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Abstract

Key words

Background and Aims: Invasion and metastasis are major causes of poor prognosis in hepatocellular
carcinoma (HCC). Although homeobox A1l (HOXAT11) has been implicated in various malignancies, its
biological role and underlying mechanisms in HCC remain unclear. This study investigated the
epigenetic regulation of HOXA11 and its effects on HCC progression and metastasis.

Methods: Eleven paired HCC and adjacent non-tumor tissues were collected. HOXA11 expression and
promoter methylation were examined using Western blotting, immunohistochemistry, and bisulfite
sequencing PCR (BSP). Decitabine (DAC) was used for demethylation treatment. Stable HOXAT11
knockdown and overexpression cell lines were established. Cell proliferation, migration, and invasion
were assessed by CCK-8 and Transwell assays. Expression of the TGF-B/Smad pathway- and epithelial-
mesenchymal transition (EMT) -related proteins was analyzed by Western blotting. TGF- 1 rescue
experiments were performed to verify the underlying mechanism. A nude mouse lung metastasis model
was established to evaluate the effect of HOXA11 on metastatic potential in vivo.

Results: HOXAI1l expression was significantly decreased in HCC tissues, whereas promoter
methylation was significantly increased compared with adjacent tissues (both P<0.05). DAC treatment
reduced promoter methylation and restored HOXA11 expression. HOXA11 knockdown significantly
enhanced HCC cell proliferation, migration, and invasion, whereas HOXA11 overexpression exerted the
opposite effects (all P<0.05). Mechanistically, HOXA11 negatively regulated the TGF-p/Smad signaling
pathway and suppressed EMT, as evidenced by increased E-cadherin expression and decreased
expression of Snail, N-cadherin, vimentin, and fibronectin. TGF- 1 rescue experiments further
demonstrated that HOXA11 overexpression partially antagonized TGF-p1-induced Smad phosphorylation
and EMT progression. Clinical analyses confirmed significant associations between low HOXAT1
expression, activation of the TGF- /Smad pathway, and EMT-related alterations. In vivo, HOXA11
overexpression significantly reduced pulmonary metastatic burden (P<0.05).

Conclusion: HOXAI1I1 is epigenetically silenced through promoter hypermethylation in HCC. By
negatively regulating the TGF-B/Smad signaling pathway and suppressing EMT, HOXA11 inhibits HCC
invasion and metastasis. These findings suggest that HOXA11 may serve as a potential therapeutic target
for epigenetic and anti-metastatic intervention in HCC.

Carcinoma, Hepatocellular; Homeobox A11; DNA Methylation; TGF-/Smad Signaling Pathway; Epithelial-Mesen-

chymal Transition
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35 4%

Ji 2 M P 9 e 4 Bk DL R, H b i A
il 9 HCC) 5 i
75%" o SR A TR YIRS R E I Rl R o R R
AT RG2S, BARJG & E KR I K %
B I il 29 BB 38 KO A A7 i % 0 I R B AR, R
556 8% i BE R R A M 0 1R 2B RS R O, W b
J2 — 6] 3T & #% 4k (epithelial-mesenchymal transition ,
EMT) 23K 3% fg J) i SC gl A e -, R s ki
A P A R E R B HCC AR IR T
15 % WL 5% fift ZRAN 29 209%0~30% , 22 K058 4 ok LA+ K
AR, L, MK 3 HCC 42 8 55 B8 11 4 T X
dl, 48 A AR A s, Bl s
BE RIS Y38 YD) TR .

[@] Y5 HE A1l (homeobox A11, HOXAI1) fE K%
WMEFHEERENT, FES5FEREE 54
whEAE N, BEENEGY KB, HOX 3 Kk 18
Z Pl g e R, 5 2 oW b R % A O
Hrr, HOXALL 7E LR £ 0 0 & 12U &
PE o AR B 2 RS 3l F Ak DT R A 5 ke
Wnt 38 #0930 AR AR 2R AE B R ARGk
AT P [R] STAT3 I 245t 35 % 14 i T Pk 5 7% 5% g
HUI, HAT, HOXALL fE HCC Y I8 FRAF 5 T
TEAL AR . % T TGF-B/Smad 18 % J2& 9K ) HCC
EMT i F2 B R8I A% o AL U, SRy 58 i 30 A7 B a0
JA R, ZE AT L T HOXALL i 2635 19 Huh-7 40 i
KA TIT 2 RNA M (RNA sequencing, RNAseq) i
o LA E LM (gene set enrichment analysis ,
GSEA) Zr#rfibsR, TGF-B 155 i i 7E HOXAL1 |7
Jo B R 5L E I B (NES=-1.62, P<0.05), ##
7~ HOXALL AT BB AE S I Ui G B 0 £ [ o 48 i
. B UL R AL . HOXALL 78 HCC & #5745
SV S Re O A 67 ) R 45 TGF- B/Smad {5 5
125, I EMT 238 B v, T BE BT HCC 48 i (7Y
THRZE.

