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Bone Marrow as a Potential 
Source of Hepatic Oval Cells 

B. E. p e t e r s e n , " "  W. C. B o w e n , "  K. D. P a t r e n e , '  W. M. Mars , '  
A. K. ~ u l l i v a n , ~ ?  N. M ~ r a s e , ~  S. S. ~ o g g s , '  J. S. G r e e n b e r g e r , '  

J. P.  off' 

Bone marrow stem cells develop into hematopoietic and mesenchymal lineages 
but have not been known t o  participate in production of hepatocytes, biliary 
cells, or oval cells during liver regeneration. Cross-sex or cross-strain bone 
marrow and whole liver transplantation were used t o  trace the origin of the 
repopulating liver cells. Transplanted rats were treated with 2-acetylaminoflu- 
orene, t o  block hepatocyte proliferation, and then hepatic injury, t o  induce oval 
cell proliferation. Markers for Y chromosome, dipeptidyl peptidase IV enzyme, 
and L21-6 antigen were used t o  identify liver cells of bone marrow origin. From 
these cells, a proportion of the regenerated hepatic cells were shown t o  be 
donor-derived. Thus, a stem cell associated with the bone marrow has epithelial 
cell lineage capability. 

Hepatic oval cells proliferate under certain 
conditions, mainly when hepatocytes are pre- 
vented from proliferating in response to liver 
damage, and may be stem cells for hepato- 
cytes and bile duct cells or the intermediate 
progeny of a hepatic stem cell. Oval cells 
may originate either from cells present in the 
canals of Herring (I) or from blastlike cells 
located next to bile ducts (2). Oval cells have 
been shown to proliferate in certain patholog- 
ical conditions, in which hepatocyte prolifer- 

ation is inhibited before severe hepatic injury. 
In experimental models, hepatocyte prolifera- 
tion is suppressed by exposure of the animal to 
2-acetylaminofluorene (2-AM), and hepatic 
injury can be induced by partial hepatectollly or 
by administration of carbon tetrachloride 
(CC1,) (3, 4). Oval cells express CD34, Thy- 1, 
and c-kit mRNAs and proteins (5-7) and flt-3 
receptor mRNA (8), all of which are also found 
in hematopoietic stem cells (HSC). 

We tested the hypothesis that oval cells 
and other liver cells may arise fronl a cell 

to frame, producing smooth apparent rotation whose population originating in, or associated with, 
direction was unambiguous. Average luminance of the 'Department of  Pathology, 'Department of Radiation 
display was 24.5 cd/m2. For the stereoscopic experi- Oncology, 3Division of Transplant Pathology, Depart- the bone (BM)' This hypothesis was 
ment involving presentation of two windmill arrays, ment of Pathology, School of  Medicine, University of tested by three approaches: (i) bone marrow 
each array consisted of 324 windmills within a 5.8" by Pittsburgh, Pittsburgh, PA 15261. USA. 4Department of transplantation (BMTx) from lllale rats into 
5.8" square. Each array contained two virtual "figure" Hematology/Oncology, McCill University, Quebec H3A lethally ilradiated syngeneic females alld de- 
regions, each 1.9" (horizontal) by 1.3" (veitical) on a 2T5, Canada. 
side, located immediately above and below a small, tection of donor cells in the recipients by 
central fixation mark. Crossed disparity was introduced be addressed. E- means of DNA probes to the Y chromosome 
into the upper pair of figures or the lower pair of figures mail: bryon+@pitt.edu 
by shifting the corresponding "figure" regions 1 wind- tPresent address: Department of  Oncology, King Sry region; (ii) BMTx from dipeptidyl pepti- 
mill diameter to the left in one eye and 1 diameter to Faisal Specialist Hospital and Research Centre, Post dase IV-positive (DPPIVt) male rats into 
the right in the other eye; this produced an effective Office Box 3354, Riyadh, Kingdom of Saudi Arabia. D P P I V  syngeneic females and detection of 
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DPPIV-expressing cells in the recipient ani- 
mals; and (iii) whole liver transplantation 
(WLTx) with Lewis rats that express the 
L2 1-6 antigen as recipients and Brown-Nor- 
way rats that do not express this antigen as 
allogeneic donors (9) to confirm that an ex- 
trahepatic source (L2 1 -6+ cells) could repop- 
ulate the transplanted (L2 1-6- cells) liver. In 
conjunction with these approaches, the 
2-AAF-CCI, protocol (4, 5) was used to 
induce oval cell activation and proliferation. 
In situ hybridization, polymerase chain reac- 
tion (PCR), and irnmunocytochemistry were 
used to distinguish donor cells from recipient 
cells. 

