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In Myanmar, hepatocellular carcinoma (HCC) is commonly seen in young adult and asso-
ciated with poor prognosis, while the molecular mechanisms that characterize HCC in 
Myanmar are unknown. As co-activation of Wnt/β-catenin signaling and c-Myc (Myc) are 
reported to associate with malignancy of HCC, we immunohistochemically investigated the 
expression of Pygo2 and Bcl9, the co-activators of the Wnt/β-catenin signaling, Myc and 
PCNA in 60 cases of Myanmar HCC. Pygo2 expression was confirmed by in situ hybridiza-
tion. The signal intensity was measured by image analyzer and then statistically analyzed. 
As a result, the expression of Pygo2 was significantly higher in HCC compared to normal liver 
tissue and the nuclear signal was the most intense in poorly differentiated HCC. Cytoplasmic 
Bcl9 was expressed in the normal liver tissue but decreased in HCC with the progression of 
histopathological grade. Myc was significantly higher in poorly differentiated HCC, whereas 
PCNA labeling index increased with the progression of histopathological grade. Nuclear 
Pygo2 showed strong correlation with nuclear Myc (P < 0.01) and PCNA (P < 0.001), and 
inversely correlated with cytoplasmic Bcl9 (P < 0.01). Our results suggested Wnt/β-catenin 
and Myc signaling is commonly activated in Myanmar HCC and that the correlative upregu-
lation of nuclear Pygo2 and Myc characterizes the malignant features of HCC in Myanmar.
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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 [23, 
59]. In Myanmar, the rates of liver cancer increase after 
20 years of age and reach a peak at the age of 50 years, 
whereas in Japan, the incidence of liver cancer increases 
after the age of 45–50 years and reaches a plateau around 
65 years of age [5]. These data suggest that certain sig-
naling dysregulation that accelerates the development and 
progression of HCC seems to occur in Myanmar HCC. One 
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of the factors considered to enhance the development and 
progression of Myanmar HCC is excess iron uptake and 
its heavy deposition in the liver [40, 48], while the signal-
ing that characterize poor prognosis of Myanmar HCC are 
unknown yet.

Deregulation of the canonical Wnt/β-catenin signal-
ing pathway associated with overexpression and mutation 
of the molecules associated with the signaling, such as 
β-catenin and Axin, was found to play a role in the 
development and progression of HCC [15, 30, 34, 51]. In 
the absence of Wnt ligands, β-catenin is phosphorylated 
and degraded by a destruction complex comprising ade-
nomatous polyposis coli (APC), Axin, glycogen synthase 
kinase-3β and casein kinase 1α. The presence of the 
ligand, however, disrupts the destruction complex, allow-
ing the unphosphorylated β-catenin to be translocated into 
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the nucleus. Then, nuclear β-catenin binds to members of 
the T-cell factor/lymphoid enhancer factor (TCF/LEF) fam-
ily to drive a Wnt transcriptional program [11, 17, 25, 46]. 
In addition, for activation of the pathway, simultaneous 
nuclear translocation of Pygo2 and Bcl9 other than β-
catenin is indispensable. Pygo2 that has a nuclear localiza-
tion sequence (NLS) in its N-terminus, binds to Bcl9, 
followed by translocation to the nucleus [29]. In the 
nucleus, Pygo2 binds to β-catenin via Bcl9 and is suggested 
to recruit β-catenin complex to activate chromatin through 
its interaction with trimethylated lysine 4 residues of his-
tone H3 to regulate the proliferation of mammary cells 
[38].

Previous studies reported that aberrant expression or 
nuclear localization of Pygo2 or Bcl9 correlates with poor 
HCC prognosis [18, 19, 39, 58]. Our group had also 
demonstrated the expression of Bcl9 in the cytoplasm even 
in the normal liver tissue, while the expression is signifi-
cantly decreased during the progression of histopathologi-
cal grade and also in juvenile HCC in Myanmar [41]. The 
gradual loss of cytoplasmic Bcl9 along with the progression 
of HCC suggests the association of Pygo2 not only in 
poorly differentiated HCC but also in most of Myanmar 
HCC by inducing nuclear translocation of Bcl9 followed by 
activation of Wnt/β-catenin signaling.

