8 G. Suda etal.

PEG IEN/RBV therapy are reported to be approximately
55% and 33%, respectively;>”® meanwhile, in Japanese
patients, the respective rates are 74.9% and 58.7%. More-
over, approximately 4% and 9% of patients in Western
and Japanese patients develop grade 3 reactions, respec-
tively;' this is almost the same as that in the present study
(10%). The difference may be due to genetic or ethnic
variation. Therefore, genome-wide association studies
may have identified a gene locus associated with
telaprevir-induced severe dermatological reactions.

Alimitation of this study is that the number of patients
with grade 3 dermatological reactions is relatively small.
However, the serum granulysin levels of patients with
grade 3 dermatological reactions were significantly
higher than those of other patients. Also, in two of the
three patients with severe dermatological reactions, the
serum granulysin level elevated before symptoms wors-
ened, which are novel findings. Further study is required.

Triple therapy with the second-generation protease
inhibitor simeprevir is reported to result in a similar
prevalence of adverse reactions as PEG IFN and RBV
combination therapy.*** However, simeprevir is not
approved worldwide. Although simeprevir-based triple
therapy is effective, only 36-53% of prior non-
responders achieve SVR* Shimada etal. recently
reported that by extending PEG IFN and RBV therapy
from 24 to 48 weeks, telaprevir-based triple therapy
improves the SVR to up to 68% in prior null responders.?
Thus, telaprevir is a therapeutic option for prior null
responders.

In conclusion, the present study suggests that male sex
is a significant risk factor for severe telaprevir-induced
dermatological reactions. In addition, serum granulysin
levels are significantly associated with the severity of
dermatological reactions and thus may be a good pre-
dictor of severe dermatological reactions with systemic
manifestations in patients treated with telaprevir-based
tiiple therapy.
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Abstract

Previous studies have revealed the association between SNPs located on human leukocyte antigen (HLA) class Il genes,
including HLA-DP and HLA-DQ, and chronic hepatitis B virus (HBV) infection, mainly in Asian populations. HLA-DP alleles or
haplotypes associated with chronic HBV infection or disease progression have not been fully identified in Asian populations.
We performed trans-ethnic association analyses of HLA-DPA1, HLA-DPBI alleles and haplotypes with hepatitis B virus
infection and disease progression among Asian populations comprising Japanese, Korean, Hong Kong, and Thai subjects. To
assess the association between HLA-DP and chronic HBV infection and disease progression, we conducted high-resolution
(4-digit) HLA-DPA1 and HLA-DPB1 genotyping in a total of 3,167 samples, including HBV patients, HBV-resolved individuals
and healthy controls. Trans-ethnic association analyses among Asian populations identified a new risk allele HLA-DPB1*09:01
(P=1.36x10"% OR=1.97; 95% Cl, 1.50-2.59) and a new protective allele DPB1*02:01 (P=5.22x10"% OR=0.68; 95% Cl,
0.58-0.81) to chronic HBV infection, in addition to the previously reported alleles. Moreover, DPB1*02:01 was also associated
with a decreased risk of disease progression in chronic HBV patients among Asian populations (P=1.55x10"7; OR =0.50;
95% Cl, 0.39-0.65). Trans-ethnic association analyses identified Asian-specific associations of HLA-DP alleles and haplotypes
with HBV infection or disease progression. The present findings will serve as a base for future functional studies of HLA-DP
molecules in order to understand the pathogenesis of HBV infection and the development of hepatocellular carcinoma.
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Introduction

Hepatitis B virus (HBV) infection is a major global health
problem, resulting in 0.5-1.0 million deaths per year [1]. The
prevalence of chronic HBV infection varies. About 75% of the
chronic carriers in the world live in Southeast Asia and Fast Pacific
[2]. Due to the introduction of vaccination programs, the
prevalence of HBV -infection in many. countries has gradually
been decreasing with consequent decreases in HBV-related
hepatocellular carcinoma (HCC) [3]. Although some HBV
carriers spontaneously eliminate the virus, about 10-15% of
carriers develop liver cirrhosis (LC), liver failure and HCC [4].
Moreover, the progression of liver disease was revealed to be
associated with the presence of several distinct mutations in HBV
infections [5]. Genetic variations in STAT4 and HLA-DQ genes
were recently identified as host genetic factors in a large-scale
genome-wide association study (GWAS) for HBV-related HCC in
China [6].

With regard to the genes associated with susceptibility to
chronic HBV infection, HLA-DP and HLA-DQ genes were
identified by GWAS in Japanese and Thai populations in 2009
[7] and 2011 [8], respectively. In addition, our previous GWAS
confirmed and identified the association of SNP markers located
on HILA-DPAI (xs3077) and HLA-DPBI (rs9277535) genes with
susceptibility to chronic hepatitis B (CHB) and HBV clearance in
Japanese and Korean subjects[9]. The significant associations of
HILA-DP with CHB and HBV clearance have mainly been
detected in Asian populations, such as Japanese [8,9], Thai (7],
Chinese [10-12], and Korean [9]. In 2012, the association
between HLA-DPAI gene SNPs and persistent HBV infection was
replicated in a Germany non-Asian population for the first time;
however, this showed no association with HBV infection [13].
These results seem to be explained by the fact that allele
frequencies of both rs3077 (0.155, 0.587 and 0.743 for C allele,
on HapMap CEU, JPT, and YRI) and rs9277535 (0.261, 0.558
and 0.103 for G allele, on HapMap CEU, JPT, and YRI) are
markedly different between populations. Moreover, the previous
study showed that HBsAg seropositivity rates were higher in
Thailand and.China (5-12%) than in North America and Europe
(0.2-0.5%) [2]. These results suggest that comparative analyses of
HILA-DP alleles and haplotypes in Asian populations would clarify
key host factors of the susceptible and protective HL4-DP alleles
and haplotypes for CHB and HBV clearance. Here, we performed
trans-ethnic analyses of HLA-DP alleles and haplotypes in Asian
populations comprising Japanese, Korean, Hong Kong and Thai
individuals. The findings from this study will serve as a base for
future functional studies of HLA-DP molecules.

Results

Characteristics of studied subjects

The characteristics of a total of 3,167 samples, including
Japanese, Korean, Hong Kong and Thai subjects, are shown in
Table 1. Each population included three groups of HBV patients,
resolved individuals and healthy controls. The clinical definitions
of HBV patients and resolved individuals are summarized in
Materials and Methods. Some of the Japanese and all of the
Korean samples overlapped with the subjects in our previous study
[9,14].
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We performed genotyping for HLA-DPAI and HLA-DPBI in all
3,167 samples, and a total of 2,895 samples were successfully
genotyped. The characteristics of successfully genotyped samples
are shown in Table S1.

Association of HLA-DPAT and HLA-DPB1 alleles in Asian
populations

As for a general Asian population, including 464 Japanese, 140
Korean, 156 Hong Kong, and 122 Thai subjects, five HLA-DPAI
alleles and twenty-four HLA-DPBI alleles were observed (Table
82). The frequencies of HLA-DPAI and HLA-DPBI alleles were
similar between Japanese and Korean subjects. On the other
hand, the number of alleles with frequencies of 1-2% was larger in
Hong Kong and Thai populations, despite the small sample size.
Although the frequencies of HLA-DP alleles varied in Asian
populations, HLA-DPBI*05:01 was the most prevalent with over
30% in all populations.

The associations of HLA-DPAI and HLA-DPBI alleles with
chronic HBV infection (i.e., comparison between HBV patients
and healthy controls) are shown in Table S2. To avoid false
positives caused by multiple testing, the significance levels were
corrected based on the numbers of HLA-DPAI and HIA-DPBI

Table 1. Number of individuals in this study.

Korean Hong Kong Thai

Population

Japanese

Meanage {y) =~ 57.1 447 57.9 © 520

Gender (M/F) 338/151 265/75 239/42 289/101

Mean age (y) 597 43.1 40.0 48.2

Gender (M/F) 173/162 61/45 113/77

Mean age (y)

ender (M/Fj 370/97 67/7 87/103

Abbreviation: IC, Inactive Carrier; CH, Chronic Hepatitis; AE, Acute Exacerbation;
LG, Liver Cirrhosis; HCC, Hepatocellular Carcinoma.

* Resolved individuals were HBsAg negative and HBcAb positive.

#* 419 of 467 healthy controls were de-identified, without information on age.
doi:10.1371/journal.pone.0086449.£001
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alleles in the focal population. Briefly, the significance level was set
at 0.05/(7 of observed alleles at each locus) in each population
(see Materials and Methods). With regard to high-risk alleles of
HILA-DPAI, the most prevalent allele HLA-DPAI*02:02 was
significantly associated with susceptibility to HBV infection in
Japanese (P=3.45x10"% OR=1.39; 95% CI, 1.16~1.68) and
Korean subjects (P = 2.66x107>; OR =1.89; 95% CI, 1.39-2.58),
whereas this association was not observed in Hong Kong or Thai
subjects. The association of HLA-DPAI*02:01 with susceptibility to
HBV infection was significant only in Japanese (P=2.61x1077;
OR=1.88; 95% CI, 1.46-2.41). The significant association of
HLA-DPAI*01:03 with protection against HBV infection was

commonly observed among four Asian populations (Table S2). .

The pooled OR and 95% CI were 0.51 and 0.41-0.63,
respectively in a meta-analysis (P=3.15x1071% (Fig. S1A).

