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Abstract
AIM: To identify clonality and genetic alterations 
in focal nodular hyperplasia (FNH) and the nodules 
derived from it.

METHODS: Twelve FNH lesions were examined. Twelve 
hepatocellular adenomas (HCAs) and 22 hepatocellular 
carcinomas (HCCs) were used as references. Nodules 
of different types were identified and isolated from 
FNH by microdissection. An X-chromosome inactivation 
assay was employed to describe their clonality status. 
Loss of heterozygosity (LOH) was detected, using 57 
markers, for genetic alterations.

RESULTS: Nodules of altered hepatocytes (NAH), the 
putative precursors of HCA and HCC, were found in 
all the FNH lesions. Polyclonality was revealed in 10 
FNH lesions from female patients, and LOH was not 
detected in any of the six FNH lesions examined, the 
results apparently showing their polyclonal nature. In 
contrast, monoclonality was demonstrated in all the 
eight HCAs and in four of the HCCs from females, and 
allelic imbalances were found in the HCAs (9/9) and 
HCCs (15/18), with chromosomal arms 11p, 13q and 
17p affected in the former, and 6q, 8p, 11p, 16q and 
17p affected in the latter lesions in high frequencies (≥
30%). Monoclonality was revealed in 21 (40%) of the 
52 microdissected NAH, but was not found in any of the 
five ordinary nodules. LOH was found in all of the 13 
NAH tested, being highly frequent at six loci on 8p, 11p, 
13q and 17p.

CONCLUSION: FNH, as a whole, is polyclonal, but 
some of the NAH lesions derived from it are already 
neoplastic and harbor similar allelic imbalances as HCAs.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Focal nodular hyperplasia (FNH) is defined as a 
lesion composed of  hyperplastic hepatic parenchyma, 
subdivided into nodules by fibrous septa that may form 
stellate scars[1,2]. As dystrophic vessels are observed in 
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the fibrous septa and an arteriole is present within most 
of  the nodules, it is considered parenchyma overgrowth 
responsive to increased blood flow secondary to vascular 
malformations[3]. Morphologically, FNH is classified 
into two categories, classical and nonclassical lesions[4]. 
The latter includes telangiectatic, mixed hyperplastic/
adenomatous types and lesions with cytologic atypia. 
The non-neoplastic nature appears to be supported by 
data from X-chromosome inactivation (XCI) analyses, 
which demonstrated polyclonality in all FNH lesions 
in most of  the series[5,6]. However, monoclonality 
was also observed in some of  the lesions[7], including 
telangiectatic FNH[8,9]. FNH, as a descriptive term when 
proposed[10], may represent a group of  focal lesions 
with different morphologic phenotypes and genetic 
alterations, and may develop in different pathways. 
Chromosomal gains and losses have been observed in 
several lesions by comparative genomic hybridization, 
allelotyping or karyotyping[9,11], but the molecular 
mechanism of  FNH development remains unclear.

Hepatocellular adenoma (HCA) is a benign hepatic 
neoplasm, and its development is associated with the 
long-term use of  steroids, mainly oral contraceptives[2,12]. 
While HCA was proven to develop from foci of  
altered hepatocytes (FAH) in the liver of  rodents[13], the 
neoplastic features of  human HCA have been confirmed 
by clonality analyses[5,6,9]. Some HCA lesions tend to 
progress to hepatocellular carcinoma (HCC)[2,13], and the 
malignant transformation has been linked to β-catenin 
activation[14]. In contrast to HCA, FNH is a stable lesion 
in clinical phenotypes with a very low risk of  malignant 
transformation, although FAH can be detected in 
FNH[15] and HCC was identified in the liver harboring 
FNH as described in several case reports[16-18].

The majority of  FNH lesions are distinguishable 
from HCA by their morphologic features. However, 
the differential diagnosis is difficult for some lesions. A 
central scar is regarded as the most characteristic change, 
but it is detectable in less than half  of  FNH lesions. 
Even for classical FNH, its incidence was shown to be 
62% (153/245)[4,19]. More reliable procedures remain to 
be established for its distinction from HCA.

In the present study, we examined the clonality 
status of  FNH, and compared its clonality with that 
of  HCAs and HCCs, using assays based on XCI and 
polymorphism at the androgen receptor (AR) and 
phosphoglycerate kinase (PGK) loci. Secondly, these 
lesions were examined for loss of  heterozygosity (LOH). 
In addition, 57 nodules were microdissected from FNH 
in female patients and used for the clonality analysis. 
Twenty-five nodules were also isolated from an FNH 
lesion and were used for LOH analysis.

MATERIALS AND METHODS
Tissue samples and histological examination
A total of  46 hepatic lesions were used, including 12 
FNH lesions from 10 patients (Table 1), 12 HCAs from 
11 patients and 22 well-differentiated HCCs (Table 2). 

These patients were admitted to the Cancer Hospital, 
Chinese Academy of  Medical Sciences in Beijing and 
Tangdu Hospital, the Fourth Military Medical University 
in Xi’an during the period from 1998 to 2007. All the 
lesions were resected by an operation. Representative 
formalin-fixed, paraffin-embedded tissue samples were 
retrieved from the archives for both tumors and the 
surrounding liver parenchyma. Sections of  4 µm in 
thickness were prepared and stained by hematoxylin and 
eosin (HE).

All sl ides were reexamined independently by 
three pathologists (Su Q, Cai YR and Gong L), and 
their histologic features were reevaluated. FNH of  
the classical form was considered when the lesions 
showed characteristic features as proposed by other 
authors[3,4,10]. All the HCA lesions were identified from 
livers without evidence of  cirrhosis or diffuse fibrosis 
by their macroscopical and histological features using 
well-established criteria[2]. FAH and nodules of  altered 
hepatocytes (NAH) were identified on HE-stained 
sections[20], and the lesions were further highlighted 
by a marked reduction or even absence of  CK18-
immunoreactivity in glycogenotic clear cells as described 
previously[21]. Dysplasia, also designated as “small-cell 
change (SCC)”[20,22] and “small-cell dysplasia”[23], was 
recognized and graded into low-grade and high-grade 
lesions. The histological grades of  HCCs were assessed 
as described by Hamilton and Aaltonen[1], with the 
well-differentiated HCCs corresponding to all of  the 
grade Ⅰ and some of  the grade Ⅱ lesions by the criteria 
of  Edmondson and Steiner[24].

Immunohistochemical staining was performed using 
a streptavidin-labeled peroxidase (S-P) kit as in our 
previous study[20]. The primary antibodies used in this 
study included those against cytokeratin (CK) 18, CK19, 
CD34, hepatitis B virus (HBV) surface antigen (HBsAg; 
Clone 3E7), p53 protein (DO-7) and Ki-67 antigen. 
All reagents were purchased from Dako (Glostrup, 
Denmark). Levels of  Ki-67 antigen expression were 
expressed as Ki-67-labeling indices (Ki-67-LI). The 
nuclear accumulation of  p53 protein was evaluated as many 
(3+, > 30%), moderate (2+, 5%-30%), few (+, < 5%) and 
absent (-, 0%), as described previously[25].

Extraction of genomic DNA
Sections of  8 µm in thickness were prepared. After 
staining with HE, the lesions of  FNH, HCA and HCC 
were identified by microscopic examination. Then 
the lesional tissues, each covering an area of  at least 
1 cm × 1 cm, were collected by a rubber policeman, 
and pooled into 1.5-mL tubes. The surrounding liver 
parenchyma and fibrous tissue were collected and used 
as controls. Previous XCI tests have demonstrated that 
monoclonality can be determined provided a given 
cell population contains at least 75% monoclonal 
cells[26]. To guarantee reliability of  the following assays, 
mesenchymal tissue areas containing inflammatory cell 
clusters were eliminated to enhance purity of  target cells 
to at least 80%. Genomic DNA was then isolated with 
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an extraction kit (QIAGEN, Chatsworth, CA, USA) 
following the manufacturer’s instructions. The DNA 
samples of  50 µL each were stored at -20℃ until use.

