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はしがき

本研究は、科学研究費基盤研究(C) (2) として補助を受け、

平成 14年度より 2年間に渡って行われたものである。本研究代表

者は平成9--..， 10年度にわたり科学研究費、奨励研究(代表、 o9 
770403;TGF-sシグナル伝達に関わる分子の消化器癌に

おける異常の解析及び癌治療への応用)により、ヒト肝発癌過程に

おける癌関連遺伝子の異常を解析し、その成果を肝癌の診断や治療

に応用する研究を推進してきた。本研究では従来の研究結果をもと

に、さらにDNA損傷における細胞周期の停止、アポトーシス誘導の

中心的役割を担うp5 3経路の各分子の異常が解析され、肝発癌に

おける役割が検討されたものである。

腫療の発生、進展には複数の遺伝子変化が必要であり、ヒト肝細

胞癌(肝癌)においても現在までに多様な遺伝子/染色体変化が報

告されている。一方、癌抑制遺伝子であるp5 3遺伝子産物および

その経路に関わる各分子が、 DNA損傷における細胞周期停止、アポ

トーシス誘導において主要な役割を担っていることが明らかとなり、

また多種のヒト腫蕩においてp5 3経路分子の異常が報告されてい

る。

本研究において、肝発癌におけるp5 3経路異常の全体像が明ら

かになり、肝発癌における役割が明確になったと思われる O その特

徴のーっとして、肝癌では発癌初期より染色体の異常が観察される

が、 p5 3経路異常が生じるのはより進行した段階であり、発癌初

期に出現した異常染色体をもっ細胞にp5 3経路異常が加わり、染

色体異常がより拡大すると考えられた。今後はこれらの成果を、遺

伝子診断や治療に結び、つけたいと考えている。

最後に、本研究を行うにあたり御協力頂いた共同研究者、大学院

生、実験助手や秘書の方々に深謝致します。

平成16年3月
西田直生志
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Abstracf 

Background 

2 

The INK4a/ARF locus encodes p16INK4a and p14ARF， both are crucial for two tumor 

suppressor pathways， retinoblastoma (RB)/p16INK4a and p53/ARF. Inactivation of 

RB/p16到 K4awas frequently reported， but alterations of the p14ARF gene in hepatocellular 

carcinoma (HCC) from Japanese population havebeen insufficiently analyzed. 

恥1ethods

To determine the role of p53/ARF alteration in hepatocarcinogenesis， we 

examined 44 HCCs for mRNA expression， deletion， mutation， and promoter 

hypermethylation of the p14ARF gene， and alterations of p53 were also analyzed in the 

same series of HCCs. 

Results 

Homozygous deletion spanning from exon 1 s to exon 2 wasfound in one， and 

mutations within exon 2 were found two cases， but no promoter hypermethylation was 

detected. All three HCCs with p14ARF alteration were well differentiated. Twelve of the 44 

HCCs (27.20も)showed immunohistochemical evidence of p53 alteration， however only 

one revealed to be well differentiated among tumors with p53 alteration. TaqMan PCR 

indicated that expression of p14ARF of HCCs was higher than all but three of the 

corresponding non-tumorous tissues (P < 0.001)， and increased expression of p14ARF 

seemed to be associated with poorly differentiated phenotype. Absence of expression was 

seen in only one with homozygous deletion of the p14ARF
• 

Conc1 usions 

Compared with p53 alteration， p14ARF alteration does not occur frequently， but 

may play a role in a subset of Japanese HCC in early stage of hepatocarcinogenesis. On 

the other hand， overexpression of p14ARF was frequently observed in HCC， especially in 

poorly differentiated tumor probably reflecting oncogenic stimuli in these tumors. 

Key words 

p14成 F，p53， INK4a/ ARF locus， hepatocellular carcinoma 



lntroduction 

The INK4a/ARF locus on chromosome 9p21 has a unique genetic organization， 

which codes two proteins with different functions. These two transcripts arising from 

different first exon， alternatively spliced into common second exon， give rise to two 

distinct and unrelated proteins with tumor suppressor functions， the cyc1in四dependent

kinase inhibitor (CDKI) pleNK4a and p14ARF
• While p16INK4a prevents S-phase entry by 

inhibiting CDK4/6-mediated phosphorylation of retinoblastoma (RB)， p14ARF is a key 

trigger of p53 stabilization in response to oncogenic signaling.1-3 

3 

The p16INK4a gene is known to be inactivated by mutations， homozygous deletions， 

or promoter methylation in many tumors of diverse origin.4-6 These features provide 

strong evidence that p16INK4a plays acritical role in various oncogenic processes. The 

principal inactivation mechanisms of the p16INK4a are varying widelyケ9but its frequent 

elimination as a result of methylation of the promoter region in hepatocellular carcinoma 

(HCC) has been reported recently. 10，11 

As for p14ARF， deletion inactivation of the INK4a/ARF locus has been reported in 

several human cancers.12-14 The promoter hypermethylation of the CpG islands of the 

p14ARF gene as well as the p16INK4.αhas been reported in primary colorectal， 15 gastric，16 and 

esophageal cancers.17 Moreover， alterations of p14ARF expression levels have been 

observed in lung cancer，18， 19 breast carcinomas/0，21 colorectal tumors/2 and hematological 

malignancies.23 Although inactivation of p16悶 Xぬ hasbeen documented as a frequent 

event in human HCCs， the role of p14ARF alteration in human hepatocarcinogenesis is still 

poorl y understood. 

