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Abstract

Background: Under hypoxia, tumour cells undergo genetic and adaptive
changes that allow their survival. Previously, we reported that high expres-
sion of hypoxia-inducible factor (HIF)-1 was a significant predictive factor
for recurrence in hepatocellular carcinoma (HCC). Hypoxia also stimulates
expression of procollagen-lysine, 2-oxoglutarate 5-dioxygenase (PLOD)
genes via the HIF-1 pathway. Aims: The aim was to evaluate the relation-
ship between hypoxia stress and expression of PLOD genes in HCC in vitro
and to identify a new prognostic marker in HCC patients. Methods: The
PLOD?2 expression was assessed under hypoxia in hepatoma cell lines and
characterized in 139 HCC samples following hepatic resection using micro-
array experiments, quantitative RT-PCR and immunohistochemistry. Prog-
nostic factors in HCC patients were assessed using univariate and
multivariate analyses. Results: The PLOD2 expression was induced under
the hypoxia in vitro. Disease-free survival in the high PLOD2 expression
group of HCC patients was significantly shorter when compared with the
low-expression group (P = 0.002). In a subset of HCCs, we found that the
PLOD?2 expression of microarray was correlated with data of quantitative
RT-PCR and immunohistochemistry. Of clinicopathological factors, PLOD2
expression was significantly correlated with tumour size (P = 0.022) and
macroscopic intrahepatic metastasis (P = 0.049). In univariate analysis, six
prognostic factors (tumour multiplicity, macroscopic intrahepatic metasta-
sis, histological grade, microscopic portal invasion, microscopic intrahepatic
metastasis and PLOD2 expression) were significant for disease-free survival.
PLOD2 expression was identified as a significant, independent factor of
poor prognosis (P = 0.013). Conclusions: PLOD2 is a potential novel prog-
nostic factor for HCC patients following surgery.

Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide and the fourth-
ranked cause of cancer-related death in Japan (1). The
prognosis for patients with HCC remains unfavourable,
with the 5-year survival rate after curative resection
reported to be 35-43% (2, 3). Surgery has been estab-
lished as one of the most effective therapeutic modali-
ties for patients with good liver function; however,
frequent recurrence of HCC after curative resection
remains a major clinical problem (4). To predict recur-
rence, metastasis and prognosis of HCC patients after
curative resection are significant clinical issues. Recur-
rence and prognosis closely depend on tumour extent
and liver function, and prognostic scoring systems,
such as the Cancer of the Liver Italian Program (CLIP)
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scoring system and the Japan Integrated Staging (JIS)
scoring system, have been widely used to evaluate the
prognosis of HCC patients (5, 6). However, these sys-
tems are not always sufficient for predicting recurrence
and prognosis of the individual patient, and identifica-
tion of novel molecular markers is needed.

Hypoxia regulates the expression of a diverse group
of genes that promote tumour growth, and are
involved in tissue invasion, angiogenesis, cell prolifera-
tion, cell survival and pH balance (7, 8). In tumour
cells under hypoxia, the hypoxia-inducible factor
(HIF)-1 pathway is activated, leading to upregulation
of many hypoxia-response proteins associated with an
aggressive tumour phenotype (9, 10). Procollagen-
lysine, 2-oxoglutarate 5-dioxygenase (PLOD) genes are
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involved in fibrotic processes and tissue remodelling
and are also known as lysyl hydroxylases (11). Lysyl
hydroxylase catalyses the hydroxylation of lysyl resi-
dues as a post-translational event in collagen biosyn-
thesis. Three isoforms of the enzyme have been
characterized so far: PLODI1, PLOD2 and PLOD3 (12).
Furthermore, recent work has shown that hypoxia
stimulates expression of PLOD via the HIF-1 pathway
(13, 14). Among these PLOD genes, PLOD2 contrib-
utes to cancer prognosis and angiogenesis. Several
authors have reported that PLOD2 expression might
provide prognostic information about malignant
tumours such as glioblastoma (15), and PLOD2
expression is a useful biomarker for the effects of anti-
angiogenic treatment for malignancy (16).

We previously reported a relationship between HIF-1
expression and angiogenic and clinicopathological fac-
tors or prognosis, in which the high nuclear expression
of HIF-1 was a significant predictive factor for recur-
rence after curative resection in HCC patients (17).
Furthermore, we identified several potential prognostic
factors and therapeutic targets by culturing of colorec-
tal cancer cells under hypoxic conditions in vitro (18).
In these experiments, PLOD2 expression was induced
in the hypoxic region of liver metastases. We thus
hypothesized that PLOD2 expression is regulated by
hypoxia stress in hepatoma cell lines as well as in colo-
rectal cancer cells and could be a novel prognostic fac-
tor in HCC patients after surgery.

Materials and methods
Cell lines

The human hepatoma cell lines PLC/PRF/5, HuH7
and HepG2 were purchased from the Japanese Cancer
Research Resources Bank (Tokyo, Japan). They were
maintained in Dulbecco’s Modified Eagle Medium sup-
plemented with 10% fetal bovine serum, 100 units/ml
penicillinand 100 pg/ml streptomycin at 37°C in a
humidified incubator with 5% CO, in air. For hypoxia
treatment, cells were maintained in a humidified incu-
bator with 0.1% O,, 5% CO, and 94% N,.

Drugs and reagents

We used the following antibodies for the western blot:
monoclonal mouse antihuman PLOD2 antibody (R&D
Systems, Minneapolis, MN, USA) and polyclonal rab-
bit antihuman B-actin (Sigma, St Louis, MO, USA).
We also used the rabbit polyclonal antihuman PLOD2
antibody (Proteintech Group, Inc., Chicago, IL, USA)
for immunohistochemistry.

Patients and specimens

A total of 139 HCC patients who underwent a hepa-
tectomy at Osaka University Hospital and at its related
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hospitals were enrolled in this study. All aspects of our
study protocol were approved by the ethics committee
of the Graduate School of Medicine, Osaka University.
Informed consent was obtained from all patients to
use their surgical specimens and clinicopathological
data for research purposes. Histological classification
was based on the Edmondson grading system, and
clinical stage was based on the staging system of the
Liver Cancer Study Group of Japan (19). For reference
for the microarray experiments, a mixture of RNA
from normal liver specimens of seven patients with
liver metastasis from intestinal carcinomas was
obtained. All cases for reference had no infections of
hepatitis B or hepatitis C virus, and all had liver func-
tion values within normal limits. All tissues were snap-
frozen in liquid nitrogen and stored at —80°C. Other
samples were fixed in 10% buffered formalin, embed-
ded in paraffin and stained with haematoxylin—eosin
for study of the pathological features of HCC in accor-
dance with the classification proposed by the Liver
Cancer Study Group of Japan.

