Table 1. Comparison of clinicopathological features of patients
(n = 246) with HCC with and without K19 expression

Table 2. Comparison of the image findings of patients with HCC
with and without K19 expression

Mean age X SD, years 70%8 68+8 0.541
Sex, male/female 2/8 146/90 0.016
Clinical and laboratory data
Mean AFP, ng/ml 489 (52.1] 12[16.2] 0.062
Mean DCP, mAU/ml 42 [25] 321 [22] 0.773
Child-Pugh score A/B 8/2 200/36 0.655
Total bilirubin, mg/dl 09%+05 08+04 0.480
Albumin, g/dl 34X07 36%05 0.137
PT, % 9712 92%15 0.375
Pathology
Tumor size, mm 2417 22*38 0.392
Tumor number 1.3%£07 1.2+0.6 0.891
Vascular invasion, yes/no 0/10 0/236
Tumor differentiation

well/moderate/poor 0/8/2 108/126/2 <0.0001
TNM stage I/11 8/2 183/53 0.855
Lymph node involvement

yes/no 0/10 0/236
Metastasis, yes/no 0/10 0/236
Major associated liver diseases
HBsAg+ 1(10) 24(10.1)  0.895
HCV Ab+ 9 (90) 189 (80.1)
ALD 0 8 (3.4)
NASH 0 2(0.8)
Unknown etiology 0 13 (5.6)

Figures in parentheses are percentages; figures in brackets are
medians. PT = Prothrombin time; HBsAg = hepatitis B surface
antigen; HCV Ab = HCV antibody; ALD = alcoholic liver disease;
NASH = non-alcoholic steatohepatitis.

proportional hazards model to assess their value as independent
predictors.

All statistical analyses were performed using StatView (ver-
sion 5.0) software (Abacus Concepts, Berkeley, Calif., USA).

Results

Proportion of HCCs Expressing K19

The biopsy number was 272, and the median length of
our biopsy specimens was 8.2 = 4.0 mm. In 117 cases, the
specimens were <1 cm, and =1 c¢m in 155 cases. Patho-
logical diagnosis and K19 staining were practicable in all
specimens <1 cm. Expression of K19 in >5% of tumor
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CECT arterial phase high

density 10/10 200/235 0.187
CTHA high density 717 159/181 0.326
CTAP low density 717 1797181 0.779
SPIO-MRI T2* 10/10 175/184 0.473
EOB-MRI
Hepatobiliary phase low

intensity - 46/47 -

cells was observed in HCCs from 10 of 246 patients (4.1%).
Two of the 10 HCCs (20.0%) were poorly differentiated,
and 8 (80.0%) were moderately differentiated. None of the
well-differentiated HCCs showed K19 positivity. Among
the 10 patients with K19-positive HCCs, 2 had a HCC
nodule >3 cm and 8 had HCC nodules <3 cm in diam-
eter. The 8 HCC nodules with K19 positivity <3 cm in
diameter were moderately (n = 7) and poorly differenti-
ated HCCs (n = 1).

Clinicopathological Characteristics of Patients with

HCC in Relation to Expression of K19

The clinicopathological characteristics of the patients
in relation to K19 expression in HCCs are shown in ta-
ble 1. The proportion of well-differentiated HCCs was
significantly lower among K19-positive HCC patients
(p < 0.0001). K19 expression was more frequent among
female than among male patients (p = 0.016). There were
no significant differences in age, clinical laboratory data,
tumor size, number of tumor nodules, tumor stage in
TNM classification or etiology between K19-positive and
-negative HCC patients. There was no significant differ-
ence in tumor location (near the major vessels, bile ducts
and organs) between K19-positive and -negative patients.
The number of RFA sessions did not differ significantly
between K19-positive and -negative HCC patients. Se-
rum AFP before initial RFA was not evaluated in 1 pa-
tient.

Imaging Characteristics of HCCs in Relation to

Expression of K19

Comparison of the various imaging findings, accord-
ing to vascular profiling, and in relation to K19 expres-
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Fig. 2. a-e A patient with K19-negative HCC: a 70-year-old man
with chronic hepatitis (anti-HCV positive). The HCC (25 mm in
diameter, in segment 6) showed an early enhancement area by dy-
namic CT (a). Dynamic CT at 1 day after RFA (b). On histological
investigation, the tumor showed moderately differentiated HCC
on H&E staining (c), and K19 expression was negative in tumor
cells (d). The HCC did not show early enhancement on dynamic
CT 4 years and 10 months after curative RFA (e). f-j A patient with

sion, is shown in table 2. These imaging findings were
consistent with the histological diagnosis, as determined
by pretreatment needle biopsy.

All K19-positive HCCs showed typical HCC images,
such as hypervascularity at the arterial phase, hypovas-
cularity at the portal and equilibrium phases in dynamic
CT, and hyperintensity at the T2* image in SPIO-MRI.
There was no significant difference between K19-posi-
tive and -negative patients in terms of the imaging find-
ings.

282 Oncology 2011;80:278-288

K19-positive HCC: a 72-year-old female with chronic hepatitis
(anti-HCV positive). The HCC (25 mm in diameter, in segment 8)
showed an early enhancement area by dynamic CT (f). CT 1 day
after RFA (g). On histological investigation, the tumor showed
moderately differentiated HCC on H&E staining (h), and K19-
positive cells were seen in the tumor (i). Five months after RFA,
the HCC showed intrahepatic recurrence beyond the Milan crite-
ria (j).

Recurrence of HCC after RFA

The median follow-up period was 34.0 months (range
65 days to 10.3 years). A recurrence of HCC was diag-
nosed at least once during the follow-up period in 156
patients (63.4%). The cumulative recurrence-free surviv-
alat 1, 3and 5 years was 69.9, 26.6 and 12.2%, respective-
ly. Among the 156 patients with recurrent HCC, 14 (8.9%)
had local tumor progression and 142 (91.1%) had distant
intrahepatic recurrences. Five of 14 patients (35%) who
had local tumor progression had K19-positive HCC and
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Fig. 3. The cumulative recurrence-free survival rate in patients
with K19-positive (>5%) HCC was significantly lower than that
in patients with K19-negative HCC (p = 0.0001).

3 of 5 patients with K19-positive HCC (60%) showed vas-
cular invasion at the local tumor progression. Nine of 10
patients (90.0%) with K19-positive HCC had recurrences
after initial treatment and 6 of 10 (60.0%) were detected
within 1 year of initial curative RFA. On the other hand,
147 of 236 patients (62.2%) with K19-negative HCC had
recurrences, and only 58 patients (24.5%) had recurrenc-
es within 1 year after RFA. There were no patients with
K19-negative HCC who showed vascular invasion at the
local tumor progression. Patients with K19-positive HCC
were more likely to have an early recurrence of HCC
(<1 year after RFA) than patients with K19-negative
HCC (p = 0.012). The typical cases are shown in figure 2.
The median recurrence-free survival in patients with
K19-positive HCC was 194 days (range 93-635), while in
patients with K19-negative HCC it was 446 days (range
65-2,978). Patients with K19-positive HCC had a signifi-
cantly shorter recurrence-free survival than patients with
K19-negative HCC (p = 0.0001) (fig. 3). The recurrence
type, local tumor progression or distant intrahepatic re-
currence differed between K19-positive and -negative pa-
tients. Local tumor progression was significantly higher
in K19-positive patients than in K19-negative patients
(p < 0.0001). Table 3 shows the results of univariate and
multivariate analyses of prognostic factors for recur-
rence-free survival. In the multivariate analysis, K19 ex-
pression, the number of HCC nodules and total biliru-
bin =2 mg/dl were significant independent risk factors
for HCC recurrence in all patients.

