J Gastroenterol 2004; 39:355-361
DOI 10.1007/s00535-003-1302-9

Journal of ———
Gastroenterology

© Springer-Verlag 2004

Alteration of the pI44RF gene and pS3 status in

human hepatocellular carcinomas

TeruUAKI ITO!, NAOSHI NisHIDA!, YosHIHIRO FuKkuDA?, TAKAFUMI NISHIMURA!, TosHIKI KOMEDA!,

and Kazuwa Nakao!

'Department of Medicine and Clinical Science, Kyoto University Graduate School of Medicine, 54 Kawahara-cho, Shogoin, Sakyo-ku,

Kyoto 606-8507, Japan
2Kyoto University College of Medical Technology, Kyoto, Japan

Background. The INK4a/ARF locus encodes pl6Nk4a
and pl142RF. both of which are crucial for two tumor
suppressor pathways, retinoblastoma (RB)/p16™&4 and
p53/ARF. Inactivation of RB/p16™K4 was frequently
reported, but alterations of the p/44% gene in hepato-
cellular carcinoma (HCC) in the Japanese population
have been insufficiently analyzed. Methods. To deter-
mine the role of p53/AREF alteration in hepatocarcino-
genesis, we examined 44 HCCs for mRNA expression,
deletion, mutation, and promoter hypermethylation of
the p144%F gene; alterations of p53 were also analyzed in
the same series of HCCs. Results. Homozygous dele-
tion, spanning from exon 1 to exon 2, was found in 1
HCC mutations within exon 2 were found in 2 HCCs,
but no promoter hypermethylation was detected. All 3
HCCs with pI44RF alteration were well differentiated.
Twelve of the 44 HCCs (27.2%) showed immunohis-
tochemical evidence of p53 alteration; however, only 1
of the tumors with p53 alteration was well differenti-
ated. TagMan polymarase chain reaction (PCR) indi-
cated that the expression of p14ARF in HCCs was higher
than in that in all but three of the corresponding non-
tumorous tissues (P < 0.0001), and increased expres-
sion of pl4ARF seemed to be associated with poorly
differentiated phenotype. Absence of p144RF expression
was seen in only one HCC, with homozygous deletion of
the p144%F gene. Conclusions. Compared with p53 alter-
ation, pI44RF alteration does not occur frequently, but
may play a role in a subset of Japanese HCCs in the
early stage of hepatocarcinogenesis. On the other hand,
overexpression of pl4ARF was frequently observed in
HCC, especially in poorly differentiated tumors, prob-
ably reflecting oncogenic stimuli in these tumors.
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Introduction

The INK4a/ARF locus on chromosome 9p21 has a
unique genetic organization, which codes two proteins
with different functions, the cyclin-dependent kinase
inhibitor (CDKI) pl16™&4 and pl4ARF. While pl6MNk+
prevents S-phase entry by inhibiting CDK4/6-mediated
phosphorylation of retinoblastoma (RB), p144RF is a
key trigger of p53 stabilization in response to oncogenic
signaling.'-3

The p16"™k% gene is known to be inactivated by muta-
tions, homozygous deletions, or promoter methylation
in many tumors of diverse origin,*’ and its frequent
elimination as a result of methylation of the promoter
region in hepatocellular carcinoma (HCC) has been
reported recently.??

As for pl14ARF deletion inactivation of the INK4a/
AREF locus has been reported in several human can-
cers.!2 The promoter hypermethylation of the CpG
islands in the p/44%¥ gene, as well as in the p16'™Vk% gene,
has been reported in primary colorectal,® gastric,'* and
esophageal cancers.’” Moreover, alterations of pl14ARF
expression levels have been observed in lung cancer,!
breast carcinomas,!” colorectal tumors,'® and hemato-
logical malignancies.” Although inactivation of p16™Ka
has been documented as a frequent event in human
HCCGs, the role of pl144RF alteration in human hepa-
tocarcinogenesis is still poorly understood.

