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Inhibitors of differentiation and DNA binding-1 (Id-1) have
been demonstrated to oppose Ets-mediated activation of
p16INK4a. As p16INK4a protein is inactivated in hepatocellu-
lar carcinoma (HCC), we aimed to investigate the role of
Id-1 in regulating p16INK4a expression during the develop-
ment of HCC in HCC patients and direct ectopic Id-1
introduction into the PLC/PRF/5 HCC cell line. Sixty-two
HCC samples were recruited for evaluation of Id-1 and
proliferating cell nuclear antigen (PCNA) protein expres-
sion. The messenger RNA (mRNA) expression of Id-1
and p16INK4a was detected by quantitative reverse tran-
scription±polymerase chain reaction. For in vitro Id-1
transfection, five Id-1 transfected clones were isolated and
the effect of ectopic Id-1 introduction was investigated
by 3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide assay, flow cytometry, immunostaining and wes-
tern blot. Our results showed that Id-1 was over-expressed
in HCC specimens both at mRNA and protein levels. Over-
expression of Id-1 protein was correlated with PCNA
(r � 0.334, P � 0.033). HCC samples showing low Id-1
protein expression had a lower Id-1 mRNA level (340.2
versus 1467%, P � 0.039) and higher p16INK4a expression
(195 versus ÿ78.6%, P � 0.039) than samples with high
Id-1 protein expression. In the PLC/PRF/5 HCC cell line
study, ectopic Id-1 expression resulted in proliferation of
HCC cells and an increased percentage of S phase cells and
PCNA expression. The results showed that over-expression
of Id-1 induces cell proliferation in HCC through inactiva-
tion of p16INK4a/retinoblastoma pathway. In conclusion, the
results provided an insight for the understanding of the
role of Id-1 in functional inactivation of p16INK4a in HCC.

Introduction

Inhibitor of differentiation and DNA binding (Id) proteins are
transcription factors that belong to a group of helix±loop±helix
proteins lacking the DNA binding domain. Therefore, these
proteins act as dominant inhibitors of basic helix±loop±helix

transcription factors by forming transcriptionally inactive
heterodimers. Four Id genes (Id-1 through Id-4) are important
for cell fate decisions of growth and differentiation. Their
expression is typically high in actively proliferating cells and
is down-regulated as a prerequisite for exit from cell cycle and
differentiation (1±3). The Id family member Id-1 has been
implicated in regulating cellular life span, immortalization
and delayed senescence in mammalian cells (4±6). Over-
expression of Id-1 has been reported in several types of pri-
mary tumors including breast (7), pancreatic (8), prostate (9),
cervical (10) and colorectal adenocarcinoma (11). Previous
findings showed that ectopic expression of Id-1 induced
aggressiveness and metastasis in breast cancer cells (7), and
up-regulation of Id-1 has been correlated with tumor stage in
squamous cell carcinoma (12). Most recently, over-expression
of Id-1 protein has been correlated with patients' poor clinical
outcome and mitotic index in several human cancers (10,11).
This evidence strongly supports that Id-1 plays an important
role not only in tumorigenesis, but also in tumor progression.
However, Id-1 expression in hepatocellular carcinoma (HCC)
has not been studied and its role remains unknown.

Recently, Id-1 has been demonstrated to oppose Ets-
mediated activation of p16INK4a via Ras-Raf-MEK signaling
(13). The p16INK4a/retinoblastoma (RB) pathway has been
shown to be down-regulated in various human tumors includ-
ing HCC, either through loss of p16INK4a or RB function, or
through down-regulated expression of cyclin D or cdk4
(14±16). Several mechanisms of inactivation of p16INK4a/RB
pathway have been proposed including promoter methylation,
protein sequestration and post-translational modification (17).
However, little is known about the direct transcriptional con-
trol of genes within the p16INK4a/RB family and their role in
HCC tumorigenesis. Therefore, we first examined the Id-1
expression in messenger RNA (mRNA) and protein levels in
HCC and then investigated whether Id-1 may play a role in
regulating p16INK4a expression during the development of HCC.

Materials and methods

Patient samples

Samples were obtained with informed consent from 10 healthy liver transplant
donors and 62 patients undergoing hepatectomy for HCC from 1997 to1999 in
the Department of Surgery, University of Hong Kong Medical Centre, Queen
Mary Hospital, Hong Kong.

