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BORYT T Bt BPDJEZ IR RN , A AL ) = B 455 it 160 17 20 A R B0 A8 2% & s o e S 400 i 2 i vt 1) 2
BERE R 4, AL HE i T 7Y Calveolar type 1, AT 1) FMfili#d [T # (alveolar type 2, AT2) 4 g, H b AT1 40 2 5 < 1.
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Research progress on key signaling pathways of alveolar epithelial cell
transdifferentiation in the pathogenesis of bronchopulmonary dysplasia

ZHANG Meng-yue', ZHOU Jian—guol’ZA
('Department of Neonatology , Children’ s Hospital , Fudan University/National Children's Medical Center,Shanghai
201102, China; *Department of Neonatology , Anhui Provincial Children’ s Hospital/Anhui Affiliated Children’s
Hospital of Fudan University , Hefei 230022, Anhui Province, China)

[ Abstract] Bronchopulmonary dysplasia (BPD) is a detrimental respiratory complication associated with
prematurity that still lacks effective treatment. BPD 1s a multifactorial disease with a pathogenesis involving
alveolar simplification and impaired vascularization. Alveolar epithelial cells are the main components of
alveoli including alveolar type I (AT1) and alveolar type [l (AT2) epithelial cells. AT1 cells are
involved in constructing the air-blood barrier and facilitating gas exchange, while AT2 cells, characterized
by proliferative and differentiated stem cell properties, maintain lung homeostasis and contribute to lung
injury. The transdifferentiation of AT2 cells into AT1 cells is a core mechanism in the repair of lung
injuries, although the key signaling pathway activating transdifferentiation remains unclear. This article
introduces the key signaling pathways and research progress in alveolar epithelial cell transdifferentiation
through literature retrieval and classification summary, providing a foundation for elucidating the
pathogenesis of BPD and exploring new therapeutic regimens for BPD.

[Key words] alveolar epithelial cells; transdifferentiation;  signaling pathway;  bronchopulmonary
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Jiti FL AT 5 O AR A S T RE o M B R AN
L 2 il 552 I 2 2 AR L 3 D il i T B Calveolar
type 1, AT1) 28 Jfd #1 il 39 11 B! (alveolar type 2,
AT2) 4001 . AT 40 SRR BEIR W 3 K 40 i F1/
JIts Y 248 B, o e S 3R AR Y 95 06 LA b AL R
B L S S 5 ARSI . AT2 40 il B
A G TE RS AR DI EE 2 5 I8 R R S B A
16 52 ok B AT T 40 M 9 AT 2 40 i 5% 23 Ak ok
AT1ZM, P oy A B o0 s R BOR R R
F 58 2 WIS 360 - B 200 JH A o0 Ak I i 5 SR Il
A A K (bronchopulmonary dysplasia, BPD)"™ 18 4
FH %€ P Bl % 9% (chronic obstructive pulmonary
disease, COPD)'" | % & ¥ Jili £F 4 b (idiopathic
pulmonary fibrosis, IPF )74 Z Fft - Il 28 5 955 % 1)
FHOG . Horp BPD J& R L B0 ARE , 2 > HiHT
Az LS T I M A5 TR, H R e AL IR T SR W R
HE— L IRAWEIE . BRI b B A B 5% o3 Ak 1S
KAH AT 5 38 B AE BPD BB 58 b — B2 AT T R,
{Adk = BPD &AL AT2 4 % 704k AT1 4
JIEL 1 O A 5 0 B 1 2R 3R . AR SCH BSR4 BPD B
o3 A i FR Y OGBS %, L Ol i — 20 38 BPD
FRHLH R BPD BT IR T T 58 S I R0 FE Al

