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<ABSTRACT> 

Large liver cell dysplasia in hepatitis B virus-related chronic liver disease 
 

Haeryoung Kim 
 

Department of Medicine 
The Graduate School, Yonsei University  

 
(Directed by Professor Young Nyun Park) 

 

 

 

Liver cell dysplasia or dysplastic foci are defined as microscopic lesions measuring 

less than 1mm in diameter which do not form circumscribed nodules, and are often 

found in chronic liver disease. These lesions have been classified into two types: 

large liver cell dysplasia (LLCD) and small liver cell dysplasia (SLCD). Although 

SLCD has been more or less established as a precursor to hepatocellular carcinoma 

(HCC), the significance of LLCD is still controversial - while some have favored a 

reactive/degenerative nature for the lesion, there is increasing evidence that it may 

actually be related to hepatocarcinogenesis. A comprehensive analysis of LLCD was 

performed in this study, evaluating the cell cycle dynamics, proliferation and 

apoptosis, DNA damage and senescence. The molecular features - including 

senescence, cell cycle checkpoint status, DNA damage and chromosomal instability 

- and cell dynamics of LLCD in HBV-related cirrhotic livers were explored to 

further characterize the nature of LLCD. 

Thirty-four formalin-fixed specimens and 19 fresh frozen liver specimens were 

obtained from surgically resected cases of HBV-related cirrhosis and examined for 
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the presence of LLCD, SLCD and HCC. The immunohistochemical expression of 

p21, p27, p16, Tp53, PCNA, Ki-67 and γ-H2AX, telomere lengths, apoptotic 

activity, micronuclei index and senescence-associated β-galactosidase (SA-β-Gal) 

activity were examined for each lesion.  

The p21, p27 and p16 cell cycle checkpoint markers - which were expressed at low 

levels in normal hepatocytes - were activated in cirrhosis but were diminished 

gradually from LLCD through SLCD to HCC, along with an increase in Tp53 

expression. Significant shortening of telomere length was seen in non-dysplastic 

hepatocytes compared to normal liver, and in LLCD compared to non-dysplastic 

hepatocytes. There was a general decrease in telomere length from non-dysplastic 

hepatocytes, LLCD, SLCD to HCC. The accumulation of γ-H2AX foci and the 

micronuclei index were extremely low in normal hepatocytes and there was a 

significant gradual increase from non-dysplastic hepatocytes, LLCD, SLCD to HCC. 

An increase in net cellular gain (high proliferative activity and low apoptotic index) 

from normal hepatocytes, non-dysplastic hepatocytes, LLCD, SLCD to HCC was 

seen. The SA-β-Gal activity was weaker and less frequent in LLCD compared to the 

periseptally located non-dysplastic hepatocytes. 

The increase in net cellular gain and the weak SA-β-Gal activity in LLCD suggest 

that LLCD may represent a proliferative lesion rather than a population of 

terminally differentiated end-stage hepatocytes. The loss of cell cycle checkpoint 

markers in LLCD may allow clonal expansion of hepatocytes with dysfunctional, 

shortened telomeres, and accumulation of DNA damage and chromosomal 

instability.  
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I. INTRODUCTION 

Recent advances in imaging diagnosis and an increased awareness of the population 

for cancer screening has led to growing interest in small hepatic nodules, including 

early hepatocellular carcinoma (HCC), dysplastic nodules and macroregenerative 

nodules.1-7 Liver cell dysplasia (LCD) or dysplastic foci are defined as microscopic 

lesions measuring less than 1mm in diameter which do not form circumscribed 

nodules, and have been often found in chronic liver disease.8,9 These lesions have 

been classified into two types: large liver cell dysplasia (LLCD) and small liver cell 

dysplasia (SLCD). SLCD, a lesion first proposed by Watanabe et al. in 1983, is 

characterized by foci of crowded hepatocytes with high nuclear/cytoplasmic ratio,10 

whereas LLCD is relatively easily recognized under the microscope as foci of 

cellular enlargement and nuclear pleomorphism, hyperchromasia and 

multinucleation.11 Although SLCD has been more or less established as a precursor 

to HCC,12,13 the significance of LLCD is still controversial with various studies 

demonstrating contradictory results. Anthony et al., who coined the term “liver cell 

dysplasia” (which now corresponds to large liver cell dysplasia) in 1973, found that 

LLCD was significantly prevalent in hepatitis B virus (HBV)-related cirrhotic livers 
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harboring HCC and suggested that this lesion was a preneoplastic one.11 In addition, 

some studies recognized abnormal DNA contents (aneuploid peaks)14-19 and 

numerical chromosomal aberrations20 in LLCDs, and increased net cellular gain in 

LLCD (higher proliferative index and lower apoptotic rates) compared to adjacent 

hepatocytes,21 supporting the hypothesis that LLCD may be a precursor to HCC. 

Monoclonality has been found in macronodules with LLCD in another study,22 and 

follow up studies demonstrated that the presence of the lesion in HBV-related 

chronic liver disease significantly increased the relative risk of HCC development 

by 3 to 16-fold23,24 and that LLCD had a high negative predictive value for HCC 

development.23 However, others disputed these findings by demonstrating LLCD 

had a low proliferative activity, high apoptotic rate, and no definite histologic 

continuum to HCC, and suggested that it may simply represent age-related/reactive 

change of hepatocytes.25 As there is no consensus yet on the nature of LLCD, the 

pathogenetically non-committal term of “large cell change” instead of “dysplasia” 

has been recommended as an alternative designation.  

