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B-cell lymphoma 9 (Bcl9) is the core component of Wnt/β-catenin signaling and
overexpressed in nuclei of various tumors, including hepatocellular carcinoma (HCC).
However, the extent of Bcl9 expression relative to HCC differentiation stage and its
functional aspects are poorly understood. In this study, we examined the expression pattern
of Bcl9 immunohistochemically, using two anti-Bcl9 antibodies; one was a conventional
polyclonal-antibody (anti-Bcl9ABC) against amino acid no.800–900 of human-Bcl9, while the
other (anti-Bcl9BIO) was against amino acid no.50–200, covering Pygopus-binding sites of
Bcl9. Immunohistochemistry using anti-Bcl9BIO demonstrated distinctive staining in the
cytoplasm, while the anti-Bcl9ABC signal was detected in both cytoplasm and nuclei of HCC
cells, reflecting different states of Bcl9 function because Pygopus-binding to Bcl9 is essential
to exert its function together with β-catenin in nucleus. Quantitative analysis revealed a
significantly higher immunohistochemical-score by anti-Bcl9BIO in normal liver comparing
various differentiation grades of HCC (P < 0.004), whereas no significant difference was
noted with anti-Bcl9ABC. Interestingly, immunohistochemical-score of anti-Bcl9BIO in patients
aged < 40 years was significantly lower than that of ≥ 40 years group (P < 0.01). The results
indicated that anti-Bcl9BIO detected cytoplasmic Bcl9, which does not bind to Pygopus
suggesting it could be a useful indicator for development of HCC in young Myanmar
patients.
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I. Introduction

Hepatocellular carcinoma (HCC) is the sixth most
common cancer worldwide and the third leading cause of
cancer-related mortality in the Asia-Pacific region [14, 31].
Liver cancer rates are the highest in East and Southeast
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Asia and Northern and Western Africa [27]. In Myanmar, a
Southeast Asia country, where the prevalence of HCC is
highly reported and more importantly, the juvenile develop-
ment and poor prognosis of HCC in the young generation is
common, where a heavy deposition and uptakes of excess
iron was reported [22]. Subsequent studies from our labora-
tories presented that iron overload accelerated the liver
cells kinetics abnormally [2], though the etiopathological
mechanisms to induce juvenile development of HCC
remain to be elucidated.

Abnormal upregulation of the canonical Wnt/β-catenin
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signaling pathway was found to play a role in the develop-
ment of certain types of cancers, such as gastric, colorectal
and breast cancer including HCC. β-catenin is a key effector
and plays a fundamental role in this pathway [10, 20]. In
the absence of Wnt ligands, β-catenin is phosphorylated and
degraded by a destruction complex which consists of ade-
nomatous polyposis coli (APC), Axin, glycogen synthase
kinase-3β (GSK3β) and casein kinase 1α [9, 15]. However,
the presence of the ligand disrupts the destruction, allowing
the unphosphorylated β-catenin to be translocated into the
nucleus. Then, nuclear β-catenin binds to the TCF transcrip-
tion factor and activates the expression of various genes such
as c-Myc and Cyclin D1 which are needed to be involved in
cell proliferation, cell migration and cell survival [11, 26].

Bcl9 (B cell lymphoma 9 gene) and Pygopus are core
components of β-catenin/TCF complex and indispensable
to Wnt/β-catenin signaling. The domain structure of Bcl9
includes five homology domains (HD1 to HD5) where
HD1 to HD3 are highly conserved between Drosophila,
zebrafish and mammals [16], whereas HD4 and HD5 are
highly conserved among mice, humans and vertebrates [1].
Bcl9 is translocated to nucleus by Pygopus and functions as
an adaptor protein between Pygopus and β-catenin [16].
Overexpression of Bcl9 increases cell proliferation, migra-
tion, invasion and metastatic potential of tumor cells and
was reported in various types of tumors such as colorectal
cancer, multiple myeloma and HCC [5, 21].

Recent studies demonstrated the nuclear localization
of Bcl9 in various tumors, such as multiple myeloma,
breast cancer, colon carcinoma and HCC cells unlike their
normal cell counterparts. This finding seems to be consist-
ent with the function of Bcl9 as a co-activator of β-catenin
in the nucleus. [18, 24]. However, Bcl9 was also reported
to localize in both cytoplasm and nucleus, irrespective of
the normal and malignant status of adrenocortical cells [6].
In addition, Bcl9 is known to be involved in enamel pro-
duction and lens development, independently of β-catenin
signalling [7, 8]. Consequently, the intracellular localiza-
tion of Bcl9 is currently a controversial issue, mainly
because it may form different complexes [25], reflecting a
different functional state. Therefore, for a better under-
standing of Bcl9 function, we need to analyse the different
epitopes by immunohistochemistry.

