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Overexpression of ‘‘stemness gene’’ Bmi-1 has been identified in
some solid tumors. We investigated Bmi-1 expression in hepatocel-
lular carcinoma (HCC) and ATP-binding cassette transporter B1
(ABCB1) as a new potential target for Bmi-1. Bmi-1 was highly
expressed in HCC cell lines and the most well differentiated cell
line, KIM-1, showed the highest expression. Immunohistochemical,
immunocytochemical, and immunoelectron microscopic analysis
showed the Bmi-1 protein as having a high intensity of small dots
within the nucleus which reflected concentrated sites of Bmi-1
repressive activity. Clear ‘‘dot-pattern’’ staining was observed in
24 of 37 (65%) well differentiated HCC (including 13 of 21 early
nodules [62%]), in 32 of 71 (45%) moderately differentiated HCC,
and 7 of 14 (50%) poorly differentiated HCC. A similar expression
was not observed in non-cancerous background regions. High
Bmi-1 expression was observed in the early and well differentiated
HCC. Furthermore, overexpression and suppression of Bmi-1 was
followed by a respective increase and decrease in ABCB1 expres-
sion. As with Bmi-1, high ABCB1 expression was also observed
in the early and well differentiated HCC. A strong correlation
between ABCB1 and Bmi-1 mRNA expression was seen in HCC cell
lines and clinical samples (Pearson’s correlation coefficient 0.95
and 0.90, respectively). The Bmi-1 gene is upregulated in HCC, and
in particular is highly expressed in early and well differentiated
HCC. The fact that this expression correlated with that of ABCB1
suggests a new regulation target for Bmi-1, and gives new insight
into early hepatocarcinogenesis mechanisms and potential targets
for future HCC treatment. (Cancer Sci 2010; 101: 666–672)

H epatocellular carcinoma (HCC) is the sixth most common
malignancy in the world and still ranks as the third high-

est cause of cancer-related death globally.(1) Although individ-
ual risks for hepatocarcinogenesis, such as hepatitis viral
infection, excessive alcohol intake, and non-alcoholic steatohep-
atitis are well established, a poor prognosis of HCC is still
unavoidable due to the unclear mechanism of hepatocarcinogen-
esis. HCC is characterized by a multistage process of tumor pro-
gression,(2) and molecular changes, particularly in the early
stage of HCC, have rarely been shown. The idea of using stem
cell principles to understand tumor development and progression
has emerged because they share similar characteristics. Recent
reports on cancer stem cells or acquirement of stem cell-like
properties in various tumors have greatly increased the possible
connection of these cells in tumorigenesis.(3,4) Bmi-1 was first
identified as a proto-oncogene that cooperates with c-myc to
generate mouse pre-B cell lymphomas.(5) Some reports show
that Bmi-1 might induce immortalization by regulating human
telomerase reverse transcriptase (hTERT) expression,(6–9) and
might play a role in tumorigenesis by acting as a negative regu-
lator of the INK4a ⁄ ARF locus that encodes two important tumor
suppressors in human cancer, p16 and p19.(10,11) The overex-
pression of Bmi-1 has been identified in lymphoma(12,13) and in
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a few solid tumors such as lung, colorectal, nasopharyngeal,
bladder, and HCC. (9,14–18) Many reports mainly focus on Bmi-1
expression in the advanced stages of cancer and its role in a poor
prognosis. However, the exact mechanistic role of Bmi-1 in
tumorigenesis is not clear. In HCC, inactivation of p16 expres-
sion, a well-known target of Bmi-1, is already observed in the
early stages of hepatocarcinogenesis, due to methylation or an
epigenetic mechanism.(19,20) This suggests that another target in
the Bmi-1 signaling pathway should exist. Therefore, we exam-
ined the involvement of the ‘‘stemness gene’’ Bmi-1 and its new
potential downstream target in hepatocarcinogenesis.

