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Abstract. When assessing outcome in hepatocellular
carcinoma (HCC), it is important to consider prognostic factors
in background non-tumorous liver tissue as well as in the tumor,
since multiple occurrence is associated with background liver
status such as hepatitis. The current study aimed to elucidate
molecular prognostic predictors that have an association with
HCC background non-tumorous tissue. Microarray expression
profiling identified aldo-keto reductase family 1, member B10
(AKRIBI10) as a putative non-tumorous prognostic factor, and
AKRIBIO gene expression was investigated in 158 curatively
resected HCC cases by reverse transcription-quantitative
polymerase chain reaction. AKRIB10 expression (AKRIBIO
value/GAPDH value x 1,000) was significantly higher in tumor
tissue (median, 9.2200; range, 0.0003-611.0200; n=158) than in
the corresponding non-tumorous tissue (median, 0.5461; range,
0.0018-69.0300; n=158) (P<0.001). When the samples were
grouped according to AKRIBI0 expression in tumor tissue
relative to non-tumorous tissue, tumor<non-tumorous expres-
sion (n=26) significantly correlated with poor recurrence-free
survival (P=0.0074) and overall survival (OS) (P<0.0001), and
was an independent prognostic factor for OS (P=0.0011) in a
multivariate analysis. The ratio of AKR1B10 messenger RNA
levels in HCC and corresponding non-tumorous tissues may
predict prognosis after curative hepatectomy, with low expres-
sion in HCC tissue relative to non-tumorous tissue indicative
of poor prognosis.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
malignancy and the third most common cause of cancer-related
mortality worldwide (1). Although hepatectomy is one of
the most effective options for HCC without distant metas-
tases (2-4), 80% of HCC patients experience intrahepatic
recurrence even after curative resection, and 50% die within
5 years (5). The types of intrahepatic recurrence are mainly
divided into two types: Intrahepatic metastasis (IM), which
involves the development of HCC foci from primary tumor
cells and their spread to the remnant liver via the portal vein
before or during hepatectomy; and multicentric occurrence
(MO), which involves the development of new HCC foci due
to chronic active hepatitis or cirrhosis provoked by viruses,
alcohol, toxins or other HCC risk factors (6-9). In other words,
when the clinicopathological factors for HCC recurrence are
divided into two categories such as tumor factors and back-
ground liver factors, IM tends to be related to tumor factors
and MO is rather related to background liver factors, since
IM reflects the characteristics of the primary tumor and MO
exhibits different genetic features from the primary lesions.

The clinical progression and outcomes of IM and MO differ
significantly, as determined by several studies (8-10). There-
fore, distinguishing between these conditions is important
for designing therapeutic strategies and predicting prognosis.
Usually, the pattern of HCC intrahepatic recurrence is deter-
mined histologically, but it is sometimes difficult to distinguish
them (11). The present authors previously examined mutations
in the mitochondrial genome (12) and hypermethylation in
tumor suppressor gene promoters (13) in HCC, and found
distinctions between MO and IM. Our findings suggested
that MO was more common than IM. However, the study of
another group demonstrated that the proportion of two recur-
rence patterns was almost the same (14). In any case, MO
recurrence pattern makes HCC totally different from other
solid carcinomas in view of recurrence.

Considering this unique MO pattern in HCC, simply
focusing on tumor tissue is insufficient; comparison of tumor
tissue and background non-tumorous liver tissue is also
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Table I. Characteristic of patients with hepatocellular carcinoma (n=158).

Characteristic

Value

Age (years), median (range)

Sex (male:female), n (%)

Viral infection (HBV:HCV:non-HBV/HCV), n (%)
Child-Pugh classification (A:B), n (%)
Liver damage classification (A:B:C), n (%)
Albumin (mg/dl), median (range)

Total bilirubin, (mg/dl), median (range)

PT (%), median (range)

AFP (ng/ml), median (range)

Tumor size (cm), median (range)

Tumor number (single:multiple), n (%)
ICG-R15 (%), median (range)

Japanese stage (LILII:IV), n (%)

