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ABSTRACT Objective: To investigate the regulation mechanism of HOXC8 and PDX1 in the growth and epithelial mesenchymal
transition (EMT) of non-small lung cancer(NSCLC) cells. Methods: RNA-sequence analyses, Chromatin immunoprecipitation (ChIP) and
Real-time PCR assays were performed to identify HOXCS8-targeted genes; Western blot, CCK-8, colony formation and bioinformatics
analyses were carried out to examine the roles of PDX1 gene in NSCLC. Results: HOXC8 was shown to bind to the promoter of the
PDXI1 gene and act as a transcription factor to activate the expression of PDX1. PDX1 expression promoted the growth and EMT of
NSCLC cells, while silencing PDX1 significantly inhibited the growth and EMT of NSCLC, and induced cell apoptosis. PDX1 expres-
sion was significantly higher in NSCLC specimens than that of normal tissues by analyzing public tumor databases, and growth and EMT
of NSCLC, and induced cell apoptosis. Analyses of public tumor databases indicated that PDX1 expression was significantly up-regulated
in NSCLC specimens in comparison with normal tissues, and high PDX1 expression was significantly correlated with poor survival of
lung cancer patients. Conclusion: This study showed that HOXCS8-PDX1 axis played an important role in the progression of NSCLC and
would be a new target for NSCLC treatment.
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AR/ N it A B bk AS49 5 HI1299 o FH T [ A2
B I ¥ 4 it )22 ; PDX1 $i{&R I H Proteintech A= ¥ 47 KA FR A
7] ;E-cadherin $iif& [y [ Cell Signaling Technology; B-actin i
f& N-cadherin #iT /& L) & Vimentin #{ {4 4 [§ Santa Cruz
Biotechnology., FR il 14 #% 2 4 U1 i .ANTP  Taq DNA 555 |
T4 DNA J% 4 e & PCR Al & 41 B TaKaRa 4=
/N 7F) ., TRIzol RNA HEHAF & | Lipofectamine 3000 ¥4 5
Thermo Scientific ; HAAL 1R H Sigma 24w,
1.2 #i&
121 FRfutag 5% E  PDX1 9 F FiiFg|4 PDXI-F: TTG-
GCGCGCCATGAACGGCGAGGAGCAGTA,PDX1-R: CCGCT-
CGAGTCATCGTGGTTCCTGCGGC jifi i Primer Primer 5.0 %X
4% 31, shRNA #i ik JF %1] PDX1 shRNA1l: AAAAGCAGCTT
TACAAGGACCCATGTTGGATCCAACATGGGTCCTTGTAA-
AGCTGC Fi PDX1 shRNA2: AAAAGCCTTTCCCATGGAT-
GAAGTCTTGGATCCAAGACTTCATCCATGGGAAAGGC @
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FH 1% Y PO A0 A 7 I8 5 DTS, P 200 L 75 e AL
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(I AR M . BT AT R A E A 3 N7 5236 s i i A s
SEEEE ARAEZETET AT, t IO A T LR PR 4 5 i 2
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WP Ay 45 20 HOXC8 7 NSCLC [ & AL & B & 15 25 T2
AR EAE ]
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shRNA @ {IC I #n ] T PDX1 923k (& 2B).
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REA 3 1> HOXCS 5B AL MAATE(E 2C) R, BEXT X 24k
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{4, )5 e B2 UL UE 3L 5 (Chromatin immunoprecipitation, ChIP),,
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A B Kappa

EPRIS-ASES 5.04 Colorectal cancer 1.00

ZRSR1 4.12 Endometrial cancer 0.70

BAPSA 3.69 B Non-small cell lung cancer  0.60

= - Pancreatic cancer 0.58
Rl =4 Gastric cancer 0.56
RFRIBI b Breast cancer 0.55

OPRES e Melanoma 0.52
pibde s Chronic myeloid leukemia ~ 0.52
GAGASK 435 Hepatocellular carcinoma 0.50
ULKAPL -5.56 Acute myeloid leukemia 0.41
BPTFPL 2 Small cell lung cancer 0.39
REAl -1 Renal cell carcinoma 0.38