Reverse transcription polymerase chain reaction analysis

Complementary DNA (cDNA) was generated from 1 pg
RNA with avian myeloblastosis virus reverse transcrip-
tase (Promega, Madison, WI, USA), as described previ-
ously (20). Quantitative reverse transcription
polymerase chain reaction (QRT-PCR) assays were per-
formed using the Light Cycler and detection system
(Roche Diagnostics, Mannheim, Germany), as described
previously (21). Gene expression was measured in
duplicate. PCR conditions for PLOD1, PLOD2 and
PLOD3 were as follows: one cycle of denaturing at 95°
C for 10 min, followed by 40 cycles of 95°C for 15 s, 60°
C for 15 s and 72°C for 35 s and final extension at 72°C
for 10 min. The housekeeping gene glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was amplified
quantitatively at the same time to verify the integrity of
the RNA. The primer sequences were as follows: PLOD1
forward primer, 5-GCAGCAGGATGTGTTCATGT-3;
PLOD1 reverse primer, 5'- GGGCTTTGGTGTAGTT-
CTGG-3'5 PLOD2 forward primer, 5-GCGTTCTCTT-
CGTCCTCATC-3’; PLOD2 reverse primer, 5-GTGTG
AGTCTCCCAGGATGC-3; PLOD3 forward primer,
5'-GGTACGAGGACCAGTGGCT-3’; PLOD3 reverse
primer, 5-GAAGGTGGATGAGTCGTGGT-3'; GAPDH
forward primer, 5-CAACTACATGGTTTACATGTTC-
3'; and GAPDH reverse primer, 5-GCCAGTGGACTC-
CACGAC-3'.

Western blot analysis

The cells were washed twice with ice-cold phosphate-
buffered saline (PBS) and collected with a rubber
scraper. After centrifugation, the cell pellets were
resuspended in RIPA buffer [25 mM Tris (pH 7.5),
50 mM NaCl, 0.5% sodium deoxycholate, 2% NP-40,
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0.2% SDS, 1 mM phenylmethylsulfonyl fluoride and
500 KIE/ml proteinase inhibitor (Bayer, LeverKusen,
Germany)] with phosphate inhibitor (Sigma). The
extracts were clarified at 15 000g for 10 min at 4°C,
and the supernatant fraction was collected. Western
blot analysis was performed as described previously
(22).

Microarray experiments

The microarray results were evaluated according to
previously described methods (23). Briefly, total RNA
was extracted using TRIzol reagent (Invitrogen, Carls-
bad, CA, USA), according to the instructions supplied
by the manufacturer. The integrity of RNA was
assessed by Agilent 2100 Bioanalyzer and RNA 6000
LabChip kits (Yokokawa Analytical Systems, Tokyo,
Japan). Only high-quality RNA was used for analysis.
Seven RNA extractions from different normal liver tis-
sue were mixed as the control reference. Next, 2 ug of
total RNA was used to synthesize double-stranded
c¢DNA that contained a promoter for T7 RNA
polymerase. Amplified antisense RNA was synthesized
by in vitro transcription of the cDNA templates using
the Amino Allyl MessageAmp aRNA kit (Ambion, Aus-
tin, TX, USA). The reference and test samples were
labelled with Cy3 and Cy5, mixed and hybridized on a
microarray covering 30 336 human probes (AceGene
Human 30K; DNA Chip Research Inc. and Hitachi
Software Engineering Co., Yokohama, Japan). The
microarrays were scanned using ScanArray Lite, and
signal values were calculated using pNasis array software
(Hitachi Software Engineering Co.). The local back-
ground was subtracted from each spot, and the ratio of
the intensity of fluorescence from the Cy5 channel to
the intensity of fluorescence from the Cy3 channel was
calculated for each spot. The ratio of expression level
of each gene was converted to a logarithmic scale
(base 2), and the data matrix was normalized.

Immunohistochemical staining

Immunohistochemical staining of the PLOD2 protein
was performed as previously described (23). Briefly,
formalin-fixed, paraffin-embedded sections were depa-
raffinized and then treated with an antigen retrieval
procedure and incubated in methanol containing 0.3%
hydrogen peroxide to block endogenous peroxidase.
The sections were incubated with normal protein
block serum solution. Then, the sections were incu-
bated with anti-PLOD2 antibody at a dilution of
1:100. After washing in PBS, the sections were incu-
bated with a biotin-conjugated secondary antibody
and with peroxidase-conjugated streptavidin. The per-
oxidase reaction was then developed with 0.02% 3, 30-
diaminobenzidine tetrachloride solution with 0.03%
hydrogen peroxide. Finally, the sections were counter-
stained with Meyer’s haematoxylin. The sections of
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pancreas cancer were stained with the same way for
positive control. For negative controls, sections were
incubated with PBS instead of the primary antibody.

Statistical analysis

Clinicopathological characteristics were compared
using chi-square tests, and continuous variables were
compared using Student’s t-tests. Survival curves were
computed using the Kaplan—-Meier method, and differ-
ences between disease-survival curves were compared
using the log-rank test. Univariate analysis was con-
ducted incorporating 16 prognostic factors including
age, gender, hepatitis B virus infection, hepatitis C
virus infection, cirrhosis, alpha-foetoprotein, protein-
induced by vitamin K absence or antagonist II (known
as PIVKA-II), tumour size, tumour multiplicity, mac-
roscopic portal invasion, macroscopic intrahepatic
metastasis, stage, histological grade, microscopic portal
invasion, microscopic intrahepatic metastasis and
PLOD2 expression. To evaluate the risk associated
with the prognostic variables, a Cox model with the
determination of the hazard ratio was applied employ-
ing six factors found to be significant in univariate
analysis; a 95% confidence interval was adopted. All
statistical analyses were calculated with spss software
(version 11.0.1 J; SPSS Inc., Chicago, IL, USA), and a
P-value <0.05 was considered statistically significant.

Results
Expression of PLOD genes under the hypoxic condition

Among the PLOD genes, PLOD1 and PLOD3 expres-
sion did not change under hypoxic conditions based on
gRT-PCR analysis in hepatoma cell lines (Fig. la and
). Only PLOD2 expression gradually increased under
hypoxia in HuH7 and HepG2 cell lines after 6 h of
exposure, but not in PLC/PRF/5 cells (Fig. 1b). In wes-
tern blotting analysis, PLOD2 expression was induced
in HuH7 and HepG2 cell lines under hypoxic condi-
tions of 24 and 72 h, whereas PLC/PRF/5 cell lines did
not exhibit an increase in PLOD2 expression (Fig. 1d).