In the present study, we mapped the localization of
Bcl9 in Myanmar HCC immunohistochemically using two
different antibodies. The anti-Bcl9BIO antibody recognizes
the Pygopus-binding domain of Bcl9, an epitope essential
for the nuclear localization of Bcl9 and could be masked by
the binding of Pygopus. The other one was anti-Bcl9ABC,
which can react with the different epitopes of Bcl9 and had
been widely used in the previous studies [12, 30]. Finally,
we analysed the expression profiles of Bcl9 in differentia-
tion grades of Myanmar HCC and clinicopathological
parameters to evaluate the diagnostic value of Bcl9.

II. Materials and Methods
Chemicals and antibodies

3-Aminopropyltriethoxysilane (APS), bovine serum al-
bumin (BSA, essentially fatty acid- and globulin-free), 30%
Brij® L23 solution, normal goat IgG and rabbit IgG were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
Normal mouse IgG was from Dako (Glostrup, Denmark).
Mouse monoclonal anti-human Bcl9 (BMR00368;
2.0 μg/ml) was a gift from Bio Matrix Research Inc.
(Nagareyama, Chiba, Japan) and rabbit polyclonal anti-
human Bcl9 (ab37305; 5.0 μg/ml) was purchased from
Abcam (Cambridge, MA, USA) [12, 30]. Mouse monoclo-
nal anti-β-catenin (CTNNB1, UM500015; 1.33 μg/ml) was
purchased from OriGene (Rockville, MD, USA). Horse-
radish peroxidase (HRP)-conjugated goat anti-mouse IgG
(AP308P; 10.0 μg/ml) and HRP-conjugated goat anti-
rabbit IgG (AP307P; 10.0 μg/ml) antibodies were from
Millipore (Temecula, CA, USA). 3,3'-Diaminobenzidine-4HCl
(DAB) was from Dojin Chemical Co. (Kumamoto, Japan).
Permount was purchased from Thermo Fisher Scientific
(Hudson, NH, USA). All other reagents used in this study
were from Wako Pure Chemicals (Osaka, Japan).

Clinical samples
Surgically resected liver tissues were collected from

patients diagnosed with HCC, who were treated surgically
at the Yangon Specialty Hospital (YSH), Myanmar and
fixed with 10% formalin and embedded in paraffin using
standard procedures. Normal liver samples, resected away
from the tumor lesions were also collected and processed.
A total of 52 liver specimens were collected (Age; 20–82
years, mean ± SD; 53.2 ± 9.1, 31 (60%) male and 21 (40%)
female). Data on hepatitis B virus (HBV) and hepatitis C
virus (HCV) were obtained by the rapid diagnostic test
from Standard Diagnostics (SD, Inc., Abbott Laboratories,
Chicago, IL, USA) for HBV (SD Bioline HBsAg) and
HCV (SD Bioline HCV) (Tables 1 and 2).

Ethical approval for this study was obtained from the
Ethics Review Committee of the Department of Medical
Research, Yangon (Ethics/DMR/2018/059) and all liver
specimens were collected after obtaining written informed
consent of the patients in accordance with the Declaration
of Helsinki.

Histopathological examination
Liver specimens were cut into 5 μm thickness serial

sections and mounted on APS-coated slides. Using hema-
toxylin and eosin (H&E) stained slides, histopathological
examination was conducted by two pathologists, blinded to
the patients’ basic and clinical data at Pathology Research
Division, Department of Medical Research (DMR), Yangon
using WHO classification [4]. The results were later con-
firmed by a Japanese pathologist who was also blinded
to the clinical background. Of the 52 examined samples,
11 (21%) were considered normal liver and 41 (79%)
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Table 1. Clinicohistopathological features of the patients (sorted by histological classification) 

Patient number Age Sex Histological classification HBV HCV Anti-Bcl9BIO Anti-Bcl9ABC β-catenin

1 46 F Normal − + ++ − ++
2 47 M Normal + − +++ +++ +++
3 49 F Normal NA NA ++ +++ +++
4 50 M Normal NA NA +++ +++ +++
5 50 F Normal + − +++ + ++
6 52 M Normal NA NA ++ + ++
7 54 F Normal − − +++ +++ +++
8 55 F Normal + − +++ +++ +++
9 58 F Normal − − ++ ++ +++

