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The Facultative Stem Cell:
A New Star in Liver Pathology
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Although the unlimited capacity of hepatocytes to
divide has been recently proven, more and more
evidences support the existence of a primitive stem
cell compartment in the liver. These cells probably
do not participate in the usual maintenance of the
liver mass, but they are activated in case of exten-
sive hepatocyte injury. In vivo the oval cells show
deep similarity to the primitive cells of the embry-
onic liver and seem to be the amplification com-
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partment of the hepatic stem cells. A primitive
epithelial cell population can be isolated from the
normal liver and maintained in vitro. Studies of
these two experimental systems provide most of
the data about liver stem cells, which may become
important for the clinical practice if we understand
how their growth is regulated. (Pathology Oncology
Research Vol 1, Nol, 23-26, 1995)

Hepatocytes are highly differentiated cells, yet they are
able to divide and maintain the liver volume within physi-
ological limits. Their unlimited capacity to proliferate was
proved recently in a very elegant experiment using trans-
genic mice.™ Since hepatocytes are very vulnerable to
virus infections and to scveral chemicals due to their high
metiabalic activity. the existence of a second back up sys-
tem. which could regenerate the liver in case of extended
parenchymal damage was hypothesized.

The first indications about the presence of a primitive
cpithelial cell population in the liver came from carcinoge-
nesis studies. Farber' described in 1956 the proliferation
of oval nucleated epithelial cells in rat liver following
treatment with different carcinogens. The oval cells were
later obscrved in most of the chemically'' and even virally
induced hepatocarcinogenesis models.” Their origin and
importance in hepatocarcinogenesis has been the subject
of an intensive discussion which has not reached a final
conclusion cven to day.”

The ovai cells have been regarded by some authors as
proliferating bile duct cells, based mostly on phenotypic
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criteria such as morphological appearance. GGT expres-
sion and similar isozyme profiles.” Further studices describ-
cd that the oval cells produced alpha fetoprotein (Fig. /) and
albumin.® proteins not expressed in normal or even in the
proliferating bile duct cells. Sirica et al™ could clearly
distinguish oval cells. intrahepatic biliary cells and hyper-
plastic bile ductular cells from each other based on pheno-
typic markers. Factor et al” compared thoroughly the ultra-
structural morphology of oval cells in a Dipin induced
hepatocarcinogencesis experiment with that of proliferating
bile duct cells following bile duct ligation and found well
defined differences between them.

The expression pattern similarity between the oval cells
and hepatoblasts - the cells which build up the embryonic
liver, however is striking. Both cell types express GGT.
similar isozymes. albumin and alpha fetoprotein. Keratin
14 is usually found in squamous epithelium but not in any
cell population of the normal adult liver, yet, it was de-
monstiated being present in 12 day old ral embiyo livers'
and being transiently expressed in a subpopulation of the
oval cells as well.” Considering this phenotypic similarity.
it 15 not surprising that both cell types express the same
battery of liver enriched transcription factors™ (Fig.2).
Hepatoblasts are at least bipotential cells. During the
embryonic development of the liver those cells which
surround the branches of the portal veins will form the
ductal plate. and eventually the bile ducts. while the rest



24 NAGY

Figure 1. Alpha fetoprotein expression in oval cells, induced by
the AAFIPH protocol.™ (Iu situ hybridization 1000x magii-
fication)

will differentiate into hepatocytes.™ Germaine et al'* postu-
lated, basced on results obtained using a battery of polyva-
lent and monoclonal antibodies, that upto embryonic day
12 near 90% of the cells in the rat liver diverticulum were
bipotential progenitor cells. Although, the number of these
cells gradually decreased with age, a small population was
still present in the normal adult rat liver. The above de-
scribed similarities between hepajoblasts and oval cells
lead to the suggeston that the oval cells may be the pro-
geny and the so called "amplification compartment”™ of
the progenitor cells which survive in the adult liver. These
may function as facultative stem cells. They are called
facultative, because they participate in liver regeneration
only if the hepatocytes are compromised due fo some
cellular injury."

