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FREL G2 TN AR 2y 52 245005, B e s e x4 e b il Ra S R A o
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P2 AT AR MG S (AN B, HETAT CB 2 EE T H00E L R s %
BEH B A T A . ARBFAL B ARV CB & &R T-IUAIE B AiAE 2 O B,
7~ CB BUAUE F ARS8 I 2R B L
ik

1 AE7GE F R . o R B R Y T CB 25, it st
%t & PCR (Quantitative real-time PCR, gRT-PCR) #:l1& &4 MFrE90ks 5
5B (Mucin 5B, MUC3B). Hi#EH 5AC (Mucin SAC, MUCSAC). Y SLHEEE T

(Forkhead-box J1, FOXJID. X KHZfEH J2 (Forkhead-box J2, FOXJ2) ) mRNA
RKik, HH] CB Fizxf 08 b A IS TR iR ER AL
SE L4010 (Primary human airway epithelial cells, pHAECs) [ Jii d1 BH 1

(Transepithelial electrical resistance, TEER), PA{Ffit CB EH /18 L 40 b
TEAENERIEA . )5, it BAU 45 S g il A f G s B0 AR AL . gRT-PCR Al 1
e A )b S A AT B 3 8215 -67 (Cell cycle regulatory protein-67, Ki67). W4
HHuA% il (Proliferating cell nuclear antigen, PCNA) ) mRNA ik B 54 55 i Bt
7& CB TP b S A4 5 i OCBE B o

2. ¥4 ANp63 i RIS ORI AL B IE 4 5 75 T CB, i EdU 245 505
% W] ANp63 X CB TP/ (it b e 40 e MG A i 8. il fnidlid gRT-PCR RITER (4 4
PEENTE (Western blotting, WB) #illl CB ##5 %] ANp63 1Y mRNA & [ # ik [F5%
1]

3. #I/] GTRD. ChIP-Atlas A1 KnockTF ${4if 22 7l 52 ANpG3 5 1 1 4 3k
Il 45 siRNA/ANp63-over FiRLAE G2l i 5 4R80T ANp63 xf JLARJER CTNNBI s
fEH.



4. 15 Fl JASPAR ¥ Tl ANp63 7E CTNNBI JE 2 T IX A &5 &6 5, 4
IFE) )1 (Molecular dynamics, MD) % CB. ANp63 M CTNNBI Z.[a] {4k
A HUAH FLAE AT R 4T .

S

1 R R R, G BUE R CB, i MUCSB HI FOXJI 1) mRNA
RILEAKTBE N, VLR B CB MG MRAIAT A B4l AE K A,
CB ALBER, BEGHA YIRS Ki67. PCNA ) mRNA ik EJU bric A3 5 40 i %
FERE T, W7 CB &8I b R A0 B 58 i TPk .

2. SIB B4R ANp63 /& p63 I EERIE WA, BFE CB T 3E BFIK ANp63 1)
mRNA FI#E FIRIE/KF; JF Hid3ik ANp63 Ja, Zefi# 1 CB & Xt 8 b B 4n g b
SN 2N, IE B ANp63 75 CB 52 75 5 I Ji 18 G 411 ok A o R T 3 B
YEH -

3. il GTRD. Chip-Atlas Il KnockTF 3 22 43 H7 I 45 SCHR 2 17 Tl ANp63
(11N IR0 IE R 3R 2B K 7324k (Epidermal Growth Factor Receptor, EGFR). 45
W #7 Notch Aicf& 1 (Jagged canonical Notch ligand 1, JAGI) F B-EIE H

(Beta Catenin, CTNNBI). &G4 FAMELE, ¥ KN ANp63 % CTNNBI
F CB BB ANHE LR B E B, 3t PR %5 ANp63 4k,
KI CTNNBI 5 ANp63 AL R EE—5k, S00E T ANp63 @il 17 CTNNBI
L5 CB ZEEHI40 kg 58, M+ P08 L s s

4. JE 1t JASPAR ¥ ZE T ANp63 R CTNNBI Wiss &40, JERT A s, ik
1746/ CB [f] MD, RMSD 4541 &K CB R &4 TR CRHE-OH fil-
COOH) Wil K F/EH 45 & 1E ANp63 LI Arg311 I, 3K T ANp63 % CTNNBI
Aase g4, MIMIE 7 CTNNBI RIE, mA&TIRAE Rz E.
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Competitive binding between carbon black and CTNNBI to ANp63

interpreting the abnormal respiratory epithelial repair after injury
Abstract

Background and objective

Carbon black (CB) nanoparticles are a widely used industrial material, and the risk of
exposure to CB particles in the working environment has increased with the large-scale
production of CB. CB entering the human body can induce respiratory diseases and lung
injury. Airway epithelial cells are an important physical barrier to prevent pollutants from
entering the human body. The continuous exposure of airway epithelial cells to environment
leading to damage, so the efficient repair after injury of them 1s highly susceptible to
maintaining epithelial homeostasis and preventing diseases. There were researches have
shown that CB inhibits the proliferation of airway epithelial cells. However, the repair
process of airway epithelial cells mainly includes cell proliferation and differentiation. The
key stage in which CB interferes with the repair of airway epithelial cells has not been fully
elucidated. This study aims to evaluate the key steps of the function of CB in the repair of
airway epithelial cells and reveal the toxicological mechanism.

Methods

1. Airway epithelial cells were exposed to CB during the proliferation, differentiation
and the whole repair cycle, and the mRNA expression of repair biomarker Mucin 5B
(MUC5B), Mucin SAC (MUCS5AC), Fork head box J1 (FOXJI) and Fork head box J2
(FOXJ2) was detected by Quantitative real-time PCR (qRT-PCR). To clarify the
interference effect of CB exposure on the repair of airway epithelial cells. Recording the
transmembrane electrical resistance (TEER) of primary human airway epithelial cells
(pHAECs) during the repair process to evaluate the variations 1n airway epithelial cell
barrier integrity under the influence of CB. Subsequently, changes in the number of
proliferating cells were detected through EdU experiments, and the mRNA expression of
proliferation biomarkers, cell cycle regulatory protein-67 (Ki67) and proliferating cell
nuclear antigen (PCNA) were detected through gRT-PCR, which indicated proliferation
phase was a crucial phase for CB interference in the repair of airway epithelial cells.

2. Airway epithelial cells treated with ANp63-over plasmid were exposed to CB, and
the mediating effect of ANp63 on the interference of CB with airway epithelial cell
proliferation was elucidated by EdU experiment. Then, the effects of CB exposure on the
mRNA and protein expression of ANp63 were detected by gRT-PCR and Western blotting
(WB)

3. The GTRD, ChIP-Atlas and KnockTF databases were used to predict relevant target
genes regulated by ANp63. Airway epithelial cells was transfected by the siRNA/ANp63-
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over plasmid to investigate the regulatory effect of ANp63 on target gene CTNNBI.

4. The JASPAR database was used to predict the binding sites of ANp63 in the
CTNNB1 promoter region, and the binding and interaction between CB, ANp63 and
CTNNBI were simulated and analyzed by Molecular dynamics (MD).

Results

1. During the process of airway epithelial repair, the cells exposured to CB at the
proliferation phase significantly decreased the mRNA expression of MUCS5B and FOXJ1,
indicating that exposure to CB at the proliferation phase inhibited the growth of goblet cells
and ciliated cells. In addition, the mRNA expression of proliferation biomarkers Ki67 and
PCNA and the quantity of proliferation of airway epithelial cells were downregulated under
CB treatment, clarifying the interfering effect of CB on airway epithelial cell proliferation.

2. ANp63 was the predominant isoform of p63 in airway epithelial cells. Airway
epithelial cells exposured to CB significantly decreased the mRNA and protein expression
of ANp63. Moreover, ANp63 over-expression alleviated the inhibitory effect of CB on the
proliferation of airway epithelial cells, indicating that ANp63 played an important
regulatory role in CB-induced cell proliferation inhibition.

3. The target gene of ANp63 was predicted to be Epidermal Growth Factor Receptor
(EGFR), Jagged canonical Notch ligand 1 (JAG/) and Beta Catenin (CTNNB/) by GTRD,
Chip-Atlas and KnockTF database analysis combined with literature review. Combined
with molecular biology experiments, it was found that ANp63 regulated CTNNB 1, which
was the key pathway for CB to inhibit airway epithelial repair. Furthermore, in the ANp63
knockdown and overexpression cell lines, the change trend of CTNNB{ was consistent with
the ANp63, which verified that ANp63 involved in CB inhibition of cell proliferation by
regulating CTNNB 1, thereby interfering with airway epithelial cell repair.

4. The binding sites of ANp63 and CTNNBI were predicted by JASPAR database.
Based on this site, MD on ANp63-CTNNBI complex with/without CB were conducted.
RMSD and structural analysis revealed that oxygen-containing functional groups
(including -OH and -COOH) on the surface of CB bind through competition interactions
on Arg311 of ANp63. It disrupted the stable binding of ANp63 to CTNNBI, thereby
inhibiting the expression of CINNBI and ultimately interfering with airway epithelial cell
repair.

Conclusion

This thesis focused on the key phases and molecular mechanisms of CB-induced
abnormal repair of airway epithelial injury and demonstrated that CB could interfere with
airway epithelial cell repair by inhibiting proliferation, and ANp63 targeting CTNNB 1 was

one of the key pathways by which CB inhibited cell proliferation. The -OH and -COOH on
CB could bind to Arg311 of ANp63, thereby hindering the recognition of CTNNBI by
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ANp63 and ultimately inhibiting the repair of airway epithelium.