Deregulation of Myc gene is the driving force in the 
majority of human cancers [1, 43]. There is growing evi-
dence that both Myc and Wnt/β-catenin signaling pathways 
are activated in HCC patients with poor prognosis; Myc 
amplification tended to co-occur with CTNNB1 (encoding 
β-catenin) mutations in HCC [14]. Myc-driven HCC fre-
quently acquired activating mutations of CTNNB1 [6, 56]. 
Especially, activation of Wnt/β-catenin signaling acceler-
ated Myc-driven carcinogenesis in mouse liver [4].

In the present study, we hypothesized that simul-
taneous activation of Wnt/β-catenin signaling and Myc 
characterize malignant features of HCC in Myanmar. To 
test the hypothesis, we used immunohistochemistry for 
Pygo2, Bcl9, Myc and PCNA on serial paraffin sections of 
Myanmar HCC. We also examined the expression Pygo2 
mRNA by in situ hybridization. The cytoplasmic and 
nuclear signal intensities of immunohistochemistry were 
further determined by measuring with image analyzer and 
statistically compared the normal liver tissue and each 
histopathological grade of Myanmar HCC. Finally, we 
performed correlation analysis of each signal intensity.

II. Materials and Methods
Chemicals and antibodies

3-Aminopropyltriethoxysilane (APS), proteinase K, 
bovine serum albumin (BSA, minimum 98%, elec-
trophoresis), yeast transfer RNA (type X-SA), salmon 
testes DNA, dextran sulfate, 30% Brij® L23 solution 
were purchased from Sigma Chemical Co. (St Louis, 
MO, USA). Formamide (nuclease and protease free) 

was purchased from Nacalai Tesque (Kyoto, Japan). 
Digoxigenin-11-dUTP and terminal deoxynucleotidyl 
transferase (TdT) were from Roche (Mannheim, Germany). 
3,3'-Diaminobenzidine-4HCl (DAB) was bought from 
Dojin Chemical Co. (Kumamoto, Japan). Permount 
was obtained from Thermo Fisher Scientific (Hudson, 
NH, USA). The oligodeoxynucleotides used for in situ 
hybridization were obtained from Life Technologies 
(Carlsbad, CA, USA). All other reagents used in this study 
were from Wako Pure Chemicals (Osaka, Japan) and of 
analytical grade.

Antibodies used in this study were as follow: Mouse 
monoclonal Pygopus 2 antibody (concentration; 4 μg/ml, 
sc-390506, Santa Cruz Biotechnology, Inc., Santa Cruz, 
CA, USA), mouse monoclonal anti-human Bcl9 antibody 
(concentration; 4 μg/ml, Bio Matrix Research Inc., Tokyo, 
Japan), mouse monoclonal Myc antibody (concentration; 
5 μg/ml, OM-11-906, Cambridge Research Biochemicals, 
UK), mouse monoclonal anti-proliferating cell nuclear anti-
gen antibody (concentration; 2.6 μg/ml, Clone PC 10, 
DAKOCytomation, Glostrup, Denmark), Normal mouse 
IgG (DAKO, Glostrup, Denmark) was used instead of 
each primary antibody at concentration similar to each 
primary antibody. HRP-goat anti-mouse IgG (concentra-
tion; 5 μg/ml, Millipore, Temecula, CA, USA) and 
HRP-conjugated goat anti-digoxigenin antibody (concen-
tration; 5 μg/ml, Roche, Indianapolis, IN, USA) were 
used as secondary antibodies. All antibodies were vali-
dated by each supplier using immunohistochemistry and/or 
western blotting.

Clinical tissue samples
The cancerous liver tissues and normal liver tissue, 

resected away from the cancerous region, were obtained 
from patients, who underwent surgical excision of HCC 
at the Yangon Specialty Hospital (YSH), Myanmar. The 
tissue was fixed in 10% formalin at room temperature and 
embedded in paraffin using standard procedures. The sam-
ples used in this study were collected from 60 patients 
with HCC (age; 20–80 years, mean ± SD; 54.5 ± 11.2, 41 
(67%) males and 19 (33%) females). Infection of hepatitis 
B virus (HBV) and hepatitis C virus (HCV) was tested 
with the rapid diagnostic test from Standard Diagnostics 
(Abbott Laboratories, Chicago, IL), Bioline HBsAg and 
Bioline HCV respectively.

This study was approved by the Ethics Review 
Committee of the Department of Medical Research, 
Yangon (#Ethics/DMR/2018/059), and informed consent 
was obtained from the patients in accordance with the 
Declaration of Helsinki. The clinical data of the patients 
are shown in the Table 1.

