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Al though  the unl imited capacity of  hepatocytes  to 
divide has been recently proven,  more and more 
ev idences  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- 
s ive hepatocyte  injury. In r ive  the oval  cells s h o w  
deep similarity to the primitive cells of the embry- 
onic l iver and seem to be the ampli f icat ion com- 

Ker n'~,n/s. l iver, stem cell. oval cell carcinogenesis 

partment of the hepatic stem cells. A primit ive  
epithel ial  cell populat ion  can be isolated from the 
normal  liver and mainta ined in vitro. Studies  of  
these two experimental  sys tems provide  most  of  
the data about  liver stem cells, wh ich  m a y  become  
important  for the clinical practice if we  understand 
h o w  their growth is regulated. (Pa tho logy  O n c o l o g y  
Research Vol 1, No l, 23-26, 1995) 

Hepatocytcs are highly di ffcrenliated cells, yet they are 
able to divide and maintain lhe livcr w)lume within physi- 
ological limits. Their unlimited capacity to proliferate was 
proved recently in a \cry elegant experimcnt using trans- 
genie mice. > Since hcpatocytes are very vulnerablc [o 
virus infections and to several chemicals duc lo their high 
metabolic activity, the exislcncc of a second back up sys 
tern, which could regenerate lhe liver in case of exlended 
parenchymal damage was hypothesized. 

The first indications about the presence of a primitive 
epithelial cclI population in the livcr came from carcinogc 
nests studies. Farbcr t~' dcscribcd in 1056 the proliferation 
of oval nucleated epifllelial cells in rat liver follov,,ing 
lrealmenl v,,'ilh different careino-ens The ox, a] cells were 
later obscr\ ed in room of lhc chemically ~l and even virally 
induced hepatocarcinogenesis models, cs Their origin and 
importance in hepatocarciuogencsis has been the subject 
of an intensi\e discussion which has not reached u final 
COliClUNh~i~ CVCl] [() ( tJ .~.  2 

The oval cells have been regarded by some authors as 
pnfliferating bile ducl ceils, based moslly on phem)typic 
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criteria such as morphological appcurancc, GGT cxprcs- 
sit)n and similar isozymc profiles. > Further studics describ- 
ed that the oval cclls produced alpha fetoprotein (Fig.l) and 
albunlin, s protch]s not expressed in ilOl-il/al of cvci1 in the 
prolifcraling bile duct cells. Sirica el 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 ttl ~ compared thoroughly the uhra- 
structural morphoh)gy of  oval cells in a Dipin induced 
hepatocarcinogencsis experimenl with thai of ])roliferating 
bile duct cells tollowing bile dtlcl ligalion 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 fotlnd in gtltlanlolls epitlJelium but not in any 
cell population of the normal adult liver, yet. it was de- 
u~un>h-ab:d I;cing l;rc-,~_-iii h~ 12 day uM l~tt cmbiy~, l ibels '  
and being transiently expressed in a subpopulation of the 
oval cells us well. '  Considering this phcnotypic similarity, 
it is not surprising that both cell lypes express the same 
bauery of liver enriched Iranscriplion factors :~ (Fiq,.2). 
Hepatoblasts are u! least bipotcntial cells. During the 
embryonic development of the liver those cells which 
StUTotmd the branches of the portal ,~eins will form the 
duclal plate, and eventually the bile ducts, while the rest 

PATHOI,OGY ONCOI,()GY RIqSF, ARCH Vol 1. No l, 19~)5 



24 NAGY 

, . : ,2 ~ , , . . , . ~  , .  , , ~  ; a - ; ~ , - . ~ , . .  ~ .  

