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Cholangiocarcinogenesis Following Oval Cell Inductioin
and Clonorchis sinensis Infestation in Hamster
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Cellular and Molecular Toxicology Division, National Institute of Health Sciences, Tokyo 158-8501

Japan and *Department of Veterinary Pathology, College of Veterinary Medicine and School of Agricultural Biotechnology
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Abstract : Oval cell is considered as facultative precursor cells for both hepatocytes and biliary cells, as well
as origin of hepatocellar and cholangiocellular carcinoma (CCC) during carcinogenesis or toxic liver injury.
To clarify the cellular origin or differentiation of cholagiocarcinogenesis, the fate of carcinogen-induced oval
cells was pathologically and phenotypically chased in Syrian golden hamster liver after Clonorchis sinensis
(CS) infection which would give rise to a promoting effect. Two week treatment of hamsters with 0.005%
diethylnitrosamine (DEN) followed by 2 week treatment of 1% 2-acetylaminofluorene (AAF) under choline
deficient diet resulted in massive proliferation of BrdU labeled and PCNA positive oval cells showing various
distinct morphology, histochemical and immunohistochemical phenotypes for GGT, cytokeratin 19 and OV-6.
Oval cells also frequently form ductular-like structures or phenotypically show hepatocyte-like characteristics.
After CS infection, the oval cells showed sequential morphological changes to atypical proliferating bile
ductules and all hamsters thereafter developed well differentiated and anaplastic CCC at 16 week after CS
infection. In electron microscopy, some bile ductules were constructed by intermediate oval cells and bile
ductular cells surrounded by thick basement membrane. The results of this study strongly suggest that CCC
developed in the present study were originated from hepatic stem-like oval cells, supporting the theory of
stem cell origin of cancers. In addition, this hamster model would be valuable for the molecular mechanistic
study during chemical-triggered cholangiocarcinogenesis.

Key words : Oval cell, hamster, diethylnitosamine, Clonorchis sinensis, cholangiocellular carcinoma
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vitrool Al &% E oval cell2FE M EY, G T8y
A E7) ohFe F49) @Al Fl= Ao

7+ oval cell 2 7HI XY (hepatocelluar carcinoma)sd &
3} (cholangiocellular carcinoma; CCC)2.2 ¥ =& 74eke]
27N B d7e A= FLEAM FE o] Rz
ok A7) 28 EVNIES] xR 2ot XY o
Tol A o848 WA, JF2E] GRAYEI S A gyt
P Aol 8 FERYE A fool guA 2%
A4, Z initiation, promotion, progression®l 7]%3le] I
orsl 28 93 2492 dimethylnitosamine (DMN)F-od 2}
Al promoter=A] 7K8% (Clonorchis sinensis Y= Opistorchis
viverriniye AN OZH ofFolH TN gaitmdle )
B7HA otAlotellA] HIE 23t £& dAe] T 24
FRMAEA FEhe 785 29 B IS SN

Faere) 2 2 AP AL ol ® g Fofl glem, o
1A EENE FRYFHNES 2 E7AE BT 74
ol JE AoZ Bu=o] o3 Ut Jejuk, 2+ oval cell
= A gpgre] v g Al tig HEsry % 2
AP ESA 71A AFE uj$ nEd APos o

2 a7 FZEHE olE, T 7HMEE Z dEF oval
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sucrosedl] 2102 FAFEAZ] o2 OCT compound (Miles
Laboratories, USA)?] Ewigt & ARE37)7kA] -20°Ce) B#
31t BrdUHALE $i8le] 22]9] ¥+ metharcan (methanol
70%, chlorform 20%, glacial acetic acid 10%)° 12417} %
Ak 10% FAEXZ LA metharcandll T3 F71= o
A 2HAAE S AA o s 3~5umE ¥
3] Hematoxylin & Eosin (H&E) 94 £ WY 2235184
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Gamma-glutamyltranspeptidase (GGT) H& @A 913 *
Asleta] AARE fste $EAEAS 7-8umz FHE o
g AAETh FEAEAT FRFS 25°Co] §YA
308 F¢t wigste] dAEon, 27 F<2t 0.85% salined]
FAISEAEL, 0.1 M cupric sulfate solution®l] 2% &<tb gt
F SRTE TASAN BE28 12T $ Soxdez
e N o ALE[(TH AN EAL yglutamyl-
4-methoxy-2-naphthylamide(GMNA) (Sigma, USA) 2.5 mg/
ml-§9¥ {ml, 0.IM Tris buffer Sml, 0.85% saline 14 ml,
glycy-glycine(Gly-Gly) (Sigma, USA) 10mg3} fast blue
BBN (Sigma, USA) 10 mg2 4lo] Azttt