The telomere is a TTAGGG-repeat sequence located at the end of the chromosome 

which is not replicated during the S phase of the cell cycle and hence is shortened 

with each cell division of somatic cells.26-29 The telomere stabilizes the 

chromosomal end from end-to-end fusion, and loss of the telomere leads to repeated 

breakage-fusion-bridge cycles and the formation of chromosomal instability.30 The 

loss of telomere integrity induces a DNA damage response involving the cell cycle 

checkpoint pathways, leading to replicative senescence (permanent growth arrest, 

M1 stage). In the absence of functional cell cycle checkpoint pathway responses, 
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telomeres continue to shorten resulting in crisis (M2 stage).31,32 Neoplastic cells 

demonstrate high proliferative activity compared to normal cells, leading to 

accelerated cell cycles and shorter telomeres, and therefore require reactivation of 

telomerase before crisis occurs in order to maintain telomere length and gain the 

ability for indefinite cell proliferation.31,32 The association between telomere 

shortening and chromosomal instability has also been demonstrated in HCC: 

telomeres were significantly shorter in hepatocytes of aneuploid tumors compared 

to diploid tumors33 and a correlation was found between telomere shortening and 

increasing aneuploidy of chromosome 8.34 Telomerase is an enzyme which adds the 

telomeric DNA sequence to the 3’-end of eukaryotic cell chromosomes and prevents 

telomere shortening.26,27 Significant increases in telomerase activity have been 

demonstrated in high-grade dysplastic nodules and HCCs compared to cirrhotic 

nodules and low-grade dysplastic nodules,35 and telomere length maintenance or 

even elongation was noted in a substantial number of HCCs compared to 

corresponding adjacent non-neoplastic livers.36 Furthermore, high telomerase 

activity in HCCs was correlated with advanced tumor stage and high chromosomal 

instability, and poor overall survival was seen in HCCs with high telomerase 

activity and increased telomere lengths.36  

The DNA damage response induced by telomere dysfunction involves foci 

containing γ-H2AX, MRE11, NBS1, MDC1, 53BP1, RAD50 and BRCA1.28 Of 

these, γ-H2AX is a phosphorylated histone H2A variant which facilitates DNA 

damage response by inducing changes in local chromatin structure and by 

facilitating focal accumulation of DNA-repair and checkpoint proteins to the 
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damaged regions. It is thus considered to reflect the accumulation of unrepaired 

DNA damage during aging.28 Micronuclei are DNA masses similar to small nuclei 

in the cytoplasm of interphase cells.37 They arise from acentric chromosome 

fragments or from whole lagging chromosomes in anaphase or telophase stages, and 

therefore are regarded as indicators of genomic instability in dividing cells. 

Micronucleated hepatocytes have been reported to be significantly more frequent in 

hepatocellular carcinomas compared to cirrhotic regenerative nodules and normal 

hepatic parenchyma.38  

Strong arguments indicate that replicative senescence is regarded as a tumor 

suppressor mechanism that prevents proliferation of genetically unstable 

precancerous cells, and involves cell cycle checkpoint activation and recruitment of 

DNA repair foci.39-42 Therefore, activation of senescence-associated DNA damage 

checkpoints is present in preneoplastic lesions, but is inactivated during malignant 

transformation.41,42  

Cyclin-dependent kinase inhibitors are important regulators of the cell cycle which 

inhibit unlimited cell growth by regulating the progression from G1 to S phase.43 

There are two types of cyclin-dependent kinase inhibitors, the first being the INK 

(inhibitor of kinase) family – p16(INK4a), p15(INK4b), p18(INK4c) and 

p19(INK4d) – and the second being the CIP/KIP (cdk interacting protein/kinase 

inhibitory protein) family, which include p21(WAF1/CIP1), p27(KIP1) and 

p57(KIP2). These cell cycle inhibitors have also been utilized as markers of cellular 

senescence; inactivation of both CIP/KIP and INK pathways have been shown to 

strongly cooperate in suppressing cellular senescence in vitro.41,42,44 In addition, 
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senescence-associated β-galactosidase (SA-β-Gal), a cytoplasmic enzyme which 

can be detected at pH 6.0 only in senescent cells,41,42,45-47 and senescence-associated 

heterochromatin foci (SAHF) are useful markers of senescence.42 Recently, other 

novel markers of senescence have been reported, including the decoy death receptor 

2 (DCR2) and the transcription factor differentiated embryo-chondrocyte expressed 

(DEC1), which have been demonstrated in formalin-fixed tissue sections by 

immunohistochemistry .42  

In this study, the molecular features - including senescence, cell cycle checkpoint 

status, DNA damage and chromosomal instability - and cell dynamics of LLCD in 

HBV-related cirrhotic livers were explored to further characterize the nature of 

LLCD. 
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II. MATERIALS AND METHODS 

1. Patient selection 

A total of 34 cases of HBV-related cirrhosis were selected for the study. All cases 

were surgically resected (lobectomy or explantation) for either HCC or end-stage 

liver cirrhosis. The patients ranged from 27 to 68 years (mean: 48 years) in age, and 

the male:female ratio was 2.4:1. The HBV-related etiology was confirmed by 

serological tests for HBsAg/HBeAg or evaluation of HBV DNA titers. Dysplastic 

nodules and HCCs were present in 11 (32.4%) and 21 (61.8%) cases, respectively. 

For comparison, non-neoplastic liver samples were obtained from 5 patients with 

metastatic colorectal carcinomas. All specimens were fixed in 10% formaldehyde, 

embedded in paraffin, and cut into 4 µm-thick sections for routine hematoxylin-

eosin staining, immunohistochemistry, TUNEL assay and quantitative fluorescent in 

situ hybridization (Q-FISH). For the SA-β-Gal study, fresh frozen liver samples 

were obtained from 19 of the 34 cases of HBV-related cirrhosis.  

 

2. Histological examination 

On routine histological examination, all selected 34 cases demonstrated 

macronodular (21 cases) or mixed macro- and micronodular (13 cases) cirrhosis. 

