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Abstract

BACKGROUND: Enhancing the differentiation of induced pluripotent stem cells into lung stem cells is crucial for repairing lung injuries. NKX2.1 is the earliest
marker of lung epithelial differentiation and plays a significant regulatory role in lung development. However, the impact of its expression on the differentiation
of induced pluripotent stem cells into lung stem cells remains inadequately understood.

OBIJECTIVE: To investigate the effect of NKX2.1 on the differentiation of induced pluripotent stem cells into lung stem cells.

METHODS: Induced pluripotent stem cells were cultured in vitro. The expression of specific pluripotent stem cell genes was assessed using real-time
fluorescence quantitative PCR. NKX2.1 was overexpressed in induced pluripotent stem cells, which were then induced to differentiate into lung stem cells. The
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expression of FoxA2, SOX9, and P63 was determined via quantitative PCR and immunofluorescence on day 7 of induction of differentiation. The expression of
the alveolar marker SPB and SPC was evaluated through immunofluorescence staining on day 7 of induction of differentiation.

RESULTS AND CONCLUSION: (1) Induced pluripotent stem cells in vitro were tightly packed and showed typical clonoid growth and significantly expressed stem
cell-specific genes OCT-4, SOX2, and NANOG. (2) Compared with the non-transfected control group, the expression of NKX2.1 in human induced pluripotent
stem cells was significantly increased in the NKX2.1 overexpression group (P < 0.000 1). (3) Seven days after induction of differentiation, compared with the
non-transfected control group, the expression of lung stem cell-related markers FoxA2, SOX9, and P63 was significantly increased in the NKX2.1 overexpression
group (P <0.000 1). (4) Thirteen days after induction of differentiation, compared with the non-transfected control group, the fluorescence intensity of alveolar
cell marker molecules SPB and SPC increased significantly in the overexpression NKX2.1 group. The results show that NKX2.1 can promote the differentiation of
induced pluripotent stem cells into lung stem cells.
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1 #EFN753E Materials and methods
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131 4iifftk R4, NFES 2R T4 MikE Y
JIREsE AT AR IR A ]

1.3.2 SR ANES 2R Tt 5 35
SEAREFESE. Vitronectin YR A AR 41T
AT (o rh R A IR A R A W) ); DPBS. DMEM/
F12. GlutaMax-supplemented DMEM/F12. RPMI 1640( 3
GIBICO 2y 7] ); # 4t iR 77 Lipofectamine 2000( 3£
ThermoFisher /A &] ); Activin A ( 3£ [E] R&D Systems A &] );
Noggin. MEFAEAKR T 7. 44 KK 7 4 MEIEE
KA E 4 (2 E Stemimmune LLC A ] ); SB431542(
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Tocris 2] ); CHIR99021 ( JiZ= -k Stem Cell Technologies
/v HE]); SPB LA, FoxA2 ik, SOX9 ik, P63 Hi 1.
SPC Hit f& . NKX2.1 Hip 44 (o [E 1 AR LW 4 7] ): Anti-
Mouse/Rabbit %% — 4. GAPDH $ifAk. DAPI( 1 [E 4%
WA wE] ) & RNA SZHGEGR &L RNA SO sl 7 &, Sk
i 58 % 8 1 PCRARFI & (P EE4E R AEM A A ); LR
J6E & PCR 5|9 (W H SRV AW A W] ); NKX2.1 i 1A i
Ko (R EATAR ) 6B ZE RO R ( HAEARE
1),

1.4 £k

141 NESZEETYME R RATIIA Vitronectin 4%
wAT e AthiE K, HAMAFEEEER. BAS
S LA T-ZH M DPBS A20E 1 V%, 0N 2 PR 4 Ak v 25 40
AR 2 1E W4k, 3 500 r/min B0 5 min, 3 b, 440
TUEANG S L2 TR I E R, DL 3x10°/cm’® %
R T AT 1 6 FLAR T, IIA N 3 2 Re T4 i s 7 4,
BT 37 C. R4 5%CO, HE 748, BRI 1K,
B = RABAR LR, did e 2 B B WL 40 i R SRR TR A
RT-qPCR &Il OCT4. NANOG F1 SOX2 mRNA Fik/KF, F
YIFHI LR 15 Gy 98k WL %% OCT4, NANOG Fll SOX2 &
HRIEKT .