Microdissection of preneoplastic nodules from FNH
Selected FNH specimens with well demarcated NAH were 
subjected to microdissection as described previously[27]. 

Table 1  Clinicopathological features of 12 FNH lesions and data of immunohistochemistry, clonality and LOH assays

Case numbers Age (yr)/gender Lesion codes Lesion sizes (cm) Ki-67-LI (%) p53-LI (%) Clonality by XCIA No. of LOH

01 40/F  011 5.0 1.6 0 PC2 0
02 30/F 02 2.5 0.5 0 PC2 0

03 7.0 0.8 0 PC2 0
03 22/M  043 5.2 0.7 0 NT 0
04 44/M  051 1.2 0.5 0 NT 0
05 31/F  061 4.7 0.3 0 PC2 0
06 43/F 07 3.2 1.0 0 PC2 NT
07 44/F  081 2.0 0.8 0 PC4 NT
08 53/F  095 4.8 1.0 0 PC2 NT
09 23/F    101,5 4.5 1.2 0 PC4 NT
10 46/F    111,5 5.3 0.8 0 PC3 NT

 121 1.5 0.9 0 PC4 NT

1Some small preneoplastic foci, composed of clear cells, identified in surrounding liver parenchyma; 2Tested on phosphoglycerate kinase (PGK) locus; 
3Nodules of altered hepatocytes (NAH) isolated from FNH by microdissection for LOH detection; 4Noninformative at PGK locus and the data obtained 
by the assay on androgen receptor (AR) locus; 5NAH isolated from FNH by microdissection for clonality assessment by XCIA. FNH: Focal nodular 
hyperplasia; Ki-67-LI: Ki-67 antigen-labeling indices; p53-LI: p53 protein-labeling indices by DO-7; XCIA: X-chromosomal inactivation assay; LOH: Loss of 
heterozygosity; F: Female; M: male; PC: Polyclonality; NT: Not tested for its origin from a male patient.

Table 2  Clinicopathological features of 12 HCAs and 22 HCCs, with data of clonality and LOH assays

Case 
numbers

Age (yr)/
gender

Lesion codes  Lesion sizes 
 (cm)

Lesion types  Ki-67-LI 
 (%)

 p53-LI 
 (%)

Clonality 
by XCIA

 No. of 
 LOH

Chromosomal arms 
affected by LOH

11 36/F HCA01   3.5 HCA   1.3   0 MC1   3 8p, 11p, 16q
12 57/F HCA02   3.0 HCA2   1.3   0 MC1   1 17p
13 28/M HCA03   7.3 HCA, SCC2   2.5   0 NT   4 11p, 13q, 17p
14 52/M HCA04   8.5 HCA   1.1   0 NT   3 11p, 17p
15 31/F HCA05   7.0 HCA   3.1   0 MC1   4 11p, 13q
16 29/F HCA06   1.0 HCA2   2.0   0 MC1 NT NT

HCA07 12.0 HCA2   1.8   0 MC1   5 1p, 13q, 17p
17 30/F HCA08   1.0 HCA, SCC2   1.5   0 MC3   1 13q
18 29/F HCA09   5.0 HCA   0.9   0 MC1   4 6q, 11p, 13q, 17p
19 37/F HCA10   5.0 HCA   1.3   0 MC3   2 13q, 17p
20 33/F HCA11   2.0 HCA2   2.3   0 MC1 NT NT
21 40/F HCA12   1.5 HCA2   2.0   0 MC3 NT NT
22 31/F HCC01   2.2 HCC, G1   2.0 10 NT 11 8p, 11p, 13q, 16q, 17p
23 46/M HCC02   4.1 HCC, G1 65.0   0 NT   7 6q, 13q, 16q, 17p
24 42/M HCC03   3.0 HCC, G1   2.5   0 NT 10 6q, 8p, 13q, 17p
25 51/M HCC04   5.3 HCC, G1   8.2 80 NT   5 8p, 11p, 13q, 16q, 17p
26 49/M HCC05   2.0 HCC, G1   2.0   0 NT   2 1p, 11p
27 27/M HCC06   2.5 HCC, G1   1.2   0 NT   2 8p, 11p
28 56/M HCC07   3.3 HCC, G1   1.5   0 NT   0 None
29 38/F HCC08   8.3 HCC, G1 18.0   0 MC1 NT NT
30 64/F HCC09   3.6 HCC, G1   5.5   0 MC3 NT NT
31 53/F HCC10   9.5 HCC, G2   8.5   0 NT   3 8p
32 33/M HCC11   8.0 HCC, G2   5.2   0 NT   5 6q, 11p, 17p
33 48/F HCC12   5.2 HCC, G2 35.0   0 NT   4 6q, 8p, 16q
34 44/F HCC13   4.2 HCC, G2 65.0 80 NT 12 8p, 11p, 13q, 16q, 17p
35 29/F HCC14   3.6 HCC, G2   0.9   0 NT   2 1p, 11p
36 61/F HCC15   4.5 HCC, G2   3.7   0 NT   6 6q, 13q, 16q, 17p
37 48/M HCC16   5.0 HCC, G2   1.4   0 NT   3 6q, 11p, 17p
38 39/M HCC17   4.0 HCC, G2   1.5   0 NT   0 None
39 39/M HCC18   5.0 HCC, G2   1.2   0 NT   0 None
40 50/M HCC19   2.0 HCC, G2   2.0   0 NT   8 8p, 11p, 13q, 17p
41 51/M HCC20   7.4 HCC, G2 12.2   0 NT   1 11p
42 55/F HCC21   2.5 HCC, G2 28.5   0 MC3 NT NT
43 77/F HCC22   5.6 HCC, G2 16.2   0 MC3 NT NT

1Noninformative at PGK locus and the data obtained by the assay on AR locus; 2Some small preneoplastic foci, composed of clear cells, identified in 
surrounding liver parenchyma; 3Tested on PGK locus. HCA: Hepatocellular adenoma; HCC: Hepatocellular carcinoma; MC: Monoclonality; NT: Not tested 
for its origin from a male patient (for HCA) or its evidently malignant phenotypes; SCC: Small-cell change.
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Ten consecutive sections were deparaffinized with xylene, 
rehydrated by rinsing through graded alcohol, stained with 
HE and immersed in glycerol. Larger nodules, 2.5-5.0 mm 
in diameter, from these sections were identified and 
correlated. Target tissues were outlined and collected with 
a clean 4½ needle under a microscope (Figure 1A and B). 
The tissues of  the same nodules from the consecutive 
sections were pooled together and stored in 1.5-mL tubes. 
Using the same procedure, tissues of  the same size were 
also collected from the surrounding liver parenchyma and 
were used as controls. Genomic DNA was isolated as 
described above.

Clonality assays based on XCI mosaicism in somatic 
tissues in female patients
The principles of  XCI assays have been described 
previously[28]. Briefly, there are two X chromosomes 
within each somatic cell in females, one from the father 
and the other from the mother. Both PGK and AR 
genes are located on X chromosomes, showing readily 
demonstrable polymorphism in different frequencies. 
The former carries a BstXI restriction-polymorphic site, 
reflecting the G/A single-nucleotide polymorphism 
at exon 1, while the latter is polymorphic at the CAG 
short tandem repeat (STR). These allelic differences and 
the XCI mosaicism enable us to identify monoclonal, 
neoplastic lesions from normal or regenerating tissues 
composed of  polyclonal cell populations[28,29].