The presence of LLCD and SLCD was determined according to previously 

described criteria: LLCD was defined as foci of hepatocytes showing cellular 

enlargement, nuclear pleomorphism, hyperchromasia and multinucleation, while 

SLCD was defined as foci of crowded small hepatocytes with high 

nuclear/cytoplasmic ratio.  
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3. Immunohistochemical stains for markers of cell cycle, proliferation and 

DNA damage 

Formalin-fixed paraffin-embedded tissues were sliced into 4 µm-thick sections, and 

immunohistochemistry was performed using the DAKO Envision Kit. In brief, 

sections were deparaffinized in xylene, rehydrated in graded alcohol and quenched 

in 3% hydrogen peroxidase. Antigen retrieval was performed in citrate buffer 

(pH6.0) in a 700W microwave oven for 15 minutes for p21, p27, p16, Tp53 and γ-
H2AX, and with pepsin treatment for proliferating cell nuclear antigen (PCNA). 

The following primary antibodies were applied to the slides: p21 (p21WAF1/Cip1, clone 

SX118, 1:50, DAKO, Glostrup, Denmark), p27 (p27KIP1, clone SX53G8, 1:50, 

DAKO, Glostrup, Denmark), p16 (1:50, NeoMarkers, Fremont, CA, USA), Tp53 

(clone DO-7, 1:50, DAKO, Glostrup, Denmark), PCNA (clone PC10, 1:50, DAKO, 

Glostrup, Denmark), γ-H2AX (1:100, Novus Biologicals, Littleton, CO, USA). 

Incubation was performed for 1 hour at room temperature. After rinsing, incubation 

with a secondary antibody was carried out using the DAKO EnVision Rabbit/Mouse 

kit (DAKO, Glostrup, Denmark), and then developed with 3,3-diaminobenzidine 

(DAKO, Glostrup, Denmark). Slides were then counterstained with hematoxylin, 

dehydrated, cleared and mounted. Dark brown nuclear staining was counted as 

positive for all antibodies, and the labeling indices (LI) were determined for each of 

these markers in non-dysplastic hepatocytes, LCD, SCD and HCC by dividing the 

number of positive nuclei under x400 magnification in at least five randomly 

selected fields by the total number of nuclei.  
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4. Quantitative fluorescent in situ hybridization (Q-FISH) for telomere length 

Eighteen cases were subjected to Q-FISH study for telomere length. The peptide 

nucleic acid (PNA) probes used were as follows: Cy3-telomere probe (Applied 

Biosystems, Framingham, MA, USA) and FAM-centromere probe (5’-FAM-OO-

ATTCGTTGGAAACGGGA-3’; Panagene, Daejon, South Korea). 4 µm-thick 

formalin-fixed paraffin-embedded tissue sections were deparaffinized in xylene and 

rehydrated in graded alcohol. Antigen retrieval was performed in citrate buffer 

(pH6.0) in a 700W microwave oven for 10 minutes, and after washing, the sections 

were fixed in 10% buffered formalin. Treatment with protease I solution (1mg/ml, 

Vysis, Downers Grove, IL, USA) was performed at 37℃ for 10 minutes, and 

sections were dehydrated in graded alcohol and air dried. The telomere/centromere 

probe mix (telomere: 2.5 µl 10 µg/ml PNA Cy3-telomere probe and 2.5 µl 25 µg/ml 

FAM-centromere probe) was applied to each section, followed by denaturation at 

80℃ for 3 minutes and hybridization at 37℃ for 2 hours using Vysis HYBrite. 

Sections were washed in post-hybridization buffer (NP40/20xSSC, Vysis, Downers 

Grove, IL, USA) at room temperature for 30 minutes, followed by dehydration in 

graded alcohol, air drying and counterstaining with 5ul 4’,6-diamidine-2-

phenylindole (DAPI) I (Vysis, Downers Grove, IL, USA). Sections were viewed 

under a fluorescent microscope, and photographs were taken from each lesion under 

x1000 magnification at the following exposures: 1/100s for the DAPI images, and 

1/3.5s for the Cy3 and FAM images. The telomere fluorescence intensity (TFI) and 
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centromere fluorescence intensity (CFI) signals were analyzed using the Image Pro 

Plus 5.0 software (MediaCybernetics, Silver Spring, MD, USA), and the mean ratio 

of telomere and centromere probes (TFI/CFI ratio) were calculated for each lesion.  

 

5. Detection of apoptosis: transferase-mediated dUTP-biotin nick end labeling 

(TUNEL) assay 

Apoptosis detection was performed using the ApopTag Peroxidase In Situ 

Apoptosis Detection Kit (Chemicon International, USA), according to the 

manufacturer’s instructions. Briefly, 4 µm-thick formalin-fixed paraffin-embedded 

tissue sections were deparaffinized in xylene, rehydrated in graded alcohol and 

treated with protease I (20 µg/ml) at room temperature for 15 minutes. After 

quenching in 3% hydrogen peroxidase, 75 µl of equilibrium buffer was applied to 

each section and sections were incubated at room temperature for 60 minutes. 

Subsequently, 55 µl of TdT enzyme mix (70% reaction buffer, 30% TdT enzyme) 

was added to each section and incubated at 37℃ for 60 minutes. After rinsing, 

staining was performed with anti-digoxigenin conjugate and 3,3-diaminobenzidine. 

Counterstaining was performed with 0.5% (w:v) methyl green, and slides were 

dehydrated, cleared and mounted. The TUNEL-labeling index (TUNEL-LI) was 

calculated as the number of positive nuclei under x400 magnification in at least five 

randomly selected fields by the total number of nuclei.  

