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Investigation for the Alterations of Hepatic Progenitor Cells'
during Hepatic Regeneration after Chemical Injury

Bang Hur, Myung Sun Park, Myung Hee Yoon*, Chung Han Lee*

Department of Pathology, General Surgery™
Kosin University College of Medicine, Busan, Korea

Abstract

Background; Oval (OV) cells had been described as an uncertain type of cells in early neoplastic process of animal
hepatocarcinogenesis model. Although biological significance of OV cells is not elucidated in human, they showed
cholangiolar and hepatocytic bipotential differentiation in animals, especially rodents. With recent studies emphasizing
on a possible target of gene therapy and cell transplantation of hepatic stem cells, biological investigation of OV cells

become to be an important issue.

In present study, the authors pursue the fate of hepatic stem cell progenitor cells

such as OV cells using 2-acetylaminofluorene (AAF)/partial hepatectomy (PH) of resistant hepatocyte (RH) model.
Materials & Methods; Through gastrostomy tube, 2-AAF (10 mg/kg) was administrated daily for 10 days in SD rats.
Seventy percent PH was performed at Sth day of 2-AAF treatment. Animals were killed 1. 3, 5. 7. 9 and 14 days
following the last day of 2-AAF. Bromodeoxyuridine (BrdU) (100 mg/kg) was given intraperitoneally 1 hour before
killing in each experiment. Hematoxylin eosin-stained histological sections and morphometric changes were analysed by

microscope (Americal Optical microStar)

with right angle section of portal regions by means of unit areas of high

power view. For BrdU incorporation, the sections were immunostained by an anti-BrdU antibody and labelled nuclei
were counted. For electron microscopy. fresh liver tissues fixed with 2% glutaraldehyde were processed by routine
method. Results; 1) It was confirmed that periportal OV cells are a major component of AAF/PH-induced hepatic
regeneration based on OV cell proliferation in concord with restoration of liver weight. 2) With BrdU incorporation,
OV cell proliferative activity migrates toward pericentral zone from periportal zone. 3) OV cells show bile ductular
differentiation with progressive regression and later hepatocytic differentiation through basophilic small hepatocytic
transition. 4) In contrast to OV cells, basophilic small hepatocytes emerged from periphery of OV cell proliferative zone
in late period of regeneration, inspite of independent pericentral localization of small proportion. 5) Ultrastructurally
3 type of OV cells, at least, were noted in periportal proliferative zone: predominant biliary differentiated cells, sparce
undifferentiated small cells and hepatocytic transitional cells, 6) Colonized hematopoietic cells with a few blast-like cells
were noted following OV cell proliferation chiefly in areas of periphery of OV cell proliferative zone. Conclusions;
It was confirmed that AAF/PH is a hepatic regeneration model through OV cell proliferation. In this model, hepatic
regeneration could be accomplished with periportal OV cell proliferation and subsequent hepatocytic differentiation via
small basophilic hepatocytic transition, in addition to a possible role of extramedullary hematopoietic cells.
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1) AAF AJeke] Az

4 2F9] dimethylsulfoxide (DMSQ; Sigma chemicals, St
Lousi, MS, USA)®| 2-acetylaminofluorene (AAF; Sigma
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Table 1. Criteria of semiquantitative analysis of histologic
components

7 AR 7

Components Criteria

Oval cell
Bile ductule
Mitotic activity

Proliferative zone diameter (um)/HPF
No of luminal ductule in proliferative zone
No of mitosis in proliferative zone/10 HPF

Extrahematopoiesis ~ No of clusters in hepatic lobule/10 MPF

HPF; high power field(x400), MPF; medium power field(x200)
unit area(HPF); 28.26 ym® (r=3 pm)

Table 2. Scoring system of small basophilic hepatocytes

zone 1 zone 2 zone 3
Small clusters (< 1pm) 1 2 3
Scattered clusters (1um-3pm) 2 4 6
Confluent masses (>3pm) 3 §) 9
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3. BrdU incorporation
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Za#(Version 10.0, 1999,
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measured ANOVA, correlations (Sperman coefficiency),
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AAE 7ve] FAS AFol g vl&g 73l
reference data®} ¥ 3PH oS3 7k

Table 3. Rat liver weight and ratio of liver/body weight

Liver Ratio Ref ratio
Weight(gm) Mean(gm) Liver/Body Wt (lapse time)
POD 1 50/69/43 3.40 1.54 - 170 1.989 (16-24 hrs)