HAT, HOXAL17E HCC H [ IR FRAE | R IE AL
il X A YA TR oA e B, H 5 TGF- g/
Smad {5 5 i #% & EMT #F 2 2Z 0] (4 3¢ R IR 6 = B 3%
W . ABFSE T HOXALL i 3 1 B R4k AT fig S 3
BE R0 BRI 2 1 Beboe i R 0 B F R, RGBT
HCC AH 2 HOXAT1 1Y 3k S AR A, Jf i &
1A P &b 52 86 R 5F H R HOC 48 Jf {2 28 %5 7% 0 3 42 4
FH KAy F ML, LU HCC B 7% i 36 WL 815 3R 7
AT 100 3L N s AR

(hepatocellular carcinoma ,
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1.1 EREASREITG

TR A8 & e R AR A S 491 v SR 4 11 %
2895 BLH 12 1 HCC FR 3 1 i g 2 20 R0 55 L 41
BT AT R R R B 22 O BT . s AL 4UR
B [ PR MR IR 1 %22 em 4b . HEUREAR T R y)
FRJ5 30 min N & TWCA P R, IR 2 -80 CH
R KA R AT . AR T RO IR) RE D ER®
P At (b HES . BE2025-347-01) . Rl
PRXF IR U T FE M, A S5 U 4 HE e fa
Y1 hR, th W07 0F 5¢ & il Sr AT B IR . AR
WEALHE . (1) 85T JC R 40 iz i 5 (2) JC B @ T
fb (F4Eb o W<r1); (3) JoH B K& UL b R JE 1 5)
(RIEDR<CL) o & LRFRUEM AL A G 57
Bro o, 11X REA Y F S se 42Uk 2 K
DR 1 {519 57 2 R 1 R A R TR TP Pm o, e 26 10 %
FEAS T Western blot 36 3iF o
1.2 ARERSREHARABE
1.21 @iz 550 A5 B 4 B A HCC
MM RFFEBALRHIRE S SR ErE: LTS
Huh-7 2 ffl HOXA11 Ji 3 2 Al B 28 4k K S B
BTG MhE (decitabine, DAC) 2 H 34k T
F5E s Huh-71F 8 5L 8 A5 Al B A, HF
gl R g ok R GRRIR AR R M o8 L E R BRI
PLC/PRF/5 55 Hep3B 43 5| FH F i 3¢ 15 & AU 5 i IR 2L
N A8 LG UE (Hep3B 4% JIE HOXALL 85 H 32 ik 8¢
=, S RN B F R YE ) o Huh-7 1 PLC/PRF/S #
AL ) A8 HOXALL i SRk A A, T TCF-B1 4 £
S . 2 AN AR AT I E AT A RCHE bR S — 41 i &R
() 7 B A S P 25 . BT A 4R XY I B ATCC, &
STR 6 2 I 1 3 JEU ARG I B, 15 3% F & 10%FBS
) DMEM 5 323, 37 C . 5% CO, &A% F % MALAR .
122 Bratmds#emibids EA
HOXA11 Jt A 19 %5 & J& RNA  (short hairpin RNA,
shRNA) 18955 (shHOXA11#1. shHOXA11#2) . [
PEXT B2 05 B (sh-NC) . HOXA11 3 3 3k 18 9% 5
(HOXA11-OE) K #5480} B2 05 8 (vector) ¥JHI/E
TAYTE (L) BREARAFRGE, 207
BiEER . 18N R A B A R 1. T
X HCA BT HCC 41 i LUJES 9 B 80 (multiplicity of
infection, MOI) =103EM F o6 fLM, MAES peg/mL
Polybrene M52 IR 3L/ YL 12 h, 48 h ), A&
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2 we/mL WA 75 2 () DMEM 58 4> 5% 3% B 0% vk 2 )&,
AT E IR BT 35 HOXATL A 5 .
1.3 RNA#RHL5 qRT-PCR
1.83.1 & RNAFR Al ] TRIzol i 7] (Invitrogen,
FE) BB RNA, $4E S M6 & i vl il .
faiid . FERFE, PBSUERE, HILMA
1 mL TRIzol 3t 73 %4 fi# 40 Bl . &F 1 mL TRIzol /il A
200 pL &, WIZUR 5 & IR E 10 min, 4 C .
12 000 x g &5 0> 15 min, WL EJZ KA, A 251k
USSR NEEUTIE RNA, 4 °C. 12 000 x g &0 10 min,
DUUE LA 75% L BEVE W, = T4 )5 % T JC RNase
Ko RNA ¥ & 5 4l i fifi F§l NanoDrop 2000 43 ¢ % Ji
11 (Thermo Scientific, FEHE) ME, A,/Ay LLIETE
1.8~2.0 Z [B] (I REAR FH T Je 225050 o
1.3.2 cDNA 4w f#i J{ PrimeScript RT Master Mix
(Takara, "FE) ¥ & RNA W% 5% & cDNA . 2 WK
% (10 pL) 43 & 500 ng B RNA. 2 pL 5x
PrimeScript RT Master Mix, LA JC RNase /K £ B o 2
RIFERE: 37 CHEE 15 min, 85 CHNHA S5 s Kl [ i
S
1.3.3 gqRT-PCR {f F 2 x SYBR Green Master Mix
(Takara, H[E) 7E CFX96 Touch 52t %% Y & & PCR
Z 4 (Bio-Rad, EE) iy 3. &Mk R
(10 pL) 5 5 wl 2 x Master Mix. 0.5 wL iE [ 514
(10 pmol/L) . 0.5 pL M54 (10 pmol/L) . 1 pL
cDNA Mz #1 3 wL JC RNase 7K o JZ W ¥ . 95 °C ¥l
A PE 30 55 BEJG HEAT 40 DPEIR Y 95 CAEPES 5.
60 CiR K /HEA 30 s; f5eJ FEAT I R I 26 2 B7 . LA
GAPDH iy N2, KA 27245315 B Al 56 R A X 3
k. ST H WA L 2,
1.4 Western blot 4>