65 (37-84)
132 (84):26 (16)
41 (26):92 (58):28 (18)
148 (94):9 (6)
126 (83):25 (16):1 (1)
3.9 (2.3-4.9)
0.7 (0.2-7.3)
89.7 (46.9-138.0)
17 (0.8-119,923.0)
3.50 (0.15-15.00)
124 (78):34 (22)
115 (1.6-35.2)
17 (11):82 (52):40 (26):17 (11)

HBYV, hepatitis B virus; HCV, hepatitis C virus; PT, prothrombin time; AFP, alpha-fetoprotein; ICG-R15, retention rate of indocyanine green

15 min after administration.

important. When genetic and epigenetic changes related to
HCC carcinogenesis and recurrence are tried to be elucidated,
many investigators have attempted to evaluate only tumor
tissue. However, we hypothesized that molecular changes in
the latter may directly cause MO or indirectly affect the malig-
nancy of the primary HCC. The present study was designed to
identify a unique molecular marker of HCC, perhaps in back-
ground non-tumorous liver tissue, and to assess the predictive
value of the marker.

Materials and methods

Sample collection. For microarray analysis, non-tumorous
liver tissue, referred to as for corresponding normal (CN), was
obtained from a typical HCC patient during hepatectomy. The
patient was a 58-year-old man; his HCC resulted from chronic
hepatitis, and recurred 3 years after resection at Nagoya
University Hospital (Nagoya, Japan). Pathology confirmed the
absence of cancerous regions from the CN sample. As controls,
non-cancerous liver tissue (not affected by hepatitis), referred
to as super normal (SN), was obtained from 11 patients with
liver metastases who underwent hepatectomy at Nagoya
University Hospital. Their primary diseases were colorectal
cancer (n=5), gastrointestinal stromal tumor (n=2), or gastric
cancer, esophageal cancer, cervical cancer or tongue cancer
(n=1 each). The samples were collected between January 1998
and December 2011

For reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) assays, HCC and CN tissue was collected
from 158 consecutive patients who underwent curative
primary hepatectomy at Nagoya University Hospital between
January 1998 and December 2011. Median patient age was
65 years (range, 37-84 years), and the male:female ratio was
84:16. The median follow-up duration was 48.5 months (range,
0.3-193.8 months). Patient characteristics are summarized in
Table I. All tumor tissue samples were histologically confirmed
as HCC.

All surgically obtained tissue samples were immediately
frozen in liquid nitrogen and stored at -80°C until analysis.
This study was approved by our institutional review board of at
Nagoya University (Nagoya, Japan), and all patients provided
written informed consent.

Microarray procedure. Total RNA was extracted from the
CN and SN samples using a miRNeasy Mini-kit (Qiagen, Inc.,
Valencia, CA, USA). The 11 SN samples were mixed to elimi-
nate individual differences. RNA integrity was assessed using
an Agilent 2100 bioanalyzer (Agilent Technologies, Inc., Santa
Clara, CA, USA); an RNA integrity number =8 was indica-
tive of good quality RNA. RNA was labeled with cyanine-3
dye using a Quick Amp Labeling kit (Agilent Technologies,
Inc.) and hybridized to Agilent whole human genome (4x44 K)
microarrays (Agilent Technologies, Inc.) for 17 h in a rotating
SciGene model 700 oven (SciGene, Sunnyvale, CA, USA). The
arrays were scanned with a DNA microarray scanner (Agilent
Technologies, Inc.), and the data were feature-extracted using
Feature Extraction software 10.5.1.1 (Agilent Technologies,
Inc.) and statistically analyzed using the default settings
for GeneSpring GX 11.0.1 software (Agilent Technologies,
Inc) (15).