Graduate student: Nan Liu (Public health)

Directed by prof: Xiaoran Wei

Key words: carbon black; airway epithelial repair; respiratory exposure risk; ANp63;
CTNNB1
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W5 (Carbon black, CBD & T P4l o R Bk AL 4K g Rkt 2012 4
CB 23K/ 8414 1100 J3m, # N TR ARURT ED R 28 8542 i f ep I, 2
T AAE RN R R T e ). 1993 SE& 1995 4E[H], SREMAHE CB BRI TA
Hi, CB (M N2 IS F] 13.25 mg/m®Pl, 2010 45 CB 4 [H b7 J i #F ST WL
(International Agency for Research on Cancer, IARC) HZEynlgext AJs8E (2B
4 Ppi. CB Rt/ HKHIRIRIE SN, WA R G A AARDL, 4k i
AE W W 0 R I 5 R AR I, 5 A N I T % I 960 R AT i P SR A P AT R 8 A O, B 2%
GBI IR KA AT, L BRAC N Dy R S KPR R Ge R, i 1 FE
SE 4 i 5 9% (Chronic obstructive pulmonary disease, COPD). WfEMg . fifi £F 4 1k
(Pulmonary fibrosis, PF) . 2 1 WP K F 8 28 & fiE (Acute respiratory distress
syndrome, ARDS) ZUL. i 17 9§ 22 #F 70 & B, CB AL %& T 1 i T B& 48 4%
(FEVI/FVC. MMEF. FEF25 M1 FEF75) Ffiiffii uddahs (CCl6 1 SP-A) &3
KT EEARE, R EL CB vl B LR N FER. 54—k X CB i AR
RGUERR G S FUR I, AR KA CB Jo P R L 12 ik A5 I
TE R M FH 28 VOB OB B, I m B 38 I i /NS0T 508 1 KUYy B A0t ot 3% B
CB %% 2= 5 208 Wi /)N USRS M IR 20 i G 5 R R o W I 22 R0 I £ A A 1) O Je 1O
Zi ERriA, CB BEEGEN KGR, A 020 H R T,

SOE EEARERIRE RS BAR B, FE MR £ A0 PR R 4
B AL s, VR AHRA TS B AT AR I N AR B i e, e ReId IR 4T 35 R
Drgeis BRI N ORI SR, I TR Bl R R i I ) CInoRid) . A&
JH 5 FIFIRTE 5 SR AR D SRR b R e B e e e U810 Sy 7 O b e 4 i Fa s 2 4
HOE b A sl B B B IRE, R B B AR 2 A e S 2 R ) R R
AKX, W COPD. BNy, f2Vk&EREV, HIEE ANBEAHL, B 2 WA
AR, FIE R Tiedh e B, ORISR AT TG R A 11 2 il
ey WL, B0 i v 818 2 e 4 4 2E 234 RN LIS 9290 ) S B AT 3%

G S8 FE A oAb S b R A A S I B AR TS Y AR i )l JE A
XE b A B AR B s AN . BE TR, ALY (Particulate matter
2.5, PMas) =W FEREFKLT L. HFIHEA SAC (Mucin SAC, MUCSAC)
mRNA F1k T 5 SARIRAH B 38 AR 18T, ) A AU b R 20 B 25 55 T MR 2 2 B £
LA/ KT S AR G =00, T35 38 B AR5 YRS G Rea i 5 e 40 Jf 34T
PAE P AE S . 1A, i5 Geid v S A e S T OE BB R, #
2N B R R T AN RIS A (Calu-3 A/ 2 FF v 40 o 18 5 2R 01,
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JSEH RERTIRI0E) RS AR Z R se, (H CB THAIE bk 4
BEMMRTTTE . GRAITRY, B R B EL R A KK T =4
(Epidermal Growth Factor Receptor, EGFR) {5 5 I % il 3 A\ <8 b 57 41 B i) 184 4
RU R 50 R A A0E B A S R i — B Bl AT IR R, BRI e 4t
BRI R 7RI R e A H IR, RO IE bR B AN AR P AR AL
B RZE ZBHR, S (Air-liquid interface, ALID ALY 5018 b i 40 g
BEE . A BCA AR RAEA ROV, SRR R ARE R A R S B RRE,
[F I3 o] AR N & 82 7 X, (7% CB 5518 b R AB S 2 I AH B4R H Je Bk
BUH e3[R, ASESOBRIH ALT S 89K 1% 0] CB 93l - gl gz 8
W R ORBERT B

Ji g 2 1 p63 (Tumor protein p63, p63) s p53 ¥4k A T — i, p63 1t
fiiZE A o p KRR IR, WU R IE PR B 4N A MM 258 K B (1) B4,
Wi, p63 FHIEAN I 4 B 3 hni2> 261, ghak, p63 E 5 A . /A
RGBS AR R Ak 2 LR RIPT), AR =l b e 4 i 52 v R A AR E FHS. it st 3]
ML p63 Tt e 5 2 2 M B A AR S AT B = I s I FLERIS p6e3 Kk
HPNH)AE R AN P R A S A KT B0 SR, NIRRT Fe s
AEVS 3 p63 RILLUL . lln, K NS 20050 i DR A Ho e 40 i 2 5% T A M 25 2= 2 3
ANp63 i HRIE/K-P TPy B AR B R Al b B B B A ZE B ANp63
BEEE, #EeS Notch /5 5@ Y, TR, A0 Fide B E % p63 Al #E
f£ CB THLAIE iz & b s ies/= M. Bk, #—L2ut5e CB /EHT po3
WD Re B AR T Al CB THAUE R AREREME 40lE . pe3 A
T B R N b e U 25 #38 (N-terminal transactivation domain, TAD), DNA %%
& 4E . (DNA-binding domain, DBD) Fl1UY 54k 25 #1% (Tetramerization domain,
TD) B, GHE 5N p63 1 DBD S5 4 H 1) i F8 AR 5 1A%V (5 M AR 235 A
KB4, [Fi), p63 DBD-DNA kgt b i) ST AR G NT, 2 R AL I 22
I E RS TR Bl T 8 -DNA IR A AR I 7318 75224530 (Molecular
dynamics, MD) f8EMIE R p63-DNA MLATEM, Ha SOl 1 EHLE & 50
M-z A BAEH . AR THE CB THA0E F B R RIHLH] .

AHTICELEN Y] CB 53U A 518 B I BB BOR B AR L] . 5%
KM ALL B8 R G0 B CB + 040 iz bk th i Bl B . Oy 4R 5T CB & i5
BUAE b A0 e B AR CHI RS R -, AHIE ST ] siRNA R 338 BbL 3 441
W JFAE B R N 1 KF BRI po3 M ERE R ERGE . #—2, ] MD 4§75 CB.
B IR p63 2 B AE IR AROWATL 1] -
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2 CB il & X SL36 8 i Ll

¥ 10 mg {) CB 3 R¥ET 10 mL HIBAKFIFHE S 20 min 7R A), BlK 1
mg/mL ] CB BE, i KB G T 4°CHififf. CB 2&ERHT, 4% 10 M1 25 pg/mL )%
TR FH 72 A B 75 SR P AR R e 25 T ARV, M 20 min /3 H 780040 .

3 ‘MpE S T
3.1 FEURARAZSE LA (Primary human airway epithelial cells, pHAECSs)

(1) HSCRERNE M TER A SCUVE RS I

@)%i% F§?€ﬁ3mLMwmﬁwEﬁﬁ@ﬁﬁme%ug¢ H
PR AT SCSE Y 15-20 IRUSCEE A MY o

o>ﬂk%uﬂ¢,%@ﬁmmmm,ﬁbmmﬁ,%%m%@@mﬁag
FRI I T25 B985

(4) YAMAE 37°C. 5% CO2 i) PneumaCult-Ex £5 75 3 15 ¢ . 2 R H—Ik
Brardk . ARSI RN =4

32 ALIIEFERER
155 EA

(1 Ppgedif: H 2 mL DPBS iEHE4HH .

(2) Htk: DA 2 mL BEEE, FEAE 37°C RIS E 1-3 min, 7513 B WS 1451
IO SN PRAS B R4 ol 55 7 AT {3 4 e 9%

(3> Hibiffh: I 2mL 19 TNS HbE e, HATficsE 2 15 mL BOE T,

(4> Bae: LL 1000 rpm B0 5 mine #2E LG, HAIRBFRESZST 1 mL
PneumaCult-Ex M4 1 7R H: o

(5) hnsgesE. 17 12 FLARIT Transwell = FLH A PneumaCult-Ex B 55 % 77
# 1mL.

(6) 12 E=FLL 1x10° P4 fe/cm? T 0.5 mL PneumaCult-Ex 458 55 772 3 B fh
FEHAEN 04 ym L2 BHE Transwell Lt 7MiM, BEAEERAREFFEHEE
(37°C, 5% CO2)»

(D B— R0 k7 # (PneumaCult-Ex M5 E 7738 ) HAERK £ %4
AE .
T EA

(1) e 2 56 A Bl I FF a8 HEA T 01k

(2) M Transwell N =A== HE2EK E PneumaCult-Ex MEFRE FRIE . AL AR
FE N PneumaCult-ALL 7ML 15985 1 mL, bAoA IR, BB R 778 N

3



T RS A iR

B (37°C, 5% CO2),
(3) B— KX FE#AT— K (PneumaCult-ALI 43655 7755 ).
(4) Mk 2 JTes, S 0.5 mL (K) DPBS iS¥E4 I — R, BR2: Thim 2
T 2 AR PR, DA bk 22 RERR 5
33 AXSELRMEAE (16HBE AR RIS
3.3.1 fHpALE S

LAA 16HBE 4HM A R4k, 4% 10%M84- 007, 0.1% 7 % 2= FHE R R 1M Lk
{FIBLH] MEM 56 ARG R0, MAIMUBONRS -4 (37°C, 5% CO») hiltirksise, R
EA IR AL

332 AREE T

(1) WURAFAE TN 37°CoK i Hh D42 S A etk .