We previously reported that alteration of the p53 gene was detected in 32% of 

human HCCs/4 but the frequency and mechanism of inactivation of p14ARF， the key 

trigger of p53 stabilization， has not yet been identified. 

The focus of the study presented here is therefore on alterations of p14ARF of 44 

primary HCCs in Japan in terms of mRNA expression， homozygous deletion， mutation， 

and promoter hypermethylation in order to determine the involvement of p14ARF 

inactivation in human HCCs. In addition， we investigate p53 alterations in the same series 

of HCCs. In this report， we describe alterations of p14ARF in HCCs from Japanese 

population with special attention to p53 inactivation and discuss the role of disruption of 

the p53 



Methods 

Sαmples 

4 

HCC samples and their non-tumorous tissues were obtained from 44 patients (40 

men and four women)， ranging in age between 41 and 79 years， during surgery or autopsy 

at Kyoto University Hospital and immediately stored at -80 oC. Eight patients were 

positive for hepatitis B surface antigen (HBsAg)， 27 for hepatitis C virus antibody 

(HCV Ab)， two for both HBsAg and HCV Ab， while seven were negative for both. The 

grade of differentiation of HCC was determined at the Clinical Pathology Department of 

the hospital. Sixteen of the HCCs were well differentiated， 19 moderately differentiated 

and nine poorly differentiated. Tumor tissues were carefully separated from norト

tumorous tissues， and high molecular weight DNA and RNA were extracted from 

t郎umorousand non-tumorous tissues according to standard protωoc∞01s.25 Of the 44 HCCs丸
ヲ

2お8were s印U担匂je伐ct凶edtωoq中uant凶lta初t註iveRNA e侃xp問r印es悶S幻10∞nanalyses. Informed consent was 

obtained from all patients. 

Methylation仰のsis0ρhe p14ARF gene promoter 
The methylation status in the CpG islands of the p14ARF gene promoter was 

analyzed by means of methylation specific polymerase chain reaction (MS-PCR). DNA 

samples from fresh frozen tissues were chemically modified by sodium bisulfite， and 

amplified by using primers speci白cfor methylated and unmethylated sequences of the 

p14ARF promote工Thedetails of the modification reaction， PCR conditions and sequences 

of the primers used have been described previously.15 The primer sequences designed for 

the p14ARF promotβr spanned six CpG wi thin the タregionof the gene. Primer sequences 

for the unmethylated p14成 Fpromoterwere 5'ー

TTTTTGGTGTTAAAGGGTGGTGTAGT -3' (sense) and タ帥

CACAAAAACCCTCACTCACAACAA-3' (antisense)， which amplify a 132田bpproduct. 

The primer sequences for the methylated p14ARF promoter were タ田

GTGTTAAAGGGCGGCGTAGC-3' (sense) and ターAAAACCCTCACTCGCGACGA四

3' (antisense)， which amplify a 122“bp product. The annealing temperature for the PCRs 

of the unmethylated and methylated promoter was 60
oC. DNA from KA TO田III(HSRRB 

JCRB0611， Osaka， Japan) of a gastric cancer cellline， which is reported to contain the 

methylated promoter of the p14ARF gene，16 was used as a positive control for the 

methylated sequence， and DNA from normal peripheral1ymphocytes was used as a 



negative control. The PCR products were electrophoresed on 1 % agarose gels， stained 

with ethidium bromide and visualized under ultraviolet illumination. 

Homozygous deletion αnalysis of the p14ARF gene 

5 

We used comparative multiplex PCR to detect homozygous deletions in exon 1 s 

and exon 2 of the p14ARF gene as previously described. ll
• 17 Two primer sets of the p14ARF 

exon 2 and the b-actin， as well as exon 1 βand the b-actin， were amplified simultaneously 

in a single reaction for each comparative multiplex PCR. PCR was performed at a final 

volume of25μ1 with a pH of 8.4 inc1uding 10 mM  Tris四日Cl，50 mM  KCl， 50μg/ml 

BSA， 1.5 mM  MgC12， 5% DMSO， 0.2 mM  of each deoxynuc1eotide triphosphate， 0.5 

units of Taq polymerase (Applied Biosystems， Foster City， CA)， 50 ng of the template 

DNA and 20 pmol of each primer. All reactions were hot田startedand cyc1e parameters 

were initially denatured at 950C for 5 minutes followed by 25 cyc1es at 95
0C for 0.5 

minutes，60
0

C for 0.5 minutes and 72
0

C for 0.5 minutes. The PCR products were 

electrophoresed on 10σ1'0 polyacrylamide gels and the intensities of the bands were 

densitometrically quantified (Densitograph AE田6905C;ATTO， Tokyo， Japan). The tumor 

was considered to contain a homozygous deletion if the signal was less than 10% of that 

of the control. PCR and gel analyses were performed at least three times for each sample. 