Histopathological examination
Paraffin embedded liver tissues, cut into 5 μm 

in thickness and placed onto the APS-coated slides, 
were stained with hematoxylin and eosin. The stained 
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Table 1. Clinicopathological data of the 60 patients assessed in this study 

No. Age Sex Histological Classification HBV HCV
Signal intensity values of immunohistochemistry

Cyto c-Myc Nuclear c-Myc Cyto Pygo2 Nuclear Pygo2 PCNA Cyto Bcl9

1 52 M Normal NA NA 22.4 27.7 7.3 8.3 3.6 96.3
2 47 M Normal + − 12.9 16.7 7.7 6.1 4.4 95.9
3 46 F Normal − + 50.1 59.6 0.4 2.4 5.6 53.4
4 50 F Normal + − 37.4 35.6 0.4 0.5 8.2 57.1
5 58 M Normal − + 27.2 20.1 2.2 2.6 6.4 75.0
6 67 M Well − + 13.9 28.3 17.6 37.9 24.8 59.9
7 71 M Well − + 51.0 37.3 37.8 41.9 58.6 19.7
8 62 M Well − + 37.5 39.5 14.5 27.6 27.6 32.3
9 57 M Well − + 97.9 87.2 28.2 39.7 4.8 73.5
10 62 M Well + − 97.9 83.2 34.5 49.6 15.0 15.5
11 60 M Well − + 22.6 16.9 27.1 29.5 9.6 59.2
12 68 M Well + − 65.2 80.0 24.5 50.8 32.6 13.5
13 43 M Well + − 58.9 64.0 14.3 20.1 35.6 14.4
14 57 F Well − + 16.9 26.2 13.3 25.8 37.2 34.4
15 80 M Well − − 20.1 24.3 24.0 24.1 27.6 61.5
16 53 M Well − + 41.1 48.9 17.8 19.9 37.8 11.9
17 54 F Well − + 10.9 12.7 21.2 42.6 26.8 1.3
18 52 M Well + − 13.7 18.9 22.3 31.1 21.8 18.7
19 64 M Well − + 24.7 25.7 34.4 42.8 12.4 27.2
20 29 F Well − − 28.6 23.2 18.8 32.1 9.6 2.6
21 54 M Well − − 60.3 73.3 17.3 29.3 51.6 40.7
22 55 F Well + − 56.7 45.8 3.4 17.9 12.4 57.9
23 46 M Well − + 18.8 23.7 4.5 8.1 17.2 28.3
24 51 M Well NA NA 52.5 56.0 15.0 35.0 14.8 37.8
25 37 M Well NA NA 59.2 35.2 43.9 58.0 13.6 2.9
26 63 M Moderate − + 2.1 6.7 21.9 21.4 48.8 1.7
27 53 F Moderate + − 8.5 8.6 19.8 32.4 42.4 2.8
28 66 M Moderate − + 48.6 41.0 1.1 16.0 5.0 2.7
29 59 F Moderate + − 22.2 25.6 4.0 12.3 47.8 1.8
30 49 M Moderate + − 9.2 19.6 11.6 21.6 24.0 3.9
31 63 F Moderate − + 7.8 21.2 4.8 27.3 25.2 3.3
32 72 M Moderate + − 9.1 14.0 19.6 35.8 24.2 8.2
33 63 F Moderate − + 77.3 79.3 27.2 61.9 33.6 0.8
34 55 M Moderate + − 28.5 20.9 10.9 24.5 18.4 6.0
35 51 M Moderate + − 76.8 78.0 29.7 35.0 28.8 14.0
36 58 F Moderate − + 30.7 39.5 22.1 43.7 62.4 2.9
37 60 M Moderate − + 14.5 31.2 26.7 43.5 17.4 3.4
38 50 M Moderate − + 19.6 32.5 27.5 59.4 67.2 1.6
39 66 M Moderate − − 54.1 54.5 55.3 75.2 41.8 3.2
40 56 M Moderate + − 62.6 64.9 13.1 16.2 30.8 4.9
41 77 F Moderate NA NA 67.3 65.9 32.4 36.4 24.8 1.6
42 47 M Moderate − + 87.4 73.7 32.4 39.8 5.6 9.4
43 53 F Moderate NA NA 75.1 61.3 5.2 6.3 15.2 15.8
44 32 M Moderate NA NA 48.7 44.7 22.3 19.2 45.2 0.1
45 39 M Moderate + − 18.6 25.7 1.0 6.7 69.6 0.4
46 20 F Moderate + − 48.9 61.8 4.3 3.4 25.0 0.3
47 39 M Poor + − 39.2 38.3 17.7 58.3 73.6 0.0
48 40 M Poor + − 56.0 52.4 28.5 51.3 62.4 0.2
49 61 M Poor + − 85.2 101.0 31.9 48.3 48.0 2.4
50 62 F Poor − + 99.2 102.2 7.0 36.4 36.6 1.2
51 64 F Poor − − 81.5 98.1 37.5 65.7 65.0 0.1
52 61 M Poor + − 61.9 71.3 16.4 48.9 56.2 10.8
53 54 F Poor − + 43.2 56.6 14.5 44.8 41.6 1.5
54 51 M Poor − + 105.9 117.5 39.7 74.3 72.6 11.8
55 55 F Poor − + 85.6 92.8 14.4 71.7 77.0 2.4
56 43 M Poor + + 57.6 55.4 27.8 47.1 18.8 1.8
57 58 M Poor − + 50.3 97.8 25.3 50.3 57.4 0.2
58 62 F Poor + − 68.5 62.3 14.5 22.8 25.4 3.0
59 42 M Poor + − 56.9 55.0 10.4 17.3 37.2 0.4
60 51 M Poor + + 51.1 47.4 24.7 50.6 57.2 2.7

