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Three types of liver cell dysplasia (LCD) in small 
cirrhotic nodules are distinguishable by karyometry 
and PCNA labelling, and their features resemble 
distinct grades of hepatocellular carcinoma 
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Summary. We have studied the occurrence and specific 
features of li\er cell dysplasia (LCD) in Chinese patients 
showing li\.er cirrhosis with or without hepatocellular 
carciiioina (HCC). Three types of LCD (SLCD, LLCDo. 
LLCDe) were rnorphologically defined. and these types 
were further analyzed using karyoinetry, estiniation of 
nucleic acid conteiit and deiisity, and PCNA iinmuiio- 
staiiiing. Features found for three types of LCD were 
coniparetl with those of normal hepatocytes (NLC). 
siinple regei~eratiiig hepatocytes (SRLC), and cells of 
HCCs covering different grades. The results show that 1 )  
Aaryoinetry arid nucleic acid parameters allow an 
objecti\,e separation of LCD types both from NLC aiid 
SRLC; 2 )  karyometric features of LLCDe are most cloile 
to those of tiighly differentiated HCCs. whereas nuclear 
size nnd chroin~itin composition of SLCD closely 1-etlect 
those of poorly differentiated HCCs: 3 )  the frequency of 
LCD cluster.; was higher i i i  cirrhotic livers carrying 
HCC. being about douhle for al1 three LCD types: 4)  the 
h i ~ h e s ~  PCNA labelling occurred in the small cell group 
of LCD (SLCD), still, however, beiiig smaller tlian that 
of simple i-egenerating hepatocytes. Based on these 
fiiidiiiys i t  i \  suggested that, similar tu atypical 
adenoinatous hyperplasia, LCDs of distinct inorphotypes 
riiay represent precursor lesions for HCC, aiid soine 
cellular forms niay mimick cell types known to occur i i i  

experiinental cai-cinogenesis. 

Key words: L i ~ e r  cell dysplasia, Cii-rhosis, Hepato- 
cellular carcinoma 

lntroduction 

Although cirrhosis of the liver i u  a inajor pre- 
disposing condition for the developrnent of hepato- 
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cellular carcinoriia (HCC), characteristic preneoplastic 
chaiiges have only partly been descrihed in humans 
(Okuda. 1986). They iiiclude liver cell dysplasia (LCD) 
(Aiithony, 1976; Serov and Beketoi'a, 1990), atypical 
adenoniatous hyperplasia (AAH), macroregeiierative 
nodules with bulging activity, and nodule-in-nodule 
lesions (Anthony et al.. 1973; Arahawa et al., 1986; 
Cohen and Bei-son. 1986; Roricalli et a l . ,  1986: 
Karhunen and Penttilii, 1987: Bermaii and McNeill. 
1988; Furuya ct al., 1988; Wada et al., 1988; Nakanuma 
et al.. 1989; Patersoii et al., 1989; Terada et al., I989a,b; 
Crawfo'cd, 1990; for reviews see Nakanuina et al., 1990. 
1993; Okuda, 1992). LCD was originally detected i i i  the 
liver of HBsAg-positive Ugrindan patients and 
einphasized as a preneoplastic change (Aiithony, 1976). 
bu1 several other studies arrived at controversial 
interpretations regarding the preneoplastic nature of 
LCD (Aiilhony. 1976; Akagi et al.. 1984: Roncalli et al.. 
1985; Chopra et al., 1987; Kovacs aiid Elek. 1987; 
Letkowitch iiiid Apfelbaum, 1987; Reid et al.. 1987: 
Matturri aiid Bauer, 1988; Watanahe et al.. 1988: Borzio 
et al.. 1991; Hytiroglou et a l . ;  1993).  In Western 
countries. the etiology of liver cirrhosis has not been 
cc~nclusi\ely shown to he of relevante for the presence 
of LCD (Ferrel et al., 1997: Theise et al., 1997), but 
LCD is i-elatively frequeiitly observed i n  hepatitis C 
virus (HCV) infection (Ferrel et al., 1992). Ttie question 
as to the precaiicerous significance of LCD as such is 
complicated by the facts that 1 )  LCD (and its subtypes) 
tias still not l'ully been defined. aiid 2) cellular atypias 
similar to LCD occur in large liver nodules teriiied 
atypical adenoniatous hyperplasia (AAH). an eiitity 
widely accepted to be a precancerous lesion (Nakanuinli 
et al.. 1993). However. iinmunohistochemical (Roiicalli 
et al.. 1985. 1986; Govindarajan et al . ,  1990) and 
morphometi.ic (Gianiiiiii et al., 1987; Roncalli et al., 
1988) studies support the view that foci of dysplastic 
hepritocytes may represeiit a cell population proiie to 
neoplastic evolution, and this sug_eestion has recently 
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been supported by the  f i n d i n g  o f  D N A  ploidy 
abnormalities in morphologically atypical hepatocytes 
(Zerbini et al.. 1992) and of aii abnorinal DNA content 
in LCD (Roncalli et al., 1989). 