RT-gPCR.PCR was performed using SYBR Premix Ex Taq II
(Takara Bio, Inc., Otsu, Japan) under the following conditions:
95°C for 10 sec, and 40 cycles at 95°C for 5 sec and 60°C for
30 sec. The SYBR Green signal was detected in real time
using a StepOne Plus Real-Time PCR system (Thermo Fisher
Scientific, Inc., Waltham, MA, USA). The PCR primers used
to generate a 144-bp fragment of AKRIBI0 were 5'-GTGGGG
GAAGCCATCCAAGA-3' (sense, exon 2) and 5-CAGCTT
CAGGTCCTTGAGGG-3' (antisense, exon 3). The primers
used to generate an 85-bp fragment of Ras-related protein
Rab-25 (RAB25) were 5-AAAGTGACCTCAGCCAGGCC-3'
(sense, exon 3) and 5'-GTCTCCAGGAAGAGCAGTCC-3'
(antisense, exon 4). The primers used to generate a 95-bp
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Table II. Hepatocellular carcinoma-related genes identified in microarrays.
RefSeq Fold change Regulation

Gene accession #* CN vs. SN CN vs. SN CN value SN value Flags® CN Flags SN
AKRIBIO NM_020299 55.37 Up 14609.94 218.97 Detected Detected
RAB25 NM_020387 43.96 Up 527.62 9.96 Detected Not detected
EPB41L4B NM_019114 36.51 Up 27223 6.19 Detected Not detected
LHFPLI NM_178175 3545 Up 290.66 6.80 Detected Not detected
‘RefSeq accession numbers were obtained from the National Center for Biotechnology Information (www.ncbi.nlm.nih.

gov/nuccore/NM_020299.3, https://www.ncbi.nlm.nih.gov/nuccore/NM_020387, https://www.ncbi.nlm.nih.gov/nuccore/NM_019114 and
https://www.ncbi.nlm.nih.gov/nuccore/NM_178175). *Flags indicate detectability of signal intensity. CN, corresponding normal; SN, super
normal; AKRIB10, aldo-keto reductase family 1, member B10; EPB41L4B, erythrocyte membrane protein band 4.1 like 4B; LHFPLI, lipoma

HMGIC fusion partner-like 1; RAB25, Ras-related protein Rab-25.

p=0.1400 . P<0.0001 expression of each gene was calculated as follows: Value of the

1000 - : expressed gene/value of GAPDH x 10°.
100 i Statistical analysis. Continuous variables were expressed as
2:;‘ . median and range and compared using the Mann-Whitney
% 10 : I U-test. Categorical variables were compared using the y* or
> 1 Fisher's exact tests, as appropriate. Recurrence-free survival
o 1 —— ] (RFS) and overall survival (OS) rates were estimated using
S ‘ the Kaplan-Meier method and compared using the log-rank
E 0.1 test. Univariate and multivariate Cox proportional hazards
;(_‘_ 1 models were used to determine the independent risk factors
o< 001 associated with RFS and OS. All statistical analyses were
< 1 performed using JMP Pro software version 11.0.0 (SAS
0.001 International Inc., Cary, NC, USA). P-values are two-tailed,
__ and P<0.05 was considered to indicate a statistically signifi-

SN (n=11) ~ CN(n=158) T (n=158) cant difference.

Figure 1. AKRIB10 messenger RNA levels in hepatocellular carcinoma
and non-tumor tissue were quantified via reverse transcription-quantitative
polymerase chain reaction. AKRIBI0 expression (AKRIBI0 score/GAPDH
score x 1,000) was significantly higher in T tissue (median, 9.2200;
range, 0.0003-611.0200; n=158) than in CN tissue (median, 0.5461; range,
0.0018-69.0300; n=158) (P<0.001). However, there was no significant differ-
ence between expression in CN tissue and SN tissue (median, 0.2616; range,
0.0272-3.1250; n=11 vs. median, 0.5461; range, 0.0018-69.0300; n=158,
respectively) (P=0.1400). CN, corresponding normal; SN, super normal; T,
tumor; AKR1BI0, aldo-keto reductase family 1, member B10.

fragment of erythrocyte membrane protein band 4.1 like 4B
(EPB41L4B) were 5'-AGCCTCTCACTGACCCTGGA-3'
(sense, exon 19) and 5'-GCAGGTGTTCCTGGACTCAG-3'
(antisense, exon 20). The primers used to generate a 145-bp
fragment of lipoma HMGIC fusion partner-like 1 (LHFPLI)
were 5'-GGCTGCTGATAAGCTCAGGC-3' (sense, exon 3)
and 5'-GCTCCACCTCCAGCACAGTA-3' (antisense, exon 4).
GAPDH expression was quantified in each sample for stan-
dardization purposes. The primers used to generate a 226-bp
fragment of GAPDH were 5’-GAAGGTGAAGGTCGG
AGTC-3’ (sense) and 5’-GAAGATGGTGATGGGATTTC-3
(antisense). All RT-qPCR experiments were performed at least
three times, including negative controls without a template.
The absolute quantification method was used to determine
input copy number, which is based on a standard curve, due to
its advantages in studies with large sample numbers (16). The