Disease-free survival curve analysis according to PLOD
gene expression

We examined the correlation between the expression
level of PLOD genes and disease-free survival curves of
139 HCC patients with hepatic resection. The 139
patients were divided into two groups [high-expression
group (n=70) or low-expression group (n = 69)]
based on median expression levels from the microarray
data for each gene in Fig. 2a—c. Figure 2b shows that
the disease-free survival rate in the high-expression
group for the PLOD2 gene was significantly shorter
than that of the low-expression group (log-rank test:
P =0.002). The 24- and 60-month disease-free
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Fig. 1. In vitro assay for expression of PLOD genes (PLOD1, PLOD2 and PLOD3) under hypoxic conditions in hepatoma cell lines. (a~c)
Comparison of PLOD mRNA expression in HuH7, HepG2 and PLC/PRF/5 cells. (a) PLOD1 expression. (b) PLOD2 expression. (c) PLOD3
expression. (d) Expression of PLOD2 protein in hepatoma cell lines as measured by western blotting at different time points of 0, 24 and
72 h. Expression of PLOD2 protein was increased under hypoxic conditions in HuH7 and HepG2 cells.
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Fig. 2. Disease-free survival curves calculated using the Kaplan—Meier method for 139 hepatocellular carcinoma cases according to PLOD
gene expression. (a—c) The 139 patient samples were divided into two groups (high expression; n = 70 or low expression; n = 69) based
on the median expression values of each gene (PLOD1, PLOD2 and PLOD3). Differences in disease-free survival curves were estimated
using the log-rank test. (a) PLOD1 expression. (b) PLOD2 expression. (c) PLOD3 expression.

survival rates in the PLOD2 high-expression group
were 52 and 33%, respectively, and those in the
PLOD2 low-expression group were 84 and 47%
respectively. There were no significant differences in
disease-free survival curves between the high-expres-
sion and low-expression groups for either PLODI1 or
PLOD?3 genes in Fig. 2a and c.

PLOD?2 expression by qRT-PCR and correlation with
microarray data

We next examined the correlation between the expres-
sion data from microarray and gqRT-PCR analysis of
PLOD2 to validate the microarray data. gRT-PCR
analysis was performed on 23 HCC tissue samples,
randomly selected from among the 139 HCC tissues.
Individual mRNA levels were normalized to GAPDH
and expressed relative to those in a mixture of seven
normal livers. In 23 samples, qRT-PCR data for
PLOD2 were significantly correlated with the results
obtained from the microarray data (Fig. 3). The Pear-
son correlation coefficients (P-value) for PLOD2 were
0.794 (P < 0.001).

PLOD2 expression by immunohistochemistry and
correlation with microarray data

We examined the protein expression of HCC tissue
samples using immunohistochemistry and investigated
the correlation between the PLOD2 positivity on tissue
samples and the microarray expression to validate the
PLOD2 expression of post-transcriptional level.
Immunohistochemistry staining was performed on 26
HCC tissue samples. Of 26 cases, 15 cases (57.7%)
showed the positive PLOD2 expression on cytoplasm
(Fig. 4a). In 26 samples, the PLOD2 positive cases sig-
nificantly showed the higher PLOD2 expression in
microarray than the PLOD2 negative cases (Fig. 4b)
and the PLOD2 expression in protein level was well
correlated with the mRNA expression in microarray
(P < 0.05).
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Fig. 3. Correlation of PLOD2 expression between the microarray
data and quantitative reverse transcription polymerase chain reac-
tion (gRT-PCR). qRT-PCR data were significantly correlated with
the microarray data in 23 hepatocellular carcinoma samples surgi-
cally resected. The Pearson correlation coefficients (P-value) for
PLOD2 were 0.794 (P < 0.001).

Correlations between PLOD2 expression and
clinicopathological findings

Table 1 summarizes the correlation between the clini-
copathological characteristics of the HCC patients and
PLOD2 expression. PLOD2 expression was signifi-
cantly correlated with tumour size (P = 0.022) and
macroscopic intrahepatic metastasis (P = 0.049). There
was no significant association between PLOD2 expres-
sion and other characteristics.

Univariate and multivariate analysis of disease-free
survival according to PLOD2 expression

Table 2 shows the clinical and pathological features
and results of univariate analysis used to identify
the significant prognostic factors for disease-free
survival for all 139 patients. In univariate analysis, six
significant prognostic factors (tumour multiplicity,
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Fig. 4. PLOD2 expression by immunohistochemistry. (a} The rep-
resentative cases of PLOD2-negative hepatocellular carcinoma
(HCC) and PLOD2-positive HCC (bar: 100 um). (b) The PLOD2
positive cases significantly showed the higher PLOD2 expression
in microarray than the PLOD2 negative cases (P < 0.05).

macroscopic intrahepatic metastasis, histological grade,
microscopic portal invasion, microscopic intrahepatic
metastasis and PLOD2 expression) were the significant
prognostic factors for disease-free survival. Further-
more, PLOD?2 expression was identified as a significant
and independent factor of poor prognosis by a Cox
proportional hazards model using these six factors
(P =0.013).

Discussion

Hepatocellular carcinoma is generally known as a
hypervascular tumour, but it is hypovascular in its
early stage, and the rapid proliferation of tumour cells
continuously induces local hypoxia in the advanced
stages. Angiogenesis, the formation of new blood ves-
sels, is an essential process in carcinogenesis in HCC,
and several angiogenic factors play important roles.
We previously reported that the expression of vascular
endothelial growth factor (VEGF) and angiopoietin-2
correlated with microvessel density, and we demon-
strated strong expression of VEGF in hypervascular
HCC. We also showed that a high nuclear expression
of HIF-1 was a significant predictive factor for recur-
rence after curative resection in HCC patients (17).
HIF-1 is a key transcription factor induced by hypoxia.
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Table 1. Clinicopathological characteristics and PLOD2 expres-
sion

Low High
expression  expression
Characteristics (n = 69) (n=70) P-value
Age (year) 0.178
<65 33 30
>65 36 40
Gender 0.556
Male 53 60
Female 16 10
HBV infection 0.928
Present 32 33
Absent 37 37
HCV infection 0.946
Present 42 43
Absent 27 27
Cirrhosis 0.806
Present 31 30
Absent 38 40
AFP (ng/ml) 0.869
<400 55 55
>400 14 15
PIVKA-II (mAU/mI) 0.764
<40 22 24
>40 47 46
Tumour size (cm) 0.022
<2 17 7
>2 52 63
Tumour multiplicity 0.276
Single 53 48
Multiple 16 22
Macroscopic portal 0.595
invasion
Present 4 11
Absent 65 59
Macroscopic intrahepatic 0.049
metastasis
Present 11 21
Absent 58 49
Stage 0.087
(=] 56 48
-V 13 22
Histological grade 0.924
(Edmondson)
-l 39 39
-V 30 31
Microscopic portal invasion 0.129
Present 21 30
Absent 48 40
Microscopic intrahepatic 0.087
metastasis
Present 13 22
Absent 56 48

HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, alpha-foetoprotein;
PIVKA-II, protein-induced by vitamin K absence or antagonist II.