As shown in Table S2, HLA-DPBI shows higher degree of
polymorphism than HLA4-DPAI. The most common allele in Asian
populations, HLA-DPBI*05:01, was significantly associated with
HBV susceptibility in both Japanese and Korean subjects.
Although HLA-DPB1*05:01 showed no significant association in
the Hong Kong and Thai populations, the same direction of
association (i.e., HBV susceptibility) was observed. Meta-analysis
of the four populations revealed a significant association between
HLA-DPBI*05:01 and susceptibility to HBV infection
(P=151x10"% OR =1.45; 95% CI, 1.19-1.75) (Fig. S1B). The
frequency of HLA-DPBI*09:01 was significantly elevated in
Japanese HBV patients (15.7%) as compared with healthy controls
(8.7%) (P=38.70x10"% OR = 1.94; 95% CI, 1.45-2.62), and this
association was most significant (i.e., the smallest P value) in the
Japanese population. Because of lower allele frequencies of HLA-
DPBI#09:01 or lack of statistical power in the other populations,
no significant associations were observed. A common allele in Thai
subjects, HLA-DPBI*13:01, was significantly associated with
susceptibility to HBV infection (P=2.49x10"% OR=2.17; 95%
CI, 1.40~3.47) with the same direction of associations in Japanese
and Hong Kong (OR = 1.52 and 1.40, respectively). ‘

HLA-DPBI#04:02 was identified as the most protective allele for *

HBV infection in Japanese (P= 1.59%1077; OR=0.37; 95% CI,
0.24-0.55) and Korean subjects (P=1.27x1077; OR =0.19; 95%
CI, 0.10-0.38). Both HLA-DPBI*02:01 and HLA-DPBI*04:01
were also significantly associated with protection in the Japanese
population, and the former was significantly associated with
protection in Hong Kong subjects (P=9.17 x107% OR=049;

95% CI, 0.32-0.76). This common allele among four Asian -

populations, HLA-DPBI*02:01, showed a significant association

with protection against HBV - infection - (P=5.22%107%

OR =0.68; 95% CI, 0.58-0.81) in a meta-analysis (Fig. S1B).
The frequencies of associated HLA-DP alleles in a comparison of
HBV patients with healthy controls (Table S2) or with HBV-
resolved individuals (Table S3) were similar in all four Asian
populations. In the Japanese population, the associations of
susceptible and protective HLA-DPBI alleles to chronic HBV
infection seem weaker in the comparison of HBV patients with
HBV-resolved individuals than in'the comparison of HBV patients
with healthy controls. Moreover, the results of association analyses

showed no difference in the comparison of HBV patients. with .

HBV-resolved individuals, including or excluding HCV positive
individuals (Table S3). In contrast, the association became
stronger in the comparison of HBV patients with HBV-resolved
individuals among the Korean subjects. The protective allele HLA-
DPBI#04:01 was also identified to have a strong association with
HBV clearance in Hong Kong subjects (Table S3). Moreover, in
Hong Kong subjects, the HZA-DPBI*05:01 associated with the
risk for HBV infection showed lower frequency in HBV-resolved

PLOS ONE | www.plosone.org
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Table 2. Association of number of DPB1#02:07 alleles (i.e., 0, 1
or 2) with disease progression in CHB patients assessed by
multivariate logistic regression analysis adjusted for age and
Ssex.

P value

Population

OR (95% ClI)

Korean 0.025358 0.55 (0.33-0.93)

Thai 0.087782 058 (0.31-1.08)

*Population was adjusted using dummy variables.
doi:10.1371/journal.pone.0086449.t002

individuals (42.9%) than in the healthy controls (48.1%), which
accounts for a strong association in the comparison of HBV
patients with HBV-resolved individuals (P=6.24x1075%;
OR = 1.64; 95% ClI, 1.14-2.36). Although the number of samples
was insufficient, HLA-DP*100:01 showed a significant association
with protection against HBV infection in the Hong Kong
population (P=3.05x107% OR=0.03; 95% CI, 0.0007-0.20).
As for disease progression in CHB patients among Asian
populations, a protective effect of HLA-DPBI#*02:0] on disease
progression was observed in the Japanese (P=4.26x1075;
OR=045; 95% CI, 0.30-0.67) and Korean populations
(P=8.74x10"% OR=047; 95% CI, 0.29-0.75) (Table $4).
Multivariate logistic regression analysis adjusted for age and sex
revealed that the number of DPBI*02:01 alleles (ie., 0, 1, or 2) was
significantly associated with disease progression in CHB patients in
Japanese (P=177x10"% OR=047; 95% CI, 0.32-0.70)
(Table 2). Moreover, protective effects of DPBI#02:01 on disease
progression in Asian populations (P=1.55%10"7; OR=0.50;
95% CI, 0.39-0.65) were detected in a multivariate logistic
regression analysis adjusted for age, gender, and population

(Table 2).

Associations of DPAT-DPBT haplotypes in Asian
populations

The estimated frequencies of HLA DPAI-DPBI haplotypes are
shown in Table S5. The most frequent haplotype among the four
Asian populations was DPAI*02:02-DPB1%05:01. The number of
haplotypes with low frequencies of 1-2% was 10 in both Japanese
and Korean subjects, whereas more haplotypes appeared with
frequencies of 1-2% in Hong Kong and Thai subjects. The
associations of DPAI-DPBI haplotypes with HBV infection are
shown in Table S5. In the Japanese population, DPAI*02:01-
DPBI*09:01 showed the most significant association with suscep-
tibility to HBV infection (P=3.38x107°% OR=1.95; 95% CI,
1.46-2.64). The most common haplotype in the four Asian
populations, DPAI#02:02-DPB1%*05:01, was found to be signifi-
cantly associated with susceptibility to HBV infection in the
Japanese and Korean subjects (P=7.40x10"% OR=1.37; 95%
CI, 1.14-1.66 for Japanese, and P=4.50x107% OR =2.02; 95%
Cl, 1.48-2.78 for Korean). In the Thai subjects, HLA-DPBI#13:01
was the most significant risk allele for HBV infection (Table S2);
however, no significant associations were found for the three
different haplotypes bearing HLA-DPBI*13:01: DPAI%*02:01-
DPBI#13:01, DPAI#02:02-DPB1%*13:01, and DPAI*04:01-
DPBI*13:01,ndicating that the association of HLA-DPBI*15:0]
with susceptibility to HBV infection did not result from a specific
DPAI-DPBI haplotype or combination with a specific DPAI allele.
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In the Japanesc population, both haplotypes DPA1%01:05-
DPBI*04:01 and DPAI*01:03-DPBI*04:02 showed significant
associations  with  protection  against HBV  infection
P=117x10"% OR=0.32 9% CI, 0.18-0.56 for
DPAI#01:03-DPBI*04:01 and P=195%10"7; OR =0.37; 95%
ClL, 0.24-0.55 for DPAI*01:03-DPBI*04:02). In the Korean
subjects, a significant association of DPAI*0I1:03-DPBI*04:02
was also demonstrated; however, no association was observed for
DPAI*01:05-DPBI1#04:01. Because the observed number of each
haplotype was small, none of the other haplotypes showed a
significant association with protection against HBV infection.

In order to identify trans-cthnic DPAI-DPBI haplotypes
associated with HBV infection, a meta-analysis was performed.
A meta-analysis further revealed that the DPAI*01:05-
DPBI#02:01 haplotype was significantly associated with protection
against HBV infection (P = 1.45x10™%; OR = 0.69; 95% CI, 0.58~
0.82) (Fig. S1C).

Discussion

Among 2.2 billion individuals worldwide who are infected with
HBV, 15% of these are chronic carriers. Of chronic carriers, 10—
15% develops LG, liver failure and HCC, and the remaining
individuals eventually achieve a state of nonreplicative infection,
resulting in HBsAg negative and anti-HBc positive, i.e. HBV-
resolved individuals. To identify host genetic factors associated
with HBV-related disease progression may lead HBV patients to
discriminate individuals who need treatment.

The HIA-DPAI and HLA-DPBI genes were identified as host
genetic factors significantly associated with CHB infection, mainly
in Asian populations [7-12], and not in European populations
[13]). In the previous association analyses of HLA-DPBI alleles with
HBYV infection, one risk allele HLA-DPB1*05:01 (OR =1.52; 95%
CI, 1.31-1.76), and two protective alleles, HLA-DPBI*04:01
(OR=0.53; 95% CI, 0.34-0.80) and HLA-DPBI*04:02
(OR=0.47; 95% CI, 0.34-.64), were identified in the Japanese
population {7]. In this study, we further identified a new risk allele
HLA-DPB1#09:01 (OR=1.94; 95% CI, 1.45-2.62) for HBV
infection and a new protective allele HLA-DPBI*02:01
(OR=0.71; 95% CI, 0.56-0.89) in the Japanese population, in
addition to the previously reported alleles (Table S2) {7}. The
discrepancy in the association of HLA-DPB1#(9:01 allele with risk
for HBV infection in a previous study (7] results from the elevated
frequency of HLA-DPBI*09:01 in the controls (12.2%), which is
higher than our controls (8.7%). In this study, healthy subjects
were recruited as controls. In contrast, individuals that were
registered in BioBank Japan as subjects with diseases other than
CHB were recruited as controls in the previous study [7], which
may have included patients with diseases with which HL4-
DPBI*09:01 is associated. Although no significant association of
HILA-DPBI#09:01 with risk for HBV infection was observed in the
Korean subjects, HLA-DPBI1%09:01 appears to have a susceptible
effect on HBV infection, as it showed the same direction of
association. When the association analyses in Japanese and
Korean subjects were combined in meta-analysis, the association
was statistically significant (P=1.36x107% OR =1.97; 95% CI,
1.50-2.59). Thus, HLA-DPBI#09:01 may be a Northeast Asian-
specific allele associated with risk for HBV infection.

