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Z 3 % (P<0.05); &4 w454 £ T UATRAE F40 4 I K3 B 4k Ae B A BEK, F) B 2a i) & o5
RN S S H R EAR X AREE G M Beclinl. LC3-1I. RAB7K-F3E 5, P62K-F £ 8 % T4k, LC3-
II/LC3-16% FuA8 B0 B 38 A (P<0.05); otk I A R AL T ILATRAZE 40 i i M % & 5,5 69 B AR &
LT E BB B IR B X BT B R %, A 3 4] ) 3-MAFeBaflomycin T 47 %] ATRA W F 49
HP14-19%0J 69 ICGIRI A4 R A M fe. 47 LR, ATRAYT ftid 1838 a0t B 4K -F A 20551
SR 6 JFF A8 4 8L 6 oA Ak

KRR HAHARHY; 4 o RgE G, BV AP AL

Effects of All-Trans Retinoic Acid on Autophagy in Inducing Maturation
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Abstract In this study, we try to investigate the effect of all-trans retinoic acid (ATRA) on the
differentiation of mouse embryonic hepatic progenitor cells HP14-19 and the effect of ATRA on autophagy level.
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The HP14-19 cells were treated with DMEM culture medium containing ATRA with final concentration of 1 pmol/L.
ALB-GLuc assay was performed to evaluate ALB synthetic ability at different induction days. Real-time PCR
was used to detect the mRNA level of hepatic related markers. ICG uptake and PAS staining were carried out to
detect the metabolism and synthetic function of ATRA-induced HP14-19 cells. Simultaneously, transmission
electron microscopy was used to observe autophagosomes and cell-cell junction. ptfLC3 plasmid was transfected
to cells, then laser confocal microscopy was used to track autophagy flow at indicated times. The levels of
autophagy-related proteins were detected by Western blot. As results, The ALB-Gluc activity began to increase
at 3 days after ATRA induction, and continuously increased. The mRNA levels of ALB, CKI8, TAT and ApoB
present in mature hepatic cells were up-regulated significantly in ATRA group, while, that of DLK and AFP as
liver progenitor cells markers were inhibited compared with the control group. After ATRA induction, HP14-
19 cells showed apparent comparable ICG uptake and glycogen storage function. Surprisingly, much more
autophagosomes and autolysosomes can be observed in ATRA group under the transmission electron microscopy.
Interestingly, the tight junctions between cells were also more than those in the control group. The proteins
levels of Beclinl, LC3-I1 and RAB7 in the ATRA-induced group was significantly higher than those in the
control group, whereas P62 protein had no significant change after ATRA induction. More convincingly, the
result of laser confocal microscopy showed that autophagosomes (yellow spots) and autolysosomes (red spots) in
ATRA group were more than those in the control group obviously. ATRA induced ICG uptake and PAS staining
function of HP14-19 cells were inhibited by autophagy inhibitor, 3-Methyladenin or Bafilomycin. In summary,
ATRA might effectively induce the differentiation and mature of mouse hepatic progenitor cells by regulating
autophagy.

Keywords  hepatic progenitor cells; all-trans retinoic; autophagy; differentiation

4= 3 4 B 8 (all-trans retinoic acid, ATRA)Z&
YE: R ATEAR N ) B EEEACH , IR R E,
HLZETE K, MM TE. 4. AU IR Bk
A R v R HE E A M. AT AT A B O R,
ATRAXS /I B - 4H 41 B (hepatic progenitor cells,
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#1 Real-time PCR3 |17
Table 1 Sequences of primers for Real-time PCR

SIIFEFI(5'—3")

JEIR 44 FR Sequences of primers (5'—3")
Name of genes e J Bk

Forward Reverse
DLK GCT GGG ACG GGA AAT TCT AAC CCA GGT GTG CAG GAG
AFP ACG AGG AAA GCC CCT CAG GCCATT CCC TCA CCA CAG
ALB CCA GACATT CCC CAATGC CAA GTT CCG CCC TGT CAT
CK18 GCC ATT CCC TCA CCA CAG ACA GAG CCACCC CAGACA
TAT ACC TTC AAT CCC ATC CGA TCC CGA CTG GAT AGG TAG
ApoB CAT GTG ATC CCC ACA GCA TCC CAG GAC CAT GGA AAA
[f-actin AGG GAA ATC GTG CGT GAC CGC TCG TTG CCAATAGTG A
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Ko SXTHERZAR L, 5 T4l ALB-GLucif 73R

150 000+
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120 0001 B ATRA

90 000

60 000+

*

Relative ALB-GLuc activity

30000

I— ]

CLEe 1 o, B 5 ATRAYS 5 B[R] 3% 47 38 i, ALB-
GLuci T 5500) [ 2H 1 58 8k 2 (€1, P<0.05). Real-
time PCR%E 2R, ATRAE G )5 T AT A tr & & E
JFiDLKATAFPH) 1A B 2 N, B AT 41 fbs & &
IR ALB. CK18. TAT. ApoBff ik & # 55 (&2,

P<0.05).
2.2 ATRAIE S/ B BR BT 4B 40 AR B9 Ak 2R AT 2R AR
IfigE

ICGHE I S 56 Ko PAS Y €24 FH 16 0 FHF- 441 B 114 it
BESOME IR A B REN M B3 PR, R A LT
A YN B SEE G| e T A, T ATRA S 5 S | e 75 4
) 241 B 5 B B B8 2 (P<0.05); 51CGSE AR, *of I
YHLAR B SR LA SR 4 R, BV R4 LT
B S A R, T ATRA AL 352 (1) 200 0 5 P 1) 45 40 €20 2
4 (P<0.05). % L, ATRAR A 205E S/ B IG T

DO D3
*P<0.05, XTI AL
*P<0.05 compared with the control group.