20 AR ol P A B T R Y RIPA 2 i
Gl (EaX, PE) K EREI, BCAEAE
HIXAE (BaXR, PE) WMEKRE., RERE
FH (30 ng) 55xSDS EREZZ R A, 100 C#&
Bk 10 min A8 o B FE i 2 10%SDS-PAGE HL K 43
B, B E PVDF B (Millipore, €[ ) . K
255 5% NG R W5 TBST B B M 1 h s, 55—t
4 CHE LK. TBSTHW B, 5 HRP #rid ¥t
(1:20000) ZEEMWH 1 h, ECLILH & (MIKX,
H) Wi, BB RS (Bio-Rad, EKH) RE
BI& o Imagel] A0 B 5500 K BEAR . BERR AL 2R K
S DL R B R AT AR AR, M B AR A

1 L GAPDH Y au-tubulin N 2 9E47 10— 1k . $it
AE B A L3,

1.5 HEFES5HRZAEWL

1.5.1 HE# & HAY) & —HRPE LB E 2
Bk AL G, A58 BN HE Ye o, BRI Sk, —
HAREW, PR R . TIEE % 5
(Nikon, #!5 Ci-s) TNWEIFREREMZR.

1.5.2 Srated e MY R % T % 30 min,
4% 22 B TP ] 52 20 min, PBS VEWRJS, VL 3% it 4
A SUREE I 7 15 min BH W7 P P51 G S AL I . 109%
TEH LA 2 B 30 min J5, VIR 5 —$i4 C
EE LK. PBSUEW, SAEVMRMCHERER
30 min, fR5HEEREMR - AAYIEEGY ER
% F 30 min. DAB W, 5 AMGE b, BKE
B, MR E R A E R EI R E RS
AT o TRk YD A iR 52 5T X 1] Nikon Ci-s fi
i (x200) RGEVEES ARSI RERL .
Fon B2 S A Image] B 4, ¥ H Colour
Deconvolution 4 {4 73 25 DAB 4 @ 5@ i, LA Otsu H if
7 R A 3 40 B BH A b 3 X, 9 2L PBS B AR — 400
B 6 B U] R AT AR I bR o AR bR DLOF 30k
= (average optical density, AOD) Fox, HHE
2N . AOD=FH M IX 3k B 2 W2 )6 (integrated
density) + BHPEX I BRI (area) o SHEAREE SN
5B AOD M)A . PUiRfF R WAL 4,

1.6 DNARISRENSH

1.6.1 AR DNARRYE Bam A %05
Ezup Column N4 DNA R BGLH & (41,
T35 B518251, ) M4 ZURE A B B A 4
DNA. %840 7] UL 43 5t % B 31 (Merinton SMA4000)
I 5E DNA 4058 59 B, 19 Bt 5 A B e v K 36 31F 52
M WK A S I EZ DNA B 4L -Gold™
WA & (RE, 29 D5005, HE) PL8 AT,
B XF HOXALL JE 3 T X CpG B34 g1 9y,
G UL AR 7542 5. PCR W 2K FH Taq Plus DNA 5 4 i
(T, 585 B600090, W), FEFEE: 95 CHl
AZPE S ming 35 MAEFR (94 C 30 s, 55 °C 30 s,
72 °C 60 s); 72 CHEfH 10 min, PCR j=4#) 4 TA 7%
W 1% 4% % pUCIS-T 1K, %% 1k DHS o J8% 57 25 41 i .
7 & BH P 52 B 5 4 FH 3730XL I R X (ABI) ¥ .
QUMA #4355 4% CpG o7 15 H 3L R

1.6.2 W i 4b4F 7 PCR( methylation-specific PCR,
MSP)  h 5 E DAC &b 3 5 HOXAL1 Ji5 3l + H 24k

http://www.zpwz.net
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35 4%

RSB B ROV O FR, SR H] MSP Z#EATRG I . 3 ]
ZH DNA $2 B K W B R A R 7 b A0 3R W) 1.6.1. ¥4k
J& 1 DNA VR B, 43 i 4 H P Ak e S v (M)
FEEH SR 2 (U) 519t PCRY 1S . 519
FESNTE AN 728 6. PCR F=H) 28 1.5% T 5 B 68 J5¢ Fi
VKA, BEMRUR RS R AR R . ffi ] Image) B4
XPHEAR SR (M) A Rk 4 (U) 3R 47 K
FEo M. AR (%) =U KK/ (M4
R BEAH +U 25741 JREEAE) % 100% -