 

6. Senescence-associated β-galactosidase (SA-β-Gal) study 
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Nineteen fresh frozen liver samples were cut into 6 µm-thick sections and mounted 

onto glass slides. They were fixed with 2% glutaraldehyde and 3% formaldehyde 

for 3 to 5 minutes, followed by three washes in PBS at room temperature and 

incubated overnight at 37 with fresh SA-β-Gal stain solution: 1 mg of 5-bromo-4-

chloro-3-indolyl-β-D-galactoside (X-Gal) per ml (stock: 20 mg/ml in 

dimethylformamide), in 49 mM citric acid, sodium phosphate, pH6.0, 5mM 

potassium ferrocyanide, 5 mM potassium ferricyanide, 150 mM NaCl, and 2 mM 

MgCl2. After rinsing and counterstaining with nuclear fast red, slides were viewed 

under the light microscope. An accumulation of blue precipitate within the 

hepatocyte cytoplasm was regarded as evidence of SA-β-Gal activity, and the 

number of hepatocytes with SA-β-Gal activity was divided by the total number of 

hepatocytes in at least 5 high-power fields (x400 magnification) in each lesion to 

yield a percentage of hepatocytes with SA-β-Gal activity. In addition, the intensity 

of SA-β-Gal activity was also evaluated for each lesion and graded as weak (1+), 

moderate (2+) and strong (3+). 

 

7. Micronuclei index 

Micronuclei of hepatocytes were identified by Feulgen-fast-green dyeing techniques. 

4 µm-thick formalin-fixed paraffin-embedded tissue sections were deparaffinized 

with xylene for 30 minutes, rehydrated with graded alcohol and then immersed in 

0.1M hydrochloric acid at 60℃ for 5 minutes. Slides were then immersed in Schiff 

reagent for 30 minutes until the nuclei were stained and were then transferred 
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directly to bisulphate water, followed by rinsing under running tap water. 

Counterstaining was performed with 0.1% fast green for 30 seconds.  

The presence of micronuclei were defined using the following criteria: 1) a diameter 

smaller than one third of the nucleus; 2) micronuclei had to be non-refractive to be 

distinguished from artifacts such as small staining particles; 3) no connection to the 

main nuclei; 4) the same staining intensity as the main nuclei although occasionally 

staining may be more intense.38 The hepatocytes with pyknotic nuclei or 

overlapping hepatocytes were not assessed for micronuclei count. The micronuclei 

index was calculated as the number of micronuclei per 1000 hepatocytes (‰). 

 

8. Statistical analysis 

Statistical analysis was performed using the SPSS 15.0 software (SPSS Inc., 

Chicago, IL, USA). The Mann-Whitney U test was used to compare the results of 

the immunohistochemical studies, TUNEL assay, micronuclei index and 

quantitative FISH between the normal livers, non-dysplastic hepatocytes, LLCD, 

SLCD and HCC. A p-value of less than 0.05 was considered statistically significant 

for all analyses. 
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III. RESULTS 

1. The prevalence of liver cell dysplasia in HBV-related cirrhosis 

LLCD was found in 31 (91.2%) out of 34 patients with HBV-related cirrhosis, while 

SLCD was found in 19 (55.9%) out of the 34 cases (Figure 1). Although LLCD was 

diffusely scattered throughout the liver, LLCD foci were more prevalent in 

periseptal areas. 

 

Figure 1. Histopathological features of liver cell dysplasia. (A) Large liver cell 

dysplasia (LLCD) is characterized by cellular enlargement, nuclear pleomorphism 

and hyperchromasia. (B) Small liver cell dysplasia (SLCD) demonstrates crowding 

of hepatocytes with high nuclear/cytoplasmic ratio. 

 

2. Cell cycle checkpoint markers in hepatocarcinogenesis 

The LI of p21, p27 and p16 generally decreased from non-dysplastic hepatocytes, 

LLCD and SLCD, and increased slightly in HCC. More specifically, the p21-LI 

were 19.16%, 15.03%, 4.29% and 6.49% in average for non-dysplastic hepatocytes, 

LLCD, SLCD and HCC, respectively (Figures 2, 3). The difference in p21-LI were 

statistically significant between non-dysplastic hepatocytes and SLCD (p<0.0001) 
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and HCC (p<0.0001) and between LLCD and SLCD (p<0.0001) and HCC 

(p=0.0001). The p21-LI were lower in LLCD compared to non-dysplastic 

hepatocytes, although not statistically significant (p=0.060). In normal livers, the 

p21-LI averaged 1.01% and there was a significant difference between normal livers 

and non-dysplastic hepatocytes (p<0.001).  

 

Figure 2. Immunohistochemical stain results for p21. The frequency of nuclear p21 

expression is highest in non-dysplastic hepatocytes (A) and lower in LLCD (B) and 

SLCD (C). The HCC showed the lowest p21 expression (D). 

 

The p27 and p16-LI demonstrated similar patterns – 22.82%, 16.00%, 4.96% and 

7.81% for p27 and 18.35%, 10.84%, 2.89% and 6.64% for p16 in non-dysplastic 

hepatocytes, LLCD, SLCD and HCC foci, respectively (Figure 3). Statistically 

significant differences in p27 and p16-LI were found between non-dysplastic 

hepatocytes and LLCD (p=0.001), SLCD (p<0.001) and HCC (p<0.001), between 
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LLCD and SLCD (p<0.001) and HCC (p=0.002 for p27 and p=0.035 for p16). As 

with the p21-LI, the difference between SLCD and HCC were not significant for 

both p27 and p16-LI. The p27 and p16-LI in normal livers averaged 1.09% and 

0.84%, respectively. 

Conversely, the expression of Tp53 increased from non-dysplastic hepatocytes, 

LLCD, SLCD and HCC: 1.36%, 9.49%, 13.87% and 45.24%, respectively (Figure 

3). The difference in Tp53-LI were significant between non-dysplastic hepatocytes 

and LLCD (p<0.001), SLCD (p<0.001) and HCC (p<0.001), between LLCD and 

HCC (p=0.001), and between SLCD and HCC (p=0.003). 