In order to study LCD in detail, we performed a 
re t rospect ive  l ight microscopic .  karyornetric and 
iininunohistochemical investigation on biopsies of 
cirshotic livers with or without HCC, but without large 
nodules of the AAH type. The aim of the present study 
was fivefold: 1) to morphologically define different 
types of LCD; 2)  to characterize dysplastic hepatocytes 
of different categories by karyometry. nucleic acid 
content  and nucle ic  acid dens i ty :  3 )  to assess  
proliferative activity of dysplastic cells using PCNA 
stairiirig; 4) to compare these features of LCD with those 
of normal lobular hepatocytes and of hyperplastic, but 
not atypical hepatocytes of cirrhotic nodules: and 5 )  to 
test as to whether the features of distinct categories of 
LCD are similar to those which have been described in 
distinct grades of HCC and for atypical cells in AAH. 

Materials and rnethods 

Material for histology 

Biopsy and operation specimens of 36 Chinese  
patients with cirrhosis and HCC and of 6 6  Chinese 
patieiits with c i r rhosis  but withoiit H C C  were  
retrospectively analyzed. The selection criterion for 
these cases was the presence of LCD within cirrhotic 
nodules, and this was identified in a ser of 1748 liver 
biopsies observed between 1957 and 1988 in a Chinese 
centre (Tables 1 .  2 ) .  The material analyzed did not 
contain AAH (Nakanuma et al.. 1993). 

For conventional light microscopy. tissue samples 
were fixed in 10% formaldehyde solution, dehydrated 
and embedded in paraffin. Formalin fixation before 
embedding was less thai-i 30 hours throughout, which is 
iniportant for PCNA staining (see below). Sections were 
stained with haematoxylin 2nd eosin. 

Proliferating cell nuclear antigen (PCNA) immuno- 
staining was performed using the APAAP procedure. 
Tissue sections were deparaffinized and rehydi-ated 
(Tris-NaC1 buffer; 0.1% Tris and 1% NaCI. pH 7.4, 
Merck). The sections were then exposed to 3% BSA 
(Merck) in Tris-NaC1 buffer with O. 1 mllml normal 
horse  se rum and 0 . 1 %  NaN3 fo r  45  inin at room 
temperature .  Af te rwards ,  the  preparat ions  were  
incubated with a priinary mouse monoclonal aritibody 
directed against PCNA (DAKO-PCNA. PC 10) for 1 h. 
A dilution of 1 :50 in Tris-NaC1 buffer containing 0. 1 ?t 
NaN3 was used. Rabbit anti-mouse immunoglobulin 
( D A K O )  at a dilution of 1:30 and APAAP mouse 
rnoi~oclonal antibody (DAKO) at a dilution of 1 :50 were 
applied for 45  min each.  Following the respective 
incubations the sections were rinsed three times in Tris- 

NaCl buffer. All incubations were perfori-ried i i i  a 
huinidified environment at room temperature.  The 
alkaline phosphatase reaction was run for 20 min in New 
Fuchsin substrate solution, and the reaction was stopped 
by rinsing the sections in cold tap water. Finally, the 
sections were counterstained with haematoxylin (blerck) 
and mounted with Aquadex (Merck) .  The priniary 
antibody was substituted with normal rnouse seruin 
(DAKO) in protein coricentration of 0.06 mglinl Tris- 
NaCl buffer for negative control sections, and a11 other 
steps were perforined Por these preparations. As  a 
positive control an HCC preparation strurigly expressing 
PCNA was processed in parallel to each incubation step. 