In the absence of oxygen, it binds to hypoxia-response
elements, activating the expression of numerous
hypoxia-response genes, such as VEGF, glucose trans-
porter-1 and erythropoietin (9).
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Table 2. Univariate and multivariate analysis in disease-free survival
Characteristics n 50% DFS (m) P-value Hazard ratio 95% Cl P-value
Age (year) 0.298
<65 63 391
>65 76 38.1
Gender 0.364
Male 113 35.6
Female 26 62.7
HBV infection 0.633
Present 65 35.6
Absent 74 40.2
HCV infection 0.286
Present 85 47.2
Absent 54 29.1
Cirrhosis 0.256
Present 61 39.8
Absent 78 38.1
AFP (ng/ml) 0.102
<400 110 40.2
> 400 29 354
PIVKA-II (mAU/mI) 0.425
<40 46 39.8
>40 93 35.6
Tumour size (cm) 0.609
<2 24 55.5
>2 115 36.9
Tumour multiplicity 0.007 0.992 0.391-2.518 0.987
Single 101 47.2
Multiple 38 27.7
Macroscopic portal invasion 0.204
Present 15 20.9
Absent 124 39.8
Macroscopic intrahepatic metastasis 0.001 1.778 0.536-5.898 0.347
Present 32 20.9
Absent 107 48.1
Stage 0.252
=1 104 39.8
-V 35 36.9
Histological grade (Edmondson) 0.049 1.292 0.849-1.964 0.232
-l 78 55.5
-1V 61 35.4
Microscopic portal invasion 0.004 1.338 0.855-2.093 0.203
Present 51 27.0
Absent 88 54.6
Microscopic intrahepatic metastasis 0.001 1.199 0.541-2.659 0.654
Present 35 21.4
Absent 104 511
PLOD2 expression 0.002 1.688 1.115-2.557 0.013
Low expression 69 54.6
High expression 70 27.0

AFP, alpha-foetoprotein; Cl, confidential interval; DFS, disease-free survival; HBV, hepatitis B virus; HCV, hepatitis C virus; PIVKA-Il, protein-

induced by vitamin K absence or antagonist Il.

The PLOD genes are responsible for the catalytic
conversion of lysine into hydroxylysine. The specificity
of PLOD1 is probably directed towards lysine residues
in the helical domain of the collagen molecule (24).
PLOD?2 is involved in the hydroxylation of telopeptide
lysine residues (25). PLOD3 differs from the other two
lysyl hydroxylases in that it also displays glucosyl and

116

galactosyl transferase activity and contributes to the
glycosylation of hydroxylysine residues in the collagen
molecule (26). Hofbauer et al. (13) reported that oxy-
gen tension regulates the expression of PLOD1 and
PLOD?2 in vitro. The change in expression of PLOD
genes under stimulation by hypoxia differed, however,
based on the cell type and species. In our study, only
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PLOD2 expression in human hepatoma cell lines was
stimulated by hypoxia. In other malignant tumours,
further studies will be needed.

We also investigated the transcriptional level of
PLOD2 mRNA in HCC tumour tissues from 139
patients. Our clinicopathological analysis demonstrated
that high expression of PLOD2 was related to the
tumour size and macroscopic intrahepatic metastasis.
In addition, the disease-free survival curves showed
that high PLOD2 expression was associated with a sig-
nificant poor disease-free survival rate. The mechanism
of regulation of PLOD2 by oxygen tension during
hypoxia suggests coordination by HIF-1 (13).

Few reports have addressed the relationship between
PLOD2 and malignant tumours. Chang et al. (27)
proposed PLOD2 as one of the fibroblast core serum
response genes associated with cancer progression.
Dong et al. (15) analysed the prognosis for patients
with glioblastoma and demonstrated that PLOD2
median expression values could significantly dichoto-
mize patient survival. Arao et al (16) analysed gene
expression in a metastatic gastric cancer model treated
by ZD6474, an agent inhibiting both VEGFR-2 and
epidermal growth factor receptor tyrosine kinase; they
found that PLOD2 expression was upregulated 2.4-fold
by angiogenesis inhibitor treatment. These reports
indicate that PLOD?2 is located downstream from HIF-
1, and that PLOD2 expression is associated with
angiogenesis in malignant tumours. Although the
mechanism by which PLOD2 influences the clinico-
pathological features and prognosis in HCC patients is
unclear, our results highlight the importance of
PLOD2 in HCC and its significance for further biolog-
ical investigation in hypoxia and HCC.

PLOD?2 functions as a telepeptide lysyl hydroxylase,
~ and the hydroxylation of lysine residues in collagen is
thought to lead to the formation and stabilization of
hydroxylysine-derived cross-links in fibrosis and accu-
mulation of excessive collagen (11, 28). In this study,
we identified no significant correlation between
PLOD2 expression and the presence of cirrhosis. In
previous reports, lysyl hydroxylase and many other
collagen processing enzymes such as lysyl oxidase,
prolyl hydroxylase, collagen galactosyltransferase and
collagen glucosyltransferase contributed to hepatic
fibrosis in mice and rat fibrosis models (29, 30). How-
ever, the patients enrolled in this study were ones who
underwent surgical resection, and their liver functions
were relatively preserved. As a result of the limitations,
we could not find the relation between PLOD2 expres-
sion and the cirrhosis. Further experiments are needed
for analysis of cirrhosis and collagen processing
enzymes.

In summary, we demonstrated increased PLOD2
expression under hypoxia in hepatoma cell lines. Fur-
thermore, we showed that the disease-free survival rate
of the high PLOD2 expression group was significantly
lower than that of the low-expression group. PLOD2
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expression may be a novel prognostic factor in HCC
patients.
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Background & Aims: Several groups have reported the signifi-
cance of circulating microRNA as a biochemical marker of cancer.
To our knowledge, however, there are no reports on the signifi-
cance of circulating microRNA in hepatocellular carcinoma. The
aim of this study was to evaluate the significance of plasma micro-
RNA-21 level as a biochemical marker for hepatocellular
carcinoma.

Methods: Plasma microRNA-21 level was measured by qRT-PCR
in 10 patients before and after curative resection of hepatocellu-
lar carcinoma. Plasma microRNA-21 was also compared in other
groups of: 126 patients with hepatocellular carcinoma, 30
patients with chronic hepatitis, and 50 healthy volunteers. The
power of microRNA-21 in differentiating hepatocellular carci-
noma from chronic hepatitis or from healthy volunteers was
compared to that of o~fetoprotein.