Keratin 19 as Risk for HCC Recurrence

Fig. 4. The cumulative overall survival rate in patients with AFP
=100 ng/ml was significantly lower than that in patients with
AFP <100 ng/ml (p = 0.026).

The percentage of distant metastasis and major portal
invasion (VP3-4) was significantly higher in K19-posi-
tive than in K19-negative patients (p <0.0001). Distal me-
tastasis was detected in the lung (2 patients) and lymph
node (1 patient), and major portal invasion was detected
in 3 patients.

Risk Factors for Poor Prognosis

There was no patient who received liver transplanta-
tion in this study. Fifty-seven of 246 patients (23.1%) died
during the follow-up period. The cause of death was pro-
gression of HCC in 37 patients, hepatic failure in 16 pa-
tients and causes unrelated to the liver in 4 patients. The
overall survival rates for all patients were 97.2, 88.7 and
63.4% at 1, 3 and 5 years, respectively. A serum AFP level
=100 ng/ml (p = 0.034), a total bilirubin level =2 mg/dl
(p <0.0001) and female sex (p = 0.018) were identified as
risk factors for a poor prognosis in HCC in both univari-
ate and multivariate analyses (table 4). Patients with high
serum AFP levels (=100 ng/ml) had significantly lower
overall survival rates than patients with low serum AFP
levels (p = 0.026) (fig. 4).

On the other hand, age (=65 years), albumin concen-
tration (<3.5 g/dl), prothrombin time (<70%), DCP
(=100 mAU/ml), tumor size, the number of HCC nod-
ules and K19 expression were not significant risk factors
for poor prognosis in the univariate analysis (table 4).
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Table 3. Risk factors associated with recurrence-free survival in 246 patients with HCC after complete ablation
by RFA

Age <65 years 143 1.02-2.02 0.037 1.28 0.90-1.81 0.163
Sex, female 1.24 0.90-1.71 0.162

Total bilirubin >2 mg/dl 2.50 1.02-6.25 0.034 2.70 1.08-6.66 0.032
Albumin <3.5 g/dl 1.12 0.81-1.56 0.492

PT <70% 1.28 0.73-2.22 0.394

AFP 2100 ng/m 1.42 0.95-2.12 0.087

DCP =100 mAU/ml 1.08 0.68-1.69 0.790

Tumor size >3.0 cm 1.08 0.70-1.69 0.713

2 or 3 tumor nodules 2.29 1.58-3.33 <0.0001 2.28 1.56-3.32 <0.0001
K19 positive (>5%) 3.57 1.75-7.14 0.0004 3.44 1.72-7.14 0.0005

RR = Risk ratio; CI = confidence interval; PT = prothrombin time.

Table 4. Risk factors associated with poor prognosis in 246 patients with HCC after complete ablation by RFA

Age <65 years 1.19 0.68-2.09 0.527

Sex, female 2.03 1.18-3.46 0.009 1.92 1.11-3.30 0.018
Total bilirubin 22 mg/dl 12.5 4.54-33.3 <0.0001 10.0 3.70-33.3 <0.0001
Albumin <3.5 g/dl 1.25 0.71-2.17 0.450

PT <70% 1.49 0.59-3.84 0.674

AFP 2100 ng/ml 1.88 1.06-3.44 0.030 1.88 1.05-3.33 0.034
DCP =100 mAU/ml 1.06 0.53-2.12 0.880

Tumor size >3.0 cm 1.12 0.44-1.78 0.730

2 or 3 tumor nodules 1.23 0.67-2.26 0.492

K19 positive (>5%) 1.29 0.46-3.57 0.632

RR = Risk ratio; CI = confidence interval; PT = prothrombin time.

Risk Factors for Exceeding the Milan Criteria after

RFA

Patients with K19-positive HCC exceeded the Milan
criteria within 16.8 months. Multivariate analyses showed
that K19 expression, high levels of DCP (=100 mAU/ml),
tumor number and total bilirubin =2 mg/dl were sig-
nificant risk factors for tumor status exceeding the Milan
criteria after curative RFA (table 5; fig. 5).

Complications
Most patients had mild pain or discomfort during
RFA. Intraperitoneal hemorrhage and biloma were not

284 Oncology 2011;80:278-288

seen in any patient. None of the patients developed dis-
semination of HCC, or skin or peritoneal metastases.
There was no fatal complication. ‘

Percentage of K19 Stain

We also analyzed another percentage of K19 stain
(>1%). Thirteen of 246 patients had K19-positive (>1%)
HCC and 12 of 13 patients with K19-positive (>1%) HCC
had recurrences beyond the Milan criteria. Nine of 12
(75.0%) were detected with recurrence of HCC within 1
year of initial curative RFA. The final results were the
same for K19 positivity (>5 and >1%, respectively). The
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Table 5. Risk factors associated with exceeding the Milan criteria in 246 patients with HCC after complete ab-
lation by RFA

Age <65 years 1.63 1.08-2.45 0.018 1.17 0.75-1.83 0.463
Sex, fernale 1.16 0.78-1.72 0.457

Total bilirubin 22 mg/dl 2.94 1.05-8.33 0.039 3.57 1.25-10.0 0.017
Albumin 3.5 g/dl 0.97 0.64-1.47 0.857

PT <70% 0.89 0.41-1.96 0.763

AFP 2100 ng/ml 2.17 1.38-3.44 0.0008 1.56 0.96-2.50 0.077
DCP 2100 mAU/ml 2.32 1.42-3.70 0.0007 2.08 1.26-3.44 0.004
Tumor size >3.0 cm 1.03 0.61-1.72 0.914

2 or 3 tumor nodules 2.98 1.91-4.64 <0.0001 3.05 1.91-4.88 <0.0001
K19 positive (>5%) 3.70 1.81-7.69 0.0003 247 1.19-5.18 0.016

RR = Risk ratio; CI = confidence interval; PT = prothrombin time.

proving the prognosis for patients treated with curative

104~ — K19 £5% (n = 236) RFA. Therefore, several factors have been investigated as
15 w19 >5% (n = 10) potential predictive markers for recurrence after curative

087 RFA [7-9]. Recently, K19 was proposed as an independent

§ 6. prognostic factor for HCC [11-14]. However, these inves-
5 tigations were performed on surgically resected cases only
g 04 and not on tumor biopsies. Although tumor biopsy is con-
a troversial because of potential complications such as tu-
02 mor seeding [22], it would be beneficial to clinicians and

; patients to predict the individual tumor characteristics

0+ 5 from a biopsy. Until now, the relationship between K19

expression and tumor recurrence after RFA treatment has
not been assessed. Therefore, we have investigated the re-
lationship between K19 expression in tumor biopsies and
the clinicopathological findings in HCC. In this study, we
investigated K19 expression in biopsy specimens taken
just prior to the RFA session, and K19 expression (>5%)
was demonstrated in 10 of 246 patients (4.1%). Because
most of our patients were in early stage (within the Milan
criteria) and 108 of 246 patients (43.9%) had well-differ-

0 2 4 6 8 10 12
Time (years)

Fig. 5. The cumulative rate of exceeding the Milan criteria in pa-
tients with K19-positive HCC was significantly higher than that
in patients with K19-negative HCC (p < 0.0001).

rate of recurrence and dropout from the Milan criteria
were significantly higher in the patients with K19-posi-
tive (>1%) than in the patients with K19-negative HCC
(data not shown).