Female rats were lethally irradiated and 
rescued with a BM transplant from a male 
animal. Nucleated blood cells of the trans- 
planted animals were tested by PCR to estab- 
lish that the BMTx was successful (10). En- 
grafted females were then placed on the oval 
cell protocol (4,5). Both Thy-l+ and Thy-1- 
cell populations of nonparenchymal cells 
(NPC) from days 9 and 13 after hepatic injury 
were positive for the Y chromosome PCR 
product (Fig. 1). The strong signal from the 
Thy-1- fraction was probably due to donor 
hematopoietic cells that are in the NPC pop- 
ulation and Thy-1 - but are positive for the Y 
chromosome. The day 9 hepatocyte fraction 
had no Y chromosome signal, but by day 13 a 
signal from the hepatocyte fraction was de- 
tected. At this time, the oval cells are begin- 
ning to differentiate into hepatocytes (1). If 
all oval cells that differentiate into hepato- 
cytes were derived from the liver, then one 
would expect that none of the hepatocytes 
'tested would be positive for the Y chromo- 
some. The finding that some hepatocytes 
were Y chromosome-positive suggests that 
they were derived from the BM donor cells. 
The combined data suggest that at day 9 the 

Fig. 1. PCR analyses of DNA from female rats 
transplanted with BM from male donor rats. 
Primers for the sry gene were used (10). sry 
expression is seen in hepatocytes at day 13 
after the 2-AAF-CCI, protocol from donor-de- 
rived cells. No expression is seen in females. 
The data presented are representative of four 
independent experiments. MW STD, molecular 
weight standard; D-9, day 9; D-13, day 13. 
P-actin was used as control. 

oval cells (Thy-1+) (5) in the recipient fe- mosome sry gene on frozen sections (11). 
male are derived from the donor male and Hepatocytes carrying a positive reaction 
that they continue to differentiate into mature product (blue staining) in the nuclei were 
hepatocytes by day 13. seen in untreated control male rats (Fig. 2A). 

To confirm the PCR results, we per- In agreement with the results obtained by 
formed in situ hybridization for the Y chro- PCR analyses of the isolated hepatocyte frac- 

1 (negai i  control). scale 
bar, 15 Fm. 

2-AAF-CCLA protocol No DPPIV+ hepatocytes were observed; an occasional DPPIV+ hematopoietic cell 
was seen (ahowhead). (H) ~mmunofluor&cent staining of mature hepatocytes, after transplantation 
and 2-AAF-CCL, protocol Three markers were used: DPPIV-Texas Red. H4-AMCA (stains the cytoplasm 
of mature hepa?ocytes), and C-CAM-FITC (a hepatocyte-specific c e ~  adhesion molecule). In the bile 
canalicular region, the blue cells (H4 positive), which are also are positive for both DPPlV and C-CAM, 
appear yellow. Scale ban, 60 F m  (F) and 30 p m  (H). 
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tion, cells with positive signal (Y chromosome) 
were detected in oval cells of females subjected 
to BMTx and 2-AAF-CCl4 at both days 9 (Fig. 
2B) and 13 and hepatocytes at day 13 (Fig. 2C). 
No signal was detected in the liver of an un
treated control female (Fig. 2D). In 100 random 
fields, about 0.14% of the total hepatocytes 
were positive for the Y chromosome. There
fore, about 9.9 X 105 hepatocytes originated 
from transplanted BM cells on day 13 after 
hepatic injury. In addition, the proportion of 
Thy-1+ oval cells expressing the Y marker was 
about 0.1% (12). 