FiEEREBPDAELXRPWIER i
A S P Bt A . 2 e iR LI & &, o
B i 6L A BR8N Bl B TR B, BPD & L
1 AR G, B 2 R R R SR R PR T S B
BPD W) & 4= & & 32 28 Dt AL 468 il & 7 B i AL
RN Vi i N = R A VA OB VARG U L L
PEUAE Ll Ak B RS R BN A & B RS R JE BPD
B B ER B R B , Coalson 55 3k T A2 JL K FEAS
BPD J 191 14 Jifi 2H 2395 3 2% 22 vpos [al it v 00 52 7
BPD J i & U %) fi 340 S 381 2 R AF 6 455 il o0 45 1 vk
A PRGOS AL R AN L A R i e BE
20 04 47 A 4 . RoBler 4538 1o BF 5% 25 R
T~ Ak it s 96 AR I A5 A A e R R S A %k il I £k
A1 B MEAER- . 825 UE S 2 R
P R 2= 4 1T 20y il o A B 5% 2 BPD & AR R 1Y
KHEPLH

B & b Bz 4 B 3% 43 4K 72 BPD % 7% #L 1l F0 i #5

HiEERRIER BPD EWHLEIE 2%, o 2 5 i
P05 2 BPD 8 JH (9 sh W) B R . Sun 55738 o 4 4
e SRR A R BRI R I It 4 4 )5 AT 2 4 i 5 431k
S AT 40 M09 1 Sl 3 5, AT 2 4 i 5 A 1& 52 /0N B
A5 R0 O 1A R B AR o (H AT 2 40 M B i
W B AN MY 16 26, il S T AR Y 506, ERE I IE A
SR A e ik BRI U b R AR ML 95 %6 R AT 1 41 i
PR o AE M40 & AR TS AT 40 8 H 2D, ok 4
FE WO H AR B AF T RE AT 2 41 A& ¥5 T 20 M 1 1
TERR™ o4k AT 1 408, & & il 21 21 45 ¥4 F 2
RE' o ELAT L b R 20 B A3k ) AL AT A T AR
IRV i 3 e A0 5 A A O B8 A 50l %, X T
578 BPD & w Ll AR R BPDIRYT B r % A H
B,

B it B R e oy LB R B S S B R

FGF 15 % i@ % Brownfield 2" 3 1 X /N B il
U TR A B R A0 I RNA T 40 A A id 3R 36 % &R
T8 I 0 v B A AT, U AR T AT A A A
(fibroblast growth factor, FGF) {5 5 i [ 7€ fiti 1 41
A0 53k S 4R AT2 40 M 25 45 48 vh e 45 5 B A
o AT 40 MR AT2 400 52 th — > St 8] 59 25 94
40 i (bud tip progenitors, BTPs) ki k™. k&
LR BTPs #180E AT2 40 il #5283 35 Fefr2 2
PRV B A AR I A B b, Fafr2 i B4R Fel7
M Fgl1o 78 J& Bl 18] 78 0 b i #6350 9 FGF {5
530 g nT LA it 90 200 Y 5 A, 0 il T RE
Bellusci 4" (9 F 52 W7, H Fgl10 Jin A/ B Ji i
rf 3G S (8] 78 5 R ARG Fef10 o] 3% S il R )Z 975k i
2, BET AR RN UV G it & F o

TGFB A BMP 1z 5 i@ % | JH A Jifi B A 1 FI
PR ARG I 1 2 B LAY Frum ifF 7% A BA & BRFE 1 A=
KW F B (transforming growth factor B, TGFR) & 5
g M E B & & 4 & A (bone morphogenetic
protein, BMP) {5 7 38 i 75 AT 2 41 jfd 73 fk. b & 4% 4
S AE P AE BT Ps Rl RSPO2- A HE ] 7 5 4
M 2 ], 2 B 30 TGFR AR 5 i % ] LU AE oF
BTPs [ AT2 40 ffd 7346 , T #E BMP {55 3 % 0 4
il BTPs [a] AT2 4l 731k o B T DL EAFSE 4G 2R,
Frum #f 5% A BA > 36 & 30 T 76 & Wnt A58 T, 30 il
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TGFB AT BMP 55, AT W8 2 & 41 15 7% /9 A fiti
HZUBTPs K40 fb i AT2 40 g, I 43 W AT2 46 il
MJZ R o 1% A BN R BIF 5 A B i A 2K Bl % 7 ad A o
AT2 4 5% o3 A AL B 44 7 B 1% .