=1 | RT-qPCR 5|4
Table 1 | RT-qPCR primer sequences

I B4 51 (53

GAPDH Forward: ACA TCG CTC AGA CAC CAT G
Reverse: TGT AGT TGA GGT CAA TGA AGG G

OCT4 Forward: TCT CCC ATG CAT TCA AAC TGA G
Reverse: CCT TTG TGT TCC CAATTCCTT C

NANOG Forward: GAA ATA CCT CAG CCT CCA GC
Reverse: GCG TCA CAC CAT TGC TAT TC

SOX2 Forward: TAC AGC ATG TCC TAC TCG CAG
Reverse: GAG GAA GAG GTA ACC ACA AGG G

NKX2.1 Forward: CTG CTC CAC CTT GCT ATA CG
Reverse: GTT AAG AAA AGT CGA AGC GCG

FoxA2 Forward: TTT TAA ACT GCC ATG CAC TCG
Reverse: TTCATG TTG CTC ACG GAG G

SOX9 Forward: ACT TGC ACA ACG CCG AG
Reverse: CTG GTA CTT GTA ATC CGG GTG

P63 Forward: TTC GGA CAG TAC AAA GAA CGG
Reverse: GCATTT CAT AAG TCT CAC GGC

142 [F I B G gt 37 o 0k NKX2.1 N 5 2 ik 4l

i NESZRTARS N2 M. KRB, d%
35 NKX2.1 20, #R¥E Vi 45, K H Lipofectamine 2000 ¥4
NKX2.1 jE I8 R 3% Ge N 28 15 AR IE 3 2 A T4,
B YL 4-6 h J5 S IRHTEESE A RS IR AL, K5 FE 48, 96 h R H
RT-gPCR il NKX2.1 mRNA K35, 5175 W3k 1, H%
72 h X H Western blot 5l NKX2.1 &5 % 15.

143 NES 2 66T 400 il T 40 05 1) otk 2R
GHAEDI %% ' I YAMAMOTO & P (17 5 1, =% F B0 2 4
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Activin A(100 ng/mL) % 3% 3 d, B #5737 3£ O~ GlutaMax-
supplemented DMEM/F12 ¥ Jill Noggin(200 ng/mL) #l
SB431542 (10 pmol/L) 5 3% 4 d, B #5575 H N GlutaMax-
supplemented DMEM/F12 ¥ il CHIR99021(3 pmol/L). fi&
eI 7(10 ng/mL). B 4EAE KR 4(10 ng/mL)
AE AR A EE 420 ng/mL) 1558 6 d. 5377 S WA 1
F7R

1.4.4 Western blot f il A5 T 2 68 T 40 il 4% 4 J5 55
F& 72 h Rl NKX2.1 85 [ 3Rk, 40 T ok B Ui AR
Jf2, 3500 r/min &0 FF B, 0 A0 I 2R o2 b R
BEE T UK F2 25 min, R 5 min 8517k, 4 C.
12 000xg 50> 10 min, SDS 4 22 i ik B = i) £ FF A,
i It 10% (1) SDS-PAGE HLVK 73 B9 2 (15, % B Al 2 2F
YENE L, 5% BSA L Ef 4] 45 min, I\ 5% BSA i B 1)
— PL (GAPDH 1 : 2000, NKX2.11 : 1000), 4 CH{% &

R, R BRIK TBST e/ 5 %, 5 min/ ¥k, I\ 2.5%
BSA(1 @ 5000) #i%s HRP FEARPL G / /1N B Frpiik = i

H 1h, XA ECL RGN - Hbr i AT 25,

1.45 SZRF9O6E & PCR(RT-gPCR) faill R4 4L N5
% B T 41 i ] T 46 M) OCT4. NANOG Al SOX2 mRNA #
ks NEFZ RTG53 9% 48, 96 h kil NKX2.1
mRNA K ik; N5 T 2 e T 4 i 70 4 35 9% 7.d ks Wl
FoxA2. SOX9 fl P63 mRNA K15, #H{E LB T. F i
FrHE, AR E RNA $2 BT & A 30 8H 1542 U0 il RNA
FEIE R EE, PR SO sl 45 BIRE AR cDNA,  $4 111
RT-gPCR ¥ B 545 4F, LA GAPDH AN Z:, @it AACt 2
X} & B R R IE AT AR E B . SR FI R 1.