Id-1 and proliferating cell nuclear antigen (PCNA) immunostaining

Formalin-fixed and paraffin-embedded liver sections with a thickness of 4-mm
were dewaxed in xylene and graded alcohols, hydrated and washed in phosphate-
buffered saline. After pre-treatment in a microwave oven [16 min in sodium
citrate buffer (pH 6)], the endogenous peroxidase was inhibited by 0.3%
H2O2 for 30 min, and the sections were incubated with 10% normal goat
serum for 30 min. A 1:100 diluted polyclonal antibody to Id-1 (Santa Cruz
Biotechnology, Santa Cruz, CA) and PCNA (Oncogene Research Products,
San Diego, CA) were applied overnight in a moist chamber at 4�C. For
negative control, immunohistochemistry was carried out on a HCC specimen
with strong Id-1 expression after blocking the antigen-binding site of the
primary antibody using corresponding blocking peptide (SC-488p, Santa Cruz
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Biotechnology) (Figure 1G). A standard avidin±biotin peroxidase technique
(DAKO, Carpinteria, CA) was applied. Briefly, biotinylated goat anti-mouse
Ig or goat anti-rabbit Ig and avidin±biotin peroxidase complex were applied
for 30 min each, with 15-min washes in phosphate-buffered saline. The
reaction was finally developed by Dako Liquid DAB� Substrate-chromogen
System (DAKO).

Cytoplasmic expression of Id-1 and nuclear staining of PCNA were deter-
mined by two independent observers who assessed semi-quantitatively the
percentage of stained tumor cells as well as staining intensity. The percentage
of positive cells was rated as follows: 2 points, 11±50% positive tumor cells;
3 points, 51±80% positive cells; and 4 points, 481% positive cells. Staining
intensity was rated as follows (18): 1 point, weak intensity; 2 points, moderate
intensity; and 3 points, strong intensity. Points for expression and percentage of
positive cells were added, and specimens were attributed to four groups
according to their overall scores: negative, �10% of cells stained positive,
regardless of intensity; weak expression, 3 points; moderate expression, 4±5
points; and strong expression, 6±7 points. Negative to weak Id-1 expression
was graded as group 1, which represented low Id-1 expression; whereas
moderate to strong Id-1 expression was graded as group 2, which represented
high Id-1 expression. Expression of PCNA was also graded as above.

mRNA levels of Id-1 and p16INK4a in HCC by quantitative reverse
transcription±polymerase chain reaction (RT±PCR)

The liver specimen was stored at ÿ80�C until total RNA extraction. The total
RNA was extracted using Rneasy Midi Kit (Qiagen Company, GmbH,
Germany) and the quality of the total RNA was detected by the spectrophot-
ometer (DU-65, BECKAM, Germany). About 0.5 mg total RNA from each
sample was used to perform reverse transcription reaction. Taqman Reverse
Transcription Reagents (Applied Biosystem, Foster City, CA) were used
according to the manufacturer's instruction (25�C � 10 min, 48�C � 30 min,
95�C � 5 min). Reverse transcription product (1 ml) was used to perform real-
time quantitative polymerase chain reaction (PCR) with a reaction volume of
50 ml (TaqMan PCR Core Reagent Kit, Applied Biosystem) by the ABI PRISM
7700 Sequence Detection System (Applied Biosystem). Probes and primers of
Id-1 and p16INK4a were designed under the Primer Express software (Applied
Biosystem) according to the criteria for real-time PCR. The sequences are
listed in Table I. The Taqman Ribosomal RNA Control Reagent [18S RNA
probe (VIC) and primers; PE Applied Biosystem] was used for internal control
in the same PCR plate well to normalize the target genes amplification copies.
The PCR protocol was according to the manufacturer's recommendation [50�C
� 2 min, 95�C � 10 min (95�C � 15 s, 60�C � 1 min) �50 cycles]. All the
samples were detected in triplicate and the readings from each sample and its
internal control were used to calculate the gene expression level. After normal-
ization with the internal control, the gene expression levels in HCC were
calculated as the percentage of the levels in normal liver tissue and non-
tumor tissue.