 

Table 1. Results of cell cycle checkpoint marker labeling index analysis (mean±S.D, %) 

 Ci LLCD SLCD HCC 

p21 19.16±10.57 15.03±10.86 4.29±4.01 6.49±9.57 

p27 22.82±6.01 16.00±7.93 4.96±3.11 7.81±10.27 

p16 18.35±6.15 10.84±5.71 2.89±2.38 6.64±10.11 

Tp53 1.36±1.81 9.49±8.14 13.87±11.87 45.24±27.16 

Ci: non-dysplastic hepatocytes, LLCD: large liver cell dysplasia, SLCD: small liver cell 

dysplasia, HCC: hepatocellular carcinoma 
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Figure 3. Scatter plots showing cell cycle checkpoint marker expression. There is a 

general decrease in the expression of p21 (A), p16 (B) and p27 (C), and an increase 

in the expression of mutant Tp53 protein (D) from non-dysplastic hepatocytes to 

LLCD, SLCD and HCC. 

 

3. DNA damage markers in hepatocarcinogenesis 

The γ-H2AX-LI averaged 23.12%, 45.74%, 59.21% and 82.94% in non-dysplastic 

hepatocytes, LLCD, SLCD and HCC, respectively, showing an increase in DNA 

damage foci (Figure 4, 5). The differences in γ-H2AX-LI were statistically 

significant between all lesions (p<0.05 for all). The micronuclei index was 

evaluated for 19 cases, and the average micronuclei indices were 0.24‰, 1.33‰, 
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2.65‰ and 9.67‰ for non-dysplastic hepatocytes, LLCD, SLCD and HCC, 

respectively (Figure 4, 5). There were statistically significant differences in the 

micronuclei index between all four lesions (p<0.05 for all). No micronuclei were 

found in normal livers.  

 

Table 2. Results of γ-H2AX foci and micronuclei index analysis (mean±S.D) 

 Ci LLCD SLCD HCC 

γ-H2AX (%) 23.12±20.10 45.74±30.66 59.21±34.62 82.94±21.13 

Micronuclei (‰) 0.241±0.703 1.330±1.136 2.647±0.927 9.669±2.242 

Ci: non-dysplastic hepatocytes, LLCD: large liver cell dysplasia, SLCD: small liver cell 

dysplasia, HCC: hepatocellular carcinoma 
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Figure 4. Immunohistochemical stain of γH2AX foci (A-D) and micronuclei (E, F). 

The nuclear expression of γH2AX increased significantly from non-dysplastic 

hepatocytes (A) to LLCD (B), SLCD (C) and HCC (D). Micronuclei in HCC are 

illustrated in (E, F), characterized by small masses of DNA in the cytoplasm 

resembling small nuclei recognizable by Feulgen stain.  
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Figure 5. Scatter plots showing frequency of γH2AX foci and micronuclei index. 

The level of DNA damage - demonstrated by the γH2AX labeling index (%) (A) 

and the micronuclei index (‰) (B) - increased significantly from non-dysplastic 

hepatocytes to LLCD, SLCD and HCC. 

 

4. Proliferation and apoptosis in hepatocarcinogenesis 

The cell dynamics were studied, using the PCNA-LI and Ki-67-LI for proliferation 

and TUNEL-LI for apoptosis evaluation (Figure 6, Table 3). The PCNA-LI 

generally increased from non-dysplastic hepatocytes, LLCD, SLCD to HCC, 

averaging 5.28%, 12.42%, 15.61% and 46.45% for each lesion, respectively. 

Statistically significant differences were noted between non-dysplastic hepatocytes 

and LLCD (p=0.022), SLCD (p=0.002) and HCC (p<0.001), between LLCD and 

HCC (p<0.001) and between SLCD and HCC (p<0.001). A similar pattern was seen 

with Ki-67-LI, although the labeling indices were lower as a whole: 0.32%, 1.18%, 

4.43% and 14.17% in average for non-dysplastic hepatocytes, LLCD, SLCD and 

HCC, respectively. The Ki-67-LI was significantly higher in LLCD compared to 
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non-dysplastic hepatocytes (p=0.031). Significant differences were also seen 

between non-dysplastic hepatocytes and SLCD (p<0.001) and HCC (p<0.001), and 

between LLCD and SLCD (p=0.038) and HCC (p=0.008). As for the apoptotic 

index, the TUNEL-LI averaged 1.28%, 0.51%, 0.65% and 1.70% for non-dysplastic 

hepatocytes, LLCD, SLCD and HCC, respectively, demonstrating a sharp decrease 

in apoptotic activity in LLCD from non-dysplastic hepatocytes, and an increase in 

HCC. The differences in apoptotic activity were significant for all lesions (p<0.05), 

except for between LLCD and SLCD (p=0.343) where the TUNEL-LI were similar. 

The net cellular gain was then calculated by subtracting TUNEL-LI from the 

proliferation index. When the TUNEL-LI was subtracted from the PCNA-LI, there 

was a significant increase in net cellular gain from non-dysplastic hepatocytes 

(3.48±5.04%) to LLCD (10.77±12.95%) (p=0.010), and a marked increase in HCC 

reaching as high as 94.94% (44.85±28.16%). However, the difference between 

LLCD and SLCD (12.24±13.26%) was not statistically significant (p=0.305). An 

increase in net cellular gain was also demonstrated by subtracting the TUNEL-LI 

from the Ki-67-LI: -1.05±1.02%, 0.80±1.07%, 2.63±2.84% and 7.26±8.31% in non-

dysplastic hepatocytes, LLCD, SLCD and HCC, respectively. Statistically 

significant differences were found between non-dysplastic hepatocytes and LLCD 

(p=0.001), SLCD (p=0.003) and HCC (p=0.001). However, the differences between 

LLCD, SLCD and HCC failed to reach statistical significance.  
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Table 3. Results of proliferation and apoptosis index analysis (mean±S.D, %) 

 Ci LLCD SLCD HCC 

PCNA 5.28±5.66 12.42±12.95 15.61±14.44 46.45±27.96 

Ki-67 0.32±0.43 1.18±0.90 4.43±4.83 14.17±11.49 

TUNEL 1.28±0.71 0.51±0.26 0.65±0.38 1.70±0.81 

PCNA-TUNEL 3.48±5.04 10.77±12.95 12.24±13.26 44.85±28.16 

Ki-67 - TUNEL -1.05±1.02 0.80±1.07 2.63±2.84 7.26±8.31 

Ci: non-dysplastic hepatocytes, LLCD: large liver cell dysplasia, SLCD: small liver cell 

dysplasia, HCC: hepatocellular carcinoma 
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Figure 6. Scatter plots showing proliferation, apoptosis and net cellular gain. A 

remarkable increase in the PCNA-labeling index is seen from non-dysplastic 

hepatocytes to LLCD, SLCD and HCC (A). The apoptotic index (TUNEL-labeling 

index) decreases significantly in LLCD compared to non-dysplastic hepatocytes and 

shows an increase towards progression to HCC (B). The net cellular gain (PCNA-LI 
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– TUNEL-LI) is significantly increased during the progression from non-dysplastic 

hepatocytes to LLCD, SLCD and HCC (C). 

