 3 7 45 & 3 i H Rk,
{2t erastin 5 S IR AE T2 R,
3 ATF ZRIEERERER & F B I 53 i R

JRURE AN () 21 28 1% P 0 03 606 DR R e R R I 1 A7
162 5, B IR B ALR AR A B AT — et . inRpski
) 98 9 I S8 AR IO 8 B O T R S B AR A
¥, Y7 COPD.ALI/ARDS . PF [ % & J& 4L #H 5% ifi ¢
Hp 3 A7 R, TR Uk, BRI ATF 5O 763X 2 4% 0
HRIRT A R A, A BT R LA 2 ol i 50 0 0
Wz Rk

ATF3. ATF4 Fl ATF6 {F > ATF % % 1 11 4% O 1
G, A i 97 1) 90 S B A2 SUE  rp R 5 3 O
TER . JE4Ek, BEFIX 3 I AL KIRF FE AR WA N, e
£ ALI.COPD . B i J2 PF 5555 BELik A% o (1) O B A FH L
HilIZ R BRI (3R 2)H4005,
3.1 ATF3

ATF3 5 [R 38 ok ] A B 452 0] 7= A 2 b I s A e 4
e, T EALHE 4 K/ ATF3 (ATF3-FL) Fl k2% bZIP 4%
P 42 f) BT 43 AR 4K (ATF34Zip). ATF3-FL {8 1 5¢ %
[fIDNA 256 R —FALAe Ty, Re Bk & AR 5 3 7

(X 35k, K 2 2 Sk it B AN I FL 5 177 ATF3A4Zip W% 2%
DNA 454G f8 /), 3 Bl i 55 FAh % s 8 A B AR A
V) 22 5 M SR i 1R ) T S S ) AR AR AN [ 1 40 B AR
FNREIA ST 202 R IA, AR R4  J0E K&
2F o A4 25 5 B R b i 00 T R T T
i
3.1.1 ALI ATF3fE ALI 1 R 483 WU 424 —
3 THI 38 3o ) 98 i e I 9 e 2H 438 45, 5 — T T g 5
SERBE TR i b R 54, B

7 3 RE R 35 77 11, Qian ZEUSR F 4 5 1 Af3 Rl
/N BRAE E LPS 5 5 (1) i 4R A% BT, R R Af3 B 2R 2
& 0 SR J 2H 20K e A0 I R B U, SR BRAR N RAE AR R .
ATF3 I8 0] 38 3 #0 i1] 703 1 % % Je 3Rk, %Ik NEAT1
mRNA [ Fe e P, e 32E M2 7Y [0 20 i A b, 76 ik 33
HH DG 453 4 T R AT 9% AN G 328 T T T BESY

Ub Ak, 75 R IR AL AR S PE Ml 447 (VILD) AL, 42
Y PE Agf3 B 5 /)N BROGTATLA E 75 5 10 I 453 1 B AR,
P IR 3B L E e (BALF) Hh 9 ik 4 ffd 2 i) 484
%, RE R F K TR, LK i K B A 2H 245 A
I,

o5 — 77 1H, ATF3 44 UE 58 fg il i (R g R AE Tk 4%
TN ALL. /E N ALVARDS & % W% I, i #3 4E 68 51
R AT B 9RE SN BB R T 6 — T 41 I R i, b S 8k
it 4 2R b 5 445, T Bk E T ATF3 3 U 45 45 1)
FENH 2 BERRIL, RNA 454 %E 3 AUFI fE
U N2 FUR R Agf3, 6P v R A S S T
B2 A0 MR FE T, I IR 40 M 44557 b Ak, ATF3 76
ARG R T (NIONPs) [ 2 55 52 10 o (1) 3R 04 B 25

Table 2 Functions of ATF family members in pulmonary diseases. ALI: Acute lung injury; ARDS: Acute respiratory distress syndrome;