(2) 76 15 mL B0 N 1 mL 5 EER 2R3, KAl JL b 20 B A0 O
LA, 1000 rpm, 540 5 min.

(3) FrdE BIEW, N 1 mL B Rr o bt B4, MBI &6 w4
BB IR, A TRAGIIARFRA N (37°C, 5% CO2).

3.3.3 {HREfELR

(1) FEIHEFEFEIFMA 1 mL () PBS, JE¥C41H 55525 PBS.

(2) A 2 mL & 025% EDTA HIJENG, Z2M245], {Rul e 7 %N I,
NS FRAE A2 1 min.

(3) 7R85 PWEAIHUIRAIRIG A 1 mL 58 285 7= 54 1k Ak

(4) BVREWAT IR A A %, MR E] 15 mL S.08 T,
1000 rpm 50> 5 min.

(5) EREFRIML P IIAEE AL, B0 5 i Fidm, HL 1 mL S8k gt
BAIMETE 1 3 BN BB N B SER LN , JREIEH NG TR A6 N
3.3.4 AT

(1) %I DMSO: Jad-Mig=1: 9 LBl HIAF IR B S -

(2) IR W, 2.3.3.3 41 AL REs 97 .

(3) ¥ HMMYOE IR TN 1 mL FAHRE AW, TN I 2 A7 B
FHAT-80°CUKFRVRAT 24 h JE#4F 2 A B T K AV AE


Administrator


RS 5k

4 QEHH@'JLEE

(1) 4% 1. 5+ 10, 25, 50 100 F1 200 pg/mL ¥ FikB CB REEH] 1400 5 5%

(2) TEMFEIYEL, fR4HMuNsBEfS, DPBS JETE 2 K, ¥HAMAE PneumaCult-Ex
R R p i) CB BB Transwell 1] = 228 T4, T 37°CE:7#=F N 52 3 K,
PR e — IR

(3) #2534k B, {5 DPBS V& VEAl M 225k CB, KA AR AE PneumaCult-ALI 1%
FREEH) CB N2 Transwell ) N =& E T4, T 37°CRiFR AN KR EE,
TP R A — kB IR

5 4HREE AN

CUY CBE20 M JRRME Y fh . B0« I NI 977 58 1 2 i ol e 4 PR B ot 47 40 Fe 1t

(2) MR 2 96 FLAR, BEANEEARIR 3 NRAL, KBS SRR LS R A0 AT PilEY
3 24 h (37°C, 5% CO2) .

(3) CB ALFR4ME 24 h G AdadsdE, I PBS IGUR R IR 48, ARG
10%H CCK-8 ¥R I 41 1 72 L

(4) BRI RN REIE 0.5-4 h,  ELORINH ] DL G (o FE B i e

(5) FEARCHRII: WEAE 450 nm ALRIBOCEE, %o AR (%) = [A
Cm#i) -A CFr] 7 LA 0 -A (D] x100 T 40

6 FSHREE PHSLIE

(1) $ STX-2 AR EE 75% K 15 min 5 H SR, BN DPBS A b yeim #
IE-PAir A% 15 min.

(2) WFEIHEFRIE, £/0ETFEIMA 1 mLIDPBS, E=IA0.5mL ¥ DPBS
P47 15 mine

(3) Ff R iR N RS IR A, Ken iR NN AT &, WSS NEN
=AM AL A e L BELA

(4> TEER S TR, e 2mARE—1tk. M4Iehf$# TEER
T2 25 E 1) Transwell /NPT 54H .

7 SRR EE PCR (¢RT-PCR)
7.1 Trizol JEIMIZ AP S RNA

(1> 4385 RNA: HUHHARMaE: =M, 7 IR 7R, O PBS Wgdeailf, A
500 uL fY Trizol, FHFEWARFE 5> WK FT 41 M 38N 2] RNase-Freel.5 mL [5G O 1,

7
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e 5-10s, # ¥ 5 min. %M Trizol 557 5: 1 ALLHIIOA 100 uL i, R
IWJiE 45, 14 Trizol 5SE M A TR BEW ER M B H 7R, 5 VEE 5 min,
B0 12000g, 4°C, MK 15 min.

(2) YTIE RNA: 1% H ) RNase-Freel.5 mL B .04 I Midbric, ELHE O
EHIIANE A RNA BKFEZE, AR MARAR, FTEEIRES 10 KG7E = NE
30 min. 20 12000g, 4°C, FK 15 min. BO5EEHME .

(3) PR RNA: %W L/K S DEPC /K 3: 1 HIELHIECE 75% 4%, MEH
RNA VJUEREOEF A 500 uL # 75% 488, BEWNE O B a O
RNA J{ERF, 0. 13000g, 4°C, WK 10min. EE LB, 5 L3, 13000g,
4°C, ZEHE L 5 min, FHEENRREER. HEOEERTERES RNA JURLE.

(4) 7% RNA: B 10 uL /) DEPC 7K, {fH 58°C& )& 10 min J5 B T-UK L.

(5) Fifll RNA #F S Al IR . R AGIEY 1 pl 50 T RNA Al
PR S A 43 66 FE 1 5 RNA ¥R FERT A260/A280 LUK .

7.2 %% (RT)

W R R 5 (RT) W57&, R85 1000 ng/RNA IR BE=RNA A F11}
HRNA &, FH20uL KRR . Wk 3 iin. B SGRF & BIuNER S
[FI& TR, TRAIZETE PCRAY Fib AT W10 i 55 M o

R 3 R NAR R
il AR
5 RNA VRNA=1000 ng/RNA ¥ EZ (puL)
4xgDNA wiper Mix 4L
RNase-free ddH.O to 16 pL
MRS RERTIR S, 42°C 2 min
5xHiScript III gRT SuperMix 4L

R R BWATIES . 37°C 15 min; 85°C 5s
Total 20 L
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7.3 gRT-PCR

(1) 51¥&R: i slyniyd B4 T (Sangon Biotech) A4 TFE AN A B
Al G BIPPIERI T,

R 4SBT S

A ERFH] (5-3D
N3 Forward primer: GGAAAACAATGCCCAGACTC
Reverse primer: TGTTATAGGGACTGGTGGAC
TAp63 Forward primer: TGGAGCAGGGTGGACACTCATC
Reverse primer: GCTGGAGGCATCTCTGAACTTCTG
Ki67 Forward primer: GGCCTGCTCGACCCTACAGA
Reverse primer: GCTTGTCAACTGCGGTTGC
PONA Forward primer: CCTGCTGGGATATTAGCTCCA
Reverse primer: CAGCGGTAGGTGTCGAAGC
MUCSB Forward primer: GGGCTTTGACAAGAGAGT
Reverse primer: AGGATGGTCGTGTTGATGCG
MUCSAC Forward primer: CCTTCGACGGACAGAGCTAC
Rorward primer: TCTCGGTGACAACACGAAAG
FOXI Forward primer: GGAGGGGACGTAAATCCCTA
Reverse primer: TTGGTCCCAGTAGTTCCAGC
FOXT2 Forward primer: CTGAGGGGAATCCGCAGATG
Forward primer: CAGCACTTTCTCGGCCTGAA
EGFR Forward primer: TCCCCGTAATTATGTGGTGAC
Reverse primer: GCCCTTCGCACTTCTTACAC
CTNNBI Forward primer: CATCTACACAGTTTGATGCTGCT
Reverse primer: GCAGTTTTGTCAGTTCAGGGA
JAG Forward primer: AAGGGTGTGGGCAGAATGGAAAC
Reverse primer: GCAGACAAGTTGACGAGGGAAGG
Bactin Forward primer: CATTGCTGACAGGATGCAGAAGG

Reverse primer:

TGCTGGAAGGTGGACAGTGAGG

20 MR e, SRR .

% 5 gRT-PCR & i ] Witk %
SRR (N
2xNovoStart SYBR gPCR SuperMix Plus 10 pL
ROX 1T 0.4 nL
Bt/ kY 0.4 1L
T 0.4 L
cDNA 2L
RNase Free Water 220 L
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F 6 gRT-PCR [z B FL
B I (] TEIEL
95°C 1 min 1
95°C 20s 40
60°C 1 min 40

8 Western blot #MFE X ERAFRIA
8.1 IRHAER

(1) B 1 mL ff RIPA 2437, 4%18 100: 1 RIERA, K H 5 8 B0 4570 78 40
RA, Ml e ek % .

(2> HUHAMER TR, 1257 2 IR 7R 5 ot PBS e Be4n . 7E40Huss 37
BB I 100 uL MIZARIE . Fran B R R VK b, FRIKTREE 15 min
RUF MR BRI %50, HEgNE A 750 2470

(3) MR fegrfe sl ~ ok, MBI % RNase-Freel. 5 mL B0, H
R D AR AR B P I R SRR K BT,

(4) B0 15000g, 4°C, B K 10 mine

(5) BOEHRE, B EERETM 1.5 mL B0, WG 20 B8 5l i i
82 BCAEMEEZERKRE

(1) fed] T/EW: BCA: Cu=50: 1 fHLBIRCH] BCA TVEHL, F80TR%A].