 

5. Senescence markers in hepatocarcinogenesis 

The telomere lengths were evaluated by quantitative FISH with the telomere PNA 

probe in 18 cases, and the mean telomere lengths for LLCD (p=0.001), SLCD 

(p<0.001) and HCC (p<0.001) were all significantly shorter than hepatocytes in 

non-dysplastic hepatocytes (Figure 7). There was a gradual decrease in telomere 

length from non-dysplastic hepatocytes, LLCD, SLCD to HCC - 1.27, 1.07, 1.00 

and 0.98 in average for each lesion respectively – however, the differences in 

telomere lengths between LLCD, SLCD and HCC failed to reach statistical 

significance. There was a significant shortening of telomere length in non-dysplastic 

hepatocytes compared to normal livers (mean: 1.532) (p=0.010). 

 

Table 4. Results of telomere length analysis (mean±S.D) 

 Ci LLCD SLCD HCC 

TFI/CFI ratio 1.274±0.161 1.072±0.171 1.009±0.126 0.979±0.131 

TFI: telomere fluorescent intensity; CFI: centromere fluorescent intensity; Ci: non-

dysplastic hepatocytes, LLCD: large liver cell dysplasia, SLCD: small liver cell dysplasia, 

HCC: hepatocellular carcinoma 
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Figure 7. Results of quantitative FISH for telomere length assessment. The red 

(Cy3) and green (FAM) signals represent the telomere and centromere signals, 

respectively, in this example of LLCD (A) and SLCD (B). The telomere length was 

evaluated by calculating the telomere fluorescence intensity/centromere 

fluorescence intensity (TFI/CFI) ratio, and a significant decrease was found from 

non-dysplastic hepatocytes to LLCD, SLCD and HCC (D). 

 

SA-β-Gal activity was seen in periseptal hepatocytes in all 19 cirrhotic livers. The 

SA-β-Gal-positive cells were counted in random fields, and the staining intensities 

were as follows: 3+ in one (5.3%), 2+ in 13 (68.4%) and 1+ in the remaining 5 

(26.3%) cases. Two (11.8%) of 17 LLCD showed weak SA-β-Gal activity, and SA-

β-Gal activity was absent in SLCD and HCC (Figure 8). The proportions of 

hepatocytes demonstrating SA-β-Gal activity were as follows: 26.09±17.25%, 
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0.58±1.62%, 0% and 0% in non-dysplastic hepatocytes, LLCD, SLCD and HCC, 

respectively (Table 5). There were significant differences in the SA-β-Gal activity 

between non-dysplastic hepatocytes and LLCD (p<0.001) and SLCD (p<0.001) 

(Figure 9). SA-β-Gal activity was not seen in normal livers.  

 

 

Figure 8. Results of senescence associated-β-galactosidase (SA-β-gal) study. Strong 

cytoplasmic staining is seen in non-dysplastic hepatocytes with a predominantly 

periseptal distribution (A, B). SA-β-gal activity is not seen in LLCD (C) and in 

SLCD (D).  
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Table 5. Results of senescence-associated-β-galactosidase activity analysis  

(mean±S.D, %) 

 Ci LLCD SLCD HCC 

SA- β-Gal 26.09±17.25 0.58±1.62 0 0 

Ci: non-dysplastic hepatocytes, LLCD: large liver cell dysplasia, SLCD: small liver cell 

dysplasia, HCC: hepatocellular carcinoma 

 

 

Figure 9. Scatter plots showing senescence associated-β-galactosidase (SA-β-gal) 

activity. A significant decrease in SA-β-Gal activity is noted from non-dysplastic 

hepatocytes to LLCD and SLCD.  
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IV. DISCUSSION 

Although LLCD is frequently found in cirrhosis and easily recognized even under 

low power magnification due to the characteristic cellular enlargement, nuclear 

pleomorphism, hyperchromasia and multinucleation, its presence is rarely reported 

by pathologists in practice and its significance is still under debate. While some 

results have favored a reactive/degenerative nature for the lesion,13,25,48 there is 

increasing evidence that it may actually be related to hepatocarcinogenesis.9,11,14-

16,18-24 A comprehensive analysis of LLCD was performed in this study, evaluating 

various aspects of the lesion, including the cell cycle dynamics, proliferation and 

apoptosis, DNA damage and senescence.  

The p21, p27 and p16 cell cycle checkpoint markers - which were expressed at low 

levels in normal hepatocytes - were activated in non-dysplastic hepatocytes but 

demonstrated increasing degrees of inactivation in LLCD, SLCD and HCC, along 

with an increase in mutant Tp53 protein expression. Plentz et al. previously reported 

that while the telomere was shortened in non-dysplastic hepatocytes and significant 

further shortening was noted in LLCD, SLCD and HCC, the cell cycle checkpoint 

marker, p21, was intact in LLCD, only to be inactivated in SLCD and HCC, 

implying that intact checkpoint responses may prevent proliferation of LLCD with 

shortened telomeres and prevent the evolution of DNA damage and chromosomal 

instability.49 In this study, other cell cycle checkpoint markers, p27, p16 and Tp53 

were also evaluated. p21, p53, p27 and p16 are all cell cycle regulators which have 

been shown to play a role in replicative senescence; p21 and p27 are components of 

the CIP/KIP pathway which are activated by p53 and TGF- β, respectively, and p16 
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is involved in the INK4a/ARF pathway.43 Both pathways result in inactivation of 

cyclin-dependent kinases and subsequently cell cycle arrest at the G1-S transition.43 

Although there was only a tendency for a decrease in p21-LI in LLCD compared to 

non-dysplastic hepatocytes (p=0.060), the p27 and p16-LI were significantly 

decreased, together with an increased expression of mutant Tp53 protein in LLCD, 

implying that cell cycle checkpoint responses may actually already be partly 

inactivated in LLCD.  

