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Abstract
AIM
To clarify the association between aldo-keto reductase 
family 1 member B10 (AKR1B10) expression and hepato
carcinogenesis after hepatitis C virus eradication.

METHODS
In this study, we enrolled 303 chronic hepatitis C 
patients who had achieved sustained virological 
response (SVR) through interferon-based antiviral 
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virus eradication
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INTRODUCTION
Persistent hepatitis C virus (HCV) infection is one of 
the major causes of chronic liver disease leading to 
the development of hepatocellular carcinoma (HCC), 
which is the fifth most common cancer and the third 
most common cause of cancer-related death world
wide[1]. HCV is responsible for 27%-75% of the HCC 
cases in Europe and United States and > 80% of the 
cases in Japan[2,3]. Notably, HCV-positive patients 
present a 20-fold higher risk of developing HCC than 
do HCV-negative patients[4], which indicates a major 
carcinogenic role for persistent HCV infection. Given this 
association, chronic hepatitis C patients are frequently 
treated with interferon-based antiviral therapy, because 
the treatment not only eradicates HCV but also reduces 
the rate of HCC development. Interferon therapy most 
effectively lowers the risk of developing HCC in patients 
who achieve a sustained virological response (SVR)[5-7], 
and the recent emergence of direct-acting antiviral 
drugs (DAAs) against HCV has drastically increased the 
SVR rate of antiviral therapy[8,9]. However, the risk of 
HCC development persists after interferon therapy even 
in patients who achieve SVR[10]. Because assessment 
of the risk of developing HCC is clinically important in 
the management of patients with chronic hepatitis C, 
the requirement of predictors for HCC development in 
patients who achieve SVR is now increasing.

Aldo-keto reductase family 1 member B10 (AKR1B10), 
a cancer-related oxidoreductase, was originally iden
tified as a gene whose expression was upregulated in 
human HCC but was low in normal liver tissues[11,12]. 
Recently, AKR1B10 upregulation was observed in se
veral studies in certain chronic liver diseases such as 
chronic hepatitis B and C and steatohepatitis[13-16], which 
are widely recognized to represent a precancerous 
condition of HCC. AKR1B10 was upregulated in a 
stepwise manner from the surrounding liver tissues, 
which showed chronic hepatitis or cirrhosis, to HCC[17], 
and AKR1B10 upregulation was also demonstrated to 
be associated in a statistically significant manner with 
the risk of HCC development in chronic hepatitis B and 
C[13,15]. Furthermore, the results of in vitro and in vivo 
experiments demonstrated the involvement of AKR1B10 
in cancer-cell proliferation[18,19].

The aforementioned findings collectively support 
the view that AKR1B10 upregulation is involved in 
the early stages of hepatocarcinogenesis. We further 
hypothesized that in patients in whom AKR1B10 is 
upregulated in the liver, the carcinogenic process has 
already progressed, and that these patients face a high 
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therapy. Pretreatment AKR1B10 expression in the liver 
was immunohistochemically assessed and quantified 
as a percentage of positive staining area by using 
image-analysis software. A multivariate Cox analysis 
was used to estimate the hazard ratios (HRs) of 
AKR1B10 expression for hepatocellular carcinoma (HCC) 
development after achieving SVR. The cumulative 
incidences of HCC development were evaluated using 
Kaplan-Meier analysis and the log-rank test.

RESULTS
Of the 303 chronic hepatitis C patients, 153 (50.5%) 
showed scarce hepatic AKR1B10 expression, quantified 
as 0%, which was similar to the expression in control 
normal liver tissues. However, the remaining 150 
patients (49.5%) exhibited various degrees of AKR1B10 
expression in the liver, with a maximal AKR1B10 
expression of 73%. During the median follow-up time 
of 3.6 years (range 1.0-10.0 years), 8/303 patients 
developed HCC. Multivariate analysis revealed that only 
high AKR1B10 expression (≥ 8%) was an independent 
risk factor for HCC development (HR = 15.4, 95%CI: 
1.8-132.5, P  = 0.012). The 5-year cumulative 
incidences of HCC development were 13.7% and 0.5% 
in patients with high and low AKR1B10 expression, 
respectively (P  < 0.001). During the follow-up period 
after viral eradication, patients expressing high levels of 
AKR1B10 expressed markedly higher levels of alanine 
aminotransferase and α-fetoprotein than did patients 
exhibiting low AKR1B10 expression.