COPD: Chronic obstructive pulmonary disease; PF: Pulmonary fibrosis; AT2: Alveolar type II epithelial cell; EMT: Epithelial-mesenchymal

transition
Member Function in pulmonary disease Ref.
ATF1 Involved in the proliferation, migration, and drug resistance of lung cancer cells [64]
ATF2 Promotes proliferation and migration of lung cancer cells [65]
ATF3  ALI/ARDS Protective Suppresses inflammation, reduces pulmonary edema and inflammatory cell infiltration [46,66]
Detrimental ~ Promotes cellular ferroptosis [67]
COPD Protective Suppresses inflammatory cytokine expression, oxidative stress, and immune cell infiltration [68]
Detrimental ~ Promotes goblet cell mucus secretion, contributing to airway remodeling and possibly worsening [44,69]
pathology
Asthma Alleviates airway inflammation and hyperresponsiveness [70]
PF Induces apoptosis of AT2 cells and activating fibroblasts [71,72]
ATF4  ALI/COPD Mediates ERS, promotes apoptosis and ferroptosis [73-76]
PF Induces AT2 cell apoptosis, fibroblast activation and EMT [77,78]
ATF5 Associated with radio-resistance in lung cancer therapy [79]
ATF6  ALI Promotes inflammatory cell infiltration and cytokine expression [80]
Asthma Regulates airway smooth muscle contraction and inflammatory responses [81,82]
PF Protective Protects against AT2 cell apoptosis [83,84]
Detrimental ~ Promotes fibroblast activation and exacerbates fibrosis [85]

ATF7 The role in pulmonary diseases remains unclear
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I, T A3 R Ok T 2% fi# NiONPs BT 5 & 19 ifi v 1
P AN T 50T, $Eo8 ATF3 78 I R A in ) 17 il
o & TR

3.1.2 COPD {£ COPD ", ATF3 [¥) I g [ ¥ 2 3 H
B HNE R E . — 5T, ATF3 i sE B B3 Pt
KA IIBE . Wu SEH IR FE R I, 40 Aef3 ] 3 58 75 S
T 5 3 B 5 N SO & B 40 i TL-6 AT TL-8 25
8 9% R 1 1) 3k, B 3 n 26 /1 SR BALF H MR 41 B 11
W2 . B — B LI 7T 7R, ATF3 @ i #)1i) NF-xB 1)
WS 5 BERR AL, S T 0 555 5 00 SORE N, K
FEPRARYAE o 155 M5 2 75 10/ RS2
Atf3 R0 T SRE RN, FF AR R STOR
AL AR £ W) 8-0x0-dG R IA T 15 « FL I 41 A 12 i 1
fn, LA K BALF 71 IL-6 A1 TNF-a 7K & 35 T &,

73— 771, ATF3 7] 58 2 5 #E5)) COPD ¥ i ¥ i3k
& . A IHNA 55 5 55 I 1 /08 R 4 2R ATF3 3Rk i,
I AL Bl AIR 41 4 W4 1R %6 22 (1 SAC (MUCSAC) 34,
MM Atf3 B 2% W) & 35 30 # MUCSAC 1) b ™, $#20R
ATF3 W] fe i MR gl i Thse, 25 & W% 75 S
BIRG  WA 72, AT AR 33 COPD B E 2
3.1.3  REMG  ATF3 75 B2 Wi (1 5 3 i A% v R 4 B 22 (1)
PU 91T D RE, T B A RSO JORE 5 SUE R
NV . TR ORI B 55 R /N BB ) ATF3 R 1A
A, HF 2 5% Th2 40 i R 7 B U B S Ui 3% . A3
R 2R ) 2 5 BT e e R 4 i e S R M s 4
VR IE I, Th2 48 f 8 5 a4k R 7K 7 -, e 4
FE R LT b Ak, FE S R I 5 5 B R ) A
IR ZH 0 5 S vp % 5 AL T ATF3 R DR 4% X 1 7 4
AR S A, ELTE R I8 R 0 P HE 4 SE AT, 3278 ATF3 7]
REVE R R R T2 5 5 R B IR %0
3.14 PF Zf£1PF # 3 M1 K% & (bleomycin, BLM)
7 S0 PF /N A 4123k, ATF3 ) 3R 38 /K 1 &2 2 7+
=%, ATF3 R B K 40 55 RNA LINC00941 13
IE, 5T AT 4 20 B 1 LG 4T 4 20 B 1 34K, 5 488 5
B 5 AT B 7, AT I PE BERET, 3 ik 4¢3 AT
1) 28 00 R 25 8 75 BT Pinkd (8 5%, SR kLA
ROS #5140 B Th Re Fei i o Tf 76 11 2L v b iz 4 A
(alveolar type 1I epithelial cell, AT2) " 2% 44 4% mli Bk A3
A 52 2 BLM i S0/ B PR R ALY,