The expression of Tp53 in LLCD is debatable. Only 3% of LLCD demonstrated 

mutant Tp53 protein expression in a study by Cohen et al. and the authors suggested 

that p53 mutation may be a late event in hepatocarcinogenesis.50 Absence of Tp53 

expression in LLCD was also shown by Zhao et al.51,52 However, in this study the 

Tp53-LI was significantly increased in LLCD compared to non-dysplastic 

hepatocytes, ranging from 1.15% to 24.06% (mean ± S.D.: 9.49 ± 8.14%) in LLCD, 

suggesting that more extensive studies with a greater number of cases may be 

required to further characterize the Tp53 overexpression status of LLCD.  

In the study by Plentz et al., p21 and p16 inactivation was evident in SLCD and 

HCC, and it was speculated that the loss of cell cycle checkpoint markers may allow 

clonal expansion of hepatocytes with dysfunctional, shortened telomeres.49 

Similarly, a statistically significant difference in telomere length was seen between 

normal liver and non-dysplastic hepatocytes (p=0.010), and between non-dysplastic 

hepatocytes and LLCD (p=0.001) in this study. However, a significant difference in 

telomere length between LLCD, SLCD and HCC was not evident in the present 

study, although there was a general decrease from non-dysplastic hepatocytes, 
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LLCD, SLCD to HCC. A previous study by Oh et al. demonstrated that telomerase 

activity was significantly increased in high-grade dysplastic nodules and HCC 

compared to large regenerative nodules and low-grade dysplastic nodules, 

suggesting that telomerase reactivation and hence telomere stabilization occurs in 

high-grade dysplastic nodules.35 Interestingly, the latter are characterized by 

dysplastic hepatocytes with morphological features of SLCD; therefore, telomerase 

reactivation may occur in SLCD and HCC, resulting in the absence of further 

significant telomere shortening in the two lesions.  

As markers of DNA damage and chromosomal instability, the γ-H2AX-LI and the 

micronuclei index were evaluated. The accumulation of γ-H2AX foci and the 

micronuclei index were extremely low in normal hepatocytes and there was a 

significant gradual increase from non-dysplastic hepatocytes, LLCD, SLCD to HCC, 

again reflecting the increasing degree of DNA damage and chromosomal instability 

associated with loss of cell cycle checkpoints and dysfunctional telomeres in LLCD, 

SLCD and HCC.  

LLCD may represent a “dead-end” of hepatocarcinogenesis – whether LLCD can 

progress to SLCD and subsequently to HCC remains to be determined.49 

Morphologically, it seems less likely that there is a transition between LLCD and 

SLCD/HCC. LLCD may actually represent cellular senescence in the context of a 

tumor suppressor mechanism preventing the proliferation of genetically unstable 

precancerous cells. Alternatively, oncogene-induced senescence, defined as the 

activation of oncogenes which induce a senescence checkpoint,41,42 may be a 

possible mechanism for the formation of LLCD. Both suggestions point toward the 
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senescent nature of the lesion, that LLCD is a defensive mechanism against 

hepatocarcinogenesis. However, an increase in net cellular gain (high proliferative 

activity and low apoptotic index) from normal hepatocytes, non-dysplastic 

hepatocytes, LLCD, SLCD and HCC was seen in this study, similarly to a previous 

report by Koo et al.,21 which may suggest that LLCD is not simply a quiescent 

senescent lesion, but actually is a proliferative one.  

Although PCNA has been considered to be simply a marker of cell proliferation for 

decades, there is recent experimental evidence that PCNA actually has multiple 

roles including cell proliferation, DNA repair and cell cycle control. Two fractions 

of PCNA have been recognized in cycling cells: the detergent-soluble fraction and 

the detergent-insoluble/DNA-bound fraction, with the latter being the only one 

associated with DNA synthesis.53 An increase in DNA-bound PCNA occurs during 

the S-phase, and PCNA relocates to repair sites together with p21 during DNA 

repair.54 As there is at least some chromosomal instability and DNA damage in not 

only preneoplastic lesions but also in inflammatory conditions such as ulcerative 

colitis,55,56 it may be argued that the PCNA-LI may not be an optimal marker that 

reflects cell proliferation alone. Furthermore, excess cyclin D1 has been 

demonstrated to bind to PCNA, resulting in the inhibition of DNA replication.57 

Therefore, in this study the Ki-67-LI was also studied, and although the sensitivity 

was strikingly lower compared to PCNA (e.g. Ki-67-LI in HCCs ranged from 

1.07% to 34.18% while PCNA-LI ranged from 12.57% to 96.50%) a similar pattern 

of increasing proliferative activity and net cellular gain from non-dysplastic 

hepatocytes, LLCD, SLCD to HCC was observed. Additional novel sensitive 
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markers of proliferation such as minichromosome maintenance protein-2 (mcm-2) 

should be studied to further support the present data.58 

Interestingly, the SA-β-Gal activity was weaker and less frequent in LLCD 

compared to the periseptally located hepatocytes in non-dysplastic hepatocytes, 

which would be unexpected if LLCD represented a population of terminally 

differentiated end-stage hepatocytes. Contradictory results have been previously 

reported by Lee et al., showing a low proliferative rate and greater degree of 

apoptosis in their LLCD lesions compared to normal hepatocytes in cirrhotic livers 