(2) FiBEbarEnh: BCA FréEd 1] PBS Bkt 10 %5, MEHZ&MRE N 0.5 mg/mL.
BRS04 14 24 4. 8. 12+ 164 20 uL n%l) 96 4L, #RJ500 PBS #h 5% £
20 pL.

(3) FREEM: B4 oL AN 96 FLAR H, i PBS 4L 5 20 ul.

(4) BCA LAEMIIA 200 pL 42 96 AL, £E 37°CHEFE N BEETHE 30 min.
A BEhR O 5 562 nm AMWROBRE . ARTEARAE M2 SR B BO ST AR N B R B
8.3 Western-blot 323§

(1) BeRR: BRI R i R e G2 i I IR B 78 7R 2T, FCE 10%

P9 8 BRI 246 2
(2) K. BEEBUEBET A, # 1.5 mm MOBEHR B @ HIREE -, kAl
TRAGE AT TE I

(3) B MAFERB ALK CEEHTEZE E£ZRTHE 15 min, £f
GBS I ] S GOK e MO I JG 3 B AR . I ER B 15 min, R
AR e A 2 T, A FH R B AR [ S S ORIE A R R

(4) FCEMIKE: £ 1000 mL B AUK I IKIB R, R JG7Em )bk

10
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FIRE) RS ATRIR

(5) HLPK: fEECHIA I E RIS ki, BT . RS marker,
B, marker WFMAFES . LRESENZ G, BOBHIE, WEHEEHEE 60V, 40
min, MFEARE P 5B R, RS 120 Ve {FRBIE EIKE] T2 RIS T
I SC PR RIS O TR RS RERS, HEATHNE.

(6) MCEFE: 7E 800 mL ARAL/K T INATCI/K W4 1000 mL 24 Jo Io A 56 i
WD AERE I BEFE 2% B IR )

(7) ¥&WE: 87 5%8 cm [ PVDF JBEJF HA7E FF BEH 0 30 s 4 MR AR B (0
T - S £ 308 X Y 45 -P VDT JI55- 55 - 1 4 - 2L €00 308 - AR 288 €20 T PRI 3 A IR &, ARAE
RS W2 [AIREA S o 2 A 10 8 FE ] 300 2 TG i, e B DI ) 11 € T A 7 2 A
(LT (TR ARG RS B NEE I, NN VKR VKA WS 260 mA [EFRHHTHEE 2
he

(8) #fi4: PVDF e fH TBST ¥ e 10 min, SRJEEIF & &b 0 A PLidid
MK PVDF BR%, =il N8R ahE A 2 he

(9) —PHiWFHE: H TBST Pl 2075 PVDF 5 3 K, &K 10 min. %54 1:
1000 1 LU HL AR BRI B — B (ANp63+ JAG1. CTNNBI1. EGFR. B-actin),
EPA & BT I —P, 4°CHAZIRINIT A

(10) P E. BUL—Pi, H TBST PLlistst PVDF I 3 %X, &K 10 min.
PR 1. 1000 I ELI I PLAR R BRI R . AP & P N P, W RAE
IR L2 imsh 2 h, HATIFE .

(11D &5 B —HUIFERRIR B TBST POl 50 PVDF 3 &k, AKX
10 min. HU ECL k22 & 6IRF A 1 mL A B ¥ 1 mL #4778 70784, ¥ PVDF Jii
ARG, SRR R ERE . &Jn RO BRI

(12) EEHr: @it Image J AT NS B 5071 B & 2 IR
B, AR ArEBFKHASEE KT E R,

9 EdU #7040 A 3858
9.1 #ApEIEFF
O A KM, PAREAL S 10 IR0 - 24 SLEG 7bih, Bs e B EH 4K
BB, A H 0T R CB AP i
9.2 EdU #Rig
(1) HIEWE 10 uM 1) EJU Kigr 45, 10 1 A 76 4 55 77 L 3R EJU %
i

11
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(2) FEIHREFE, H PBS Y4 2 &k, T EJU £ 7RHEIE/E R 74
(37°C, 5% CO2) "% & 2h.

9.3 MpEEIE K (BE

(1) A & 7RG, FRRFRAE, A 200 ul 1) 4% % 5 F i ] e v = i
% & 20 min.

(2) fEREFLPANA 200 L () 2 mg/mL HRBEW, £ FHFE S min.

(3) LAAFAL 200 uL 1Y 3% BSA Beisdi i 2 ¥, &K 3 min.

(4) Z:F BSA WM, ERFLF A 200 ul # 0.5% Triton X-100, {EEE T
%8 20 min.

(5) %F& 0.5% Triton X-100 HI{2E5, ERESLAIIA 200 uL 1) 3% BSA Fii
4 2 ¥k, AR 3 min.

9.4 EAU #&:3m|

(1) MEE 1xClick-iT BAU RN Zmi: H ddH20 ¥ 10xClick-iT EdU [ v 2% ot
WRRE 10 15 .

(2) /300 pL # ddH>O & 30 mg i Click-iT EAU 22 s hn47) v fic il 26 34k JiF
9100 mg/mL Iy 5xClick-iT EAU ZZiiisingy, Al ddH-O Fike il 4 i 1<EdU Zenp
NIk

(3) 4 Click-iT TA/EW

# 7 Click-iT UAEMER
ana b R A
1xClick-iT EdU [ % 223 171 pL
IxClick-iT EdU Z23 i 74 20 L
CuS0: 8 1L
YF 488 Azide 1 pL
PEREN A 200 pL

(4) H&FLF AN 200 pL Click-iT TAER, =IRIEH 30 min.

(5) £Br Click-iT LYEM, {ERFLHIIA 200 pL 1 3% BSA BEEAMM 2 X,
K 3 min, ZRPEEI
9.5 DNA 5

(1) H 200 uL [1) PBS Pek i 1 ¥k, ZBRyeisi.
(2> H PBS ¥ Hoechst 33342 ¥ MBE 2000 5, HFSLA IO 200 uL HJ 1x
Hoechst 33342 V5, il HIEHE F 30 min.
(3> %Fr Hoechst 33342 ¥V, F 200 pL PBS Jeidifiil 2 X .
12
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9.6 AR K 53 1h
25 B AT 1 AR, IF(EA] Tmage T 734 ¥ dis

10 EMEEBFE DR

(1) i GTRD (http: //gtrd.bioumL.org/). ChIP-Atlas Chttps: //chip-atlas.or
g) F1 KnockTF Chttp: //www.licpathway.net/ KnockTF/index.htmL ) ¥4 2 Fililll ANp
63 [RIHEAE[A

(2) GTRD ¥¥faVE: ARHEHRIER I3 1 X 3K [-100, +10] KRB LS & (O i FIHE
FL[K; KnockTF ¥#E)%: #4% FDR < 0.05 fiii ANp63 [ISEEEN . 1 U =4
ba FER LR IR R, HAELZE T H. (http: //bioinformatics.psb.ugent.be/webtools/Ven
n/> x4 BT AT

(3) AT TR L R h 540 i s BTSRRI R K], AT 5T A Database for Anno
tation, Visualization, and Integrated Discovery (DAVID, https: //david.ncifcrf gov/) X
FDR < 0.05 1] ANp63 518 BRI HEAT R R 5 B R4 TT R4 15 (Kyoto Encyclope
dia of Genes and Genomes, KEGG) {551l E BT FFEA A4K (Gene Ontology,
GO . BIEPEE BN 7 Pl AR I E A YH RS Bt (National Center of Bi
otechnology Information, NCBI) Rl C(https: //www.ncbinlmnih.gov/) 3R . &
TE )5 8 T IX i ZE R IR LR 2000 T2 %) (Base Pair, bp) A1 RiF 100 bp /75120
K. AHFFCAEH JASPAR #dE % (http: //jaspar.genereg.net/) Tl CTNNBI A 21
IR A s A0 A0, PR DGE AN 1570 = T 80% &S & i =, &5 RNk 8 Jis.

F 8 ANp63 5 4 [R 45 157 hL 1) Tl

Gene(human)  Score I:Ceol:ive Start End Strand Predicted sequence

EGFR 11.27 0.859 618 637 + CAGGAAGCACACACATGCCT
11.15 0.858 399 418 + TGACTTGTACACACAGGTCA
10.71 0.852 775 794 - GGGCAAGCGCAGACAGACAC
8.84 0.831 308 327 + ACTGATGTTCTTACATGCTG

JAGI 11.11 0.857 828 847 + AGGCCTGTCCACCCACGTCC

CTNNBI 8.21 0.824 1675 1694

+

AGGCGCGCCGAGTCCTGCAG

13
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11 {RREEE
11.1 siRNA ¥
siRNA &
AR5 S A FH ) NC-si Fl ANp63-si, W Filg 5125 ARG R A W . H
PRECH) VAR
(1) %% 10000 rpm, 4°C, &0 siRNA 2 min, B TBH AR LEFE.
(2) BHBFTH A 25 I KT R DEPC 7K JA R AR B 20 uM 194 8544

siRNA 5

(D AFEHAS AU TR AN AP T 12 SR, RRAN LG B J5 2% B2
30-50%IN HEAT 41 U %4

(2) siRNA-RFect & &1

PERTHE SIS 1.5 mL B0 I ARIC. 209 NC-si 4. ANp63-si 4.« CB+NC-
si 4% CB+ ANp63-si V94, HohlE 44077, 15 uL siRNA H 250 uL opti 5= 5 M
P&, 10 pL 1) RFect H 250 uL opti 577 JEM B . MR HERK PR EBIRS, E£5E
TIFE S min. K siRNA #iBEi 5 RFect MiBRUIR GG RS, 2 T E 20
min.