IEAh, TGFB 5 BMP {5 53 %6 &~ 3 25 9 1&
A2 B 5495 R 0 A % F A TR A S E . AN b
KA | Hby S5 KA S5 B B2 0T 35 2R AR R i il I 24
HRAL A 5T e U A E A Y TGFR AR
538 B, R UE BTPs 404k AT2 4 i, 1& & fili 452 45
384 B i % 7 . Kobayashi %6 (1) IPF HL#HI 5 ,
& TGFB A BMP {5 47 il % & S 8 AT2 4 fi % 5»
b 5% 5 3 A0 A5 7

Wntfz 5 i@ % 5 IGF-1  Nabhan 2558 1 %} i
G ET 4 40 Y B AN RNA T /N LB 9 525 L o
T UOE AL 25, KB Wt {5 538 3 1 1
BTPs 1] AT1 241 At 53 4k > 4 K¢ AT2 244 L (9 241 g
ML SRR FSY CIESE , Wt {5 53 I 2 5 40 i 38 i
SrACFE T o T R A2 K -1 (insulin-like
growth factors-1, IGF-1) 7 fifi 2 41 fd i) 43 4k F0 15 &2
Hh OGRS R TGE-1 5% M0 e 43k B BIL D i
RUHG . AW Bos IGF-1 7T DL B 458 o {2 it
AT 2 40 g 38 58 Fn 43 Ak, A S I 96 40 e 46 2 0 A
I — RIS A R 1 Wnt {5 5l B IGF-1 5%
M AT2 41 i 43k /) 3 2215 5 38 8% . Wnt5a /& Wnt
TN — B0, A2 i 3 3 e T v O T
KL BPD #5578 332 J1 o 40 i 00 ) 45 A, 78 AT2 41
M % oy Ak 1 B2 Wntsa {5 5 3 B AE FH 09 AF 58 b 15
LI R 4538 . Wnt5a i) mRNA & 4 & AT2 %501k
14 5 i PR, LR 2 30 Sy [ 78 5 A0 i >k YR 1Y) 40
A3 T Wntsa {5 538 B, ] A T2 40 i % o4k
Sy AT 140l

Hippo-YAP 42 % i %  Hippo-YAP J& —Ff 1
o3 R E M AF 53 I, X I 20 2% R IR T A0 A Y
110 B A 5 SR A T A6 I 61 2 440 6 ) 348 2
oA E B A BAR R YAP & 14k
F5 T 90 b Rz 4 i 8 R 8 2 2 Hippo 15 5 il #6181
e ) B 0 = 40 B 35 e R A A 28 R /N
5% V8 455 1 36 F5- A= A LA, Digiovanni 277 R ALK
3K 71175 5 Hippo {5 & #H G 11 YAP 28 1300, £ i
N BRI 6 R 2R . Hippo-Y AP {5 538 % 2 UT 4F Ok i
KB FUBR U IE IS o W Mahoney 25738 1 #F
e G LI L [ K 40 M A R, R AN A 2k YAP

L Sox2 1Y 7KV o3 A K 2 To vk il b e AH A
Jif A, JC 3 TE B W IS R S T G A o e 1 R s g
LT HUMN R B A B LT 4840 JF B4R YAP
TR il 2H 208 i LB B B B R 3 52 W Sox2
Y 23K 5 Ak DA K R 5 i 6 1 B 240 ML A o