The DNA templates extracted from tumors and the 
non-neoplastic tissues were incubated with 5 U of  HpaⅡ 
(Promega, Madison, WI, USA) at 37℃ for 12 h in a volume 

of  20 µL containing 0.2 µL of  10 mg/mL bovine serum 
albumin and 2 µL of  10 × reaction buffer, and heated 
at 95℃ for 5 min to inactivate the enzyme. The digested 
DNA samples, 5 µL each, were then subjected to nested 
PCR for amplification of  exon 1 of  PGK and AR genes, 
as described previously[28]. The PGK products, 10 µL 
each, were incubated with 5 U of  BstXI (Promega) 
at 47℃ for 8-10 h. The digested products were then 
resolved in 2% (g/mL) agarose gel containing ethidium 
bromide (0.2 µg/mL), and visualized under ultraviolet 
light. The fluorescence intensities of  the products of  
these two alleles, at the positions of  530 and 433 bp 
separately, were assessed using LabWork 3.0 (UVP). 
Efficacy of  the reaction was demonstrated by including 
a sample from a male patient with FNH (Case 03) who 
had been demonstrated to harbor a BstXI restriction site.

The amplification products of  AR exon 1, 3 µL each, 
were mixed with the same volume of  sample buffer (99% 
formamide, 1 mg/mL bromophenol blue, 1 mg/mL xylene 
cyanol), resolved on 10% polyacrylamide gel containing 
urea (8.0 mol/L), and visualized by silver staining. Sizes 
of  the products were determined using 100-bp and 
10-bp DNA ladders (Gibco BRL).

LOH assays by conventional and multiplex PCR
A total of  57 loci, whose allelic loss has been frequently 
observed in HCC samples from various regions[30-38], were 
chosen for the LOH assay. Amplification of  the DNA 
samples from the whole FNH lesions, HCAs and HCCs 
was performed by conventional PCR. Sequences of  the 
primer pairs (Table 3) were obtained from Genbank 

DC

BA

Figure 1  Preneoplastic lesions in classical FNH. A and B: FNH04 from Case 03, showing a nodule largely occupied by an expanding NAH (arrowheads), before (A) 
and after microdissection (B); C: Portion of FNH06, showing an FAH (arrowheads), in which the altered hepatocytes integrate well with the surrounding hepatic plate; D: 
Portion of an NAH composed mainly of clear hepatocytes (arrowheads), showing compression to surrounding liver parenchyma. HE, A and B, × 40; C and D, × 100.
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Table 3  Sequences of primers for nested PCR-based LOH assays