We previously reported that alteration of the p53
gene was detected in 32% of human HCCs,? but the
frequency and mechanism of inactivation of p14ARF  the
key trigger of p53 stabilization, have not yet been iden-
tified. The focus of the study presented here was, there-
fore, on alterations of p144RF in 44 primary HCCs in
Japan, in terms of mRNA expression, homozygous
deletion, mutation, and promoter hypermethylation, in
order to determine the involvement of p14ARF inactiva-
tion in human HCCs. In addition, we investigated p53
alterations in the same series of HCCs. In this report, we
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describe alterations of p14ARF in HCCs in the Japanese
population with special attention to p53 inactivation.
We also discuss the role of disruption of the p53/ARF
pathway during human hepatocarcinogenesis.

Methods

Samples

HCC samples and their corresponding 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. The
samples were immediately stored at —80°C. Eight pa-
tients were positive for hepatitis B surface antigen
(HBsAg), 27 for hepatitis C virus antibody (HCVAD),
and 2 for both HBsAg and HCVAD, while 7 patients
were negative for both. The grade of differentiation of
HCC was determined at the Clinical Pathology Depart-
ment of the hospital. Sixteen of the HCCs were well
differentiated, 19 were moderately differentiated, and 9
were poorly differentiated. Tumor tissues were care-
fully separated from non-tumorous tissues, and high-
molecular-weight DNA and RNA were extracted from
tumorous and non-tumorous tissues according to stan-
dard protocols.?! Of the 44 HCCs, 28 were subjected
to quantitative RNA expression analyses. Informed
consent was obtained from all patients.

Methylation analysis of the pl4~RF gene promoter

The methylation status of the CpG islands in the p/44RF
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 specific for methylated and unmethylated se-
quences of the pl/44kF promoter. The details of the
modification reaction, PCR conditions, and sequences
of the primers used have been described previously.!
DNA from KATO-IIT (JCRB0611; Health Science Re-
search Resources Bank, Osaka, Japan) a gastric cancer
cell line which is reported to contain the methylated
promoter of the p/44kF gene,'* was used as a positive
control for the methylated sequence, and DNA from
normal peripheral lymphocytes was used as a negative
control.

Homozygous deletion analysis of the p14ARF gene

We used comparative multiplex PCR to detect homozy-
gous deletions in exon 13 and exon 2 of the pI44%F gene,
as previously described.”!* Two primer sets of the p/44rF
exon 2 and the P-actin, as well as exon 1f and the (-
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actin, were amplified simultaneously in a single reaction
for each comparative multiplex PCR. The PCR prod-
ucts were electrophoresed on 10% polyacrylamide gels,
and the intensities of the bands were densitometrically
quantified (Densitograph AE-6905C; ATTO, Tokyo,
Japan). The tumor was considered to contain a homozy-
gous 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-single strand conformation polymorphism
(PCR-SSCP) analysis and sequencing of
the p14ARF gene

PCR-SSCP analyses for exon 1 and exon 2 of the
pl144%F gene were performed, by using primer pairs
designed to cover the entire coding region and under
the conditions described by Kita et al.” Samples showing
abnormal mobility in the PCR-SSCP analysis were
further analyzed by direct sequencing with the Dye
Terminator Cycle Sequencing Ready Reaction Kit
(Applied Biosystems, Foster City, CA, USA) on an
ABI 310 genetic analyzer (Applied Biosystems).