Cell line transfection

PLC/PRF/5 was obtained from the Japanese Cancer Research Bank (Tokyo,
Japan). The cells were transfected with 2 mg of plasmid DNA of either Id-1
or pcDNA3.1(±) (kindly provided by Prof. Y.C.Wong of the University of
Hong Kong) containing the entire coding of Id-1 or expression vector
pcDNA3.1(±) alone using FuGENE 6 according to the manufacturer's protocol
(Boehringer, Mannhein, GmbH, Germany). After 48 h, the medium was
replaced with fresh Dulbecco's modified Eagle minimal essential medium
with Geneticin (G418) at 1 mg/ml. After 2 weeks of clonal selection, all the
clones were grown in the presence of G418 at 0.4 mg/ml to ensure stable
transfection. Isolated clones were expanded to 25 cm2 flasks. All the trans-
fected cells used in this experiment were in early passages (passages 4±8).

3-(4,5-Cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay

PLC/PRF/5 were seeded into 96-well plates in medium containing 10% fetal
bovine serum (FBS) and serum free medium replaced the FCS containing
medium 24 h after plating. After 48 h, MTT dye, at a concentration of 5 mg/ml
(Sigma, St Louis, MO) was added every day and the plates were incubated

for 12 h in a moist chamber at 37�C. Optical density was determined by
eluting the dye with dimethyl sulfoxide (Sigma), and the absorbance was
measured at 570 nm. Three independent experiments were performed.

Cell cycle analysis

Cells (5 � 105) were trypsinized and washed once in PBS. They were then
fixed in cold 70% ethanol and stored at 4�C. Before testing, the ethanol was
removed and the cells were resuspended in PBS. The fixed cells were then
washed with PBS and treated with RNase (1 mg/ml) and stained with propi-
dium iodide (50 mg/ml) for 30 min at 37�C. Cell cycle analysis was performed
on an EPICS profile analyzer and analyzed using the ModFit LT2.0 software
(Coulter Electronics, Hialeah, FL).

Western blotting

The cells were lysed and protein extraction was performed. The samples were
separated in 10% sodium dodecyl±sulfate acrylamide gel and electrophoreti-
cally transferred to PVDF membrane (Amersham, Buckinghamshire, UK). The
membrane was blotted with 10% non-fat milk, washed and then probed with
Id-1 (1:500, Santa Cruz Biotechnology), CDK4 (1:500, Calbiochem, La Jolla,
CA), p16Ink4a (1:500, Santa Cruz Biotechnology) and pRB (1:200, Santa Cruz
Biotechnology). After washing, the membrane was then incubated with
horseradish peroxidase-conjugated rabbit anti-mouse antibody (Amersham)
and then visualized by enhanced chemiluminescense plus according to the
manufacturer's protocol.

Statistical analysis

Continuous variables were expressed as median and range. The Mann±
Whitney U test was used for statistical comparison. The Pearson test was
used for bivariate correlation comparison. Significance was defined as
P 5 0.05. Calculations were made with the help of SPSS computer software
(SPSS, Chicago, IL).

Results

Expression of Id-1 protein in normal, non-tumor and tumor
tissue from human HCC by immunostaining

In order to determine the significance of Id-1 expression in
HCC, we evaluated 62 samples of HCC and their correspond-
ing non-tumor tissues by immunostaining. In normal liver, no
cytoplasmic expression of Id-1 in hepatocytes was observed
(Figure 1A). However, in non-tumor liver (cirrhotic liver or
chronic hepatitis), absent to weak cytoplasmic expression of
Id-1 was observed (Figure 1B). In HCC samples, cytoplasmic
expression of Id-1 was not found in eight cases (12.9%)
(Figure 1C), weak in 16 cases (25.8%) (Figure 1D), moderate
in 25 cases (40.3%), and strong in 13 cases (20%) (Figure 1E).
The margin between non-tumor liver and tumor was shown in
Figure 1F. Twenty-four cases were graded as group 1, which
represented low Id-1 expression, whereas 38 cases were
graded as group 2, which represented high Id-1 expression.

mRNA levels of Id-1 and p16INK4a in normal, non-tumor and
tumor tissues by quantitative RT±PCR

The mRNA level of Id-1 and its correlation to p16INK4a were
examined by quantitative RT±PCR. The Id-1mRNA expres-
sion in non-tumor and tumor tissues showed higher levels
when compared with the normal liver from healthy liver trans-
plant donors. For non-tumor liver, the median level was 192%
(range 12.8±562%) of normal liver level (100%). There was no