1.7 YHREINBEZSLIE

1.7.1 a3 s ml XA K Y A I Ak
THECE . DL 1 x 10° > 28 /4L 19 %% B2 42 A T 96 £L
B, BEALE 100 pL 58 4 55 55 9% o 7 35 2 B )
(0. 24, 48, 72, 96 h), #FLIM A 10 pL CCK-8
A, 37 CHEFE 2 he BRI T 450 nm 3K AL I
W . DAR ] R 8 Ak A . AH X OD fE R A A bR 2
Ml AER M, SLEmrEE 3K,

1.7.2 Transwell i 4 5413 £ 58 TELE . $1x
10° 4~ 40 i 2 7% T 200 L JC I3 DMEM H, 4% Ff 2
Transwell /N%E %, FZEfIA 600 wL 7 10% FBS (1)
DMEM, W HE 24 h)5, HMEEL LENRTE A
Me, 4% Z B EEE & 15 min, 0.1% 45 K 4L
20 min, )& W IO T B AL AR B S S 0 B O 2R B
M. 1R ZESZE . Transwell /N % Fil JC £ 9% 50 wL
Matrigel (1:8 75 #&, BD Biosciences, FE), 37 C
B2 he R IXICO M E L=, WHE24h5
FE B SR ik e B, SRS A 3K, W
] RAC 2 300 wm

1.8 AR SiERIE

1.8.1 DACHE AR E oy 55 ik F XA K A Li-7
A Huh-7 20 42 #0 F 96 LA (1x 10° 40 /4L ) ,
WG BE FS e Sy & R Bk B DAC (0, 3.9, 7.8,
156, 313, 625, 125, 250, 500 pmol/L; Selleck,
EHE) MR, P72 h, CCK-8 B4 I 40 il 1%
71 18 H GraphPad Prism 9.0 344, DL 244 4 & X 5%
AR R L AE ML AT R O YA AR, PO 22K Logistic
R DL A 700 - SO il 2R O B R B ek
(half maximal inhibitory concentration, 1C,,) .

1.8.2 DACA G VT AME F O LI HNFT-—2
o4t ¥ Li-7 A1 Huh-7 40 Mg 43 90 LA O, 25, 50,
100, 200 wmol/L DAC Ab BH 72 h. W £ 40 i Ji5 4 A
Wy . — 1 $E B [ 40 DNA BEAT MSP #6:3ll HOXA11
Ja B F WS K o) — Oy BRI AT

http://www.zpwz.net

Western blot £ ] HOXA11 % 1%k . ZEH1C,. H
FEAIRZS KB R IR SR, 50 wmol/L DAC 7E P Fh
4 i 38 258 B 2 B AR T B 80w H HOXATL & H
PR W AE , TR Bk R R 2 KT IC, (Li-7:
167.6 pmol/L; Huh-7: 182.9 wmol/L) , 4 il 75 1t %5
i o B $E 50 wmol/L AR R J5 22 T RE R &2 55 56 1) T
YR B o
1.8.3 TGF-B14E# E % NI UE HOXATL J& 75 i i
0l TGF-B/Smad i % & ¥ DI GE . XF HOXA11 &
it %5 (HOXA11-OFE) J z5 8% X B (vector) 1Y
Huh-7 41l Jifd 1 PLC/PRF/S 40 g 8 47 S5 B s 6 . 52 56
BEPUL : (1) vector+PBS; (2) vector+TGF-B1 (5 ng/mL,
PeproTech, ZE[E); (3) HOXA11-OE+PBS; (4) HOXA11-
OE+TGF-B1 (5 ng/mL). TGF-B1 HiAbHE 24 h)5, %
1.7.2 FF ik J5 ¥ BEAT Transwell 3T 8 FI{R 28508, IF &
L4 Fr iR J7 4 B LR DU EMT A5 3R 4 28 4k
1.9 FYYXE
1.9.1 S8 503 46 J& K BALB/c M PE#E /)
B A L R A= S S bty 3R T SPF 9 ST
WA E P, 4R 12 h12 WL, AmEe
TROK o B 5256 Ak v Ll R A S B W A8 R 2R L4
HeuE (LS . SYSU-TACUC-2025-002847) .
1.9.2 SEH MM A AR BURRE B Y 2 SO0 R 2
Wit (vector) M HOXAI1 3 k125 % (HOXALl-
OE) [ Huh-7 40 s, FHICTA PBS A % 1 x 10744
Ml /mL o 28 ko1 BN B (n=6) 2218 1 4t
100 L 40 f0 2 (A 1x 104 ) . e R W28 3F
0 S /N BRI o RS . TSRS 60 K, XA
AN BROSE it 22 SR AE S8 R i U A 2 X o i it 4
AT 2 WA BRIC 5% . Bl 2128 4% 22 58 WP [ 5
AU VIR R T HE Yo, B E N AL
1.9.3 MH#HSHARB ST F o0 IXIiES
JEIEAT B B, SR T Imagel F1F 19 EUE 0 Bt
Peo FE200 5 B RARELCT B AR AR Bl HL I B 2 /0
5 A 5 L A%k R R L S S5 1% A H S 0 Y 2R AT I
BRE ., FIHBMARE 6 RGeS 8 Ih KR
WAE, 38 B U B AR X LA
TR Py g DX s ) T RR A B B kTR
1.10 FitFEiiE