Markers (locations) External primer pairs1 Internal primer pairs1

D1S199 (1p36.13) CCTGGGCAACATAGCAG GGTGACAGAGTGAGACCCTG
TGACATCTTCCTCCACCTC CAAAGACCATGTGCTCCGTA

D1S2843 (1p36.12) AGAAGGTCGGGCACAAA GGGCTGGGCATTACACAAC
TTCATCACCCACCCAAAA ATCAAATTGGCTTCTCACCG

D1S513 (1p35.2) AGCTGAGACCCTGCCTTG AGCTGAGACCCTGCCTTG
AATGCCTGCTGTATGAAA AGCCTTCAGAGCCTGCC

D4S406 (4q31.21) TCCCAGTTTACAACCACA CTGGTTTTAAGGCATGTTTG
GAAGGTGGCTAACTAAAA TCCTCAGGGAGGTCTAAT

D4S426 (4q35.2) CAAGTAATACAATATGGTAA ATACACTGCATCCATATATACAAGG
ATACACTGCATCCATATATACAAGG ACATTGTGAAATGACCACAG

D6S437 (6q25.3) TTACTGACTTCTTGAAAGGGTG TGTCCTGGTGGAGGCA
ACACGCCATCACAGGAAC GGTACAGTGTTTGACCCTAAGA

D6S305 (6q26) AAAGCTGAGAAGCCATTCA CACCAGCGTTAGAGACTGC
GCAAATGGAGCATGTCACT GCAAATGGAGCATGTCACT

D6S1008 (6q27) GCTACTTCAGCAGGGTT AAGAAAGACTAGAGAGACAGACAGC
AATGACCACGAGTTCTTC ATCATTTGCCCATTTACCAA

D6S297 (6q27) CAAGAAGTGTCTCTAAAGATAAGG CAAGAAGTGTCTCTAAAGATAAGG
GCAAGATGTAGAAGGAGA CAACCAACCACGGTATATG

D8S277 (8p23.1) GTTCCCTATGGCTAAAG CCAGGTGAGTTTATCAATTCCTGAG
AGTTTGCCTCCAGAAA TGAGAGGTCTGAGTGACATCCG

D8S1754 (8p22) TTTGGGTAAGATACTTTAAGCG CAGGGAAGTCTCGGTTTG
AAATAGTCGGGTCGGGAG TCAGGGACACGATTCAGC

D8S1827 (8p22) AGAAATAGCCAAAGAAGC GACAGAATCATGTGGCCTTT
CTGGGAAGGTCAGCAGATTG TTTTGTAAAATGTAAAATTGGCTTT

D8S261 (8p22) GAGGCTACTAACAACGTG TGCCACTGTCTTGAAAATCC
TATTACAGTGGTTATGGC TATGGCCCAGCAATGTGTAT

D8S258 (8p21.3) ACAATAATGATGAGGCCAGAA CTGCCAGGAATCAACTGAG
CAGCCAATACGCAGGAGC TTGACAGGGACCCACG

D8S298 (8p21.3) CTAGTTATTATGCAGAGGTGACATC AGGCTTACACCCATGGACC
GAGGCTGGTTAGCATCACG ACGCAGCACACAACATCAT

D8S1771 (8p21.2) GGGGTGGGTGTAGATATT TTTACAAGAACCACCTGCC
TTGATTCTTTGCTGATGC GATATAAAACATGACTTTGCTACCC

D8S1772 (8q22.1) TTGATGCTCCTCTGTTGC GATCTGAGCCTTCCTACTGTC
AAGTCCTCCCTTTGCTGA TGCCTTTTGGTGAATGG

D8S522 (8q24.12) TATAGCAAATATGTTCACG GAAAACAAAACAGGCTCC
CCATCTTGGCTCCTC TGACCAAACAACTAGACACC

D11S1301 (11p13) GCCACAGCACTCCAG GGCAACAGAGTGAGACTCA
GACAACCTCCCTCACC GTGTTCTTTATGTGTAGTTC

D11S2008 (11p13) ATTCAGGAGCACAGAACA CATCCATCTCATCCCATCAT
GCATCCATACGGAAAGTC TTCACCCTACTGCCAACTTC

D11S907 (11p13) GCTTATTGTCCATACCCAAA GCTTATTGTCCATACCCAAA
GAAAAGCAAAGGCATCGT AAAGNACCTTAATTTCAGGC

D13S164 (13q12.3) GGCGATCCACCCACCTT GCTGTGATTGCACCACC
TGCCACGCACCTGTAGTCC ATTACAGGCGTGACACACC

D13S289 (13q12.3) AGGGCGTCACCGTGTT CTGGTTGAGCGGCATT
GACTGAGGCAGGAGGATTG TGCAGCCTGGATGACA

D13S260 (13q12.3) AATGGATCTGCTTGC AGATATTGTCTCCGTTCCATGA
ATCACTCCAAATGTAAAT CCCAGATATAAGGACCTGGCTA

D13S171 (13q12.3) CAGATACAGACATTTTGGAA CCTACCATTGACACTCTCAG
GCTCTACAGCATTGACCT TAGGGCCATCCATTCT

D13S267 (13q13.1) AGCTAATGGCCTGAAAGG GGCCTGAAAGGTATCCTC
AGAGGTCAAAGAGGAAGA TCCCACCATAAGCACAAG

D13S220 (13q13.2) AATCACCTCCCACCAG CCAACATCGGGAACTG
AGGGGTTCCTTCATCC TGCATTCTTTAAGTCCATGTC

D13S219 (13q13.3) CTGGATGAAAAGGAAC AAGCAAATATGCAAAATTGC
TTATCTCATTCAGTTGCT TCCTTCTGTTTCTTGACTTAACA

D13S218  (13q13.3) TTCTCATAAGAAATCCCC GATTTGAAAATGAGCAGTCC
TTTCATATCCCTGTTCAA GTCGGGCACTACGTTTATCT

D13S325 (13q14.11) ATGCAGCTTAAGTCCTTT TCCTTTAAGTGTCTAGAGAGGAGG
CTGTGCTATCTCCTCCAA TCTCTCTCAGAAGTTTGGAAGC

D13S291 (13q14.11) GTCTGACGGGAAACAGC ATGGCCAGACTTCCCACT
CACAAACAGAATCAACCCT CCAGGCTCACATGCTAACA

D13S126 (13q14.2) AGCCTCCCAAAGTGCTA TCACCAGTAAAATGCTATTGG
AGTCATCTGGTCCCTCAAT GTGATTTTCAAATTTGCTCTG

D13S118 (13q14.2) TGTAAATAGCTTAGTTG GAAATAGTATTTGGACCTGGG
CTACTGACATTTGCTC CCACAGACATCAGAGTCCTT

D13S153 (13q14.2) AACTTGGCTGCGATGATAAGAA AGCATTGTTTCATGTTGGTG
CCTGAGGTATTGACGAAGGGTC CAGCAGTGAAGGTCTAAGCC

D13S284 (13q14.3) CCAGCTCGTGTTCATTT AAAATCAGGTGGAAACAGAAT
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(http://www.ncbi.nlm.nih.gov and www.gdb.org). The 
reaction mixture was 50 μL in volume, containing 50 ng 
of  DNA templates, 4 μL of  dNTP (2.5 mmol/L each; 
Gibco BRL), 1 μL of  20 μmol/L primers each, 5 μL of  
10 × buffer (100 mmol/L Tris-HCl, pH 8.3, containing 
500 mmol/L KCl and 25 mmol/L MgCl2) and 1.25 U 
of  Taq DNA polymerase (Gibco BRL). Amplification 
was conducted for 35 cycles (94℃, 40 s; 46℃, 50 s; 
72℃, 1 min) following the initial denaturation at 94℃ for 
5 min. The final elongation was at 72℃ for 15 min. The 
efficacy and reliability of  the reactions were ensured by 
amplification of  the β-actin gene in a parallel reaction.

For microdissected samples, the amounts of  DNA 
extracted from the minute tissues were too small to com-
plete all the reactions, and a highly efficient amplification 
system was needed. Nested PCR was employed for this 
purpose. A multiplex PCR was performed, according to 

the principle of  Henegariu et al[39], followed by a second-
round reaction in separate tubes. For the first-round 
PCR, 57 external primer pairs, as listed in Table 3, were 
designed based on the genomic sequences (Genbank). 
They were classified into 11 groups according to calcu-
lated annealing temperatures and compatibility with the 
assistance of  Beacon Designer (Version 5.0) software, 
allowing amplification of  four to seven STR sequences 
in the same mixture. The reaction mixture was 50 μL 
in volume as described above, but it contained 20 ng of  
DNA templates. The amplification was performed for 
35 cycles, and the annealing temperatures varied accord-
ing to the primer groups. The second-round amplifica-
tion was followed using the internal primer pairs (Table 3), 
with the 57 reactions in separate tubes. After initial dena-
turation at 94℃ for 5 min, amplification was conducted 
for 15 cycles (94℃, 40 s; 50℃, 50 s; 72℃, 1 min) at first, 

GTACATTTTATAGATTCATAGAGTC AAAGGCTAACATCGAAGGGA
D13S137 (13q14.3) GATGGTGGGTGGGACTT CAGGAGGGATGGACTCACTTC

GGAATATGTGGAGGATTTATCTCTG TTTCCTCATTCTTTCCCAATTG
D13S321 (13q21.1) TAAATGCAATCTGAAT TACCAACATGTTCATTGTAGATAGA

CATAGCAAGACTCTGTC CATACACCTGTGGACCCATC
D13S119 (13q21.1) TCTCATTCCCATAACAT TTATTGCCTTTGTAGATCATTG

5' AGAGGAAAGATAGAACAA AAGACTTTGAATGAAATTCCC
D13S170 (13q31.1) AGCTATTATGTAACCAAT TTGCACTGTGGAGATAAACACATAG

TGTTGTTCTAAGCCAC TCACATTGTCTTTTAAGGCAGGAG
D13S71 (13q31.3) ACGCTCCTTCGTGGTG GTATTTTTGGTATGCTTGTGC

GTGCCTCTGTTTCTCCTATT CTATTTTGGAATATATGTGCCT
D16S514 (16q21) TGACACGCAATTTACCCT CTATCCACTCACTTTCCAGG

AATCACATTTTCCCACTG TCCCACTGATCATCTTCTC
D16S402 (16q22.1) GAGGCAAAGAGGTATCCA TTTTGTAACCATGTACCCCC

CCCACTCATTCCTGTCCC ATTTATAGGGCCATGACCAG
D16S3029 (16q23.1) AGGGTGTTGAGGTGTCTG ATAGAGTTGGGCTGCATAGA

ATAGGGTCTGCTGGGTT CTTTCCTGAAATTGGAAGTGA
D16S3040 (16q23.2) TATGTTGGTGGATGATTT TACTCCGGCAAGGACG

5' GTCAAGGAACACTGAACT GCTGCCTAGCACATGG
D16S422 (16q24.3) ACAGCCACCTCTATTCA CAGTGTAACCTGGGGGC

AACATTTTACTATATCTTACTTTCG CTTTCGATTAGTTTAGCAGAATGAG
D16S3121 (16q24.3) AAGTCACTGGGCTAACAAGG CATGTTGTACATCGTGATGC

TGGGTCCTGAGGTCACAAA AGCTTTTATTTCCCAGGGGT
D16S303 (16q24.3) GCAGGTTATGGATGTGAGTTTGTT GATCAGTGCTCGTTTTTTTTGGTTTGG

TTCGGAAGGCTGAGGCAGTA CAACAAGAGCGAAACTCGGTCTCAA
D17S643 (17p13.3) TGCCGTTCTCAGGTGGTT CTTCCTTGTCTCTAAACAGTCCTTT

TTCCTCCCTGCATGGATT GTAGTCCCAGGGAGCTGGAAGT
D17S849 (17p13.3) TACAATACTGCTGCAATAAG CAATTCTGTTCTAAGATTATTTTGG

TACAATAACATCAGGAAACA CTCTGGCTGAGGAGGC
D17S926 (17p13.3) GAAGTGGGAAGATTGCTT GCAGTGGGCCATCATCA

ATCCTCTGAACCGTATTT CCGCAGAAGGCTGTTGT
D17S695 (17p13.3) AGCCTGGGCAACAAGAGC CTGGGCAACAAGAGCAAAATTC

CAGCCAACGGGCGTCATT TTTGTTGTTGTTCATTGACTTCAGTCT
D17S1840 (17p13.3) GGCAACGTGGTGAAACCC GCCTGGGCGACAGAGTGA

ACCAGGACCGGCTGCTCT TGGGGCAGACTTGGTCCTT
D17S1529 (17p13.3) GTTAGCCTCTTCCTTGGACATTC TTGTTTCTATCCACGCAGGC

ATCATTCCGTTTCACCTTTGG GATGGCTGTGCTTGCTGGTA
D17S1574 (17p13.3) CTTCTTCTGCGTCAGGTATG TCACTTATCGGCATCTGATCC

CCAAAGTGCTGGGATTA CTGATGTGCCTTTTGTGTGTG
D17S831 (17p13.3) GCCCAAATCAGAAGCAAG CGCCTTTCCTCATACTCCAG

GACATCCATTGGCACCAC GCCAGACGGGACTTGAATTA
D17S654 (17p13.3) GGGGTACGCCTTTCCTCA GACCTAGGCCATGTTCACAGCC

GGTTGGCAAGACCACTGTTAGA GACATCCATTGGCACCACCCCAA
D17S796 (17p13.2) GAGCAGCTAGGATCAAGGG CAATGGAACCAAATGTGGTC

AGAACGGCAAACAACGAA AGTCCGATAATGCCAGGATG
β-actin2 CTGTGCCCATCTACGAGG AGAGATGGCCACGGCTGCTT

AAAGGGTGTAACGCAACTAA ATTTGCGGTGGACGATGGAG

1Nucleotide sequences were written in a 5' to 3' direction, with the forward and reverse primers for each reaction presented at the upper and lower lines, 
respectively; 2Amplified as an internal control with a product of 406 bp.
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followed by 25 cycles with the annealing temperature 
adjusted to 46℃. The amplification products, 3 μL each, 
were mixed with the same volume of  sample buffer, 
and then electrophoresed on a 15% polyacrylamide gel 
containing urea (8 mol/L). Gels were fixed in 10% acetic 
acid for 30 min, and the resolved products were visual-
ized by silver staining.