(3 HIREVIMAZI B FRALT, BRI FRIES .

(4) By FR-FH (37°C, 5% CO2)}55% 6h o, k¥R CB. 48h /)5, X
I 4 Mo R it H T gRT-PCR.

11.2 FRtugs s

A 4 2565 ) NC-over A1 ANp63-over, 308 H ik 75 L2 [R5 SR AR
HIRAF .

(1) HERERT 24 /AN A0 AR B AT HeRh T 85 7R I A, T DR A e T 44 it 25 52
80% /v A7

(2) FFEIEEEFRE, THGHEER S Mg R EE.

(3) RFect/DNA ¥ 4255 SR Ut &

FERTHE R I 1.5 mL 08 AT FRic. 479 NC-over 4. ANp63-over Zi. CB
+NC-over 4.5 CB+ANp63-over U4, 1£ 1.5 mL ELAE I 200 uL [ Trans
buffer & 10 pL 55 3051 . 1R JG/E = IA B 5 min. 75508 I 200 uL Y Trans
buffer & ifit: DNA, JRSIG/EERE S S min. K EIRAIGEER 1 15-20 min.
s RFect/DNA g H BRI AR, MRS JRIERE 786 37°C, 5% CO2 K%
7t 12h, RIEHIRSH CB MR AEHIT B .

14
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(5) Y 5E CB 55 5% 48 h i it gRT-PCR, % 72 h { Western blot.

12 3 FEIAFEI (MD)
12.1 93 ANp63-CTNNBI-CB E& 118 A

(1) ANp63 #Ian R B & B 8 3 2 (PDB A#5 3QYMD p63-DNA &
TG R ] o

(2) g CTNNBI XUERESE R, Flt— 0 A28 ANp63 I i ds 1 -5E K 5
EW, AR T QA S Arg311 [FIEUEAR BLE B33,

(3) ¥4 Zhang 25 N TR e CB &5#467. FIH AutoDock Vina 2 /7.8,
¥ CB W35 1 -JE R S 5Wh, 1533) ANp63-CTNNBI-CB E &) . 1EF Bl
RUR, fid hH R AR TR AT s S AR R AR I B R A

122 MD

(1) X AMBERI18 4 Pt 4r4s . MD, HEAI DNA 405 Amber
fF14SB Al OL15 Jyszift ATk M, J#5507KJF 7K H TIP3P #5814, CB ) 1458
LL GAFF AFEAHA B, 3500 JE 7 HAuf (5 T HEF/6-31G* 115300 £ ok B FEL 34 L g o
o FIEABFRFIR AN tleap A2 7B I AI . JEFLA ST B A R = A
R ML F AT T el e, /@ Ryl s s TR
(0~310 K, NVT, 100 ps) AIZ P (310 K, 1.0 atm, NPT, 100 ps), /ot
17 17 200 ns NVT 4T MD, LUAE il .

(2) fEMD i, M SHAKE Sk A i A & S8 n w4k 8, Jf
JNYEAEAE (LJ-12 %) MIEEAHT R (PME $868) sbi s N 12 AW, K5,
M cpptray BEATHLE ST, A PyMOL 247 T 414k .

13 # A TE
B a5 B DL EL + bR, N Graph Pad Prism 6.0 30 4 131743
B, R A5 DRI E 5 22 70 Hon Bl it A7 e e Ao

15
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&R

| CB BYFR{F N 2 22K AU i

155 H13% S HL4% (Transmission electron microscope, TEMD X CB iz ikAT RAL
TEM &5 % 875, CB BB Fi4e N 37.80 £ 3.37 nm (& 1), H CB NEXS KN
SRR, 2 LBIRMIE A e ATl — 20 CB MBI, FIH %
BROCHU S A FFE R CB PR SRR TR, HY, 7 PneumaCult-Ex Al
PneumaCult-ALI B35 7R 267 CB HIZK-ARAR 4 79 1119.59 + 130.18 nm A1 980.24
+ 4990 nm, KW CBHEZEME. 25, FIH Zeta AN CB 1) Zeta HLAH,
iR TR CB EFTHER 8 (-57.72~-5724 mV) (K 9.

— S
N G 3 e
= el =
‘A i o
“
o

-

|
X \”C‘ "

> sl BBy
K 1 CB [ TEM El %

% 9 CB W) Zeta BB F/K SRR

PneumaCult-Ex PneumaCult-ALI DPBS EETIK
Zeta A7 (V) -57.24 + 0,13 -57.68+0.24 -57.72+ 0.53 -57.50 £ 0.19
KERAE (nm) 1119:59 + 130.18 980.24 + 49.90 1805.21 £ 247.91 486.94 £ 15.48

NFSE CB HIYLTEA R, KM CCK-8 350 5 40 i /1 38 i 3] 8 5 A i W 52
CB H#RMANBE AL, CCK-8 LR Ridx, M CB FEEWRENT &,
pHAECs [MI4H M35 /) AR AR e 30 N R (B 2A) . SxfidiMll, CB&E
WIEAE 25 pg/mL A RBS, X4 PRAE iR e, 68 B s NIy BoR
pHAECs M40 A0 B Sdb . iSRS (W 2B). K1, 7o miaeik
JEJEEI A (50-200 pg/mL), ZAHHRNG IR T, HmIKFESE 37.59%, JfH pHAECs
MR B AR N B B4 AE T A E D BEER, DL
HHREAT TG 80% AhsHEL B IC BB 10 1 25 pg/mL F )& JR 22at 7T

16



(A) (B)

100+

cell viability (%)
S

(=]
1

0 1 5 10 25 50 100 200

CB concentration (ug/mL)

2 CB 4 pu ik

: (A) CCK-8A%E CB £5% pHAECs 24 h J54HEh% 77; (B) CB £ T pHAECs 24 h J541
ML EOFMREESREIAMR,; SHRAME, *» <005, **p <001,

2 ALI 55 ME ASE LR AP iAsMEFRIRE

AHFFER A ALT 3G 78k g S AR A0 R g A AR5 758 (] 3A0. JEid
15] 15 ok T UL 5 AN PR SR G B A i A R b AR BT A4S, R pHAECs TR AR B
W RE R A AR M B AT ) Transwell i 1, JEAEAH K 2 58 Ao Ja 247 40 i 401k
1 i [FT J20T INR 2  E B H BARIR G . RIS s 2 RED, RATERRRIERS
dift, A EHEBREE AT A, W R N IE B A AR S R TR AR A
i 3B,

(A)
- o) o & P 2570 Day 1-7:tight junctions
e ::':..{A.‘ - dddddaadaza _‘”!’i‘;‘! ss244+ Day 7-14:columnar morphology

....i... Day 14-28:ciliated and goblet cells

Day 1 Day 7 ' Day 14 ) Day 28

K 3 ALI B33 M NS b R n B A b s 3R A5 A
e (A ALLE:FRR 28 (B) pHAECs fHiiZ: AL 71518 BB A g & .

17
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3 THIRSE L R 4HRE ALL 15 7R (8]

B TRy NAGE F AR SRS 7R, ol fEA RS SR 14 Ry 20 R 24
KA 28 KRG il orth, @R NE S =D EYE R T SAC (Mucin 5AC,
MUC5SAC) . Zhi# 1 SB (Mucin 5B, MUC5B). XCAHE® T J1 (Forkhead-box J1,
FOXJ1) FXCELKFEEE J2 (Forkhead-box J2, FOXJ2) ff] mRNA %35, Bt ALIH)
AL R A, Hod, FOXJI. FOXJ2 8% HAE INE Sh4E B IV S IRE JEh 4
B4, MUCSAC . MUCSB AE RS F2 B R4 I b HE IR 7= 400, e 32 PR IR 20 g
RIS, B 4 h RS, S9000 14 KA E, 4085 9% 24 R 4F 41 hr
EY) FOXTL . WARANBks EH) MUCSAC R MUCSB 1] mRNA R A K55I,
TE4iH s34k 28 KB, FOXT1+ MUCSAC A1 MUCSB 1] mRNA 357K T HH B
P (B 4). B, JEEFIOR LD pHAECSs 400 ALT 204k 24 Kok 8 T 5%

(A) (B)
__ | MUCS5AC — 6- MuUcCsB
I = *% i
S 4 sk S -—E T
2 *k pmlam ok 3 47 1
S T 2
2 SE 2
< 27 <,
z =
14 +4
£ £
0- I : 0- T T
14 20 24 28 14 20 24 28
differentiation time (days) differentiation time (days)
(C) (D)
4 FOXJ1 4] FOXJ2
3 ek %
< 3- ok € 3-
] I == ] sksk
° sk ° ==
E 2+ E 2
S z
& 14 =11 =
£ £
0- T T 0- T T
14 20 24 28 14 20 24 28
differentiation time (days) differentiation time (days)

K 4 152 ARSI mRNA Rk K ¥

VE: (A-B) MUCSAC. MUCSB ) mRNA FixZ4L; (C-D) FOXJI. FOXJ2 If) mRNA FRiLAF
b (5350 pHAECs 32320756 14, 20, 24, 28 KEHTIE); SXHHBAMLEL, *p < 0.05, *#p
< 0.01,
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4 CB T S8 L ARIE B R X B2/ EL