C genes No. P-value

positive regulation of transcription from RNA polymerase |l promoter 251 7.8E-3

negative regulation of transcription from RNA polymerase Il promoter 201 2.1E-2
apoptotic process 174 1.4E-10

positive regulation of transcription, DNA-templated 163 1.2E-3

negative regulation of transcription, DNA-templated 136 1.8E-3

positive regulation of cell proliferation 121 1.4E-2
cell division 119 7.6E-10

negative regulation of apoptotic process 115 2.1E-2

negative regulation of cell proliferation 102 1.9E-2

positive regulation of apoptotic process 97 4.8E-7

cell cycle 95 8.7E-5

1 ¥R AN FF & P HOXCB #5F AS49 4HRfIH PDX1 KyFix
Fig.1 RNA seq analyses indicated that HOXCS induced the expression of PDX1 in A549 cells
(A)A549 AR HOXCS IR B RIXH AN = H A, IREUE RNA F#tITHFEANFE S, (B)KEGG @& I HOXCS HIENERS ST
SHMENRERRETRE, (C)HOXCS HEMERSE THRA SMENFILRE,
(A) A549 cells were lentivirusly transduced with HOXCS8 expression vector or empty vector, total RNA was extracted and analyzed by RNA-seq. (B) The
KEGG pathway analyses indicates that HOXC8-regulated genes are involved in the development of various cancers. (C) HOXCS targeted genes HOXC8

are involved in a variety of biological processes.

A . ) B W Scrambled shRNA C HOXCE: MA150574 D
e PN 012 00 HOXC8 shRNA 70 o migG
H O HoXC8 240 - s O HOXC8 -
< < 2
: 2 TR |TA "
o
: % o0 - TAR|TA
Q 2 04 P - = =G 2
3 £ 1234 5678 >
] g 0.2
['4
0 1412 -368 -334 0
PDX1 HOXC8 PDX1 HOXC8 —_— s [ PCR1 PCR2
— - — -
PCR1 PCR2

[E 2 HOXC8 /%] PDX1 EaF LifEHRIA
Fig.2 HOXCS binds to the promoter of PDX1 promoter to regulate its expression
(A)ZEHEE PCR #7ll HOXC8 FixE Xt PDX1 mRNA K FH)#ME, (B)ZFERE PCR &l HOXCS shRNA BL{EXT PDX1 mRNA 7K #5500,
(C) LE R RA HOXCS & F 5REE(JASPAR, MA1505.1); FEIR R4 2kbPDX1 FahF LRI 877 E R HOXC8 AR, (D)REBRER
TUE L3 ( ChIP )il A549 sk HOXCS 7 PDX1 BEIF EME &R, **P<0.01,

(A) Real-time PCR to examine the mRNA levels of PDX1 in HOXCS8 overexpression A549 cells. (B) Real-time PCR to examine the mRNA levels of
PDX1 in HOXC8 knockdown A549 cells. (C) The upper panel shows the the core sequence recognized by HOXCS8 by Jaspar website (MA1505.1). The
lower panel shows the position of putative HOXCS binding motif in 2kb promoter of PDX1 found by Jaspar. (D) ChIP assays to examine the binding sites
of HOXCS of PDX1 promoter in A549 cells. **P<0.01.