MY TSN ZAL

BrdU, PCNA, CK19 ¥ OV-69] tigt W=7 515t 7
AL A8 sE€ P de 23S 1% T E=
" (PCNA, CK19, OV-6) == metharcan (BrdU)®l| 124]
F Ax IHst ANk 2AXZ AR S AR H A
Zojgt B¢ 3~5um= ¥AH3lY poly-L-lysined)] &g
Setol =9l AT ES WHET e B (retrieval)
< 8 CcK19°] tH3lA+= trypsin (0.1% in 0.1 M Tris-HCl
0.1% CaCl, pH 7.6)0.2 ALoA 1087 LAz o,
PCNAGAE falM ZABES TFF oA 158 5
A3tk el peroxidased] B4 1dslr] sl &
S 03% H0yb EHE WEE2 308 ¢ I A4
t}. PBSE 4°3] $M1% £ BrdU B E49 Z$ 10 mmol
o] CaClE E#% 0.1% trypsin (pH 7.6)° A-LoA 308
T wiFslew, PBS 4l ¥ DNAE ®AEA)717) 98t
o 2Me] FrhgHo) 308 FF HZ AFTh PBSE 23]
TAY §F 5ol wg-g A 3 T ez A
LA AZEERE Mgt 2o EAE 13 gA =
4°CoNA TN EE w3l Tl mouse anti-BrdU monoclonal
©(1:2,000, Sigma, USA), mouse monoclonal anti-human
PCNA (PC10) (1:200, Novocastra, USA), mouse mono-
clonal anti-cytokeratin 19 (1:100, Novocastra. USA),
mouse monoclonal anti-rat OV-6 (1:100, a gift from Dr.
Sell of Albany Medical College). PBSE FAHF F
biotinylated secondary antibodyE 37°CollA] 1A]7F < uj
%3 ¥ 549l avidin biotin complex (ABCYH ol 28}
Al on, BAS 234 diaminobenzidine (DAB)S.ZE 1~2
& B¢ AZStEh Mayer’s d|riEddo 2 tjrgAae 4
Ale 7 FEdv|AselA BT

HXH0[EE HAL
AR A A BES M e BHs HEd 23S
A7) 1X1X 1 mmZ AE3l] 2.5% glutaraldehyde €4 4°C

oA A7 Bt IAF F 0.1 M PBS (pH 7.4 338] &
AgE £ 1% 0sO0l 90% &< & IA3At F 2 Z¢ =
Z& 0.1 M PBSZ A|F 33l ole-&3} propylene oxide® &
T8 the epon EHAZE Eofsgtt. ol 2FE | umF
AZ A3 & 1% toluidine blueE TNl AFRgE A
st A48 EY9HE 60~90 nm= 22PHEE & yranyl
acetate} lead citrate® ©|F@A3l FHHAHw] (Philips
CMI12)2.Z 80kvollA] #&sNTh
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HEEn

M 2 F9F 3 Fof] F2EY <k 30%7t HALSHH,
A F2] Wsh= DENF717F 5t $aet ZAaAE Yehy
R, FA71E AXAAM AA3] F71817] ARske], AAF
Fo T8 o|F ZMEE FAEHA FAAFTLE 3 &
T} (data not shown). AFx7) 2 F E¢ 52 T8
DEN®] A3 %& 70~80 mg/kgo] A},

Kot 9l Ha|=Asy oA

DZES AY ™

AEMA 2 =

AE7NAl 2 F (DEN £7]7hell AA#ANE 2B S
A% A5 72 §etF o ¥ o 4Aad e AEdEz
gtk 2y, 2AsHF o2 THEWE Y Ho] YUd
= Thh Aot oval cellE9] S2)0] A& o5&
T8 4T staon, dfe 7 AR FEEA
&g mE AL e FFe Yehiz dsioh