Karyometric analyses 

5 pin-thick paired paraffin sections were produced 
and paral le ly  s ta ined (Pearse .  1985)  with eithei. 
haematoxylin-eosin or the Feulgen reagent utidei- strictly 
controlled conditions. Three parameters. ¡.e. nuclear area 
(NA). nucleic acid content (NAC), and the nucleic acid 
density (NAD) were estimated. NA, as defined here. is 
the  esti inated projected area  of a nuclear  s l ice  
represented in a section of 5 pm thickness. NAC is the 
microphototnetrically determined amourit of Frulgen- 
positive material within such a nuclear slice. NAD 
represents the calculated ratio NACINA. A total of 336 1 
cells (3016 hepatocytes arid 345 lymphocytes) wei-e 
analyzed for the 107 cases (Table 2 )  using a scanning 
microspectrophotoineter (SMP-03 OPTON, model 1986. 
Germany) with a rnonochromatic wavelength of 580 nni. 
x60 objective.  and x16 il luminating lens.  Using a 
standard step length of I pm, each nuclear pi-ofile was 
automat ical ly  scanned arid the tracked measuring 
positions summed up to NA. Similarly, and using the 
same step length, NAC per nucleus (in arbitrary uilits per 
nuclear profile) was estimated. Lymphocytes represented 
in the same sections were selected as reference ob.jects. 

Assessment of proliferative activ~ty of hepatocytes and 
tumor cells using PCNA staining 

PCNA (cyclin: Mathews et al., 1984: Celis and 
Celis, 1985; Kurki et al., 1986; Celis et al.. 1987: Hall 
and Woods, 1990) was assessed as previously described 
(Nakane et al., 1989; Hall et al.. 1990; Ottavio et al.. 
1990; Dervan et al.. 1992: Gelb et al.. 1993; Jankowski 
et al., 1992; Kawakita et al., 1992a.b; Kayailo et al.. 
1992; Koukoulis et a l . ,  1992; Linden et al., 1992; 
McCormick and Hall, 1992: Shivji et al., 1993; Shresta 
et al., 1992). In normal livers, only very few h e p a t o c p  
nuclei show iinmunohistochemical staining for PCNA. 
and most positive nuclei are foiind in the littoral cell 
population (Koukoulis et al., 1993). In the present study. 
the PC 10 monoclonal mouse anti-PCNA antibody \vas 
used (DAKO-PCNA PC 10) which has recently beeii 
shown to stain biopsies more reliably than 19.42 (Gelb et 
al., 1997). The tissue samples analyzed had been fixed in 
formalin for less than 30  hours which is importailt 
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because both the choice of fixative and the duration of 
fixation inay affect the accessibility of PCNAIcyclin 
antigen (Bravo and MacDoriald-Bravo. 1987: Galand 
and Degriief. 1989: García et al.. 1989; Francis et al.. 
1992: Gclb et al., 1992). 

With che APAAP method used ir1 the present study, 
niiclei that had reacted with the antibody were stained 
e i ther  pink o r  brightly red.  Thus .  even  thoiigh 
iminiirioreactivity was sharply defined (¡.e.. riuclear 
staii i ing on ly ) ,  i ts  interisity was not i iniform, as  
p r e ~ i o u s l y  reported (Koukoulis et al . ,  1992).  This 
heterogeneity of PCNA stuiriing has to be taken into 
account when identifying acceptably «positive>) nuclei i r i  
order to estimate a PCNA labelling index. Pink nuclei 
inay e i ther  represent nuclei  with incipient PCNA 
;iccuinulation or daughter nuclei still expressirig (diluted) 
PCNA after havirig traversed the last cell division cycle, 
as PCNA has itself a long half-life (Hall et al., 1990: Yu 
et al.. 1992). Therefore, nucleated hepatocytes and HCC 
cells were considered positive for PCNA orily if definite 
brightly red staining of the nucleus was ideritified. 
PCNA labelling was scored using a x40 objective and a 
x10 eyepiece, and sections were scanned to ideritify 
areas that were most evently and heavily labelled. but 
within these zories areas to be analyzed were randomly 
chosen. The extent of PCNA positivity u a s  evaluated by 
determining the percentage of positive riuclei present in 
iiucleated hepatocytes or tumor cells on a sirigle section. 
This percentage was expressed as the PCNA labelling 
indes. 

