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Inhibitory effect of PEP-1-mediated recombinant hepatocyte nuclear factor 4 alpha transduction on

hepatocellular carcinoma cells
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[Abstract] Objective To investigate cell penetrating peptide (PEP-1)-mediated transduction of recombinant hepatocyte
nuclear factor 4 alpha (HNF4q) protein into hepatocellular carcinoma (HCC) cells, and to observe the effect of the fusion
protein P-HNF4q on HCC cells. Methods The expression vector pET28a-P-HNF4q was constructed. The prokaryotic
expression condition of fusion protein P-HNF4q was optimized. Recombinant P-HNF4¢ carrying cell penetrating peptide PEP-1
was obtained by abundant expression, purified by affinity chromatography, and was concentrated and dialyzed. P-HNF4q was
transduced into HCC cells. The transduction efficiency was analyzed by Western blotting analysis. Sub-cellular localization of
P-HNF4o was detected by Western blotting analysis with nuclear and cytoplasmic extracts and confirmed by
immunofluorescence assay. Real-time RT-PCR was used to examine the gene expression of HCC cells. The proliferation of HCC
cells was detected with CCK-8 kit. The migration and invasion of HCC cells were detected by wound-healing assay and trans-
well invasion assay, respectively. Results P-HNF4q was efficiently transduced into Huh7 cells and located in the nucleus as
mediated by PEP-1. P-HNF4q significantly up-regulated the expression of characteristic hepatocyte markers and down-regulated
the “stemness” genes in Huh7 cells (P<Z0. 05 or P<C0. 01). Moreover, the proliferation (P<Z0. 05), migration (P<C0. 001)
and invasion (P<C0. 05) of HCC cells were significantly suppressed by fusion protein P-HNF4q. Conclusion P-HNF4¢ can
induce the differentiation of HCC cells to mature hepatocytes and reduce the malignancy phenotype of HCC cells, suggesting
that PEP-1-mediated HNF4¢ protein transduction may be a potential strategy for HCC differentiation therapy.
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JHF 20 A A% P 4o (HNF4q) 2 4% 52 1 48 5 5 iR
B2 — FEF A ) o AL T T R 4 15 o i %5 T E Y
VERE . FRATHT IR 5¢ 22 B L R B s 75 2 Ak ot 3Rk
HINF 4o 755 i 20 M 1) B8 240 B o0 306 5 T
AR R AR AN ZERR K (cell penetrating
peptides, CPPs)J&—25 i 30 /b F 30 P ILAR 4
BRI Z2 B W LA RO B AR 7 T 5 8 RNA
DNA %5 A4, CPPs — i u] 43 Wi k2, —2%
I SR B 7 R 3R A A HLA R K g UK
QIR AT I WG 25 T 5 oy — 2R 32 B DO 2 R FN it
SRS E R PHE 71

AW IR A iR B SRR 4l T W
% CPPs PEP-1(KET WWE TWW TEW SQP
KKK RKV) ) HNF4q @A # H P-HNF4a, H-AF 58
X e A 75 5 2L PV FE R 980 40 0 1 9 7
IS 53 P-HINFdo Xt F 408 FVA 7 TR RE .