Discussion
RFA therapy for HCC has been shown to achieve excel-

lent results in appropriately selected patients [2-5]. How-
ever, recurrence of tumors is a serious impediment to im-

Keratin 19 as Risk for HCC Recurrence

entiated HCC, the positive rate of K19 stain in our study
was lower than that in surgical specimens.

We also analyzed another percentage of K19 stain
(>1%) and the final results were the same for K19 positiv-
ity (>5 and >1%, respectively). K19 expression (>1%) was
a statistically significant independent predictor for recur-
rence of HCC after RFA. Although the amount of tissue
obtained by tumor biopsy is small compared to resected
material, present data suggest that even biopsy can pro-
vide meaningful data on tumor recurrence irrespective
of the percentage of K19 positivity (1 or 5%) (online sup-
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plementary tables 1 and 2; for supplementary material
see www.karger.com/doi/10.1159/000328448).

K19 positivity was not an independent predictor of the
overall rate of survival, and serum AFP (=100 ng/ml),
total bilirubin (=2 mg/dl) and female sex were significant
independent predictors of survival. It is suggested that
the level of total bilirubin affects the liver function of the
patient, and liver function is one of the most important
prognostic factors for survival of HCC patients.

The average age of our patients in this study was 68 *
8 years, and no patients received liver transplantation in
this study. However, liver transplantation is the most de-
sirable treatment for HCC worldwide. Because of the pro-
longed waiting time for liver transplantation, RFA has
been considered a safe and effective bridging therapy to
liver transplantation. In addition, pretransplant RFA in
patients with HCC has been considered for downstaging
of HCC, thus improving the patient’s survival [6, 7, 23].
In this study, K19 expression of HCC was a significant
independent predictor for exceeding the Milan criteria
(p=0.016). In fact, 9 of 10 patients with K19-positive HCC
exceeded the Milan criteria within 16.8 months. There-
fore, if RFA is considered as a bridging therapy session
prior to liver transplantation, it would be useful to obtain
information on K19 expression in tumor tissue by per-
forming a tumor biopsy before RFA. Therefore, careful
observation for early detection of recurrence should be
considered if K19-positive HCC patients are awaiting liv-
er transplantation.

Compared to surgical specimens, biopsies taken prior
to RFA may present some difficulties with regard to his-
tological investigation. Needle biopsies of the nodules are
less often indicated when typical vascular imaging of
HCC is obtained, compared to hypovascular nodules.
Needle tract seeding should also be considered. Needle
biopsy has played an important role in making a diagno-
sis in the past. Recently, more reliance has been placed on
the vascular imaging profile, because of its sensitivity and
specificity without the risk of tumor dissemination. In
addition, in comparison to recent advances in imaging,
the information obtained from liver biopsy is lacking, as
these only provide simple histological characterization,
such as tumor differentiation [24]. Moreover, the positive
predictive value of the vascular profile on dynamic imag-
ing for diagnosis of HCC exceeds 95% [25]. Therefore, the
current tendency is to consider needle biopsy as non-es-
sential for diagnosis. However, in this study, K19-positive
HCC showed exactly the same imaging findings as K19-
negative HCC, suggesting that it is difficult to distinguish
between these tumor types by imaging profile alone. In

286 Oncology 2011;80:278-288

addition, K19-positive, moderately and/or poorly differ-
entiated HCC showed similar cytological and structural
abnormalities to K19-negative HCC, indicating that K19
positivity is unpredictable without staining. In figure 2,
we present an impressive comparison of the features of
K19-positive and -negative HCC, showing that, although
the histology was similar, the prognosis for these patients
was completely different. From these findings, it is clear
that immunohistochemistry for K19 is the only way of
demonstrating its positivity. Fortunately, staining for
K19 on paraffin sections is common in diagnostic pathol-
ogy, and it is not a problem to add this to routine hema-
toxylin and eosin (H&E) staining. Moreover, even for a
general pathologist with no liver specialization, evaluat-
ing K19 expression should not be difficult, as long as care
is taken not to count bile ducts, which may be associated
with the remains of portal tracts. Taken together, these
finding could indicate that it may be beneficial to check
tumors for K19 positivity prior to RFA. Further research
is warranted in larger groups to validate these findings
and outweigh the potential additional clinical benefit
compared to the potential risk of tract seeding during
percutaneous biopsy.

Although biopsy has an important role in understand-
ing the biological characteristics of HCC [26], tumor
seeding by needle biopsy should be avoided. In practice,
this is a major concern with needle biopsy of tumors. A
review of tumor seeding following therapeutic proce-
dures in HCC indicated that seeding occurred in 0-12.5%
of cases (median 0.95%, mean 2.5%) [22]. As the time be-
tween biopsy and the treatment procedure was not spec-
ified, it is difficult to identify the factors that could have
caused seeding. In the present study, tumor biopsies were
performed just before RFA, using a needle-guiding tech-
nique, and tumor seeding was not observed. The same
puncture line was used for both tumor biopsy and RFA,
allowing complete ablation of the tumor using the tumor
biopsy route. This may be one of the reasons it was pos-
sible in this study to biopsy the tumors without dissemi-
nation or bleeding. After treatment by RFA, the tumor
cannot be investigated for histological features and K19
expression; therefore, we recommend taking a biopsy just
before RFA for predicting tumor behavior using K19 ex-
pression. This would be valuable to both the clinician and
the patient.

The mechanism of K19-positive HCC remains un-
clear. The facts that K19-positive cells are present in
HCCs and that these positive cells form a spectrum sug-
gest that K19-positive HCC may have originated from
hepatic progenitor cells. These hepatic progenitor cells,
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which are liver-specific adult stem cells, have potential
stem cell features such as proliferation and differentia-
tion. Once a tumor takes on these phenotypes, K19-pos-
itive HCC can still preserve these stem cell phenotypes.
Therefore, this could be a possible reason why K19-posi-
tive HCC shows aggressive behavior in comparison with
K19-negative HCC. In fact, previous publications and our
study confirm these features [27].

In conclusion, we successfully evaluated the positivity
of K19 in biopsy specimens. K19-positive HCCs showed
significantly more frequent recurrence after curative
RFA than K19-negative tumors and positive staining of
K19 in the cytoplasm of HCC is closely associated with
early intrahepatic recurrence (<1 year) and dropout
from the Milan criteria. On imaging, K19-positive HCC
showed only typical HCC findings and it was difficult to
distinguish between K19-positive and -negative HCC.
Taken together, these findings could indicate that >5%
K19 positivity in tumor biopsy tissue is important for pre-
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Abstract

Objective: To clarify the role of DNA polymerase delta in tu-
mor progression, we examined the expression of its main
catalytic subunit p125 encoded by POLDT in hepatocellular
carcinoma (HCC) and human HCC cell lines. Methods: We
examined the expression of p53 and p125 in HCC by using
immunohistochemistry and Western blotting. Characteristic
changes observed in human HCC cell lines after transfection
were examined. Results: Immunohistochemical examina-
tion revealed positive staining of p125 in HCC cell nuclei, but
few positively stained cells were observed in noncancerous
tissues (p < 0.0001). p125 expression in specimens signifi-
cantly correlated with cellular differentiation (p = 0.0048)
and the degree of vascular invasion (p = 0.0401). It also sig-
nificantly correlated with abnormal p53 expression. In vivo
studies showed that p125 was upregulated in mutant p53-
transfected HepG2 cells, which had more invasive potential
than did control cells. Furthermore, the expression and inva-
sive potential were reduced by the silencer sequence for

POLD1. Conclusions: These findings suggest that the DNA
polymerase delta catalytic subunit p125 induced by mutant
type p53 plays an important role in tumor invasion, which
leads to a poorer prognosis in HCC.