To our knowledge, there are no studies clearly showing a sub-
cellular expression pattern of Bmi-1 as a high intensity of small
dots within the nucleus in cancer cells. Herein, we examined the
expression patterns of Bmi-1 in HCC cell lines and clinical spec-
imens by immunohistochemistry, and these were confirmed with
immunocytochemistry and immunoelectron microscopy. We
also examined the expression levels of the ATP-binding cassette
transporter B1 (ABCB1), listed as one of the genes upregulated
after Bmi-1 induction in bone marrow stromal cells.(6) We
hypothesize the potential for ABCB1 to be a new target for Bmi-
1. Immunohistochemical staining and mRNA expression level
of ABCB1 were analyzed to investigate the correlation between
Bmi-1 and ABCB1.

Materials and Methods

Cell culture. The human HCC cell lines, PLC ⁄ PRF ⁄ 5 and
HepG2, were obtained from the American Type Culture Collec-
tion (Manassas, VA, USA). KIM-1, KYN-2, and Li7 were estab-
lished as reported previously.(21) All the cells were grown in
RPMI-1640 medium supplemented with 10% FBS, 100 U ⁄ mL
penicillin, and 100 lg ⁄ mL streptomycin.

Tissue specimens of HCC. HCCs and corresponding non-can-
cerous liver tissue were obtained from 100 patients with 122
nodules (37 well differentiated [including 21 early], 71 moder-
ately differentiated, and 14 poorly differentiated HCCs) who
underwent surgical resection at Keio University Hospital
(Tokyo, Japan) between 2003 and 2006. The specimens were
fixed in 10% formalin and embedded in paraffin. Three patholo-
gists evaluated the histological diagnosis according to the crite-
ria set by the World Health Organization.(22) The histological
grade for HCC where different types were found within the
same nodule was determined by the predominant histological
grade. Primary hepatocytes were harvested from the autopsy of
a human fetal liver donor with signed, informed consent. The
cells were resuspended in growth medium (10% FBS in DMEM,
containing 0.1 mM non-essential amino acid and 0.1 mM
sodium pyruvate solution; Gibco BRL, Grand Island, NY,
doi: 10.1111/j.1349-7006.2009.01431.x
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Fig. 1. Bmi-1 expression in hepatocellular carcinoma (HCC) cell lines.
(A) Quantitative real-time- PCR and Western blot of Bmi-1 in HCC cell
lines. Bmi-1 is significantly expressed in the KIM-1 cell line compared
with other cell lines. Nuclear fraction proteins were used in the
Western blot analysis. Immunohistochemistry (B) and immuno
cytochemistry (C) of KIM-1 cells. Bmi-1 was diffusely distributed intra-
nuclearly (a, DAPI: blue; b, anti-Bmi-1: red; c, merged). (D)
Immunoelectron micrograph of KIM-1. Bmi-1 particles are shown as
small black dots inside the nucleus.
USA), and were maintained at 37�C in a humidified atmosphere
containing 95% air and 5% CO2. This study was carried out with
the approval of the Ethics Committee of Keio University School
of Medicine.

Real-time quantitative RT-PCR. Real-time quantitative RT-
PCR (qRT-PCR) analysis was carried out as previously
reported,(6) at least three times, including a no-template negative
control. A total of 15 (five well differentiated, seven moderately
differentiated, and three poorly differentiated) HCC clinical
samples were used. The primer sets were: Bmi-1 forward,
5¢-GAGGGTACTTCATTGATGCCACAAC-3¢ and reverse,
5¢-GCTGGTCTCCAGGTAACGAACAATA-3¢; ABCB1 forward,
5¢-GAGGCCAACATACATGCCTTCA-3¢ and reverse, 5¢-GGC
TGTCTAACAAGGGCACGA-3¢.