HBV: Hepatitis B Virus; HCV: Hepatitis C Virus; M: Male; F: Female; NA: Not Available
+/−: Positive or Negative in HBV/HCV; PCNA: Proliferating Cell Nuclear Antigen
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slides were examined histopathologically by two patholo-
gists who were blinded to the patients’ data at Pathology 
Research Division, Department of Medical Research 
(DMR), Yangon. Tissue samples were assessed using the 
WHO classification. Out of the 60 examined cases, 5 cases 
(8%) were considered normal and 55 (92%) were diag-
nosed as HCC. Regarding the histopathological grade, 20 
cases were graded as well differentiated, 21 cases as mod-
erately differentiated and 14 cases as poorly differentiated 
HCC. The results of histopathological examination are 
summarized in Table 1.

Immunohistochemistry
All procedures were performed according to the 

methods reported previously [35, 47]. Briefly, paraffin-
embedded tissues were serially cut into 5-μm-thick sections 
and placed onto APS-coated glass slides. After deparaf-
finization and rehydration followed by autoclaving in 
10 mM citrate buffer (pH 6.0, 120°C, 15 min), endoge-
nous peroxidase activity was inactivated with 0.3% H2O2/
methanol for 15 min. The specimens were incubated with 
normal goat IgG (500 μg/ml) and bovine serum albumin 
(1%, BSA) in phosphate buffered saline (PBS) for 1 hr to 
block non-specific binding of antibodies and then incubated 
overnight with the primary antibody in 1% BSA/PBS. 
After triplicate washing with 0.075% Brij/PBS for 10 min 
each, the specimens were reacted with HRP-conjugated 
secondary antibodies for 1 hr. After 3 times washing with 
0.075% Brij/PBS, the signal was visualized with DAB and 
H2O2 in the presence of nickel and cobalt ions [10, 49]. 
In each experimental run, normal mouse IgG was applied 
as a negative control at the same concentration instead of 
the specific primary antibody. Finally, the specimens were 
mounted with Permount after dehydration through ethanol-
xylene series.

In situ hybridization
The sequence of nucleotide no. 489 to 525 of human 

(h) Pygo2 (CTTGGCAGTCCTGTGCCCTTCGGAGGCTT
CCGTGTGC) was used as the sense hPygo2 probe and 
complementary to this sequence was used as an antisense 
hPygo2 probe (GCACACGGAAGCCTCCGAAGGGCAC
AGGACTGCCAAG). Furthermore, a 28S rRNA probe was 
used to estimate the level of hybridizable RNAs in the tis-
sue sections [57]. The antisense sequence of 28s rRNA was 
(TGCTACTACCACCAAGATCTGCACCTGCGGCGGC). 
These probes were labeled by digoxigenin according to 
the protocol described in our previous study [27]. The 
specificity and sensitivity of the oligo-DNA probes were 
confirmed by immunodetection and dot blot hybridization. 
The procedure of in situ hybridization was performed as 
described in detail previously [28, 55]. After deparaffiniza-
tion and rehydration, the sections were treated with 0.2 N 
hydrochloric acid for 20 min and digested with 50 μg/ml of 
proteinase K for 15 min at 37°C. After post-fixation with 
4% paraformaldehyde in PBS for 5 min, the sections were 