Relative quantitative real-time reverse transcription
(RT)-PCR of pI4*Rf mRNA

cDNA was generated from total RNA by using Super-
Script reverse transcriptase (Gibco RBL, Rockville,
MD, USA) according to the manufacturer’s instruc-
tions. The sequences of the PCR primer pair and
the TagMan probe used were as follows: forward,
5'-TTCGTGGTTCACATCCCGCGGC-3';reverse, 5'-
CCCATCATCATGACCTGGTC-3"; TagMan probe,
5'-FAM-CAGCAGCCGCTTCCTAGA-TAMRA-3'".
In order to avoid false-positive PCR results from the
genomic DNA, the reverse primer for RT-PCR was
designed to contain the junction of two exons. All
semi-quantitative PCRs were performed with an ABI
PRISM 7700 Sequence Detection System (Applied
Biosystems). The PCR reaction mixture contained
12.5u of 2 X TagMan Universal PCR Master Mix
(Applied Biosystems), 200nM of the primers, 100nM
of the TagMan probe, 1ul of the cDNA sample, and
water. The thermal cycling conditions comprised the
initial steps at 50°C for 2min and at 95°C for 10min,
followed by 40 cycles at 95°C for 15s and at 60°C for
1min. The standard curve was constructed with serial
dilutions of cDNA from the HLF cell line (JCRB 0450;
Health Science Research Resources Bank, Osaka,
Japan) for analysis of pl42RF mRNA expression,
which clearly expressed the mRNA of the target genes.
In order to compare findings under the same con-
ditions, data for the target genes were normalized to
the expression of an internal housekeeping gene, the
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glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene, by means of TagMan GAPDH control reagents
(Applied Biosystems). All the reactions for standard
samples and samples of HCC cases were performed in
duplicate, and the data were averaged from the values
of duplicate reactions.

Immunohistochemistry for p53

The primary antibody used in this study was as follows:
monoclonal mouse anti-human p53 protein, clone
DO-7 (1:50 dilution; Dako, Copenhagen, Denmark).
Briefly, 4-um slices of tissue sections were reacted with
the primary antibody overnight at 4°C. Negative con-
trols were reacted with normal mouse immunoglobulin
under similar conditions. The tissue sections were
then incubated at room temperature for 30min with
biotinylated anti-mouse IgG (1:200 dilution; Vector
Laboratories, Burlingame, CA, USA), and incubated
for 30min together with the avidin-biotin peroxidase
complex reagent with the aid of a Vectastain ABC kit
(Vector Laboratories). Diaminobenzidine (0.05%) was
used as the final chromogen, and hematoxylin was used
as the nuclear counterstain.

Statistical analyses

The Wilcoxon signed rank test or Mann-Whitney U-test
was used for comparisons of expression levels of p14ARF
among HCCs of various differentiation grades and non-
tumorous tissues. For analysis of the relationship be-
tween grade of differentiation and alteration of pl44rF
or pS3, Fisher’s exact test was applied. P < 0.05 was
considered to be statistically significant.

Results

Analysis of the pl4ARF gene in HCC

MS-PCR analysis showed that DNA from the gastric
cancer cell line KATO-III was methylated at the p/44RF
CpG island, while DNA from normal peripheral
lymphocytes was unmethylated at the same site, as
previously described.'* On the other hand, no hyper-
methylation of the p/44%F promoter was observed
in either the 44 HCCs or their corresponding non-
tumorous tissues (Fig. 1A). Figure 1B shows represen-
tative findings of comparative multiplex PCR of the
pl448F gene. One HCC (case 1) showed homozygous
deletion in exon 13 and exon 2 of the pI448F gene. All
DNA samples were also screened with PCR-SSCP for
mutation of the p/44%F gene, and two HCCs (cases 2 and
3) showed abnormal mobility in exon 2 (data not
shown), but none showed abnormal mobility in exon
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1. 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
a frameshift mutation (case 3; Fig. 1C).

Relative mRNA level of pl144RF

Target quantities of mMRNA were determined from the
standard curve and expressed as an n-fold difference
relative to the standard sample; that is, HLF cell line.
Relative mRNA levels of p144RF ranged from 0.11 to
5.4. One HCC showed an extremely low level of p14ARF
mRNA, although the quantity of GAPDH mRNA was
adequate. In this HCC, homozygous deletion in exon
1 and exon 2 of the pI144rF gene was observed, suggest-
ing that the deletion resulted in the defect in mRNA
expression (case 1; Table 1). On the other hand, two
HCCs with mutations of the p/44%F gene showed
mRNA expression (case 2 and 3; Table 1). In all but
three HCCs, the expression of pl44RF mRNA was
higher than that in the surrounding non-tumorous tis-
sues (P < 0.0001 by the Wilcoxon signed rank test; Fig.
2A). The overexpression of p144RF appeared to be asso-
ciated with a poorly differentiated phenotype, although
the association was not statistically significant (P =
0.0990 by the Mann-Whitney U-test; well differentiated
vs poorly differentiated; Fig. 2B).