Copyright © 2011 S. Karger AG, Basel

Introduction

The alpha, delta, and epsilon types of mammalian
DNA polymerase are essential for DNA replication [1].
DNA polymerase delta and epsilon regulate the synthesis
of the leading and lagging strands, while DNA poly-
merase alpha is involved in primer synthesis [2] and pro-
cesses of eukaryotic DNA repair [3, 4. DNA polymerase
delta and epsilon are distinguished from other mamma-
lian DNA polymerases by their intrinsic 3’ to 5’ exonucle-
ase activity which allows them to replicate DNA with
high fidelity [5]. DNA polymerase delta replicates a large
portion of the genome, synthesizing most of the lagging
strand and perhaps contributing to leading-strand syn-
thesis [6, 7].
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The DNA polymerase delta complex consists of 4 sub-
units: p125, p68, p50,and p12 [8]. The polymerase and the
3’ to 5’ exonuclease active sites of polymerase delta reside
in the p125 subunit, which is a 125-kDa protein encoded
by POLDI in human cells [9]. The POLDI promoter is
activated by the transcriptional factors Spl and Sp2 [9].
Its promoter is also suppressed by wild-type p53 which
binds to p53 and recognizes a specific consensus DNA
sequence [10]. Spl and p53 binding sites overlap each oth-
er, and POLDI promoter activity therefore appears to be
regulated by competition between Spl and p53 binding
to the site.

The p53 tumor suppressor gene is the most common-
ly altered protein discovered to date and its product func-
tions as a checkpoint in maintaining genome stability
[11]. Inactivation of the p53 gene is essentially due to
small mutations that lead to the expression of a mutant
protein. The p53 protein is induced and activated in re-
sponse to various stimuli such as DNA damage or the
expression of several oncogenes. p53 activation leads to
1 of 2 major cellular pathways, either apoptosis or cell
cycle arrest, which prevents cells from progressing to
the S phase until the damaged DNA is fully repaired.
p53 recognizes a specific consensus DNA sequence,
5’-PuPuPuC(A/T)(T/A)GPyPyPy-3’, as a transcriptional
factor [12].

Hepatocellular carcinoma (HCC) is the fifth most
common cancer worldwide and the third most common
cause of cancer mortality [13]. Despite recent progress in
surgical techniques and postoperative management, the
recurrence rates after the surgical resection of HCC re-
main high [14-17]. p53 overexpression was associated
with the histological characteristics of HCC, such as poor
cellular differentiation, tumor size, vascular invasion,
and poor prognosis [18-21]. It is induced by mutations of
the p53 gene, which induce conformational changes to
stabilize the protein {22, 23]. These mutations were de-
tected in 27% of HCCs and correlated with cellular dif-
ferentiation and progression [24].

The following findings were recently reported: (1) de-
fective proofreading of DNA polymerase delta induced a
high incidence of epithelial cancers in mice [25]; (2) a
POLDI variant was associated with an approximately
2-fold increase in the relative risk of breast cancer [26];
(3) the hot spots for the loss of a heterozygosity or allelic
imbalance of BRCAI/2-related breast cancers harbor
POLDI [27], and (4) intentional mutation at the poly-
merase active site of DNA polymerase delta increases ge-
nomic instability and accelerates tumorigenesis [28].
DNA polymerase delta is therefore thought to play a cru-
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cial role in tumor progression. To clarify the role of DNA
polymerase delta in liver cancer, we examined pl25 ex-
pression in HCC and human HCC cell lines and assessed
the characteristic changes in human HCC cell lines ob-
served after transfection and the RNA interference-me-
diated silencing of p125.

Materials and Methods

Cell Cultures

Three established human lines of HCC and HeLa cells (Riken
Cell Bank, Tsukuba, Japan) differing in p53 status were used in
this study. Huh?7 cells have p53 mutations at codon 220 [29], p53
is deleted in Hep3B cells [30], and HepG2 cells contain wild-type
p53 [30]. HeLa cells contain human papilloma virus and wild-
type p53. In HeLa cells, any p53 that is synthesized is rapidly de-
graded by E6 protein, which reduces the level of that protein to 0
[31]. All cells were cultured in DMEM (Life Technologies, Inc.)
supplemented with 10% fetal bovine serum, 500 U/ml penicillin,
and 500g pg/ml streptomycin (Life Technologies, Inc.), and
maintained at 37°C in 5% CO,.

Patients and Specimens

Tissue samples were obtained from 82 Japanese patients who
underwent curative hepatectomy for primary HCC without pre-
operative treatment at Kyushu University Hospital between 1995
and 2001 and provided preoperative written informed consent.
This study conformed to the ethical guidelines of the 1975 Decla-
ration of Helsinkias reflected in a priori approval by the appropri-
ate institutional review committee. All tumors were defined as
HCC, and pathological features of the tumors were determined
histologically according to the General Rules for the Clinical and
Pathological Study of Primary Liver Cancer of the Liver Cancer
Study Group of Japan [32].

Quantitative Real-Time Polymerase Chain Reaction

To analyze the mRNA expression, quantitative real-time poly-
merase chain reactions (QRT-PCR) were performed with a Light-
Cycler®2.0 system using a Universal Probe Library approach with
LightCycler TagMan Master (Roche, Tokyo, Japan) and appropri-
ate Universal Probes [UPL Probe No. 67 for POLDI and No. 60 for
glyceraldehyde 3-phosphate dehydrogenase (GAPDH); Roche],
according to the manufacturer’s instructions. GAPDH was used
as the internal control. Specific amplification of the target se-
quence was obtained using primers designed by Probe Finder
software (Roche) to amplify POLDI (NM_002691.1) or GAPDH
(NM_002046.3). To verify that the correct targets were amplified,
PCR products were run on an agarose gel and visualized with
ethidium bromide staining on an ultraviolet transilluminator.
The primer sequences for POLDI! and GAPDH were 5'-
CCCTACGTGATCATCAGTGC-3' (forward primer for POLDI),
5'-AGGTAGTACTGCGTGTCAATGG-3" (reverse primer for
POLD1I), 5'-AGCCACATCGCTCAGACA-3' (forward primer for
GAPDH),and 5-GCCCAATACGACCAAATCC-3' (reverse prim-
er for GAPDH).
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Western Blot

To analyze protein expression, SDS-PAGE and Western blot
were performed using an Invitrogen™ NuPAGE® Novex® Bis-
Tris MiniGel system (Invitrogen, Tokyo, Japan) according to the
manufacturer’s instructions. Normalized protein lysates were
boiled in electrophoresis SDS sample buffer, run on a 10% SDS-
PAGE gel, and transferred onto a polyvinylidine difluoride mem-
brane (Invitrogen). The primary antibodies used in this study
were against pl125 (1:200 dilution, mouse monoclonal antibody,
clone A-9; Santa Cruz Biotechnology, Inc., Santa Cruz, Calif,
USA), p53 (1:1,000 dilution, mouse monoclonal antibody, clone
DO-7; Dako, Tokyo, Japan), and B-actin (1:1,000 dilution, mouse
monoclonal antibody, clone AC-15; Sigma Aldrich, Tokyo, Japan).
Cases in which the relative p125 expression level in the tumor le-
sion was more than 0.5 [the upper 95% confidence interval (CI)
limit of the relative p125 expression level in noncancerous tissues]
were considered high-expression cases and the others were con-
sidered low-expression cases.