, ,a  R 

Figure 1. All,ha (etoprotein expressio~ in oval cells, imhtccd bl/ 
the AAF/PH protocol. (hi s#u hybrtdlzallopt lO00x mogltt 
ficatioH) 

will differentiate into hepatocytes. > Germainc el al Is postu 
lated, based on results obtained using a battery of polywl- 
lea! and monochmal antibodies, that upto embryonic day 
12 near 90% of the cells in the rat liver diverticulum were 
bipotential progenitor cells�9 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 hepatoblasts and oval cells 
lead to the suggestion that the oval cells may be the pro- 
geny and the so called "amplification co|apartment .... of 
the progenitor cells which survive in the aduh livcr. These 
may function as facultative stem cells. They are called 
facultalive, because they participate in liver regeneration 
only if the hepatocytes are compromised due to some 
cellular injury, la 

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

J 
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Figure 2. C/'EBP beta (member of the liver emiched tnut- 
scri?ti(mal fin tots) e.Vl,�9 ipl oval cells, imtuced by the 
AAF/'PH protocol. ~4 (IH situ hybridizatio~t lO00x magmft- 
c,#io~l) 

oval cells into hepatocytes during butter yellow induced 
hepatocarcinogenesis. Tatenmtsu et al '~ doubled these 
results which toni]toted with hi> own observations in an 
AAF induced oval cell proliferation model. However, 
when earlier timepoints were studied by Evarts ct al: in the 
same experimental setup, the transfer of radioactive thy- 
midinc froln the labeled oval cells to the hepatocytes was 
observed proving a "precursor/product" relationship be- 
tween them. Lcmirc ct al > demonstrated the continuity 
between oval cells and hepatocytcs allcr galactosamine 
induced liver damage. Although, the differentiation of 
oval cells into bile duct cells has not been proven formally. 
it has been assumed to be the case. Tatematsu et al '~ de- 
scribed fine translk)rmation of oval cells into metaplastic 
intestinal glands in the liver confirming their multipoten- 
tial capacity. Morphologically and functionally complete 
hepatocytes are formed m the pancreas after copper defici 
ency'" (in this case the appearance 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- 
tcntial stem cell compg, rtment 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 Ihe hypothesis thai 
at primitive multipotential cell population exists in the liver. 
Williams et al 4~> isolated undifferentiated epithelial cells 
from rat liver Several laboratories have established similar 
cell lines from adult or newborn rat livers, thcsc arc usually 
called rat liver epithelial (RLE) cells. After the transliwma- 
tion of the RLE cells Tsao el a l :  observed different kinds of 
tumors, including tumors that resembled differentiated 
hcpatocellular carcinomas. TGF-beta treatment of RLE cells 
induced the appearance of hcpatocyfic traits (albumin, 
AFP). :~ Another study described similar changes after so- 
dium butyrate treatment. :l Fausto el al j~ using the sandwich 
technology, were able to influence hepatocytic or bile duct 
dilvcted differentiation of their RLE cells by changing the 
growth faclor composition of the feeding layer (personal 
communication). The most convincing data about the stem 
cell potential of these RLE cells were provided by Coleinan 
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 difl)rentiated into morphologi- 
cally mature hepatocytes. 

Where do these stein cells reside in the liver? Since we 
do not know any specific marker of these cells it is very 
difficult to identify lhem. lndirecl evidence show that they 
harbor somewhere in the periportal region of the liver 
lobule. They are either alnong the cells of the Hering canal 
or forln an undescribed periductal cell population) ~) Mar- 
ceau >) using phenotypic markers, localized bipotential 
precursor cells in a region that corresponds to the border- 
line belween the biliary ductule epithelial cells and the 
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h e p a l o c } t e  plate .  The  oval  culls,  ibe p r e s u m e d  p r o g e n y  o f  

these stem cells a lways appear f i ls i  peiit~ortall 3 and invade 
in Ihc ccnt r ih lbu lar  d i rccl ion.  Leln i rc :.illd [-~" t SIc." aSStl- 
i1/i11< U Ih:.lt the 2.1 Kb all)ha [c lop lote in  (,,\FP)i11esseilgCi 
])x~'A CDI1 be a polenti',fl I l l~l lkel  o1: the  s t em cel ls ,  used LtI1 

A F P  p robe  for  in situ h y b r i d i z a t i o n  and  found  the  s ignal  in 

the pe r ipor t a l  r eg ion  in rat li\  or. 