10 58 M Normal − + + +++ ++
11 62 M Normal NA NA ++ − −
12 37 F Well − + + ++ +
13 41 F Well + − + − −
14 46 M Well − + − ++ +++
15 48 M Well + − ++ ++ +++
16 48 F Well + − ++ + −
17 51 M Well + − + + −
18 51 M Well NA NA ++ ++ +
19 55 F Well + − ++ +++ +++
20 58 F Well − − + + +
21 64 M Well − + + + +++
22 64 M Well + − ++ +++ +++
23 65 F Well + − − + −
24 71 M Well − − + − ++
25 20 F Moderate + − − ++ +++
26 26 M Moderate + − − ++ ++
27 39 M Moderate + − + ++ ++
28 40 M Moderate + − − + +
29 47 M Moderate − + ++ ++ +
30 48 F Moderate − + + − +
31 53 F Moderate − + − ++ ++
32 53 F Moderate NA NA ++ + −
33 56 M Moderate + − + +++ +++
34 62 F Moderate + − + ++ ++
35 63 F Moderate − + − + −
36 64 M Moderate − + − − +++
37 76 M Moderate − − − ++ −
38 77 F Moderate NA NA ++ + +
39 82 M Moderate NA NA + ++ ++
40 37 M Poor − + − +++ +
41 38 M Poor + − − − +
42 42 M Poor + − − +++ ++
43 43 M Poor + + + ++ −
44 50 M Poor NA NA − + −
45 51 M Poor + + − − +
46 51 M Poor + NA − + +
47 58 M Poor − + − ++ +++
48 59 F Poor + − ++ ++ ++
49 62 F Poor + − − ++ +++
50 62 M Poor − + ++ ++ +
51 64 M Poor + − + ++ +
52 65 M Poor + − + ++ −

M, male patient; F, female patient; HBV, hepatitis B virus; HCV, hepatitis C virus; normal, normal liver; well, well differentiate HCC; moderate, moderate-
ly differentiated HCC; poor, poorly differentiated HCC; NA, not applicable; −, no staining (negative in HBV and HCV); +, weak staining (positive in HBV
and HCV); ++, moderate staining; +++, strong staining.
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Table 2. Clinicohistopathological features of the patients (sorted by age) 

Patient number Age Sex Histological classification HBV HCV Anti-Bcl9BIO Anti-Bcl9ABC β-catenin

1 20 F Moderate + − − ++ +++
2 26 M Moderate + − − ++ ++
3 37 F Well − + + ++ +
4 37 M Poor − + − +++ +
5 38 M Poor + − − − +
6 39 M Moderate + − + ++ ++
7 40 M Moderate + − − + +
8 41 F Well + − + − −
9 42 M Poor + − − +++ ++

10 43 M Poor + + + ++ −
11 46 F Normal − + ++ − ++
12 46 M Well − + − ++ +++
13 47 M Normal + − +++ +++ +++
14 47 M Moderate − + ++ ++ +
15 48 M Well + − ++ ++ +++
16 48 F Well + − ++ + −
17 48 F Moderate − + + − +
18 49 F Normal NA NA ++ +++ +++
19 50 M Normal NA NA +++ +++ +++
20 50 F Normal + − +++ + ++
21 50 M Poor NA NA − + −
22 51 M Well + − + + −
23 51 M Well NA NA ++ ++ +
24 51 M Poor + + − − +
25 51 M Poor + NA − + +
26 52 M Normal NA NA ++ + ++
27 53 F Moderate − + − ++ ++
28 53 F Moderate NA NA ++ + −
29 54 F Normal − − +++ +++ +++
30 55 F Normal + − +++ +++ +++
31 55 F Well + − ++ +++ +++
32 56 M Moderate + − + +++ +++
33 58 F Normal − − ++ ++ +++
34 58 M Normal − + + +++ ++
35 58 F Well − − + + +
36 58 M Poor − + − ++ +++
37 59 F Poor + − ++ ++ ++
38 62 M Normal NA NA ++ − −
39 62 F Moderate + − + ++ ++
40 62 F Poor + − − ++ +++
41 62 M Poor − + ++ ++ +
42 63 F Moderate − + − + −
43 64 M Well − + + + +++
44 64 M Well + − ++ +++ +++
45 64 M Moderate − + − − +++
46 64 M Poor + − + ++ +
47 65 F Well + − − + −
48 65 M Poor + − + ++ −
49 71 M Well − − + − ++
50 76 M Moderate − − − ++ −
51 77 F Moderate NA NA ++ + +
52 82 M Moderate NA NA + ++ ++

M, male patient; F, female patient; HBV, hepatitis B virus; HCV, hepatitis C virus; normal, normal liver; well, well differentiate HCC; moderate, moderate-
ly differentiated HCC; poor, poorly differentiated HCC; NA, Not applicable; −, no staining (negative in HBV and HCV); +, weak staining (positive in
HBV and HCV); ++, moderate staining; +++, strong staining.
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diagnosed as HCC. With regard to the histopathological
grade, 13 cases were graded as well differentiated, 15 cases
as moderately and 13 cases as poorly differentiated HCC.