Moreaver, a significant association of HLA-DPBI*13:01 with
risk of HBV infection (OR=2.17; 95% CI, 1.40-3.47) was
identified in the Thai subjects. However, the frequency of HL4-
DPBI1#13:01 in Thai healthy controls (11.5% in the present study)
reportedly varies, ranging from 154% to 29.5%, due to the
population diversity [15-17]. Therefore, a replication analysis is
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required to confirm the association of HLA-DPBI*13:01 with
HBV infection in the Thai subjects. There were four other
marginally associated HLA-DPBI alleles with low allele frequencies
below 5% in HBV patients and healthy controls, including HLA-
DPB1*28:01, -DPB1#31:01, -DPBI1%100:01, and -DPB1*105:01, in
the Hong Kong and Thai subjects. Because these infrequent alleles
may have resulted from false positive associations, the association
needs to be validated in a large number of subjects.

HLA-DPBI*02:01 showed a significant association with protec-
tion against HBV infection in both Japanese and Hong Kong
populations (Table S2); however, the HLA-DPBI1#02:01 allele was
not associated with HBV infection in the previous study [7].
Although  HIA-DPBI*02:01 showed no association in either
Korean or Thai populations, a significant association of HLA-
DPBI1*02:01 with protection against HBV infection among four
Asian populations was detected in meta-analysis (P =5.22x1075;
OR=10.68; 95% CI, 0.58-0.81) (Fig. S1B). We therefore conclude
that the present finding is not a false positive.

A recent report showed that HIA-DPBI*02:01:02, #02:02,
*03:01:01, *04:01:01, *05:01, *09:01, and *I4:0] were signifi-
cantly associated with response to booster HB vaccination in
Taiwan neonatally vaccinated adolescents [18]. The HILA-
DPBI*02:01:02, *02:02, *03:01:01, #04:01:01, and *14:01 were
significantly more frequent in recipients whose post-booster titers
of antibodies against HBV surface antigen (anti-HBs) were
detectable, on the other hand, HLA-DPBI*05:01 and *09:01 were
significantly more frequent in recipients who were undetectable.
Moreover, the HLA-DPBI*05:01 and *09:01 significantly increase
the likelihoods of undetectable pre-booster anti-HBs titers. These
results seem consistent with our findings, in which HL4-
DPBI*05:01 and *09:01 are associated with susceptibility to
chronic hepatitis B infection.

We also identified a protective effect of HLA-DPBI*02:01 allele
on disease progression in Asian populations. Previous studies
identified the association of HLA class II genes including HLA4-DQ
and HILA-DR with development of HBV related hepatocellular
carcinoma in the Chinese population [6,19,20]. In this study using
Japanese and Korean samples, we identified significant associa-
tions between HLA-DPBI%02:01 and disease progression in CHB
patients (P=4.26x107% OR=0.45; 95% CI, 0.30-0.67, for
Japanese and P= 8.74x107% OR =0.47; 95% CI, 0.29-0.75 for

" Korean) (Table S4). Although the association of HLA-DPBI*02:01

with disease progression was weaker after adjustment for age and
gender in Korean subjects (P=2.54x107% OR=0.55; 95% CI,
0.33-0.93), the same direction of association was observed (i.e.
protective effect on disease progression) (Table 2). The protective
effects of HLA-DPBI#*02:01 on disease progression showed a
significant association after adjustment for age and gender in the
Japanese population (P =1.77x107% OR =0.47; 95% CI, 0.32—
0.70); moreover, a significant association between FHL4-
DPBI#02:01 was observed among four Asian populations, under
which population was adjusted by using dummy variables in a
multivariate  logistic  regression analysis (P= 1.55%1077;
OR =0.50; 95% CI, 0.39-0.65) (Table 2).

The HILA-DPAI and HLA-DPBI belong to the HLA class II
alpha and beta chain paralogues, which make a heterodimer
consisting of an alpha and a beta chain on the surface of antigen
presenting cells. This HLA class II molecule plays a central role in
the immune system by presenting peptides derived from extracel-
lular proteins. We identified two susceptible haplotypes
(DPA1%#02:02-DPBI1%05:01 and DPAI*02:01-DPBI%*09:01) and
three  protective  haplotypes  (DPAI*01:03-DPBI1*04:01,
DPAI%01:03-DPBI1#04:02, and HLA-DPAI*01:03-DPB1%02:01) to
chronic hepatitis B infection, which may result in different binding
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affinities between HLA-DP subtypes and extracellular antigens.
Although functional analyses of HLA-DP subtypes to identify
HBV-related peptides are not fully completed, identification of
susceptible and protective haplotypes as host genetic factors would
lead us to understand the pathogenesis of HBV infection including
viral factors.

In summary, we identified a new risk allele ZILA4-DPB1*09:01,
which was specifically observed in Northeast Asian populations,
Japanese and Korean. Moreover, a new protective allele HLA-
DPBI%*02:01 was identified among four Asian populations:
Japanese, Korean, Hong Kong and Thai. The protective allele
HIA-DPBI*02:01 was associated with both chronic HBV infection
and disease progression in chronic HBV patients. Identification of
a total of five alleles, including two risk alleles (DPBI#09:01 and
DPBI*05:0I) and three protective alleles (DPBI*04:01,
DPBI*04:02 and DPBI*02:0I), would enable HBV-infected
individuals to be classified into groups according to the treatment
requirements. Moreover, the risk and protective alleles for HBV
infection and disease progression, identified in this study by means
of trans-ethnic association analyses, would be key host factors to
recognize HBV-derived antigen peptides. The present results may
lead to subsequent functional studies into HLA-DP molecules and
viral factors in order to understand the pathogenesis of HBV
infection and development of hepatocellular carcinoma.

Materials and Methods

Ethics Statement

All study protocols conform to the relevant ethical guidelines, as
reflected in the a priori approval by the ethics committee of
National Center for Global Health and Medicine, and by the
ethics committees of all participating universities and hospitals,
including The University of Tokyo, Japanese Red Cross Kanto-
Koshinetsu Block Blood Center, The University of Hong Kong,
Chulalongkorn University, Yonsei University College of Medicine,
Nagoya City University Graduate School of Medical Sciences,
Musashino Red Cross Hospital, Tokyo Medical and Dental
University, Teine Keljinkai Hospital, Hokkaido University Grad-
uate School of Medicine, Kurume University School of Medicine,
Okayama University Graduate School of Medicine, Yamaguchi
University Graduate School of Medicine, Tottori University,
Kyoto Prefectural University of Medicine, Osaka City University
Graduate School of Medicine, Nagoya Daini Red Cross Hospital,
Ehime University Graduate School of Medicine, Kanazawa
University Graduate School of Medicine, National Hospital
Organization Osaka National Hospital, Iwate Medical University,
Kawasaki Medical College, Shinshu University School of Medi-
cine, Saitama Medical University, Kitasato University School of
Medicine, Saga Medical School, and University of Tsukuba.

Written informed consent was obtained from each patient who
participated in this study and all samples were anonymized. For
Japanese healthy controls, 419 individuals were de-identified with
information about gender, and all were recruited after obtaining
verbal informed consent in Tokyo prior to 1990. For the 419
Japanese healthy individuals, written informed consent was not
obtained because the blood sampling was conducted before the
“Ethical Guidelines for Human Genome and Genetic Sequencing
Research” were established in Japan. Under the condition that
DNA sample is permanently de-linked from the individual, this
study was approved by the Research Ethics Committee of
National Center for Global Health and Medicine.
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Characteristics of studied subjects

All of the 3,167 genomic DNA samples were collected from
individuals with HBV, HBV-resolved individuals (HBsAg-negative
and anti-HBc-positive) and healthy controls at 26 multi-center
hospitals throughout Japan, Korea, Hong Kong, and Thailand
(Table 1). In a total of 1,291 Japanese and 586 Korean samples,
1,191 Japanese individuals and all 586 Korean individuals were
included in our previous study [9]. With regard to additional
Japanese individuals, we collected samples from 48 healthy
controls at Kohnodai Hospital, and 52 HBV patients at Okayama
University Hospital and Ehime University Hospital, including 26
individuals with LC and 26 individuals with HCC. A total of 661
Hong Kong samples and 629 Thai samples were collected at
Queen Mary Hospital and Chulalongkorn University, respectively.

HBV status was measured based on serological results for
HBsAg and anti-HBc with a fully automated chemiluminescent
enzyme immunoassay system (Abbott ARCHITECT; Abbott
Japan, Tokyo, Japan, or LUMIPULSE f or G1200; Fujirebio,
Inc., Tokyo, Japan). For clinical staging, inactive carrier (IC) state
was defined by the presence of HBsAg with normal ALT levels
over 1 year (examined at least four times at 3-month intervals) and
without evidence of liver cirrhosis. Chronic hepatitis (CH) was
defined by elevated ALT levels (>1.5 times the upper limit of
normal [35 IU/L]) persisting over 6 months (by at least 3
bimonthly tests). Acute exacerbation (AE) of chronic hepatitis B
was defined as an elevation of ALT to more than 10 times the
upper limit of normal (ULN, 58 IU/L) and bilirubin to at least
three times ULN (15 pmol/L). LG was diagnosed principally by
ultrasonography (coarse liver architecture, nodular liver surface,
blunt liver edges and hypersplenism), platelet counts<<100,000/ -
em®, or a combination thereof, Histological confirmation by fine-
needle biopsy of the liver was performed as required. HCC was
diagnosed by ultrasonography, computerized tomography, mag-
netic resonance imaging, angiography, tumor biopsy or a
combination thereof.