146 Moot REFERNIESTZ AT AT
OCT4. NANOG F1 SOX2 & 7tk th; NS ZRe T4
Mo A5 7% 7 d HE4T FoxA2. SOX9 Fll P63 s e YL fh;
N5 2 BT 40 il /> A6 55 7% 13 d EAT SPB. SPC % i 7%
Jegeth. HAELRWT: FEFRE, A= THPBS
Ve = (5 min/ IRK), SN\ 40 g/L £ % H s = 5 [E &
30 min, PBS &M =& (5 min/ {X ), 0.25% % J% 4 {438 iF
K TritonX-100 % i % & 30 min, PBS ¥ =X (5 min/
), EPAIR 3%BSA EiREHE 1 h, A —HiHiAE (H 1%
BSA it & , SPB. SPC. FoxA2. SOX9. P63 %8 1 : 300 Fik%,
OCT4, NANOG #1SOX2 #/ 1 : 500 Fif ) 4 Ci & i1,
F—Pi, PBSEEPEP=IK (5 min/ IR ), NN ZHi ( H
1% BSA #1811 1000 ks ) Z=iREEHEH 1 h, DAPI %Y
0 TAEVRRE 25 I 44 15 10 min, PBS & =7 (5 min/ {X ),
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1.5 ZEWRFEAF OANFEFZReTHRER L TMRd
S FIERIL: @ NIE S 2 68 T4 i 1a) il 48 i 23 0 o 72
AR SGAR I TR A .

1.6 %t ot S dE A FH GraphPad Prism 8.4.0 43
M, FdE DL xs Ko, dEAT ¢ A58 Bl R 2R T 2 O T
P<0.05 HZESAREFEER L, XESIFETECEEL
BRI 2 T N R e & X

2 58 Results

21 AFF ST apiRATRAFLH)THAL WE
2A fli, NESZRETRAIMERRETRE, BB
S i DL K B AR A5 T B TR R, R
A RS RIF. i 2B frox, ANBFZReT4iidh+
R0 4> 7 OCT4. NANOG Al SOX2 ] mRNA & ik /K “F-#5¢
AT 4 2 i 5 3 (P < 0.000 1), R ANESLEETH
M PE4ERE R aF. Wi 2C froR, s ekl N5 T2
A4 i H 552 K75 NANOG. SOX2 fll OCT4 & .

2.2 BT AR KAF AT R NKXQQL WA S S 4T @it
i@ 3 Lipofectamine 2000 %% 4L i 7714 NKX2.1 o 3 32 i ki
WEI R NS 26 T4, 25T 48, 96 h KA
RT-qPCR £& ] NKX2.1 mRNA 1A, 72 h K F Western blot
RO NKX2.1 1 85 1 R 0A, WE 3. 5 AR B 4t fE2H A
b, 1 3RIE NKX2.1 40 H NKX2.1 mRNA FllEE (K% B
LItE, ZRARENE L (P<0.000 1), 7RG
NKX2.1 3 2R3k i fi .

2.3 NKX2.1 SR ZEAFF S T @med it T mieai
a9 NU5F 20 RET 4t P 1) it 40 i 7 7] o A0 B4 g e
EWIEZ. IEEA AR ZENE ™, SEEMAES
ZHETMMAMEL, FS 7 d )5 MR Gt I AN ik
NKX2.1 24 N\ 75 3 2 fie 4t it v 259 J0 =85 1 3 0K it = 40 P A
ity FoxA2, SOX9. P63(P < 0.000 1); 5 A #% et g
Y AH B, 3 # 35 NKX2.1 2H FoxA2. SOX9. P63 [fJ mRNA
FIEHEFE (P<0.0001), WEALA. A, HIERE
Pt R, T 7 d BT RE NKX2.1 A B R E
FoxA2. SOX9 1 P63 K[, VL& 4B-D.

