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Hepatic differentiation feature of cytokeratin 19 positive cells in mouse liver
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[Abstract] Objective To determine whether the cytokeratin 19 (CK19) positive (CK197) cells in mouse liver
have the potential of differentiation into mature hepatocytes. Methods The CK199“*"/Rosa26-GFP double-transgenic
mice were obtained by hybridizing CK19F®" mouse with Rosa26-GFP mouse and the GFP-labeled CK19" cells were
observed in mouse liver after tamoxifen (TM) injection. Then we constructed the 3, 5-diethoxycarbonyl-1, 4-
dihydrocollidine (DDC)-induced liver injury mouse model and carbon tetrachloride (CCl, )-induced liver injury mouse
model in CK199*%T /Rosa26-GEFP double-transgenic mouse and determined the differentiation potential of GFP-labeled
CK197 cells by frozen sections and immunofluorescence staining of liver tissues. Results The CK19“*RT /Rosa26-GFP
double-transgenic mice were obtained and the CK19" cells were genetically labeled with GFP after TM injection. In DDC
model, we detected GFP™ cholangiocytes in proliferating ductules, in which CK19, a marker for biliary epithelial cells
was expressed, and the proportion of GFP' cholangiocytes in the DDC model group ([63. 546. 3]%) was significantly
higher than that in the control group ([53. 6+4. 8]%, P<<0. 05). In CClL, model, we identified GFP" hepatocytes in the
liver parenchyma; we also found that the hepatocyte-specific marker albumin was expressed in the GFP' hepatocytes;
and the proportion of GFP™ hepatocytes in the CCl, model group ([0. 154-0. 02]%) was significantly higher than that in
control group ([0. 00874 0. 003]%, P<C0. 01). Conclusion There are liver stem cells with a potential for hepatic

differentiation in the CK19" cells in mouse liver, which may provide a new clue for the identification of liver stem cells.
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R ERTH(7:00~19.00 JHE,19: 00~ H
7.00 MAEE) . CK19“FRT/NER 5 Rosa26-GFP /N4
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Cre fg A%, 55 9 J8BRICSE 36 41/ BRUAR 0 & . I G
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Bifi. 1 JEGE BOUHH ST a3 VKR U R s 56 B
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IR/ 25 85% ., 95% ., 100 % & T 6 B /K & 30
min, "B ZRER 20 min, ZJFIKFRA 58 C 15,
25 3SR S 1 h R 5 4 B A 2
il AL AT A 2 G S Ao Al e S 4 5 [
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1.7 %it5 &2 W GraphPad Prism 5 % {433
TEAE T, rA LRI ER 3 KB, 2 s &
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2.1 B RARBET  Rosa26 PHPESW R
/A 199 bp, CK199FRT B 2577 K /A 300 bp,, il
% CK199FRT /N B 5 Rosa26-GFP /MR 2438 5 158
2y 22 RRUNRIE T4, 25 38 (B DRI 4,
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Fig 1 Genotypmg of offsprings of hybrid mice using PCR
A: 300 bp PCR products were detected in tail DNA samples from CK19<FRT mice; B: 199 bp PCR products were detected in tail DNA samples from

Rosa26-GFP mice. The far left lanes in both figures were DNA markers with sizes of all bands (in base pairs).

negative controls. No, 1-22 represented hybrid mice

2.2 CKI19" i GFP Aziets slteml  VES T™M J5 .
ANERURPIE P B0 S 1 1 2 £ 5 1, 9 0, I L
FEMETE T X (B 2) ., S 52 6 I 45 21 1L
& 3,7F CK19° " /Rosa26-GFP /| U CK19*
MY GFP FRida hy (53. 9£8.6) %,

2 ﬂihﬁ—r Z/NRIEST T™M FE’]E*HE#%T““:)“'J
Fig 2 Detection of liver fluorescence after TM injection in
non-injured CK19“**" /Rosa26-GFP mice
A: Nuclear staining with DAPI (blue) ; B: GFP expression in the liver of
non-injured CK19FRT /Rosa26-GFP mice; C: DAPI staining (blue)
merged with the GFP immunofluorescence,
protein; DAPI: 47, 6-Diamidino-2-phenylindole. Scale bar=100 pm