immersed in 2 mg/ml glycine in PBS for 15 min twice and 
kept in 40% deionized formamide in 4 × standard saline 
citrate (SSC; 1 × SSC = 0.15 M sodium chloride and 0.015 
M sodium citrate, pH 7.0) until used for hybridization. 
Hybridization was carried out for 15–17 hr at 37°C with 
2 μg/ml hPygo2 DIG-labeled probe in the hybridization 
medium containing 10 mM Tris/HCl, 0.6 M NaCl, 1 mM 
EDTA, 1× Denhardt’s solution, 250 μg/ml of yeast tRNA, 
125 μg/ml of salmon testes DNA, 10% dextran sulfate 
in deionized formamide solution. After hybridization, the 
slides were washed 4 times with 40% formamide/2 × SSC 
for 1 hr each wash at 37°C, and followed by 2 × SSC at 
room temperature (RT). Then, the sections were reacted 
with the blocking solution (100 μg/ml of yeast tRNA, 100 
μg/ml of salmon sperm DNA and 500 μg/ml of normal goat 
IgG in 5% BSA/PBS solution) for 1 hr, reacted overnight 
with horseradish peroxidase (HRP)-conjugated goat anti-
digoxigenin antibody (Roche) in blocking solution, and 
washed four times with 0.075% Brij/PBS for 15 min each. 
The signals were visualized with 3,3'-diaminobenzidine 
(DAB) and H2O2 with nickel and cobalt ions, as described 
previously [27]. Unless otherwise specified, all procedures 
were performed at RT.

Quantitative analysis
Three randomly selected areas in each specimen were 

photographed at 400× magnification and each 8-bit image 
was then assessed with ImageJ or Fiji software. The aver-
age of pixels/dot (1 to 255) of the cytoplasm or nucleus 
was obtained by surrounding the region of interest with 
the ROI manager. The total pixel/dot of the cytoplasm and 
nuclei for the image was counted using more than 100 cells 
(>30 cells/area). The reported immunohistochemistry signal 
intensity represented the positive subtracting from the latter 
the average pixels/dot of the negative control. PCNA label-
ing index represented the percentage of cells with positive 
nuclei per total number of counted nuclei.

Statistical analysis
One-way ANOVA followed by Tukey’s range test was 

used to compare the signal intensity between the normal 
liver tissue and each histopathological grade of HCC. A 
P value < 0.05 denoted the presence of a statistically 
significant difference. The Wilcoxon-Mann-Whitney test 
was performed to compare between two groups. All statis-
tical analyses were conducted using the KaleidaGraph 4 
(Hulinks Inc., Tokyo), except for Spearman’s correlation 
rank test, which was performed using Microsoft Excel 
(Office 365, Microsoft Corp.).

III. Results
Cytoplasmic and nuclear Pygo2 and Bcl9 expression profiles 
in Myanmar HCC

Immunohistochemistry was used to map Pygo2 sites 
in normal liver tissue and various histopathological grades 
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of HCC using an antibody against human Pygo2. Stain-
ing for Pygo2 was not detected in the normal liver tissue 
but positive in both the cytoplasm and nuclei of cancer 
cells and the density of staining increased with advances 
in histopathological grade of HCC (Fig. 1a). The nuclear 
staining of Pygo2 was especially strong in poorly differen-
tiated HCC. The signal intensity of both cytoplasmic and 
nuclear Pygo2 was significantly higher in HCC than in nor-
mal (Fig. 1b and c). The median intensity of cytoplasmic 
Pygo2 in normal and HCC was 2.2 and 19.8, respectively, 
whereas those in nuclear Pygo2 in normal and HCC was 
2.6 and 35.8, respectively. The signal intensity of Pygo2 in 
51 out of 55 HCC cases (93%) was larger than the highest 
(8.29) in normal liver tissue (Table 1). The signal intensity 
of cytoplasmic Pygo2 did not show significant difference 
among the histopathological grade of HCC (Fig. 1d), while 
the nuclear signal was significantly higher in poorly differ-
entiated HCC than well and moderately differentiated one 
(Fig. 1e).