1 ##7IE

L1 EZAHEGRA JFZRBEE pET28a 19 4
Novagen 24w, H A EAIDCEFIE B TaKaRa 2 H]
filves 5 A% #6518 3 BL21 (DE3) pLysS I H Akt
RARERHEABRA A SRR FU T (IPTG)
I H TaKaRa 23w, BRI F Sigma 23\, 8 H 24k
Ni-NTA Agarose Beads ) H Qiagen 2 &), HAh K H
afifeiang B E 25 L H LR A TR AW
AN Ak Huh? 5 Hep3B 28 ~ZEBE K
FAHEBEBE I A N B 52 50 2 OR A7 A B SR AH DG ik
R H Gibeo A, By Bl & B Invent
Biotechnologies 2 ], RNA 1 #2 i | & W H
TaKaRa 2\ &, CCK-8 &7 & M B Dojindo 2\ &,
Anti-HNF4q FT&FN anti-Lamin A 7K § Santa
Cruz 2\ H] ,anti-GAPDH /&Il H Sigma /A &) s anti-
6 X His HTLiK&IA H Abcam 24w, IRDye #5ic BIHT B
i —H A LI-COR Biosciences 2 7], PCR 5|
¥ Invitrogen 24 F)E .
1.2 @i AR Huh? /1 DMEM
(Fr 1020 0M03E) N8 41 i A% Hep3B I MEM (F;
10 %0 i3 » 1 X A T5 & HE M) T 37°C . 526CO, 4Hi iy
BEFFahEER
1.3 #H4#E FINZE PCR 1506 giht 2 Ak
PEP-1(KET WWE TWW TEW SQP KKK RKV)
) DNA F Bt 5 HNF4a 4% ;5 Btifi A pET28a Jit
i, A T EAZ F2 1R 3k pET28a-P-HNF4 o, % kE
AR A His b2 & 3o i% 4% PEP-1 1) HNF4q
AEENH. 5IFHAT : pET28a-PEP-1-HNF4a-

F1,5-GGA CCG AAT GGT CTC AGC CGA AAA
AAA AAC GTA AAG TGC GAC TCT CCA AAA
CCC TCG T-3'; pET28a-HNF4o-BamH T -F2, 5’
CGC GGA TCC AAA GAA ACC TGG TGG GAA
ACC TGG TGG ACC GAA TGG TCT CAG CCG
AAA-3"; pET28a-HNF4¢ -Hind [-R, 5'-CCC AAG
CTT CTA GAT AAC TTC CTG CTT GGT GAT
GGT-3") 135 fes Rk A HE A P-HNF4o Y E4
FIR TR pET28a-P-HNFda, 20 [ b S 1) 48 5
J& »3% Invitrogen 23 @] 72448 .
1.4 #47% G P-HNF4e 89 &% 5246 Pk
pET28a Z yifE i i FIFAAE— BRIBANRHAR
(6 X Hi) bR 19 /57 41, i05 S 3Rk a5 8 H 6 X
His-PEP-1-HNF4q ( P-HNF4¢) A jifi # Ni-NTA
Agarose Beads M ZE M 4ifk, pET28a-P-HNF4q
FORIAL Az R 818 E W ORI AT A BL21, LB 55 5%
3T CHIRIGFRA K H LA 1+ 50 83 800 mL
LB ¥ig53E, 37 CHE R IR, 24 Dewik® 1. 0~1. 2,
ARl AL B S 0.0, 1.0, 5. 1. 0 mmol/L i)
IPTG,17°CiE S5k 16 h¥ 5 24°CiEF ik 2 h,
4°C 6 000 r/min (B2 R 7 em) I B K,
T—80°CK

FH 15 ¥ %4 % Wi [ 50 mmol/L. NaH,PO,, 300
mmol/L NaCl, 10 mmol/L Imidazole,10% H i (pH
8.0),100 pug/ml PMSF, 3 mmol/LL 3-ME |8 &}
T, PKIA RS 2L M, 4°C 13 000 r/min (B0
TR 7T em) B . 0. 22 pm JEREITE I
. AT 2% T #5 1) Ni-NTA Agarose
Beads,4C e 454 2 ho H 4 A5 H AR BRI |
[ 50 mmol/L NaH,PO,, 300 mmol/L. NaCl, 100
mmol/L Imidazole, 10% H i (pH 8. 0) ¥k 3 .
)5 FBE % 50 mmol/L NaH,PO,, 300 mmol/L
NaCl, 500 mmol/L Imidazole, 10% H i (pH 8. 0) ]
el H P-HNF4a, 433 PEG20000 ¥ 45 #1 PBS
(10 % H D B 47, Ir 92 (1 F BCA 3 1 2 = ialf &
CGR =R E & . SDS-PAGE 35 [ HL UK 5 4% i bR s 4R
Pk AR R ¥ sl
1.5 P-HNF4o 25 mpm Ll 3X10° 40/
FLAY 4N M35 BE el Huh 7 40000 T 6 LB, 355 bk .
WH ALk BE S 25,50, 100, 200 nmol/L (#) P-
HNF4a 81, [F] R 20 40 fa A 0 3 CTR Xf BR
100 H il % BR . 48 h J5 WS F A A S ER I .
P-HNF4q —$i# anti-HNF4q, N2 GAPDH —¥i
4 anti-GAPDH,
1.6 & & Jr ¥ & A