Results: In the 10-patient group, plasma microRNA-21 levels sig-
nificantly diminished after surgery compared with the pre-oper-
ative values (p=0.0125). Plasma microRNA-21 level in the 126
patients with hepatocellular carcinoma was significantly higher
than in patients with chronic hepatitis and healthy volunteers
(p <0.0001, p <0.0001, respectively). ROC analysis of plasma micro-
RNA-21 yielded an AUC of 0.773 with 61.1% sensitivity and 83.3%
specificity when differentiating hepatocellular carcinoma from
chronic hepatitis, and an AUC of 0.953 with 87.3% sensitivity and
92.0% specificity when differentiating hepatocellular carcinoma
from healthy volunteers. Both sets of values were superior to
a-fetoprotein and improved for the combination of microRNA-21
and o-fetoprotein.

Keywords: Hepatocellular carcinoma; microRNA; microRNA-21; Plasma;
Biomarker.
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Conclusions: Plasma microRNA-21 level is a promising biochem-
ical marker for hepatocellular carcinoma.

© 2011 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

MicroRNA (miRNA) is a small noncoding RNA gene product
known to post-transcriptionally modulate gene expression by
negatively regulating the stability or translational efficiency of
its target mRNAs [1,2]. MiRNAs control a wide array of biological
processes, such as cell differentiation, proliferation, and apopto-
sis. Aberrant expressions of miRNAs have been widely reported
in human cancers with both up- and down-regulation detected
in neoplastic cells compared with their normal counterparts
[3.4]. Several recent studies reported that miRNAs are stably
detectable in plasma and serum [4-6]. Mitchell et al. [5] reported
that tumor-associated circulating miRNAs are stably detectable
in the plasma of human prostate cancer xenograft mouse models
and prostate cancer patients, suggesting that their detection
could differentiate cancer-bearing individuals from healthy con-
trols. The finding also raised the possibility that assaying miRNAs
in plasma or serum may serve as a novel approach for blood-
based detection of human cancers. Actually, since the above
study, several investigators have reported the significance of
some types of plasma miRNAs as biochemical markers for human
cancers [7-13].

Hepatocellular carcinoma (HCC) is a common cancer world-
wide, especially in Japan and other East Asian countries, and
the third most frequent cause of cancer-related deaths in the
world [14]. One of the reasons for the high mortality in HCC is
that the tumors are frequently detected at a stage when curative
resection is no longer feasible because of intrahepatic and extra-
hepatic metastases. Today, the diagnosis of HCC relies on the
finding of a liver mass in radiology imaging studies including
ultrasonography, computed tomography (CT), and/or magnetic
resonance imaging (MRI). However, the diagnosis of small lesions
is relatively inaccurate [15]. One of the common approaches used
for screening HCC in a high risk-population is serum tumor mark-
ers such as a-fetoprotein (AFP) and protein induced by vitamin K
absence or antagonists-II (PIVKA-II). However, the sensitivity and
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Table 1. Clinicopathological characteristics of patients with hepatocellular carcinoma (HCC), patients with chronic hepatitis (CH), and healthy volunteers (HVs).

HCC patients CH patients HVs p value
(n=10)* (n = 126) (n = 30) (n=50) (HCCvs.CH) (HCC vs. HVs)
Clinical factors
Gender (male/female) 9N 99/27 20/10 37/13 0.1683 0.5140
Age (years)* 669 63 + 10 62+8 62+8 0.4062 0.6935
Viral status 1/3/6/0 14/25/84/3 0/4126/0 0.1129
(B-C-/B+C-/B-C+/B+C+)"
AST (lUL)* 39+19 38 +20 56 + 28 0.0002
ALT (IU/L)* 39+20 41425 57 + 36 0.0048
Platelet count (x104/ul)* 148 £5.1 16.1£6.0 15.1+5.8 04334
Prothrombin time (%)* 82+ 13 76 +12 74 £ 11 0.4400
Albumin (g/diy* 3.9+0.2 3.9+0.3 39+£04 0.9697
Total bilirubin (mg/dl)* 07+0.3 0.7+0.3 0.7+03 0.8564
Child-Pugh 8/2 112/14 25/5 0.3693
classification (A/B)
Liver cirrhosis (-/+) 6/4 67/59 30/0 <0.0001
Tumor-related factors
AFP (ng/ml)* 431 + 424 8715+46,095 13x16 5% 1 0.3039 0.1840
PIVKA-tl (mAU/ml)* 736 £ 785 8061 + 26,319
Tumor number 6/4 75/51
(single/multiple)
Maximum tumor size (cm)* 35+18 49+33
Vascular invasion (-/+) 8/2 95/31
TNM staging (I/II/HIA) 6/2/2 67/16/43
CLIP scoring (0/1/2/3-) 2/4/3/1 52/37/23/14
JIS scorings (0/1/2/3-) 1/4/4/1 11/62/27/26
BCLC staging (A/B/C) 5/3/2 58/37/31
Edmondson-Steiner grade 5/5/0 42/76/8

(1, /11, IV/unknown)

*Data are mean * SD.

TNegative HBs-Ag, positive HBs-Ag, negative anti-HCV Ab, and positive anti-HCV Ab were defined as B—, B+, C—, and C+, respectively.

*patients with blood samples before and after surgical resection.

AST, aspartate aminotransferase; ALT, alanine aminotransferase; NL, normal liver; LC, liver cirrhosis; AFP, a-fetoprotein; PIVKA-II, protein induced by vitamin K absence;

HBs-Ag, hepatitis B surface antigen; anti-HCV Ab, anti-hepatic C virus antibody.

specificity of high serum AFP and PIVKA-II levels for HCC were
reported to range from 39-64% and 76-91%, and 41-77% and
72-98%, respectively, suggesting that elevated serum AFP and
PIVKA-II levels have insufficient sensitivity and specificity [16-
18]. Accordingly, to identify novel biochemical markers for early
detection of HCC is desirable.