The Japanese control samples from HBV-resolved subjects
(HBsAg-negative and anti-HBc-positive) at Nagoya City Univer-
sity-affiliated healthcare center were used by comprehensive
agreement (anonymization in a de-identified manner) in this
study. Some of the unrelated and anonymized Japanese healthy
controls were purchased from the Japan Health Science Research
Resources Bank (Osaka, Japan). One microgram of purified
genomic DNA was dissolved in 100 pl of TE buffer (pH 8.0)
(Wako, Osaka, Japan), followed by storage at —20°C until use.

Genotyping of HLA-DPAT and HLA-DPB1 alleles

High resolution (4-digit) genotyping of HLA-DPAI and -DPBI
alleles was performed for HBV patients, resolved individuals, and
healthy controls in Japan, Korea, Hong Kong, and Thailand.
LABType SSO HLA DPA1/DPBI kit (One Lambda, CA) and a
Luminex Multi-Analyte Profiling system (xMAP; Luminex, Austin,
TX) were used for genotyping, in according with the manufac-
turer’s protocol. Because of the small quantity of genomic DNA in
some Korean samples, we performed whole genome amplification
for a total of 486 samples using GenomiPhi v2 DNA Amplification
kit (GE Healthcare Life Sciences, UK), in accordance with the
manufacturer’s instruction.

A total of 2,895 samples were successfully genotyped and
characteristics of these samples are summarized in Table S1.

Statistical analysis

Fisher’s exact test in two-by-two cross tables was used to
examine the associations between HILA-DP allele and chronic
HBV infection or disease progression in chronic HBV patients,
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using statistical software R2.9. To avoid false-positive results due
to multiple testing, significance levels were adjusted based on the
number of observed alleles at each locus in each population, For
HILA-DPAIL alleles, the number of observed alleles was 3 in
Japanese, 4 in Korean, 5 in Hong Kong, and 5 in Thai subjects.
Therefore, the significant levels for o were set at a=0.05/3 in
Japanese, @ =0.05/4 in Korean, o=0.05/5 in Hong Kong, and
=0.05/5 in Thai subjects. In the same way, significant levels for
HLA-DPBI alleles were o.=0.05/10, 0.05/11, 0.05/12, and 0.05/
16, respectively. Multivariate logistic regression analysis adjusted
for age and sex (used as independent variables) was applied to
assess associations between the number of DPBI#02:01 alleles (i.c.,
0, 1, or 2) and disease progression in CHB patients. To examine
the effect of DPBI*02:01 allele on disease progression in all
populations, population was further adjusted by using three
dummy variables (i.c., (c1, ¢2, ¢3)=(0, 0, 0) for Japanese, (1, 0, 0)
for Korean, (0, 1, 0) for Hong Kong, and (0, 0, 1) for Thai) in a
multivariate logistic regression analysis. We obtained the following
regression  equation:  logit(p) = —3.905+0.083*age+(~0.929)*
sex+(—0.684y*DPBI*02:01+1.814%c1+(~0.478)c2+0.782%c3. Sig-
nificance levels in the analysis of disease progression in CHB
patients were set as o= 0.05/10 in Japanese, ¢ =0.05/11 in
Korean, 0=0.05/15 in Hong Kong, and «=0.05/15 in Thai
subjects. The phase of each individual (i.e., a combination of two
DPAI-DPBI haplotypes) was estimated using PHASE software
[21], assuming samples are selected randomly from a general
population. In comparison of the estimated DPAI-DPBI haplotype
frequencies, significant levels were set as o= 0.05/14 in Japanese,
®=0.05/17 in Korean, o.=0.05/17 in Hong Kong, and o= 0.05/
18 in Thal subjects. Meta-analysis was performed using the
DerSimonian-Laird method (random-effects model) in order to
calculate pooled OR and its 95% confidence interval (95% CI).
We applied meta-analysis for alleles with frequency™>1% in all
four Asian populations. The significance levels in meta-analysis
were adjusted by the total number of statistical tests; «=0.05/20
for DPAI alleles, 0.=0.05/57 for DPBI alleles, and o.=0.05/74 for
DPAI-DPBI haplotypes.

Supporting Information

Figure 81 Comparison of odds ratios in association
analyses for HLA-DP with chronic HBV infection among
four Asian populations: (A) HLA-DPA] alleles; (B) HLA-
DPBI alleles; and (C) HLA DPAI-DPBI haplotypes. Meta-
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Impaired brain activity in cirrhotic patients with
minimal hepatic encephalopathy: Evaluation by
near-infrared spectroscopy
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Aim: Near-infrared spectroscopy (NIRS) is a tool that could
non-invasively measure the regional cerebral oxygenated
hemoglobin (oxy-Hb) concentration with high time resolution.
The aim of the present study is to reveal the time-dependent
regional cerebral oxy-Hb concentration change coupled
with brain activity during task performance in patients with
minimal hepatic encephalopathy (MHE).

Methods: Cerebral oxy-Hb concentration was measured by
using NIRS in 29 cirrhotic patients without overt hepatic
encephalopathy (HE). Of those, 16 patients who had abnormal
electroencephalography findings were defined as having
MHE. Responsive increase in oxy-Hb during a word-fluency
task was compared between MHE and non-MHE patients.

Results: There was no difference in the maximum value of

oxy-Hb increase between patients with and without MHE
(0.26 £ 0.12 vs 0.32 £ 0.22 mM-mm, P =0.37). However, the

pattern of the time course changes of oxy-Hb was different
between the two groups. The MHE group was characterized
by a gradual increase of oxy-Hb throughout the task com-
pared to steep and repetitive increase in the non-MHE group.
Increase in oxy-Hb concentration at 5 s after starting the task
was significantly small in the MHE group compared to the
non-MHE (0.03 £ 0.05 vs 0.11 £ 0.09 mM-mm, P = 0.006).

Conclusion: The cerebral oxygen concentration is poorly
reactive in response to tasks among cirrhotic patients without
overt HE but having abnormal electroencephalography find-
ings. These impaired responses in regional cerebral oxy-Hb
concentration may be related to the latent impairment of
brain activity seen in MHE.

Key words: hepatic encephalopathy, near-infrared
spectroscopy

INTRODUCTION

EPATIC ENCEPHALOPATHY (HE) is a major
complication of liver cirthosis. Apart from
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clinically overt HE (OHE), minimal HE (MHE) is
troublesome because it is associated with reduced
quality of life (QOL), reduced cognitive function,
lowered work efficiency, higher risk of progression to
OHE and may be a cause of traffic accidents.”> MHE
treatment can improve QOL, driving capability and pro-
gression of OHE.** Adequate diagnosis of MHE and
early therapeutic intervention are precluded by the lack
of reliable diagnostic standards, and HE is usually diag-
nosed only after the presentation of overt symptoms.
For the diagnosis of MHE, neuropsychological function
tests, such as number connection test, light/sound
reaction time, inhibitory control test, Wechsler adult
intelligence scale (WAIS) or electro-psychological tests
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including electroencephalography (EEG), cerebral
evoked potential, p300 event-related potential, psycho-
metric hepatic encephalopathy score (PHES) and critical
flicker test’™* have been employed. Diagnostic specific-
ity can be improved by combining these tests, but com-
plexity becomes a major disadvantage.

Recent advances in diagnostic imaging, such as
positron emission tomography (PET) and functional
magnetic resonance imaging (fMRI), made it possible
to map brain function in tomographic images with high
space and time resolutions. Recent study using PET'®
revealed that the primary event in the pathogenesis of
OHE is inhibition of cerebral energy metabolism evi-
denced by reduced cerebral oxygen consumption and
reduced cerebral blood flow. Whether the same mecha-
nism could be applied to MHE is not known. Near-
infrared spectroscopy (NIRS) is a tool that could
non-invasively measure the cerebral blood volume as
an oxygenated hemoglobin (oxy-Hb) concentration.
The space and time resolution of NIRS is equivalent or
higher than that of PET and fMRI. Moreover, NIRS is
highly portable, does not have any restriction in the
posture and flexible in setting tasks. Therefore it is pos-
sible to perform tests in a natural environment and to
evaluate brain function as reflected by the dynamic
changes in regional cerebral oxy-Hb concentration in
response to a given task. The latter may be especially
important to disclose a latent abnormality of brain
function.

Recent study suggested that astrocytes regulate the
cerebral blood flow and provide the oxy-Hb to the
activation site of the brain.'"** In hepatic encephalopa-
thy patients, function of astrocyte is impaired which
may lead to cerebral oxygen consumption and blood
flow.’62%-22 We hypothesized that clinically latent abnor-
mality of brain function in MHE also may be linked to

Table 1 Patient characteristics
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the impairment of adequate increase in cerebral energy
metabolism in response to the stimulation for activating
the brain due to impaired function of astrocytes. In
the present study, we used NIRS to evaluate the latent
abnormality of brain function in patients with MHE, by
measuring the increase of regional cerebral oxy-Hb con-
centration in response to task stimulation.