CONCLUSION
Chronic hepatitis C patients expressing high levels 
of hepatic AKR1B10 had an increased risk of HCC 
development even after SVR.

Key words: Human AKR1B10 protein; Hepatocellular 
carcinoma; Chronic hepatitis C; Immunohistochemistry; 
Risk factor; Sustained virological response

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Expression of a cancer-related oxidoreductase, 
aldo-keto reductase family 1 member B10 (AKR1B10) 
was upregulated in the liver in patients with chronic 
hepatitis C (CHC). High AKR1B10 expression was 
associated in a statistically significant manner with the 
risk of hepatocellular carcinoma (HCC) development 
even after sustained virological response (SVR) was 
achieved through interferon-based antiviral therapy. 
Pretreatment AKR1B10 expression of 8% was associated 
with a > 15-fold-increased risk of HCC development. 
Thus, AKR1B10 is not only a cancer biomarker but also 
a novel predictive marker for assessing the risk of HCC 
development in CHC patients who achieved SVR. 
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risk of HCC even after successful viral eradication. If 
this is the case, then AKR1B10 expression could serve 
as a useful predictive marker for HCC development in 
chronic hepatitis C patients who achieve SVR. Thus, 
in this study, our aim was to clarify the association 
between pretreatment AKR1B10 expression and 
HCC development after SVR in patients with chronic 
hepatitis C.

MATERIALS AND METHODS
Patients
Between March 2004 and August 2014, a total of 
605 patients with chronic HCV infection underwent 
interferon-based antiviral therapy at Juntendo Uni
versity Shizuoka Hospital. Of the 605 patients, 401 
achieved SVR, and these patients were considered 
for enrollment in this retrospective study. Chronic 
HCV infection was diagnosed based on continuous 
positivity for serum HCV RNA detected using reverse-
transcription PCR. Exclusion criteria for this study 
were the following: (1) absence of liver biopsy within 
6 mo before treatment; (2) positivity for hepatitis B 
surface antigen or HIV; (3) evidence of other chronic 
liver diseases (autoimmune hepatitis, primary biliary 
cirrhosis, hemochromatosis, and Wilson’s disease); (4) 
presence of HCC or any suspicious lesions detected 
through ultrasonography, dynamic computed tomo
graphy, or magnetic resonance imaging at enrollment; 
(5) history of previous treatment for HCC and liver 
transplantation; (6) a follow-up period of < 1.0 year 
after the end of treatment (EOT); and (7) development 
of HCC at < 1.0 year after the EOT, because HCC 
developed within 1.0 year might have existed before 
treatment. Based on these criteria, a total of 303 
patients were finally enrolled in this study. Control 
normal liver tissues presenting no aberrant histological 
features were obtained from surgically resected 
specimens from 8 patients with liver metastasis from 
colorectal cancer.

This study was approved by the Ethics Committee 
of Juntendo University Shizuoka Hospital and per
formed in accordance with the Helsinki Declaration (as 
revised in Brazil, 2013). Written informed consent was 
obtained from all patients.

Laboratory investigations and liver histology
HCV was genotyped by performing PCR with the 
HCV Genotype Primer Kit (Institute of Immunology 
Co., Ltd., Tokyo, Japan) and classified into genotype 
1, genotype 2, or other genotypes according to 
Simmonds’ classification system. Serum HCV viral load 
was determined with a Cobas Amplicor HCV monitor 
v2.0 by using the 10-fold-dilution method (Roche 
Diagnostics, Branchburg, NJ, United States). Patients 
who were negative for serum HCV RNA at 24 wk after 
the EOT were defined as having achieved SVR. The 
following laboratory data were collected immediately 

before treatment, at 24 wk after the EOT, and at every 
follow-up visit after SVR: complete blood count and 
levels of albumin, alanine aminotransferase (ALT), 
γ-glutamyl transpeptidase (GGT), α-fetoprotein (AFP), 
and des-γ-carboxy prothrombin. Histological staging 
and grading were evaluated by a pathologist, who was 
blinded to the patients’ clinical information, according 
to the Metavir classification system[20].