8 F 2 100
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mmol/L Tris-HCl (pH 6. 8), 4% SDS, 20 % H i1,
200 mmol/L DTTJWUEREH ., M 8% SDS-PAGE
BERSHL YK B B 1 % BAHTRET 4 ZME. 50 LNR Y
#5/PBST (1XPBS, 0.1% Tween20) ] 2 h,—#iF
ACIBEI T . W H PBST ¥k 3 K. 5 min/K;
TPUERE S ROEIEE 1 h, PBST @6k 3 .5
min/¥X ; i} Odyssey Infrared Imaging System(LI-COR
Biosciences) 7F 700~800 nm I Kl E T4 .

L7 MEIEAF

1.7.1 P-HNF4a FHEBFE HEBELERED EAE
4 0,0.1,0.2.,0.3.,0.4.,0.5 pug iy P-HNF4a, &
AR I AL SRS I BEAR, A1 AE
K FEAE 22 HIARMERR 2R . LA 6 X 107 A2 it/ TILf 20
Jio % B B2 AP Huh7 400 F 60 mm 40 i 5% 32 1L, 75 40
JRO BE J5 . fin A 5. 9 pg P-HNF4a LK JE 100
nmol/L,¥%55¢ 24 h J5 H] 50 pL 8 R W W 4R R
L HU5 pL 2R (29 25 pg AL ER 1D 2R
PS5 BP0 4G I 4% 3 25 4 B 9 P-HINF 4o [ 45747 K 5
(B AR PEFRUE I Z6 3135 P-HNF4a 1 ZEIRR0R
1.7.2 ®JFEa#E  Lh6.5X10° AN/ L) 25 3
$eAp Huh7 4000 F 60 mm 40 ks 300, 85 55 3 1%
Jin P-HNF4o 2% 8 100 nmol/L. $ A 4k B (1)
CTR XFBELA K 10 %6 Hlixt B L 5557 48 h J5 AR
Jii 7 B i 57 & Minute™ Cytoplasmic and Nuclear

Extraction Kit (Invent Biotechnologies) #/E B8 %
IYES . IR BCA B e RN &R, &
o R A I A il 32 ) b P-HINFda 85 H &, P-
HNF4a —¥i 4 anti-HNF4a, i i 9 2 GAPDH —
HioN anti-GAPDH, #% N2 Lamin A —¥${ N anti-
Lamin A,

L7.3 @izt BL1X10° A2/ I i)
JEHFD Huh? 40 20 A i PLL 5 3% A 1% 35
mm Z 5 55 ML, SR . I A2k 100
nmol/L 1§ P-HNFdo i35 H . 5597 48 h 5, iy
FHT 0 PBS ¥k 2 3, 420 2 5 H R = I [ 2 20
min,0. 1% Triton X-100 7L 5 min, 5% S IL7EF =
REA 2 h, —$1 anti-His(Abcam) 4 C{2 & T 1
W, ALEXA488 %¢ . hric iy Donkey anti-mouse —
PLERIFE 30 min, 40/d4%H DAPT 4, 5500t
R BHEHMEIER.

1.7.4 Real PCRM Z H My A F K& P 2X10°
A/ FLIY %% B2 e Fh Huh? 7 12 LA 20 M 35 57
M, B5FE . I A2 3 100 nmol/L ) P-
HNF4o fili G 8 H 3 1026 H X . £55% 48,72 h
4 , #2218 RNAiso Plus(TaKaRa) 24 # R 5 A
RNA, B 500 &% RNA Jf% sl cDNAL 33T
real-time PCR 5|#) (3 1),% ] SYBR 9t E = E
i H BB 2Rk .