To our knowledge, there are no reports on the significance of
circulating miRNAs in HCC. In this study, we focused on miRNA-
21, which is one of the first miRNAs detected abundantly in
certain human cancers [4,19-21]. miRNA-21 targets tumor sup-
pressor genes, such as PDCD4, PTEN, and matrix metalloproteinase
inhibitors, such as TIMP3 and RECK. Furthermore, miRNA-21
increased cell proliferation and suppressed apoptosis in a cancer
xenograft model, further defining miRNA-21 as an oncogenic miR-
NA [22-25]. Overexpression of miRNA-21 is reported in many
types of cancers [26-29]. Also in HCC, it is previously reported
that the expression was significantly increased in cancer tissues
and cell lines, and that miRNA-21 contributed to the malignant
potential such as cell proliferation, migration, and invasion by
reducing the aforementioned targets [30,31]. In other studies,
miRNA-21 was reported to be secreted by cells and detected in
plasma [5,32]. It was also confirmed that plasma miRNA-21 was

a useful biomarker for some types of cancer [5,7,9,13]. Thus, we
postulated that plasma miRNA-21 expression could be a novel
biochemical marker for HCC. In the present study, we evaluated
the usefulness of plasma miRNA-21 as a biochemical marker for
HCC by comparing the expression in patients with HCC and con-
trol patients. In addition, we also examined the prognostic signif-
icance of plasma miRNA-21 and investigated the correlation
between miRNA-21 expression in tumoral tissue and its plasma
levels.

Materials and methods
Patients and samples

From 10 patients with HCC who had consecutively undergone curative hepatic
resection at the Department of Surgery, Osaka University Hospital between Janu-
ary 2010 and February 2010, pre-operative and post-operative plasma samples
were collected for the measurement of miRNA-21. In the present study, curative
resection was defined as complete removal of all macroscopically evident tumors.
Post-operative plasma samples were obtained 10-30 days after surgery under the
confirmation of no obvious recurrence by ultrasonography, CT, and/or MRI. The
clinicopathological features of the 10 patients are shown in Table 1. Plasma
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samples, tumoral tissues, and non-tumoral tissues were also obtained from 126
consecutive patients with HCC who had undergone curative hepatic resection
and were followed after surgery for 43.4 +25.5 months (mean+SD) at the
Department of Surgery, Osaka University Hospital between January 2001 and
December 2005. The clinicopathological backgrounds of the 126 patients are also
shown in Table 1. Plasma samples were collected before hepatic resection, and
the tumoral tissue and non-tumoral tissue were collected from the resected
specimens just after the resection. HCC was confirmed histologically in the entire
group of 136 patients. For enrollment in the study, the following inclusion criteria
were adopted: a good performance status (ECOG level <2), adequate bone
marrow function (platelet count >8.0 x 10%/ul), normal renal function (serum
creatinine level <1.5 mg/dl), and adequate liver function (total bilirubin
of <1.5 mg/dl, serum transaminases <150 IU/L) [33]. Patients with concomitant
neoplasms and serious inflammatory diseases were excluded from the study.
For comparison, plasma samples were also collected from age- and gender-
matched control patients including 30 patients with chronic hepatitis (CH) and
50 healthy volunteers (HVs). In the 30 patients with CH, laboratory tests and
ultrasonographic findings, CT and/or MRI were performed for the diagnosis of
CH. In several cases with the possibility of liver cirrhosis among them, liver
biopsy was additionally performed for histological assessment, and the diagnosis
of CH was based on the histological assessment. Furthermore, patients with CH
were confirmed to be free of HCC. In HVs, tumor markers including carcinoem-
bryonic antigen, carbohydrate antigen 19-9, carbohydrate antigen, squamous cell
carcinoma-related antigen, prostate specific antigen (in males), and carbohydrate
antigen 15-3 (in females) were confirmed to be within normal ranges. They were
also confirmed to be free of malignant disease for more than 2 years. The clinico-
pathological backgrounds of these control patients are also shown in Table 1.

The aim of the study was explained in details to all patients, and each pro-
vided written informed consent before enrollment in the study. The study proto-
col was approved by the Human Ethics Review Committee of Osaka University
Hospital.

RNA extraction

Total RNA was isolated from tissue samples by TRIzol agent (Invitrogen, Carlsbad,
CA), and the quality of the RNA was assessed with a NanoDrop ND-1000 spectro-
photometer (NanoDrop Technologies, Wilmington, DE). Total RNA was isolated
from plasma samples using mirVana PARIS kit (Ambion Inc., Austin, TX) according
to the instructions provided by the manufacturer.

Real-time quantitative reverse transcription-polymerase chain reaction for miRNA
expression

Reverse transcription (RT) reaction and real-time quantitative RT-polymerase
chain reaction (qRT-PCR) were performed using Tagman human miRNA assay
kit (Applied Biosystems, Foster City, CA) according to the instruction supplied
by the manufacturer. The expression of the target miRNA in the tumoral tissue
and the non-tumoral tissue was normalized relative to the expression of
RNU48, which was used as an internal control. On the other hand, there is no
established endogenous plasma miRNA control for normalization of plasma miR-
NA levels [34]. Therefore, in the present study, the expression of the target miR-
NAs in the plasma was normalized relative to the expression of miRNA-16, which
was confirmed to exist abundantly and stably in the plasma, as an internal control
in previous reports [5,8,10,12]. Data were analyzed according to the comparative
Ct method (272¢T) [35].

Statistical analysis

The HCC staging was performed according to the UICC/AJCC TNM staging system
(sixth edition), CLIP scoring system, JIS scoring system, and BCLC staging system
[36-39]. Data were expressed as mean * SD. Differences between groups were
assessed by the y-test, Fisher's exact test, or the Mann-Whitney U test. Statisti-
cal analysis of paired samples was performed using Wilcoxon’s signed-rank test.
Time-to-recurrence was calculated according to the Kaplan-Meier method and
compared using the log-rank test. The Pearson’s correlation coefficient was used
to calculate correlations. The diagnostic value for differentiating between HCC
patients and the control was assessed by calculating the area under the recei-
ver-operator characteristic (ROC) curve (AUC). Validation of the ROC results
was performed by the leave-one-out cross-validation method as described by
Simon et al. [40]. In the validation, first, by using the subset of all but one sample,
we built a ROC model, and defined the cut-off in such a way that the sum of sen-
sitivity and specificity was maximum. Then, using the cut-off value, the model is
used to predict the left-out recorded samples. When this process was repeated for
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Fig. 1. Plasma miRNA-21 levels (ACt). (A) Plasma miRNA-21 levels (ACt) before
and after curative resection in patients with HCC (n=10). *p <0.05. (B) Plasma
miRNA-21 levels (4Ct) in patients with HCC (n=126), CH (n=30), and HVs
(n=50) measured by qRT-PCR "p <0.05. In this box-and-whisker plot, the lines
within the boxes represent median values; the upper and lower lines of the boxes
represent the 25th and 75th percentiles, respectively; and the upper and lower
bars outside the boxes represent the 90th and 10th percentiles, respectively.

each sample, the prediction was obtained for every record in the data set using a
model that was blind to the predicted observation. The calculated AUC was com-
pared by using the jackknife method [41,42]. All statistical analyses were per-
formed using StatView (version 5.0; SAS Institute Inc, Cary, NC). A p
value <0.05 denoted the presence of a statistically significant difference.