B A R A S g0 A 57 B A 3 Uk, MR S G B A R
AR e H., IEEMERLE . KA Shapiro-Wilk 5 56
VEAG BOHE IE AT o A5 A 1500 0 W 808 LY 2+
brufE2E (& =) Ron, 40E) B4R Al 57 FF AR 5%
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Be Xt R A A58 5 AN A A 152 40 A 1 80 H LA rp 7 B
(P4 fifal ) M (IQR) 1327~ , 48 R H
Mann-Whitney U £ % 5% Wilcoxon £F 5 #& FIK: 56 . 7
255 R H Levene K2 50 AL . ZH K. RH®
R Ty 22500, 5 22550 DA Tukey 35173 )5 £ &
FL#, 5 22 A 55 iF R H Welch's ANOVA 5 Games-
Howell Kz 55 o A 40 M7 2 >R H Spearman #k 4H ¢,
Phpl>0.4 H P<0.05 % X 2 A0 G o 50 ot — 300 43
Mt : i H GraphPad Prism 9.0 8 #4757 & - %0 07 #h
LA B C, THE o A A 56 34 Sy U 5, P<
0.05 7 22 A G it2# 38 L.

2 % R

2.1 HOXA11ZEHCCALHRERFKIETABE3

FEUSHREURS

HE e 0 55 5 WK, i 55 4 U/ it 45 4 58
B K UL AR MR, LR 4EfR R E R, RAE
T 2 BE AR s HCC 20 20 58 M A Jiboeg 4 iR 285, 2
SRR, HESIZEEL (&I 1A) . Western blot A5 il
iR, 5SS, HCC 44 HOXALL
AR K R (P<0.05) (I 1B) . Rk
A e e O e T R Z 1| s M =72 N2
HOXAI1 E H %5 (P<0.05) (K 1C)., 535
HAM L, HCC 44 HOXATLL JE 3 7 X H 34k K
B ETHE (P<0.05) (F1D),
2.2 RBohFERENRE HOXA11RIE

DAC 1) 2 Wi 388 1% 1 45 200 7 48 DNA & il 5 40
Ji1 43 2475 W] 7 4 WU, 454 HCC 40 i 2 - 448
B (2924~36 h), 32 % [F 058 5 FH B a) 0,
RIS — R 72 h A FE A, B35 2~3 40 i
1, LA P Al SR O R RN . R
CCK-8 72 6 I 8 %1 e i 4b B 72 h Ji5 Li-7 A1 Huh-7 40
MO G sk, S5 EoR, PR LTS 71 Bl DAC i
BE T R AR R, 1G5, 43 3 167.6 pmol/L
F1182.9 pmol/L. (5] 2A) . DACAbHLJ5, W0 Fh 4l i
F T HOXALL £ HAHXS ik i 5 & ALK 34 78
50 pmol/L DAC &b B i 3k 3| 0 {f [Huh-7 : 28 H A XF
FikE N 417520240, FH FAL RN (5799 +
1.25) %; Li-7: 2 FAH X 33k & 1.868 £0.101,
FHEARN (67.64+1.89) %], ZFHL %=
S (P<0.05), H ¥ 5% B 880 (14 5 T I 5 0UAH 51 it
Ma) AR o 2 MR R 4k 22 48 JH 2 100 5 200 pmol/L

B, PITIFE AR %2 50 wmol/L 41 & 2% M1v% () P<0.05)
(1 2B-C) o ZEA -2 K &R, 1 E 50 wmol/L
A J5 22 DAC T T 1) f 3 A7 880k B . 28 50 pumol/L
DACALFE 72 h 5, M Rh HCC 40 s 2 HOXA11 i 36
R E FE L. fE LT AR, HOXATLL (4 Rij 44
mRNA K 52 mRNA 23K 7K 43 51 _F 18 25 %5 BE 41 9
5265 A12.68 1% (34 P<0.05); 7 Huh-7 40, W4
S A R A 1.84 £ R 1.26 £ (38 P<0.05)
(E2D).
2.3 HOXA11BY{R 5 it ik 4 AR BY B 30 R B0 IE