Evaluation of data and statistical analyses
The images of  the gels were subjected to analysis with 
a densitometer (Applied Syngene, Cambridge, UK). 
For clonality analysis based on polymorphism at the 
PGK and AR loci, a reduction of  ≥ 50% in their signal 
intensities for the products of  either allele, as compared 
to the samples not treated with HpaⅡ or HhaⅠ, is 
regarded as loss of  XCI mosaicism[28]. Each reaction 
was repeated at least once to guarantee reproducibility. 
Moreover, parallel assays were carried out using the 
surrounding liver parenchyma or fibrous tissue as 
controls. For the tests on microdissected lesions, special 
attention was paid to avoid interference from the XCI 
skewing patches[28]. For each FNH lesion, four tissue 
samples of  similar sizes as microdissected nodules 
were taken from the surrounding liver parenchyma and 
examined as controls.

For the heterozygosity test, normal tissue samples 
showing signals from two alleles migrating at expected 
locations and with similar intensities were considered 
informative, and those showing only one signal, were 
considered noninformative. Allelic imbalance was 
determined by comparing the intensity ratio between 
the signals for the two alleles. For a given informative 
marker, LOH was identified when one of  two signals 
was absent or the allelic ratio was greater than 3 or less 
than 0.33. Reliability of  the assays was guaranteed by 
including control tissue samples for all FNH lesions and 
microdissected nodules in a parallel way. Interpretation 
of  LOH results of  the lesions was considered reasonable 
when all of  the control reactions from the same case gave 
rise to consistent allelic ratios.

Statistical computation was carried out using SPSS 
13.0 software (SPSS, Inc, Chicago, IL, USA). Student and 
Kruskal-Wallis tests were employed to assess cell kinetic 
features of  different lesion types reflected by Ki-67-LI, 
and the χ2 test was used to compare LOH frequencies in 
HCA, FNH and HCC groups. P < 0.05 was regarded as 
statistically significant.

RESULTS
Clinical and pathological features
Twelve FNH lesions (FNH 01-12) were identified from 
10 patients (Cases 01-10), eight patients had solitary 
lesions and separate lesions were identified in two liver 
specimens (Table 1). The patients included eight females 
and two males, aged 22-53 years (mean, 37.6 years). 
Grossly, the resected FNH lesions were 1.2-7.0 cm in 
diameter (mean, 3.8 cm), and were invariably described 
as circumscribed and solid lesions. On cut surfaces, a 

multinodular appearance was observed, and a fibrous 
stellate scar was not recorded in any of  the lesions. 
Histologically, all the lesions were classified as the classical 
form[4], being well demarcated from the surrounding 
liver parenchyma but free of  a fibrotic capsule. The 
lesions were subdivided incompletely into nodules with 
fibrous septa that contained malformed blood vessels, 
proliferating ductules, and scattered lymphocytes.

Most of  the hepatocyte nodules appeared similar, 
about 1-5 mm in diameter, and histologically resembling 
regenerative nodules from cirrhotic livers. FAH, frequently 
of  the clear cell type and clear/amphophilic mixed cell 
type, were identified in some of  the nodules from all the 
lesions. The altered hepatocytes were arranged in plates 
frequently of  two cells in thickness, with the sinusoids 
appearing crowded, but were integrated well with the 
surrounding hepatocytes in the majority of  the lesions 
(Figure 1C). In some nodules, nearly all the parenchymal 
cells were replaced by the altered hepatocytes. These 
lesions became larger than other nodules, 2.5-5 mm 
in diameter, showing marked compression to the 
surrounding tissue (Figure 1D) and fulfilling the criteria 
for NAH[20,22]. In all the FNH lesions, including the 
FAH and NAH areas, the thickness of  hepatic plates did 
not exceed two cells and no SCC was detected. All the 
lesions were negative for p53 protein. Ki-67-LI ranged 
from 0.3% to 1.6%, with a mean of  0.8%. While this 
value was shown to be lower than those of  HCAs (P < 
0.01) and the well-differentiated HCCs (P < 0.01), these 
three lesion types showed overlap in their Ki-67-LI, with 
6 (50%) of  the 12 HCAs and 6 (27%) of  the 22 HCCs 
within the range of  FNH (Tables 1 and 2). FAH, mainly 
small-sized, and clear-cell lesions, were also identified in 
the surrounding liver parenchyma in six of  the 10 livers 
(Table 1).

As listed in Table 2, 12 HCAs (HCAs 01-12) were 
resected from 11 patients (Cases 11-21), including nine 
females and two males. The ages of  the patients ranged 
from 28 to 57 years (mean, 36.6 years), and none had 
a history of  using oral contraceptives or other steroid 
hormones. Among the 12 lesions, 10 were solitary, and 
two were resected from the same liver (Case 16). The 
lesions ranged in size from 1 to 12 cm in diameter (mean, 
4.8 cm). Histologically, the lesions were well demarcated 
from the surrounding liver parenchyma, but an intact 
fibrotic capsule was absent in all the lesions. The tumor 
was composed of  hepatocytes arranged in plates usually 
of  two cells in thickness. Low-grade SCC was identified 
in HCAs 03 and 08. The portal tract was not visible 
within the lesions. All these lesions were negative for 
p53 protein. Ki-67-LI ranged from 0.9% to 3.1%, with a 
mean of  1.8%. Phenotypic change of  the sinusoid cells, 
as highlighted by emergence of  CD34-immunoreactivity, 
was observed in all the HCA lesions, being diffuse in 
four and patchy in eight of  the lesions. FAH, mainly of  
the clear cell type, were also identified in the surrounding 
liver parenchyma in six of  the 11 livers.

A total of  22 well-differentiated HCCs were collected 
from 12 males and 10 females (Table 2). The age of  the 
patients ranged from 27 to 77 years, with a mean of  
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46.6 years. All the patients were shown to be seropositive 
for HBsAg. Of  the 22 HCC cases, 20 appeared solitary 
and well demarcated and two were multifocal. The 
lesions ranged in size from 2.0 to 9.5 cm, with a mean 
of  4.6 cm. Histologically, nine of  them were classified 
into grade 1, and 13 into grade 2. Ki-67-LI ranged from 
0.9% to 65%, with the mean and median being 13.1% 
and 5.4%, respectively. This value was shown to be 
higher than that of  HCAs (P < 0.05), while the Ki-67-LI 
in 10 (45%) of  the 22 HCCs were within the range of  
HCAs. Immunoreactivity for AFP was demonstrated 
in four of  the HCC samples (HCC 01, 11, 21 and 22). 
Overexpression of  p53 protein was observed only in three 
HCC lesions, with the percentages of  positive tumor cells 
as high as 10% in Case 21 and 80% in Cases 25 and 34. 
HBV infection was confirmed by immunohistochemical 
demonstration of  HBsAg in all of  the cases. Cirrhotic 
changes were evident in surrounding liver tissues in all the 
cases, where numerous NAH were identified.