METHODS

Patients

TOTAL OF 29 liver cirthosis patients without OHE

were enrolled. The underlying etiology of liver
disease was hepatitis C virus infection in 19 patients,
hepatitis B virus infection in two, alcoholic liver disease
in five and other liver disease in three. All participants
were examined by two psychiatrists to exclude mental
disorders. No patient had any history of taking antide-
pressants or other psychotropic drugs. Subjects were
examined by brain MRI or brain CT and they had no
apparent brain structural disease including brain infarc-
tion. The study was performed in accordance with the
Declaration of Helsinki and approved by the ethics com-
mittee of Musashino Red Cross Hospital and National
Center of Neurology and Psychiatry. Informed consent
was obtained from each subject. MHE was defined as
those who had abnormal EEG findings. According to
this definition, 16 patients were assigned to the MHE
group and 13 were assigned to the non-MHE group.
Table 1 shows the clinical characteristics of patients. The
age and sex ratio did not differ between groups.

NIRS measurements

Concentration of oxy-Hb was measured by a 52-channel
NIRS machine (Hitachi ETG4000; Hitachi Medical,

MHE (n=16) . Non-MHE (n =13) P-value
Age o © 679189 7014102 0.53
Sex (M/F) T 79 T - 7/6 0.72
Albumin (g/dL) 2.68%0.39 :3.63 £0.47 <0.0001
T-Bil (mg/dL) 1.83+1.22 0.88+0.34 0.011
PT% 64.5+10.8 '852+12.7 <0.0001
Child-Pugh (A/B/C) 0/9/7 11/2/0 . <0.0001
Etiology (HC/HB/Alc/Others) . 8/2/4/2. 11/0/1/1 0.28
NH3 (mmol/L) : 90.1£643 1 40.1+183 0.012

Alc, alcoholic liver disease; HB, hepatitis B; HC, hepatitis C; MHE, minimal hepatic encephalopathy; PT%, prothrombin time

percentage; T-Bil, total bilirubin.

© 2013 The Japan Society of Hepatology



Hepatology Research 2014; 44: 319-326

Tokyo, Japan). NIRS detects changes in brain activity
by capturing increases in regional cerebral blood flow
caused by neural activity. For each channel, an optic
fiber device is connected to an application probe that is
placed on the subject’s scalp. The 52 channels cover the
frontal lobe, upper temporal lobe and anterior parietal
lobe of the brain (Fig. 1). The near-infrared light pen-
etrates the scalp and skull, passes through the brain
tissue, and is partially absorbed by oxy-Hb. The reflected
light is detected by a probe positioned 30 mm away
from the application probe. The changes in concentra-
tion of oxy-Hb can be calculated by measuring reflected
light** In this study, the results measured by the
seven channels which were previously reported to be
diagnostic for mental disorders; (channels 36-38 and
46-49)*2¢ were selected for the analysis. The time-
dependent changes in oxy-Hb concentration in each of
these seven channels were compared between MHE and
non-MHE patients. The sum of increase in oxy-Hb con-
centration in these seven channels was calculated and
compared between MHE and non-MHE patients. For
this analysis, increase of oxy-Hb at 5s and maximum
increase were used.

Activation task

A word-fluency task was used to stimulate frontal lobe
activity. Subjects were instructed to generate as many
words as possible with a given letter. For example, with

Figure 1 Near-infrared spectroscopy.
An optic fiber device connected to a
probe is placed on the subject’s scalp
covering the frontal to temporal
regions. The relative concentration of
oxygenated hemoglobin (oxy-Hb) was
measured every 0.1s during word-
fluency testing.
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a task involving “naming words starting with the letter
‘T ", subjects were given 20 s to say as many words as
they could starting with the letter “T”, such as “tomato”,
“tail” and “tea”. Three tasks were presented for a total of
60 s. During the word-fluency test, the real-time changes
in the oxy-Hb concentration were measured at each
channel. Data are expressed as a wave form as well as in
the form of topographic images.

Statistical analysis

The SPSS software package ver. 15.0 (SPSS, Chicago, IL,
USA) was used for statistical analysis. Categorical data
were analyzed using Fisher's exact test. Continuous vari-
ables were compared with Student’s t-test. A P-value of
less than 0.05 was considered statistically significant.

RESULTS

HE NUMBER OF words generated by the word-

fluency task did not differ significantly between the
MHE and non-MHE groups (10.8 £3.4 vs 10.7+£2.5
words, P=0.93). Figure 2 shows the time-dependent
changes in the oxy-Hb concentration during the task in
the representative seven channels. The average value of
the seven channels (36-38 and 46-49) is shown in
Figure 2. These changes reflected frontal lobe activation
by the word-fluency test and correspondingly elevated
cerebral blood flow in the frontal lobe. In the non-MHE

© 2013 The Japan Society of Hepatology
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Figure 2 Time-dependent changes in oxygenated hemoglobin (oxy-Hb) concentration in response to tasks. The average waveforms
of time-dependent changes in oxy-Hb concentration in representative channels (Ch) are shown. The solid and broken line
represents non-minimal hepatic encephalopathy (MHE) and MHE groups, respectively. The area between the two vertical lines

corresponds to the 60 s of the word-fluency test.

group, the oxy-Hb concentration increased immediately
after the start of the task, remained high with repetitive
steep peaks during the task, and decreased after the
end of the task. In contrast, the time course of oxy-Hb
changes was somewhat different in the MHE group,
characterized by a slow increase of oxy-Hb throughout
the task, gradually reaching a plateau at the end of the
task (Fig. 2). These differences in the degree of oxy-Hb
changes also could be visualized by the topographic
presentation. In the topographic image, increase of
oxy-Hb concentration is expressed as a deepening of
the red shading. Figure 3 shows a topographic image
showing the increase in oxy-Hb concentration in
response to a task. The image in Figure 3 is the average
value (arithmetic mean topographic image) of all
patients. The concentration of oxy-Hb is small in the
MHE group, as reflected by blue or green color, com-
pared to the non-MHE group, as reflected by orange or
red color.

When the average value of the seven channels
were calculated, the maximum value of oxy-Hb increase
was smaller in MHE compared to non-MHE patients
but it did not reach statistical significance (0.26 £ 0.12

© 2013 The Japan Society of Hepatology

vs 0.32+£0.22 mM-mm, P=0.37) (Fig.4). On the
other hand, increase in oxy-Hb concentration at 5s
after starting the task was significantly small in
MHE compared to non-MHE patients (0.03 = 0.05 vs

MHE group n = 16 no-MHE group n = 13

[mMmm]
Osec | ESESEROSSEENEY NSRS SVICNN
task ""‘1 E{g"gmm}
Ssec 4 TP el BT e -0.1

17 {mMmm}
task E "'-i ‘i+o.2
B0sec | Moo

[mMmm]
+0.2
0.1

Figure 3 Topographic image showing cumulative increase in
.oxygenated hemoglobin (oxy-Hb) concentration. Increase in
oxy-Hb concentration is shown by deepening of the red
shading. The concentration of oxy-Hb is small in the minimal
hepatic encephalopathy (MHE) group, as reflected by the blue
or green color compared to the non-MHE group as reflected by
orange or red color.
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Figure 4 Comparison of maximum increase in oxygenated
hemoglobin (oxy-Hb) concentration between patients with
and without minimal hepatic encephalopathy (MHE). The
average value of maximum increase in oxy-Hb did not differ
significantly between the MHE and non-MHE groups.

0.11+0.09 mM-mm, P=0.006) (Fig. 5). For the diag-
nosis of MHE, the receiver-operator curve analysis
identified an optimal cut-off of 0.05 mM - mm for the
oxy-Hb concentration at 5 s after starting the task. The
area under the curve was 0.774 (P=0.012; 95% confi-
dence interval, 0.60-0.95), sensitivity and specificity of
NIRS for the diagnosis of MHE was 69% and 77%,
respectively. The positive predictive value was 79% and
negative predictive value was 67%.

DISCUSSION

SING NIRS, WHICH can detect changes in
Uregional cerebral oxy-Hb concentration with an
extremely high level of sensitivity, we found that
increase in cerebral oxy-Hb concentration in response
to tasks was slow and small among cirrthotic patients
without OHE but having abnormal electroencephalog-
raphy findings. The impairment of response was most
significant at an early time point after the start of the
task. These findings indicated that cerebral oxygen
metabolism is poorly reactive in response to tasks
among patients with MHE and that this impaired cere-
bral oxygen metabolism may be related to the patho-
genesis of latent impairment of brain activity seen in
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MHE. To the best of our knowledge, our study appears
to be the first evaluating MHE with NIRS. The non-
invasiveness and high time resolution of NIRS give it
potential as a valuable research tool for the examina-
tion of brain function in HE, as well as a clinically
useful tool for the diagnosis of MHE.