qRT-PCR 50 25 50 %, #5357 () shRNA JP
5] (shHOXA11#1 Y5 shHOXA11#2) £ Huh-7 Al
Hep3B 4fl i 1 ¥ B8 A &% i Ik HOXAT1 mRNA %3k .
7F Huh-7 40 S 1, HOXA11 mRNA 2% ik 73 91 F% 2 %F
W ZH 19 15.06% F111.0% ; 1£ Hep3B 40 i rf, 43 51 %
2 27% M 28%, 25 H G L (¥ P<0.05) .
Western blot #; ] 2% 2 5 mRNA /K ¥ —3 . 7F Huh-7
400, HOXALL 45 M 3 3k 4 5l B 2 X5 B4 /Y
30.8% (shHOXA11#1) #1 33.8% (shHOXA11#2) ,
£ Hep3B 4l fifd /1 43 Il % %8 25% (shHOXA11#1) F0I
30% (shHOXA11#2), ZRHAGEIFE X (B P<
0.05) ([53A). HOXAI1l if £ik4i i h, qRT-PCR
K 2 7R Huh-7 20 il HOXA11 mRNA 7K - I 38 Z %
W24 1Y 2.58 1%, PLC/PRF/S 40 I8 18 & 6.31 % (14
P<0.05) ; Western blot £l It 7~ Huh-7 4 Jig HOXA11
KO LE 2= B2 Y 3.19 /%, PLC/PRF/S 4 ffd
I E 127915 (¥ P<0.05) (E3B),
2.4 FH{RHOXA11 {2 #t/id ik HOXA11 ##HI HCC

MpaiEE . EB5E%E

CCK-8 L 55 45 S 7R, @ik HOXA11 7E Huh-7
F1 Hep3B 4l fifd v 1 1 25 42 HF 34 5, (EL 800 5 B A7 7
25 . 7E Huh-7 400 h, B4~ shRNA J3 51 3 & 30
LGN OR (G RE R G VAN N o W NV L I TS i e o
S, B A KN A0 TG ) B0k B2 3 0 42 1 12.9%
F112.0% (# P<0.05) . 7F Hep3B 4HHurf, i 14 51 2L
L FERL GG, S 4 K40 IS 1 %kt BR 21 43 ) 4
1 3.9% F15.7% (¥] P<0.05) (& 4A) . Transwell 5%
25 R BoR, MUK HOXA LT i 35 1 38, HCC 40 g 1 1T
®5RERT . B LR P/, 7F Huh-7 40l
shHOXA11#1 5 shHOXA11#2 2H 3T 20 i 55023 1) 4 %=
X R ZH 1 3.06 % A1 2.80 %, 7E Hep3B 21 it 1 43 1] 48
Z 351542715 (3 P<0.05) . RZBSLEH B,
£ Huh-7 20 Jd v, 9 20 4% 2% 200 5540 ) 34 22 % B 20
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35 &

() 2.32 %51 2.28 4%, 7£ Hep3B 41 Jitg Hh 43 31| 384 25 2.96 1%
424 4% (¥ P<0.05) (E4B), ik HOXA11 7E
Huh-7 1 PLC/PRF/5 24 Jifd v 34 1 25 410 ) 14 5, {H 40
Wl FE R AEAE £ 5 . fF Hub-7 40 0 b, i E 3k
HOXATLL i 40 i 3% 1 76 25 1~4 K 43 51 B& K 9.7%
19.1% . 21.5% F116.5% (3] P<0.01) , il % i 75
553 KIS FNWEAE . (5 PLC/PRE/S 40 i vhr . 41 50 % i
PO BTN, 4H MG ) AE S 2~4 K43 0 AR 11.9%

20.8% F119.0% (¥ P<0.01) (¥ 4C) . Transwell 2Z
gk BB, 1 F Kk HOXALL 3 4 HCC 40 i 1Y
TR RZERE T . T WoR, 1E Huh-7 #l PLC/
PRE/S 4 fg v, 3k 36 38 41 3T B8 40 it 55043 il e &5 %)
W ZH 1 33.2% M1 18.5% (1 P<0.05); {28501
7N, P AR 7B A Ry ) 2 RE 2L Y 43.3%
70.4% (] P<0.05) ([&4D).,

A
P T P T P T P T P T PT P T P T P T P T
L3 Ba .
HOXAL1| 1 a8 ™ a‘h— - e e --Wm
GAPDH‘-- - e emee -‘H-- - e e -“36“)
T HOXA11
v 1.5+ P<0.05
4 (&)
o=
“8 '
2 1.04 —
— g V' N
— < —
% / g a 4 2
= § 0.5 VS
z
=
<
= 0.0 I
G c
80-
P<0.05
— — e
S 2
5
3
£ 40 -
sasaccse N
iy - s
53 § 0 T T
’ eisl 1 T Teieisl Ieisieisl 1 187 1 ﬁ% ’E D

E1 HOXAUZEHCCAHALAHRREREZBBHFESHEMRS

A: HCC MIFE4 4 HE L {5 ; B: Western blot /il 10 %}

HCC (T) MJ#ss (P) HAUhHOXAI FEHFEL, AE alsr #E S5 ) Western blot 25 H; C: S 2H LA HCC K
JESH S HOXAT] %35 ; D: BSPAZ 6 X HCC S 5541404 HOXAT )3 8+ X 184~ CpG v o FH FLA RS (S0 [E