Patient follow-up
Each patient was examined for serum tumor markers 
and HCC by performing ultrasonography at least once 
every 6 mo after SVR. The absence of serum HCV 
RNA was annually reconfirmed. HCC was diagnosed 
predominantly through imaging studies, including 
dynamic computed tomography and magnetic reso
nance imaging. When the hepatic nodule did not show 
typical imaging features, diagnosis was confirmed by 
means of fine-needle aspiration biopsy followed by 
histological examination. Patient follow-up ended on 
March 31, 2016.

AKR1B10 immunohistochemistry
Immunohistochemical analysis of AKR1B10 was 
performed as described previously with certain modifi­
cations[14,21]. Briefly, deparaffinized and rehydrated 
sections were processed by performing heat-induced 
antigen retrieval in 0.1 mol/L citrate buffer at pH 
6.0. After blocking endogenous peroxidase activity, 
sections were incubated with a mouse monoclonal 
antibody against AKR1B10 (1:100, Ab 57547; 
Abcam, Cambridge, United Kingdom) at room tem
perature, and then with a biotinylated secondary 
antibody (Ventana iVIEW DAB Universal Kit; Ventana 
Medical Systems Inc., Tucson, AZ, United States). 
Staining was visualized using 3,3’-diaminobenzidine 
tetrahydrochloride, and sections were counterstained 
with hematoxylin and eosin. AKR1B10 immunostaining 
was identified based on positive cytoplasmic staining 
and was quantified as the average percentage of 
AKR1B10-positive areas in 2 independent fields of 
hepatic parenchyma at 100 × magnification by using 
Lumina Vision 2.4 Bio-imaging software (Mitani 
Corporation, Tokyo, Japan). The average percentage 
of AKR1B10-positive areas was rounded to the integer 
by discarding fractions that were < 1%. Previous 
studies have established that the levels of AKR1B10 
immunoreactivity and its mRNA levels are well 
correlated[14,15].

Statistical analyses
All statistical analyses were performed using PASW 
Statistics 18 (IBM SPSS, Chicago, IL, United States). 
The Mann-Whitney U test was used for continuous 
variables and the corrected χ 2 method was used for 
categorical variables. Univariate and multivariate Cox 
proportional hazard models were used to evaluate 
factors that were significantly associated with HCC 
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pegylated interferon plus ribavirin for 24 wk. During a 
median follow-up of 3.6 years (range, 1.0-10.0 years), 
8 patients (2.6%) developed HCC. The estimated 
cumulative incidences of HCC were 1.2% and 3.7% at 
3 and 5 years, respectively (Figure 1). As compared 
with patients who did not develop HCC, the patients 
who developed HCC more frequently presented the 
complication of diabetes mellitus (P = 0.019) and 
exhibited a higher degree of hepatic fibrosis (P < 
0.001), lower albumin levels (P = 0.032), higher ALT 
levels (P = 0.017), lower platelet counts (P = 0.006), 
and higher AFP levels (P = 0.002) (Table 1).