Hedgehog 15 5 i %  Hedgehog 7 il i 5 £
Tl it 08 9 9 1) kA RN R SR B DDA G . i 4n BPD &
S 3 5, AT 2 4 B % oAk AT 140 B 14 )5 2
i 3 55 43 W 14 7 X 0% Hedgehog 15 53l 1%, 78
IPF & 4 By #2 v, Hedgehog 15 5 3 5 52 i) fili 1% £F
A0 3G T A T RS RS RN 2R 4k B AR LA
AT2 4 ML %% oy A i i 2. Peng 5558 i ¢ 5 1
O 63 e 4 /0 BB A P SAA JE DR B ) 410 4] Hedgehog
17 530 I J i W AH &0 it 1] S5 20 A 14 FE 4 9k L 1 AT 2
0B s A3 AR g I L 45 78 Hedgehog {7 53 [ 76 3 18
A 15 /)N BRI o AT Y b B R R] BT AR S O T AL
ZAEH . Hedgehog {5 53 i 4 H AT {2 iF AT2 41 if
oy AR AE FRT R HE AR R TG LI IR B L 4k R il N
5% Ba A R4 0 Bl AR A9 D BE . Ingham SF° X
Hedgehog & & i # 1F H 09 20 7 AL 1 0F 58 27w
Hedgehog % 1 5 Patched 1 %% & 4% & , i %
Smoothened £ 1, #1551 #2 T #7155 5 5 .

Notch 45 5 i@ % Notch {5 5 i ff = & i@
44~ Notch Z & (Notch1~Notch4 ) 1 5 /\@Eﬁi(hgl .
Jag2 DIl DII3 F1 DI14) & #4E 1. Notch {55 i@
P& AE AT2 40 B 5% 43 Ak 5 Il 350 2 9 1) i A Ok e by
T AR 0 5 AL AR I RNA I B8R R
Noteh {7 5 % 3 75 TPF 8 55 IR 48 14 5 728 vh 3% IR
PR, Notch {5 538 % 9 5 il 960 L Bz 40 o %% 43 1k
HE 5 iR L 6 R e Al S RUE R B MR AR,
Wozniak %73l i % B A BPD 9 491 )5 1% B, &
25 Notch {5 Sl i i i KBRS LB AR5 H
7 )L BPD A ¢ It A 5 I 6L R0 /N SO 1Y S 1B
A2 FER A COPD Y & A4 3 i 5 40 i
J¥ 3 FR B BRI T ST A AR 45 A/ BR3D 2
BB, Kopan 25 % ¥l Notch 15 5 18 #% 75 it & &5
axb 8 R LS el i v RN SCIE b R A B AR St T
40 1 Ak R it 45 0 R B A

XEFESHESEBZENEEER #HLH
2 I P 2 R R LA K B OG B AR S A A (W) A 2
1 R vh B AR 6] 9 2 5 3R 3k, JF DL 2 X IR 22 1 5
D = DA RN i S RS (o R 0 e D
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B BMP {5 53l % 38 1 i JF Smad1-Dvl1 & & ¥ 7E il
SR A Wnt f5 53 5 19 75 P . Noteh {5 53 # nl LA
145 Wnt 28 HiL iR 72 B -catenin J H T UiF A9 3k [ &
iK', FGF 5 5l i i K 3% GSK-33 2% 1 Wnt
22 Wik 1% B-catenin 1Y F 5, Wnt {5 5 i 1% 2 1 &
MEFGF23 )3 8 TRy ™ . BUA BF 58 b BPD & 9%
B K 0915 538 8% Ak 2, {5 5 30 B AH 5 AR F o
A TR HE— 2 BE ST, o ) B G A 558 I 00 A
VEFA M 25 47 B T3 AT & BLIE T BPD BT 76 4005

BiE WAL E A RAE N R L E E T
WY 2 40 A, 32 B 3% TR A i 96k s A R A 9 7 B
A, I 1= R 240 6 2 43 A A i 96 T o % i 453 45 1 52
SoR Rl S by X (S IR EN R ) L R TR
THHE R WRESEKEL ., MERARN L
JRé , BMINORG 200 A B A0 BRI R | ST 2 g A
N T RE VUL 50 A 55 © 4 Bl as i A il o 04 BF 92
T IFEUS T AR . (EL7E BPD 450 A AT I
F A, Ak AT LLZE AR B R IR AR S 5 il i
AT 2 40 3% 5 A I 1 15 5 B IR R A5 - B Ui
FHE T, TR BPD IR I

EERBAER REH KRB XHW
RGBT, RdE ieSci i BE AT,
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