Hepatic encephalopathy in its early stage, such as
latent or minimal HE, can reduce cognitive function,
lower work efficiency, reduce QOL*"* or impair driving
skill.}>#3% Although there are several practical require-
ments for the diagnosis of MHE, adequate diagnosis of
MHE is difficult due to the lack of reliable diagnostic
standards.®»* Several diagnostic methods such as neu-
ropsychological function tests, number connection test,
light/sound reaction time, inhibitory control test, WAIS
or electro-psychological tests including EEG, spectral
EEG, and cerebral evoked potential, PHES, critical flicker
test and computer-aided quantitative neuropsycho-
logical function test system (NP-test)™* have been
proposed,®-3¢ but there is no ideal test for MHE as yet.
Because these tests are developed for the screening of
MHE, these are not diagnostic. Establishment of a
reliable diagnostic method for MHE is imperative. We

mM-mm o = 0.006

0.35 t | !
0.11 = 0.09

0.03 £0.05

Increase of oxy-Hb concentration
at 5 seconds during the task
o o (e
o © 41 29 n ©
a — (431 n [6)] w
R ; ; . \

o

MHE
n=16

no-MHE

n=13

Figure 5 Comparison of increase in oxygenated hemoglobin
(oxy-Hb) concentration at 5 s after the start of task between
patients with and without minimal hepatic encephalopathy
(MHE). The average value of increase in oxy-Hb was compared
between the MHE and non-MHE groups at 5 s after starting the
word-fluency task. The increase in the oxy-Hb concentration
was significantly lower in patients with MHE compared to
non-MHE (P = 0.006).
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have some cases in which NIRS results improved with
lactulose and branched-chain amino acid. A prospective
study is ongoing to evaluate the effect of treatment by
NIRS. The major advantage of NIRS over “paper and
pencil tests” is the absence of learning effect which
is generally seen in other neuropsychological function
tests®” and NIRS could also discriminate other mental
disorders.>**

Neuroimaging using MRI, magnetic resonance spec-
troscopy and PET has made it possible to non-invasively
assess hepatic encephalopathy.*** However, these tests
require extensive equipment and are therefore costly.
NIRS is a new methodology for brain research and brain
function testing, and has applications in various areas of
medicine, being used not only in research, but also in
clinical medicine.>->* NIRS has been approved for
identifying the language-dominant hemisphere before
brain surgery and measuring epileptic foci.* In human
studies comparing NIRS and fMRI,**-* a correlation was
seen between blood-oxygen-level-dependent signal and
oxy-Hb concentration as measured by NIRS. In brain
function analysis, the detection sensitivity of NIRS is
comparable to that of fMRI, but the time resolution of
NIRS is greater. Furthermore, the advantages of NIRS are
convenience, bedside analysis, non-invasiveness, free
task setting and low cost.

Here, we used multichannel NIRS to measure the
changes in oxy-Hb concentration during task perfor-
mance from the frontal to temporal regions of the cortex
in MHE patients and compared the results with those
of liver cirthosis without MHE. In all subjects, oxy-Hb
increased during task performance and gradually
decreased after the completion of task performance.
However, the time-dependent changes in the degree of
increase in oxy-Hb concentration differed between
patients with and without MHE. The degree of increase
in oxy-Hb concentration during task performance was
smaller and more gradual in MHE compared to non-
MHE patients. The increase of the oxy-Hb concentration
reflects the increase of cerebral blood volume in the area
of the brain activated by the task. Iversen et al. found
that the cerebral oxygen consumption and blood flow
were both reduced in cirthotic patients with an acute
episode of OHEfand that the oxygen delivery was
approximately twice the oxygen consumption, indicat-
ing that oxygen delivery or blood flow was not a limiting
factor for the oxygen consumption. Consequently,
cerebral blood flow seems to be reduced as a result of
diminished cerebral oxygen requirement during HE,
and not vice versa.!® It is reported that neuron-to-
astrocyte signaling is a key mechanism in functional

© 2013 The Japan Society of Hepatology
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hyperemia,'”-193*** and that function of astrocytes is
impaired in hepatic encephalopathy patients,?** There-
fore, impaired astrocyte-mediated control of cerebral
microcirculation can result in slow increase of cerebral
blood flow during task performance in MHE patients.
Thus, the sluggish increase in cerebral blood flow seen
in MHE in the present study may reflect the impaired
brain activity and dysfunction of astrocytes and
impaired cerebral oxygen metabolism in these patients.

There are several limitations in the present study. The
number of patients was not enough to make a compari-
son stratified by Child grade. We would like to analyze
this important point in a future study. It may be pos-
sible that cerebral oxy-Hb may change due to aging or
by the arteriosclerotic changes. In the present study, age
was not related to NIRS results. All patients were exam-
ined by brain MRI or brain CT and they had no appar-
ent brain structural disease including brain infarction.
However, it was not possible to evaluate the arterioscle-
rotic changes. This may be another limitation of this
study. Many neuropsychological function tests, such
as number connection test, light/sound reaction time,
inhibitory control test, WAIS or electro-psychological
tests including EEG, cerebral evoked potential, p300
event-related potential, PHES and critical flicker test
have been employed for the diagnosis of MHE. In
Japan, Kato and colleagues established the computer-
aided quantitative neuropsychological function test
system called NP-test.” However, these tests were not
simultaneously measured in the present study. Because
we recognize the importance of comparing NIRS with
other tests, we would like to solve this issue in future
study.

In conclusion, NIRS, with its high degree of time reso-
lution, enabled us to identify the characteristic time
course of oxy-Hb concentration changes during tasks in
MHE. The observations imply that cerebral oxygen
supply and metabolism is poorly reactive in MHE,
which may be telated to the pathogenesis of latent
impairment of brain activity.

REFERENCES

1 Bajaj JS, Hafeezullah M, Hoffmann RG et al. Navigation
skill impairment: another dimension of the driving diffi-
culties in minimal hepatic encephalopathy. Hepatology
2008; 47: 596-604.

2 Bajaj JS, Pinkerton SD, Sanyal AJ, Heuman DM. Diagnosis
and treatment of minimal hepatic encephalopathy to
prevent motor vehicle accidents: a cost-effectiveness analy-
sis. Hepatology 2012; 55: 1164-71.



Hepatology Research 2014; 44: 319-326

10

11

12

13

14

15

16

Dhiman RK, Kurmi R, Thumburu KK et al. Diagnosis and
prognostic significance of minimal hepatic encephalopa-
thy in patients with cirrhosis of liver. Dig Dis Sci 2010; 55:
2381-90.

Bajaj JS, Heuman DM, Wade JB et al. Rifaximin improves
driving simulator performance in a randomized trial of
patients with minimal hepatic encephalopathy. Gastroen-
terology 2011; 140: 478-87 el. )

Prasad S, Dhiman RK, Duseja A, Chawla YK, Sharma A,
Agarwal R. Lactulose improves cognitive functions and
health-related quality of life in patients with cirrhosis who
have minimal hepatic encephalopathy. Hepatology 2007;
45: 549-59.

Sharma P, Sharma BC, Agrawal A, Sarin SK. Primary pro-
phylaxis of overt hepatic encephalopathy in patients with
cirrhosis: an open labeled randomized controlled trial of
lactulose versus no lactulose. J Gastroenterol Hepatol 2012;
27:1329-35.

Kato A, Watanabe Y, Sawara K, Suzuki K. Diagnosis of
sub-clinical hepatic encephalopathy by Neuropsychologi-
cal Tests (NP-tests). Hepatol Res 2008; 38 (Suppl 1): $122-7.
Kircheis G, Wettstein M, Timmermann I, Schnitzler A,
Haussinger D. Critical flicker frequency for quantification
of low-grade hepatic encephalopathy. Hepatology 2002; 35:
357-66.

Romero-Gomez M, Cordoba J, Jover R et al. Value of the
critical flicker frequency in patients with minimal hepatic
encephalopathy. Hepatology 2007; 45: 879-85.

Amodio P, Campagna F, Olianas S etal. Detection of
minimal hepatic encephalopathy: normalization and opti-
mization of the Psychometric Hepatic Encephalopathy
Score. A neuropsychological and quantified EEG study. J
Hepatol 2008; 49: 346-53.

Davies MG, Rowan MJ, MacMathuna P, Keeling PW, Weir
DG, Feely J. The auditory P300 event-related potential: an
objective marker of the encephalopathy of chronic liver
disease. Hepatology 1990; 12: 688-94.

Kugler CF, Lotterer E, Petter J et al. Visual event-related
P300 potentials in early portosystemic encephalopathy.
Gastroenterology 1992; 103: 302-10.

Bajaj JS, Hafeezullah M, Franco J et al. Inhibitory control
test for the diagnosis of minimal hepatic encephalopathy.
Gastroenterology 2008; 135: 1591-600 el.

Sharma P, Kumar A, Singh S, Tyagi P. Inhibitory control
test, critical flicker frequency, and psychometric tests in the
diagnosis of minimal hepatic encephalopathy in cirrhosis.
Saudi ] Gastroenterol 2013; 19: 40-4.

Goldbecker A, Weissenborn K, Hamidi Shahrezaei G et al.
Comparison of the most favoured methods for the diag-
nosis of hepatic encephalopathy in liver transplantation
candidates. Gut 2013. doi: 10.1136/gutjnl-2012-303262.
Iversen P, Sorensen M, Bak LK et al. Low cerebral oxygen
consumption and blood flow in patients with cirrhosis and
an acute episode of hepatic encephalopathy. Gastroenterol-
ogy 2009; 136: 863-71.

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

NIRS for minimal hepatic encephalopathy 325

Gordon GR, Choi HB, Rungta RL, Ellis-Davies GC,
MacVicar BA. Brain metabolism dictates the polarity of
astrocyte control over arterioles. Nature 2008; 456:
745-9.

Takano T, Tian GF, Peng W etal. Astrocyte-mediated
control of cerebral blood flow. Nat Neurosci 2006; 9:
260-7.

Magistretti PJ. Neuron-glia metabolic coupling and plastic-
ity. ] Exp Biol 2006; 209: 2304~11.