Immunohistochemical and immunocytochemical analysis. Immu-
nohistochemical staining was done on formalin-fixed, paraffin-
embedded tissue sections. These were heated at 120�C in
0.01 mol ⁄ L sodium citrate buffer, pH 7.0, for 10 min before
incubation with a mouse Bmi-1 antibody (1 ⁄ 200; Upstate
Biotechnology, Lake Placid, NY, USA) and a multidrug resis-
tance protein 1 (MDR1) antibody (1 ⁄ 200; Santa Cruz Biotech-
nology, Santa Cruz, CA, USA). Sections were then incubated
with ImmPRESS antimouse Ig kit secondary antibody (Vector
Laboratories, Burlingame, CA, USA), and stained with diam-
inobenzidine. For immunocytochemical analysis, KIM-1 cells
were grown to confluence on glass slides, fixed, and washed.
The slides were incubated with the Bmi-1 antibody (1 ⁄ 200) in
PBS containing 1% BSA, followed by FITC-conjugated,
antimouse Ig (1 ⁄ 400; Dako, Glostrup, Denmark). Staining was
evaluated using the LSM 510 Meta confocal microscope (Carl
Zeiss, Oberkochen, Germany). All staining analysis was done at
least twice. We defined Bmi-1 staining criteria as follows:
distributed diffusely with clear staining of the ‘‘dot-pattern’’
was scored 2+; distributed focally with weak staining of the dot-
pattern was scored 1+; and an absence of the dot-pattern was
considered negative. Evaluation criteria for ABCB1 were
defined as follows: clear staining of irregular canalicular with
cytoplasmic staining scored 2+; an irregular canalicular staining
pattern scored 1+; and no staining was considered negative.

Immunoelectron microscopy. KIM-1 cells grown to conflu-
ence on glass slides were fixed in 4% formaldehyde and incu-
bated overnight at 4�C with the Bmi-1 antibody (1 ⁄ 200). After
rinsing they were treated with a mouse secondary antibody
(1 ⁄ 100; Dako) for 3 h at room temperature, then re-fixed in 1%
glutaraldehyde for 10 min. After further rinsing, the sections
were stained with diaminobenzidine and post-fixed in 2%
osmium tetroxide. The slides were dehydrated in graded alcohol,
embedded in epoxy resin, and hardened at 60�C for 72 h. Ultra-
thin sections were cut with an ultramicrotome, stained with ura-
nyl acetate and viewed under a JEOL 1200 EXII transmission
electron microscope (Nihon Denshi, Tokyo, Japan).

Immunoblotting. PLC ⁄ PRF ⁄ 5, HepG2, KIM-1, KYN-2, and
Li7 cells were lysed in lysis buffer (50 mM Tris-HCL [pH 7.5],
150 mM NaCl, 5 mM EDTA, 1% NP-40, and complete protease
inhibitors). Supernatants of the homogenates were subjected to
NuPAGE (4–12% Bis-Tris gel; Invitrogen, Carlsbad, CA, USA)
by electrophoresis, and transferred to PVDF membranes. Anti-
Bmi-1 (1 ⁄ 500), anti-MDR1 (1 ⁄ 200), and anti-actin (1 ⁄ 1000;
Sigma, St Louis, MO, USA) were hybridized to the membranes
and detected with ECL Western blotting detection reagents (GE
Healthcare, Amersham, UK).

Transfection-induced overexpression and RNA inter-
ference. Human Bmi-1 full coding cDNA was cloned from the
KIM-1 cell line with RT-PCR and inserted into pcDNA53
(Invitrogen). This vector was transfected into the primary fetal
hepatocytes using Lipofectamine LTX and positive expression
vector-transfected cells were selected with G418 (Invitrogen),
according to the manufacturer’s instructions. For RNA interfer-
Effendi et al.
ence, all purified and pre-annealed siRNA molecules were
obtained from Takara Bio (Shiga, Japan). Two siRNA molecules
were used, siBmi-1#1 and siBmi-1#2, with the targeted
sequences 5¢-AACAAUAACGAAUAGAAUUGA-3¢ and 5¢-AA
GAAUUAUAACUGAUGAUGA-3¢, respectively. Control (non-
targeting sequence), unmodified siRNA duplex was also
purchased from Takara Bio.