Statistical analysis 

The three parameters. NA, NAC and NAD. obtained 
with 3361 cells in 8 groups (Table 3) were analyzed with 
a U test in order to explore karyometric correlations 
between LCDs and HCCs.  39 ,9  12 PCNA-posi t ive  
lirpatocytes were counted in 102 cases of cirrhosis with 
or wi thout  HCC and  a l located to f o u r  types  of 
hepatocytes accordirig to criteria given below. and an 
unpaired t-test was employed to analyze the proliferative 
acti\ity among ihese foiir cell types. 

Results 

Morphological classification of LCD 

As a workirig fo rmula t ion .  dysplas t ic  and  re -  
generating hepatocytes were classified into four groups 
on the base of morphological features i r i  comparison 
w i ~ h  normal hepatocytes (NLC): 

1 ) Siinple regeneratirig l iver  cel ls lhepatocytes  
ISRLC). 

cirrhotic nodules ,  where they usually occurred in 
peripheral parts and were then ensily visualizeci due to 
nuclear crowding, but may form cell cords. as previously 
described (Weiribren et al.. 1985). 

2 )  Large liver cell dysplasia with riuclear hypo- 
chromasia (LLCDo: Fig. 1 ). 

These dysplastic hepatocytes were large cells with a 
large nucleus arid orie or se\,eral prominerit nucleoli 
(An~hony, 1976). Mean nuclear diameter was 14.5 pm. 
Th is  cel l  type frequerit ly showed  ari abundan t .  
eos inoph i l i c  o r  c lear  cy top lasm.  L L C D o  usual ly  
occun-ed in clusters and occupied a part of a nodule, but 
may form entire cirrhotic nodules (Fig. 2). 

3 )  Large IiL'er cell dysplasia with nuclear hyper- 
chromasia (LLCDe; Fig. 1). 

LLCDe had some features in commori with LLCDo, 
but i t  usually evhibited strongly eosinophilic cytoplasin 
anci rnarkedly polyrnorphous and hyperchromatic nuclei. 

SRLC were &aracterized as hepatocytes which were Fig. 1. Cirrhotic nodule showing a mixture of the three lypes of Iiver cell 

s m l i l l e r  t h a n  N L C ,  b u t  whose n u c l e a r  s i z e  was  dysplasia (LCD) as defined in the present study. The top right area o i  

apparently normal, The mriin difference between SRLC the nodule exhibits a cluster of srnall cells corresponding to SLCD The 
top left area consists of larger cel ls with nuclear hypochrornasia 

and NL.C. however, was the typical arrangement 0f the (LLCDO), whereas the bottorn area is occupied by large cells with 
forinei-: SRLC hnd a tendency to forin clusters within nuclear hyperchrornasia (LLCDe). H & E .  x 150 
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Mean nuclear diameter was 13.5 vm. ¡.e. n little smaller 
than in LLCDo.  In contrast  to LLCDo.  chromatin 
structure was coarse, and the nuclear- rneinbrnne was 
thick. LLCDe occurred in clusters o r  foi-ined eritire 
nodules (Fig. 2). 

4 )  Srnall li\,er cell dysplasia (SLCD: Watanube et al., 
1'188; Fig. 1). 

As coinpared to LLCD: both the cell size and the 
nuclear size were smaller (mear1 nuclear diameter: 10.1 
~ " 1 ) .  but in contrast  to SRLC.  the cytoplasm was 
basophilic and the nuclei were hyperchroinatic. Cells of 
SLCD in rnost instances located in periphcral parts of 
cirrhotic nodules, where they formed clusters. but they 
may also form eritire nodules (Fig. 2). 