Gorg B, Qvartskhava N, Keitel V et al. Ammonia induces

RNA oxidation in cultured astrocytes and brain in vivo.

Hepatology 2008; 48: 567-79.

Albrecht J, Norenberg MD. Glutamine: a Trojan horse in
ammonia neurotoxicity. Hepatology 2006; 44: 788-94.
Lemberg A, Femnandez MA. Hepatic encephalopathy,
ammonia, glutamate, glutamine and oxidative stress. Ann
Hepatol 2009; 8: 95-102.

Maki A, Yamashita Y, Ito Y, Watanabe E, Mayanagi Y,
Koizumi H. Spatial and temporal analysis of human motor
activity using noninvasive NIR topography. Med Phys 1995;
22:1997-2005.

Kameyama M, Fukuda M, Yamagishi Y et al. Frontal lobe
function in bipolar disorder: a multichannel near-infrared
spectroscopy study. Neuroimage 2006; 29: 172-84.

Suto T, Fukuda M, Ito M, Uehara T, Mikuni M. Multichan-
nel near-infrared spectroscopy in depression and schizo-
phrenia: cognitive brain activation study. Biol Psychiatry
2004; 55: 501-11.

Takizawa R, Kasai K, Kawakubo Y et al. Reduced frontopo-
lar activation during verbal fluency task in schizophrenia: a
multi-channel near-infrared spectroscopy study. Schizophr
Res 2008; 99: 250-62.

Groeneweg M, Quero JC, De Bruijn I etal. Subdlinical
hepatic encephalopathy impairs daily functioning.
Hepatology 1998; 28: 45-9.

Marchesini G, Bianchi G, Amodio P et al. Factors associated
with poor health-related quality of life of patients with
cirrhosis. Gastroenterology 2001; 120: 170-8.

Schomerus H, Hamster W, Blunck H, Reinhard U, Mayer K,
Dolle W. Latent portasystemic encephalopathy. I. Nature
of cerebral functional defects and their effect on fitness to
drive. Dig Dis Sci 1981; 26: 622-30.

Wein C, Koch H, Popp B, Oehler G, Schauder P. Minimal
hepatic encephalopathy impairs fitness to drive. Hepatology
2004; 39: 739-45.

Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenbom K,
Blei AT. Hepatic encephalopathy - definition, nomencla-
ture, diagnosis, and quantification: final report of the
working party at the 11th World Congresses of Gastroen-
terology, Vienna, 1998. Hepatology 2002; 35: 716-21.
Ortiz M, Jacas C, Cordoba J. Minimal hepatic encephalopa-
thy: diagnosis, dinical significance and recommendations.
J Hepatol 2005; 42 (Suppl): $45-53.

Niedermeyer E. The clinical relevance of EEG interpreta-
tion. Clin Electroencephalogr 2003; 34: 93-8.

© 2013 The Japan Society of Hepatology



326 H. Nakanishi et al.

34

35

36

37

38

39

40

41

42

43

Amodio P, Pellegrini A, Ubiali E etal. The EEG assess-
ment of low-grade hepatic encephalopathy: compari-
son of an artificial neural network-expert system (ANNES)
based evaluation with visual EEG readings and EEG
spectral analysis. Clin Neurophysiol 2006; 117: 2243-
51.

Amodio P, Marchetti P, Del Piccolo F et al. Spectral versus
visual EEG analysis in mild hepatic encephalopathy. Clin
Neurophysiol 1999; 110: 1334-44.

Sagales T, Gimeno V, de la Calzada MD, Casellas F, Dolors
Macia M, Villar Soriano M. Brain mapping analysis in
patients with hepatic encephalopathy. Brain Topogr 1990;
2:221-8.

Bajaj JS, Cordoba J, Mullen KD et al. Review article: the
design of clinical trials in hepatic encephalopathy - an
International Society for Hepatic Encephalopathy and
Nitrogen Metabolism (ISHEN) consensus statement.
Aliment Pharmacol Ther 2011; 33: 739-47.

Ross BD, Danielsen ER, Bluml S. Proton magnetic reso-
nance spectroscopy: the new gold standard for diagnosis of
clinical and subclinical hepatic encephalopathy? Dig Dis
1996; 14 (Suppl 1): 30-9.

Ross BD, Jacobson S, Villamil F et al. Subclinical hepatic
encephalopathy: proton MR spectroscopic abnormalities.
Radiology 1994; 193: 457-63.

Minguez B, Garcia-Pagan JC, Bosch ] et al. Noncirthotic
portal vein thrombosis exhibits neuropsychological and
MR changes consistent with minimal hepatic encephalopa-
thy. Hepatology 2006; 43: 707-14.

Kato A, Suzuki K, Kaneta H, Obara H, Fujishima Y, Sato S.
Regional differences in cerebral glucose metabolism in cir-
thotic patients with subdinical hepatic encephalopathy
using positron emission tomography. Hepatol Res 2000;
17: 237-45.

Taylor-Robinson SD, Sargentoni J, Mallalieu RJ et al. Cere-
bral phosphorus-31 magnetic resonance spectroscopy in
patients with chronic hepatic encephalopathy. Hepatology
1994; 20: 1173-8.

Laubenberger J, Haussinger D, Bayer S, Gufler H, Hennig J,
Langer M. Proton magnetic resonance spectroscopy of the

© 2013 The Japan Society of Hepatology

44

45

46

47

48

49

50

51

52

53

54

Hepatology Research 2014; 44: 319-326

brain in symptomatic and asymptomatic patients with
liver cirrhosis. Gastroenterology 1997; 112: 1610-6.

Kale RA, Gupta RK, Saraswat VA etal. Demonstration
of interstitial cerebral edema with diffusion tensor MR
imaging in type C hepatic encephalopathy. Hepatology
2006; 43: 698-706.

Lockwood AH, Yap EW, Rhoades HM, Wong WH. Altered
cerebral blood flow and glucose metabolism in patients
with liver disease and minimal encephalopathy. J Cereb
Blood Flow Metab 1991; 11: 331-6.

Lockwood AH. Positron emission tomography in the study
of hepatic encephalopathy. Metab Brain Dis 2002; 17:
431-5.

Ahl B, Weissenborn K, van den Hoff | et al. Regional dif-
ferences in cerebral blood flow and cerebral ammonia
metabolism in patients with cirrhosis. Hepatology 2004; 40:
73-9.

Cyranoski D. Neuroscience: thought experiment. Nature
2011; 469: 148-9.

Watanabe E, Nagahori Y, Mayanagi Y. Focus diagnosis of
epilepsy using near-infrared spectroscopy. Epilepsia 2002;
43 (Suppl 9): 50-5.

Strangman G, Culver JP, Thompson JH, Boas DA. A quan-
titative comparison of simultaneous BOLD fMRI and NIRS
recordings during functional brain activation. Neuroimage
2002; 17: 719-31.

Sassaroli A, deB Frederick B, Tong Y, Renshaw PF, Fantini S.
Spatially weighted BOLD signal for comparison of func-
tional magnetic resonance imaging and near-infrared
imaging of the brain. Neuroimage 2006; 33: 505-14.
Huppert TJ, Hoge RD, Diamond SG, Franceschini MA,
Boas DA. A temporal comparison of BOLD, ASL, and
NIRS hemodynamic responses to motor stimuli in adult
humans. Neuroimage 2006; 29: 368-82.

Zonta M, Angulo MC, Gobbo § et al. Neuron-to-astrocyte
signaling is central to the dynamic control of brain micro-
circulation. Nat Neurosci 2003; 6: 43-50.

Schummers J, Yu H, Sur M. Tuned responses of astrocytes
and their influence on hemodynamic signals in the visual
cortex. Science 2008; 320: 1638-43.



ez Hepalology el

JSH c

Hepatology Research 2014; 44: 1339-1346

Original Article

doi: 10.1111/hepr.12309

Hepatocellular carcinoma risk assessment using
gadoxetic acid-enhanced hepatocyte phase magnetic

resonance imaging

Nobutoshi Komatsu,' Utaroh Motosugi,? Shinya Maekawa,' Kuniaki Shindo,’

Minoru Sakamoto," Mitsuaki Sato," Akihisa Tatsumi," Mika Miura,’ Fumitake Amemiya,’
Yasuhiro Nakayama,' Taisuke Inoue,” Mitsuharu Fukasawa,' Tomoyoshi Uetake,’
Masahiko Ohtaka,' Tadashi Sato,’ Yasuhiro Asahina,* Masayuki Kurosaki,* Namiki Izumi,*
Tomoaki Ichikawa,? Tsutomu Araki? and Nobuyuki Enomoto'

'First Department of Internal Medicine, 2Department of Radiology, University of Yamanashi, Yamanashi,
3Department of Gastroenterology and Hepatology, Tokyo Medical and Dental University, and “Department of
Gastroenterology and Hepatology, Musashino Red Cross Hospital, Tokyo, Japan

Aim: To investigate whether the patients with hypovas-
cular liver nodules determined on the arterial phase
and hypointensity on the hepatocyte phase gadoxetic acid-
enhanced magnetic resonance imaging (hypovascular
hypointense nodules) are at increased risk of hepato-
carcinogenesis, we assessed subsequent typical hepatocellu-
lar carcinoma (HCC) development at any sites of the liver with
and without such nodules.