N T AT CB B E AR B S A0E b i A BAE A, At 7o 25 pg/mL
(] CB {EMEHRY BE. AL BORUEE/AME ST A b 5 /<008 B At A7 e e Az
HAEMEEDN mRNA RIAM B P/ (Transepithelial electrical resistance,
TEER) 1k (KB 5A). ] 5B Wow, 7N B CB BRI EY)
MUCSB R FOXJ1 f] mRNA Rik/K TR R TR, X8 CB 24H MR A0H
LB ALK Hh e B R CB MHMEE AMbr S PR, T 70%.
ML BL 58 CB R AT MUCSB () mRNA £i5 2% B, FOXJI Y] mRNA ik
BRGNS 2ER, TR BT CB S BIARA A, oM 4F R 40 M A= K
S (B SBY. BRI PIG T F Be B 10 BT 25 pg/mL #Y CB, KI
FOXJ1 F1 MUCSB [f) mRNA ik 7K1 SR ABUPE RS (& sDATED, B 1 41
WG BE AR CB 008 BB SRRSO R . Btz 4h, TEER &5 L
PRI HBH, e e b B A F R R e B R A IAE VRN, B SC BoR, S50
A, BAR CB %54 pHAECs 1) TEER 1HIEH T, HAKMNEA Gl %%
5, ULW CB Xf pHAECs H Bt B Dy ge e A (B 5C).
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LN e CATS

(A)
B ]
| r proliferation \
} [ differentiation }
} = carbon black |
(B) (C)
_ = NC mu proliferation -e- repair-cycle
3 ] ; e & 200+ . .
9 1.5 == repair-cycle differentiation g «- proliferation
w % 100 differentiation T T
? Ik < S 1 4
a 1.0 *T* %% = '
< wk kK | *
g 0.5 T k% 14
£ 2 i L
0.0 : I ~200-~—————————
MUC5B FOXJ1 8 101214 16 18 20 22 24
differentiation time (days)
(D) (E)
=) MUC5B T FOXJ1
K] 1.5+ o 1.5-
Py Py
g 1.0 ook o 1.0 %
K- o ===
<zt 0.5 e <ZI 0.5
(14 14
E 0.0- € 0.0- .
v v v v
NI N
N < N N
N WP N WP

€ 5 CB F-#/ S b R 4N s & i G B

e (A CB #FaEE: (B) (ERIE LEAME S A0 M B R T 25 pg/mL 1) CB & MUCSB
1 FOXJI mRNA FI&7KF; (O EAIE LR gHiE 2 1A R Bi# 82 25 ng/mL CB J5 1) TEER
ffi; (D-E) 76508 LA NS5 I8 a N BE 258 10, 25 pg/mL ) CB J§ MUCSB 1 FOXJI
mRNA FIAAT; SHHBAME, *p <005, *#p <001,
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5 CB #il#ll 518 L B 4HARIE5E

WM CB TR AR P O, AW U — B A
T A VbR BN B R B T 85 11-67 (Cell cycle regulatory protein-67, Ki67) 14
YHANMIAZ PR (Proliferating cell nuclear antigen, PCNA) ) mRNA %A, 4471 CB
FEEN IS R S RE R, Ki67 E N DNA 558 E, @A N2
R EE T E AW, PCNA Rl T DNA A S, DUE/RA0fusg 5,
Klo zn, CB#EE W5 EACKI67. PCNA B mRNA kK H &5 Aok sy,
W] CB fE R HRALAE g iERe ) (B 6). [FIN, 7EASCRE LR 4
# 16HBE #4Hffih, Ki67 If] mRNA 7K-F5 pHAECs fRFF—3 (K 7), #&< 16HBE
gHffn) PAE SN pHAECs M R4, Kk, 2 NkEL 16HBE 41 B AE St 5]
GRS I CB THLA0E L 4l s & L E AR .

(A) (B)
o Ki67 = PCNA
T - -
315 :—; 1.5
» Py
< 1.0 0 5l
g 5 L sk 5
<05 i A -
= § 0.5
4 4
€ 0.0- T € 0.0- T
2 v Vv v
N N3 N N
NJ WP N NP

K&l 6 CB IG5 L Yidn £4 Ki67 F1 PCNA 1) mRNA Fik B

W SXERALMEE, *p < 0.05, *p < 0.01,

(A) (B)
o) pHAECs = 16HBE
2 1.5 2 1.5
o o
()] o
21.07 21.0-
z z
sk

Y 0.5 — & 0.5-
X 0.5 X 0.5
S S
< 0.0- I < 0.0-

NV vV

‘\0 QQ\& Q&@
N WP

B 7 RNEZH R Ki67 1Y mRNA kK

H#: (A) 1F pHAECs $E5E M BE#:HE CB J5 Ki67 [ mRNA F£IA/KF; (B) 7& 16HBE 41 B3t ek
B #:55 CB J5 Ki67 If) mRNA ik KF: HXHAME, *p < 0.05, *p < 0.01.
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EdU 1524 B H AU AT fEAH Ha 3 GRS R a8 A5 ) DNA T, Gl 500k
JRAR PR 1 GE L 2 A AEIO). EU 88 58 S0 o) R A A S A B, S S
P SGBERE Ty . ARRFFCRI, SOIRALAE, CB B8R4 EdU ARl H b (K
8AD, e R LR UE LR AR SRR > B AR -RBIC AR (] 8B,
Bty CB 2 PEIRAUE b 40 B3 e /0 R AR T A3 4518 CB 2 28idad #)
AN FEOR T UIE B A e

(A) CB (ug/mL) (B)
NC 10 25
X
§ -- ;1.0—
8 sk sk
— > e —
2 =
[3) 0 0.5
= o=
w -c
S 200 ym o & &

K 8 CB £ 50E b 57 40 M b 5 Kk 2>
E: (A EdUARICHIESOEE; (B) EdU FRCgiidi B 54 a St b, 5 a ML,

*p < 0.05, **p <001,

6 ANp63 7£ CB | S & £ 4 patg5E h rv{E A

RSB T CB N AUTE | R 4R eI ER o BEAERFSCE S, pe3 AT
DA 4 B (S A D P8, S ONERAT CB 88 T B B LR A .
p63 FEALFE ANp63 Ml TAp63 WiAP Y, 710 I e 4l i s il ANp63 Rl TAp63 11)
mRNA Fik. 4558 K ANp63 (] mRNA Fik/K-Fimm T T4p63 (B 9A), FHH [
ANp63 &8 F R4 i EERIAW ., A 2PERE CB X ANp63 [sem],
16HBE 4l i % 8 T 10 A1 25 pg/mL [f] CB kil ANp63 ] mRNA FlIfE HKL. Kl 9B
BoREEE CB BBIREMITHE, ANp63 (1) mRNA Fik AF AR FE A Z T B,
HAp 4 CB # 5 E N 25 ug/mL B ANp63 ) mRNA ik 5 2% 5 X B4l (K 9B).
HW, CB #FBWAE ANp63 18 A FRIE LA o s B2 TR (K 9C), #5245
K5 ANp63 1) mRNA FIAE5 K3, €75 ANp63 W HEE CB THLUE b 41 ffa
Hrt AT EM . 4, 5 16HBE A AI4E5 K1, £ pHAECs Hti il £ )
ANp63 [1] mRNA FIEE ARG K TREAE (B 10D, #E-—PiUEW] 16HBE 40 n LAYE N
pHAECs [ 41t Ad, 22, CB X ANp63 ik FH] Hls 5 ANp63 v fighf CB
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PRI L A e R e B A R R R E A

PA_EF JE 45 5487 CB REC ANp63 [ik, it — P ii ik & iE& ANpe3 B #f It
Je e CB I <0E b R 40 f sl i vp R e . B 1A 8558, % 4% ANp63-
over JFBLIT, ANp63 fAFE /KT RER I (48 NC-over 4111 33 15, K 11A),
78 ANp63-over 4l UARI el . #—20, 7E CB %82 )5, EdUFRICHE % H oxf
PRl B2 S g zEE CB AL, 1$3RIA ANp63 Hl CB I 4b# 5 EdU Frid 4
i B I AR R A i 2 HL B ST (B IB AT ). DA 45 5RAE S ANp63 7% CB
5 SN M B ] P E R, T ULV HE T AND63 SRR CB XA b A &
AR 520 B AL TR A

(A) (B) (C)
ANp63 |- #om we |77kDa

B-actin| qums = e |42kDa

koK

N
=3
=]

ANp63

-
(31
(=]
1
-

NA levels (fold)
o o

mRNA expression
oS o=
2 N8
mRNA
o O
5 oo d
o =
h%
protein levels (fold)
o o -
o (3] o o
*
*
#

@ @

‘\Q «?.Q \&V é(" d &\/ g &v
>

) )
&l 9 CB 3 ANp63 mRNA F1#& [ 3R & PR
e (A) ANp635 TAp63 ) mRNA Fik/KFs (B) CB#F )5 ANp63 [l mRNA FKIAEM: (O
CB £ J5 ANp63 FIE AREHBH:; S BAME, *p < 005, *p < 00L
(A) (B)

ANpG3 | W S5 WS (77kDa

B-actin| e s s 42kDa

ANp63

z -
b o
2 1.5 2157
w N
© 1.0 31.0
o ok >
< 0s- :
4 2
£ 0.0- ©0.0- »
o
¥ & & F & £
SR e P
N O 4P

I 10 pHAECs %55 CB [#{% ANp63 mRNA fil&E (R IAK T
e SR, *p < 0.05, *#p <001,
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(A) (B) (C)

=) - o

= 2 o * o
L sk o 204

3 M i S B s

@ o 1

3 =t o Q02

= 20 B -

o] s 300um B 0.0

2 0.0

a ANp63-over = + - + ANp63-over m + - 4
ANp63-over - + CB = - + + cB - - + +

B 11 3 %35 ANp63 Wik CB of 201 M 18 5 #9521

e (A) I EIE ANp63 EH KKK F; (B) EdU ﬁméﬁw@%)'ﬁ@ (C) EdU tic4n e 4
MR B s SR, ¥p<<0.05, **p<<0.01; 55 CB £FEMAMLEL, #p<<0.05, #p<<0.01.