PCRふSCPand sequencing of伽 p14ARFgene 

PCR-single strand conformation polymorphism (PCR-SSCP) analyses for exon 

lβand exon 2 of the p14ARF gene were performed， by using primer pairs designed to 

cover the entire coding region and under the conditions described by.Kita et al.7 After 

denaturation at 99 oC for 5 minutes， the PCR products were loaded onto 6% 

polyacrylamide gels with or without 10σ1o glycerol and resolved by electrophoresis at 20 

oC. Samples showing abnormal mobility in the PCR皿SSCPanalysis were further analyzed 

by direct sequencing with the Dye Terminator Cyc1e Sequencing Ready Reaction Kit 

(Applied Biosystems) on an ABI 310 genetic analyzer (Applied Biosystems). 

Rel，αtive quαntitative real句timeRT-PCR ofp14成 FmRNA

cDNA was generated from total RNA by using Super-Script1M reverse 

transcriptase (Gibco BRL， Rockville， MD) according to the manufacturer's instructions. 

Oligonuc1eotide primers and TaqMan probes were designed using Primer Express， 
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version 1.0 (Applied Biosystems). The sequences of the PCR primer pair and the Taq恥1an

probe were as f ollows: f orward， 5にTTCGTGGTTCACATCCCGCGGC田デ;reverse， 5¥ 

CCCATCATCATGACCTGGTC-3'; TaqMan probe，タ-FA~ι

CAGCAGCCGCTTCCTAGA-TAMRA田3¥Inorder to avoid false-positive PCR results 

from the genomic DNA， the reverse primer for RT四PCRwas designed to contain the 

junction of two exons. All semi田quantitativePCRs were performed with an ABI PRISM 

7700 Sequence Detection System (Applied Biosystems). The PCR reaction mixture 

contained 12.5μlof2>くTaq恥1anUniversal PCR Master Mix (Applied Biosystems)， 200 

nM of the primers， 100 nM of the TaqMan probe， 1μ1 of the cDNA sample and water. 

The thermal cyc1ing conditions comprised the initial steps at 50 OC for 2 minutes and at 

95 oc for 10 minutes， followed by 40 cyc1es at 95 oc for 15 seconds and at 60 oC for 1 

minute. The standard curve was constructed with serial dilutions of cDNA from the HLF 

cellline (HSRRB JCRB 0405， Osaka， Japan) for analysis of p14ARF mRNA expression， 

which c1early expressed the mRNA of the target genes. In order to conlpare the findings 

under the same conditions， data for the target genes were normalized to the expression of 

an intemal housekeeping gene， the glyceraldehyde-3-phosphαte dehydrogenase (GAPDH)， 

by means of TaqMan GAPDH control reagents (Applied Biosystems). All the reactions 

for standard samples and samples of HCC cases were performed in duplicate， and the data 

averaged from the values of duplicate reactions. 

Immunohistochemistry for p53 

The primary antibodies used in this study were as follows: monoc1onal mouse 

anti四humanp53 protein， c10ne DOヴ (1:50dilution; Dako， Copenhagen， Denmark). 

Briefly，4μm slices of tissue sections were reacted with the primary antibody ovemight 

at 4 oC. Negative controls were reacted with normal mouse immunoglobulin under similar 

conditions. The tissue sections were then incubated at room temperature for 30 minutes 

with biotinylated anti四mouseIgG (1:200 dilution; Vector Laboratories， Burlingame， CA)， 

and incubated for30 minutes together with theavidin四biotinperoxidase complex reagent 

with the aid of a Vectastain ABC kit (Vector Laboratories). 0.05% diaminobenzidine was 

used as the final chromogen， and hematoxylin was used as the nuc1ear counterstain. 

St，αtisticαlAnαlyse 



ブ

The χ2 test， Fisher' s exact test， Mann四WhitneyU-test or KruskaトWallistest was 

used for analyses of the relationship between expression of the mRNA and various data. 

For analysis of relationship between grade of differentiation and alteration of p14ARF or 

p53， the Fisher's exact test was applied. Pく 0.05was considered to be statistically 

significant. 