Nonrandom XCI revealed in HCCs and HCAs, but not in 
the FNH lesions
XCI analysis was performed using tissues from 4 of  
the female patients with HCC (Cases 29, 30, 42 and 43) 
and all the nine females with HCA (Table 2). The G/A 
polymorphism at the PGK locus was demonstrated in 
three of  the HCC patients (Cases 30, 42 and 43) and 
in three of  the nine HCA patients (Cases 17, 19 and 
21), showing two bands at positions 530 and 433 bp. 
Pretreatment with HpaⅡ resulted in loss, or marked 
intensity reduction, of  one band in all the tumor samples, 
while the allelic ratio was retained in the samples from 
surrounding liver parenchyma (Figure 2A). One HCC 
(Case 29) and the remaining HCA patients were not 
polymorphic at the PGK locus, but the AR locus showed 
CAG STR length-polymorphism. Pretreatment with HhaⅠ  
resulted in loss, or marked intensity reduction, of  one 
band in these two tumor samples, while the allelic ratios 
were not changed in the corresponding peritumorous 
liver parenchyma (Figure 2B and C). These results 
demonstrated monoclonality and confirmed neoplastic 
nature in all the HCC and HCA lesions.

Of  the eight female patients with FNH, 5 (Cases 
1, 2, 5, 6 and 8) showed G/A polymorphism at the 
PGK locus, and the remaining three (Cases 7, 9 and 10) 
were shown to be AR-polymorphic at the CAG STR. 
Pretreatment with HpaⅡ (for PGK locus) or HhaⅠ (for 
AR locus) did not cause a remarkable allelic ratio change 
in any of  the 10 FNH samples (Figure 3A). These results 
demonstrated polyclonality of  classical FNH lesions. 

It appears that FNH is different in clonal composition 
from hepatocellular neoplasms including HCC and 
HCA.

Nonrandom XCI revealed in some NAH lesions 
microdissected from FNH
Three FNH lesions (FNH 09-11) with well-demarcated 
NAH from three women were chosen for microdissection. 
A total of  56 NAH lesions (NAH 01-56), ranging from 
2.5 to 5 mm in diameter, and 5 ordinary regenerative 
nodules, of  similar sizes and without involvement of  
FAH, were isolated from the FNH lesions for clonality 
analysis. Genomic DNA samples from 52 of  the 56 
dissected NAH were amplified successfully and subjected 
to AR (FNH 09 and 10) and PGK gene analysis 
(FNH11). Twenty-one (40%) of  the 52 NAH showed 
monoclonality, including 14 (41%) of  the 34 lesions 
in FNH09 (Figure 3B), 2 (33%) of  the six in FNH10 
and 5 (42%) of  the 12 from FNH11 (Table 4). On 
average, the cross sectional areas of  the 21 monoclonal 

Table 4  Nonrandom X-chromosomal inactivation revealed in NAH microdissected from 3 FNH and their inactivation patterns

Origin of lesions No. of NAH tested No. with signals No. with MC (%)               No. of lesions with

Upper band Lower band

FNH09 38 34 14 (41.2) 12 2
FNH10   6   6   2 (33.3)   0 2
FNH11 12 12   5 (41.7)   0 5
Total 56 52 21 (40.4) 12 9
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Figure 2  Representative data of X-chromosome inactivation (XCI) assays 
at PGK (A) and AR loci (B and C). Nonrandom XCI are present in HCAs 
(08 in A, 20 in B) and HCCs (09, 21 and 22 in A, 08 in C), revealing their 
monoclonality. A: The G/A single-nucleotide polymorphism at PGK exon 1 was 
demonstrated by BstXI-digestion and electrophoresis on an agarose gel. The 
intact and cleaved amplification products migrate at positions of 530 (upper 
band) and 433 bp (lower band), respectively. Pretreatment with HpaⅡ (-: Before; 
+: After) resulted in marked reduction of the lower band in single tumor samples 
(T) and separate tumor areas (TA), but not in the surrounding liver parenchyma 
(N). M: DNA markers, with five bands at locations of 700, 600, 500, 400 and 
300 bp; B and C: The length polymorphism of AR gene was resolved on a 10% 
polyacrylamide gel containing urea (8 mol/L) and visualized by silver staining, 
with one product migrating faster than the other. Pretreatment with HhaⅠ (-: 
Before; +: After) resulted in loss or marked reduction of one band in tumor 
samples, but not in the non-neoplastic tissue. M: DNA marker at the location of 
200 bp.
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and 31 polyclonal lesions were 9.8 ± 7.0 and 9.5 ±  
6.7 mm2, respectively, the difference being insignificant 
(P > 0.05). Different alleles were retained among the 14 
monoclonal NAH from FNH09 (Figure 3B and C), while 
identical inactivation patterns were observed in those 
NAH from FNH 10 and 11 (Figure 3D). All of  the 
five ordinary nodules, four dissected from FNH09 and 
one from FNH11, were shown to be polyclonal in cell 
composition.

LOH detected in NAH, HCAs and HCCs, but not in whole 
FNH lesions
A total of  57 loci were examined in this study, located 
at 1p, 4q, 6q, 8p, 8q, 11p, 13q, 16q and 17p (Table 3). 
As shown in Table 2, the assay showed LOH, at least at 
one of  the loci, in 15 (83%) of  the 18 well-differentiated 
HCCs (01-07 and 10-20) and in all of  the 9 HCAs 
examined (01-05 and 07-10, Figure 4A). Six of  the FNH 
lesions (01-06), covering areas of  at least 1.0 cm × 1.0 cm, 
were also examined, and no LOH was detected in any of  
them (Figure 4B).

Demonstration of  clonal growth in some of  the 
NAH from FNH, as described above, indicated that 
some genomic alterations may have occurred in these 
minute lesions. Twenty-five NAH were microdissected 
from an FNH lesion (FNH04) for LOH analysis. 
Genomic DNA samples from 13 of  the microdissected 
lesions (NAH 57-69) were amplified successfully for 
the majority of  the reactions, but for other samples 

(NAH 70-81), the amounts of  the extracted DNA were 
too small to complete all the reactions and the data 
obtained were not included. Allelic imbalance, at least 
at one of  the loci, was demonstrated in all of  the 13 
NAH (Figure 4B, Table 5). The reliability of  the assay 
was confirmed by full consistence between the results 
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Figure 3  Clonality status of FNH lesions (A) and NAH (B), with XCI patterns revealed in different NAH (C and D). A: Polyclonality (PC) revealed in 3 FNH 
lesions, with FNH09 assayed at PGK locus and 10 and 11 at AR locus. HpaⅡ or HhaⅠ pretreatment (-: Before; +: After) did not significantly change intensity ratios 
between the two bands of lesional tissues (T) compared to those of the surrounding liver parenchyma (N). M: DNA markers, with five bands at locations of 700, 600, 
500, 400 and 300 bp for PGK assay, and a single band at the location of 200 bp for AR reaction; B: The PGK assay shows monoclonality (MC) in all of the nine NAH 
from FNH09, with the isolated reference tissue sample (NL), of a similar size to NAH, revealing polyclonality. XCI patterns of the NAH are different, with the upper 
band retained in NAH 01, 04, 07-09, 14 and 17, and the lower band retained in NAH 05 and 06; C: Sketch of a tissue section from FNH09, as illustrated in B, showing 
occurrence of monoclonal NAH with different XCI patterns and polyclonal lesions in the same section; D: Sketch of a tissue section from FNH11, showing four 
monoclonal and five polyclonal NAH. The clustered monoclonal lesions show the same XCI pattern, the XCI assays with small samples, as framed by hatch lines, may 
result in misinterpretation as monoclonality for the whole FNH lesion.

Figure 4  Representative data of amplification products at three length-
polymorphic loci in HCAs 07-09 (A), FNH04 and NAH microdissected from 
the FNH lesion (B), with loss or marked reduction of the product from 
one allele (black dot) defined as LOH. A: Gels show the allelic imbalance 
at D11S2008, D13S164 and D13S164 in HCA07, at D13S126 in HCA08, at 
D13S164, but not in D11S2008, in HCA09 (T: Tumor; N: Peritumorous normal 
liver); B: The microdissected lesions NAH58 and NAH60, but not NAH57 and 
NAH59, show LOH at D11S2008. The lesions NAH62, NAH63, NAH67 and 
NAH69, but not NAH68, show LOH at D8S298. Both alleles are preserved in 
FNH04 as tested as a whole (FNH) and compared to those of the surrounding 
normal liver parenchyma (NL).
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obtained by the multiplex reactions and those obtained 
through conventional PCR.