Relationship between alteration of the p14ARF gene and
p33 grade of differentiation of HCCs

To investigate the relationship between alteration of
the pl44RF gene and p53, we performed immunohis-
tochemistry of p53 on 44 paraffin-embedded HCC tis-
sues. Of the 44 cases examined, 12 (27.2% ) showed p53
overexpression, which was indicative of alteration of
p53. Of the three HCCs with alteration of the pl44RF
gene, 1 also showed p53 alteration (case 1; Table 1). All
but 1 of the HCCs 12 with alteration of p53 were mod-
erately or poorly differentiated (P = 0.0322 by Fisher’s
exact test; Table 2). On the other hand, all 3 HCCs with
alteration of the p/44RF gene were well differentiated
(P = 0.0423 by Fisher’s exact test; Table 2).

Discussion

To investigate the role of disruption of the p53/ARF
pathway in HCC formation, we used TagMan real-time
PCR and epigenetic/genetic analyses to examine the
pl44R" gene, and compared the results with those
of immunohistochemistry of p53 in the same HCC
samples. Previously, Baek et al.”2 reported that com-
parative RT-PCR analysis showed no expression of
pl4ARF in 5 of 20 HCCs. Of these 5, 3 showed homozy-
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gous deletion of the p/44kF gene, but the contribution of
promoter hypermethylation of the pI44%F gene to HCC
formation was not examined. Another report showed
that no promoter hypermethylation of the p/44%* gene
was detected in any of 20 HCCs.? Peng et al?* also
analyzed alteration of the pI/44%" gene, in 40 HCCs, and
found that homozygous deletion was the predominant
mechanism of p144RF inactivation. On the other hand,
Tannapfel et al.» identified that 9% of HCCs showed
hypermethylation of the pl/44%F promoter. Herath et
al.? reported that 46% of Australian HCCs and 29% of
South African HCCs carried hypermethylation of the
pI44%F promoter. In our series of 44 HCCs, promoter
hypermethylation of the p/44kF gene was not detected
either, suggesting that it is not the major mechanism of
p14ARF inactivation for HCC in Japan. The fact that
pl4ARF expression was absent in only one HCC, with
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Fig. 1A-C. Examples of analysis of the
pl4ARF gene in hepatocellular carcinoma
(HCC). A Representative findings of
methylation-specific polymerase chain
reaction MS-PCR analysis of the pI44kF
gene promoter. Asterisk, molecular
weight marker of ®X174/Haelll digest;
N, non-tumorous tissue; 7, HCC tissue; U
and M, PCR products from, respectively,
unmethylated and methylated DNA of
the pI44RF promoter. KATO-III, a cell
line which contains the methylated p744%F
promoter, was used as a positive control
for the methylated sequence, and DNA
from normal peripheral lymphocytes
(NPL) was used as a negative control.
The tumors of three cases (27, 37, 47)
show PCR products from unmethylated
DNA, but no product from methylated
DNA, indicating that the p/44%F promoter
was unmethylated. B Representative
findings of homozygous deletions in exon
1P and exon 2 of the p/44%F gene. The
homozygous deletions were identified by
comparative multiplex PCR analysis; f3-
actin was used as an internal control. The
tumor in case 1 (/ T) exhibits homozygous
deletion in exon 1P and exon 2 of the
pl44RF gene. C Direct sequencing of two
cases with an abnormal mobility shift
on PCR-single-strand conformation poly-
morphism (SSCP) analysis. In the tumor
in case 2, a missense mutation was de-
tected in codon 119. In the tumor in case
3, a 1 base-pair insertion resulting in a
frameshift mutation was detected in
codon 69

4T  case no.