Immunohistochemistry
Enzyme immunohistochemistry (IHC) was performed

on paraffin sections of HCC as described previously [3, 17,
23]. All procedures were performed at room temperature.
Briefly, the paraffin sections were deparaffinized with
toluene and autoclaved in 10 mM citrate buffer (pH 6.0,
120°C for 15 min). Endogenous peroxidase was inactivated
with 0.3% H2O2 in methanol for 15 min. Then, the sections
were preincubated with normal goat IgG (500 μg/ml) in 1%
BSA in PBS for 1 h and then reacted with the primary anti-
body dissolved in 1% BSA in PBS for overnight. After
washing three times with 0.075% Brij 35 in PBS for 10 min
each, the sections were reacted with HRP-conjugated sec-
ondary antibody for 1 hr. Then, the sections were washed
again with 0.075% Brij 35 in PBS and the sites of HRP
were visualized with DAB and H2O2 with nickel and cobalt
ions. In each experimental run, the adjacent sections were
reacted with normal mouse or rabbit IgG in the place of
specific primary antibody and served as negative control.
Finally, the sections were dehydrated and mounted.

Quantitative analysis
The stained slides were judged as positive or negative

based on comparison with the negative control results. The
staining intensity was graded as 0, 1, 2 and 3 representing
negative, weak, moderate and strong staining, respectively,
and used as immunohistochemical-score (IHC-score) for
statistical analysis.

Statistical analysis
All data were expressed as mean ± SEM. The

Wilcoxon-Mann-Whitney test was used for assessment of
the statistical significance between age and sex groups.
One-way ANOVA followed by Tukey’s range test was used
for comparison of statistical significance between histo-
pathological classifications. P value < 0.05 denoted
the presence of a statistically significant difference. All
analyses were performed with KaleidaGraph 4 (Hulinks
Inc., Tokyo, Japan).

III. Results
Immunohistochemical characterization of anti-Bcl9BIO and
anti-Bcl9ABC antibodies

To discriminate the states of Bcl9, we used two anti-
bodies that recognize different portions of Bcl9 as epitopes.
One is a monoclonal anti-Bcl9 antibody from Bio Matrix
Research Inc. (anti-Bcl9BIO), which was raised against the
recombinant protein, no.50–200 amino acid (aa) residues of
human-Bcl9 because the residue covers the major part of
Pygopus-binding domain of Bcl9 (HD1, aa no.177–204)
[24], it was expected that the association of Pygopus with

HD1 might disturb the binding of anti-Bcl9BIO to Bcl9. The
other was rabbit polyclonal anti-Bcl9 antibody purchased
from Abcam (anti-Bcl9ABC), which was raised against
synthetic peptide carrying aa no.800–900 of human-Bcl9,
which is located near the N-terminus of HD4 (aa no.997–
1048) of Bcl9. The latter had been used for immunohisto-
chemical examination of tumors, including HCC, in previ-
ous studies reported by other groups [12, 30] (Fig. 1A).

As shown in Fig. 1B, immunohistochemical staining
using anti-Bcl9BIO revealed the signals for Bcl9 mainly in
the cytoplasm but not in the nuclei of well differentiated
HCC cells. In comparison, immunostaining with anti-
Bcl9ABC detected the signals in either the cytoplasm or the
nuclei, or both in adjacent serial sections that were used for
anti-Bcl9BIO. When we examined the expression of β-
catenin, the signals was limited to the plasma membrane
and no convincing co-localization with Bcl9. In addition,
tissues stained with normal IgG in place of the primary
antibody presented no staining.