Table I. Probes and primers for quantitative RT±PCR

Probe Primers

Id-1 CACGCCTCAAGGAGCTGGTGCC Sense: CTCTACGACATGAACGGCTGTT
Anti-sense: TGCTCACCTTGCGGTTCTG

P16INK4a CCCCGATTGAAAGAACCAGAGAGGCT Sense: GCGGAAGGTCCCTCAGACA
Anti-sense: TCTAAGTTTCCCGAGGTTTCTCA
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Fig. 1. Expression of Id-1 in normal liver, non-tumor liver and HCC. Immunostaining analysis showing no Id-1 expression in (A) normal liver, weak Id-1
expression in (B) non-tumorous liver. Differential expression of Id-1 is observed in HCC with (C) absent, (D) weak expression and (E) high expression.
Cytoplasmic Id-1 expression at the margin between non-tumor liver and HCC is shown in (F). Negative control of immunohistochemistry for Id-1 on HCC
specimen with known strong Id-1 expression. The antigen-binding site of the antibody has been blocked by a specific blocking peptide (G). HCC specimens with
absent expression of Id-1 with strong Id-1 expression in tumor vascular endothelia (arrows) (H) (�200 magnification).

Id-1 over-expression induces proliferation in HCC

1731



significant difference in Id-1 at mRNA level in non-tumor liver
between groups 1 and 2 [182.3 (12.8±473%) versus 198.7%
(74.2±562%); P � 0.78]. There was significant difference in
Id-1 at mRNA level in tumors between group 1 and group 2
[260 (ÿ82±8171) versus 1467% (141±7313%); P � 0.022]
(Figure 2A). As for the mRNA levels of p16INK4a, there was
significantly less expression in patients of group 2 than
patients of group 1 [194 (ÿ99.94±6480%) versus ÿ78.6
(ÿ98.9±64.28%); P � 0.039)] (Figure 2B).

Correlation of Id-1 and PCNA in HCC tissues

Id-1 was suggested to play an important role in proliferation.
To determine whether over-expression of Id-1 will be correl-
ated with increased proliferation in HCC, we evaluated the
expression of Id-1 and a proliferative marker PCNA by
immunostaining. All cases showed PCNA immunoreactivity
in which it was strong in nine cases (15%), moderate in 31
cases (50%) and weak in 22 cases (35%). Id-1 protein was
found to significantly and positively correlate with PCNA
expression (r � 0.334, P � 0.033) (Figure 3A and B).

Correlation of Id-1 and PCNA in HCC cell line

The effect of Id-1 expression in proliferation was also studied
by directly transfecting Id-1 or pCDNA3.1 into PLC/PRF/5.

After clonal selection, five clones were isolated. From the
in vitro result, clone 3 showed high Id-1 expression when
compared with PLC/PRF/5 harboring empty vector
(Figure 3C and D). Clone 3 showed increased PCNA expres-
sion when compared with PLC/PRF/5 harboring empty vector
(Figure 3E and F).

The effect of ectopic Id-1 introduction on HCC cell growth

The effect of FBS on Id-1 expression in PLC/PRF/5 was
shown in western blot. In the absence of FBS in the culture
medium, the level of Id-1 protein was barely detectable when
compared with the presence of FBS in the culture medium
(Figure 4A). As shown in Figure 4A, in the absence of FBS, all
5 clones showed different levels of Id-1 expression.

After transfection of Id-1, PLC/PRF/5 exhibited a relatively
different morphology with flatter structure when compared
with the parental cell. We evaluated the effect of ectopic Id-1
introduction by MTT assay.

Introduction of Id-1 resulted in increased cell growth when
compared with the parental cell and PLC/PRF/5 harboring
empty vector (Figure 5). The increase in cell growth was
correlated with the level of Id-1 expression.

Effect of Id-1 introduction in cell cycle distribution

Next, we studied if Id-1 induced cell growth was a result of its
ability to initiate DNA synthesis in HCC cell line in FBS free
medium. Cell cycle analysis showed that there was 18% of
S phase in the PLC/PRF/5 harboring pCDNA3.1 (control), but
the percentage of S phase cells significantly increased (25.1±
37%) in Id-1 transfectants. There was no significant change in
the percentage of G2 phase (Figure 6).