The expression of Bcl9 was examined in sections adja-
cent to those used for assessment of Pygo2 expression 
with the antibody that specifically recognize cytoplasmic 
but not nuclear Bcl9 (Fig. 1a). With this antibody, we 
previously revealed that the loss of cytoplasmic Bcl9 was 
associated with the progression of histopathological grade 
of HCC in Myanmar [41]. In agreement with that findings, 
cytoplasmic Bcl9 expression was noted in the normal liver 
tissue, but was decreased in well differentiated HCC and 
almost negative in moderately and poorly differentiated 
HCC. Statistical analysis indicated significantly weak sig-
nal intensity of Bcl9 in all HCC compared to normal, and 
was barely positive in moderately and poorly differentiated 
HCC (Fig. 1f).

In situ detection of Pygo2 mRNA in Myanmar HCC
The above results of Pygo2 immunohistochemistry 

indicated upregulation of Pygo2 in HCC, especially in 
poorly differentiated tumors. Accordingly, we examined 
next the signal intensity of Pygo2 mRNA by in situ 
hybridization to confirm the transcriptional activation of 
Pygo2. For accurate comparison among the cases, we had 
preliminarily selected five cases each from normal and var-
ious histopathological grades of HCC, those retained well-
preserved RNA assessed by in situ hybridization of 28S 
rRNA [57]. Figure 2a shows the average signal intensity 
obtained by in situ hybridization using Pygo2 sense and 
antisense, and 28S rRNA probes. There was no significant 
difference in 28S rRNA retention among the cases. The 
expression of Pygo2 mRNA was detected in the cytoplasm 
of all HCC differentiation grades but not in normal liver 
tissue (Fig. 2b). Statistical analysis indicated significant 
Pygo2 expression in HCC compared to normal liver tissue, 
and that the expression was not influenced by histopatho-
logical grading (Fig. 2c).

Cytoplasmic and nuclear Myc and PCNA expression profiles 
in Myanmar HCC

Selecting tissue sections adjacent to those used for 
Pygo2 immunohistochemistry, we conducted immunohisto-
chemistry of Myc (Fig. 3a). Myc was expressed in the cyto-
plasm and nuclei of hepatocytes found in the normal liver 
tissue as well as in the cancer cells of all HCC, although the 
expression was weakest in the normal liver tissue relative 
to the cancerous areas. Analysis of the immunostaining 
pattern according to the histopathological grade showed the 
strongest staining in the cytoplasm and nuclei of poorly 
differentiated HCC. Furthermore, the signal intensities of 
the cytoplasmic and nuclear Myc were significantly higher 
in poorly differentiated HCC compared to the normal, as 
well as the well and moderately differentiated HCC (Fig. 
3b and c).

We also immunohistochemically stained serial sec-
tions adjacent to those used for Myc immunohistochemistry 
for PCNA. PCNA was increased progressively with the 
progression of histopathological grade (Fig. 3a). Statistical 
analysis revealed that the PCNA labeling index was signif-
icantly higher in poorly differentiated HCC than normal 
liver tissue, as well as in well and moderately differentiated 
HCC, while the staining in moderately differentiated HCC 
was also significantly higher than the normal liver tissue 
(Fig. 3d).

Correlation analysis of Pygo2, Bcl9, Myc, and PCNA 
immunohistochemical staining

Comparison of the distribution of Pygo2, Bcl9, 
Myc, and PCNA signals in serial sections revealed co-
localization of Pygo2, Myc and PCNA in the same tumor 
nest and partially in the same individual tumor cells (Fig. 
1a). This finding suggests potential correlation in the 
expression of these molecules in Myanmar HCC. Accord-
ingly, this was tested in the next step of the study.

The signal intensity of nuclear Pygo2 correlated sig-
nificantly with those of nuclear Myc (Fig. 4c, R = 0.39, 
P < 0.01), PCNA (Fig. 4d, R = 0.46, P < 0.001), as well 
as cytoplasmic Pygo2 (Fig. 4e, R = 0.78, P < 0.001), and 
inversely with that of cytoplasmic Bcl9 (Fig. 4b, R = −0.36, 
P < 0.01). Furthermore, the signal intensity of nuclear Myc 
also correlated significantly with that of PCNA (Fig. 4f, 
R = 0.26, P < 0.05), whereas that of cytoplasmic Bcl9 
correlated inversely with PCNA (Fig. 4g, R = −0.59, P < 
0.001) but not with nuclear Myc.