Results 

Anゆsisofthe p14ARF gene in HCC 

MS.・-PCRanalysis showed that DNA from the gastric cancer ce1l1ine KA TO-III 

methylated at the p14ARF CpG island， while DNA from normal peripherallymphocytes 

was unmethylated at the same site as previously described.16 On the other hand， no 

hypermethylation of the p14ARF promoter was observed in either the 44 HCCs or their 

8 

norトtumoroustissues (Fig. 1A). Fig. 1B shows representative findings of comparative 

multiplex PCR of the p14ARF gene. One HCC (case 1) showed homozygous deletion in 

exon 1 s and exon 2 of the p14ARF gene. All DNA samples were also screened with PCR-

SSCP for mutation of the p14ARF gene and two HCCs (cases 2 and 3) showed abnormal 

mobility in exon 2 (data not shown)， but none showed abnormal mobility in exon 1β. 

Sequencing of the two PCR products with abnormal mobility detected a point mutation 

causing amino-acid substitution (case 2) and one base pair insertion causing frame shift 

mutation (case 3; Fig.1C). 

Relative mRNA level ofp14ARF 

Target quantities of mRNA were determined from the standard curve and 

expressed as an rトfolddifference relative to the standard sample， that is the HLF celI line. 

Relative mRNA levels of p14ARF ranged from 0.11 to 5.4. One HCC showed an extremely 

low level of p14ARF mRNA， even although the quantity of GAPDH mRNA was adequate. 

In this HCC， homozygous deletion in exon 1 s and exon 2 of the p14ARF gene was 

observed， suggesting that the deletion resulted in the defect in mRNA expression (Case 1; 

Table 1). On the other hand， two HCCs with mutations.of the p14ARF gene showed mRNA 

expression (Cases 2 and 3; Table 1). In alI but three HCCs， the expression of p14ARF 

mRNA was higher than that of the surrounding nOIトtumoroustissues (P< 0.001; Fig. 2A). 

p14組 Foverexpression appeared to be associated with a poorly differentiated phenotype， 

although the association was not statisticalIy significant (P = 0.108 by the Mann柑Whitney
U四test，well-differentiated vs. poorly叩differentiated;Fig. 2B). 

Alteration of p14ARF，αnd p53 and grade 0/ differentiation of HCCs 

To investigate the relationship between alteration of the p14ARF gene and p53， we 

performed immunohistochemistry of p53 on 44 paraffin-embedded HCC tissues. Typical 

strong expressions of p53 are shown in Fig. 3. Of the 44 cases examined， 12 (27.2%) 
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showed p53 overexpression， which was indicative of alteration of p53. Of the three HCCs 

with alteration of the p14ARF gene， one also showed p53 alteration (Case 1; Table 1). All 

but one HCC with alteration of p53 were moderately or poorly differentiated (Pく0.05by 

the Fisher's exact test; Table 2). On the other hand， all three with alteration of the p14ARF 

gene were well-differentiated HCCs (Pく 0.05by the Fisher's exact test; Table 2). 
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Discussion 

To investigate the role of disruption of the p53/ARF pathway in HCC fonnation， 

we used TaqMan real-time PCR and epigenetic/genetic analyses to examine the p14ARF 

gene， and compared the results with those of immunohistochemistry of p53 in the same 

HCC samples. Previously， Baek et al.26 reported that comparative RT四PCRanalysis 

showed no expression of p14ARF in five of 20 HCCs. Of these five， three showed 

homozygous deletion of the p14ARF gene， but the contribution of promoter 

hypermethylation of the p14ARF gene to HCC fonnation was not examined. Another report 

showed that no promoter hypennethylation of the p14ARF gene was detected in any of 20 

HCCS.27 Peng et α1. also analyzed the alteration of the p14ARF gene in 40 HCCs and found 

that homozygous deletion was the predominant mechanism of p14ARF inactivation.28 On 

the other hand， Tannapfel et al. identified that 9 % of HCCs showed hypennethylation of 

the p14ARF promoter.29 Herath et al. also reported that 46% of Australian HCC and 29% of 

South African HCC carried hypermethylation of the p14ARF promoter.30 In our series of 44 

HCCs， promoter hypermethylation of the p14ARF gene was not detected either， suggesting 

that it is not the major mechanism of p14ARF inactivation for HCC in Japan. The fact that 

p14ARF expression was absent in only one case with homozygous de1etion in exon 1 s and 

exon 2 also supports this idea. The p14ARF promoter methylation has been shown to be 

somewhat complex and heterogeneous methylation pattern may result in the difference of 

frequency of the p14ARF promotβr methylation.22 In this respect， we might over1ook some 

CpG methylation of the p14ARF promoter. However， both Herath's and our studies applied 

identical MS四PCRusing the same sequence of primer， 30 which probed most frequent1y 

methylated site among CpGs examined in colorectal ce1l1ine.22 In addition， almost every 

HCC showed more p14ARF expression than their corresponding non-cancerous tissue. 