#& 1 Real-time PCR 3|47/ %
Tab 1  Primers for real-time PCR

Genes Forward primer (5'-3") Reverse primer (5'-3")
Pactin CATCCTGCGTCTGGACCT GTACTTGCGCTCAGGAGGAG
PEPCK GTGTCCCTCTAGTCTATGAAGC ATTGACTTGATCCTCCAGATAC
ALDOB AGGAGGACTCTTCTCTCCCAA GATTCATCTGCAGCCAGGAT
HPD TTGGGAAGGTGAAGTTTGCT GCATTTGGGCAGTTTAGGAA
GYS2 CCAGTGGGAAGTCGAAGAAC TTCTCTCCCCATTCATCTGC
ALB AGCCTAAGGCAGCTTGACTT CTCGATGAACTTCGGGATGA
CD133 ACATGAAAAGACCTGGGGG GATCTGGTGTCCCAGCATG
BMI GGAGACCAGCAAGTATTGTCCTATTT CATTGTCGCTGGGCATCGTAAG
KLF4 GCGGCAAAACCTACACAAAG CCCCGTGTGTTTACGGTAGT
SOX2 GCGAACCATCTCTGTGGTCT GGAAAGTTGGGATCGAACAA
ESG1 GCGCAGTATCACAGCCTTAAA TCAATCTCTTGGCGATTTCA
L7.5 i K &mnl  LL3 000 N/ fLRY  MEHTCEHE LA S Z 4 M IR, PBS Wk 3 W

LR Huh? #1 Hep3B 4 ffLF 96 FLAR 40 ffl 15 77
L, 5555 1%, Wk H 3 A P-HNF4o (955 979, &
W E S 0, 25, 100 nmol/L, CCK-8 i& 7| &
(Dojindo) KI5 0 KEIGHE 6 KANMIEL

L7.6 XK %% K Huh? ZHHIL) 710" 4
L/ FLIA 5 B H P 24 LA Rl & 38 70001,

¥ 4% 100 nmol/L. P-HNF4q ) DMEM ¥ 3% K
(10%% FBS) . BCEMMAFHIR A 1026 H i iy %08 B Al
ARACFXT R A WA TR, T 3TC A8 37
Farh R, AR 24 hAABOILEE

1.7.7 WNFEZFZELE O Transwell /NE FIZH
matrigel £ 8%, J5 ¥ Huh7 40 LA 7 X 10" 24 Jifg/
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500 pLJCH Y DMEM 5], I AZGREE N 100 nmol/
L ¥y P-HNF4o (% B A AT PBS F1 1026 H it
HO . IRAEIMA RZE L FEMA 1 mL % 10% FBS 1
DMEM KiFfif. 557 48 h 5 84/ 2 4 1]
0. SYZ5 AR, B F SRR,

1.8 #%it5 4@ KA Graph Pad Prism 5. 02 ¢
AT T Edi PR ¢ KSR E 11434, DL 2 £
FR IR K HE () A 0. 05,

2 g R

=A

2.1 @A %G P-HNF4q 09 23k 5 w4k

R
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IPTG cg/(mmol * L™Y) IPTG cp/(mmol « L™

. M G SRR iR 2R pET28a-P-HNF 4o 1] #ik
WA His b8 @ % # PEP-1 ) HNFda fil 528
FE 1A ;B3 24°C 538 2 h iriFs S 19 P-HNF4q
FIE K I7°C 3R 16 h & (B 1B); 4k 0. 5
mmol/L IPTG 7] 55 ¥ £ ) P-HNF4a, {H i FiE
FRS A Fe kAR (B 1B) L 45 R il 4k A7 ok xfE
E.RRENHES SEME N 1. 0 mmol/L
IPTG.24°CH;Ff 2 h, ¥ RELRENEH P-HNF4a
(2N TR SRR TR 22 R A alifl R AR B BT e - 3RS T L
AR Y P-HNF4a, AR AR Y4 5 K EMH
Halipg k) 81% (K 10,
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I
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Fig 1 Expression, purification and identification of P-HNF4q
A Schematic illustration of fusion protein P-HNF4q (6 X His-PEP-1-HNF4¢). Amino acid sequence of PEP-1, KET WWE TWW TEW SQP