Expression profile of Bcl9 detected by two antibodies in
various types of histopathological grades of Myanmar HCC

Although overexpression of Bcl9 in the cytoplasm and
nuclei was reported in HCC with the use of anti-Bcl9ABC

[18, 30], our understanding of the functional status has
been limited. To evaluate the biological significance of
Bcl9 in HCC, we performed immunohistochemical staining
using the two types of anti-Bcl9 antibodies in Myanmar
HCC specimens and compared the expression profiles
according to the histopathological differentiation grades.
As shown in Fig. 2, Bcl9 detected by anti-Bcl9BIO was dis-
tinctively localized in the cytoplasm and the expression
decreased with the progression of differentiation stage of
HCC (Fig. 2A). Interestingly, localization of Bcl9 seemed
to be restricted to certain areas of the cytoplasm especially
in advanced HCC. On the other hand, the anti-Bcl9ABC sig-
nal was detected mainly in the nucleus, but in some cases, a
broad or uniform distribution of Bcl9 staining was noted in
cytoplasm of HCC cells (Fig. 2A). For statistical analysis,
we used simple IHC-score (0, 1, 2, 3), which was deter-
mined by the signal intensity because most parts of the
normal liver parenchyma and HCC nests were stained
homogenously. The IHC-score of the normal liver stained
with anti-Bcl9BIO was significantly higher than that of any
other differentiation stages of HCC (P < 0.01, Fig. 2B).
Moreover, IHC-score by anti-Bcl9BIO tended to demonstrate
inverse correlation with poorer differentiation grades of
HCC. In contrast, the IHC-score by anti-Bcl9ABC had no
statistical significant differences among normal liver and
various differentiation stages of HCC (P value, 0.535; Fig.
2B).

Possible correlation between various clinicopathological
parameters and Bcl9 expression

Finally, we analysed the clinicopathological features
according to the IHC-score obtained with two types of anti-
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Bcl9 antibodies. Based on the recent study that identified
Asians older than 40 years of age to be at highest risk of
HCC among other populations [19], we divided our HCC
patients into two age groups; < 40 and ≥ 40 years and
examined the differences in IHC-score. Very surprisingly,
we found a significant difference in IHC-score obtained
with anti-Bcl9BIO between the two age groups (P value,
0.007, Fig. 3A). When the age group was divided into < 45
and ≥ 45 years, significance was still identified (P value,
0.017), although no more significant difference (P value,
0.572) was noted when 50 years was used as the cut-off

value. In contrast, the IHC-score with anti-Bcl9ABC anti-
body did not correlate with age (P value, 0.649, 0.631 and
0.844, for 40, 45 and 50 years cut-off values, respectively,
Fig. 3A). Several other clinicopathological variables, such
as sex, HBV and HCV had no impact on IHC-score with
anti-Bcl9BIO and anti-Bcl9ABC antibodies (Fig. 3B–D).

IV. Discussion

In the present study, we have found that the expression

Characterization of anti-Bcl9BIO and anti-Bcl9ABC antibodies. A: Schematic representation of the functional domain of Bcl9 and its interaction with
Pygopus and β-catenin. Bcl9 contains 1420 amino acid (aa) residues and has five homology domains (HD1; aa no.177–204, HD2; 349–371, HD3; 467–
490, HD4; 997–1048 and HD5; 1223–1254). The HD1 domain of Bcl9 recognizes the nuclear protein, Pygopus, while HD2 domain facilitates the
interaction with β-catenin. The HD4 and HD5 regions of Bcl9 act as transactivation domains and synergize with β-catenin. Anti-Bcl9BIO (BMR00368)
was raised against aa no.50–200 residues of the Bcl9 while anti-Bcl9ABC (ab37305) was raised against aa no.800–900 residues. B: Immunohistochemical
localization of Bcl9 by both antibodies and β-catenin in serial sections of a well differentiated HCC. The same concentration of normal mouse or rabbit
IgG was used instead of the specific antibody. Left panel; negative controls. Middle panel; immunohistochemical results with the indicated antibody.
Right panel; higher magnification of the images of the dotted-square in the middle panel. Arrowheads; typical positive cells to each epitope of anti-
Bcl9BIO and anti-Bcl9ABC. Arrows; the same cell which is positive to both epitopes of anti-Bcl9BIO and anti-Bcl9ABC. Bar = 50 μm.