AMEMA 4 =

SH o7 e Awtdow vje Fwglgon, Bwo)
AdA4o 2 AU ZAHOR A A o 9-14
pme| oval cello] THEHAE-ZRE] 7k A2 FAA W o]2
717EA ABHA F2ste b8 FAAEY 70%9 =F =R\
I Sen, B Mg F2E AAE Y (Fig
1A) AIZEL Ao AR EAY ¢ HFEATt Oval
celle =T 29HE FAHWIE oy, /EFHoE Z2
712 3Ide (Fig. 1A), tha 7|03z Wie] §& 4%
HEL F2 FUFHAA Bol FEAE o, FAYAZ
2 5= Ja 994 sk A9RER NEFeE T
8}l Qli= single oval cellE°] 2 FAE AT} (Fig. 1A). &
SRS oM FA 1 oval cellE FAHY o,
A2FHE Foe EF oval cell2T o]FojF A% B3R
ok 3 e T 7 0149 ductular hepatocyteE EF 3=
ASE o ZEEHAG (Fig. 1A, Table 1).
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Fig. 1. A, Proliferation of single and ductular oval cells was prominent. Note ductular (arrows) and small hepatocytes (open arrows) which have
a round nucleus and eosinophilic cytoplasm; B, Single, ductular oval cells and some cells of small ducts were positive for OV-6; C, Note
numerous proliferated small ducts at the periphery of the bile duct; D, Neoplastic cells of the well differentiated cholangiocellular car-
cinoma (CCC) were strongly positive for CK19. E, Note CCC consisted of ductular structures of tumor cells with desmoplasia; F, Higher

magnification of the E. The tumor cells was composed of very pleomorphic “oval cell” type ductular cells. A, H&E, x200; B, ABC,
x200; C, H&E, x200; D, ABC, x100; E, H&E, x100; F, H&E, x400.
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Table 1. Histopathological findings and cell proliferation of the liv-
ers of the hamsters during the experiment

Type week 4(6) 5(2) 7(2)  20(3)
Oval cells 2 H+ + +
individual oval cells +H + +
ductular-like oval cells ++ + + +
ductular hepatocytes + + * -
Proliferated bile ductules ++ +H +H
Normal hepatocytes + + +H +H
Bile duct epithelial cells + + + +
Cholangioma — - - 3/3°
Cholangiocarcinoma — - - 3/3
Inflammatory cell infiltration + + + +

() ; number of animals examined.

*Degree of cell proliferation was assessed subjectively on a scale —
for negative, * for slight, + for mild ++ for moderate, and +++ for
severe, respectively.

"Number of animals with the lesion/number of animals examined.

ZHEEE 2 27 o FAXS 5 7HES 9F 16
Awel A7 BEEY T (small hepatocytes) (Fig. 1A). 95
Axo &L F2 7HEHFEA vokg Y=g AAHI
e F2 YZpo} FAMEEIUCH (Table 1).

)UEE AU ¥

NEMA 5 T @Y £ 1%
AL oS Fuss Fo) Ho] TR A3HL veh
ot zHstHo e 94 4 F w} Hd PFS UER)

Fig. 2. Electron microscopy of a ductular structure of the hamster
infected with CS for 16 week after oval cell induction. Two
lumina lined by microvilli were formed by contiguous oval
cells and ductular cells. Note the desmosome between the
oval cell and ductular cell (arrow). Uranyl acetate & lead cit-
rate stain, x3500.
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Fig. 3. Changes of intrahepatic cellular components in hamster liver
after C. sinensis infection during the study.

A 2] H)go] FrtEe] ANeH, 7+
Z 24 ﬁ‘l“i‘i—‘?—i H3A A3 YuEe] FHAER o]Fo]
71 Eshd Fejo] A 3 F7F FHEEHUT (Fg IC,
Fig. 3). Ductular hepatocyteE T sl AFHHEE TEHA
o @@3FHORE 7o FHAAE, I3 H TR

ol FFAMEI} FA HEE] UATE (Table 1, Fig. 1C).

HEHA 7 F &Y F 3F)

e SRt og F =i AdzolH HRH4S Ve
o 2= B 27 0.5cm A7)9 WA Ex5}
71= stk 2A A= A oA 7 2] u]go)
v Srreinh e, EEREReM 7 A ol27]
7RA] 2719 Befo] tpeFek vl AP AR HHY x5
A F7 HEAHAT (Fig 3). EF0) Z9E gHFd
o2 AAzZ FAz A J=Z7, FEAZ Z 7=
o]Folzl AFAEY AEE AFAHIT} (Table D).