There are controversies about the fate of the oval cells.
Inaoka'’ observed the morphological transformation of

Figure 2. C/EBP beta (member of the liver cenriched tran-
scriptional factors) expression in oval cells, induced by the
AAF/PH protocol.™ (Dr situ hybridization 1000x  maguifi-
cation)

oval cells into hepatocytes during butter yellow induced
hepatocarcinogenesis. Tatematsu et al™ doubted these
results which conflicted with his own observations in an
AAF induced oval cell proliferation model. However,
when carlier timepoints were studied by Evarts et al” in the
same experimental setup, the transfer of radioactive thy-
midine from the labeled oval cells to the hepatocytes was
observed proving a “precursor/product” relationship be-
tween them. Lemire et al™ demonstrated the continuity
between oval cells and hepatocytes after galactosamine
induced liver damage. Although, the differentiation ol
oval cells into bile duct cells has not been proven formally.
it has been assumed 1o be the case. Tatematsu et al™ de-
scribed the transtformation of oval cells into metaplastic
intestinal glands in the liver confirming their multipoten-
tial capacity. Morphologically and functionally complete
hepatocytes are formed in the pancreas after copper defici-
ency™ (in this case the uppearance of the hepatocytes is
preceded by oval cell proliferation in the pancreas) and
pancreatic metaplasia can occur in the liver.'" These phe-
nomenons can be explained by the presence of a multipo-
tential stem cell compartment in these organs. These stem-
cells, like the primitive endodermal cells of the midgut
during ontogenesis, are able to differentiate into several
different cell types.

In vitro experimental data also support the hypothesis that
a primitive multipotential cell population exists in the liver.
Williams ¢t al™ isolated undifferentiated epithelial cells
from rat liver. Several laboratorics have cstablished similar
cell lines from adult or newhorn rat livers, these are usually
called rat liver epithelial (RLE) cells. After the transforma-
tion of the RLE cells Tsao et al*” observed different kinds of
tmors, including tumors that resembled differentiated
hepatocellular carcinomas. TGE-beta treatment of RLE cells
induced the appearance of hepatocytic traits (albumin,
AFP).™" Another study described similar changes after so-
dium butyrate treatment.”' Fausto et al'' using the sandwich
technology, were able to influence hepatocytic or bile duct
directed differentiation of their RLE cells by changing the
growth lactor composition ol the feeding layer (personal
communication). The most convincing data about the stem
cell potential of these RLE cells were provided by Coleman
et al® who injected beta-galactosidase labeled RLE cells into
rat liver and in this natural environment they were incorpo-
rated into the liver plate and differentiated into morphologi-
cally mature hepatocytes.

Where do these stem cells reside in the liver? Since we
do not know any specific marker of these cells it is very
ditficult to identify them. Indirect evidence show that they
harbor somewhere in the periportal region of the liver
lobule. They are either among the cells of the Hering canal
or form an undescribed periductal cell population.™ Mar-
ceau™ using phenotypic markers, localized bipotential
precursor cells in a region that corresponds to the border-
line between the biliary ductule epithelial cells and the
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hepatocyte plate. The oval cells. the presumed progeny ol
these stem cells always appear first periportally and invade
in the centrilobular direction. Lemire and Fausto.™ assu-
ming that the 2.1 Kb alpha fetoprotein (AFP) messenger
RNA can be a potential marker of the stem cells. used an
ALP probe for in situ hybridization and found the signal in
the periportal region in rat liver.

Arber et ul' introduced the notion of “streaming liver”,
According to this idea, the liver acinus is Kinetically simi-
lar 1o the intestinal crypt villus system. and the hepato-
cytes in the periportal zone correspond to the stem celis
and as they move from the portal zone toward the terminal
hepatic vein, they cross the three acinar zones, cach of
them representing a differentiation stage. Although this
hypothesis is challenging. it contlicts with previous obser-
vations and was recently definitely relused based on cell
lineage studies using retroviral markers.” On the other
hand more and more data support that there exists a facul-
tative stem cell population in the liver. Studying these
cells is not only interesting for understanding basic biolo-
gical processes but they may likely o be active partici-
pants in pathologicul processes ol the liver.

Although. all the data described above derive from
animal studies recent evidences indicate a similar silu-
ation in human liver. Shah et al,”"** during the ontogenesis
of the human liver, described the differentiation of hepato-
blusts to hepatocytes and bile ducts after the formation of
ductal plates. and found that in humans it happens in the
same ways as in rats. Similarly, oval cell proliferation has
been described in human livers in more and more cases
following viral or chemical injury,™'™** This fact gives
further clinical importance of the quest for the liver stem
cell. These progenitor cells are probably less vulnerable
thun the hepatocytes to harmful agents due to their low. or
not detected. phuse T and high phase Il activities which
favour detoxification over activation of hepatotoxic che-
micals.”>*" A better understanding of the factors regulating
the activation and expansion of this cell compartment may
form the basis for a completely new approuch to the treat-
ment of several liver diseases. The restoration of the da-
maged liver parenchyme from the stem cells would be a
attractive alternative to liver transplantation. Furthermore.
the isolated and transtected stem cells would be an ideal
vector for gene transfer into the liver 1o correct genetic
metabolic discases.