Statistical analysis. Data are expressed as mean ± SEM. The
v2-test was used when appropriate to determine the correlations
between clinicopathological variables and Bmi-1 expression.
The relative mRNA expression levels were compared using the
unpaired t-test, and the Pearson’s correlation coefficient test
was also used. Statistical significance was defined as P < 0.05.
All statistical analyses were carried out using Statcel software
version 2.0 (OSM, Tokyo, Japan).

Results

Bmi-1 expressed in HCC cell lines and distributed in high
intensity, dot-pattern expression in nucleus. To assess the
potential role of Bmi-1 in hepatocarcinogenesis, we examined
Bmi-1 expression in five human HCC cell lines using qRT-PCR
and Western blot analysis. Bmi-1 was highly expressed at both
the mRNA and protein level. The most well differentiated HCC
cell line, KIM-1, showed at least a three-fold higher level of
expression of Bmi-1, compared with the other cell lines
Cancer Sci | March 2010 | vol. 101 | no. 3 | 667
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(Fig. 1A). As a transcriptional repressor, Bmi-1 activity is
expected in the nucleus, and we found Bmi-1 protein enrichment
in the nuclear fraction compared with the whole lysates (data
not shown). Immunohistochemistry, immunocytochemistry, and
immunoelectron microscopic of the KIM-1 cells showed that the
Bmi-1 protein was distributed in high-intensity aggregates
within the nucleus (Fig. 1B–D). These results confirmed locali-
zation of the Bmi-1 protein in the nucleus, with a dot-pattern
appearance.

Bmi-1 expressed in HCC clinical samples, particularly in early
stage hepatocarcinogenesis. We evaluated Bmi-1 protein
expression in 122 HCC nodules (37 well differentiated [includ-
ing 21 early nodules], 71 moderately, and 14 poorly differenti-
ated HCCs). As with Bmi-1 expression in the HCC cell lines,
Bmi-1 expression in clinical samples was observed as small dots
distributed inside the nucleus (Fig. 2A), but the Bmi-1 dot-pat-
tern expression was not observed in the surrounding liver tissue
(Fig. 2B). There was no correlation between expression of Bmi-
1 and clinicopathological parameters, such as age, gender, portal
involvement, intrahepatic metastasis, etiology, or non-cancerous
background liver tissue. However, Bmi-1 positive expression
was significantly associated with well (including early) differen-
tiated HCC (P = 0.023) (Table 1). A 2+ score was observed in
24 of the 37 (65%) well differentiated HCCs (including 13 of
the 21 early nodules [62%]), 32 of the 71 (45%) moderately dif-
ferentiated HCCs, and 7 of the 14 (50%) poorly differentiated
HCCs. In contrast, negative expression was observed in only 2
of the 37 (5%) well differentiated HCCs (including 2 of the 21
early nodules [10%]), 15 of the 71 (21%) moderately differenti-
ated HCCs, and 4 of the 14 (29%) poorly differentiated HCCs
(Table 2). Interestingly, a higher level of Bmi-1 expression was
observed in the early and well differentiated HCCs, and this
declined with the progression of HCC. Similar findings were
found using qRT-PCR from clinical tissue samples. Strongly
positive Bmi-1 expression was observed in the five well
differentiated HCC cases, compared with the seven moder-
ately differentiated cases and the three poorly differentiated
HCC cases (Fig. 2C). The average level of Bmi-1 expression
was significantly higher in tumor tissue compared with
the non-cancerous background liver tissue (2.23 vs 0.86; P =
0.002).
(A)

(a) (b)

(C)

(B)