Immunohistochemical Staining

Immunohistochemical observations were performed on adja-
cent deparaffinized sections using the EnVision™+ System-
horseradish peroxidase method (Dako). The primary antibodies
used in this study were against p125 (1:300 dilution, rabbit poly-
clonal antibody, clone H-300; Santa Cruz Biotechnology) and p53
(1:100 dilution, mouse monoclonal antibody, clone DO-7; Dako).
Immunohistochemical staining was examined under a light mi-
croscope by 2 pathologists. Sections with nuclear staining for p53
in >10% cells were considered positive [20]. Cases in which nucle-
ar staining for pl125 was greater in the tumor lesion than in non-
cancerous tissues were considered high-expression cases and the
others were considered low-expression cases.

Invasion Assay

The invasive potential was determined in a Matrigel invasion
assay using polycarbonate membranes (pore size 8.0 p.m) in the
upper chamber of 24-well Transwell culture chambers coated
with Matrigel (Becton Dickinson Co., Tokyo, Japan) according to
the manufacturer’s instructions and as previously described [33].
Celllines (2.0 x 10* cells/well) suspended in 500 p.l DMEM with-
out fetal bovine serum were placed in the upper chamber, and the
lower chamber was filled with 750 ul DMEM along with 20% fe-
tal bovine serum as a chemoattractant. Inserts without Matrigel
were used as the control. The cells were allowed to migrate
through Matrigel for 36 or 72 h. The membranes were stained us-
ing a Diff-Quik staining kit (Siemens Healthcare Diagnostics,
Inc., Deerfield, I1L,, USA). The number of invading cells was ex-
pressed as an invasion percentage, i.e. the mean number of cells
invading through the Matrigel insert membrane divided by the
mean number of cells migrating under the control insert mem-
brane. Each experiment was performed in triplicate.

Plasmid Construction

A p53 Dominant-Negative Vector Set and a pIRES2-AcGFP1
Vector were purchased from Clontech Laboratories, Inc. (Ta-
kara Bio). The coding sequence for p53mt135 was ligated into the
Sacl and EcoR1I sites of the pIRES2-AcGFP1 vector to generate
PIRES2-AcGFP1-p53mt135. The plasmid constructs was con-
firmed by direct sequence analysis. The pIRES2-AcGFP1-null
vector was used as the control. When p53mt135 and p53 are co-
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expressed, they form a mixed tetramer that is unable to interact
with p53-binding sites, thereby blocking the downstream effects
of p53 [34, 35].

Stable Transfection

One microgram of plasmid construct was transfected into
HepG?2 cells using FuGENE® 6 Transfection Reagent (Roche) ac-
cording to the manufacturer’s instructions and as previously de-
scribed [36]. The transfected cells were selected for resistance to
1,000 pg/ml of G418 (Roche) for 6 weeks. Stably transfected
PIRES2-AcGFP1-p53mt135 was confirmed to strongly express
p53 by Western blot and by the detection of green fluorescent
cells.

RNA Interference

For silencing experiments, cells were transfected with small
interfering RNA (siRNA) duplexes using an X-tremeGENE
siRNA transfection reagent (Roche), according to the manufac-
turer’s instructions, and harvested 72 h after transfection to ob-
tain the protein. Two siRNAs were purchased from Ambion, Inc.
(Applied Biosystems, Tokyo, Japan). Silencer® Negative Control
#1 siIRNA was used as the negative control. The silencer sequence
for POLDI was 5"-CCUUCAUCCGUAUCAUGGALt-3" (Silencer
Select pre-designed siRNA, siRNA ID s614).

Statistical Analysis

Univariate survival analysis was performed using the Kaplan-
Meier method and results were compared by univariate logrank
and Wilcoxon tests. Metric variables were compared with inde-
pendent samples by a nonparametric Wilcoxon test. Nominal
variables were compared using Fisher and x? tests, and they were
compared with multivariate data using multivariate logistic re-
gression analysis. p<0.05 was considered statistically significant.
All statistical analyses were performed using JMP 6.0 software for
Macintosh (SAS Institute, Inc., Cary, N.C., USA).

Resuits

125 Expression in Human HCC

Since p125 expression in clinical samples has not been
analyzed before, preliminary analyses of p125 expression
levels in human HCC were conducted. Sixty-seven clini-
cal samples (28 noncancerous and 39 cancerous) were ex-
amined by Western blot (fig. 1a). p125 expression was sig-
nificantly higher in human HCC than in noncancerous
tissues (fig. 1b; p < 0.0001). Immunohistochemistry was
performed to identify the cellular localization of p125 in
hepatocytes and to determine its expression levels (fig. Ic).
There was immunochemical p125 staining in cancer cell
nuclei. Few positively stained cells (<1%) were observed
in noncancerous tissues. These results show that p125 ex-
pression was higher in cancerous tissues than in noncan-
cerous tissues.

Oncology 2010;79:229-237 231

303



Case 2

Case 4

1 p<0.0001

w
1
°

Relative expression
level of p125/3-actin

L]
cele
— Pooa’eapq ¢0m0m 0000 o
A

o
~i

Z [fimese
d
L]

b (n = 28) (n=39)

Fig. 1. Immunological expression of p125 and p53 in human HCC.
a Western blot analysis of p125 in human HCC. Each lane was
loaded with 20 pg total protein. b Scatter diagram showing the
pl25 distribution determined by quantitative Western blot in
paired normal and tumor liver tissue samples. The relative mean
expression level of p125 was 0.38 (95% CI 0.22-0.54) in noncan-
cerous tissues and 1.59 (95% CI 1.19-1.99) in cancerous tissues.

Relationship between the Expression of pl25 and

POLDI mRNA

To examine the correlation between the expression of
pl125and POLDI mRNA, 64 cases were divided into high-
expression (n = 46) and low-expression (n = 18) groups
based on immunohistochemical findings. mRNA ex-
pression was significantly higher in the high-expression
group than in the low-expression group (p = 0.0126;
fig. 2a). Forty-three cases were divided into 25 high-ex-
pression and 18 low-expression cases by Western blot.
mRNA expression was significantly higher in high-ex-
pression cases than in low-expression cases (p = 0.0164;
fig. 2b). These results indicate that pl125 expression cor-
related with POLDI mRNA expression.

232 Oncology 2010;79:229-237

d

¢ Immunohistochemistry for pl25. Cases with high pl125 ex-
pression are shown in I. A cancerous lesion of a case with high
pl125 expression is shown in II. A cancerous lesion of a case with
low p125 expression is shown in I1I. d Immunohistochemistry for
p53. A cancerous lesion of a case with p53-positive staining is
shown. B-Actin was used as the internal control. M = Marker;
N = surrounding normal tissue; T = tumor tissue.