In an independent approach, BM cells 
from DPPIV+ F-344 male rats were injected 
into lethally irradiated DPPIV" F-344 fe
males, and the recipients were treated with 
the 2-AAF-CCl4 protocol. This constituted a 
system in which the presence of cells origi
nating from donor cells in the recipient liver 
could be easily detected, by revealing cyto-
chemically the activity of the enzyme DPPIV 
(Fig. 3). A diffuse red to red-orange staining 
of the bile canalicular site between hepato
cytes (13) was observed in the DPPIV+ 

F-344 male rats (Fig. 3A). The control un
treated DPPIV- females showed no staining 
(Fig. 3B). DPPIV expression was observed in 
a number of bile canalicular sites between 
hepatocytes from several different transplant
ed animals (Fig. 3, C to F). DPPIV expres
sion was also observed on oval cells and 
transitional (small hepatocyte) cells in the 
liver from these rats (Fig. 3, D and E). Out of 
250 random fields, about 0.16% of the hepa
tocytes were positive for DPPIV. Therefore, 
about 1.0 X 106 hepatocytes originated from 
transplanted BM cells by day 13 after hepatic 
injury (12). In control DDPIV- females, no 
DPPIV+ hepatocytes were observed after 
BMTx but before 2-AAF-CCl4 (Fig. 3G). To 
demonstrate that the donor-derived hepato
cytes were mature, we performed three-color 
immunofluorescence. DPPIV+ hepatocytes 
also stained positive for the mature hepato-
cyte-specific markers, H4 and C-CAM (Fig. 
3H) (14). This result shows definitively that 
the cells are mature hepatocytes (H4- and 
C-CAM-positive) that have been integrated 
into the parenchyma and are carrying the 
transplant marker (DPPIV+). 

Our final approach to examine extrahepatic 
cells repopulating the liver was WLTx. Lewis 
rats that express the major histocompatibility 
complex class IIL21-6 isozyme were recipients 
of liver from Brown-Norway rats that do not 
express L21-6 (15). A monoclonal antibody to 
L21-6 differentiated donor from recipient cells. 
Oval cells that originated from an extrahepatic 
source would be L21-6-positive, whereas those 
originating in situ would be negative. Brown-
Norway rat livers transplanted into Lewis rats 
after the 2-AAF-CCl4 protocol show a wide
spread staining of L21-6 in the transplanted 
Brown-Norway livers, a result of the influx of 

Lewis immune cells reacting to the allogeneic 
Brown-Norway liver. Ductal structures also 
contained L21-6-positive cells in a partem of
ten seen in the organization and differentiation 
of actively proliferating oval cells (16, 17), 
indicating that some oval cells were derived 
from an extrahepatic source and others, L21-6-
negative, were derived in situ from the donor 
liver (18). 

Under specific physio-pathological condi
tions, oval cells can differentiate into the two 
types of epithelial cells present in the liver: 
ductular cells and hepatocytes (1, 16, 17). 
Oval cells may have a role in the genesis of 
chemically induced hepatocellular carcino
mas, but they also have a potential use in the 
therapy of acute liver failure syndromes. 
Oval cell precursors are thought to be located 
either in the canals of Herring or next to the 
bile ducts (1, 2). Ductal epithelium is re
quired for oval cell proliferation (19), indi
cating that either it is the source of the pre
cursors or it acts in a supportive or inductive 
role. Oval cells have some phenotypic traits 
that are typical of BM stem cells (5-8). The 
liver harbors many hematopoietic cell types, 
including HSC (20), and if oval cells could 
originate from either BM-derived cells or 
self-replication, one would expect to see a 
subpopulation of negative oval cells from 
resident cells in the liver of Brown-Norway 
rats, as well as a population of positive cells 
originating from cells that migrated into the 
liver from the L21-6-positive host. Our 
Brown-Norway into Lewis liver transplant 
data support this hypothesis (18). 

Our data lend credence to the possibility 
that a cell associated with the BM may act, 
under certain physio-pathological conditions, 
as the progenitor of several types of liver 
cells. The limits and biological importance of 
these BM-derived cells need to be assessed; 
the BM-derived cells add to the growing 
body of evidence suggesting that cells in the 
adult organism have a remarkable degree of 
plasticity (21-23). 
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