Then， so far as Japanese HCC was concerned， we could conc1ude that methylation of the 

p14ARFpromoter was not so frequent. According to Herath's report， risk factors other than 

hepatitis B or C virus， such as hemochromatosis and aflatoxin， were identified in 24 of 37 

(659も)Australian and 21 of 24 (88%) South African HCC cases.30 On theother hand， 

thirty-seven of 44 HCC cases (84%) in our study showed hepatitis B or C virus infection. 

Although， we could not describe the c1ear reason for the di 
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Among the 44 HCCs we examined， mutation of the p14ARF gene was found in two 

HCCs， although mRNA of the p14ARF was also detected with Taq恥1anPCR in these 

tissues. Recent studies indicate that the C田terminaldomain encoded by exon 2 of the 

p14ARF gene， where two mutations were detected in our study， contains an important 

nuc1eolar localization signal.31 Mutations in exon 2 may therefore affect the nuc1ear 

localization of p14ARF and thereby interfere with p14ARF -regulated Mdm乙dependent

stabi1ization of p53.32 On the other hand， mutation in exon 1 s has not been found in any 
of the HCCs， nor in any other malignant tumors except for melanoma.33，34 

Evidence supporting direct biochemical interactions between p14ARF and p53 has 

been obtained，351eading to the hypothesis that p14ARF inactivation and the p53 mutation in 

human cancers must be mutually exc1usive in the mutational sense because both act on 

the same pathway. Such a relationship between alterations of the p14ARF and the p53 gene 

has been reported in some human cancers inc1uding HCC.12， 19，30 On the other hand， non-

small-celllung cancers and gastric cancers were reported lacking an inverse correlation 

between the p14ARF alteration and the p53 mutations.13， 16 In the present study， the 

population of HCCs with p14ARF inactivation appears to be too small for an analysis of 

this relationship. However， all three HCCs with alteration of the p14ARF gene were well 

differentiated tumors but only one with p53 alteration revealed to be well differentiated. 

These results indicated that alteration of the p14ARF gene emerge in early stage of 

hepatocarcinogenesis compared with p53 alteration， although both molecules are known 

to play a role in the same p53/ARF pathway. 

In HCCs without homozygous deletion of the INK4a/ARF locus， p14ARF 

overexpression seemed to be associated with a poorly differentiated phenotype. In 

addition， mRNA levels of p14ARF in most cases were much higher than those of 

surrounding non-tumorous tissues. Patients with follicular lymphoma characterized by a 

high level of p14ARF expression had a significantly shorter overall survival time from the 

time of diagnosis than other patients.23 Several mitogenic stimuli such as E1A， myc， 

oncogenic ras， and E2F-l are known to upregulate the p14ARF gene leading to p53 

stabi1ization戸，37Therefore，the high expression of p14ARF mRNA observed in HCCs may 

reflect oncogenic stimuli and/or inac 
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HCCs. p14ARF overexpression and the subsequent p53-dependent cell cyc1e arrest or 

apoptosis appear as normal cellular responses when hyperproliferative signals are present. 

Therefore， downstream effectors of the p53/ARF pathway may also be involved which 

cause elusion of cell cyc1e control or apoptosis in HCCs. 

In the study presented here， we found that alterations of the p14ARF gene are not 

frequent in HCCs from Japanese population. However， deletions or mutations of the 

p14ARF gene were detected in some well differentiated HCCs， suggesting that disruption of 

the p53/ARF pathway with inactivation of p14ARF may play a role in earlier stage than that 

with p53 alteration during HCC formation. In addition， overexpression of p14ARF of HCCs 

tends to be associated with a poorly differentiated phenotype， and may be c1inically 

significant for the prediction of biological behavior. Further study of the relationship 

between this gene expression and prognosis is now in progress. 



13 

Acknowledgluents 

The authors thank Hidemasa Azechi， M.D. for valuable suggestions regarding 

MS-PCR and immunohistochemistry. This work was supported in part by a Grant-in-Aid 

from the Ministry of Education， Science and Culture， Japan 



Rそferences

1 Serrano M， Hunnon GJ， Beach D. A new regulatory rnotif in cell皿cyc1econtrol 

causing specific inhibition of cyc1inD/CDK4. Nature 1993; 366: 704田7.