SRLC. LLCDo, LLCDe and SLCD were foiind both 
in ciri-hotic livers with or without HCC. and the four 
types niay coexist within a sirigle cirrhotic iiodule. Based 
on the definitions given above. foci of SRLC. LLCDo: 
LLCDe and SLCD were found in cirrhotic livers without 
HCC with a frequency of 33.33%. I3.89%.. 2.78% aiid 
22.22% respectively. whereas their frequeiicies in livei-s 
n.itli HCC wcre 35.76%. 30.30%. 6.06%. aii<l 39.40%. 

i-cspectively (Tlibles 1. 3). 

Karyometric analysis 

The nurnber nf cells analy7ed for NLC. SRLC. LCD 
and for HCC are given in Table 3. As seen in Table 4. 
both LCD and HCC were different frnin SRLC both 
with regard to nuclear area arid nucleic acid disti-ibutiori. 
and this was fur ther  broken down foi- 1-CD in 
coiiiparisoii to SRLC in Table 5 .  Of the four type\ of 
hepatocytes, LLCDo cells had the largest nuclear ai-ea 
(3.5 times Iarger than SRLC), aiid also SLCD cells hrid a 
nuclear ¿irea ~ilrnost double that of SRLC. SLCD nuclei 
exhibited the highest nucleic acid density (NAD) aniong 
the f'o~rr cell types, being about twice that of SRLC, 
whereas the NAD ratio for the tw« types of lai-gc cell 
dysplasia in comparison to SRLC was close to iinity. 
With respect to  NAC, LLCDo. LLCDe and SLCD 
showed 3.3 to 3.5 times higher values than SRLC. 

The results indicate that karyometry and cstiniation of 
NAD and NAC allow an objective separation of thi-ce 
LCD types both from NLC and SRLC. whereas SRLC in 
ciri.hotic nodules  are  identifiable by theii- ~ p n t i a l  

Fig. 2. A. The majority of cells seen in this pear-shaped cirrhotic nodule rr 
third of the nodule. H & E. x 150. B. In contrast to A, rnost of the cells repi 
in the right top corner. H & E. x 150 

iorphologically correspond to SRLC. A cap of LLCDo is visualized in the top 
,esented in this nodule are LLCDe, and only a srnall cluster of SRLC is seen 
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~ii-i-ungement i i i  clusters. 
I i i  a fui-thci- step. pairs of the eight cell types arialyzed 

M.ere examined  for  a corre la t ion of ka ryomet r i c  
j~;waiiieteis (NA, NAD. NAC) using the U test. Based on 
ii calciilatcil U value uf > 1.96; cell types per given pair 
\vere diffei-etit (p< 0.05) with respect to either N A ,  NAD. 
oi- NAC. whereas U value < 1.96 means that two  
pai- tnei .~  of a pair  had the  saii-ie oi. very s imilar  
karyoriietric features. These correlations are listed in 
Table 6. I t  is seen that the highest d e ~ r e e  of ximilarity 
occurs betweeii LLCDe and tIighly diffeientiated HCC 
(hHCC! .  followed by the  pair. S L C D  and poorly 
diffeientiated HCC (pHCC). It thus appears that nuclei 
of pHCCs (as ba5ed on the Edmondcon-Steiner grading 
systcin) exhibit a sire and chromatin coniposition very 
close to thal of the nuclei of the small-cell proup of liver 

Table 1. Cases of liver cirrhosis or fibrosis associated with HCC. 

cell dysplasia. wheiens hHCCs reflect a karyoii-ietric 
patterri close to that of large dysplastic cells with 
hyperchromasia  of the nuclei .  These  karyometr ic  
~ i n a l y s e s  in an ob jec t ive  way conf i rm [he visunl 
iriiprcssions used in converitional gi-nciing of HCCs. in  
that prades 1 and 2 nccording to Edmondson and Stcinei- 
(Okuda and Ishak, 1987) corresponded to those lesions 
showing a high cytoplasni-to-nucleus ratio and largcr 
nucle i .  whereas  gradeh 3 and 4 showed inve i se  
relationships. 