(a) (b) (c)
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Bmi-1 expression linked to ABCB1 expression. We have previ-
ously analyzed gene expression profiles after Bmi-1 induction in
bone marrow stromal cells.(6) Among the genes upregulated we
found that the ABCB1 gene was upregulated together with the
overexpression of Bmi-1, compared with the control parental
cells (T. Mori et al., unpublished observation, 2004). To further
verify the regulation of ABCB1 we looked at changes in ABCB1
expression during transient overexpression of Bmi-1 using
primary fetal hepatocytes. Following Bmi-1 overexpression,
relative mRNA levels of ABCB1 in primary fetal hepatocytes
were increased threefold (Fig. 3A). Bmi-1 knockdown also led
to a downregulation of ABCB1 expression in the KIM-1 HCC
cell line (Fig. 3B), however, decreased ABCB1 expression was
not very significant, which might be due to the presence of Bmi-
1-independent ABCB1 expression. These results suggest a paral-
lel association between Bmi-1 and ABCB1 expression in HCC
cell lines and hepatocytes.

ABCB1 expression in HCC cell lines and HCC clinical samples
correlated with Bmi-1 expression. We further evaluated ABCB1
expression in HCC cell lines and clinical samples. As with Bmi-
1, the highest levels of ABCB1 mRNA and protein expression
were observed in KIM-1 cells, relative to the other cell lines.
ABCB1 mRNA expression level in tumor tissue is not signifi-
cantly higher compared with non-cancerous background liver
tissue due to its normal expression in non-cancerous background
liver tissue, however, there is a tendency for higher expression
level of ABCB1 in well differentiated cases (2.30 vs 1.53;
P = 0.21) (Fig. S1a,b). We found a strong statistical correlation
between ABCB1 and Bmi-1 mRNA expression with the Pear-
son’s correlation coefficient being 0.95 and 0.90 for HCC cell
lines and HCC clinical samples, respectively (Fig. 4A,B).
Immunohistochemical staining of ABCB1 showed both cyto-
plasmic and a canalicular staining pattern in the tumor region.
Although the canalicular staining pattern was also seen in the
surrounding non-cancerous region, the pattern was more irregu-
lar and thicker (Fig. S1c,d). A 2+ score was observed in 29 of
37 (78%) well differentiated HCCs (including 18 of 21 early dif-
ferentiated nodules [86%]), in 50 of 71 (70%) moderately differ-
entiated HCCs, and in 10 of 14 (71%) poorly differentiated
HCCs. Negative expression was observed in 1 of 37 (3%) well
differentiated HCCs (no early nodules had negative expression),
Fig. 2. Bmi-1 expression in hepatocellular carcinoma
(HCC) clinical samples. (A) Immunostaining of Bmi-1
in moderately differentiated HCC. Magnification,
·200. A clear dot-pattern of Bmi-1 was distributed
diffusely in the tumor region. (B) Boundary region
of well differentiated HCC (a, H&E stain; b,
corresponding Bmi-1 staining, magnification ·100; c,
magnification ·200). Bmi-1 expression was observed
in the tumor region but not in surrounding liver
tissue. Black arrows outline the border between the
non-cancerous background region (N) and the tumor
region (T). (C) Bmi-1 mRNA expression levels in HCC
clinical cases. The relative mRNA expression levels in
tumor tissues (black bar, T) and corresponding
non-cancerous, background liver tissues (gray bar, N)
(left panel). High Bmi-1 expression was observed in
well differentiated HCC. The average expression level
of Bmi-1 was significantly higher in tumor tissues
than in non-cancerous, background liver tissues (2.23
vs 0.86; *P = 0.002) (right panel).

doi: 10.1111/j.1349-7006.2009.01431.x
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Table 1. Characteristics of 122 hepatocellular carcinoma nodules on

the basis of Bmi-1 immunostaining

Characteristics
Bmi-1 expression

P value
2+ ⁄ 1+ )

No. of nodules 101 21 0.339

Mean age (years) 62.7 60.2 NA

Gender

Male 88 15 NA

Female 13 6

Tumor size (cm)

<2 37 6 0.482

‡2 64 15

Differentiation

Well (early) 35 (19) 2 (2) 0.023*

Moderately ⁄ poorly 66 19

Portal involvement

) 54 9 0.376

+ 47 12

Intrahepatic metastasis

) 80 14 0.214

+ 21 7

Etiology

Hepatitis B virus 21 7 NA

Hepatitis C virus 61 12

Non-B ⁄ Non-C 19 2

Non-cancerous liver

Liver cirrhosis 51 10 0.810

Others 50 11

*P < 0.05. ), absence of dot-pattern staining; 1+, distributed focally
with weak dot-pattern staining; 2+, distributed diffusely with clear
dot-pattern staining; NA, not available.