References

I Arber N Zajicek G and Ariel 12 The streaming liver [ Hepato-
ovle lite story. Liver 8:80-820 [USS.

20 Azerman K:The stem eells of the liver -
Cancer Res Clin Oncol 118:87-115, 1992,

3. Bisgaard HC Nagy P Ton Pl Hie Z and Thorgeirsson 55:
Modulation of keratin 14 and  Alfa-Fetoprotcin expression
during hepatic oval cell proliteration and Tiver regeneration.
Cell Physiology 1539:475-484 1994,

a selective review. )

Vol I, Nol. 1993

‘A

6.

~

9.

16.

19.

20.

Blouin R, Blowin M, Roval [ Grenier A, Roop DR, Loranger A
and Marcean N: Cytokeratin 14 expression in rat liver cells in
culture and localization in vivo. Differentiation 32:45-34, 1992,
Braler MP. Brancherean S, Brechor Choand Ferre N2 Cell
lineuge study in the liver using retroviral mediated gene truns-
ler. Bvidence against the streaming of hepatocyles in normal
liver. Am I Pathol [44:896-905. 1994,

Coleman WB, Wennerberg AE. Smith GT and Grishan JW:
Regulation of the diftferentiation of diploid and some ancup-
toid rat liver epithelial (stem like) cells by the hepatic microen-
vironment. Am J Pathol 142:1373 1382, 1993,

Lyvarts RP Nagy P Marsden I and Thorgeirsson 885: A precur-
sor-product relationship exists between oval cells and hepato-
eytes inratliver. Carcinogenesis 8:1737- 1740, 1987,

Lvarts RP Negy P Marsden E and Thorgeirsson §S: In situ
hybridization studies on expression ol albumin and alfa-feto-
protein during the carly stage of ncoplastic transformation in
rat liver. Cancer Res 47:5409-5475, 1987,

Factor VM, Radaeva SA and Thorgeirsson S5: Origin and fate
ol oval cells in Dipin induced hepatocarcinogenesis in the
mousc. Am J Pathol 145:409-422, 1994,

Farber [
changes mduced in the liver of the rat by ethionine, 2-acetyla-

Imilarities in the sequence of carly histological
minofluorene.  and 3 methyl-d-dimethylaminoazobenzene
Cancer Res 160 142-148. 1956.

Fausto N Thompson NL and Braun 1. Puritication and culture of
oval cells fromrat liver. Cell Separation Methods 4:45-77. 1987,
Gerber MA, Thung SN. Shen SS, Stromever #FW and Ishak KG:
Phenotypic characterization of hepatic proliferation. Antigenic

expression by proliferating epithelial cells in fetal hver. mas-
sive hepatic necrosis and nodular transformation of the liver,
At Pathol THO:70-74, 1983,

Germain L. Blownr MJ and Marcean N2 Biliary epithelial and
hepatocytic cell lineage relationships in embryonic rat liver as
determined hy the differential expression o cytoherating
Alfa-fetoprotein. albumin and cell surface exposed compo-
nents. Cancer Res 48: 49094918, 198K,

Crrisham JW: Cell types inlong term propagable cultures of rut
liverr Am NY Acad Sci 349:128-134, 1980,

Havaer NT. Brawn L. Yaswen P Brooks M oand Fausto N:
[sozyme proliles of oval cells. parenchymal cells and biliary
cells isolated by centrifugal clutriation from normal and pre-
neoplastic hivers. Cancer Res 44:332-338, 1984,

Hsia CC, Evarts RP Nakatsukasa N,
frvson S50 Oceurence of oval-type cells in hepatitis B virus
Hepatology

Marsden Eoand Thorge-

associated  human
16:1327-1333. 1992,
Incioka Y: Significance of the so-called oval cell proliferation dur-
ing azo-dyc hepatocarcinogenesis. GANN 58:355-366, 1967,
Lemive SM, Shiojivi N and Faisto N: Oval cell proliferation
and the origin of small hepatocytes in liver injury induced by
d-galactosamine. Am J Pathol 139:335-352, 1991

Lenive JM and Fawsio N: Multiple Alfa-fetoprotein RNA-s in
adult rat hiver. Cell type-specilic expression and differential
regulation. Cancer Res 51:4636-4664, 1991,

Cell lincage and differentiation programs in

hepatocurcinogenesis.