Relationship between the Expression of p125 and p53

To examine the correlation between the expression of
pl125 and p53, a total of 82 cases were divided into high-
expression (n = 59) and low-expression (n = 23) groups
based on immunohistochemical findings for p125. p53
was also stained immunochemically in nuclei (fig. 1d).
P53 expression significantly correlated with p125 expres-
sion (p = 0.02; fig. 2c). We also examined the p53 muta-
tion of exons 5-8 in 79 cases by direct sequence analysis,
excluding 3 cases in which DNA was not available. Im-
munohistochemical staining of p53-positive cases (47
cases) showed a significantly high p53 mutation rate
(28%) compared with p53-negative cases (32 cases, 0%;
data not shown). These findings indicate that high p125
expression was associated with abnormal p53 expression.
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Fig. 2. Relationship between the expression of p125 and POLD1
mRNA and p53. a Scatter diagram showing the POLDI mRNA
distribution determined by qRT-PCR in p125 expression groups
as per immunohistochemical findings. The mean POLDI mRNA
concentration was 0,92 (95% CI 0.47-1.37) in the low-expression
group and 3.00 (95% CI 1.81-4.20) in the high-expression group.
b Scatter diagram showing the POLDI mRNA distribution deter-
mined by qRT-PCR in p125 expression groups as per Western blot
findings. The mean POLDI mRNA concentration was 1.08 (95%
CI -0.38 to 2.54) in the low-expression group and 3.80 (95% CI
1.66-5.94) in the high-expression group. ¢ Bar graph showing the
p53 status distribution determined by immunohistochemistry in
the pl125 expression groups.

Relationship between Immunohistochemical Results,

Clinicopathological Features, and Survival

Table 1 shows a comparison of clinicopathological
features between patients with tumors expressing high
(high-expression group, n = 59) and low (low-expression
group, n = 23) p125 levels. p125 expression significantly
correlated with gender, the indocyanine green 15-min
retention rate, operation time, resection volume, ana-
tomic resection, serum alpha-fetoprotein levels, serum
des-gamma-carboxyl prothrombin levels, pathological
differentiation, grade, vascular invasion, and intrahepat-
ic metastasis. To examine the association between p125
expression and pathological features, logistic regression
for qualitative variables was performed with adjustment
for tumor size, tumor number, vascular invasion, intra-
hepatic metastasis, pathological differentiation, and
grade. Backward stepwise multivariate logistic regres-
sion analysis revealed that the high p125 expression cor-
related with poor histological differentiation (p = 0.0048)
and positive vascular invasion (p = 0.0401). Survival and
disease-free survival were compared between the high-
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and low-expression groups. The disease-free survival
curves of the high- and low-expression groups showed
significant separation (p = 0.0496 by Wilcoxon’s test;
fig. 3).

Relationship between p125 Expression, p53

Expression, and the Invasive Potential of HCC Cell

Lines

p125 expression was detected in all HCC cell lines and
HeLa cells using Western blot (fig. 4a). Huh7 cells ex-
pressed lower p125 levels and higher p53 levels compared
with HelLa, HepG2, and Hep3B cells. In p53-deleted
Hep3B and rapidly degraded HeLa cells, higher p125 lev-
els were observed. p125 expression and p53 expression
were inversely correlated. The invasive potential of those
cells was examined using a Matrigel invasion assay
(fig. 4b). Huh7 cells exhibited significantly less invasive
potential than did the other cell lines (p < 0.05). These
findings indicate that the invasive potential of HCC cell
lines correlated with p125 expression.
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Fig. 3. Survival curves according to p125 expression level. a Over-
all survival curves for HCC patients having tumors with high (sol-
id line) and low expressions (dotted line) of pl25 (p = NS).
b Disease-free survival curves for the high- (solid line) and low-
expression (dotted line) groups (p < 0.05, Wilcoxon’s test).

Alteration of the Invasive Potential of HepG2 and

pl25 Expression

To investigate whether cellular invasiveness was regu-
lated by p125 expression, stable transfection experiments
using the induced exogenous dominant negative mutant
p53mt135 were performed in HepG2 cells containing
wild-type p53. The dominant negative mutant p53mt135
increased pl25 expression (fig. 5a). Transfection of the
control vector did not affect p125 expression or the inva-
sive potential of HepG2 cells. The latter significantly in-
creased with p125 expression (p = 0.0003; fig. 5b). RNA
interference experiments were performed in stably trans-
fected pIRES2-AcGFP1-p53mt135 HepG2 cells using the
silencer sequence for POLDI. pl25 expression was de-
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Table 1. Comparison of clinicopathological features between
HCC patients with tumors showing high and low p125 expres-
sions

Clinical factors

Age!, years 65.4+85 635%+9.8 NS
Male/female ratio 22/1 43/16 <0.05
Positive HBs-Ag, % 8.7 20.3 NS
Positive HCV-Ab, % 60.9 66.1 NS
Total protein!, g/dl 7.2%0.7 72+07 NS
Albumin!, g/dl 3.82+032 3.85%0.42 NS
ASTYL, UN 52.6+31.2 57.4%253 NS
ALTL U/ 60.2+41.3 65.8+494 NS
Total bilirubin?!, mg/dl 0.81+025 0.86+0.33 NS
Platelets!, x 104/pJ 14.0+484 142+79 NS
PTY, % 848+176 825*+122 NS
ICG-R15}, % 19.5x8.5 15.3+9.0 <0.05
Child’s classification (Band C), % 17.4 11.9 NS
Surgical factors

Operation time!, min 281+56 33097 <0.05
Resection volume', g 152+153 295%335 <0.05
Anatomical resection, % 26.1 55.9 <0.05
Estimated blood loss!, g 813+639 1,015%+904 NS
Transfusion (+), % 13.0 11.9 NS
Tumor factors

log[AFP (ng/rnl)}1 1.26%£0.88 1.76x1.17 <0.05
log[DCP (mAU/mD)]} 1.88+0.73 2.39%1.04 <0.05
Tumor size!, cm 3.04+184 431%3.12 NS
Tumor number (multiple), % 34.8 441 NS
Stage 3 and 4, % 47.8 50.9 NS
Grade 3, % 4.4 28.8 <0.05
Poor histology, % 44 30.5 <0.05
Vascular invasion (+), % 0 22.0 <0.05
im. (+), % 8.7 32.2 <0.05

!Mean * standard deviation.

HBs-Ag= Hepatitis B virus antigen; HCV-Ab = hepatitis C virus
antibody; AST = aspartate aminotransferase; ALT = alanine ami-
notransferase; PT = prothrombin time; ICG-R15 = indocyanine
green 15-min retention test; AFP = alpha-fetoprotein; DCP = des-
gamma-carboxyl prothrombin; i.m. = intrahepatic metastasis.

creased by silencing for POLDI transfection (fig. 5c¢).
Negative control siRNA transfection had no effect on
p125 expression or its invasive potential. The invasive po-
tential of HepG2 cells was significantly decreased with
pl25 expression (p = 0.0003; fig. 5d). These findings in-
dicate that the invasive potential directly correlated with
pl25 expression.
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Fig. 4. Relationship between p125 expression, p53 expression, and
the invasive potential of HCC cell lines. a Western blot of p125
and p53. Each lane was loaded with 20 g total protein. b Invasive
potentials were determined by the Matrigel invasion assay. Each
experiment was performed in triplicate.

Fig. 5. Alteration of the invasive potential of HepG2 and p125 ex-
pression. a, ¢ Western blot of p125 and p53. Each lane was loaded
with 20 g total protein. b, d The invasive potential was deter-
mined in the Matrigel invasion assay. b The mean invasion per-
centage of nontreated HepG2 cells was set to 1.00 and the invasive
potential of stably transfected HepG2 cells is represented as a frac-
tion. d The invasion percentage of nontreated stably transfected
HepG2 pIRES2-AcGFP1-null cells was calculated as 1.00 and the
invasive potential is represented as a fraction. Each experiment
shown in b and d was performed in triplicate.