KKR KV; B: Optimization of the prokaryotic expression conditions for P-HNF4¢. Coomassie blue staining (top) and Western blotting analysis
(bottom) showed the expression of P-HNF4q in designed conditions (0-1. 0 mmol/L: concentration of IPTG); C: SDS-PAGE followed by silver

staining was used to verify the purity of P-HNF4q protein, 0. 05, 0.1, an

2.2 @4k Y P-HNFda 89 F R4 7 A 2 12 0 i
Mg A R BERIE AR R B W T
HEA 40 ) P-HNF4o Bl 2 38 0 24 in A P-
HNF4q i5%| 100 nmol/L B, 4 HNF4o 25 &8
i TR HNFla 2 (A& (B 2A) . R IR iE
£kit4 100 nmol/L(5. 9 pg) P-HNF4q 5 5 Huh?
A I Y 2 R 5l 0 M B A W P i P-
HNF4q Jy 0. 318 1X (1. 20+1. 40)/2—0. 002 1=
0.41 (pg), K 1, P-HNF4a #F A 40§ 19 % % N
[0. 41X (50/5)]/5.9>X100% =69. 5% (& 2B), 100
nmol/L £ JF 1) P-HNF4q %5 Huh7 400 )5 , 2 51
3 S S RN A0 M S e DO s Rt /R P-HNFio £ %

d 0. 2 pg P-HNF4q protein were designed to run SDS-PAGE

SENITEANAEAZ Y (18 2C.2D), 3324k LB P-HNF4q
FITESERREAR I A 5 FE A8 A0 R 10 T 4 A
PURHES T EAE N KA DR 45

2.3  P-HNF4da 3 FF 5 fm o2k B &k AR P R A 84
Fom R EIR 5 1090 H i A B X R4 L,
P-HNF4q % 5 0] {57 HNF4o P84 00 5 RE A G I
PRl BH B 3% (P<<0. 05 B 0. 01, & 3A) , 5 F0%
P P 9 40 L 1 5220 1 48 L A 5 ) BT 200 A G
LRI 235 TR (P<<0. 05 3%, 0. 01, [& 3B) , FH fif
SR AN R B T 5 AR 0 RN iR 4 ARG 4 R RE A2 2 B
i, X st BLELR P-HNF4o 7] G838 3075 54010
o A L AR TR T R AR B
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Fig 2 Transduction and sub-cellular localization of P-HNF4¢ in Huh7 cells

A: P-HNF4q transduced into Huh7 cells. Different concentrations of P-HNF4« were transduced into Huh7 cells, and Western blotting analysis

was processed to detect P-HNF4q (Input: 0. 5 pg purified P-HNF4a; % : Degradation band of P-HNF4a; Endo HNF4q«: Endogenous expression

of HNF4¢; CTR: Non-treated control; 10% glycerol: 10% glycerol/PBS control). B: Transduction efficiency of P-HNF4qa. Western blotting

analysis detected different amounts of purified P-HNF4a (0, 0. 1, 0.2, 0.3, 0.4, and 0.5 pug) protein and the cell lysis from Huh7 cells

transduced with P-HNF4a. The standard curve showed different amounts of P-HNF4q with gray value as the x axis and P-HNF4a (pg) as the

y axis. C and D: Sub-cellular localization of P-HNF4q. Sub-cellular fractionation analysis (C) and immunocytochemistry assay (D) were done to

determine the localization of P-HNF4« (100 nmol/L.) transduced into Huh7 cells (Input: 0. 2 pg purified P-HNF4q; WCL: Whole cell lysis;

CE: Cytoplasmic extract; NE: Nuclear extract). Original magnification: X400 (D)