14 

2 Serrano M， Lee HW， Chin L， Cordon-Cardo C， Beach D， DePinho Rヲetal. Role of 

the INK4a locus in turnor suppression and cell rnortality. Cell 1996; 85: 27-37 

3 Quella DE， Zindy F， Ashrnun RA， Sherr CJ. Altemative reading frarnes of the 

INK4a turnor suppressors gene encode two unrelated proteins capable of inducing 

cell cyc1e arrest. Cell 1995; 83: 993-1000 

4 Cardas C， Hahn SA， Da Costa LT， Redston恥1S，Schutte M， Seyrnour AB， et al. 

Frequent sornatic rnutations and hornozygous deletions of the p 16 gene in 

pancreatic adenocarcinorna. Nature Genetics 1994; 8: 27-32 

5 Herrnan JG， Merlo A， Mao L， Lapidus RG， Issa JP， Davidson NE， et al. 

Inactivation of the CDKN2/p16/MST1 gene is frequently associated with aberrant 

DNA rnethylation in all cornrnon hurnan cancers. Cancer Res 1995; 55: 4525-30 

6 Karnb A， Gruis NA， Weaver田FeldhausJ， Liu Q， Harshrnan K， Tavtigian SV， et al. 

A cell cyc1e regulator potentially involved in genesis of rnany turnor types. Science 

1994; 264: 436-40 

7 Kita R， Nishida N， Fukuda Y， Azechi H， Matsuoka Y， Korneda T， et al. Infrequent 

alterations of the p16到 K4agene in liver cancer. Int J Cancer 1996; 67: 176四80

8 HuiA田M，Sakarnoto M， Kanai Y， Ino Y， Gotoh M， Y okota J， et al. Inactivation of 

p16 INK4a in hepatocellular carcinorna. Hepatology 1997; 25: 593-ブ

9 Liew CT， Li H四M，LoK四W，Leow CK， Chan JYH， Hin LY， et al. High frequency 

of p16INK4a gene alterations in hepatocellular carcinorna. Oncogene 1999; 18: 789噛

95 

10 Matsuda Y， Ichida T， Matsuzawa J， Sugirnura K， Asakura H. p16INK4a is inactivated 

by extensive CpG rnethylation in hurnan hepatocellular carcinorna. 

Gastroenterology 1999; 116: 394田400

11 Azechi H， Nishida N， Fukuda Y， Nishirnura T， Minata M， Katurna H， et al. 

Disruption of the p16/cyc1in DlIretinoblastorna protein pathway in the rn司jorityof 

hurnan hepatocellular carcinornas. Oncology 2001; 60: 346δ4 

12 Markl ID， Jones PA. Presence and location ofTP53 rnutation deterrnines pattem of 

CDKN2A/ ARF pathway inactivation in bladder cancer. Cancer Res 1998; 58: 

5348田53



13 Sanchez四CepedesM， Reed Al， Buta M， Wu L， Westra WH， Herman JG， et al. 

Inactivation of the INK4a/ARF locus frequently coexists with TP53 mutations in 

norトsmallcelllung cancer. Oncogene 1999; 18: 5843-9 

14 Iwato恥1，Tachibana 0， Tohma Y， Arakawa Y， Nitta H， Hasegawa恥1，et al. 

Alterations of the INK4al ARF locus in human intracranial germ cell tumors. 

Cancer Res 2000; 60: 2113-5 

15 Esteller恥1，Tortola S， Toyota M， Capella G， Peinado MA， Baylin SB， et al. 

Hypermethylation四associatedinactivation of p14ARF is independent of p16INK4a 

methylation and p53 mutational status. Cancer Res 2000; 60: 129-33 

16 Iida S， Akiyama Y， Nakajima T， Ichikawa W， Nihei Z， SugiharaK， et al. 

15 

Alterations and hypermethylation of the p1~ gene in gastric cancer. Int J Cancer 

2000;87: 654四8

17 Xing EP， Nie Y， Song Y， Yang G-Y， Cai YC， Wang しD，et al. Mechanism of 

inactivation of p14ARF， p15INK4b， and p16INK4a genes in human esophageal squamous 

cell carcinoma. Clin Cancer Res 1999; 5: 2704-13 

18 Gazzeri S， Della Valle V， Chaussade L， Brambilla C， Larsen CJ，Brambilla E. The 

human pl~ protein encoded by the beta transcript of the p16到K4agene is 

frequently lost in small celllung cancer. Cancer Res 1998; 58: 3926-31 

19 Vonlanthen S， Heighway J， Tschan MP， Bomer NM， Altermatt HJ， Kappeler A， et 

al. Expression of p16INK4a/p16alpha and p1~即Ip16bね isfrequently altered in norト

small celllung cancer and correlates with p53 over expression. Oncogene 1998; 

17: 2779四85

20 Brenner AJ， Paladugu A， Wang H， Olopade 01， Dreyling MH， Aldaz CM. 

Preferentialloss of expression of p16(INK4a) rather than p19(ARF) in breast 

cancer. Clin Cancer Res 1996; 2: 1993四98

21 Silva J， Dominguez G， Silva JM， Garcia JM， Gallego 1， Corbacho C， et al. Analysis 

of genetic and epigenetic process that influence p14ARF expression in breast cancer.. 