Baseline AKR1B10 expression in the liver
Figure 2 shows representative immunohistochemical 
staining of AKR1B10 in liver tissues. In normal 
liver tissues, distinct positive staining for AKR1B10 
was observed in bile-duct epithelia, but AKR1B10 
immunoreactivity was either undetectable in the 
hepatic parenchyma, or faint immunoreactivity was 
observed in a few hepatocytes (Figure 2A and B). In 
some of the patients with chronic hepatitis C, AKR1B10 
immunoreactivity in the liver was similar to that in 
control normal liver tissues: positive in bile-duct epithelia 
and negative in the hepatic parenchyma (Figure 2C 
and D). However, other patients showed prominent 
nucleocytoplasmic AKR1B10 immunoreactivity in 
scattered or clustered hepatocytes in the hepatic 
parenchyma (Figure 2E and F). Quantification of the 
AKR1B10-positive areas in the hepatic parenchyma 
revealed that none of the normal liver tissues showed 
AKR1B10 expression. Similarly, 153 patients (50.5%) 
presented scarce AKR1B10 expression, and their 
AKR1B10 positive staining area was quantified as 
0%. By contrast, the remaining 150 patients (49.5%) 
presented various degrees of AKR1B10 expression 
in the liver parenchyma, with the maximal AKR1B10 
expression area reaching 73% (Figure 3). The median 

development. The Kaplan-Meier method was used to 
analyze the cumulative incidence of HCC development, 
and differences were tested using the log-rank test. 
The hazard ratio (HR) and 95%CI were calculated. P < 
0.05 was considered statistically significant.

RESULTS
Patients’ characteristics and HCC development after 
SVR
The demographic, biochemical, and pathological 
characteristics of the 303 patients enrolled in this 
study are summarized in Table 1. Of the 303 patients, 
260 received pegylated interferon plus ribavirin 
combination therapy for 24-72 wk, and 43 patients 
received protease inhibitor treatment (22 telaprevir, 
10 simeprevir, and 11 faldaprevir) together with 
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Table 1  Baseline characteristics of patients enrolled in the study

Characteristics All patients (n  = 303) With HCC development (n  = 8) Without HCC development (n  = 295) P  value

Age, yr 57 (20-85) 62 (49-71) 57 (20-85)    0.1982

Males 182 (60.0) 6 (75.0) 176 (59.7)    0.4843

BMI (kg/m2) 23.3 (15.3-39.5)    23.8 (20.2-26.5)    23.4 (15.3-39.5)    0.8602

Habitual drinker   75 (24.8) 2 (25.0)   73 (24.7)    1.0003

Diabetes mellitus1 25 (8.3) 3 (37.5) 22 (7.5)    0.0193

HCV-RNA (logIU/mL)1 6.2 (1.2-7.6) 5.7 (5.0-6.7)  6.2 (1.2-7.6)    0.2462

HCV genotype 1 152 (50.2) 6 (75.0) 146 (49.5)    0.2833

Stage of fibrosis F3-F4   47 (15.5) 6 (75.0)   41 (13.9) < 0.0013

Grade of inflammation A2-A3 208 (68.6)   8 (100.0) 200 (67.8)    0.0603

Albumin (g/dL) 4.2 (3.3-4.8) 3.9 (3.3-4.4) 4.2 (3.3-4.7)    0.0322

ALT (IU/L)  52 (11-699) 146 (31-209)  52 (11-699)    0.0172

Platelet count (× 104/μL) 17.5 (5.6-39.6) 10.3 (7.9-19.3)  17.6 (5.6-31.9)    0.0062

GGT (IU/L) 37 (9-517)   66 (28-161) 36 (9-517)    0.0532

AFP (ng/mL)1 5 (1-1380) 11 (5-870)     5 (1-1380)    0.0022

PI use 43 (14.2) 1 (12.5)   42 (14.2)    1.0002

1Data not available for all patients; 2Mann Whitney-U test; 3χ 2 test. Data are expressed as medians (range) or numbers (%). P values are for comparisons 
between patients with and without HCC development. AFP: α-fetoprotein; ALT: Alanine aminotransferase; BMI: Body mass index; GGT: γ-glutamyl 
transpeptidase; HCV: Hepatitis C virus; PI: Protease inhibitor.
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Figure 1  Cumulative incidence of hepatocellular carcinoma development 
after sustained virological response. HCC: Hepatocellular carcinoma.
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A B
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Figure 2  Representative AKR1B10 immunohistochemical staining of specimens. Normal liver tissue (A, B) and tissue from patients with chronic hepatitis C (C-F). 
Hematoxylin and eosin staining (A, C, E) and AKR1B10 immunostaining (B, D, F). Positive control, bile-duct epithelium; original magnification × 40.
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AKR1B10-positive area in patients who developed HCC 
and did not develop HCC was 15% (range, 0%-60%) 
and 0% (range, 0%-73%), respectively, and this 
difference was statistically significant (P = 0.002).