PCNA staining 

In the pre4eiit \tudy, 47 6% ot  HCC nuclei u e r e  
PCNA-po4iti\e. The PCNA labelling indices (L l )  oí 
dycpla\t ic.  hyperpla\t ic and i<nornial» hepatocytes 

- -  - 

CASE HCC CIRRHOSIS LCDs 

Type Grade Type --- LLCDo LLCDe SLCD 

1 T SC 1 2  MI ++ ++ +++ 
2 P 2 FI +++ ++ + 
3 F 4 M A + ++ ++ 
4 T  P 2 3 MA +++ ++ +++ 
5 T  P Sc 1 2  MA + ++ +++ 
6 T 3 4 MI + ++ + 
7 P C Sa 3 4 MI + 
8 C 2 MA + ++ + 
9 Sa 4 FI + 

10 T 2 MI + ++ + 
11 T Sc 1 2  MI ++ 
12 P 2 3 MX ++ 
13 P 3 FI ++ 
14 C 2 3 FI + 
15 T 3 4 FI ++ + 
16 T 3 MI +++ ++ ++ 
17 T 2 MA +++ ++ ++ 
18 T Sc 3 4 MI + 
19 T 4 MI ++ 
20 C 2 3 MI + + 
21 Sc F 4 MI ++ ++ 
22 T 3 MI + +++ 
23 T C 2 3 MA ++ +++ 
24 T 2 MI ++ +++ 
25 T 2 MI + ++ + 
26 T 2 MI ++ 
27 T 2 MA ++ 
28 T 2 3 MI + + 
29 P 2 3 Fl + + 
30 C Sa 4 MI + +++ 
31 T 4 MA + + 
32 P Sa 4 MA + ++ 
33 T 3 4 MA ++ 
34 T 2 3 MI + 
35 T C 2 3 MA +++ +++ 
36 T 3 MI + 

TOTAL 23 8 7 5 2 4 3 20 18 12 6 14 22 31 11 18 1 

O ,  6 3 8 7 2 2 2 2  1949 1389 5 5 6  1111 8 33 55 56 50 O0 33 33 30 56 50 O0 2 78 16 67 3889 6111 8611 

HCC type (Nakashima and Kojiro, 1987) T trabecular (sinusoidal) type P pseudoglandular (acinar) type C Compact  (sol id)  type Sc,  sc i r rhous 
(sclerosing) type f fatty HCC HCC grade Grades 1-4 according to Edmonson and Steiner (1954) Cirrhosis/fibrosis MA, rnacronodular MI 
rnicronodular MX mixed nodular FI Iiver fibrosis LCDs Iiver cell dysplasia (see text) + LCD single cell or in cluster ++ LCD cells in cluster or 
ocupying part of cirrhotic nodule, +++, LCD cells form cirrhotic nodule 
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Table 2. Cases of liver cirrhosis or fibrosis without HCC 

CASE TYPE LLCDo LLCDe 

+ 

SLCD 

TOTAL 

Abbreviations: See Table 1 
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one exccption. With 3.7% the L1 of LLCDc was 3.6 
tirnes lower than that of LLCDe in the group with HCC. 
and was statistically different froni both SLCD and 
LLCDo. L1 of NLC in  the cirrhosis only group wris close 
to the respective value found in the group associated 
with HCC. 

Discussion 

Apart fioin overt HCC, cellular and structurnl ;itypias 
occur i n  a group of hepatocellular lesions currently 
discussed with respect to their precancerous 
significance. ¡.e. LCD (Anthony, 1976) and AAH. MRN 
type 11 (Nakanuina et al., 1993). The preneoplastic 
potential of LCD has been questioned (Watanabe et al., 
1988).  whereas that of AAH appears  to becoine 
established (Nakariunia et al., 1993). AAH is accepted to 
represent large. ¡.e. grossly visible lesions (Nakanuma et 
al . .  1990; Theise et a l . ,  1992).  In contrast ,  LCD 
frequently occurs i n  small c i rrhot ic  nodules not 
visualized by imagirig. and its evolution is not really 
kriown, even though sinall dysplastic foci niay coexist 
with HCC i n  other parts of the liver (Nieburgs et al.. 
1965; Furuya et al., 1988; Wada et al., 1988; Nakanuma 
et al.. 1990). 