7 ANp63 BIEEEE CTNNBI £5 CB il 518 _E 7 4 tE5E

g AT, CB REIEIE N ANp63 Rk < [ 40 iy sisg, (HI B
LA T AW GTRD. Chip-Atlas A1 KnockTF #5045k 31 B as B2 3k
34611 MR (B 1240, itk 5 a0 i fs A OCHE R R i — 25 #HT KEGG 845
W R GO 4. Hrh, GO 73 #r4h SR ANp63 #UAE K i) A= i 2 2
SE30REAR (H 13). KEGGF Sl E %047 K FoxO M Focal adhesion 15
Sl SME R REMG (E12B), ARG T 8 MR, HAEAE
[ EGFR (W 12C), WHFLEM, EGEFR Z: 5 E| 4114 SR -k 5 BOL, i s
[ o SR s B RT R TR B . A TR Y pe3 JUAE R I AR, ¥ B-
EEE 1 (Beta Catenin, CTNNBI) F4EU IR Notch Bk 1 (Jagged canonical
Notch ligand 1, JAGI) SNFFFTHE, (K, ABFFREVETIEI CINNBI. EGFR
R JAGI FE552 %) ANp63 5 K HAE CB i S0 b B 40 a3 A L] A i 7

(A) (B) (©)

oxO signaling pathway
GTRD KnockTF Focal adhesion
TNF signaling pathway
Hippo signaling pathway
4706 9191 gog7 Hedgehog signaling pathway -og,(pvalue) 44 8 32
4611 mTOR signaling pathway 4
PI3K-Akt signaling pathway ! | 3
467 1178 Wnt signaling pathway 2

Apoptosis I PTEN, PIK3CB
508 Rap1 signaling pathway ] PIK3R1,EGFR

ErbB signaling pathway[ s MAPK9. MAPKS

- Ras signaling pathway |}
ChiP-Atlas T 40 53 B HRAS, MAPK10

Counts
] 12 T ANp63 [ 4 ]
az (A S80I FETRI ANp63 $U3EH; (B) ANp63 $I3ER 1) KEGG /0 Hr; (C) FoxO 15

i@ 5 Focal adhesion 15 ‘510 B Lk A #4T Venn 704 .
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R

positive regulation of transcription

from RNA Ppolymerase Il promoter
protein phosphorylation
cellular response to UV
apoptotic process
negative regulation of transcription from RNA
cytosol
nucleoplasm -log, (pvalue)
cytoplasm CCl 25
nucleus i 122
mitochondrion ||
protein binding
ATP binding
identical protein binding IMF,
RNA binding
cadherin binding

0 300 600 900 1200
Counts

I8 13 ANp63 $IL3E [K| ] GO 404745 4

Ht—+ 1F 16HBE 40+ 8 52 10 A1 25 pg/mL [ CB, 1# /1] gRT-PCR ¥l CTNNB «
EGFR 1 JAGI 1f) mRNA FiE/KTF. B 14 851 ER, S0H4MELL, CTNNBI I
mRNA Fak KT DL AR H I 3 B B (B 14A), 1 EGFR 1 JAGI 1) mRNA
FIEK T UG SR EES B E (B 14B fil ©O. WB &kl CB A3 )5
CTNNBI #HHRE/KF IR ZEFEEIFRAGST 7 2R (B 15A). T EGFR Al
JAGl S RLKFE FHHaAF LT 2R (K I5BAIC), %455 mRNAE
ks —E. Kk, AHFFTHR A 2B ANpe3 v G ik % CTNNBI 25 CB

BP

] S L R A Pl 5
(A) (B) (C)
) ) )
2., CTNNB1 3 EGFR . .. 2 |vAct
o 245 + 15 k% kok
g L *% *k 3 1.0 31'0
g 0.5 <zt 05 § 0.5
€ 0.0 : %00 : €00
¢ & & ¢ & & & & &
L ® & P g ¥
ST P T 40 SO

I 14 CB #5855 CTNNBI. EGFR F1.JAG] ] mRNA kKT
i SXTERAMEL, *p < 0.05, *¥p <001,
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BRI 2

(A) (B) (C)
CTNNB1[=—= == |85kDa EGFR[J @R BN |175kDa JAGT[JN W BN |134kDa

B-actin| WD SENEP SN |42kDa (-actin[wmm s> wmmw|42kDa B-actin| e e @ |42kDa

1.5
1.0 ==
0.5
0.0

H

protein levels (fold)
o O (=2, |
*
*
protein levels (fold)
protein levels (fold)

& 15 CB %555 CTNNB1. EGFR fi1 JAG1 )8 H#IE KT
T SXHRAME, tp < 0.05, **p <001,

N FIESZRA A3, fE ] sIRNA K8 ANp63 IR R Ik ik, 25T 25 ug/mL
[f] CB. 7 ANp63-si TALBLSS, ANp63 K1 CTNNBI ) mRNA Fik/K P54 F . b
o, SRR CB UL, 4 ANp63-si FALBE G 5 5% CB il ANp63 Ml CTNNBI ()
mRNA FiE FEE MM T (B 16A H B). M4 ANp63 it ik, ANp63
CTNNBI1 [f] mRNA Al HRIES L. HETEENZ, S24%E CB M,
ANp63 It RiA 2T CB /£ mRNA M H KA /K LEERE IS CB X ANp63 M
CTNNBI (30EIVER (B 17). XS8R ILIE S ANp63 i 4 s iff4% CTNNBI 25
CB P 4u s i, Hb PRI - 4uiia e .

(A) (B)

=) =)

s 1.5- ANp63 3 15 CTNNB1

(2] )

q>) 10' sk (|>) 10‘ O Kk

2 3k # 2 #
<« 0.51 = < 0.57

Z Z

g 0.0- : g 0.0- T
ANp63-si = + m + ANp63-si = + = +

CB = - + <+ CB = = + +

I 16 mifik ANp63 Jo 855 CB ANp63 K1 CINNBI mRNA Rk KF
T SEAM, *p <005, **p < 001; 5 CBRBFEHML, #p <005, ##p <001,
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(A) (B)
5  |ANP63 5 |CTNNBT
2 L
» 151 4 @ 1.5 g
) T [ #
3 1.0 T 2 1.0- ==
2 05 2
% 51 % 0.5
0.0 . 0.0 .
ANp63-over = + = + ANp63-over = + +
CB = = + + CB = = +
(€) (D)
= == ANp63
S 2.07 == CTNNB1
= * #
anpes | g (D e B 770 g1s + #
Q -
CTNNB1| o= @y e e |85kDa = 15
< 0.5-
B-actin wumme e SNP s 42kDa 5
0.0— T T T
ANp63-over = + - + ANp63-over = + = +
(E)
o ® . . °
e®® CB #» @y inhibition 9
L4 @ 9,1 ® 4 - < "
D> & proliferation

— —_—
—_— o

B 17 1 %75 ANp63 585 CB ANp63 1 CTNNBI ) mRNA FU5E [ £ 157K

H: (A-B) iTRIE ANp63 G55 CB ANp63 F1 CTNNBI ) mRNA KA, (C-D) HERiX
ANp63 )i % #% CB ANp63 Fil CTNNB1 & A KA : (BE) 7 THHIEHE; S antt, *p
< 0.05, **p<<0.01; 5 CBEEHAM, #p <005, ##p < 0.01,
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T8 R LA AR

8 CB & CTNNBI 5 ANp63 £KE%H{EH

ANp63 VERHESEIR 7 RE S AL IR 1) JE 8 T Bl s AR A, APl s e 5 8
(L Sl &, 8 CINNBI FER I, AT ANp63 M CTNNBI 85540 4,
T MD 3 A P9 Ta] B S5 BR B AR BRI, 3R ANp63 ii#% CTNNBI #1H
A B, MA JASPAR Hdl R iy B ANZE 4L P (Position weight matrix,
PFM) Tl #ll ANp63 5 CINNBI W &5 & 40 i & hn T Ho5 30 7 X 3 1
AGGCGCGCCGAGTCCTGCAG FE: (18D,

(A)
2.0
1.5 ﬂ
R
= 1.0
AVATVS La. A ALV
0.0 — — R < . /\EIC@T o= AX —
12 3456 7 8 9101112 1314 1516 17 18 19 20
Position
(B)
CTNNB1 promoter +1675 +1694
+1200 +1400 +1600 1 +1800
AGGCGCGCCG
AGTCCTGCAG

[&l 18 ANp63 S¥EI: K CTNNB! a3 T IX 4540 55 1
TE: (A) ANp63 SHERKEEIT X L4 &0, (B) ANp63 5 CINNBI Jazh T IXikss
B R E .