Oncogene 2001; 20: 4586田90

22 Zheng S， Chen P， McMillan A， Lafuente A， Lafuente MJ， Ballesta A， et al. 

Correlations of partial and extensive methylation at the p14(ARF) locus with 

reduced mRNA expression in coloretal cancer celllines and c1inicopathological 

features in primary tumors. Carcinogenesis 2000; 21: 2057-64 



16 

23 Taniguchi T， Chikatsu N， Takahashi S， F只jitaA， Uchimaru K， Asano S， et al. 

Expression of p16INK4a and p14ARF in hematological malignancies. Leukemia 1999; 

13: 1760四9

24 Nishida N， Fukuda Y， Kokuryu H， Toguchida J， Yandell DW， Ikenaga M， et al. 

Role and mutational heterogeneity of the p53 gene in hepatocellular carcinoma. 

Cancer Res 1993; 53: 368四ブ2

25 Sambrook J， Fritsch EF， Maniatis T: Molecular Cloning: A Laboratory Manual， ed 

2. Cold Spring Harbor， Cold Spring Harbor Laboratory， 1989: 7.6田9.24

26 Beak MJ， Piao Z， Kim NG， Park C， Shin EC， Park JH， et al. p16 is a major 

inactivation target in hepatocellular carcinoma. Cancer 2000; 89: 6ふ8

27 Esteller M， Com PG， Baylin SB， Herman JG. A gene hypermethylation profile of 

human cancer. Cancer Res 2001; 61: 3225θ 

28 Peng C岬Y，Chen T岬C，Hung S四P，Chen M-F， Yeh C-T， Tsai S四L，et al. Genetic 

alterations of INK4aJ ARF locus and p53 in human hepatocellular carcinoma. 

Anticancer Res. 2002; 22: 1265ヴ2.

29 Tannapfel A， Busse C， Weinans L， Benicke M， Katalinic A， Geissler F， et al. 

INK4a-ARF alterations and p53 mutations in hepatocellular carcinomas. Oncogene 

2001; 20， 7104-9 

30 Herath NI， Kew MC， Walsh MD， Young J， Powell LW， Leggett BA， et al. 

Reciprocal relationship between methylation status and loss of heterozygosity at 

the p14ARF locus in Austra1ian and South African hepatocellular carcinoma. J. 

Gastroen. Hepatol. 2002; 17: 301-7. 

31 Rizos H， Darmanian AP， Mann OJ， Kefford RF. Two arginine rich domein in the 

p14ARF tumor suppressor mediate nuc1eolar localization. Oncogene 2000; 19: 2978-

85 

32 Zhang Y， Xing Y. Mutations in human ARF exon 2 disrupt its nuc1eolar 

localization and impair its abi1ity to block nuc1ear export of MDM2 and p53. Mol 

Cell 1999; 3: 579四91

33 Gardie B， Cayuela JM， Martini S， Sigaux F. Genomic alterations of the p 1~ 

encoding exons in T -cell acute lymphoblastic leukemia. Blood 1998; 91: 1016-20 

34 Rizos H， Puig S， Badenas C， Malvehy J， Darmanian AP， Jimenez L， et al. A 

melanoma申associatedgerm1ine mutation in exon 1beta inactivates p14A即.

Oncogene 2001; 20: 5543-7 



35 ZhangYヲXiongY， Yarbrough WG. ARF promotes MDM2 degradation and 

stabilizes p53: ARF-INK4a locus deletion impairs both the Rb and p53 tumor 

suppression. Cell 1998; 92: 725-34 

36 Zindy F， Eischen C恥1，Randle DH， Kamijo T， Cleveland JL， Sherr CJ， et al. Myc 

signaling via the ARF tumor suppressor regulates p53-dependent apoptosis and 

immortalization. Gene Dev 1998; 12: 2424-34 

37 Karen H. p53: Death Star. Ce1l2000; 103: 691-4 

17 



18 

p53 
IHC 

cIinicopathological findings and Alterations of p14ARF and p53 in 44 patients 
clinicopathological parameter p14A貯