Fig. 1. 
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of Bcl9 in HCC detected by anti-Bcl9BIO was limited to the
cytoplasm and tended to display inverse correlation with
progression of differentiation grades of Myanmar HCC.
Moreover, the expression level was significantly lower in
younger patients less than 40 years than their older counter-
parts. The localization of Bcl9 detected with both anti-
bodies in the same cells revealed the specificity of each
antibody, while the expression pattern of Bcl9 detected by

anti-Bcl9BIO seems very different from that of conventional
anti-Bcl9ABC, even in the cytoplasmic distributions (Fig. 2).
It was not strange because the epitopes detected by the two
antibodies are different and anti-Bcl9BIO is considered to
react with the HD1 domain unoccupied with Pygopus,
which promotes the translocation of Bcl9 from the cyto-
plasm to the nucleus. Considering that Bcl9 is involved in
transcription regulation as a component of the β-catenin

Immunohistochemical localization of Bcl9 detected by anti-Bcl9BIO and anti-Bcl9ABC in various histopathological grades of Myanmar HCC. A:
H&E staining (left panel) and immunohistochemical localization of Bcl9 detected by anti-Bcl9BIO (middle panel) and anti-Bcl9ABC (right panel) in serial
sections of normal liver, well, moderately and poorly differentiated HCC. Arrowheads; typical positive cells to each epitope of anti-Bcl9BIO and anti-
Bcl9ABC. Bar = 100 μm. B: Quantitative analysis of IHC-score in normal liver and various histopathological grades of HCC: IHC-score obtained by anti-
Bcl9BIO (left graph, normal; 2.4 ± 0.2, well; 1.2 ± 0.2, moderate; 0.7 ± 0.2, poor; 0.5 ± 0.2) and IHC-score with anti-Bcl9ABC (right graph, normal; 2.0 ±
0.4, well; 1.5 ± 0.3, moderate; 1.5 ± 0.2, poor; 1.8 ± 0.3). Data are mean ± SEM. **P ≤ 0.01; ***P ≤ 0.001.

Fig. 2. 
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machinery in nuclei, cytoplasmic Bcl9 detected by anti-
Bcl9BIO may be regarded as the non-functional state in the
Wnt/β-catenin signaling.

Using anti-Bcl9ABC, Hyeon et al. demonstrated previ-
ously that Bcl9 expression correlated significantly with
HCC in younger age, higher Edmondson grade, more
microvascular invasion and increased intrahepatic meta-
stasis [12]. However, the expression of Bcl9 detected by
anti-Bcl9ABC in normal liver found in our study had a dis-
crepancy from the previous reports where Bcl9 was not
detected in normal liver [12, 30]. The difference might be
due to the use of non-cancerous parts as normal liver in our
study. Besides, almost 90% of our HCC specimens were
positive to either HBV or HCV infection, suggesting that
the difference could be also due to regenerating changes
that could affect the expression of Bcl9.

Furthermore, statistical analysis of the expression pro-
files of Bcl9 detected by anti-Bcl9ABC as well as β-catenin
in our study failed to display any significant difference
between normal liver parts and various differentiation
stages of HCC. In this regard, previous study reported that
β-catenin was localized in the nucleus in 35.3% of HCC
cases [13], whereas β-catenin was found mostly in the cyto-
plasm and plasma membrane of HCC cells in the present
study and nuclear localization was detected only in 2 cases
out of 41 cases. These discrepancies were probably due to
the difference in pre-existing etiological factors in the
developmental properties of Myanmar HCC, especially
environmental inorganic toxic substances, such as iron,

arsenic which have been reported to affect the pathogenesis
of HCC [22, 28, 29].

One important finding of this study was the signifi-
cantly lower IHC-score with anti-Bcl9BIO < 40 years age
group (Fig. 3A). This finding suggests that in the younger
HCC cases including juvenile HCC, almost all Bcl9 would
be activated and translocated into the nucleus by binding to
Pygopus, depleting the cytoplasmic reservoir of Bcl9. Con-
sequently, this could result in combinational imbalance of
β-catenin machinery, leading to the promotion of the juve-
nile HCC development in Myanmar patients. Although the
cytoplasmic expression of Bcl9 seems to be a new hepato-
logical parameter, further studies with human and animal
model specimens are needed to draw a solid conclusion
about the role of Bcl9 in the juvenile development of HCC.

V. Conflicts of Interest
The authors declare that there are no conflicts of

interest.

VI. Acknowledgments
This study was supported in part by Grant-in-Aid for

Scientific Research from the Japanese Ministry for Educa-
tion, Culture, Sports, Science and Technology (No.
16H05813 and 16K15173 to T. Koji). We are grateful to
Bio Matrix Research Inc. (Nagareyama, Chiba, Japan) for
the kind gift of anti-Bcl9BIO.

Relationships between clinicopathological parameters and IHC-score of sections stained with anti-Bcl9BIO and anti-Bcl9ABC antibodies. A: Age, B:
Sex, C: HBV infection and D: HCV infection. Data are mean ± SEM. IHC-score, immunohistochemical-score; HBV, hepatitis B virus; HCV, hepatitis
C virus; +, positive; -, negative; **P ≤ 0.01.