A r b o r  et al ~ i n t r o d u c e d  the  no t ion  of  " s t r ca ln ing  l iver".  

A c c o r d i n g  lo ihis  idea,  thc l ivcr  ac inus  is k inc l i ca l lv  s imi-  

lar lo the inlcsfinal cryp~ vi l lus system and the hepato 
cy, tes in lhe per iporta l  zone correspond to the stem cells 
and ;.is they i l lo\ 'e  fi-oill the poi la l  zoi ic loward the tc imi l la l  
hepatic \e in .  they cross the ihrcc acinar zones, each o f  
t l lcm repioscnt ing a d i f feren i ia i ion slag0. A l though this 
hyl)othesis is chal lenging,  il conf l icts wi th  previous obscl- 
'>aliens and  was  r ecen t ly  de f in i t e l  5 re fused  based  on  cell  

l ineage  s tud ies  u s ing  r e t r o \ i r a l  n la ]kers .  5 OI1 the  o the r  

hand nlOFC and ine r t  data support lhat there exists a facul- 
ta l ivc s tem cell p o p u l a l i o n  in the  liver. S t u d y i n o  these  . z -  

ce l l s  is noi on ly  in l e re s l ing  for u n d e r s l a n d i n g  bas ic  b io lo -  

g ical  p r o c e s s e s  but  they may likely, I o b c  ac t ive  parl ie i -  
pants in pathological  processes o f  lhc liver. 

Althou<,h all ti~c dala d e s c r i b e d  a b o v e  de r ive  f l 'oi l i  
animal  stuclies recent  e ' , , idences indicate  a s imi lar  s i lu-  
aliOil  in ht i i l lan liver. Sl~ah et ai, 'i;-~ dur ing the ontogcnesis 
o f  the htli4;.in l iver, described the d i f fcrenl ia t ion of  hcpalo- 
blusts  to hep:. / tocyles ;.llld bi le  dtLc{s a[tCl the l'ol-nl;./tion o f  
ducial p]ales, and lound tllat in lmmans il hal'~pens in the 
sa111c \va}.s as in iats. Simi lar ly ,  oval cell pro l i ferat ion has 
heeil descr ibed in hl lMal l  l ivers m i i lore ;.iiid inoi-c cases 
i o l l o w i n g  viral or chemical  injury. I ' l~'~"~ This fact oive~ 
fur lhcr c l in ical  impor lance o f  the quest for ti~c l iver ,,loin 
cell. These progel l i t t l r  cells a.r0 plob,~ib]y ]css \.l.l l l lerable 
than the hepatocyles to harmful  agents due to fl~eh low, e l  
oil. de tec ted ,  p h a s e  ] and  h igh  phase  II ac t iv i t i e s  whic i l  

l a v o u r  d c t o x i f i c a t i o n  over ac t iva t i on  of  h e p a t o t o x i c  che-  

mica ls .  -~: -'' A better understanding o f  the factors rcgLilal ing 
the  ac t i ' , a t ion  {111(.1 e x p a n s i o n  o f  tiffs cell  COlllpLil[n]ell{ ill',ly 
I'OI'M the basis for  a COmlfletely new approach to the treal- 
nlci l l  el ~ ~t.'vei-;41 l iver  diseases. The ie,doral ion of  the da- 
Ill:_t,<~ed l i \ e r  | ; , a l cnchynlc  1:1(}111 ihe s tcnl  ccl ls  w o u M  b c a  
zittracl.ivc alterl~alive to l i \ 'er Ir~/ll<-;plalltatioll. l :t lrtheli l lC, lC, 

the isohlled and Ii-allslccted stelll cells v, ould bc :_ill ideal 
ree ler  for gone transfer intn the l iver io COlroot geneiie 
mciabo l ic  diseases. 
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