Table 2. Immunohistochemical analysis of Bmi-1 expression in

hepatocellular carcinoma (HCC) (n = 122)

Histology
Bmi-1 staining score

2+ 1+ )

Well differentiated HCC (n = 37) 24 (65%) 11 (30%) 2 (5%)

Early HCC (n = 21) 13 (62%) 6 (29%) 2 (10%)

Moderately differentiated

HCC (n = 71)

32 (45%) 24 (34%) 15 (21%)

Poorly differentiated HCC (n = 14) 7 (50%) 3 (21%) 4 (29%)

), absence of dot-pattern staining; 1+, distributed focally with weak
dot-pattern staining; 2+, distributed diffusely with clear dot-pattern
staining.

(A)

Fig. 3. Overexpression and silencing of Bmi-1
expression affected ATP-binding cassette transporter
B1 (ABCB1) expression in primary fetal hepatocytes
and a hepatocellular carcinoma (HCC) cell line. (A)
Bmi-1 overexpression in primary fetal hepatocytes
resulted in increased ABCB1 expression, compared
with the mock-transduced control (*P < 0.01;
***P = 0.038). (B) Silencing of Bmi-1 expression by
two different siRNAs (#1 and #2) in KIM-1 cells was
followed by a decrease in ABCB1 expression
(*P < 0.01; **P = 0.08). Error bars were derived from
three independent experiments.

Effendi et al.
in 5 of 71 (7%) moderately differentiated HCCs, and in 3 of 14
(21%) poorly differentiated HCCs (Table 3). As expected,
ABCB1 expression was also higher in the well differentiated
HCCs. There was a correlation in ABCB1 and Bmi-1 staining
(Fig. 4C), and 50 of 122 (41%) cases showed strong expression
of both Bmi-1 and ABCB1 (Table 4).

Discussion

Following the identification of Bmi-1 overexpression in solid
tumors,(9,14–16) some studies have also reported the overexpres-
sion of Bmi-1 in HCC.(17,18,23) However, the Bmi-1 localization
area and whether Bmi-1 is highly expressed in the early or late
progression of HCC is still controversial. In this study, high lev-
els of Bmi-1 expression were observed in early HCC, and we
carefully describe the specific subcellular expression of Bmi-1
within the nucleus. We believe that as a transcriptional repres-
sor, Bmi-1 activity is expected to occur inside the
nucleus.(10,24,25) Moreover, we found a correlation in the expres-
sion of Bmi-1 and ABCB1 suggesting that ABCB1 might present
a novel downstream target for Bmi-1.

Bmi-1 belongs to the Polycomb gene group (PcG) involved in
maintaining target genes in their transcriptional state. A possible
mechanism of PcG-mediated repression is the recruitment of
certain regulatory factors, or chromatin-modifying activities,
into a unique nuclear domain which results in inhibiting chroma-
tin remodeling required for the transcriptional process.(24)

Indeed, there is evidence showing that 3D imaging of PcG pro-
teins in Drosophila embryos shows distribution of PcG com-
plexes throughout the nuclear volume as discrete loci, which
might reflect sites of repressive complexes.(25) In accordance
with previous reports, we observed that Bmi-1 was expressed as
high-intensity, small aggregates distributed inside the nucleus in
the HCC region. The Bmi-1 dots appeared in different parts of
the nucleus, often very near to or partially coincident with het-
erochromatin. These findings support the indication of Bmi-1
function as a gene transcriptional repressor by regulating chro-
matin silencing. Regarding this immunohistochemical staining
dot-pattern as a positive expression of Bmi-1, we found high lev-
els of Bmi-1 expression in well (included early) differentiated
HCCs, whereas similar expression was not observed in the cor-
responding non-cancerous background hepatocytes.