PLAF 4E 1L 259 AR JE B (pirfenidone) 7] N i PF
/NI Z R ATF3 (R IE KT, A, — e R AR =
At W] JE I R 2 ATF3 AH OG0 B 22 R 1 4E AL . i K
TR i B2 B P e Ji 3 I 3% ATF3-PINK 1 15 5 5,
P ERS 7K -F, 39 28 R4 [ W, I8 BLM 15 3 1 /)
B PF %7,

25 b, ATF3 7E 2 Flfili 35072 9 = 2 B0 S5 2 1 X0 1)
WEREE . — J5 T, ATF3 G838 o $ i) 48 9 I 1 Rk
T G % A M T 40 RE A e AL R TR AR A S P R Y
DhRe r A€ T, M R FELRYER, 53— J7 T, 78 R e
TR ERHIECR, ATF3 tr] e S 40 i D e bt S5 4 21 &
W, R R AR R . JUH AN 47 4E 4L, ATF3
AL o A P R AR S LIRS D RNA RIB Fig R, &

PR R 2 SR AT B RRCA A SR TT K PF S 5] 245 90 1) % i 58
W,
3.2 ATF4

ATF4 [FIFEAFAE 2 PG s AR AR, Hoze e R4
TE N iy 25 $4 35, 3 7T BE 5 M 3G SR R 0 B 1 AR
SEME . 5 AN, ATF4 1) 3R 058 & 52 3] & i T B st A
(uORFs) A1 3 1) 36 43 P /0 1R AL ) (%) 7 A 1 41, (43
ATF4 BeEAN R B T = F 20 H 2 KA %
3.2.1 ALI ATF41{E A ERS %42 H k% O 8 s 7,
EALL RS KT a8 m A, HRir,
ERS #1771 g 96 30 1] LPS 75 5 19 /N B ALTRE R v 4114
[ IA, BT FE T 1 R AR, kb il 76 5z 240 B 1) 9%
T3, EE 2H /N B A L T R 4 R SR U ) 2 R T
T3 T 4] GRP78/PERK/ATF4 15 5 i, [/ LPS
75 T 10 e BE AH ¢ ALTBE B o (R 8RBT, AT ik 28 i
BTV, AN, 2 B A ] LPS i 5 1 ALL
/N H Bip/ATF4/CHOP 3l i 1133k B B0, o538 N I Y
R I ol e il 2 24545
3.2.2 COPD H 5% T ATF4 7 COPD {78 #H
Xt A bR, LA WF 9T % B, ATF4 1] g3l i i 4% ERS [ M
% 5 COPD W) R id 2 . PM2.5 fig il i 30k 4 i 11
PERK/elF2a/ATF4/CHOP & i, il f#] COPD 1 f) /< 18
JRE AN BRI T, 1 A ERS 0 i) 5 AT A R0 %
PM2.5 5 5 [ E e AT B #1457 . N2 BT Rgl
th 7] i i % PERK/ATF4 i, 1] ERS K H A5 14k
P AMNERFE T R FE, AT 942 A 0 25 51 A2 ) COPD
/N BRABE 2R o il A 95 28 A0 98 e 2T
3.2.3 PF ERS KAk 1R85 A M (unfolded
protein response, UPR) T #6 7~ 7£ PF R 4 K @k
FEEBER . BART 5, ERS MY AEE S AT2 41 iy
FITET, I8 5 5 1 45 AT 2 20 i 5 4 < b Rz — 1) o %
1 B 9 i R R Bl 5 — F 51 O B B O AR
Korfei 2 i FLR &, 7€ IPF & 3 (1) 40 & il 41 23 & AT2
Y0 B, ATF4 J R i #E 2% ) CHOP B 3R ik 2 % |
W, IX A RES AT2 40 M0 F 08 T2 3 & DA oG . itk —2b
W FEUESE, ERS 5 5 77 45 (1) ATF4 fE #0355 AT2 i 2R HE
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i K #1 & B @ )X M (mitochondrial unfolded protein
response, UPR mt), ‘5 E 28 Wi AR Th BE R 15, A1 b 28 it
A ATF4 38 ] 38 i 3% S0 o-~F I UL & A
SR AR T2 B 2T 4 4T B P VS AL, HEBD AT SR AL R T ) —
75 T, TGF-p 7] # 1% PI3K-AKT-mTORC1 i@ %, I iff
ATFA [R) %, 101G 0 s Bl 21 4 40 0 b 22 2008 - H &
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