Baseline AKR1B10 expression and risk of HCC 
development after SVR
The results of univariate Cox logistic regression 
analysis identified 6 baseline variables that were 
significantly associated with HCC development after 
SVR: complication of diabetes mellitus, advanced 
fibrosis stage, low serum albumin levels and platelet 
counts, elevated serum AFP, and increased AKR1B10 
expression. Multivariate Cox logistic regression analysis 
revealed that only high AKR1B10 expression was an 
independent risk factor for HCC development after 
SVR (Table 2). The area under the receiver operator 
characteristics curve analysis further revealed that an 
AKR1B10 expression level of 8% was the cutoff value 
for HCC development. The sensitivity and specificity for 
AKR1B10 expression of ≥ 8% were 0.750 and 0.766, 
respectively. The positive and negative predictive 
values were 0.080 and 0.991, respectively. The 
results of multivariate Cox logistic regression analysis 
indicated that the adjusted HR of high AKR1B10 
expression (≥ 8%) for HCC development was 15.4 
(95%CI: 1.8-132.5, P = 0.012). Kaplan-Meier plot 
analysis revealed that the 3- and 5-year cumulative 
incidence rates of HCC development in patients with 
high AKR1B10 expression were 3.4% and 13.7%, 
respectively, whereas those in patients with low 
AKR1B10 expression (< 8%) were 0.5% and 0.5%, 
respectively (P < 0.001; Figure 4). Only 2 patients 

expressing low levels of AKR1B10 developed HCC: 
one patient showed an AKR1B10 expression level of 
7%, and developed HCC at 1.8 years, whereas the 
other did not show AKR1B10 expression (0%), and 
developed HCC at 9.0 years (Table 3).

Changes in biochemical-test results after SVR and 
baseline AKR1B10 expression
Serum aminotransferase levels are sensitive indicators 
of necroinflammatory activity in the liver, and an 
elevation of serum AFP levels without HCC is also 
related to liver-cell damage. To investigate sustained 
liver-cell damage after HCV eradication, we evaluated 
whether serum ALT and AFP levels were altered after 
SVR, and whether baseline AKR1B10 expression was 
associated with such changes. At 6 mo after the EOT, 
the ALT levels were markedly decreased (median: 52 
IU/L at baseline, 16 IU/L at 6 mo, P = 0.001), and 264 
(87.1%) patients achieved ALT normalization (defined 
as ALT ≤ 30 IU/mL). AFP levels also showed a notable 
decrease (median: 5 ng/mL at baseline, 3 ng/mL at 6 
mo, P < 0.001), and 260 (85.8%) patients achieved 
an AFP level of ≤ 5 ng/mL. As compared with the 
low-AKR1B10 group (n = 228), the high-AKR1B10 
group (n = 75) showed considerably higher levels of 
ALT (median: 15 IU/L vs 22 IU/L, P < 0.001) and AFP 
(median: 3 ng/mL vs 4 ng/mL, P < 0.001) at 24 wk 
after the EOT (Figure 5).

DISCUSSION
In this study, the incidence of HCC development 
was 3.7% at 5 years after SVR. This low incidence 
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Table 2  Univariate and multivariate analyses for factors 
associated with hepatocellular carcinoma development