Marcean N:
epidermal. urothelial and hepatic tissues and their neoplasms.
Lab Invest 63:4-20. 1990,

Marceau N Blouin MJ, Germain L and Noel M: Role of dilfer-
ent epithelial cell types in liver ontogenesis. regencration and
neoplasia. In Vitro Cell Dev Biol 23:336-341. 1989,



26

1Y

28

29.

30.

i

NAGY

Mathis GA. Walls S5, D" Amico PoGengo 1F and Sivica AE:
Enzyme protile of rat bile ductular epithelial eells in reference
10 the resistance phenotype in hepatocurcinogenesis. Hepato-
logy 9:477-1485. 1989,

Nagy P Bisguard HC and Thorgeirsson SS: Expression of
hepatic transeription factors during liver development and oval
cell differenciation. J Cell Biol 126:223-233, 1994,

Nagy P Evarts RP MeMahon 1B and Thorgeirsson SS: Role
of TGP in normal ditferentiation and oncogenesis in rat
liver. Mol Carcinogenesis 2:345- 354, 1989,

Poren CS and Locffler M: Stem cells attributes, cycles, spi-
rals, pitfalls and uncertaintics. Lessons for and from the crypt.
Development [10:1001-1020. [990.

Reddy JK, Rao MS, Qureshi SA. Reddv MK, Scarpelli OG and
Labwani ND: Induction and origin of hepatocytes in rat pan-
creas. J Cell Biol 98:2080-2000), 1984,

Rhim JA, Sandgren EP. Degen JL, Pabmiter RD and Brinster
RL: Replacement of diseased mouse liver by hepatic cell
transplantation. Science 263:1149-1152, 1994,

Schirmacher P Rogler CE and Dienes HP: Current pathoge-
netic and molecular concepts i viral liver carcinogenesis,
Virchows Archiv B Cell Pathol 63:71-89. 1993,

Sehrenk D, Eisenmann-Tappe 1. Gebhardt R, Maver D. Mou-
elhi M I, Rolrdam E, Miinzel P and Bock KW: Drug metuabo-
lizing enzyme activities in rat liver epithelial cell lines, hepato-
cytes and bile duct Biochemical Pharmacol
F1:4751-1757. 1991

Sefl S0 1s therc a liver stem cell? Cancer Res 50:3811-3815.
1990.

Shah KD and Gerbeir MA: Development of intrahepatic bile
ducts in humans possible role of laminin. Arch Pathol Lab
Med 114:597-600, 1990,

cells.

‘d
[

34

‘o
‘A

4.

41

Shade KD and Gerber MA: Immunohistochemical study using
monoclonal CK  antibodies.  Arch  Pathol  Lab  Med
113:1135-1138. 1989,

Sivica AL, Mathis GA. Suno N and Elmore LW: Isolation.
culture and transplantation of intrahepatic biliary epithelial
cells and oval cells. Pathobiology 38:44-64, 1990,

Tatemarsu M, Ho RH, Kaku 1. Ekem JK and Farber L2 Swidies
on the proliferation and fate of oval cells in the liver of rats
treated with 2-acetylaminofluorene and partial hepatectomy.
A J Patho! FIH:A18-430, TO84.

Tatematsa M. Kaku 1. Medline A and Furber E: Intestinal
metaplasta as a common option of oval cells in relation to
cholangiofibrosis in liver of rats exposed 10 2-acetylamino-
fluorene. Lab Invest 52:354-362. 1985.

Thung SM: The development of proliferating ductular structures
inliver disease. Arch Pathol Lab Med 114:407-41 1. 1990,

Txao SM and Grisham JW: Hepatocarcinomas, cholangicarci-
nomas and hepatoblastomas produced by chemically trans-
formed cultured rat Pathol
120:168-181. 1987,

Uchida T und Peiers RL: The nature and origin of proliferating
bile ductules in aleoholic liver disease. Am I Clin Pathol
79:326-333. 1983,

Van Exken P Scior R and Desmer Ve Intrahepatic bile duct
development in the rat: a cytokeratin-immunohistochemical
study. Liab Invest 59:52-59. 1988,

Willicons GM. Weisburver EK and Weisbureger JH: Isolation
and long term culture of epithelial cells from the rat liver. Exp
Cell Res 69:106-112. 1971,

Wolf HK. Burclietie 1., Garcia 1A and Michalopoulos G
Exocrin pancreatic tissue in human liver: a metaplastic pro-
cess? AmJ Surg Pathol 14:590-595, 1990).

liver epitheliul cell. Am ]

PATHOLOGY ONCOLOGY REESEFARCH