Results

Expression profiling via microarray analysis. To identify novel
tumor-related genes in the normal liver tissue surrounding
an HCC, the gene expression profiles of a CN sample and
the pooled SN samples were compared. Microarray analysis
revealed that AKRIBI0, RAB25, EPB41L4B and LHFPLI
were upregulated in the CN sample (Table II). We focused on
AKRIBIO0 as a CN-expressed prognostic factor.

RT-gPCR analysis of HCC and CN tissue. As determined
via RT-qPCR, overall AKRIBIO expression (expression
score/GAPDH x 1,000) was significantly higher in HCC tissue
(median, 9.2200; range, 0.0003-611.0200; n=158) than in CN
tissue (median, 0.5461; range, 0.0018-69.0300; n=158) tissues
(P<0.001). However, there was no significant difference in
expression between SN and CN tissue (Fig. 1).

Correlation between AKRIBIO expression and the
clinicopathological characteristics of HCC. AKR1BI0 expres-
sion significantly correlated with liver damage (Child-Pugh
score B or C vs. A) (P=0.035) and capsule infiltration
(P=0.0284) (Table III). For example, 18 of 26 cases with liver
damage scores of B or C had significantly greater amounts
of AKRI1BI10 messenger RNA (mRNA) in CN tissue than in
HCC tissue.
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Table III. Association between the clinicopathological
characteristics of patients with hepatocellular carcinoma and
AKRIBI0 expression.

AKRIBI0 expression

Clinicopathological factor T<CN T=CN P-value

Age (years) 0.8321
>65 13 69
<65 13 63

Gender 0.3191
Male 20 112
Female 6 20

Virus infection 09517
HCV 15 77
Others 11 55

Albumin (mg/dl) 0.1501
<35 8 24
=35 18 107

PT (%) 03187
<70 5 14
>70 21 117

ICG-R15 (%) 0.1183
=15 7 22
<15 10 73

Liver cirrhosis 0.1092
+) 5 50
) 20 80

Child-Pugh 0.1705
B 3 6
A 23 125

Liver damage 0.0305
BorC 8 18
A 17 109

Tumor number 0.6017
Multiple 4 30
Solitary 22 102

Tumor size (cm) 0.1264
>2 24 103
<2 1 22

AFP (ng/ml) 0.0556
>20 16 53
<20 10 76

Differentiation 1.0000
Poor 2 10
Well/moderate 23 119

Growth form 0.5454
Infiltrative 5 18
Expansive 21 111

Formation of capsule 0.1036
) 4 42
(+) 22 90

SONOHARA et al: AKRIB10 EXPRESSION CORRELATES WITH HCC PROGNOSIS

Table III. Continued.

AKRIBI0 expression
Clinicopathological factor T<CN T=CN P-value
Infiltration to capsule 0.0284
+) 19 69
() 6 63
Septal formation 0.2419
() 5 44
(+) 19 86
Serosal invasion 0.2108
+) 8 26
() 16 95
Portal vein or hepatic vein invasion 0.8830
(+) 7 36
) 19 91
Surgical margin 0.7663
+) 3 21
() 21 102
Japanese stage 0.7670
/v 9 49
sl 17 81

Fisher's exact test or %* test was applied as appropriate. T, tumor; CN,
corresponding normal; HCV, hepatitis C virus; PT, prothrombin time;
ICG-R15, retention rate of indocyanine green 15 min after admin-
istration; AFP, alpha fetoprotein; AKRIBI0, aldo-keto reductase
family 1, member B10.