The Bmi-1 signaling pathway is one of the candidates that
might, in part, govern stem cell fate, and acquirement of its
‘‘stemness’’ function has been linked to neoplastic prolifera-
tion.(4,26) The ability of Bmi-1 to promote tumorigenesis and
bypass senescence through regulation of p16 and hTERT
expression(6–9) suggests a potential role of Bmi-1 in initiating
hepatocarcinogenesis and immortalization of the hepatocyte.
(B)
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Fig. 4. Correlation and immunostaining of Bmi-1
and ATP-binding cassette transporter B1 (ABCB1)
expression in hepatocellular carcinoma (HCC). (A
and B) Evaluation of Bmi-1 and ABCB1 mRNA
expression in HCC cell lines and HCC clinical
samples. A strong correlation between Bmi-1 and
ABCB1 expression was observed in HCC cell lines
and clinical samples by the Pearson’s correlation
coefficient test (0.95, P = 0.01; and 0.90, P < 0.01,
respectively) (black column, Bmi-1; gray column,
ABCB1). (c) Bmi-1 and ABCB1 expression in early,
moderately, and poorly differentiated HCC
(magnification, ·200). Clear staining of Bmi-1 ‘‘dot-
pattern’’ (scored as 2+), and a canalicular and
cytoplasmic ABCB1 staining pattern (scored as 2+),
was observed in well differentiated HCC. Bmi-1
expression appeared weaker (scored as 1+), and
only a canalicular staining pattern of ABCB1 (scored
as 1+), was seen in moderately differentiated HCC.
No dot-pattern of Bmi-1 and an absence of ABCB1
staining were observed in poorly differentiated
HCC (scored as negative). Both Bmi-1 and ABCB1
expression decreased with the progression of HCC,
suggesting their correlated expression.

Table 3. Immunohistochemical analysis of ATP-binding cassette

transporter B1 (ABCB1) expression in hepatocellular carcinoma (HCC)

(n = 122)

Histology
ABCB1 staining score

2+ 1+ )

Well differentiated HCC (n = 37) 29 (78%) 7 (19%) 1 (3%)

Early HCC (n = 21) 18 (86%) 3 (14%) 0 (0%)

Moderately differentiated

HCC (n = 71)

50 (70%) 16 (23%) 5 (7%)

Poorly differentiated HCC (n = 14) 10 (71%) 1 (7%) 3 (21%)

), no staining; 1+, irregular canalicular staining pattern; 2+, clear
staining of irregular canalicular with cytoplasmic staining.

Table 4. Combined immunohistochemical analysis of Bmi-1 and ATP-

binding cassette transporter B1 (ABCB1) expression in hepatocellular

carcinoma

ABCB1 staining score

Bmi-1 staining score
2+ 1+ )

2+ 50 (41%) 12 (10%) 1 (1%)

1+ 28 (23%) 7 (6%) 3 (2%)

) 11 (9%) 5 (4%) 5 (4%)