Of  the 57 loci examined, 39 (68.4%) showed LOH in 
at least one of  the lesions tested. At the remaining loci, 
allelic imbalance was not detected in any of  the samples 
examined. LOH was demonstrated in NAH, HCAs 
and HCCs at 21 (37%), 16 (28%) and 33 loci (58%), 
respectively. The allelic imbalance was more extensive 
among the locations tested in HCCs than in HCAs and 
NAH (P < 0.01), with their average numbers of  LOH 
being 4.5 (0-12), 3.1 (1-5) and 4.1 (1-6), respectively. As 
shown in Figure 5, the most frequent LOH in NAH, 
HCA and HCC were at D8S298 (70%), D11S1301 
(75%) and D6S1008 (50%), respectively. Several markers 
showed frequent LOH in the HCC samples but not in 
HCAs, including D6S1008, D8S1754, D8S261, D8S277, 
D16S3029, D16S303 and D17S796.

While LOH was demonstrated in NAH, HCAs and 
HCCs, its frequencies were found to vary with locations 
in the genome and lesion types (Figure 5), with those 
up to 20% and 30% considered frequent and highly 
frequent events, respectively. Of  the 39 loci showing 
LOH, eight were found to be highly frequent in HCAs, 
clustering at 11p, 13q and 17p, six in the HCCs, located 
at 6q, 8p, 11p, 16q and 17p, and six in NAH, located at 
8p, 11p, 13q and 17p.

Differences between these types of  lesions were 
further demonstrated by their LOH frequencies at 
different locations at 8p, 11p and 17p (Figure 5). Among 
the four loci affected at 8p, D8S298 was the only one 
showing LOH in a high frequency (70%) in NAH. Its 
frequencies were lower in other clinically detectable 
hepatocellular neoplasms, being 20% in HCAs and 12% 
in the HCC samples. The difference between NAH and 
HCC was significant (P < 0.01), and that between NAH 
and HCAs did not reach statistical significance (P > 0.05). 
Among the three loci at 11p, D11S1301 and D11S2008 
were affected more frequently in NAH, HCA and HCC.

As shown in Figure 5, allelic imbalances were found to 
affect more chromosomal locations in HCC specimens, 
with LOH demonstrated preferentially at D8S261 (3/8, 
38%), D8S1754 (4/13, 31%), D8S277 (3/15, 20%) and 

D17S796 (38%). Among the loci, D17S796 did not show 
allelic imbalance in any of  the six NAH and 10 HCAs 
examined. The region 17p13.3, as shown using nine 
markers, was affected in 7 (39%) of  the 18 HCCs, 6 (67%) 
of  the nine HCAs and 6 (46%) of  the 13 NAH examined, 
with the locus D17S926 involved frequently in all of  the 
three lesions. The region 16q21-24, as tested using seven 
markers, was affected in 6 (33%) of  the 18 HCCs, 1 (11%) 
of  the nine HCAs and 5 (38%) of  the 13 NAH examined, 
with D16S3029 and D16S3040 affected frequently in 
HCC and NAH, but not in HCA specimens.

DISCUSSION
FNH occurs within an otherwise normal liver, and is 
detected more frequently between the ages of  20 and  
50 years. A careful survey of  168 patients in France 
revealed a marked female predominance, with the male 
to female ratio being 1/8 (18/150)[4]. However, a male 
predilection was observed in a report from China involving 
86 FNH cases, with the male to female ratio being 1.7:1 
(54:32)[19]. This may reflect the differences in lifestyle and 
eco-environmental factors between these two countries, as 
a similar tendency has also been noticed for HCA[6]. The 
role of  oral contraceptive use in its development remains 
a matter of  debate[40,41], while its progression was observed 
in women using oral contraceptives[42-44]. The lesion is 
frequently solitary. A minority of  cases ranging from 7% 
(6/86)[19] to 24% (40/168)[4] have been shown to have 
multiple (2 to 30) lesions.

The distinction between FNH and HCA may be 
difficult in some cases during pathological practice. A 
central stellate scar, when present, is helpful in establishing 
the diagnosis of  FNH. However, this feature is 
undetectable in about half  of  FNH lesions[4,19]. Moreover, 
a similar change was also observed in some well-
differentiated HCCs[45]. In our study, this hallmark feature 
was not recorded in any of  the 12 lesions examined. 
Clearly, more reliable approaches are needed for the 
differential diagnosis.

The pathogenesis of  FNH remains to be established. 
Wanless and collaborators proposed that FNH is a 

Table 5  LOH profiles of 13 NAH microdissected from an FNH lesion (FNH04)

Lesion codes Diameters (mm)1 Numbers of LOH Loci affected2

NAH57 3.8 6 D6S437, D8S298, D13S118, D13S153, D16S3029, D16S3040
NAH58 3.5 5 D8S298, D11S1301, D11S2008, D13S321, D16S3121
NAH59 1.8 2 D13S164, D17S1840
NAH60 2.7 2 D11S1301, D13S321
NAH61 3.8 6 D11S2008, D13S118
NAH62 3.2 4 D8S298, D13S164, D13S321, D17S1840
NAH63 2.8 5 D1S513, D8S298, D13S118, D13S153, D17S695
NAH64 3.8 5 D6S1008, D13S218, D16S514, D16S3040, D17S926
NAH65 3.2 5 D1S513, D8S298, D11S907, D13S164, D13S126
NAH66 2.0 1 D6S1008
NAH67 2.1 4 D8S298, D11S1301, D11S907, D16S422
NAH68 2.4 3 D13S164, D13S126, D13S321
NAH69 2.8 5 D6S437, D8S298, D13S118, D13S321, D17S926

1The largest diameters as measured in cross sections of the lesions under a microscope; 2The markers written in underlined characters 
represent loci affected in high frequencies (≥ 30%) in NAH.
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proliferative response to an arterial malformation[3]. 
Analysis of  angiopoietin (ANGPT) 1 and ANGPT2 
mRNA expression revealed an increase in the ANGPT1/
ANGPT2 ratio in classical FNH, but not in HCA and 
telangiectatic FNH[8,9,46]. This may provide a possible 
mechanism for alterations in proliferation and remodeling 
of  vascular elements within these lesions. However, the 
nodular hyperplasia of  the involved parenchyma needs 
to be explained. An observation by Paradis et al[5], using 
the XCI analysis, revealed polyclonality in all of  the 
12 FNH lesions examined. However, data from other 
laboratories, obtained by similar assays, demonstrated 
monoclonality in FNH lesions at frequencies ranging 
from 39%[9] to 75%[7]. The reason for this discrepancy is 
currently unknown. Insufficient sampling may result in 
the occurrence of  skewed XCI patterns during a test with 

normal tissues[28,47], which may lead to misinterpretation 
of  the data. The phenomenon was associated with clonal 
cell clusters (patching) as described in other tissues[28,47-49]. 
It may also be true that clonal proliferation occurs focally 
within some of  the classical lesions. 

In this study, the neoplastic nature of  HCC and HCA 
was confirmed, however, a random XCI inactivation 
pattern was demonstrated in all of  the eight FNH lesions 
examined. In order to avoid interference from clonal 
patches, large samples were analyzed for all the lesions. 
Our results demonstrate that classical FNH, when 
examined as a whole, is polyclonal in cell composition. 
The assay is useful for the differential diagnosis between 
FNH and neoplastic hepatocellular lesions including 
HCA and HCC.