Based on a combined approach we have shown that 
the visual irnpression of small regenerating hepatocytes 
(SRLC) being different even froin the category of LCD 
showing the srnallest cells (SLCD) is suppoited by 
karyornetry, in that SLCD cells exhibit a nuclear area 
almost double that of SRLC, their iiuclei show the 
hiphest NAD ainong the four cell types analyzed, and 
their NAD is about twice that of SRLC nuclei. SLCD 
cells were observed ir1 23% of cirrhotic livers without 
HCC. but were inore frequently noted in cirrhotic livers 
harbouring HCC (39%).  As the overall features of 
cirrhosis were fairly homogeneous for the two pi-oups 
with or without HCC, we do  not think that this 
differerice solely ief lects  a sanipling effect.  I n  
conipaiison with both SRLC and SLCD, large dysplastic 
cellc (LLCDo and LLCDe) are inore ensily detectable. 
Of the four types of non-normal hepatocytes, LLCDo 
cells showed the largest NA (3.5 tirnes larger than that of 
SRLC). LLCDo cells were noted in 13.8% of cirrhotic 
livers without HCC. but similar to SCLD. they were 
more frequeritly encountered in  cirrhosis associated with 
HCC. and the difference w;is more important (30.3% vs. 
13.8%). This observation is supported by previously 
published data froni South Africa (Paterson et al., 1989). 
In contrast to LLCDo, LLCDe cells appear to be much 
rai-er (3  to 6%). even though their frequency is also 
higher ir1 cases with HCC. 

These findings indicate that karyoinetry allows an 
objective separation of LCD froni NLC and SRLC, 
which has previously been suggested (Henmi et al., 
1985; Giannini et al., 1987; Matturri and Bauer, 1988: 
Nagato et al., 1991). In contrast to a forinei- study. 
howe\,er (Henmi et al., 1985). \ve do not agree that al1 
LCDs show riiarked increases in DNA conteiit. In fact, 

differences inay be related to geonietrical consti-aints 
(small \.s. large nuclear volumes) and. tliei-eforc. to 
variable chroinatin packing rather than to real 
differences in  overall DNA content. This is illustrated by 
a particularly hiph NAD in SCLD in comparisnn with 
LLCDo. Theoretically, one might assuine that sets of 
atypical cells cieviating from the n«rnial counterpai-t 
should form a inore or less continuous spectr~ini of 
anomalous phenotypes, ranging froin a normal type to 
the most severe atypia. Obviously, for LCD this seeiris 
~ io t  to be the case. The reason for the occurrencc oí' 
relati\,ely few inorphotypes is riot clear. but i t  was of 
interest to analyze this phenornenon i n  relation to 
cellular features of overt HCCs. 

The present correlative karyometric analysis shouctl 
that the highest degree cif similarity occurred between 
LLCDe and HCC of high differentiation (hHCC).  
followed by the pair. SLCD and HCC of low 
differentiation (pHCC). indicating ttiat nuclei of hHCCs 
exhibit a size and chroinatin coinposition very closc to 
that of the nuclei of large LCD with hyperchromiitic 
nuclei. whereas pHCCs reflect a knryonietric pattcrri 
very similar to that of the srnall-cell gioup of LCD. This 
relationship is of interest with respect to experimental 
hepatocarcinogenesis.  where preneoplastic foci 
consisting of large and glycogen-1-ich hepatocytes hn1.e 
been described (Bannasch. 1978; Schauei and Kunze, 
1978; Evaits et al.. 1990). The transformation into HCC 
appears to take place througli progressive loss oí' 
glycogen, and a population of smaller. basophilic cells 
ensues (Bannasch, 1968; Forget and Daoust. 1970: Hsia 
et al., 1997). associated with increased proliferntion 
activity (Scliauer and Kunze, 1978). Results of this type 
can only be compared with the huinan situation with 
caution (National Academy of' Sciences. 1980). but 
basoptiilic arid proliferative cells seeii in anirnnl 
experimentation reseriible SLCD. whereas LLCDo cell4 
with their clear cytoplasm may coriespond to the large 
cells observed within glycogen storage islands. and the 
eosinophilic LLCDe cells to so-called ;icidophilic cells. 
occurring i i i  experimental situations (Bannasch. 1978). 
the latter representing a transition forin within the 
sequence of glycogen loss. In contrast it has been noted 
that the widespread nature of large cell dysplasia niay 
weaken its status as a prenialignant lesion. but niay 
rather represent a marker of chronic liver injury (Cohen 
and Berson. 1986; Theise et al., 1992). Based on the 
differences in frequency between cases with and without 
HCC this view should be revised, and we were interesteci 
to test as to wtiether LCD types are, therefore. different 
with respect to proliferative activity. 