28



R

DRI () 25 A 6 AR R S AHaE— 25 R ] MD # i ANp63-CTNNBI H64), AT
[ B CB T4k ANp63-CTNNBI £ WINLH], % ANp63-CTNNBI BE&WEAT 75 IA
¥ CBIMD. Wi 19 fizx, Jo CB FHEHL T, 0 ~ 200 ns W ANp63-CTNNBI 2.
[ E5A R B AR N, B ANp63-CTNNBI B-EWItERaEF1E (AD =~ 0). TM{EM
A CB &, M RMSD HZT PAE 1 ANp63-CINNBI H-E WM LARL @ AEAE: {E 0-40
ns W (B BX 1D ANp63-CTNNBI 2 [i] RMSD 284k i /N, $RoR & 45 S o kasE: 1
£ 50-70 ns (HrBL 1D 5, ANp63-CTNNBI 2 [Alf) RMSD £k fhi K, #nmie
()28 P ok R K HR7E 70 ns f5 (BB, ANp63-CTNNBI 2 M4 h s i 4
REE 12 A4 (K19, kel i, CB & T4 1 ANp63 FI CTNNB1 E&Y)1H
FaEtt.

18 ANp63-CTNNB1

ANp63-CTNNB1-CB

15

12

Distance(AD) (A)

0 50 100 150 200
Simulation time (ns)

] 19 CB 1 ANp63 5 CTNNBI 2 8] 4545 B B s s il 4 o
e WEERT CBNESY, 4R E CBINESY.

SERTHF IR 220 ANp63 ] Arg311 5 CTNNBI 3114 (Guanine, dGMP)
TH] 2 i O S E F RE 4 ANp63 Al CTNNBI EAkase AR, & 20A 45 B 5w,
CTNNB! 1] dGMP "l LAFEEA CB TR 500N il S AT BAE M AR e b 5
ANp63 H1i) Arg311 G54, HPEBIZE 287 ~ 3.07 A. 2R, 45/ A\ CBJ5, Arg3ll-
dGMP 22 [ B 7 RS (940 B, DAEGHIIN 2.93 A i K& 11.57 A (B 20A), &
7~ Arg311 F1 dGMP 2 [H] A SEE BT &k, &I, CB5 Arg311 2 MR T 88 (K
20B), KW CB M dGMP 5 Arg311 Z [ iR 5w {EH, LAE dGMP FI Arg311 2
e R A AN TR . 2 DL 2SR 4518 CB i THi 3% K+ ANp63 5
HUEER] CTNNBI 4546 s 4 3858, 4008 F gz g,
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(A)

F¥ 20 CB T4 Arg311 5 dGMP 2 [a] ) B AE H

¥E: (A) ANp63-CTNNBI F1 ANp63-CINNBI-CB MD Uk [) =#4i&5#); (B) Arg3ll § CB 7
ANp63-CTNNBI-CB MD #is h [ AH EAFH s (ANp63 F1 CTNNBI HHitRkbric, Arg3l1
dGMP Hifg etk gifdrid; CB Hl ARG 1ahRic: Arg311 I CB WA SH BLAEH H B 6
HER, PEB AL AER).
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iR
Wig

AT b A SRR Ty AR PR 0 D A i N A AR 2 B B BE B SR
IS E Y S S R N e Y S E P e s R /R R 22 N s A ]
SRR IRRT TR I, B EE T AR S 0 OK B S IR bR R D e s R, LR AR
15 BB AN R I 5 A RIS PP RN SR I, PMas AT B AR b 5
AR AN R -1 1 E Bk | I RIE, SEURIE A0 bR R D peae 2k 2,
CBIEH N ABERIIAE 2 474593 Jbah, CB RZE i n &Rl b, e 110 LAF)
IR R IRAL, PR TR Z 3, EARBITIH, M Degussa 387511 CB HA{EA
Sy R AUORL ) SR B AT AR R3S, W RME MRS IS e B AR AL BT, B9,
CB %25 0] (i 16HBE 41 Jfu J& 1 B T G2/M 11, 0| 40 i 347 156 571, SR, H i<
T CB #5008 L R 5 s E R SR M ATE 2. Ak, REA B RS
8 WA SRR A FE R CB SR RS 18 b B i 2 L] .

F TS Rt E g, EEEE RN PIA R EAE RN, I
16 53 ot R T B 0 P 0 R R A3 AR B2 8 0 T A I, PMas IR RE 15 5 N 5
R AN B AR 40 g (e, ReRiE e o TR E A MIE . R AR E N
A ORI, 7R A RASTE A AR O, e R e e P Y T AN Ak AR
A L AN, BE T e S R A R — R A AR AT BB AR . R
AR ALL 85725008 1 e i s S #E (| 3D O3, AR Fe i s g w4
Fi=4l: 1 pHAECs 40fE 85 . RS L FEP 25 T CB (K 5A).
ZEREN, CB I SifE BGERN Bt A0 - i 2 (B SBY. PMas FIEHAHZE
BIEZE N FOXT1 [FFRIK100 64, ZhPpse i iR W], SRACKE R CB Al BR (R~
MUCS5B 1] mRNA R 1L KFO461, DL I SRR FUR S5 R — 2, R H T CB
T I JEC AT L P 389 7 A AN RS2, 3 T 4 AR A B R 21 SR 2 B 1 204k, B SRS
TARIE LEWEE. WA, BBET CB A, AR EY Kie7 F1 PCNA 1) mRNA 7K
PEERC (E 6>, SIE Ly Bt B> (B 8. i sh s
FEM, AR /N BRI R S5 AT R A =AU IX 33 P 2 B e A TR 47 2 A 4 L 8 ok o8
BEREAG, WIS R AN R A AR AL, T S BT RS A K R A RIS, A
AhsEE eE RAB R, AT R 2E 2P ] AT A 4 M 2 5 LA 4 B R A S ST,
XY G AR T 25 J— 40, 2% WA i JEC M %) i A% Y0 el 2 4 M 0 e AR i 2 4 L
e AL

p63 REZ 5T JE b B a2, [ T S BORUA G U sk 25 R (B
9A) FSZEH] ANp63 £ E b g 2 ERA WAL, fEWA Bt F CB, K
ANp63 ] mRNA FIEE /K48 Nl (B OB AT C. i s 1 i ik o 45 15 STk
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T RS A iR

PRI, CTNNBI. EGEFR F1 JAGI #& ANp63 [ = /N80 IEIN, 25 40 P 5
SMEAMTRE I R (B 12) B EGFR 2 S4ufultsg . 34k, JAGI Bt
BUEH 2 8 Notch 5 538 % R S i 41 fg 1 560°) . CTNNBI & — P55 20 Ja 388 58 AH G 1)
mRNAY, A 55 70 40 M 84 55 By Be A CB AL B4 iS5 KB 5 CTNNBI %23
ANp63 I (B 14 R115). R AWTREMW, ] CTNNBI 23k ] FRAKEE i 4 i
FREDA A H (Cytokeratin, ck) -5 ck-14 1 ck-19 PLN Bl B4 2 (Integrin
beta-1, ITGB1) FILF-YEikii HMRIE, S F4REEZH, X8R HE
W CTNNBI £508 FRE MM T i es =M. tsh, ANp63 25 CB #iiHil
16HBE A58 (B 16 A1 17). Kk, ATEH SR, CB i wHIE 40
BTEIH] 5 ANp63-CTNNBI B R A o 27 LATIE, ABI5H2 T ANp63 £ CB
FHAIE LSRR R ROCEER . X— RN CB 8 ABFRIIFIR RGEIRHE
T H RIS,

ANp63 1E R R 0T LS R R G A T R Ak A ol f, Tk
At sese th SR, 20 CB W gl IS T48 ANp63 NI CTNNBI (45 -& 40l 4i i 4 56
BT PURIE F R M RAE R . B TR ANp63 EHEELE S/ CTNNBL 111
BEITFIX I +1675~+1694 (B 18), it MD S8 i BB WSk — 25 1iE S ANp63 Al
IR CTNNBI 854 HEsA IR R A (B 19). R DAERT SR B, ANp63 5
CTNNBI W&5-E T ANp63 1 Arg311 F1 CTNNBI _EIF) dGMP 22 Ja] ()45 5 P iR
B3, CB HIAFAEFLE T AdGMP 5 Arg311 g4 . M, CBIRZE %5 ANp63 LY
Arg311 A BN E G, X —IG KW CB M CTNNBI 5 ANp63 2 W 3L T 2555
FEM (B 20D, XMISTEGHHTAE HALPHIH] T ANp63 Xf CTNNBI W6k, M
SERE P A E R . WIUERE, ANp63-CTNNBI B&W4sakae 2
dGMP FH)-N/-O 2415 Arg311 MHEZ 72 S5 4ike i), SR, CB RIMAA7E-
OH HI-COOH EHERI, XU EREFIAE S Arg311 MIEETE e 80, K[k CB M
dGMP Z [ B 72K 5= 4. B2, CB IFERNIR T Arg311 AT dGMP 2 [W] {14
YR F1, NGRS T ANp63 M1 CTNNBI Z JAl &5 &
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AT T BIHZ T CB R Faxt <18 Y 4l s E IR A K.
CB % ik #0140 e 7 T DA B B M G EER . AR H2, ANp63 7
CB 52 11| 4 o % Ge ik A rp b 5SS IR PR . 0 T2l el A8, CB 2RI
[f)-OH F1-COOH 1] 5 ANp63 L) Arg311 A, MMM ANp63 5 CTNNBI ]
ghly, XPTESEMNIE T ANp63 Xt CTNNBI WIARAHE k] 40 . xey
KA BT 2 CB T E B E IR, OIS CB 24 R 7 (R XU
Fefit T e JEA .

Y °
B
o e o o ° i ° ® ° o o4
AAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAANAAAA, AAAAAAAAAAAAAAMSRAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAALAAA
L ]
slalslelstalalaldalerelalofalele
Arg311 Normal airway epithelial
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