Human hepatocarcinogenesis is a multi-step process, 
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Figure 5  Frequencies of LOH as demonstrated using 57 microsatellite markers in NAH (n = 13), HCAs (n = 9) and well-differentiated HCCs (n = 18). aP < 0.05, 
bP < 0.01 vs HCCs.
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including the occurrence of  FAH and NAH, neoplastic 
formation and malignant transformation through high-
grade SCC to a fully developed HCC[20,22]. The sequential 
changes may involve inactivation of  multiple tumor 
suppressors[38]. LOH is one of  the main mechanisms for 
inactivation of  tumor suppressor genes. Its occurrence 
has been localized frequently at 1p, 6q, 8p, 11p and 16q 
in early-stage, small HCC, while the losses at 4q, 13q 
and 17p were linked to progression of  the lesion[30-38]. 
As some well-differentiated HCCs and HCAs with high-
grade SCC share many morphologic features, it may 
be difficult to make the differential diagnosis between 
these disorders with full certainty. This is particularly 
true when the lesion occurs in a liver without chronic 
viral hepatitis and cirrhosis. Activation of  β-catenin and 
Wnt-1 signaling pathway has been linked to HCA lesions 
showing various degrees of  phenotypes indicative of  
malignant transformation[11,14], however, these changes 
were also found in some HCCs[50,51]. In this study, we 
examined the allelic integrity of  these chromosomal 
arms using 57 microsatellite markers in nine HCAs 
and 18 well-differentiated HCCs. Frequent LOH was 
observed in these well-differentiated HCCs at loci on 
6q, 8p, 11p, 16q and 17p. In HCAs, the alterations were 
observed on similar chromosomal arms, but at different 
loci (Figure 5). Among the eight loci selected for 8p, four 
showed LOH, located at D8S261, D8S1754, D8S277 
and D8S298, in HCC, and only one in HCA, at D8S298. 
Among the seven loci for 16q, four showed LOH 
in HCC, located at D16S3029, D16S303, D16S3040 
and D16S402, and only one, at D16S303, in HCA. It 
seems that the demonstration of  8p losses at D8S261, 
D8S1754 and D8S277, 16q losses at D16S3029 and 
D16S3040, and 17p loss at 17S796 is helpful for the 
identification of  HCC from HCA.

In contrast to HCA, FNH did not show TCF1/
HNF-1α or CTNNB1 gene mutations and rarely showed 
DNA losses[14,52,53]. Allelic imbalances are also present in 
the majority of  HCAs, as shown in this study, but results 
of  LOH detection in FNH are confusing. A genome-
wide assay by Bioulac-Sage and colleagues demonstrated 
LOH in 5 (26%) of  the 19 classical FNH samples[9], but 
another group, using a similar approach, did not find any 
LOH among the 212 informative loci[54]. In the present 
study, we did not find LOH at any of  the 57 loci in the 
six FNH lesions, as tested using samples as large as 1 cm 
× 1 cm. This is consistent to the polyclonal nature of  
FNH as revealed in most of  the lesions.

Results from our previous studies on human liver has 
enabled us to identify FAH and NAH in both explanted 
and resected liver specimens, and these lesions were 
associated with SCC and a markedly increased risk of  
HCC development[20,22]. In a recent study, various kinds 
of  nodules from livers with HBV-associated cirrhosis 
were microdissected. XCI assay revealed monoclonality 
in all of  the NAH with SCC, 35% of  the NAH without 
SCC, but not in any of  the ordinary regenerative nodules 
examined[27]. These NAH with clonal expansion were 
considered neoplastic, designated microadenomas and 

representing hepatic intraepithelial neoplasia (HIN). In 
this study, multiple FAH and NAH were also identified 
in FNH lesions, all of  these lesions were composed 
mainly of  clear hepatocytes with none showing SCC. A 
total of  56 NAH were isolated from four FNH lesions, 
and monoclonality was revealed in 21 (40%) of  the 
52 informative NAH by XCI analysis, demonstrating 
multifocal microadenoma formation within FNH. In 
contrast, all of  the five ordinary nodules were proven to 
be polyclonal.

The occurrence of  NAH with different inactivation 
patterns, as shown in FNH09 (Figure 3B and C), proves 
that microadenomas develop independently, as described 
for multiple leiomyomas of  the uterus[28]. It is conceivable 
that FNH is composed of  numerous NAH and NAH-
forming lesions. The synchronous relationship between 
different NAH may provide an explanation for the stable 
behavior of  most FNH lesions, in contrast to HCA. In 
addition, the presence of  multiple microadenomas (HIN) 
with similar XCI patterns in an FNH lesion, as shown in 
FNH11 (Figure 3D), may result in misinterpretation of  
the data if  the sample examined is small. For this reason, 
we proposed that sample areas for clonality assessment 
should be as large as 1 cm × 1 cm for larger FNH or 
cover the largest cross section for smaller lesions.

While some NAH were shown to be monoclonal, 
their pathogenesis is unknown. Our assay demonstrated 
allelic imbalance in all of  the 13 lesions, providing 
additional evidence for their neoplastic nature. The 
alterations were highly frequent in six loci, involving 
similar chromosomal arms, as in HCA, including 8p, 
11p, 13q and 17p. However, chromosomal arms 8p 
and 16q were affected in different frequencies in these 
two types of  lesions. D8S298 was affected frequently 
in both NAH and HCAs, but LOH at this locus was 
revealed in only a minority of  the HCC lesions. Allelic 
imbalance at D8S298 has been observed in oral and 
laryngeal squamous cell carcinoma and its precursor 
lesions. The change was proposed to be an early event 
in development of  the cancer[55]. This change was also 
observed in HCC specimens, with its frequencies ranging 
from 15%[56] to 32%[57]. It remains to be determined 
whether there is a tumor suppressor gene near D8S298 
preferentially responsible for HCC development in 
HBsAg-negative patients.

In summary, classical FNH lesions were shown to be 
polyclonal by XCI and LOH assays and distinguishable 
from HCA and HCC. Secondly, mult ifocal HIN 
formation, in the form of  NAH, was demonstrated 
within the FNH lesions. In addition, allelic imbalances 
were also identified in the microdissected NAH, 
with similar chromosomal arms affected as in HCAs. 
Therefore, classical FNH is considered a cluster of  NAH. 
Elucidation of  the process will be helpful for further 
understanding of  early human hepatocarcinogenesis.
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Background
Focal nodular hyperplasia (FNH) is a lesion found in an otherwise normal liver, 
and is considered parenchyma overgrowth responsive to increased blood 
flow secondary to vascular malformations. While its clinical outcomes are 
believed to be different from hepatocellular adenoma (HCA) and carcinoma, 
its pathogenesis is largely unclear and its distinction from HCA is sometimes 
difficult.
Research frontiers
While FNH was proposed to be a hyperplastic lesion, its clonality status has not 
been elucidated and the development of hepatocyte nodules within the involved 
parenchyma needs to be explained. In this study, the authors demonstrate that 
classical FNH, when examined as a whole, is polyclonal in cell composition. 
However, the formation of multiple nodules of altered hepatocytes (NAH), 
showing monoclonality and genetic alterations, was found within all the FNH 
lesions.
Innovations and breakthroughs
Clonality status of FNH has not been clarified and the mechanism for 
development of multiple hepatocyte nodules within FNH is unknown. In this 
study, classical FNH lesions were shown to be polyclonal and distinguishable 
from HCA and carcinoma. Secondly, the multifocal formation of NAH, 
representing early-stage hepatic intraepithelial neoplasia (HIN), was 
demonstrated within the FNH lesions. In addition, allelic imbalances were also 
identified in microdissected NAH. Classical FNH is considered a cluster of NAH.
Applications
The results of clonality analyses demonstrated polyclonality in all the classical 
FNH lesions, the approach being useful for the differential diagnosis of FNH 
from HCA and well-differentiated carcinoma. In addition, elucidation of the 
pathogenesis of the NAH lesions, representing hepatocytic microadenoma 
and early-stage HIN, may lead to further understanding of early human 
hepatocarcinogenesis.
Terminology
Most, if not all, of HCAs and carcinomas develop from a single focus of altered 
hepatocytes through nodular transformation (formation of NAH) and appearance 
of cellular and architectural atypia (small-cell change). Monoclonality and 
nonrandom genetic alterations similar to HCA, as demonstrated in NAH lesions 
in this study, enable us to consider these lesions hepatocytic microadenoma 
that represent early-stage HIN.
Peer review
This is an interesting report of clonality and genetic alternations in FNH. The 
article is well written and deserves publishing. 
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