2.3 PDX1 £ 5i##E NSCLC § EMT, AT RiLHE% mentin [ 25 (735 7KF 835 F A B 3A), [ARE, SEIF9O6E =

LRz R B AL (EMT ) J& 38 e I p A ik iz shiie 51 PCR 25 SRR BAUTEL PDX1 (13535 4 53U E-cadherin mRNA 3
LR RI FE AN, R RS R R P LI 2 — 0, AT, Rl 4§30 N-cadherin , Vimentin , Twist] 52 ZEB1
Western blot SZ46Hh & BLRf# A549 APy PDX1 (HFAVIER,  FIRmMFEIE(E 3B & 3C)., DL 4553 W, PDX1 k0T
E-cadherin (1§75 135K 9 & 9%, T N-cadherin 1 Vi- £ NSCLC 4iffify EMT 72,
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Fig.3 PDXI1 expression promotes the EMT of NSCLC
( A )Western Blot SEI&#&iI5TL Bk PDX1 3% HY A549 ZRRE A E-cadherin,N-cadherin #1 Vimentin FIE B RILZE, (B)%EE PCR #i PDXI1 &%
A9 A549 ZARE I E-cadherin N-cadherin, Vimentin, Twistl I ZEB1 i mRNA Rik&E, (C)HHER PCR &l PDX1 FHEAY H1299 4 KA
E-cadherin,N-cadherin, Vimentin LA} ZEB1 g mRNA FikE, *P<0.05, **P<0.01,

(A) Western Blot assay to detect protein levels of E-cadherin, N-cadherin, and Vimentin in PDX1 shRNA knockdown A549 cells. (B) Real Time-PCR to

detect the mRNA expression of E-cadherin, N-cadherin, Vimentin, Twist] and ZEB1 in PDX1 shRNA knockdown A549 cells. (C) Real Time-PCR to

detect the mRNA expression of E-cadherin, N-cadherin, Vimentin, Twist] and ZEB1 in PDX1 shRNA knockdown H1299 cells. *P<0.05, **P<0.01.

T dE—3ERH PDX1 7 NSCLC 40 Bu/E R, itk
17T Western Blot 5258346 I PDX1 Ay 335X+ NSCLC 4 it i)
T RE A, LIRS RINE 4 BioR, UUEk PDX1 JEH Y

A

Scrambled shRNA ~ + T
PDX1shRNA1 .+ £
g5

222
PARP . g

TN 1
g g

B-aictin | —— gg 0

& >
«\"\eé \9“?§
o oF

LXMW T AS49 ALy PARP A E R T (K 4A),1f
PDX1 [N {) AL T PARP YR I RA/KF(F 4B). UL
SRR PDX1 JEA (363K 1T 175 S sd it (i T

B

]
Empty vector + = gc 12
PDX1 - + e 10
23 08
PARP | e s oo 06
% 04
N
eg 02
B-actin | «igme - sg o

['4

Empty vector PDX1

[ 4 #t{k PDX1 %S A549 dRREKET
Fig.4 Knockdown of PDX1 induces A549 cells apoptosis

(A )Western Blot SEI&#&ll LB PDX1 EEFRIEH A549 AR PARP BEERIRIZE(Z ), FHEA Image | A E A BB EFHITRE
#i(#)o (B)Western Blot SEB#&M PDX1 iT5RiA AS49 4AAEA PARP RAMFRIZE( XK ), FHIEM Image | RHUWE A WEBFHHITREES

B

(& )o **P<0.01,
(A) Western Blot to detect the expression of PARP protein in A549 cells with silenced PDX1 gene expression( left ), grey-scale value analysis of the

protein bands using Image J software( right ). (B) Western Blot to detect the expression of PARP protein in PDX1 over-expression cells( left ), and

grey-scale value analysis of the protein bands using Image J software( right ). **P<0.01.
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B 7 A /IS 200 6 i 3 v S R e R 2 AR 5 S AR (F
6A), H. PDX1 7 fii it 0 i s 16 RS i A A ) 3k 7K
O HIER 29 22 18 (& 6B), 1Lk, Kaplan-Meier 4 77

LorPrisR , PDX1 SR R Rk il B W CE R AEAR D
FH T RE(P=0.012) , ¢ 51 J2 76 fili i 8. 1 (P=0.013) (&l 1¢).
IR, 16 PRASE AR R A B 2R B, PDX T £E NSCLC A (1) 3R 35 i 35
I8, R aRiAm PDX1 SAE/NH T B8 TG A BB
G
3 3ig