Variables HR (95%CI) P  value

Univariate analysis
   Age (by each year) 1.04 (0.31-1.11)    0.347
   Male sex 1.61 (0.32-8.04)    0.564
   BMI (by each kg/m2) 1.00 (0.80-1.25)    0.982
   Habitual drinker 1.26 (0.25-6.27)    0.775
   Diabetes mellitus   5.58 (1.19-26.21)    0.030
   HCV-RNA (by each logIU/mL) 0.87 (0.44-1.72)    0.696
   HCV genotype 1   2.90 (0.58-14.35)    0.195
   Stage of fibrosis 3.59 (1.68-7.68)    0.001
   Grade of inflammation   4.32 (1.02-18.40)    0.048
   Albumin (by each g/dL) 0.03 (0.00-0.29)    0.003
   ALT (by each IU/L) 1.00 (1.00-1.01)    0.196
   Platelet count (by each 104/mL) 0.75 (0.63-0.90)    0.002
   GGT (by each IU/L) 1.00 (1.00-1.01)    0.452
   AFP (by each ng/mL) 1.00 (1.00-1.00)    0.033
   PI use   2.93 (0.31-27.70)    0.347
   AKR1B10 (by each %) 1.06 (1.03-1.10) < 0.001
Multivariate analysis
   AKR1B10 (by each %) 1.04 (1.03-1.10)    0.001

AFP: α-fetoprotein; AKR1B10: Aldo-keto reductase family1 member B10; 
ALT: Alanine aminotransferase; BMI: Body mass index; GGT: γ-glutamyl 
transpeptidase; HCV: Hepatitis C virus; PI: Protease inhibitor.
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Figure 4  Cumulative incidence of hepatocellular carcinoma development 
after sustained virological response, shown according to AKR1B10 
expression level.
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is comparable to that presented in recent reports 
(1.2%-5.8%)[22-25], and this is considered to confirm 
the relationship between SVR achievement and a 
reduced risk of subsequent HCC[26]. Approval of various 
DAAs, including protease inhibitors, has enabled most 
patients receiving the therapy to achieve SVR[8,9], 
and the safety of the all-oral combination therapy of 
DAAs could increase the number of patients receiving 
antiviral therapy[27,28]. Consequently, the number 
of SVR patients is now increasing drastically, and 
thus predictors of HCC development after SVR are 
becoming increasingly important. 

To date, several factors have been reported to 
predict the risk of HCC development in patients with 
chronic hepatitis C, such as older age, male gender, 
alcohol intake, and hepatic fibrosis[2]. Before DAA 
became available, Genotype 1 infection was refractory 
to treatment, and may have been correlated with risk 
of HCC. The presence of advanced hepatic fibrosis 
prior to treatment is recognized as a significant risk 
factor for HCC development after achieving SVR, 
however, not all patients with advanced hepatic 
fibrosis develop HCC[29]. In the present study, our main 
finding is that high AKR1B10 expression in the liver is 
an independent predictor for HCC development even 
after achieving SVR. The adjusted HR demonstrated 
that a pretreatment AKR1B10 expression of ≥ 8% 

was associated with a > 15-fold-increased risk of 
HCC development after achieving SVR. Although the 
positive predictive value of AKR1B10 expression of ≥ 
8% was only 0.080, the negative predictive value was 
extremely high: 0.991; this result suggests that the 
risk of HCC development was extremely low in patients 
showing an AKR1B10 expression of < 8%. Based on 
the assessment of baseline AKR1B10 expression, very-
low-risk patients could be selected from the growing 
number of SVR patients, and thus an inefficient 
surveillance examination for HCC could be avoided. 

The previous study also demonstrated that high 
AKR1B10 expression was a significant predictor of HCC 
development in patients with chronic hepatitis C. Inte
restingly, the ROC analysis-determined AKR1B10 cut-
off value in the present study (8%) was higher than 
that in the previous report (6%)[14]. A fundamental 
difference between these studies was that the previous 
study included 42% non-SVR patients in the study 
cohort while the present study included only SVR 
patients. The difference in the AKR1B10 cut-off values 
might indicate the impact of SVR achievement on the 
subsequent changes in AKR1B10 expression. However, 
confirming this would be difficult since liver biopsy 
samples from patients who have completed treatment 
are rarely available 

AKR1B10 emerged as a cancer biomarker because 
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Table 3  Characteristics of the 8 patients with hepatocellular carcinoma development

Age (yr) Sex Interval (yr) F A Albumin (g/dL) ALT (IU/L) Platelet count (× 104/mL) AKR1B10