Effect of Id-1 expression in p16INK4a/RB pathway

We have shown that expression of Id-1 was negatively corre-
lated with p16INK4a in HCC samples and positively correlated
with increased growth in PLC/PRF/5 in cell culture. To exam-
ine whether the increased proliferation was through inactiva-
tion of p16INK4a/RB pathway, we evaluated the expression
levels of p16INK4a, CDK4 and RB in Id-1 expressing clones
and PLC/PRF/5 harboring pCDNA3.1. As shown in Figure 4B,
the level of p16INK4a was weak and barely detectable in 5 Id-1
tranfectants and was inversely proportional to ectopic Id-1
expression. This in vitro result confirmed our data from the
clinical samples that over-expression of Id-1 correlated with
decreased p16INK4a expression. The phosphorylated form of
CDK4 (upper band in Figure 4C) was also found in all five Id-1
transfectants and parental cells in the presence of FBS in the
culture medium, but not in parental cells in the absence of FBS
in the culture medium. Moreover, phosphorylated RB protein
expression was also found in all five Id-1 transfectants
(Figure 4D).

Discussion

In the present study, we first demonstrated that deregulation of
Id-1 expression both at the mRNA and protein levels in human
HCC, and level of immunohistologically detected protein cor-
related with levels of Id-1 mRNA. Some reports have found
the difference in Id-1 expression level between the mRNA
level by RT±PCR and protein level by western blot in ovarian
cancer tissues and the discrepancy is due to strong expression
of Id-1 in tumor vascular endothelia (19). From our immuno-
staining result, we observed nearly all cases showing positive

Fig. 2. Id-1 mRNA level in HCC relative to non-tumor in group 1 (n � 24)
and group 2 (n � 38) is shown in (A) while p16INK4a mRNA level in HCC
relative to non-tumor liver in group 1 and group 2 is shown in (B).
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Fig. 3. Expression of Id-1 and PCNA in samples of HCC patients and PLC/PRF/5 harboring empty vector and Id-1 transfectants. Some HCC specimens show
strong cytoplasmic expression of Id-1 (A), and also strongly positive for PCNA (B) in the same specimens. Id-1 expression is positively correlated with PCNA
(r� 0.334, P� 0.033) (�200 magnification). In in vitro cell culture model, strong Id-1 expression is observed in (C) Id-1 transfectant (clone 3) when compared with
(D) PLC/PRF/5 harboring empty vector. Increased PCNA expression is also observed in (E) Id-1 transfectant (clone 3) when compared with (F) PLC/PRF/5
harboring empty vector.

Fig. 4. Assessment of Id-1, p16INK4a, CDK4, RB and b-actin (for protein level reference) by western blot in Id-1 transfectants and PLC/PRF/5 harboring empty
vector. (A) Id-1 expression in control and Id-1 transfectants after 48 h FBS starving. (B) Decreased p16INK4a expression is found in Id-1 transfectants. (C) Presence
of CDK4 phosphorylation in Id-1 transfectants. (D) Presence of RB phosphorylation in Id-1 transfectants but not in PLC/PRF/5-harboring empty vector.
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vascular endothelia staining in both non-tumor and tumor
tissue. Some cases with absent Id-1 expression in tumor cells
also show strong staining of Id-1 in tumor vascular endothelia.
This result is consistent with the previous finding that Id-1 is
also strongly expressed in vascular smooth muscle cells (20).
However, there is no significant increase in Id-1 expression in
tumor vascular endothelia. Evaluation of the whole patients'
series revealed several significant associations with histo-
pathological and other features of tumors. Of these, the corre-
lation with mitotic index and p16INK4a were highly significant.
We found a positive and significant correlation between the
protein expression of Id-1 and PCNA, which indirectly

suggested the role of Id-1 in the proliferation of HCC cells.
This was further confirmed by our in vitro cell culture model.
Increased PCNA expression in clone 3 with the highest ectopic
Id-1 expression was also observed when compared with the
control in the absence of FBS. Our data further confirmed the
function of Id-1 as a promoter of proliferation in cancers (21±
24). From the RT±PCR result, it was also noted that Id-1
mRNA level in the non-tumor liver is relatively high when
compared with the normal liver, but it was low when compared
with the tumor tissue. Since most of our non-tumor cases are
cirrhotic, which has a higher proliferative rate when compared
with normal liver (25), it accounts for the enhanced Id-1
expression.