2.4 NKX2.1 i$ Z A TR AE G % 68 F e é) Al e o1k
93t — RS2 NKX2.1 ik R 0k N 175 5 22 R 1 24 i ) it
J7 AR, 5S04k 13 d I 4 G g B e G
JIFi Y60 240 i A i 4 - SPB R SPC [l 33k, W@ S fim, &5
KL Gt IR AR EE, NKX2.1 3 655 41 SPB 1 SPC ¢ ;0
JER R TR, $25 NKX2L L RIAT U EERENFE L
e 4t i e e 9 7 ) A

3 1571 Discussion

EEIR IR AL 24 R I 9o S8 3 () — P AT BBV YT 5 1%,
H 8 52 BAE A A A2 TR B4 R0 e g I R 4 TR
i B R YRR B TS A 4 B BRI B I R
MAETS B2, A S ok 4 B8 A T T+ / K40 IR A A
NBAR AR E R A AT BRI B SR AR A R
WK A R A B P R S PR, SR, ERT
T4 L AN EE . BATHE NG S 268
S [ il T AR AR 5 T R 2 08 16721 d AN5E, MM
it = 240 L 5 A 19 43 7 LI R AR R 2 e R T R 1 0 D
T P9 V2 R 38 1 M P VS J2 AR il 45 22 RE 2 B 3 /N B 7
FoxA2, SOX9 F1 P63 Jy 7t hif M B T 38 B4 = PE bR i
HE, M SPB I a4k BRI B 1T B i i 22 e 40 i i 32
B R b o B e R B R R,
E R T AT BAE . EA T EARERE R AEK
BT, WIRERE R RIE K5 T FOXA2 # H LAbR
I E T A IR 2 B B B2, SOX9 #2& srybox-containing
(SOX) 2 A ZX Mk it — 171, P63 DN p53 %% 3% A T F R Ak R
2, BT AR, R A A 4 s
%‘] [41]0

15N 5 22 66T 4H M A A= 1 i 45 40 Ja ¢k 41 43 4 ok
W, ZMESERSSHA, BRI S IA FR B
PEBOE BN E], RSBl E . KONISHI 25 M3 5% 1 410
1) Wit S BT 2 IR G NKX2-1" 4H 41 i o 3w o b 57 40 A
PRI H B, 1T 4EHE Wint {5 5 R R gk a v b R A B ) T
B ORI A AR KR B AE S R AR R I T 4l i 44k
FIT b2 ), ARl b Rz o A R v g bR R A () B SR TR
NKX2.1 7] 5 Wnt, 546 E K7 B, Notch 252 FiifE 5 i@
CEAATAER, AP AR TEAR SRR SR IA .
N T BRI AR NKX2.1 56 Jifi T 40 i A AL g, e 3
5 NKX2.1 [ 26N, T8 75 AN [H] I 1] B s n e A6 A K 1R
T B AR 77 (SB431542) BL Wnt/B-catenin {5 5 il
FE G 7] (CHIR99021) 2644 N i 5 2 At 141 it 1 fi 241 i
F AL, 4 AIAE 7 d f1 13 d BRI T R R B S
FRICEARERE. B9k 7d, SEERIENKX2L NESS
RE 4t B o it 40 i 5 AR 25 4% FoxA2, SOX9 F1 P63 [
RIEBEZEETAREFMNFEFZRETAME. IEHTF,
FoxA2., P63 %5 LI Jifi 4t i A 26 4 38 75 15 5 40 4k 10—
14 d mik P, R R NKX2.1 AT LU TS s A
T2 AT AuML A il 4u i k. FIR, 3554010 13 d,
IR NKX2.1 N 1555 2 68141 i o 0 5 i 2 04 B 30 it v
YA FRIC 5> T SPB Al SPC, R UL /LI LT, LI
SRR, NFEFZRT40 v+ NKX2.1 i 3%k 5 3 il
T4 7 1] oA 2 EAE G
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Figure 1 | Schematic diagram of induction of human induced pluripotent stem cell differentiation

into lung stem cells
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Figure 2 | Morphology of human induced pluripotent stem cells and expression of stemness marker

molecules
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Figure 3 | Effect of overexpression of NKX2.1 plasmid in human induced pluripotent stem cells
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Figure 4 | Effect of overexpression of NKX2.1 on the expression of FoxA2, SOX9, and P63 during differentiation of human induced pluripotent stem cells

into lung stem cells
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