of various etiologies.25 However, although LLCD may be observed in various liver 

diseases such as autoimmune hepatitis, alcoholic cirrhosis and cholestatic liver, it 

has been reported to be more prevalent in HBV-associated chronic liver disease, 

ranging from 13-32% in studies of biopsied liver to 100% in studies of cirrhotic 

explanted livers, and it may be possible that the nature of LLCD depends on the 

biological setting where it arises.24,48,59-61 For example, while LLCD in cholestatic 

liver may represent reactive change, in chronic viral hepatitis it might be 

preneoplastic.9 This study, like the aforementioned studies by Koo et al.,21,22 is 

focused on HBV-related cirrhosis. In fact, several prospective and retrospective 

studies have shown the presence of LLCD in needle biopsies of HBV-related 

chronic liver disease is an important independent risk factor for subsequent HCC 

development,22,24,62,63 and together with the results of this present study, it may be 

suggested that LLCD in HBV-related chronic liver disease is not simply an innocent 

senescent lesion, but is indeed a preneoplastic lesion closely related to 

hepatocarcinogenesis. 
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V. CONCLUSION 

To characterize the nature of LLCD, various molecular features and cell dynamics 

of the lesion were evaluated and compared with non-dysplastic hepatocytes, SLCD 

and HCC to yield the following results: 

1. The p21, p27 and p16 cell cycle checkpoint markers - which were expressed at 

low levels in normal hepatocytes - were activated in cirrhosis but were diminished 

gradually from LLCD through SLCD to HCC, along with an increase in mutant 

Tp53 protein expression. 

2. Significant shortening of telomere length was seen in non-dysplastic hepatocytes 

compared to normal liver, and in LLCD compared to non-dysplastic hepatocytes. 

There was a general decrease in telomere length from non-dysplastic hepatocytes, 

LLCD, SLCD to HCC. 

3. The accumulation of γ-H2AX foci and the micronuclei index were extremely low 

in normal hepatocytes and there was a significant gradual increase from non-

dysplastic hepatocytes, LLCD, SLCD to HCC. 

4. An increase in net cellular gain (high proliferative activity and low apoptotic 

index) from normal hepatocytes, non-dysplastic hepatocytes, LLCD, SLCD to HCC 

was seen. 

5. The SA-β-Gal activity was weaker and less frequent in LLCD compared to the 

periseptally located hepatocytes in non-dysplastic hepatocytes. 

The increase in net cellular gain and the weak SA-β-Gal activity in LLCD suggest 

that LLCD may represent a proliferative lesion rather than a population of 

terminally differentiated end-stage hepatocytes. The loss of cell cycle checkpoint 
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markers in LLCD may allow clonal expansion of hepatocytes with dysfunctional, 

shortened telomeres, and accumulation of DNA damage and chromosomal 

instability.  
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< ABSTRACT (IN KOREAN)> 

만성 B형 간염 바이러스성 간질환에서 큰 간세포 이형성의 의의 
 

<지도교수 박 영 년> 
 

연세대학교 대학원 의학과 
 

김  혜  령 
 

간세포 이형성은 육안적으로 확인할 수 없는 1mm 이하의 크기의 

병변으로 뚜렷한 결절을 형성하지 않으며 작은 간세포 이형성 

(small liver cell dysplasia; SLCD)와 큰 간세포 이형성 (large liver cell 

dysplasia; LLCD)으로 분류할 수 있다. SLCD는 전암병변으로서 어느 

정도 개념이 정립되어 있으나, LLCD의 경우는 단순한 반응성 변화

인지, 또는 간세포암종 발생과 밀접한 연관이 있는 전암병변인지 

아직 의견의 일치가 없다. 본 연구에서는 LLCD의 유전생물학적 특

성에 대하여 살펴보고 LLCD의 전암병변으로서의 의의를 밝히는 

것이 목적이다.  

외과적으로 절제한 만성 B형 간염 바이러스성 간경변 34 증례를 

대상으로 연구를 시행하였으며 LLCD 31증례, SLCD 19증례 및 HCC 

21증례가 포함되었다. 세포주기조절인자인 p21, p27, p16, Tp53, DNA 

손상 표지자인 γ-H2AX에 대한 면역조직화학염색을 시행하였고, 세



 48 

포역동성을 알아보기 위하여 세포증식능 표지자 PCNA와 Ki-67 발

현율 및 세포고사의 빈도를 측정하였다. 또한 Feulgen 방법으로 미

세핵의 빈도를 구하여 염색체 불안정성의 정도를 살펴보았고, 정량

적인 형광제자리부합화 방법으로 각 병변세포의 텔로미어 길이를 

측정하였으며, senescence-associated β-galactosidase (SA-β–Gal) 염색으

로 세포노화 여부를 판단하였다.  

이형성이 없는 간세포, LLCD, SLCD 및 간세포암종의 순서로 

세포주기조절인자 (p21, p27, p16, p53)의 소실의 정도가 높았고, γ-

H2AX 병소 및 미세핵의 빈도도 점점 증가하는 양상을 보였다. 

PCNA, Ki-67 및 TUNEL labeling index로 알아본 net cellular gain도 

이형성이 없는 간세포, LLCD, SLCD, 간세포암종 순으로 높아졌으며, 

텔로미어 길이는 점점 짧아졌고, SA-β–Gal 염색상 간경변에서는 

노화된 세포가 많이 관찰되었으나, LLCD 및 SLCD에서는 관찰되지 

않았다. 따라서 LLCD는 노화성 병변보다는 증식성 병변일 

가능성이 더 높을 것으로 판단되며, 세포주기조절인자의 비활성화, 

텔로미어 길이의 감소, DNA 손상 및 염색체 불안정성의 증가를 

보이는 병변으로 간암발생과 밀접한 연관이 있는 전암병변일 

가능성을 본 연구에서 제시하고자 한다. 
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