Possible correlation between signal intensity and the 
clinicopathological features

Finally, we analyzed the correlation of cytoplasmic/ 
nuclear Pygo2, cytoplasmic Bcl9, cytoplasmic/nuclear Myc 
and PCNA with the clinicopathological features of HCC. 
Cytoplasmic Bcl9 correlated with the development of HCC 
in younger patients (<40 years and >40 years, P = 0.0007) 
as was reported previously [20], while Pygo2 did not (P 
= 1.00) probably because of its low expression in 2 out 
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of 7 patients who developed HCC at young age (Table 1, 
Cases #45 and #46). Pygo2 did not correlate with sex (P = 
0.44), HBV (P = 0.19) or HCV infection (P = 0.22). More-

over, Myc and PCNA expression level did not correlate 
with any of the clinicopathological parameters examined in 
this study.

Immunohistochemistry of Pygo2 and Bcl9 in serial sections of Myanmar HCC and comparison of the signal intensity. (a) Immunohistochemistry 
of Pygo2 (left column) and Bcl9 (right column) in serial sections of normal liver tissue, well, moderately and poorly differentiated HCC. Bar = 100 
μm. Comparison of the signal intensity of cytoplasmic Pygo2 (b), nuclear Pygo2 (c) between normal areas and HCC. The bar indicated the median 
intensity of cytoplasmic and nuclear Pygo2 in normal and HCC. Comparison of the signal intensity of cytoplasmic Pygo2 (d), nuclear Pygo2 (e) and 
cytoplasmic Bcl9 (f) among normal liver tissue, well, moderately and poorly differentiated HCC using box and whisker plots. *P < 0.05, **P < 0.01 and 
***P < 0.001.

Fig. 1. 
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In situ hybridization for detection of Pygo2 mRNA and comparison of the signal intensity. (a) Signal intensity detected with sense and antisense 
hPygo2 probes, and 28s rRNA probes. Data are mean ± SD. (b) In situ hybridization using sense (left column) and antisense (right column) probes 
of hPygo2 in normal liver tissue, well, moderately and poorly differentiated HCC. Bar = 100 μm. (c) Comparison of signal intensity of Pygo2 mRNA 
among normal liver tissue, well, moderately and poorly differentiated HCC using box and whisker plots. The mRNA level of Pygo2 in each sample was 
obtained by subtracting the value of sense from antisense. **P < 0.01 and ***P < 0.001.

Fig. 2. 

Expression of Pygo2 and c-Myc in Myanmar HCC 201



Immunohistochemistry of Myc and PCNA in Myanmar HCC and comparison of the signal intensity. (a) Immunohistochemistry of Myc (left 
column) and PCNA (right column) of serial sections of normal liver tissue, well, moderately and poorly differentiated HCC obtained from the sections 
adjacent to those used in Fig. 1a. Bar = 100 μm. Comparison of the signal intensity of cytoplasmic Myc (b), nuclear Myc (c) and PCNA labelling index 
(d) among normal liver tissue, well, moderately and poorly differentiated HCC using box and whisker plots. *P < 0.05, **P < 0.01 and ***P < 0.001. 
Images in this figure are from sections adjacent to those of Fig. 1.

Fig. 3. 
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Correlation analysis of the signal intensities of Pygo2, Bcl9, Myc and PCNA in Myanmar HCC. (a) Results of Spearman’s correlation rank 
test. (b–g) Scatter plot of Pygo2 and cytoplasmic Bcl9 (b), nuclear Pygo2 and nuclear Myc (c), nuclear Pygo2 and PCNA (d), nuclear Pygo2 and 
cytoplasmic Pygo2 (e), nuclear Myc and PCNA (f) and, cytoplasmic Bcl9 and PCNA (g). The P value in each graph was calculated by Spearman’s 
correlation rank test.

Fig. 4. 
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IV. Discussion

In the present study, we revealed the expression of 
nuclear Pygo2 in more than 90% of Myanmar HCC cases, 
with the strongest expression in poorly differentiated HCC. 
Furthermore, nuclear Pygo2 expression correlated with loss 
of cytoplasmic Bcl9, nuclear Myc and PCNA labeling 
index. These results suggest common activation of both 
Wnt/β-catenin and Myc signaling in Myanmar HCC and 
that the correlated activation profiles of Pygo2 and Myc 
could characterize the malignant state of HCC in Myanmar.