[7] 5 & F K (homeobox , HOX) & 1Z A4 T HAZ A,
EURTR RS B B & RSP o 0 — 28 B R i ™, A28
HOX ZMGAL 1 39 Aot , 385 ARG AL A R g ek b vy o Am
438 A B.C 5 D DU, H DIHHEFI P4 1~13 #1744 . BT
A HOX G b1 Y E R i s R 75 5 4% AE A IS 7 L o
b WRRG AR RE R (9 A Je S A B B Bt rh RV
FEAIEEAEHTS2, HOXCS 12 HOX KRN Z — , # %
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=3 PDX1 &3 PDXI1shRNA
o . dedke
4007 —g — 300 —
B 300 z
£ & 200
2 5 o
2 —
g 200 £
£ 2
= 2 100
< 100 o
o o
A549 H1299 A549 H1299

mpty vector PDX1 Scrambled shRNA PDX1 shRNA
M = 4

[ 5 PDX1 I%Ri% ﬁl&ﬂlill\flﬂﬂﬂﬁﬁﬁ E’]imﬁﬁiﬂiﬁ?ﬁillfmﬁ MK RE
Fig.5 PDXI expression promotes proliferation and anchorage independent
growth capacity inNSCLC
(A)CCK-8 Bt il PDX1 SMEMERIZT AS49 4R H1299 ZRAAE
FEIRNE; (B)CCK-8 LI 46T PDX1 foRIATTBAN AS49 4RRER
H1299 4RR7E DRI, P<0.01;(C)ERERASSLIHM PDX1 SMEER
L3 AS549 ZERR K H129 4R EIRRBIIEE K HIRNT; (D )ERIRAESE
I PDX1 g9 RILTLEIT AS49 MR H129 dAAESE E MR igiE £

KHIEME, **P<0.01,
(A) CCK-8 assay to detect the effect of PDX1 exogenous expression on the
viability of A549 and H1299 cells; (B) CCK-8 assay to detect the effect of
PDX1 expression silencing on the viability of A549 and H1299 cells; P<O.
01; (C) Soft agar assay to detect the effect of PDX1 exogenous expression
on the anchorage-independent growth of A549 and H129 cells; (D) Soft
agar assay to detect the effect of silencing of PDX1 expression on

anchorage independent growth of A549 cells and H129 cells. **P<0.01.
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2 |— low PDX1 expression 2 — low PDX1 expression
S < |7 high PDX1 t"(pNSSIOIl [ high PDX1 expression
&< [

0 S0 100 15 200 0 S 10 150 200
Time (months) Time (months)
Number at risk Number at risk
low 581 305 85 27 3 low 485 263 57 17 1
high 1344 522 118 30 4 high 234 84 12 2 0

E 6 PDX1 ZEIE/NAMfMEPERIZSBETE AR BEHEX
Fig.6 Higher expression of PDX1 is significantly associated with poor
survival in NSCLC aApatients

(A ) cBioPorta Miug%t PDX1 £ E7E NSCLC Hpyze a3 & #4174
#r, L &4 23 MR, &1t 7760 ] NSCLC #5774 ; (B )b
NSCLC #ffif PDX1 5IEEHLAH RNA RiAKFHIFEL B ; FiARE
(%), B4 (4 ); (C )Kaplan-Meier £ #4347 PDX1 REFRIESH
MEEENTEREGERETR(LZIURMRERENLTERE
FERETR(A)

(A) The frequency of PDX1 gene alternation in a variety of NSCLC was

analyzed using cBioPortal, which includes 23 studies with a total of 7760
NSCLC specimens ; (B) Box plots comparing RNA expression levels of
PDX1 in NSCLC cells with normal tissue; lung adenocarcinoma (left),
lung squamous carcinoma (right) ; (C) Kaplan-Meier analyses indicated

PDXI1 gene overexpression resulted in significantly lower relapsed-free

survival in lung cancer patients (left) as well as in lung adenocarcinoma

patients (right).
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