SLCD cells exhibited the highest PCNA labelling. 
but i t  was still sinaller than that of hyperplastic cells 
(SRLC) which showed a PCNA LI 8.8 tiines higher than 
that of NLC. I t  has been shown that DNA synthe4is 
potency in rioncancerous cirrhotic tissue li.oin patients 
with liver cirrhosis complicated by HCC is significantly 
higher than that i n  cirrhotic livers not associated with 
HCC, suggesting that HCC may develop in cirrhotic 
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patieiits with high DNA synthesis rate (Tarao et al., 
199 l .  1993). Moreover. flow cytornetrical analyses have 
shoun that DNA anomalies are niore frequent in LCD of 
high _orade thaii in low grade (Thomas et al., 1992). 
SLCD with its consistently higher PCNA Iabelling was 
riiore frequeiitly obser\,ed in cirrhosis associated with 
HCC in the pi-esent study. In contrast. labelling of 
LLCDo ancl LLCDe cells was lower, (8.9% and 9.9%. 
respecti\.cly). significantly dit'ferent froin SCLD. but not 
froin NLC. As has been eniphasized above. PCNA 
labelling may overestirnate the proliferative activity of 
cells (Cirishain, 1967: Galand and Degraef,  1989) .  
However, based on the fact that fixation of samples was 
hoinogeiieous throughout (Koukoulis et al., 1992) we 
assume that the niorphological and proliferative patterns 
seen with LCD may in sorne way miinick the e\,ents 
occui-ring i i i  experimental carcinogenesis, and that LCD, 
siinilar to AAH. rnay therefore represent a preneoplastic 
conipartment of hepatocytes. 

What is the relationship between LCD and AAH? In 
a recent study. the mean values of PCNA labelling of 
large regenerative nodules,  ordinary adenomatous 
hyprrplasia, atypical adenomatous hyperplasia, and 
adenoniatous hyperplasia containing caiicerous foci were 
1.9, 4.1. 6.3. and 9 . 6 9 .  respectively (Eguchi et al., 
1993). suggehting an increase of proliferative activity 
with i i icr ras ing a typ ia  and swi tch ing  t o  over t  
ri~alignaiicy. Should this reflect a systematic effect 
u i th in  the sequence of eveiits leading to neoplasia 
(Tbiida et al.. 1988: Kondo et al.. 1990; Mats~ino et al., 
1990: Takayaina et al., 1990; Sakamoto et al., 1991; 
Terada rind Nakan~inia. 1992). then L1,CD with its lower 
labelling may represent a more prosinial lesion, wherens 
SCLD with its higher labelling may represent a lesioii 
more clohe to the pattern seen in AAH ur borderliiie 
lesions. 

In conclusion. subtypes of LCD occurring in liver 
cirrhosis are lesions with distiiict morphological and 
karyometric features. They may share karyornetric 
characteristics with distinct grades of HCC, and exhibit 
different patterns of proliferative act ivi ty :  S L C D  
sho\i.iii_o the  highest  act iv i ty  as  based on P C N A  
labelling. Moreover. subtypes of LCD niay reflect some 
stages in carcinogenesis and appear to show similarities 
to les ions  known to occur  in the spec t rum of 
¿idenoinatous hyperplasia. 
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