Date

POD 3 38/47/40 417 1.90 - 209 2.795 (48-72 hrs)
POD 5 74/38/37 497 226-249  3072(4-7ds)
POD 7 36/37/47 400 182 - 200 3532 (7-14ds)
PCD 9 5.5/86/70 7.03 320 - 352 3532 (7-14ds)
PODi4  11.1/9.8/9.3 10.01 455 - 5.01 3.624 (14 -21 ds)

*Ref ratio; GM Higgins, RM Anderson. Restoration of the liver
of the white rat following partial surgical removal.Chicago, Am Med
Assoc, Archives Pathol 1931, pp 191-195(ref 9)
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Table 4. Analysis of proliferating components

Date Ovalw cell proliferation__ Numbers
size (um)”~ ratio(%)“  luminal ductule
POD 1 5.0/69/43 340 4.89+1.90
POD 3 3.8/4.7/40 417 10674417
POD 5 7413.8/3.7 497 5.89+2.93
POD 7 3.6/3.7/4.7 400 5.3342.92%
POD 9 5.5/8.6/7.0 7.03 51123767
PODI14 11.1/9.8/9.3 10.01 1.33:0.87°

numerical scores are Mean+SD

unit area(AO, x400); 2826 pm’
"725<0.05(repeated measured ANOVA test)

*3 %

p<0.05(paired t test)

Fig. 1 Oval cell proliferation with ductular differentiation
with lobular expansion at POD 5th day (H-E, x200).
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Table 5 Basophilic small hepatocyte scores
Date Basophilic Cell Mean+SD
POD 1 G/0/0 0/0/0 0/0/0 0.0+0.0
POD 3 0/0/Q 0/0/0 010/0 0.0+00
POD 5 0/0/0 1/0/1 07170 03205
POD 7 1211 1212 20416 2321.7°
POD 9 6/12/12 6/15/15 12/9/12 11.0+_3,4_':’
POD 14 &/9/9 6/9/8 &/8/6 79112

"70<0.05 (paired t test)

odA A AEe] FHe] 7 WA AL Fe
A E F23 G99 AT st zone 2904 Tl
Az} ot AL Holv bl ME7t A HE
=2 e 4= Gl AlEe} o]gshe 27 ¢l
o] =g o= EAlstlon 1 A= FE zone 394
E3] #&E=JATHTable 5).

Fig 2. Transition to small basophilic hepatocytes from oval
cell proliferation in the peripheral zone and propagation of

pericentral confluent cellular masses at POD 9th day (H-E,

- 13 -

x200).
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Table 6. Frequency of extramedullary hematopoiesis

Date Foci of cluster/10 MPF Mean+SD*
POD 1 0/0/0, 0/0/0, 0/0/0 0.0+ 0.0
POD 3 172/1, 1/1/2, 12/10/8 42+ 45
PCD 5 11/42 9/413 41410 6.8+ 43
POD 7 25121023 33/35/53  34/52/44 378134
POD 9 2212027 36/17118  13/12/20 208+ 7.1
POD 14 71518 2514713 20/10/18 1332 656

*p<0.05 (repeated measured ANOVA test)

Fig 3. Clusters of hematopoietic cells in peripheral area of
OV cell proliferation in liver parenchyme at POD 5th day
(H-E. Lt; x100, Rt; x400).

2) BrdU incorporation=} mitotic activity
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Table 7. Incorporation of BrdU and mitotic activity
(Mean=SD)

Mitotic activity BrdU incoperation
zone 1  zone2 zome | zone 2°
POD 1 23424 01203 247222 03405
POD 3 74431 16+#10 628£154 64237 p<005
POD 5 92£28 3825  58.6£28.7 11.74#6.5
POD 7 142+£70 34427 4831166 127:44 p<0.05
POD 9 98+19 40+24  337£11.3 236264
POD 14 42z1.1 3.1£2.5 102+ 31 4.7+1.3

*]%)

S

P value

p<0.05 (repeated measured ANOVA test)
§ correlation test (Sperman coefficiency)
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Fig 4. BrdU uptake with numerous positive nuclei in OV cell
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proliferative zone with scatttered signals in peripheral area at
POD 9th day (ABC method, anti BrdU incorperation).
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Fig 5. Ultrastructural features of oval cells with ductular
differentiation, and with merging into hepatocytic cells at
POD 9th day (x15,000).
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Table 8. Ultrastructural analysis of periportal component cells

Cell vpe  Cellular fearures Note

Tvpe | Tvpical OV cell with biflary cell Teatures Predominant in aii stage
Tipe 2 OV cell with neparocytic transitional fearures  Increased in iate stage
Tvpe 3 OV cell with undifferentiated feature Snarce in early stage
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