HHEAL, ZOFOARR AL, A8 HEOK S

Figure 1 Low expression and promoter hypermethylation of HOXA11 in HCC tissues

A: HE staining of HCC and adjacent

tissues; B: Western blot analysis of HOXA1l expression in 10 paired HCC (T) and adjacent tissues (P); C:
Immunohistochemical detection of HOXA11 expression in HCC and adjacent tissues; D: BSP analysis of methylation status
of 18 CpG sites within the HOXA 11 promoter region in 6 paired HCC and adjacent tissues
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Figure 2 DAC-mediated demethylation restores HOXA11 expression A: Cell viability of Li-7 and Huh-7 cells following DAC

treatment for 72 h; B: Dose-response relationship between DAC treatment and HOXA11 protein expression; C: Dose-

—A

T T T T
X HE DAC X HE DAC

response relationship between DAC treatment and HOXA11 promoter demethylation; D: Changes in precursor and mature
HOXA11 mRNA expression after treatment with 50 umol/L DAC for 72 h
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vector HOXA 11-0E vector HOXAT11-OE B

3 BRSERIEMMBRIFIRIGIE  A: qRT-PCR 5 Western blot 43iF shHOXA 11#1 F1shHOXA 11#2 7£ Huh-7 1 Hep3B
AN A FAICELR ; B: qRT-PCR 5 Western blot %1 HOXA 11 £ Huh-7 #l PLC/PRF/5 4l it ik e k3R
Figure 3 Validation of HOXA11 knockdown and overexpression models A: Validation of HOXA11 knockdown efficiency in
Huh-7 and Hep3B cells by qRT-PCR and Western blot; B: Validation of HOXA11 overexpression efficiency in Huh-7 and
PLC/PREF/5 cells by qRT-PCR and Western blot
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Figure 4 HOXA11 knockdown promotes whereas HOXA11 overexpression suppresses proliferation, migration, and invasion
of HCC cells A: Proliferation curves of Huh-7 and Hep3B cells following HOXA11 knockdown; B: Migration and
invasion assays after HOXA11 knockdown; C: Proliferation curves of Huh-7 and PLC/PRF/5 cells following HOXAT11
overexpression; D: Migration and invasion assays after HOXA11 overexpression
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35 4%

2.5 HOXA11 %t TGF-B/Smad {5 = & B & EMT i

EHIAEIER

AR 83 DAC T H. shRNA @ik i 3k =Fh
5 % 36 3IE HOXA11 Xf TGF- B/Smad Ji % & EMT (1) 14
¥EAE . Western blot 0 25 5 .78, DAC b # 5,
Li-7 #1 Huh-7 40 g b HOXA11 25 (9 %3500 5 i &=
XFREZH ) 6.10 £5 A 3.03 f% (3 P<0.05) o [A] B,
TGF-B/Smad 18 % AH 5C 8 1 R ik KA N 21k . 1
Li-7 #1 Huh-7 40 g v, TGF-B1 43 %I [ 2 % B8 20 Y
49% F127% , p-Smad2/3 53 51| B 2 49% F122% (¥ P<
0.05), DACALHRJS, Li-7 A1 Huh-7 40 0 v | ¢ &
Y E-cadherin 2% ik 43 1| I % 2 X BE2H 1Y 3.14 15 Al
227 4% (¥ P<0.05) ;5 [H] 5T bR 3% 4 Snail 43 ) B 28 %F
W 41 19 35% M 41%, N-cadherin 43 5l F & 49% FiI
48%, A (fibronectin, Fn) 43515 % 35% il
19% (¥)P<0.05); Li-7 4L b AR A £ vimentin 35,
Huh-7 20 g H vimentin [ 2 75% (P<0.05) (& 5A) .
R HOXA11 J5, Huh-7 F1 Hep3B 40 i HF HOXA11 &
F & 38 43 i) I 22 6 BB 4 19 319% 11 34% . 25% F1 30%
(4 P<0.05); TGF-B134 % 2.08 581 1.91 % . 1.69 %
158 4%, p-Smad2/3 54 % 1.93 /% F1 2.10 1% . 2.41 1%
F12.58 1%, Snail 3 % 2.69 £i5 F12.93 5 . 1.65 fi5 I
1.82 % (¥ P<0.05) ; E-cadherin [% % 61% F1 39% .
67% M1 71% (¥ P<0.05) ; N-cadherin 54 % 1.74 1% FI
1.93 1% . 1.67 f% M1 1.73 4% , vimentin 3§ Z 1.74 {55 I
1.84 1% . 1.86 %A1 1.82 1%, Fn 3 % 2.30 5 F1 1.81 1%
252 % F 270 1% (¥ P<0.05) ([815B)., HOXAIL1 i
F ik J5, Huh-7 F1 PLC/PRF/5 40 Jfd v TGF-B 1 43 5
W 28 %o BRUZH 114 45% F1120% , p-Smad2/3 43 5 5 % 42%
1 28%, Snail 73 3 B 2 57% H135% (¥4 P<0.05) ;
EMT 4% % )57 f, E-cadherin 43 %Il |4 % 2.56 £% 1
1.78 £% , N-cadherin 43 3] [% & 33% #i1 58%, vimentin
O3 W & 44% I 45%, Fn 43 5% & 12% F 29%
(¥ P<0.05) (KE5C). L2553 HOXALL i %
5 AT H 4] TGF-B/Smad i #% - 4435 bz Fe Al
2.6 HOXA1133REX TGF-B1ESHEMT AR