ABCB1 staining scores: ), no staining; 1+, irregular canalicular staining
pattern; 2+, clear staining of irregular canalicular with cytoplasmic
staining. Bmi-1 staining scores: ), absence of dot-pattern staining;
1+, distributed focally with weak dot-pattern staining; 2+, distributed
diffusely with clear dot-pattern staining.
Low levels of p16 expression and increased activation of
hTERT have also been reported in HCC, including in early
HCC.(19,27,28) We observed high levels of Bmi-1 expression
in early HCC, which might indicate an indispensable function
for Bmi-1 in the early development of cancer. Bmi-1 expres-
sion was also observed in progressed HCC, however, the
expression level was not as high as in early HCC. This find-
670
ings suggested de novo tumor development pathways as well
as indicated another functional role of Bmi-1 in progressed
HCC. Although it is clear that Bmi-1 plays a role in keeping
self-renewal ability and proliferation, the exact molecular
mechanism of Bmi-1 in early hepatocarcinogenesis remains
unclear. Inactivation of p16 expression by methylation or epi-
genetic mechanisms has already been observed as an early
doi: 10.1111/j.1349-7006.2009.01431.x
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event in the early stage of hepatocarcinogenesis.(19,20) More-
over, some studies show that a p16 deficiency does not fully
restore the self-renewal capability of Bmi-1. In addition,
reduced stem cell frequency occurs in Bmi-1-deficient neural
stem cells, even when p16Ink4a and p19Arf are not
expressed.(4,29,30) These studies indicate that there are addi-
tional downstream pathways that might mediate the effect of
Bmi-1 on self-renewal and cell proliferation.

From our gene expression analysis, we found that induc-
tion of Bmi-1 in bone marrow cells resulted in an upregula-
tion of ABCB1.(6) ABCB1 appears to be a consistent feature
of mammalian cells displaying resistance to multiple antican-
cer drugs, and has been postulated to mediate drug resis-
tance.(31,32) Interestingly, recent findings also show expression
of ABCB1 in various stem cells,(33–35) which might make
them less sensitive to cancer treatment. Increased expression
of ABCB1 was observed in HCC, particularly in early and
well differentiated HCC, compared with the surrounding non-
cancerous region. ABCB1 expression decreases with the pro-
gression of HCC, suggesting a reflection of tumor dedifferen-
tiation.(36) We showed here that ABCB1 expression was
clearly altered in parallel with Bmi-1 expression. High
expression of both Bmi-1 and ABCB1 was observed in the
early stage of hepatocarcinogenesis, which suggests their col-
laboration in maintaining the cell’s ability for self-renewal,
proliferation, and increased resistance from apoptosis.
Effendi et al.
Although it is possible that ABCB1 represents a novel down-
stream target for Bmi-1, further analysis is necessary to clar-
ify the mechanism underlying the link between Bmi-1 and
ABCB1 expression.

In summary, we evaluated the expression and involvement of
the ‘‘stemness’’ gene, Bmi-1, in HCC, particularly in early stage
hepatocarcinogenesis. The strong correlation observed between
Bmi-1 and ABCB1 expression in HCC indicates a new regula-
tory pathway for Bmi-1, and reveals a potential novel target for
enhancing future HCC treatment strategies.
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Supporting Information

Additional Supporting Information may be found in the online version of this article:

Fig. S1. ATP-binding cassette transporter B1 (ABCB1) expression in hepatocellular carcinoma (HCC) cell lines and clinical samples. (a) Quantita-
tive real-time PCR and Western blot of ABCB1 in HCC cell lines. Expression of ABCB1 was significantly higher in KIM-1 cells compared with
the other cell lines. (b) ABCB1 mRNA expression levels in HCC clinical cases. The relative mRNA expression levels in tumor tissues (black col-
umn, T) and corresponding non-cancerous, background liver tissues (gray column, N) (left panel). High levels of ABCB1 expression were observed
in well differentiated HCC. The average expression levels of ABCB1 were higher in tumor tissues than in the non-cancerous background liver tis-
sues (2.30 vs 1.23, P = 0.21) (right panel). (c) Immunostaining of ABCB1 in well differentiated HCC. An irregular and thicker form of canalicular
pattern with cytoplasmic staining was observed in the tumor region compared with the non-cancerous background region (magnification, ·100).
Black arrows outline the border between the non-cancerous background region (N) and the tumor region (T). (d) ABCB1 expression in moderately
differentiated HCC (magnification, ·200). Only an irregular canalicular pattern was observed (a, H&E stain; b, corresponding ABCB1 staining).
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