HE— 2GR T P-HINF o %5 9 40 e 3 2 751
1452 M AL 455 T8 20 M B4 FE BB ) iR R ) DA S 1R 28
e t1. AFHeBE P-HNFdqo 4> 3154 5 Huh? F1 Hep3B
YA A A R R R 5% IR (0 nmol /L) R L
25 nmol/LL P-HNF4q f% S JH- 57 40 A BY wT 400 ) H: 15
B WA P-HINF 4o ¥ B 3 Jim 240 i 3 78 1 410 11 5
RE N (P<<0. 05, & 3C.3D) ; 4il fifd {1 IR 5556 2
7~ P-HNF4o 0] W 4 F& A Huh7 40 i3 % (P <<
0.001, & 4A) , /NEf2285L 65 F B P-HNF4o 1 T
Huh?7 ({2786 11 (P<<0. 05. & 4B) ,

3 it i
HNF4o J2FFIE I BG30 BF E Rz 20 B TE A8 A0 A

S i O o R N AT < P e R
JPRE 5 R4 BRSO B 2 ) 7 2 LA T 240 M
IR AS I RE /L B VIAH . HNFda A]7EHE 5
KRR T Ui 22 bk PR A8 20K L A KA R T
20 oA K- 38 56 200 5 1 8 R D i 2
YA LA S 35 D RE . AR T 1 2 A K g ad A
HNF4o 3k N HAIE TR T A A 1 3 3l
Ro BATHT W OF T B, B B A T R I Rk
HNF 4o ] FEAR S 0 ISR 1 /) B RE A K S 485
it HINFAa B[N 05 R n] A RO 5% 7 988 114
TR TN TE ST HNFAa iR 15t 2 B0 12 25 i 4t
IRRCR . R, W HNF4a 2235 7 B8 BN IR
EgIRIIECES S EN
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Fig 3 Effect of P-HNF4a on mRNA expression and proliferation of hepatic cellular cancer (HCC) cells

A and B: Gene expression of Huh7 cells transduced with P-HNF4q (100 nmol/L). The mRNA expression levels of characteristic hepatocyte

markers (A) and “stemness” genes (B) in Huh7 cells were detected by real-time PCR. C and D: Effect of P-HNF4¢ on the proliferation of HCC
cells. P-HNF4¢ inhibited the proliferation of Huh7 cells (C) and Hep3B cells (D). * P<C0. 05, ** P<C0.01; n=3, z=%s

CTR 10% glycerol

P-HNF4a

Day 0

Day 3

Day 4
=

4 P-HNFdo 3 FFERLEB AR R0
Fig4 Effect of P-HNF4a on migration and invasion of HCC cells
The wound-healing assay (A) and trans well invasion assay (B) showed
the fusion protein P-HNF4q (100 nmol/1.) significantly attenuated the
migration and invasion ability of Huh7 cells, indicating the inhibition
effect of P-HNF4q on tumor malignancy. Original magnification: X 40

(A), X100(B)

JRIP TR S 25 DRIR T BRI 5 A s H e PR 1z
AR, T — ELE AR IAE R A TG54

(PR 2, AT REAE A 32 40 B P 6 4 =8 3 DR R A T 7 1
THIG B 5 [ B3 75 Jir 455 27 110 5k TR % 3% 350 2 i
EHMECEAR AT, 1 LA RFAE 2 R LAtk i 2R 4
HEA AR B TR/ R R PR AR A B TG A
AGRASSE 5 ORI o . AR E WS
FW], CPPs J&— 2] B E I AR B B Ak . 5F
JE ik 22 B8R 4 R (poly-arginine, 11R) A] {440
R AR [ p53 HE A IV A 40 L A et 22 J5e S5 98 400 i -
P T AR A A IR RSB 1 Octd-11R,
KIf4-11R,Sox2-11R, c-MYC-11R [f] it 5 A/ BUIR
JEREF 4E MM 5 S =L TR S 2R T4,
IXEBRIFST 2% B ZE IR R A A% 2R 1 i A0 R 45T
Ao TR I AN S B 400 it 2 S 58, LA iR
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