Association between AKRIBIO expression and prognosis in
158 HCC cases. The clinical relevance of AKRIBI0 expres-
sion was assessed in terms of its prognostic ability in HCC.
The 158 HCC cases were divided into two groups based on
AKRIBI0 expression levels in HCC or CN tissue. Analysis
of several pairings did not reveal any significant correlation
between AKRIBIO expression and RFS or OS. The cases
were also grouped as follows: i) AKRIB10 expression in HCC
tissue was higher than or equal to AKRIBI10 expression in CN
tissue (HCC=CN, n=132) and ii) AKRIBI0 expression was
lower in HCC tissue than in CN tissue (HCC<CN, n=26). The
HCC<CN group had significantly worse RFS (P=0.022) and
OS (P<0.0001) than the HCC=CN group (Fig. 2).

A multivariate analysis with those factors that displayed
significant difference in an univariate analysis was next
performed. The risk associated with this approach is that
certain variables that were not significant in univariate analysis
may have the potential to be significant in multivariate analysis.
However, in situations when there is not enough information
about the importance of each factor, this approach seems to
be feasible. In the multivariate analysis, the finding for OS
was confirmed (P=0.0011) (Table IV), whereas the finding
for RFS was not (P=0.1884) (Table V). Multivariate analysis
also revealed significant associations between survival (both
OS and RFS) and serosal invasion (P=0.0407), and between
OS and vascular invasion (P=0.0104) (Tables IV and V). Our
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Table I'V. Univariate and multivariate analysis of overall survival.

Univariate analysis Multivariate analysis

Clinicopathological factor HR 95% CI P-value HR 95% CI P-value
Age (years)

=65 vs. <65 1.55 0.98-2.48 0.0585
Gender

Male vs. female 1.25 0.69-2.52 0.4709
Virus infection

HCV vs. others 1.50 0.94-2.46 0.0848
Albumin (mg/dl)

<35vs.235 1.65 0.95-2.75 0.0731
PT (%)

<70 vs. =70 1.75 0.90-3.12 0.0914
ICG-R15 (%)

=15 vs. <15 1.74 0.92-3.19 0.0836
Liver cirrhosis

(+) vs. (-) 1.29 0.80-2.06 0.2876
Child-Pugh

Bvs.A 1.63 0.63-3.48 0.2824
Liver damage

BorCvs. A 2.07 1.16-3.50 0.0149
Tumor number

Multiple vs. single 1.68 0.99-2.75 0.0534
Tumor size (cm)

=2 vs. <2 2.02 0.95-5.23 0.0681
AFP (ng/ml)

=20 vs. <20 2.06 1.30-3.30 0.0022 1.40 0.79-2.46 0.2368
Differentiation

Poor vs. well/moderate 2.29 1.05-4.38 0.0365 1.35 0.43-3.46 0.5732
Growth form

Infiltrative vs. expansive 1.57 0.86-2.71 0.1334
Formation of capsule

(-) vs. (+) 091 0.54-1.49 0.7282
Infiltration to capsule

(+) vs. (-) 0.97 0.61-1.54 0.9168
Septal formation

(-) vs. (+) 1.05 0.64-1.70 0.8221
Serosal invasion

(+) vs. (-) 2.51 1.48-4.17 0.0009 1.86 1.02-3.28 0.0407
Portal vein or hepatic vein invasion

(+) vs. (-) 225 1.38-3.62 0.0014 2.15 1.20-3.76 0.0104
Surgical margin

(+) vs. (-) 1.84 1.00-3.18 0.0498 1.37 0.63-2.71 0.4034
Japanese stage

HI/IV vs. /T 1.56 0.97-2.47 0.0622
AKRIBI0 expression

T<CN vs. T=CN 3.14 1.81-5.23 <0.0001 3.06 1.58-5.71 0.0011

A multivariate Cox proportional hazard model was used to investigate independent risk factors for overall survival. HR, hazard ratio; CI,
confidence interval; HCV, hepatitis C virus; PT, prothrombin time; ICG-R15, retention rate of indocyanine green 15 min after administration;
AFP, alpha fetoprotein; T, tumor; CN, corresponding normal; AKRIB10, aldo-keto reductase family 1, member B10.
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Table V. Univariate and multivariate analysis of recurrence-free survival.