Results
Plasma miRNA-21 levels before and after surgery

In the 10 patients with curative resection, miRNA-21 expression
level in plasma samples was measured before (baseline) and after
surgery by qRT-PCR (Fig. 1A). Plasma miRNA-21 expression level
was significantly lower after surgery than at baseline
(p=0.0125). Because the results suggested that plasma miRNA-
21 was derived from tumoral tissue, we measured its plasma
miRNA-21 level and its significance as a biomarker and a prognos-
tic factor for HCC in another group of 126 patients whose long-
term prognostic data and samples including tumoral tissue,
non-tumoral tissue, and plasma were available.
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Plasma miRNA-21 expression is a potential biochemical marker for
HCC

Plasma miRNA-21 expression level was examined by qRT-PCR in
the 126 patients with HCC and control subjects (30 patients with
CH and 50 HVs). The plasma miRNA-21 expression in patients
with HCC was significantly higher than in patients with CH and
HVs (p <0.0001, p <0.0001, respectively) (Fig. 1B). Next, we exam-
ined the correlation between plasma miRNA-21 levels and TNM
staging, and the results showed no significant differences in
plasma miRNA-21 levels among patients with stage |, II, and 1IIA
(Supplementary Fig. 1A). In addition, the plasma miRNA-21 levels
were not also significantly different in subgroups divided on the
basis of CLIP scoring system, JIS scoring system, and BCLC staging
system (Supplementary Fig. 1A).

On the other hand, the incidence of liver cirrhosis was differ-
ent between patients with HCC and those with CH (p <0.0001). To
examine whether plasma miRNA-21 expression is influenced by
cirrhosis, we compared plasma miRNA-21 levels between cir-
rhotic (n = 59) patients with HCC and the remaining non-cirrhotic
patients with HCC (n = 67). The results showed that plasma miR-
NA-21 expression was similar in the two groups, suggesting that
cirrhosis does not influence plasma miRNA-21 expression level
(Supplementary Fig. 1B). Next, we compared the extent of liver
fibrosis such as the liver function test evaluated by Child-Pugh
classification and platelet count between the non-cirrhotic
patients with HCC and the chronic hepatitis patients. By this
comparison, we found no significant differences in the extent of
liver fibrosis among the two groups [Platelet: non-cirrhotic
patients with HCC; 16.4%5.7 (x10%ul), chronic hepatitis
patients; 15.1 + 5.8 (x10%/ul), p = 0.3001)] (Child-Pugh classifica-
tion: non-cirrhotic patients with HCC; A in 61 patients and B in 6
patients, chronic hepatitis patients; A in 25 patients and B in 5
patients, p = 0.4447). Furthermore, to examine whether the viral
status influences plasma miRNA-21 expression level, we com-
pared the plasma miRNA-21 level in the HCC and CH groups based
on the viral status. The result showed that the viral status had no
influence on miRNA-21 level in both groups (Supplementary
Fig. 1B).

Differentiating power of AFP, miRNA-21, and combination of AFP and
miRNA-21

We evaluated the differentiating power of plasma miRNA-21
expression in patients with HCC and the control by comparison
with that of AFP. Prior to the comparison, it was found that
plasma miRNA-21 levels correlated weakly with those of AFP
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Fig. 2. The diagnostic power of AFP, miRNA-21, and the combination of AFP
and miRNA-21 for HCC (n = 126) against CH (n = 30) and HVs (n = 50). (A) Power
of AFP, plasma miRNA-21, and the combination of AFP and plasma miRNA-21 in
differentiating HCC patients from CH patients. Optimal cutoff values, where the
sum of sensitivity and specificity was maximum, were 19.0 ng/ml for AFP and
0.754 for plasma miRNA-21. (B) Power of AFP, plasma miRNA-21, and the
combination of AFP and plasma miRNA-21 in differentiating HCC patients from
HVs. The optimal cutoff values were 6.0 ng/ml for AFP and -0.108 for plasma
miRNA-21. The power of plasma miRNA-21 was superior to that of AFP and the
combination of the two enhanced the power of AFP in differentiating HCC from
the control.

(p <0.0001, r=0.403). The ROC curve analysis indicated that
AFP was useful in differentiating HCC from CH with AUC of

Table 2. Differentiating power of AFP, miRNA-21, and the combination of AFP and miRNA-21.

AUC 95% Cl Sensitivity (%) Specificity (%) Accuracy (%)
HCC patients vs. CH patients
AFP 0.743 0.662-0.824  59.5 83.3 64.7
miRNA-21 0.773 0.690-0.856  61.1 83.3 65.4
AFP + miRNA-21 0.823 0.744-0.902 - . 81.0 76.7 80.1
HCC patients vs. HVs
AFP 0.882 0.834-0.931 - 77.8 96.0 830
miRNA-21 0.953 0.924-0.983 873 92.0 88.6
AFP + miRNA-21 0.971 0.949-0.992 929 90.0 920
Abbreviations as in Table 1. miRNA-21; microRNA-21.
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0.743 (Fig. 2A, left panel). At a cutoff value of 19.0 ng/ml for AFP
expression level, the optimal sensitivity and specificity were
58.7% and 86.7%, respectively. Similar analysis indicated the
AUC for plasma miRNA-21 was 0.773 (Fig. 2A, middle panel),
which was significantly superior to AFP (p <0.0001). At the cutoff
value of 0.754 for plasma miRNA-21 expression level (ACt), the
optimal sensitivity and specificity were 61.1% and 86.7%, respec-
tively. Next, the differentiation power of the combination of
plasma miRNA-21 with AFP was analyzed by fixing the cut-off
value of AFP. The combination of plasma miRNA-21 with AFP
improved the differentiation power between HCC and CH, with
an increase in AUC of 0.823 and 81.0% sensitivity and 80.0% spec-
ificity (Fig. 2A, right panel). Next, we validated these results by
using the leave-one-out cross-validation method. The results
indicated that the sensitivity, specificity, and accuracy of AFP
were 59.5%, 83.3%, and 64.7%, respectively, while those of plasma
miRNA-21 were 61.1%, 83.3%, and 65.4%, respectively. Further-
more, the sensitivity, specificity, and accuracy for the combination
of plasma miRNA-21 with AFP, as obtained by the cross-validation,
were 81.0%, 76.7%, and 80.1%, respectively (Table 2).