Fig. 3. 

16 Soe et al.



VII. References

 1. Adachi, S., Jigami, T., Yasui, T., Nakano, T., Ohwada, S., Omori,
Y., Sugano, S., Ohkawara, B., Shibuya, H. and Nakamura, T.
(2004) Role of a BCL9-related β-catenin-binding protein,
B9L, in tumorigenesis induced by aberrant activation of Wnt
signaling. Cancer Res. 64; 8496–8501.

 2. An, S., Soe, K., Akamatsu, M., Hishikawa, Y. and Koji, T.
(2012) Accelerated proliferation of hepatocytes in rats with iron
overload after partial hepatectomy. Histochem. Cell Biol. 138;
773–786.

 3. Batmunkh, B., Choijookhuu, N., Srisowanna, N., Byambatsogt,
U., Synn Oo, P., Noor Ali, M., Yamaguchi, Y. and Hishikawa, Y.
(2017) Estrogen accelerates cell proliferation through estrogen
receptor alpha during rat liver regeneration after partial
hepatectomy. Acta Histochem. Cytochem. 50; 39–48.

 4. Bosman, F. T., Carneiro, F., Hruban, R. H. and Theise, N. D.
(2010) WHO Classification of Tumours of the Digestive System,
World Health Organization, 4th Ed., Geneva, Switzerland.

 5. Brembeck, F. H., Wiese, M., Zatula, N., Grigoryan, T., Dai, Y.,
Fritzmann, J. and Birchmeier, W. (2011) BCL9-2 promotes early
stages of intestinal tumor progression. Gastroenterology 141;
1359–1370.

 6. Brown, T. C., Nicolson, N. G., Korah, R. and Carling, T. (2018)
BCL9 upregulation in adrenocortical carcinoma: a novel Wnt/β-
catenin activating event driving adrenocortical malignancy. J.
Am. Coll. Surg. 226; 988–995.

 7. Cantu, C., Pagella, P., Shajiei, T. D., Zimmerli, D., Valenta, T.,
Hausmann, G., Basler, K. and Mitsiadis, T. A. (2017) A
cytoplasmic role of Wnt/β-catenin transcriptional cofactors Bcl9,
Bcl9l, and Pygopus in tooth enamel formation. Sci. Signal. 10;
aah4598.

 8. Cantù, C., Zimmerli, D., Hausmann, G., Valenta, T., Moor, A.,
Aguet, M. and Basler, K. (2014) Pax6-dependent, but β-catenin-
independent, function of Bcl9 proteins in mouse lens develop-
ment. Genes Dev. 28; 1879–1884.

 9. Clevers, H. (2006) Wnt/β-catenin signaling in development and
disease. Cell 127; 469–480.

10. Gao, W., Kim, H., Feng, M., Phung, Y., Xavier, C. P., Rubin, J.
S. and Ho, M. (2014) Inactivation of Wnt signaling by a human
antibody that recognizes the heparan sulfate chains of glypican-3
for liver cancer therapy. Hepatology 60; 576–587.

11. He, T.-C., Sparks, A. B., Rago, C., Hermeking, H., Zawel, L., Da
Costa, L. T., Morin, P. J., Vogelstein, B. and Kinzler, K. W.
(1998) Identification of c-MYC as a target of the APC pathway.
Science 281; 1509–1512.

12. Hyeon, J., Ahn, S., Lee, J. J., Song, D. H. and Park, C.-K. (2013)
Prognostic significance of BCL9 expression in hepatocellular
carcinoma. Korean J. Pathol. 47; 130–136.

13. Inagawa, S., Itabashi, M., Adachi, S., Kuwamoto, T., Hori, M.,
Shimazaki, J., Yoshimi, F. and Fukao, K. (2002) Expression
and prognostic roles of β-catenin in hepatocellular carcinoma
correlation with tumor progression and postoperative survival.
Clin. Cancer Res. 8; 450–456.

14. Kew, M. (2010) Epidemiology of chronic hepatitis B virus infec-
tion, hepatocellular carcinoma, and hepatitis B virus-induced
hepatocellular carcinoma. Pathol. Biol. (Paris) 58; 273–277.

15. Klaus, A. and Birchmeier, W. (2008) Wnt signalling and its
impact on development and cancer. Nat. Rev. Cancer 8; 387–398.