D6 D9

Ell ATRAG S/ RAERRFTELEAEHP14-19B9ALB-GluciE P10
Fig.1 The relative ALB-GLuc activity of ATRA-induced HP14-19 cells

0O Control
B ATRA

Fold change of genes/B-actin

DLK AFP ALB
*P<0.05, xR LR
*P<0.05 compared with the control group.

CK18 TAT ApoB

[E2 Real-time PCRIMATRAI S\ 5B AR BT 4E 4B RIH P 14-1989 BT 4 ARAR S4B mRN A K
Fig.2 The mRNA level of hepatic specific markers of ATRA-induced HP14-19 cells detected by Real-time PCR
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ICG --
PAS --
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YA P R ILTRIE 5] SR sk 4T B ue e, 24 hi] I
B BT (RN ) DL A BB s (R
TEEA), ATRA 55 12 hH B R0 B WA & E %
TEHEIR, 24 hE WEIE 2, 3523 40 00 PT WAL B R
f) 1 W VA AR, B ATR A ZH 40 i 1 W /K ST 48 %2 O
L AT R 1 W B B B e g
2.5 ATRAIEIEHP14-1940F0 b B EEHE LR EE
HFRKE

Beclinl. LC3. RAB7. P62 £ 5 [ W k& &

80% -

40% -

Ratio of ICG up-take
positive cells

60% 7

30% 1

Ratio of PAS staining
positive cells

[El3 ATRAIF SRR ATHE A EHP14- 19 ICGIREXFIPAS R & I Ak
Fig.3 The ICG uptake and PAS staining function of ATRA-induced HP14-19 cells

Control

ROk BURR AORk BRI

Black arrow: autophagosome; White arrow: autolysosome.

E4 BSTEREWEHP14-192050 7R B Ik

Fig.4 Autophagy in cytoplasm of HP14-19 cells observed by transmission electron microscopy
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Control

i

ROF T Pk A Ok B ER.

Black arrow: desmosome; White arrows: tight junction.

5 E5TE R EHP14-1940 (8] E 15
Fig.5 Cell-cell junction of HP14-19 cells observed by transmission electron microscopy

GFP RFP Merge

20 pm

12h

20 pm

24 h

2

[ae]

20 um

Enlarge Enlarge

Control

ATRA

Control

ATRA

20 pm

El6 ptfLCIMIN BRIE R ix B & 1%
Fig.6 Autophagy activity detected by mRFP-GFP tandem fluorescence-tagged LC3 plasmid transfection
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FESRHP14-195 8 1L

5 ATRAE 5 41 L, 3-MA K Bafkh ¥ ZH1CG

JePAS G4 8 [ 1 40 it 2 W 3 93/ (18, P<0.05), Baf
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HP14-1940 g s 2473 4E o
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TR, AN 20 o 8 A 2 LR AN [0,
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KT BEAR. W R i s S R TR R AL
V) S 0T TR 78 Joi T4 B 1 S AN o A T E 1 45
Paier, ARG ML T2 0o L4 0 S Ao 424
F o3 M R R W AT DU e, A R BEL L
IEH A WEFUR B, AR/ BRI IR AR 40 i
IR A B KT PR BT AN B0
FERGE T B R v, 526 B9 1A ARG 40 i A4 AL F b B
W A B I o

Control ATRA

— — <«— LC3-1
— — <« 1C3-1

— g +— Beclinl

S RABT

A S f-actin

[E7 Western bloti& B lE4H AR5 E B RKF
Fig.7 The protein level of autophagy related markers
detected by Western blot

ICG ...
PAS.l

Control ATRA
*P<0.05, 564 EL A #P<0.05, 5ATRAZLEL#L .

3-MA+ATRA

*P<0.05 compared with control group; “P<0.05 compared with ATRA group.
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Y A AR SR . ST R [ Y A i
AT BRI [ W e oA AT FE R VR AN e bl . AR
I, ATRAZH 7T LA WU 5% 381 0K 5 60 2% 55 4 i Joit A/
S F 2 10U BN 2 2 TR R (1 W A4, DA K
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1920 i & A8 E g [FIES, BT I, ATRAS 54040
Ji T A 22 1 R e, T A R HRZE U 22 R
KOER(E TR ER), D WRE SR, REiERE
5 DA AE A8 40 B (0] () 2 4%, B b R ) 43 T A R
[ BRIB NAR P, CRAUESNHE N RS AE X AR . iR
J ST AR A 20 P, T PRIV PR R b DL R B B
FCFFARDO200, B B2 1) H L& ATRA S 5 JH 440 e
B AL B S I0 AKH . ATRATE S Y 1 Wi m R
I AN R AR 2R T K, SRR
IREERAE, M f TR 20 B 170 IE 5 R AT 4 i 4

80% 1

2 40%-

Ratio of ICG up-take
positive cells

0%
80% *

40%-1

Ratio of PAS staining
positive cells

0%

Control ATRA 3-MA+ATRA Baf+ATRA

E8 3-MAFNBaflomycin ATHIFIATRAIS S/ iR £ Bg BT 4E 4HREHP14-19 89 ICGIRBUFIPAS L & Th &g
Fig.8 ATRA-induced ICG uptake and PAS staining function of HP14-19 cells were inhibited by
3-methyladenin and Bafilomycin
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