Methods: One hundred and twenty-seven patients with
chronic hepatitis B or C and without a history of HCC, includ-
ing 68 with liver cirrhosis, were divided into those with (non-
clean liver group, n=18) and without (clean liver group,
n = 109) hypovascular hypointense nodules. All the patients
were followed up for 3 years, and HCC development rates and
risk factors were analyzed with the Kaplan-Meier method and
the Cox proportional hazard model, respectively.

Results: A total of 17 patients (10 in the non-clean liver
group and seven in the clean liver group) developed typical

HCC. Cumulative 3-year rates of HCC development were 55.5%
in the non-clean liver group and 6.4% in the clean liver group
(P <0.001), and those at the different sites from the initial
nodules was also higher in the non-clean liver group (22.2%)
than the clean liver group (6.4%) (P =0.003). Multivariate
analysis identified older age (P = 0.024), low platelet counts
(P =0.017) and a non-clean liver (P <0.001) as independent
risk factors for subsequent HCC development.

Conclusion: Patients with hypovascular hypointense liver
nodules are at a higher risk for HCC development at any sites
of the liver than those without such nodules.

Key words: gadoxetic acid, hepatocellular carcinoma,
hepatocyte phase, magnetic resonance imaging, risk
assessment
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INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is one of
the most common cancers worldwide and is a
major cause of death in patients with chronic viral liver
disease. Despite many advances in multidisciplinary
treatment, complete curative treatment of early stage

- HCC remains the only possible therapeutic choice for

long-term survival. Therefore, surveillance programs for
patients at a high risk for HCC that include imaging-
based evaluations are crucial for the detection and treat-
ment of early stage HCC.

The newly introduced magnetic resonance imag-
ing (MRI) contrast agent, gadolinium ethoxybenzyl

1339
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diethylenetriamine pentaacetic acid (gadoxetic acid),
has enabled concurrent assessment of tumor vascularity
and unique hepatocyte-specific contrast (hepatocyte
phase).'? This has led to the frequent identification
of hypovascular nodules determined on the arterial
phase with hypointensity on the hepatocyte phase
(hypovascular hypointense nodules),** while many of
these nodules are difficult to be detected by ultrasonog-
raphy (US) or computed tomography (CT). Recently,
the natural history of hypovascular hypointense
nodules themselves were reported in several studies,’'?
revealing the high risk of subsequent progress to typical
HCC from these nodules. However, it is not well known
whether patients with such nodules have a higher risk of
developing typical HCC at any sites of the liver, includ-
ing at the different sites from initial nodules, compared
to those without such nodules.

If patients with these nodules may have a high risk of
developing typical HCC not only at the same sites but
also at the different sites from initial nodules, a signifi-
cant proportion of these nodules are precancerous
lesions or eatly stage HCC as reported,™® ™ and more
importantly, the liver with these nodules may reflect a
higher potential for hepatocarcinogenesis or the pres-
ence of undetectable precursor lesions in other sites of
the liver. Conversely, the absence of these nodules
potentially identifies the patients at a low risk for
subsequent typical HCC development at any sites. The
purpose of this study was to assess the risk of subse-
quent typical HCC development at any sites of the liver
with and without hypovascular hypointense nodules on
gadoxetic acid-enhanced MRI.

METHODS

Ethical review

HE PROTOCOL OF this retrospective study was

approved by the ethics committee of Yamanashi
University Hospital, which waived the requirement for
wiitten informed consent because the study was a retro-
spective data analysis, with appropriate consideration
given to patient risk, privacy, welfare and rights.

Patients

We recruited 559 consecutive outpatients with chronic
hepatitis B virus (HBV) or hepatitis C virus (HCV) infec-
tion who underwent gadoxetic acid-enhanced MRI
at Yamanashi University Hospital between January
2008 and December 2010. The exclusion criteria were
as follows: (i) presence or history of typical HCC

© 2014 The Japan Society of Hepatology
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(n=420), because intrahepatic metastasis does not
always develop through the usual multistep hepato-
carcinogenesis process, skipping the early pathological
stage with hypovascularity to an advanced pathological
stage even when the size is small;'**” (ii) Child-Pugh
class C disease (n=29), because the hepatocyte phase
findings are not reliable in patients with this condition
because of reduced gadoxetic acid uptake in the liver;'®
and (iii) patients who dropped out during the 3-year
follow-up period (n=3).

After excluding 432 patients, 127 patients were
included in this retrospective cohoit study. They were
divided into groups with hypovascular nodules
determined on the arterial phase and hypointensity on
the hepatocyte phase (non-clean liver group; n=18
patients) and without such nodules (clean liver group;
n =109 patients) as shown in Figure 1. In this study, we
divided cases into two groups according to the presence
or absence of these nodules at the baseline, even
when such nodules were initially detected during the
follow-up period; we assigned these patients to the clean
liver group.

Follow up and diagnosis of HCC

All 127 patients were followed up at the liver disease
outpatient clinic of our institution with blood tests,
including those for tumor markers and diagnostic
imaging modality (US, CT or MRI). The development of
typical HCC that required treatment as proposed by the
American Association for the Study of Liver Diseases
(AASLD) guidelines® and that was diagnosed according
to imaging criteria, showing arterial hypervascularity
and venous phase washout, or based on histological
examination of liver biopsies from hypovascular
nodules that grew to more than 10 mm during follow
up. Biopsies were obtained using a 21-G core needle.
Two patients each had a liver nodule of more than
10 mm in diameter on initial MRI (12 mm and
13 mm), which were diagnosed on the basis of the
biopsy as dysplastic nodules.

The end-point of this study was the development
of typical HCC not only from the hypovascular
hypointense nodules observed initially but also from
other areas without these nodules (“de novo HCC").
Dynamic CT and/or MRI were also performed in cases
with hepatic nodules detected by US, liver cirrhosis, a
tendency of tumor marker elevation and difficult evalu-
ation of the liver parenchyma by US. All 127 patients
were followed up for 3 years after the initial gadoxetic
acid-enhanced MRI examination. When imaging
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559 with chronic hepatitis B or C infection underwent

gadoxetic acid-enhanced MRI

432 were excluded

> 420 with presence or history of HCC
9 with Child-Pugh class C

3 dropped out

I 127 included in this study |

ﬁ‘_“?

18 hypovascular hypointense nodules
in the liver on the hepatocyte phase
Non-clean liver group

109 no hypovascular hypointense nodules
in the liver on the hepatocyte phase
Clean liver group

3-year follow up

8 without typical HCC

ke —{ 102 without typical HCC

Figure 1 Patient inclusion criteria. “De
novo HCC” is a typical hepatocellular

¥ .

carcinoma that developed at sites in
which no nodules had been seen on the
initial gadoxetic acid-enhanced mag-

4 “de novo HCC”

10 were diagnosed as typical HCC

6 HCC at the same site of the initial
hypovascular hypointense nodule

7 were diagnosed as typical HCC
7 “de novo HCC”

netic resonance imaging (MRI).

modalities led to diagnosis of HCC, recognizing
hypervascularization by more than one experienced
radiologist and other imaging modalities was regarded
as the time of diagnosis of HCC. When needle biopsy
was performed to investigate nodules, the time of
diagnosis of HCC was when the pathologists and phy-
sicians examined pathological tissue and diagnosed as
HCC.

MRI

Magnetic resonance imaging was performed using a
superconducting magnet that operated at 1.5 Tesla
(Sigma EXCITE HD; GE Medical Systems, Milwaukee,
WI, USA) and an 8-channel phased-array coil. First, we
obtained fast spoiled gradient-echo Ti-weighted images
(T1IWI) with dual echo acquisition and respiratory-
triggered fat-saturated fast spin-echo T,-weighted images
(T2WT1). Dynamic fat-suppressed gradient-echo T1WI
were obtained using a 3-D acquisition sequence before
(precontrast) and 20-30s, 60's, 2 min, 5 min, 10 min
and 20 min after the administration of gadoxetic acid
(Primovist; Bayer Schering Pharma, Berlin, Germany).
This contrast agent (0.025 mM/kg bodyweight) was
administrated i.v. as a bolus at a rate of 1 mL/s through
an iv. cubital line (20-22 G) that was flushed with
20 mL saline from a power injector. The delay time for
the arterial phase scan was adjusted according to a fluo-
roscopic triggering method.?® All images were acquired
in the transverse plane. Sagittal plane TIWI were also

obtained during the hepatocyte phase at 20 min after
the injection of the contrast agent.

Statistical analysis

All continuous values are expressed as median (range).
Fisher's exact probability test was used for comparisons
between categorical variable and the non-parametric
Mann-Whitney U-test was used to compare differences
between continuous variables. Baseline clinical charac-
teristics, including blood test results, were evaluated
within 1 month of the initial MRI. We investigated
whether or not HCC development was associated
with age, sex, fibrosis, etiology (HBV or HCV), platelet
count, serum alanine aminotransferase (ALT), +-
glutamyltransferase (y-GT), o-fetoprotein (AFP), and
the presence or absence of hypovascular hypointense
nodules.

Cumulative HCC development was estimated accord-
ing to the Kaplan—~Meier method and differences in the
curves were tested using the log-rank test. Risk factors
for HCC development were determined according to
the Cox proportional hazard model. Subgroup analyses
with a Cox proportional hazard model were applied to
estimation of the hazard ratio (HR) of the non-clean
liver group versus clean liver group in the dichotomized
subgroups. All statistical analyses were performed using
JMP software, version 10 (SAS Institute Japan, Tokyo,
Japan). A two-sided P-value of less than 0.05 was con-
sidered statistically significant.
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