Previous studies reported abnormal upregulation of 
Pygo2 in HCC and that its aberrant nuclear localization 
correlated with age, tumor size, metastasis, vascular inva-
sion and tumor differentiation [39, 58]. Moreover, it was 
reported that Bcl9 was overexpressed in HCC and its 
nuclear localization correlated with microvascular invasion, 
metastasis and poor prognosis [18, 19]. These reports seem 
to be consistent with the function of Pygo2 and Bcl9 as co-
activators in Wnt/β-catenin signaling. Until now, however, 
neither simultaneous distribution of Pygo2 and Bcl9 nor 
their correlation has not been reported in HCC, probably 
because both Pygo2 and Bcl9 have their own functions 
independent of Wnt/β-catenin signaling, such as Pygo2 
effect on eye and testis development and the regulation of 
enamel production by Bcl9 [7, 8, 9, 42]. Our findings seem 
to provide evidence that Pygo2 and Bcl9 act together as 
co-activators of Wnt/β-catenin signaling in Myanmar HCC. 
In this context, it should be noted that unexpectedly low 
levels of both nuclear Pygo2 and cytoplasmic Bcl9 were 
found in our study in a few HCC young patients. In these 
cases, Bcl9 might exert its special function independent of 
Wnt/β-catenin signaling, which is essential in the develop-
ment or progression of HCC in these particular cases.

Previous study reported that 66.7% of their cases 
with HCC expressed nuclear Pygo2 [58], whereas Xu et 
al. reported 34.4% of HCC expressed Bcl9 [54]. Nuclear 
accumulation of β-catenin was reported in 40 to 70% of 
HCC patients [16, 24, 31, 36]. In Japanese, Midorikawa 
et al. [33] reported that nuclear localization of β-catenin 
was limited in overt HCC but not in the early stage of 
HCC. Based on this background, Wnt/β-catenin signaling 
seems to be constantly activated in Myanmar HCC, since 
Pygo2 nuclear accumulation was detected in over 90% of 
the cases in Myanmar HCC. The frequent activation of the 
signaling could be a potentially useful marker for Myanmar 
HCC, although the same experiment should be performed 
in the cases of the other countries. While our study did not 
directly address the mechanism that activate Wnt/β-catenin 
signaling in Myanmar HCC, previous studies demonstrated 
that iron chelators can modulate Wnt/β-catenin signaling in 
vitro [13, 21, 53]. Excess iron uptake in Myanmar could be 
potentially the reason for the upregulation of the signaling, 
as reported previously [2, 40]. Further in vitro studies for 
exploring the relevance between Pygo2 and iron is needed.

Frequent Myc amplification is reported in young HCC 

patients and those with poor prognosis [20, 44]. Amplifi-
cation of Myc genes is the major genetic alteration and 
leads to deregulation of Myc genes in human tumors, while 
aberrant Myc expression can also be caused by defects in 
any of the upstream signaling pathways [32]. Myc is one 
of the transcriptional targets of Wnt/β-catenin signaling, 
while the epistatic relationship has not been recognized in 
mouse liver, different from colon cancer [45]; Myc was not 
expressed in hyperplastic liver and well differentiated liver 
tumor in APC-loss-of-function (LOF) mouse [12, 22], and 
Myc deletion failed to suppress hepatocyte proliferation 
induced by APC-LOF [37]. Since our study showed no sig-
nificant cytoplasmic correlation between Bcl9 and Myc, it 
is likely that upregulation of Myc is not directly controlled 
by the Wnt/β-catenin signaling in Myanmar HCC. Pygo2, 
however, is reported to play Wnt/β-catenin independent 
role in lens and testis development and tumor progression 
[8, 42, 50]. One should not rule out the possibility that 
Pygo2 regulates Myc expression independent of β-catenin 
[3], in addition to other upstream signaling, such as Notch, 
Sonic hedgehog, MAPK pathways [17, 26, 43, 52], or 
recurrent secondary genetic rearrangements [22].

Accumulating evidence suggests that co-activation of 
the Wnt/β-catenin and Myc signaling correlates with poor 
prognosis of HCC [4, 12, 22, 37]. In agreement with these 
report, our study revealed that progression of histopatho-
logical grade of Myanmar HCC correlated with intense 
nuclear Pygo2 immunostaining, nuclear Myc expression 
and high PCNA index. Our results suggest that the expres-
sion profiles of both Pygo2 and Myc are potentially suit-
able markers for prognosis of Myanmar HCC. Given that 
Pygo2 regulates the expression of Myc target gene [3], we 
consider that Pygo2 is also a suitable therapeutic target 
for the design of new therapies that do not only diminish 
the activity of Wnt/β-catenin signaling but also reduce the 
activation of Myc-target genes in Myanmar HCC.
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