GFP: Green fluorescent

© )
3 REBRHRZ/NRKEE GFP RiZ 5 CKI9 RILRE

Fig3 GFP expression and CK19 immunofluorescence staining
in non-injured CK19“***"/Rosa26-GFP mice
A: Nuclear staining with DAPI (blue) ; B: GFP expression in the liver of
non-injured CK19°FRT /Rosa26-GFP  mice; C:
staining using CK19 antibody (red); D: CK19 staining (red) merged

Immunofluorescence

with GFP immunofluorescence. GFP; Green fluorescent protein. Scale

bar=100 pm

The far right lanes (labeled as H;O) were

2.3 DDC #-FHFREAR A5 B AL 69 38 AP/ 28 o 2L
GFP" @ape,  XFHRAL/N R KR V) e 98 56 8 B W
ZEA] UL GFP' 4Hpf 53 A fE T 18 X (] 4) , GFP™ A 4
Ji EL BB R (53. 6+E4. 8) %6, DDC MEFR )5 /NI H-E
Juta, ] U2 2 L0 IS E 20 iR i TS X R B8

N B 22 (1B 5) ; JFAL2K R Y B 980 B s i
ZE0] LI RE A s B A /N IR AE, o 5 5 GFP 41
JL R BE AT IR AR S8 R TSI B A8 A 5
CK19 Z5 3 BoR 21 (8o 5 gk . 5 b W) & FE AR 4F
(6>, DDC P3R4 /N iR GFP JIHAE 4 g L
Bk (63. 546. 3) 6, i F AT BT (P<C0. 05),

@ ©) ©

E 4 DDCXERANRAFAESH GFP ByRiX
Fig4 GFP expression in liver of mice in DDC control group

A: Nuclear staining with DAPI (blue) ; B: GFP expression in the liver of
the mice in DDC control group; C: DAPI staining (blue) merged with the
GFP  immunofluorescence. ~ DDC: 3,
dihydrocollidine; GFP;
Diamidino-2-phenylindole. Scale bar=100 pm

/

5-Diethoxycarbonyl-1, 4~

Green fluorescent protein; DAPI; 47, 6-

N

E 5 DDC PR AR E AN R T R AR F M Z (H-E £ 68)
Fig 5 Histological changes in liver of DDC-induced
liver injury mouse model (H-E staining)
DDC: 3, 5-Diethoxycarbonyl-1, 4-dihydrocollidine. Reactive hyperplastic
changes were found in biliary epithelial cells. The number of immature
small bile ducts was increased (blue arrow) and gathered around the

inflammatory cells. Scale bar=100 pm



* 540 -

WKW 201745 H L5 38 4%

B 6 DDC RFAER {5 R E 20 /N 5 AT A
GIP 3R3% 50 CK19 B RE
Fig 6 GFP expression and CK19 immunofluorescence analysis

in liver of DDC-induced liver injury mouse model

A Nuclear staining with DAPI (blue); B: GFP expression in the

model;  C:

liver of DDC-induced liver injury mouse

Immunofluorescence staining using CK19 antibody (red) ; D: CK19
staining (red) merged with the GFP immunofluorescence. DDC: 3,
5-Diethoxycarbonyl-1, 4-dihydrocollidine; GFP: Green fluorescent

protein. Scale bar=100 pm

2.4 CCL#F ey B4R F CK19T 4 fee ~T
VAGAC g B am B ok BR 4 /)N BRI VK R B F 9%
St BB ULEE AT WL GFP 41 i J=) BRAE 1] 4 IX IR 4%
R SR B SE A > ' GFPT IF 4 (& 7
ek (0. 008 0. 003) %, 2 CCL %S AT 41 i
P55 /N BUFFS2 5 b GFP™ [T 40 M 346 £ L 5 JF 52
JO A R Y (0. 15 4+0.02) %, B TN IR 4
(P<<0. 01) s EATEFRAR I AT AEF /N 19 5 S g 5¢
FERE S5 SR GFP™ 40 g 2 35 i 20 40 i 4 53 0
FrREY ALB (E 8),

@ ) @)
B 7 CCLxtERLH/MRATREH GFP BRiX

Fig 7 GFP expression in liver of

mice in CCL control group
A: Nuclear staining with DAPI (blue); B: GFP expression in the
liver of the mice in the CCl; control group; C: DAPI staining (blue)
merged with the GFP immunofluorescence. GFP: Green fluorescent
protein; DAPI. 47, 6-Diamidino-2-phenylindole; CCly: Carbon

tetrachloride. Scale bar=100 pm

B8 CCLATRER (82 A /N AT AE R
GFP # ALB B3R i%
Fig 8 GFP and ALB expression in liver of CCl,-induced
liver injury mouse model
A: Nuclear staining with DAPI (blue) ; B: GFP expression in the liver of
the mice in the CClj-induced liver injury model group; C:
Immunofluorescence staining using ALB antibody (red) ; D: ALB staining
(red) merged with the GFP immunofluorescence. CCl;: Carbon
tetrachloride; GFP; Green fluorescent protein; ALB: Albumin; DAPI:

4”4 6-Diamidino-2-phenylindole. Scale bar=100 pm
3 it 8
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IS MEE TR SZ ARBCARSS & Xl & 1Y Cre T4 G
PR IEEAE O NEBAR N1 Cre B 015 & #ETE
P RA TM Z G i AR R . 4H
TM f7AEm RAEED T 1% 0 8 b Rz 20 i vl
FI| Cre BTGV 10778 JHE R A0 IIE 0 b AR A 2o
RAE], ST TM BB 5 3 W) R A
JE RS A b A S L JF B AR
BSOS TM F & B IE . A 0F 5% &£
CKI“/NRAE T TM J5 g i fiff iz 18 T 41 i 4%
Cre fifitric, 3 HHFRABBRRLH A Zhmic
PERFATRES T FH %/ BRGHEA T IO 4 I A 245 B 2121
T4 R BRI

CK19 S g fith —Fh v (] 22 85 11 18R L E
SMRZE Z R A Rk JF HARRZE RS 26 5
F G By B2 CK19 76 BN B B B /8 b 25 55
I R AE BRI S R 2R . [AAE CK19 78
e [R50 JHAE 240 0 v feg 3R 0 1 A R0 20 oA 3R
TR ARG B T A R A R e ) 2L AR 4 i T
RE 2 3 41 201 20 M 09 T Rk 2 R 4 2P AR,
CKI9“ /N B8 X ix 28 3 3k CK19 (1% 4H i 47
Pric s 3 AR U A B v R X S 20 i Y i
Bzt &/ A B AT A YRR C, R 2
5 Rosa26-GFP /N 4238 15 3] CK19°F%" /Rosa26-
GFP /IR e/ N A 5 8 T 2R M s T S — =2 571
Y TMiF M5 Y Cre B AR L FEAE R, /1
B CK19 " B 40 Ay I GFP ARic, MM B 347
YN WA BT

ARWFFE R SERIFH C57BL/6 i & i CK19CRT /]
5 Rsoa26-GFP /N [ 2% 38, 3 18 CK199%7/
Rosa26-GFP UL /N . 72 L3 ml B TM
SEPLT AR CK19™ 20 H i A Pk st A% bm id CRPAR
e & GFP) i 1 R F IR 2 Sk R D) 1 45 5 fa g
GG W IZ AR I A AR FFF I o 9 25 ) 2 62 A 17

XK. WS, R CK19T 40 i © B 38 15 4730 1
CK19F8T /Rosa26-GFP /NGl 45 DDC JF45 {75 4 784
A CCL 458475 4 20 SR 358 I E o GFP 7 A ic 11
CK19™ 40 g B9 43 AL 15 B0 . DDC BT 475 /18 B 750 )
DA A A4 » T Hh B 18 & R B R RS I
LR R A, CCL 8 493 1 /s BRRSE R T D) & A6 T
AN . 3 0T B AR s A2 AR S
I3 T 3T CK19FKT/Rosa26-GFP /Bl DDC
JHR LT RN CCL R A 2, I & B AE DDC 45
P TR/ B R 338 A /N IEAS P B T GFP 4l
Hix sk GFP™ i ik CK19, RWIfALE T ik Lehh A=
PEARAE AR ) GFPT 4R g BPJ& CK19™ 4 fifd,
R IET GFP Rkl DURES T CK19™ 41
(434 25 18] 5 1 e CCLy FF 38475 45 780 /)N BR P 22 B JHF
/IR GFPT 21 i, HLiX 28 GFP™ 4 g % 38 iR
A bR Y ALB, RBIX e ALB" 40 ffl R 5
RN EEARIC I GFP 41, 4R 3% R R bR i
(19 GFP ™ 4t it A7 70 A BT ] 3 AL s R ) 240 M 28 7

25 ERTIAR /N BUTFIIE N B CK19™ 48 i A< v 47
AT HAT I o A AR 00 P AR 40, 35X — R BN
JHET 40 B i) TR 2 BRI TR R
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