Univariate analysis Multivariate analysis

Clinicopathological factor HR 95% CI P-value HR 95% CI P-value
Age (years)

>65 vs. <65 1.11 0.77-1.61 0.5539
Gender

Male vs. female 1.57 0.95-2.78 0.0755
Virus infection

HCV vs. others 1.45 1.00-2.15 0.0496 1.14 0.65-2.02 0.6440
Albumin (mg/dl)

<3.5vs. =235 1.74 1.10-2.68 0.0189 1.48 0.76-2.80 0.2373
PT (%)

<70 vs. =70 1.33 0.75-2.20 0.3092
ICG-R15 (%)

>15vs. <15 2.31 1.40-3.71 0.0012 1.72 0.90-3.19 0.0939
Liver cirrhosis

(+) vs. (-) 1.23 0.84-1.80 0.2742
Child-Pugh

Bvs. A 1.66 0.74-3.20 0.1981
Liver damage

BorCvs. A 1.87 1.15-2.92 0.0121
Tumor number

Multiple vs. single 1.65 1.05-2.49 0.0277 1.41 0.66-2.72 0.3432
Tumor size (cm)

>2 vs. <2 1.81 1.03-3.49 0.0352 0.88 0.42-1.97 0.7536
AFP (ng/ml)

>20 vs. <20 1.43 0.98-2.08 0.0614
Differentiation

Poor vs. well/moderate 1.44 0.70-2.64 0.2899
Growth form

Infiltrative vs. expansive 1.18 0.68-1.93 0.5158
Formation of capsule

() vs. (+) 0.67 0.43-1.01 0.0577
Infiltration to capsule

(+) vs. (-) 1.18 0.82-1.72 0.3606
Septal formation

(-) vs. (+) 1.01 0.67-1.50 0.9240
Serosal invasion

(+) vs. (-) 2.75 1.76-4.19 <0.0001 2.23 1.17-4.14 0.0151
Portal vein or hepatic vein invasion

(+) vs. (-) 1.94 1.28-2.88 0.0019 1.56 0.84-2.79 0.1481
Surgical margin

(+) vs. (-) 1.16 0.68-1.86 0.5608
Japanese stage

I/IV vs. /I 1.37 0.93-1.99 0.1012
AKRIBI0 expression

T<CN vs. T=CN 1.90 1.14-3.01 0.0138 1.59 0.78-3.04 0.1884

A multivariate Cox proportional hazard model was used to investigate independent risk factors of recurrence-free survival. HR, hazard ratio;
CI, confidence interval; HCV, hepatitis C virus; PT, prothrombin; ICG-R15, retention rate of indocyanine green 15 min after administration;
AFP, alpha fetoprotein; AKRIB10, aldo-keto reductase family 1, member B10; T, tumor; CN, corresponding normal.
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Figure 2. RFS and OS rates in patients with HCC based on AKRIBI0 expression in T and CN tissue. HCC cases (n=158) were stratified on the basis of
AKRIBI10 expression in T tissue relative to CN tissue, either T=CN (n=132) or T<CN (n=26). T<CN cases have significantly worse (A) RFS and (B) OS rates
than T=CN cases (log-rank test: RFS, P=0.0074; OS, P<0.0001). CN, corresponding normal; T, tumor; RFS, recurrence-free survival; OS, overall survival;
AKRIBI10, aldo-keto reductase family 1, member B10; HCC, hepatocellular carcinoma.

findings suggest that the ratio of AKR1B10 mRNA levels in
HCC and CN tissues predicts prognosis after curative hepa-
tectomy, with low expression in HCC tissue relative to normal
liver tissue being indicative of poor prognosis.

Discussion

A major obstacle in HCC treatment is the high frequency
of tumor recurrence even after curative resection and liver
transplantation (17), and even in cases of small, well-differen-
tiated tumors (18). We previously reported that MO was more
common than IM in HCC (12,13). Accordingly, the detection
of metachronous multicentric recurrent carcinoma at an early
stage and the instigation of appropriate therapy may prolong
survival (14). Furthermore, evaluation of CN liver tissue may
provide useful information regarding MO risk along with the
evaluation of the cancer tissue.

In the present study, microarray analysis revealed that four
genes, including AKRIBI0, were more highly expressed in
CN tissue than in SN tissue. We decided to further investigate
AKRIBIO as a potential non-tumor prognostic predictor of
HCC outcome.