Invasion (%)

o

Hela
a (p53 +E6)

Huh?7
(mtp53)

HepG2
(wtp53)

Hep3B
(p53 null)

p = 0.008

0.0293

Hela
(p53 + E6)

Huh7
(mtp53)

HepG2
(wtp53)

Hep3B
(p53 null)

p125

p53

p125

p53

B-Actin B-Actin
HepG2 HepG2
a pIRES2-AcGFP1 null p!RES2-AcGFP1-p53mt135 ¢ Control siRNA POLD1 siRNA
5 e e e e L e e e a e e At arrn e ane s
p = 0.0003
0 T
3 B R I
A T N
Ve T i o, L EER N N RESETR
0 T 1
HepG2 HepG2 0
b pIRES2-AcGFP1 null PIRES2-AcGFP1-p53mt135 d Control siRNA POLDT siRNA
Role of p125 in HCC Oncology 2010;79:229-237 235

307




Discussion

This investigation is the first report on the impact of
the DNA polymerase delta catalytic main subunit p125 on
the invasive potential of cancer cells in tumor progression.
DNA polymerase delta is an essential agent of DNA repli-
cation [1] and is therefore crucial for tumor and somatic
cell replication. Li and Lee [10] described the transcrip-
tional regulation of POLDI in relation to mutant p53.
However, no further investigation was reported for some
time. In this study, we found that the p125 induced by mu-
tant p53 plays an important role in tumor invasion and
contributes to the cellular differentiation of human HCC.
Those findings were limited to the early stage of HCC and
not necessarily to more advanced stages where those find-
ings may differ, so further investigation was needed.

Wild-type p53 is generally not detected by immuno-
histochemical staining because of its short half-life. Mu-
tations of the p53 gene may induce conformational chang-
es that stabilize the protein, resulting in the accumulation
of nuclear p53 that is detectable by immunohistochemi-
cal staining [22, 23]. p53 mutation analysis revealed that
immunohistochemical staining of p53-positive cases had
a significantly high p53 mutation rate compared with
p53-negative cases. Immunohistochemical staining of
P53 was therefore thought to be an abnormal protein that
is induced by p53 mutation. In our study, immunohisto-
chemical staining revealed a relationship between p125
and p53 expression; especially in heterozygously stained
multiple nodular-type HCC, the staining pattern of p53
was the same as that of p125. This is consistent with some
previous findings in which a promoter assay of POLDI
showed that it was suppressed by wild-type p53 or acti-
vated by a mutant type of p53 that blocks the binding of
wild-type p53 to a specific sequence {10]. These results
suggest that p125 expression in HCC is regulated by tran-
scription induced by abnormal p53. A correlation be-
tween the expression profile of p53 and the degree of dif-
ferentiation has been reported [20, 37]. These reports sup-
port our finding that p125 might contribute to tumor cell
dedifferentiation. The amount of pl25 correlated with
mRNA levels, suggesting that pl25 overexpression in
HCC is regulated by transcription.

We performed further investigations using HCC cell
lines to investigate whether cellular invasiveness is regu-
lated by p125 expression. There was an inverse correlation
between pl25 and p53 expression in Huh7, HepG2, and
Hep3B cells. We tried to reveal the alteration of the inva-
sive potential of Huh-7 by wild-type p53 stable transfec-
tion. Despite repeated transfection experiments, however,
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we could not establish a sufficient number of wild-type
P53 stably transfected Huh-7. Both wild- and mutant-type
p53 were detected by mouse monoclonal antibody DO-7
in cell lysates [38]. Huh7 cells have a p53 mutation at codon
220 that induces abnormal p53 [29]. However, not all genes
suppressed by wild-type p53 were upregulated in Huh7
cells [39]. Different p53 mutations could have different ca-
pacities to suppress target genes. pl125 expression might
not be affected by p53 mutations in Huh7 cells; hence, p125
may be normally suppressed by p53 in Huh7 cells. The in-
vasive potential of HCC cell lines correlated with p125 ex-
pression. Furthermore, the exogenous mutant of p53 in-
duced p125 and increased the invasive potential of HepG2
cells. Inversely, p125 expression and cellular invasive po-
tential were reduced in the RNA interference assay. These
findings were supported by immunohistochemical results
showing that HCC with high p125 levels had a high rate of
venous invasion and p53 overexpression.

The POLDI promoter has consensus sequences at the
AP-1 and E2F binding sites. E2F is thought to be impor-
tant for the promoter activity of POLDI [9]. Transcrip-
tional activation by E2F is directly inhibited by the tumor
suppressor gene pRB resulting from E2F-RB complex for-
mation [40]. Therefore, p125 also might play an impor-
tant role in tumor progression related to pRB-dependent
carcinogenesis.

In conclusion, we demonstrated that p125 expression
is upregulated in HCC characterized by venous invasion,
poor cellular differentiation, and a poor prognosis. We
also showed that the invasive potential of HCC cell lines
increased with p125 expression induced by abnormal p53.
Our results suggest that p125 induced by p53 mutation
plays an important role in tumor invasion and contrib-
utes to the cellular differentiation of human HCC. The
p125 subunit of the DNA polymerase catalytic domain is
therefore a potential therapeutic target for human HCC.
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Hepatitis B virus (HBV) infection is a major health issue worldwide which may lead to hepatic dysfunction,
liver cirrhosis and hepatocellular carcinoma. To identify host genetic factors that are associated with chronic
hepatitis B (CHB) susceptibility, we previously conducted a two-stage genome-wide association study
(GWAS) and identified the association of HLA-DP variants with CHB in Asians; however, only 179 cases

and 934 controls were genotyped using genome-wide single nucleotide polymorphism (SNP) arrays. Here, -

we performed a second GWAS of 519 747 SNPs in 458 Japanese CHB cases and 2056 controls. After adjust-
ment with the previously identified variants in the HLA-DP locus (rs9277535), we detected strong associ-
ations at 16 loci with P-value of <5 x 107°. We analyzed these loci in three independent Japanese cohorts
(2209 CHB cases and 4440 controls) and found significant association of two SNPs (rs2856718 and
rs7453920) within the HLA-DQ locus (overall P-value of 5.98 x 1072 and 3.99 x 10~%*"). Association of CHB
with SNPs rs2856718 and rs7453920 remains significant even after stratification with rs3077 and
rs9277535, indicating independent effect of HLA-DQ variants on CHB susceptibility (P-value of 1.52 x
1072'- 2.38 x 1072%). Subsequent analyses revealed DQA1*0102-DQB1*0604 and DQA1*0101-DQB1*0501
[odds ratios (OR) =0.16, and 0.39, respectively] as protective haplotypes and DQA7*0102-DQB1*0303 and
DQA1+*0301-DQB1*0601 (OR = 19.03 and 5.02, respectively) as risk haplotypes. These findings indicated
that variants in antigen-binding regions of HLA-DP and HLA-DQ contribute to the risk of persistent HBV
infection.