Genetic/Epigenetic 
Alteration 

Table 1 

+ 

+
+
十
品
・
・
+
+
+
+

一9
1
2
9
7
2
7
1
9
8
4
3
3
3
1
7
7

N

一β
3
3
A
2
0
0
0
2
6
3
1
0
1
2
0
0

一0
0
0
0
0
0
0
0
0
0
0
0
0
な

仏

ハ
u
n
u

R
一
C

一
p
i

一
n
一
a
一
M

一
市川一

T
一明

ω
m
m
m
m
お
必

m
m
%
介

加

川

m
m川
知

ω
初

幽

仁

1
5
2
0
0
0
2
0
0
3
5
0
2
z
a

Homozygous de1etion 
mlssense 
1 bp insertion 

Differentiation 

w
w
w
p
M
M
M
M
P
M
M
W
M
W
P
M
W
 

Virus 

応

c

c

m
c
c
c
c
c
B
C
B
M
C
C
C
B
C
C
州

a
 

N

B

悶

x
 
e
 

Q
U
 

，，，
F
 e
 

o
b
 

A
 

ρν Q
U
 

q
u
 c
 
68/F 

57/M 

69/M 

451恥4

73 1M 
631恥f
591恥f

79/M 

411恥f

58/M 

66/M 

66/M 

65/F 

501恥4
71/M 

67/M 

741恥f

4
I
 e
 

--a昆

1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
由

電
a
i
t
E
A

噌

E
Z
A
'
E
A

噌

E
且

噌

E
A

冒
E

i

'

E

A

z

g

，

田

a
4
J
J
T

no. 

Taq恥1anPCR

T 

0.29 
0.83 
0.11 
0.98 
0.14 
0.19 
0.33 
2.00 
0.29 
0.71 
1.70 
ND 

ND 
ND 

ND 
ND 
ND 

p53 
IHC 

Clinicopathological findings and Alterations ofp14ARF and p53 in 44 patients (cont.) 
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Table 1 

Clinicopathological findings and Alterations of p 14ARF and p53 in 44 patients (cont.) 
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Abbreviations: B， positive for HBsAg; C， positive for HCVAb; B and C， positive 
for both HBsAg and HCVAb; NBNC， negative for HBsAg and HCVAb; W， well 
differentiated; M， moderately differentiated; p， poor1y differentiated; IHC， 
immunohistochemistry; +， positive; -， negative; ND， not done. The GAPDH gene was 
used as an intemal control of TaqMan PCR. Data of p14ARF mRNA expression were 
normalized to that of GAPDH. 



Table 2 
AIteration of p14ARF， p53 and grade of differentiation in HCC 

P14A即 alteration
With 
Without 
Total no. 

P53 alteratlon 
With 
Without 
Total no. 

Grade of differentiation (no. of cases) 

Well Moderately or Poorly 
3 0 
13 28 
16 28 

Grade of differentiation (no. of cases) 
Well Moderately or Poorly 

11 
15 17 
16 28 

Total no; 

3 
41 

Total no. 
12 
32 

All HCCs with p14ARF alteration were well-differentiated (P < 0.05 by the 
Fisher's exact test). On the other hand， eleven of 12 HCCs with p53 alteration were 
moderately or poorly differentiated phenotype (Pく 0.05by the Fisher's exact test). 
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Figure legends 

Figure 1. Exαmples ofanalysis ofル p14ARFin HCC. 

(A) Representative findings of MS-PCR analysis of the p14ARF gene promoter. 

Asterisk: molecular weight marker of φX174/HaeIII digest; N: denotes norトtumorous

tissue; T: HCC tissue; U and M:PCR products from， respectively unmethylated and 

methylated DNA of the p14ARF promoter. KA TO田IIIwhich contains the methylated p14ARF 

promoter was used as a positive control for the methylated sequence， and DNA from 

normal peripherallymphocytes (NPL) was used as a negative control. The tumors of three 

cases show PCR products from unmethylated DNA， but no product from methylated 

DNA， indicating that the p14ARF promoter was unmethylated. 

(B) Representative findings of homozygous deletions in exon 1 s and exon 2 of 

the p14ARF gene. The homozygous deletions were identified by comparative multiplex 

PCR analysis. s -actin was used as an intemal control. The tumor of case 1 (lT) exhibits 

homozygous deletion in exon 1 βand exon 2 of the p 14ARF
• 

(C) Direct sequencing of two cases with an abnormal mobility shift in PCR-

SSCP. In the tumor of case 2， a missense mutation was detected in codon 119. In the 

tumors of case 3， one base pair insertion resulting in a frameshift mutation was detected 

in codon 69. 

Figure 2. Relative mRNA levels ofp14ARF in HCC. 

p14ARF expressions are shown in relation to those of GAPDH and the mean (土

SE) f or each group is also shown. 

(A) The mRNA levels of p14ARF of 28 HCCs and corresponding norトtumorous

tissues. N: norトtumoroustissue; T: HCC tissue. In HCC of case 1 (ム)wi th homozygous 

deletion of the p14ARF， no p14ARF mRNA was detected. 

(B) The mRNA levels of p14ARF for each grade of differentiation. The mRNA 

level of case 1 with homozygous deletion was exc1uded. Although， not statistically 

significant， expression of p14ARF was correlated with poorly differentiated phenotype (P = 

0.108 by the Mann-Whitney U開test;Well vs. Poorly differentiated) 

Figure 3. lmmunohistochemical staining of p53的HCC.

Strong nuc1ear staining of p53 in tumor cells. 
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