NAD(P)H-dependent oxidoreductases catalyze the
reduction of a variety of carbonyl compounds, and AKR1BI10,
a member of this superfamily, efficiently reduces aliphatic and
aromatic aldehydes (19). AKRIBIO0 is expressed in the kidney,
nasal epithelium, liver and cervical epithelium, according to
GeneCards (http://www.genecards.org/), and in several cancer
cell lines, including liver, kidney, lung, colon, brain, prostate,
cervix and breast (20). In non-small cell lung cancers, espe-
cially squamous cell carcinomas, AKR1B10 expression highly
correlates with smoking (21). As shown by Zhang ef al (22),
AKRIBIO promotes pancreatic carcinogenesis via modula-
tion of the K-RAS/E-cadherin pathway. Several studies
demonstrated AKR1B10 expression in HCC via immunohis-
tochemistry (23-26). To the best of our knowledge, however,
there are no reports comparing AKRI1B10 expression in HCC
and CN tissue or determining its association with HCC prog-
nosis.

In this study, and as determined by RT-qPCR, AKRIBI10
expression was significantly higher in HCC than in CN
samples, but not significantly different in SN and CN samples.

Although the result of microarray analysis demonstrated
higher AKRIBIO0 expression in CN than in SN, it was only
one typical HCC case that was used to compare. Therefore,
AKRIBI0 expression is not an HCC marker specific to CN
tissue. There was no significant correlation between AKRIBI0
expression and HCC prognosis when these parameters were
compared in 158 HCC surgical samples. However, when
samples were grouped according to AKRIBI0 expression in
HCC tissue relative to CN tissue (expression in HCC=CN or
expression in HCC<CN)), it was observed that HCC<CN was
associated with significantly worse RFS and OS rates, and that
AKRIBI0 was an independent risk factor for OS in a multi-
variate analysis using a Cox hazard model.

Via immunohistochemistry, a previous study reported that
AKRIBIO levels were higher in HCC than in surrounding
tissue, and suggested that this enzyme may be useful for distin-
guishing HCC from benign hepatic tumors (25). Other studies
found that HCCs with low AKR1BI10 levels were highly prolif-
erative, poorly differentiated and had a poor prognosis (23,24).
In agreement with these studies, the present study identified
that AKR1B10 mRNA levels were elevated in HCCs, and
that prognosis (RFS and OS) was worse in cases in which
the amounts of AKRIB10 mRNA were lower in HCC tissue
than in CN tissue. AKRIBI0 expression also correlated with
capsule infiltration and liver damage. Capsule infiltration may
cause genetic changes in non-tumorous liver tissue adjacent to
HCCs and may be related to cell invasiveness. Liver damage
may increase AKRIBI0 expression in CN tissue. Sato et al (27)
demonstrated that chronic hepatitis C-mediated AKR1B10
upregulation correlated with serum alpha-fetoprotein levels
and HCC recurrence. Higher AKRIBI0 expression in CN
tissue may be associated with the oncogenic status of the back-
ground liver tissue, while lower AKRIBI0 expression in HCC
tissue may indicate HCC malignancy. Interestingly, factors
considered to be prognostic such as vascular invasion (28-30)
were unrelated to AKRIBI0 expression. Therefore, changes in
AKRIBIO0 expression may be worth considering as prognostic
predictors, even if other prognostic factors are not observed.

HCC-resected patients with a low tumor-to-CN ratio of
AKRI1B10 mRNA could be offered a more intense follow-up
program consisting of frequent examinations with ultraso-
nography or computed tomography, and adjuvant therapy
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should be considered if possible in the future. Further study
is required to elucidate how genes such as AKRIBIO in
tumor-adjacent normal liver tissue respond to HCC develop-
ment and recurrence. Such knowledge would facilitate the
design of novel approaches for prediction, prevention and
treatment of HCC.

Inconclusion,our findings suggest that the ratioof AKR/B10

expression in HCC tissue and background non-tumorous liver
tissue may be a prognostic indicator in patients receiving
curative hepatectomies. Its combination with other prognostic
factors may more accurately predict HCC prognosis.
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