RS

A 55 HOXA L fig & XF HrAh IR TGF-B1 15 3 1Y
EMT, #E47 TEBES TGF-B1 HS #5286 . TGF-B1
e BE KB BE kb B 2 [ 94 Huh-7 A1 PLC/PRF/S 41 Jifd
p-Smad2/3 & [ K F (3 P<0.05) . 25, 50 &
10.0 ng/mL ¥ 7] A B 1E Smad 8 R 1L, Hop
5.0 ng/mL 4 3 ik ik W {6 (Huh-7: 8.691+0.441;
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PLC/PRF/5: 3.240+0.157), H AWML S A5 IEH ;
PLC/PRF/5 1 10.0 ng/mL #H % W {5 W 2% F B¢ (P<
0.05) , $& 7 oy Vi JBE TS S G e I H R R . TR
HE N 5% etk% e, 5.0 ngml R 5 L2
FR b Y 0 Mk B (€1 6A) . Western blot &5 % 1] |
HOXA11 3 £ 35 % TGF-B/Smad {5 5l B A B & 1
i JE 44 . HOXA11-OF 20 HOXA 11 85 1 34 i 2 i
Fik (¥ P<0.05). HB T XL, HOXA11-OE 4
p-Smad2/3 7K -t % T &, Huh-7 F1 PLC/PRF/5 41 il
T 50 22 6 BRAE Y 11.5% 1 23.5% (1 P<0.05) .
1E vector 5 5t T, TGF-B1 4k B {f p-Smad2/3 335 i
% JF 75, Huh-7 A PLC/PRF/S 40 B w43 1) JH 2 X
HEZH B 1.79 £5 F1 1.74 % (33 P<0.05) . HOXA11-OF
A TGF-B1ALFE S, B4 il B9 p-Smad2/3 7K K i
[l Ft, %% A ] HOXA11-OE 21 43 %) | 94 8.48 43 il
3.40 5 (¥ P<0.05), (B35 K T vector+TGF-B 1
M, 5 0B E H 453% fl 54.1% (4 P<0.05) .
HOXA11 it %35 55 TGF-B 1 4b ¥ 22 [A] 47 15 . % 2C L.
fEHH (3 P<005) . 78 EMT 43 & 9 2 1\,
HOXA11-OF 4 #¢ vector 41 E-cadherin % 3% [ ¥ ,
Huh-7 F1 PLC/PRF/5 41 M b 43 5l F 2= XF B8 2 1y
1.87 % #1131 4% (¥ P<0.05) ; Snail 43 %] K& Z %
W8 4 1Y 13.7% #1 59.3% , N-cadherin [ % 37.2%
26.9% , vimentin [% % 37.3% f150.5% , Fn[# % 21.9%
f1282% (¥ P<0.05) . B4E TGF-B1 b H )5, 5
HOXA11-OF 4 A ., HOXA11-OE+TGF-B1 4H Snail 73
S TF 2 HOXAT1-OE 419 5.31 15 F13.41 1%, N-cadherin
TF & 3.25 1% M1 3.93 £% , vimentin FI & 3.07 £
230 £, Fn JF &2 615 % M 349 £ (1 P<0.05) ;
E-cadherin 43 %Il [ % HOXA11-OFE £H 1 19.0% F1 19.3%
(¥ P<0.05) . 5 vector+TGF-B1 4 #H [t., HOXA11-
OE+TGF- B 1 #1 £ Huh-7 #0 §8 # E-cadherin T} &
2.744%, Snail [% % 59.6%, N-cadherin % % 59.4% , Fn
2 493% (¥ P<0.05) ; 7£ PLC/PRF/5 4fi g h
E-cadherin 7+ 2 3.94 %, N-cadherin [& & 90.3%, Fn
R % 50.0% (¥ P<0.05) , Snail 7+ % 138 fif (P<
0.05) . vector ZH o1 TGF-B 1 X vimentin JEAli 840 .2
20, HOXA11-OE+TGF-B1 415 vector+TGF-B1 41 #H
., vimentin 7E Huh-7 1 PLC/PRF/5 40 Jifl v 43 51 7} 2
LOS A& Al 1.14 4% (¥ P<0.05) ([#16B),
2.7 & KK A f HOXA11 1R Rix 5 TGF-B/Smad

{5 518 I EIE & EMT #1294 < 1%
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B K B 4> T TGF-B1 Fl p-Smad2/3 26 35 ¥ B 8 -3
53 TE & 159 £ 1 1.68 £ (3] P<0.05) 5 EMT #%.0»
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. bR E-cadherin %635 T35 FEAL, KRR
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Figure 5 HOXAI11 reverses EMT through inhibition of the TGF-p/Smad signaling pathway
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A: Expression of HOXAII,

TGF-B/Smad pathway proteins, and EMT markers after DAC treatment; B: Expression changes after HOXA11 knockdown;

C: Expression changes after HOXA11 overexpression
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