16. Kramps, T., Peter, O., Brunner, E., Nellen, D., Froesch, B.,
Chatterjee, S., Murone, M., Züllig, S. and Basler, K. (2002) Wnt/
wingless signaling requires BCL9/legless-mediated recruitment of

pygopus to the nuclear β-catenin-TCF complex. Cell 109; 47–60.
17. Liu, J., Zhang, W., Wu, Z., Dai, L. and Koji, T. (2018) Changes

in DNA methylation of oocytes and granulosa cells assessed
by HELMET during folliculogenesis in mouse ovary. Acta
Histochem. Cytochem. 51; 93–100.

18. Mani, M., Carrasco, D. E., Zhang, Y., Takada, K., Gatt, M. E.,
Dutta-Simmons, J., Ikeda, H., Diaz-Griffero, F., Pena-Cruz, V.
and Bertagnolli, M. (2009) BCL9 promotes tumor progression by
conferring enhanced proliferative, metastatic, and angiogenic
properties to cancer cells. Cancer Res. 69; 7577–7586.

19. Mittal, S., Kramer, J. R., Omino, R., Chayanupatkul, M.,
Richardson, P. A., El-Serag, H. B. and Kanwal, F. (2018) Role of
age and race in the risk of hepatocellular carcinoma in veterans
with hepatitis B virus infection. Clin. Gastroenterol. Hepatol. 16;
252–259.

20. Miyoshi, Y., Iwao, K., Nagasawa, Y., Aihara, T., Sasaki, Y.,
Imaoka, S., Murata, M., Shimano, T. and Nakamura, Y. (1998)
Activation of the β-catenin gene in primary hepatocellular
carcinomas by somatic alterations involving exon 3. Cancer Res.
58; 2524–2527.

21. Sampietro, J., Dahlberg, C. L., Cho, U. S., Hinds, T. R.,
Kimelman, D. and Xu, W. (2006) Crystal structure of a β-
catenin/BCL9/Tcf4 complex. Mol. Cell 24; 293–300.

22. Soe, K., Hishikawa, Y., Fukuzawa, Y., Win, N., San Yin, K.,
Win, K. M., Myint, A. A. and Koji, T. (2007) Possible
correlation between iron deposition and enhanced proliferating
activity in hepatitis C virus-positive hepatocellular carcinoma in
Myanmar (Burma). J. Gastroenterol. 42; 225–235.

23. Song, N., Liu, J., An, S., Nishino, T., Hishikawa, Y. and Koji,
T. (2011) Immunohistochemical analysis of histone H3
modifications in germ cells during mouse spermatogenesis. Acta
Histochem. Cytochem. 44; 183–190.

24. Sustmann, C., Flach, H., Ebert, H., Eastman, Q. and Grosschedl,
R. (2008) Cell-type-specific function of BCL9 involves a
transcriptional activation domain that synergizes with β-catenin.
Mol. Cell. Biol. 28; 3526–3537.

25. Takada, K., Zhu, D., Bird, G. H., Sukhdeo, K., Zhao, J.-J., Mani,
M., Lemieux, M., Carrasco, D. E., Ryan, J. and Horst, D. (2012)
Targeted disruption of the BCL9/β-catenin complex inhibits
oncogenic Wnt signaling. Sci. Transl. Med. 4; 148ra117.

26. Tetsu, O. and McCormick, F. (1999) β-Catenin regulates expres-
sion of cyclin D1 in colon carcinoma cells. Nature 398; 422–426.

27. Torre, L. A., Bray, F., Siegel, R. L., Ferlay, J., Lortet-Tieulent, J.
and Jemal, A. (2015) Global cancer statistics, 2012. CA Cancer
J. Clin. 65; 87–108.

28. Van Geen, A., Win, K. H., Zaw, T., Naing, W., Mey, J. L. and
Mailloux, B. (2014) Confirmation of elevated arsenic levels in
groundwater of Myanmar. Sci. Total Environ. 478; 21–24.

29. Winkel, L., Berg, M., Amini, M., Hug, S. J. and Johnson, C. A.
(2008) Predicting groundwater arsenic contamination in South-
east Asia from surface parameters. Nat. Geosci. 1; 536–542.

30. Xu, W., Zhou, W., Cheng, M., Wang, J., Liu, Z., He, S., Luo, X.,
Huang, W., Chen, T. and Yan, W. (2017) Hypoxia activates Wnt/
β-catenin signaling by regulating the expression of BCL9 in
human hepatocellular carcinoma. Sci. Rep. 7; srep40446.

31. Zhu, R. X., Seto, W. K., Lai, C. L. and Yuen, M. F. (2016)
Epidemiology of hepatocellular carcinoma in the Asia-Pacific
region. Gut Liver 10; 332–339.

This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Bcl9 Involved in Juvenile HCC 17