ANl 20 F= &Y = 16F)

SrE 0 g 7t AAH g 3zl zolH Hgitelt). 3}
Fol A7 TS 271 03X04cm, 03X0.5cme 3
WA Aol E& Hol AT TG Faole 271 07
X 0.8 cmet ARl 0.1X0.1 cm3 7|9 WA o] HaEA
o} 924 W 27 0.1 cm7tEe] 3~5719 AFEC| &
A& o] FX AN

XA GH O 2 THge vl BT FEE ERIIT. 1
AHoz Fad AT Fe Jude] AEEZ o
ARl gae] F2lo] AR #FHAT (Fig. 3). HnH
zZ Bld gdHo R olfojF AAxZHY FAL W
cholangioma & CCC7} thdz o2 #F=ow (Table 1,
Fig. 1D), /iAol wetAe ojgAde] A 7] & 4589 4
THNEER o] —‘?—017‘1 Hl AP HQ gHEe] F4o| A
o olE g@HE A dF *ﬂ E2 AdshE Ve
Atk =3 Uﬂ—r ulEstE oy gEdE #FEHIdE, olE
FHNEELS o] F¥ (oval shape)ob_, uy =7]7} v %
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Table 2. Immunohistochemical reactivity of the hamster livers
treated with 0.005% DEN for 2 weeks followed by 1 week recovery
period and 1 week AAF administration

BrdU PCNA CK19 Ov-6

Single oval cells 442 - + 4+
Ductular oval cells ++ +H + +
Small duct cells EEEE T+ - +
Ductular hepatocytes * * - +
Small hepatocytes * * — ++
Normal hepatocytes + + - +

Inflammatory cells * -+ - +

*; not identified.

%% of positive cells: <10%; +, 10~30%; +, 30~50%; ++, >50% +++
Antigens: BrdU, bromodeoxyuridine; PCNA, proliferating cellular
nuclear antigen; CK19, cytokeratin 19.

st on, GRTRE ORI HEGES IHo] A
o} (Figs. 1E and 1F). 7+d9] wkg-o skAdalqict
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GGT &3

AENA 4 Fo THAHHZRANA HAAE GGTol tig &
oAy 71Ee] FFFA L} AF-29] oval cell, 53] ductular
oval celloliA] 715t g 4uke-9 Yehdl2lchi(Table 2).

BrdU labeling

T4 12 A7 ARE 3 A7 7HAH o2 43] BrdUE E7F W
2 FAg Fof A A#MA 4 5 F 78 thEty
BrdU W22 8814 HALE AAe A3 AREE o g F24]%
single oval cell ¥ ductular oval cellell A 733F /guk3
Ejuio} oval cello] o] 7)7Hsto} wig- 3% FHE 3
Utke AE &+ Uk

PCNAS| #E

87) M) S4& U7) fig] A4S PCNA A EA9)
A AENA 4 F9] RN E S8 B 9 oval cellF
G2 AOAER o] R0l FIAFT M EAA A FE
2 BT & Yo, TN EY A AhpTio] FHE Y
ERAT} (Table 2). &, folliclelS] th47E%E 75k ¥Agut
2 Yellow, A g3daAEs 401 A3
Al 20 Fl9 7oA E mEste EEet ASAIES oval
cellelfA] 74t Fgukg-& vepliien, a2 23l &
Fete] AR M et A e AFH Az o) ¥
38 F2 aEHe dF APMET FANES YRS
U @33 A ER o] R0 FRAANAEES 403
o} B2 49| T oM % 73t S-S AFE o AU

Cytokeratin 19 829 ZHE

AYPA 4 5 7FEZF o] HAYGMA XA ductular oval cell

o4

iz

(od

o
R

9 hFE2 vokst A=) PSS VeI S H, single
oval celld] 7% & 2 RNt} (Table 2). AA
FIHFAAEE A FANEE BYoH, TS 34
o|gic}. AEMNA] 5
ST 2T A EAA IS AR 7
HENA 20 T8 255 AE2e HelMe vEsE o
He] M EE dFolA mofgt Fxo PIukeS B
o, HlwA & F3tE gAY FHMAE diid g3
BIAER o] R3] F2AE dRduAE A g ZA
@& Az 73 FANES-S e SITHFig. 1D).