B -actin

exon 2

homozygous deletion in exon 1 and exon 2, also sup-
ports this idea. The pI44%F promoter methylation has
been shown to be somewhat complex, and a heteroge-
neous methylation pattern may result in differences in
the frequency of p/44%F promoter methylation.'® In this
respect, we might overlook some CpG methylation
of the pI144%F promoter. However, both the study of
Herath et al.?® and our study applied identical MS-PCR
using the same primer sequence, which probed the most
frequently methylated site among CpGs examined in a
colorectal cell line.’® In addition, we found that almost
all HCCs showed more pl44RF expression than their
corresponding non-cancerous tissue. Then, so far as
Japanese HCC was concerned, we could conclude that
methylation of the P14ARF promoter was not so fre-
quent. According to the report of Herath et al.,*® risk
factors other than hepatitis B or C virus, such as hemo-
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Table 1. Clinicopathological findings and alterations of p144®F and p53 in 44 patients

p14ARF
TagMan
Clinicopathological parameter PCR
Case no. Age (years)/Sex Virus Differentiation Genetic/Epigenetic alteration T N p53 IHC
1 68/F NBNC W Homozygous deletion 0.00 0.09 +
2 57/M C \ Missense 1.40 0.31 -
3 69/M C W 1-bp Insertion 1.30 0.32 -
4 45/M C P - 510 049 +
5 73/M C M - 220  0.27 +
6 63/M C M - 090  0.02 +
7 59'M B M - 0.58  0.07 +
8 79/M C M - 0.40  0.01 +
9 41/M B P - 290  0.29 +
10 58/M Band C M - 076 0.68 +
11 66/M C M - 077  0.34 +
12 66/M C w - 380 0.3 -
13 65/F C M - 540  0.03 -
14 50/M B \ - 062 013 -
15 71/M C P - 230 021 -
16 67/M C M - 2.60  0.07 -
17 74/M NBNC \ - 0.70  0.07 -
18 57TM C P - 029  0.05 -
19 65/M C \ - 0.83 0.07 -
20 67/M NBNC \ - 0.11 0.14 -
21 72IM C P - 098  0.02 -
22 60/M C M - 0.14  0.03 -
23 43/M B M - 019  0.28 -
24 68/M C " - 0.33 0.17 -
25 50/M C P - 2.00  0.01 -
26 70/M C M - 029  0.05 -
27 59/'M C M - 0.71 0.37 -
28 68/M NBNC M - 1.70  0.06 -
29 67/M Band C M - ND ND +
30 67/M NBNC M - ND ND +
31 62/M C P - ND ND +
32 63/M B M - ND ND -
33 61/M C Y - ND ND -
34 62/M B \ - ND ND -
35 63/M B \ - ND ND -
36 72IM C P - ND ND -
37 75/M C \ - ND ND -
38 66/M C P - ND ND -
39 55/F NBNC Y - ND ND -
40 S1I/M C \ - ND ND -
41 65/F C M - ND ND -
42 72/IM NBNC Y - ND ND -
43 48/M B M - ND ND -
44 68/M C M - ND ND -

T, tumor (HCC) tissue; N, Non-tumorous tissue; B, positive for hepatitis B surface antigen (HBsAg); C, positive for hepatitis C virus antibody
(HCVAD); B and C, positive for both HBsAg and HCVAb; NBNC, negative for HBsAg and HCVAb; W, well differentiated; M, moderately
differentiated; P, poorly differentiated; IHC, immunohistochemistry; +, positive; —, negative; ND, not done. The glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene was used as an internal control of TagMan polymerase chain reaction (PCR). Data for p144RF mRNA expression

were normalized to that of GAPDH

chromatosis and aflatoxin, were identified in 24 of 37
(65%) Australian and 21 of 24 (88%) South African
HCC cases. On the other hand, 37 of 44 HCC cases
(84%) in our study showed hepatitis B or C virus infec-
tion. Although we cannot describe a clear reason for the

difference in the frequencies of methylation, they might
be, in part, accounted for by differences in etiology in
the patients.