INTRODUCTION

Hepatitis B virus (HBV) is the most common cause of infec-
tious liver diseases, and about 400 million people are suffer-
ing from chronic viral infection worldwide. Routes of
infection include wvertical transmission during neonatal
period and horizontal transmission in childhood (bites,
lesions and sanitary habits) or adulthood (sexual contact,
drug use and medical exposure). In Japan, most of the
chronic hepatitis B (CHB) patients were infected through

vertical transmission and become HBV carrier (1). Nearly
90% of the HBV carrier will clear HBV (negative for
HBsAg and positive for HBc ab) during adolescence, and
only 10% of the HBV carrier indicate persistent liver
dysfunction and develop chronic hepatitis (2). CHB dramati-
cally increases the risk to progress to liver cirrhosis and
hepatocellular carcinoma over a period of several decades
(3,4). Currently, CHB is a serious public health problem
worldwide, however pathogenesis of HBV-related diseases
still remains elusive.
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Figure 1. Signal of association with CHB in the HLA region of the GWAS stage. This figure shows the regional plots of the negative decadic logarithm trend
P-values in a ~ 3000 kb window centered on the association peak, located at rs9277535 in HLA-DPBI. The top panel shows all SNPs in this region plotted
according to the significance of their association with CHB and color coded according to their LD (+%) with the most significant SNP, rs9277535 (see right
corner of the plot). Vertical blue lines indicate local recombination rate. The bottom panel shows the genes in the region. The strongest signal on 6p21.32 loca-
lizes to HLA-DP genes and the second strongest signal localizes to HLA-DQ genes.

In addition to the viral and environmental factors, host
genetic factors are considered to govern the pathology of
disease development, progression or regression. Genetic epi-
demiological studies provide robust evidence that genetic vari-
ations contribute to progression from acute to chronic hepatitis
(5). In 2009, our group conducted a genome-wide association
study (GWAS) in the Asian population and identified a strong
association of CHB with variants in the HLA-DP genes (6). In
addition to our report, several association studies have
suggested that genetic factors such as HLA (7-9), cytokines
(10-12) and immune response-related genes (13—15) could
influence the outcomes of HBV infection. However, these sus-
ceptibility loci were not identified in our previous study prob-
ably due to smaller sample size or smaller phenotypic effects
of these loci. Here we conducted a second GWAS in the Japa-
nese population to identify new susceptibility loci for CHB by
increasing the number of samples in the screening stage from
179 cases and 934 controls to 458 case and 2056 controls.

RESULTS

We performed a two-stage GWAS followed by two indepen-
dent replications as described in the Supplementary Material,
Figure S1. In the GWAS stage, we genotyped 458 Japanese
patients with CHB and 2056 control individuals using Illumina
gene chip and obtained the genotyping results of 423 627
single nucleotide polymorphisms (SNPs) after quality control
(QC). Examination of the quantile—quantile plots of the
GWAS stage indicated no evidence for inflation of the test
statistics, which could occur in the presence of population sub-
structure (A = 1.028) and also revealed an enrichment of
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significant P-values, suggesting the possible existence of can-
didates (Supplementary Material, Fig. S2A). The results of
genome-wide association analysis are represented in Sup-
plementary Material, Table S2, where a total of 34 SNPs in
the major histocompatibility complex (MHC) region satisfied
the genome-wide significance level (P < 5.0 x 107%). We
also found 54 SNPs (40 in the MHC region and 14 in the
non-MHC region) with suggestive associations (P < 5.0 x
107°) (Supplementary Material, Fig. S2B and Tables S2 and
S3). We confirmed the most significant association at the
HLA-DP locus as described in our previous report
(1s9277535 and 153077, P=3.72 x 1077 and 1.28 x 10" '€,
respectively) (6) and found another significant peak around
the HLA-DQ locus which is located ~300 kb telomeric to the
HLA-DP locus (Fig. 1). To identify SNPs that are associated
with CHB independently from HLA-DP SNPs, we conducted
the association analysis after adjustment for a top SNP in the
HLA-DP locus (1s9277535) using a logistic regression model
(Fig. 2). As a result, five SNPs in the MHC region indicated
suggestive associations (P << 5.0 x 107°) even after stratifica-
tion with rs9277535. Finally, 5 SNPs in the MHC region and
11 SNPs in the non-MHC region were selected for further
analysis (Supplementary Material, Table S4).

Subsequently, we analyzed these 16 SNPs in the first repli-
cation set consisting of 606 cases and 2022 controls and found
2 SNPs within the MHC region [rs2856718, P=1.6 x 1073,
odds ratios (OR) =1.33; 157453920, P= 572 x 10 %,
OR = 1.43] to be significantly associated with CHB after stra-
tification for 159277535 (Peorrected < 3.0 x 1077, Supplemen-
tary Material, Table S5). The SNP rs2856718 is located in
the intergenic region between HLA-DQA2 and HLA-DQBI,
while 157453920 is located in intron 1 of HLA-DQB2
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Figure 2. Regional association plot of the 6p21.32 locus after adjustment for the top SNP (rs9277535) in the HLA-DP locus in the GWAS stage. This figure
shows the evidence of independent association with CHB based on logistic regression analysis. Only one strong peak remained after adjustment for rs9277535.
This peak, represented by three top SNPs: 1$3892710, rs7453920 and rs2856718, is located in the HLA-DQ locus (6p21.32).

Plattes BNEst § © 1 i 1 T Y T [EER I B TR R 1
10 100
a - - 80
574!
R r52853718 . S .53920
g o - L § - 60 §
P -
2 ° - g
? 4 - Ao g
%
2 ° 20
P @ ©
o ®
o - L_m,,,l-_ & e G o
HEAZBGAT = HEACDGAD =
D ancd
327 32.78 az.s 32.85

Position on chié (Mb}

Figure 3. Regional association plot of the HLA-DQ locus. This figure indicates a ~200 kb region centered on the association peak, located between rs2856718
and rs7453920. The middle panel shows the genes in this region including the HLA4-DQ locus.

(Fig. 3). To further validate these results, we analyzed these
SNPs in two additional Japanese cohorts consisting of 381
cases and 1539 controls from Biobank Japan as well as 1222
cases and 879 controls from Hiroshima University. Associ-
ation for these SNPs loci was confirmed in both replication
sets (P-value = 3.14 x 107°-3.59 x 107 '%; Table 1). To
combine these studies, we conducted a meta-analysis with a
fixed-effects model using the Mantel—Haenszel method. As
shown in Table 1 and Supplementary Material, Figure S3,
the OR were quite similar among the four studies and no het-
erogeneity was observed. Mantel—Haenszel P-values for inde-
pendence were 3.99 x 10737 for 152856718 [OR = 1.77, 95%
confidence interval (CI) = 1.65—-1.91], and 5.98 x 10728 for
rs7453920 (OR=1.81, 95% ClI=1.62-2.01). Two

previously reported SNPs on the HLA-DP locus (19277535
on HLA-DPBI and 153077 on HLA-DPAI) were also associ-
ated with CHB (Prew-anatysis = 2.55 x 107>* and 1.57 x
107"y (Table 1).

To test whether the strong association observed in these
regions is due to the effect of one of them, we performed logis-
tic regression analysis based on the effect of each top SNP in
both HLA-DP and HLA-DQ loci. Notably, rs2856718 and
1$7453920 did show strong association with CHB after adjust-
ing for the effect of 153077 (P=28.12x 107* and P=
1.52 x 1072, respectively) and 1s9277535 (P =238 x
10 3% and P = 2.21 x 10, respectively), indicating variants
at the HLA-DQ locus are associated with CHB independent of
the effect of HLA-DP polymorphisms (Table 2).
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