Oov-6 &flo HE

A 4 T8 R dig GAAM S AR single =
€ ductular oval cellE¥ Th2] small hepatocyte 2 ductular
hepatocytedl| 4] ¥Adutgo] HFE o (Fig. 1B, Table 2),
2] A ZHEEE 40l ov dFoME st
AEe PP E FEHIIY (Table 2). HSHZEANNE
Agukso] #AHNT A8 7 78 7HEE 2= o
%2] small hepatocyte, ductular hepatocytes, oval cell & F5
A ZAA Fdukgo] Yetdon, A4 e 523 93]
AxER A4 AZE S4S YERHSIT (Table 2).
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Hojg]Eo] & HA aF st AATH AE
ok7be] Fol 2oLt YWtH o MEL/|UES] ¥
§9- miekstned, A4 nEFseole) F4a59 2
AFA 2 PEAES /I AT MEEE Y] A7
9} 7} oval celldl] Wl xte]7} ASled], 22 AL nE
ZrPokE i AR Ao, ¥ud I3 9% Ee 3l
o] vEZ=golE 7 AEXR 38 & Ut Mxe
EHHol= microvillliEe] 4= At

Ay 20 F9] 7HEF A= V7T FHAS 4"
A FLE small celld AgH AxEo] 21LUEA
#AHHO e BEFo] FFHJUT (Fig. 2). 28 A4
¥EY AL T EFAEH o]y @M4Fo| I Ho=F
XeH EAsta ey, 2 dad gojg]Eo] e
IF 2t ok AZF ele 10 W2l nES
ol ZHAXA B FEAZo] FF FEEHAUT (Fig.
2). 2183 oval celld} 2E# M EE desmosomed] 23] <
Axo] ANew oval cell AT7FANE desmosomel E 7!
2& AAEZ {AST YAk AE FHE microvilliZ}
Ag#e] WHAEo=R & o AT (Fig. 2). &= & #
HelMe Fo] dddola 6~TNHEY PEZEZoLE 3
F& oval cell B FEA AEESo] 7| 2%
o WAS stz AAT (Fig. 2).
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2 A7 2dEdd ofd == =
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W83 #Ag BRAFE U

£ ARolM f=E P2 7HY oval celle e 2 H
2318k B4 lo] Ao} F2E A AF7R] AT
I8 AEH FY P JEHRIIS0A - 225}
02 A9 2719 oval cellE2 BEO 2 T duct Y-S
A3t 7 Ad W2 S8 dled, AR Sk
o] MEZ 47 “small hepatocyte™} “ductular hepatocyte”
9| BEgFol AF TR 2 A8 FAR e sl
F= oval celld] ZHIER] o9} 28 B3RS Novikoff
T (1996)] A= FHANE EFHo 7 AAHUTG w
214, DEN} AAFe] 98 F-5% oval celle 7HHE2 £33}
3l 7te B4E /AR e A2 AAAL oy, 7HE
F AY T 9HFRY AT FHo] EIFHUE, o= 7+
FF A F #F9 P FEER WEeld, o) g
Aol A z7)ol F=9 facultative bipotential oval cell2 3t
o GHAER B335 2 3l priming factor® ZHEHS
7FsdE AT ot AAIR 7HEES ZEAA &
UAY ZEAZ BB A B2 oval cell> FEfd 2 H
HzAHo 2 ufg FARGE BALE 7R glon}, in viro
Aol wFslE e W AAE ZHER, Ixes dEAERE
E3psizto]l ERIEATS. JBFe) MEER o)Foln 4y
AL TEF Y o5 Azko] Aol wet EA3] 7}
&7] Alzkstem, gl ZE] e gy
ofvel 7+ AAYNME A 45 Jepideh 2 F 4
AN 20 F EHES 2YE 16 F Fyolls EeEEr) UE
thFst Jele] CCCS cholangioma”t 2R3l LE £3], #3
=7t wi$ o2 Fele] @3 (anaplastic cholaniocarcinoma)
o] AL AF7A Y] e in vivo BEHGEDNA Bz
A @2 B JLEH g3y 2] EAFH LAdolet & 4
Ut} Figs. 18] E9 F= TYMEEC] I7|sh Bkl 9o
o] & ohdat, FENSFH O E oval celld}t F-AFS) anaplastic
carcinoma®] &ZAE HAFEI Qlvh g AR 7HEw Fy
FollA olFAo] Agh G AAMEENM e FARUAE
29 34 (mucinous metaplasia)g #3& 4 YU} o)At
o 74EF AR AT 4™ AAEL oval cello] A
2o AFMEo, & P2 RdoA fid Fago] b
T3 el oval cellolMFE BAAIMERL #3}8) 7t
= AAANA BARE Zolgke AL AARIE Stk dE
RA 20 78] THFel thg AAENAHLAAR o] FEk s
AT SIth AFAES FAL 7AY Eeixad, AEA
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