1 62 F 1.0 2 2 4.0 199 10.3 60%
2 69 F 1.8 3 2 3.3   60   9.9   7%
3 61 M 2.8 2 2 4.4 135 10.3 13%
4 65 M 3.8 4 3 3.4   88   9.0 52%
5 49 M 4.3 3 2 3.8 209   7.9 38%
6 56 M 4.9 3 2 4.2 156 19.3   9%
7 57 M 5.8 3 2 4.2 157 14.7 16%
8 71 M 9.0 3 2 3.7   31 17.9   0%

AKR1B10: Aldo-keto reductase family1 member B10; ALT: Alanine aminotransferase; HCC: Hepatocellular carcinoma.
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Figure 5  Relationships between baseline AKR1B10 expression levels and alanine aminotransferase and α-fetoprotein levels after sustained virological 
response. 1Mann-Whitney U test. EOT: End of treatment.
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it is overexpressed in several cancers; however, the 
biological function of AKR1B10 and its potential involve
ment in carcinogenesis remain incompletely under
stood and are receiving increased attention. Because 
AKR1B10 is an efficient retinal reductase, the molecule 
is considered to inhibit retinoic acid signaling, which 
maintains epithelial cell differentiation[30,31]. Therefore, 
AKR1B10 upregulation has been hypothesized to play 
a pivotal role in promoting premature or neoplastic 
phenotypes in cancer cells[32,33]. In the case of human 
HCC, AKR1B10 upregulation was mainly observed in 
early-stage well-differentiated HCC and was considered 
to represent an early event in the hepatocarcinogenesis 
process[17,34]. Here, AKR1B10 upregulation occurred 
in patients with chronic hepatitis C, a preneoplastic 
condition of HCC, and reflected the risk of HCC 
development even after HCV eradication. Collectively, 
these data and those from previous studies suggest 
the involvement of AKR1B10 upregulation in the very 
early stages of hepatocarcinogenesis. In the patients 
in whom AKR1B10 was upregulated before treatment, 
the carcinogenic process might have already 
progressed, and in these patients, a high risk of HCC 
might remain even after successful viral eradication.

We also found that baseline AKR1B10 expression 
was related with ALT and AFP levels after SVR, 
both of which were identified as predictors of HCC 
development in several previous studies[35,36]. However, 
why ALT and AFP levels show sustained elevation 
even after HCV eradication is unknown. Intriguingly, 
baseline AKR1B10 expression was also associated with 
ALT levels in chronic hepatitis B patients who received 
successful antiviral therapy[13]. However, viral infection 
per se is unlikely to cause the sustained elevation 
of ALT and AFP after antiviral therapy: Recently, 
AKR1B10 expression was shown to be regulated 
by the transcription factor nuclear factor erythroid 
2-related factor 2[37], which plays a pivotal role in the 
adaptive response to oxidative stress. Oxidative stress 
is a feature of steatohepatitis, and hepatic oxidative-
stress markers have been correlated with the severity 
of hepatic necroinflammation[38-40]. Furthermore, 
AKR1B10 was identified as an upregulated gene in 
steatohepatits[16]. Given these findings, we suggest 
that oxidative stress might affect baseline AKR1B10 
expression, sustain ALT and AFP elevation, and further 
HCC development after SVR.

The main limitations of this study were its mono
centric aspect and retrospective nature. The number 
of cases of HCC development was very small because 
the incidence of HCC development after SVR was 
generally low. A future multicenter prospective analysis 
will be required to validate the association between 
AKR1B10 expression and the risk of HCC development 
in patients with chronic hepatitis C who achieve HCV 
eradication.

In conclusion, AKR1B10 upregulation is a major 
risk factor for HCC development in chronic hepatitis 
C patients who achieve SVR. Our findings not only 

identify AKR1B10 as a novel predictive marker of HCC, 
but also provide a new insight regarding AKR1B10 
involvement in the molecular mechanism of hepatocar
cinogenesis and suggest that AKR1B10 could serve as 
a novel therapeutic target for HCC prevention.
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