p16INK4a was found to be frequently inactivated in HCC
through promoter methylation (16,26±28). However, few
reports have demonstrated the direct transcriptional inactiva-
tion of p16INK4a in HCC. Since the transcriptional regulator
Id-1 has recently been identified as a repressor of p16INK4a

transcription (13,29,30), we sought to determine whether tran-
scriptional inactivation of p16INK4a by Id-1 might play a role in
the initiation and progression of HCC. Recent reports showed
that high level of Id-1 expression is correlated with the loss of
p16INK4a in early stage melanoma (31), but is positively corre-
lated with the expression of p16INK4a in breast cancer samples
(32). In our study, we found that high Id-1 expression was
significantly correlated with decreased p16INK4a expression
and the result is similar to melanoma. Hypermethylation of
p16INK4a within the promoter was suggested to be one of the
late events in hepatocarcinogenesis for tumor progression and
metastases (33). With reference to the hypothesis by Polsky
et al. (31), HCC hepatocarcinogenesis might also occur via

Fig. 5. Growth curves of Id-1 transfectants and pCDNA3.1 by MTT assay.
Each time point was derived from three independent experiments and the
error bars represented standard deviation. Increased growth rate was correlated
with the increased Id-1 expression.

Fig. 6. Cell cycle distribution in cells cultured in serum-free medium for 48 h. Significant increased cell percentages in S phase are observed in Id-1 transfected
clones.
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multi-step that entails reversible Id-1 transcriptional inactiva-
tion of p16INK4a in the early growth phase that allows bypass of
cellular senescence, and subsequent acquired epigenetic
changes in cells such as promoter methylation for vertical
growth phase for later stage. Further study on this subject is
required. Conclusively, these results suggested that inactiva-
tion of p16INK4a in HCC might be, in part, through transcrip-
tion control of Id-1.

In order to determine whether Id-1 plays a role in prolifera-
tion of HCC through inactivation of p16INK4a, we transfected
PLC/PRF/5 by Id-1. Five Id-1 transfectants were isolated and
showed differential Id-1 expression. All these five clones
showed FBS-independent proliferation accompanied by
increased PCNA expression and increased percentage of cell
cycle S phase from G1 phase. Our in vitro results were con-
sistent with the previous findings that ectopic Id-1 expression
stimulated DNA synthesis from G1 to S phase (7,21,24,28) and
resulted in down-regulation of p16INK4a in the Id-1 transfec-
tants. This result further supported that p16INK4a inactivation
was due to transcription control of Id-1. Other than p16INK4a,
ectopic Id-1 expression induced RB phosphorylation in human
keratinocytes (28). One of the functions of p16INK4a is to
prevent cyclin-dependent kinases such as CDK4 and results
in prevention of RB phosphorylation. In our study, we found
that increased expression of phosphorylated CDK4 and RB
was only observed in the five Id-1 transfectants but not in the
control. This showed that down-regulation of p16INK4a was
associated with increased expression of phosphorylated
CDK4 and RB but not with CDK and RB levels. RB phosphor-
ylation is proposed to regulate cell cycle regulation from G1 to
S phase through cyclin D and CDK4/6 complex. Without the
inhibition of p16INK4a, CDK4 becomes phosphorylated and can
prevent the binding of E2F with RB, resulting in G1 to S phase
conversion by RB phosphorylation (34). In our study, all Id-1
transfectants showed a variable degree of G1 to S phase con-
version. Therefore, these results suggested that the effect of Id-1
on proliferation on HCC cells might be caused by the
decreased p16INK4a, which in turn inactivated RB.

In summary, our in vitro and in vivo data provided evidence
for the first time on over-expression of Id-1 and its role in
HCC. Over-expression of Id-1 played a role in HCC cell
proliferation. Id-1 induced HCC proliferation through inacti-
vation of p16INK4a/pRB pathway as shown by the evidence of
decreased p16INK4a expression and activation of CDK and RB
in the five Id-1 transfectants. Our results provided an insight
for the understanding of the role of Id-1 in functional inactiva-
tion of p16INK4a in HCC.
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