Among the 44 HCCs we examined, mutation of the
pl144RF gene was found in 2 HCCs, although pl44RF
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Fig. 2A,B. Relative mRNA levels of pl14ARF in HCC. pI44RF
expression is shown in relation to that of GAPDH, and the
mean (*SE) for each group is also shown. A The mRNA
levels of p14ARF in 28 HCCs and corresponding non-tumorous
tissues are shown. N, non-tumorous tissue; 7, HCC tissue. In
HCC in case 1 (triangle), with homozygous deletion of the
pl44%F gene, no pl4ARF mRNA was detected. Expression of
pl14ARF in HCC was significantly higher than that in the non-
tumorous tissue (P < 0.0001, Wilcoxon signed rank test) B
The mRNA levels of pl44RF for three grades of differentia-
tion. The mRNA level in case 1, with homozygous deletion,
was excluded. Although the association was not statistically
significant, the expression of pl4ARF was correlated with
poorly differentiated phenotype (P = 0.0990 by the Mann-
Whitney U-test; well-vs poorly differentiated)

Table 2. Alterations of p/44kF and p53 and grade of differen-
tiation in HCC

Grade of
differentiation
(no. of cases)

Moderately

Well or Poorly Total no.
pI144RF Alteration
With 3 0 3
Without 13 28 41
Total no. 16 28
p53 Alteration
With 1 11 12
Without 15 17 32
Total no. 16 28

All HCCs with p144RF alteration were well differentiated (P = 0.0423
by Fisher’s exact test). On the other hand, 11 of the 12 HCCs with p53
alteration were of moderately or poorly differentiated phenotype (P
= 0.0322, by Fisher’s exact test)
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mRNA was also detected with TagMan PCR in these
tissues. Recent studies indicate that the C-terminal do-
main encoded by exon 2 of the p/448F gene, where two
mutations were detected in our study, contains an
important nucleolar localization signal.?’ Mutations in
exon 2 may, therefore, affect the nuclear localization
of p144RF and thereby interfere with p144RF-regulated
Mdm?2-dependent stabilization of p53.2 On the other
hand, mutation in exon 1f of the p/44%F gene has not
been found previously in any HCCs, nor in any other
malignant tumor, except for melanoma.?

Evidence supporting direct biochemical interactions
between p144RF and p53 has been obtained,* leading to
the hypothesis that p14ARF inactivation and p53 muta-
tion in human cancers must be mutually exclusive in the
mutational sense, because both genes act on the same
pathway. In the present study, the population of HCCs
with p14ARF inactivation appears to be too small for an
analysis of this relationship. However, all 3 HCCs with
alteration of the p/44RF gene were well differentiated
tumors, whereas only 1 of the 12 HCCs with p53 alter-
ation was revealed to be well differentiated. These
results indicated that alteration of the pl44RF gene
emerges in the early stage of hepatocarcinogenesis com-
pared 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, p144RF gverexpression seemed to be associ-
ated with a poorly differentiated phenotype. In addi-
tion, mRNA levels of p144RF in most cases were much
higher than those of the surrounding non-tumorous tis-
sues. 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.!” Several mitogenic stimuli, such as
E1A, myc, oncogenic ras, and E2F-1 are known to
upregulate the p/44RF gene, leading to p53 stabiliza-
tion.* Therefore, the high expression of p144RF mRNA
observed in HCCs may reflect oncogenic stimuli and/or
inactivation of other tumor suppressor pathways in
these tumors, such as that of RB.

In the study presented here, we found that alterations
of the pl44RF gene were not frequent in HCCs from
the Japanese population. However, deletions or muta-
tions of the p/44%" gene were detected in some well-
differentiated HCCs, suggesting that disruption of the
p53/ARF pathway by inactivation of p14ARF may play a
role in an earlier stage of HCC than disruption of the
pathway by p53 alteration during HCC formation. In
addition, overexpression of p144RF in HCCs tends to be
associated with a poorly differentiated phenotype, and
may be clinically significant for the prediction of
biological behavior. Further study of the relationship
between this gene expression and prognosis is now in
progress.
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