The significance of plasma miRNA-21 expression in differenti-
ating HCC patients from HVs was also examined. The ROC curve
analysis showed that AUC for AFP was 0.882 (Fig. 2B, left panel).
At the cutoff value of 6.0 ng/ml for plasma AFP, the optimal sen-
sitivity and specificity were 77.8% and 96.0%, respectively. Similar
analysis for miRNA-21 showed AUC of 0.953 (Fig. 2B, central
panel), which was also significantly superior to AFP (p <0.0001).
At the cutoff value of —0.108 for plasma miRNA-21 expression
level (ACt), the optimal sensitivity and specificity were 87.3%
and 96.0%, respectively. The combination of plasma miRNA-21
with AFP also enhanced the differentiating power between HCC
patients and HVs with an increase in AUC to 0.971 with 92.9%
sensitivity and 94.0% specificity (Fig. 2B, right panel). Validation
of these results indicated that the sensitivity, specificity, and
accuracy of AFP were 77.8%, 96.0%, and 83.0%, respectively, while
those of plasma miRNA-21 were 87.3%, 92.0%, and 88.6%, respec-
tively. The validation also indicated that the sensitivity, specific-
ity, and accuracy for the combination of plasma miRNA-21 with
AFP were 92.9%, 90.0%, and 92.0%, respectively (Table 2).

Furthermore, to confirm the usefulness of plasma miRNA-21 in
screening for HCC, we compared the sensitivity of plasma miRNA-
21 with that of AFP only in 20 patients with small HCC (<2.0 cm).
In differentiating HCC patients from CH patients, the sensitivity of
plasma miRNA-21 and that of AFP were 55.0% and 55.0%, respec-
tively, and that of the combination of plasma miRNA-21 and AFP
was 75.0%, which was superior to plasma miRNA-21 or AFP alone.
ROC curve and AUC are shown in Supplementary Fig. 2A. Also, a
similar tendency in differentiating HCC patients from HVs was
obtained (sensitivity of plasma miRNA-21, AFP, combination;
80.0%, 75.0%, 90.0%, respectively). ROC curve and AUC are shown
in Supplementary Fig. 2B.

Plasma miRNA-21 level correlates with prognosis of patients with
HCC

Next, patients were divided into two groups; the tumoral miRNA-
21 high expression group (n = 34), representing patients with an
miRNA-21 level more than the optimal cutoff level in differentia-
tion between tumoral tissue and non-tumoral tissue, and the
tumoral miRNA-21 low expression group representing the
remaining 92 patients. Univariate analyses showed significant

JOURNAL OF HEPATOLOGY

relationships between tumoral miRNA-21 expression and each
of the following factors: AFP, PIVKA-II, number of tumors, maxi-
mum tumor size, vascular invasion, Edmondson-Steiner grade,
and integrative prognostic staging/scoring systems. Patients with
high tumoral miRNA-21 expression had a significant shorter time-
to-recurrence compared to those with low tumoral miRNA-21
expression (Supplementary Fig. 3). The multivariate analysis
identified tumoral miRNA-21 expression as an independent sig-
nificant factor for recurrence (p=0.0206, Supplementary

Table 1).
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Fig. 3. Correlation between plasma miRNA-21 expression level and post-
operative tumor recurrence. (A) Cumulative survival rate without recurrence
after curative surgery for HCC according to plasma miRNA-21 expression levels.
Patients the low plasma miRNA-21 expression (n = 49) (solid line) (open circles;
censored) tended to have a longer time-to-recurrence compared to those with
high plasma miRNA-21 expression (n=77) (dotted line) (closed squares;
censored) (p=0.0722). (B) Plasma miRNA-21 levels (ACt) in patients with
recurrence within 2 post-operative years (n =65), those with recurrence in the
next 2 post-operative years (during post-operative 2-4 years) (n = 13), and those
without any recurrence during 4 post-operative years (n=24). *p <0.05. In this
box-and-whisker plot, the lines within the boxes represent median values; the
upper and lower lines of the boxes represent the 25th and 75th percentiles,
respectively; and the upper and lower bars outside the boxes represent the 90th
and 10th percentiles, respectively.
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Next, the prognostic value of high plasma miRNA-21 levels
was also examined by dividing the patients into two groups;
the high plasma miRNA-21 group (n = 49), representing patients
with plasma miRNA-21 levels above the aforementioned optimal
cutoff level in differentiating HCC from CH, and the low plasma
miRNA-21 group, representing the remaining 77 patients. The
clinicopathological backgrounds of the two groups are listed in
Table 3. The proportion of patients with undifferentiated tumors
was significantly higher in the high plasma miRNA-21 group than
the low plasma miRNA-21 group (p = 0.0338). On the other hand,
no significant differences were observed in other tumor-related
factors between the two groups. Patients with low plasma miR-
NA-21 expression tended to have a longer time-to-recurrence
compared to those with high plasma miRNA-21 expression, albeit
statistically insignificant (p = 0.0722, Fig. 3A). Furthermore, we
also compared plasma miRNA-21 levels among the three groups;
patients with recurrence within 2 post-operative years (n = 65),
those with recurrence in the next 2 post-operative years (during
post-operative 2-4 years) (n=13), and those without any
recurrence during 4 post-operative years (n=24). The plasma

miRNA-21 level was significantly lower in patients without any
recurrence than in those with recurrence within 2 post-operative
years and those with recurrence in the next 2 post-operative
years (p = 0.0125, p = 0.0483, respectively).

Plasma miRNA-21 level correlates significantly with that in tumoral
tissue

In the group of 126 patients, miRNA-21 expression level was sig-
nificantly higher in tumoral tissue than in non-tumoral tissue
with a median fold increase in tumoral tissue of 2.5 (ACt)
(p <0.0001, Fig. 4A). This over-expression of miRNA-21 in tumoral
tissue was in agreement with previous results [30,31]. Further
analysis showed that plasma miRNA-21 levels correlated signifi-
cantly with miRNA-21 expression levels in tumoral tissue
(p <0.0001), though the correlation coefficient was not high
(r=0.407, Fig. 4B). A similar analysis using data of only 75
patients with solitary HCC without vascular invasion showed a
more significant correlation between the two parameters with
a higher correlation coefficient (p <0.0001, r = 0.589, Fig. 4C).

Table 3. Clinicopathological characteristics of patients categorized according to the plasma miRNA-21 expression status.

plasma miRNA-21 level p value

Low group High group

[£0.754 (ACY)] [>0.754 (ACt)]

(n=49) (n=77)

Clinical factors
Gender (maleffemale) 39/10 60/17 0.8238
Age (years)* 62+ 11 63+9 0.6184
Viral status 5/13/30/1 9/12/54/2 0.5197
(B-C-/B+C-/B-C+/B+C+)f
AST (IU/L)* 37 +22 40+19 0.5756
ALT (IU/L)* 39+27 42+ 24 0.5399
Platelet count (x 10%/ul)* 16.4 +6.8 156.8+5.5 0.6002
Prothrombin time (%)* 74 +9 76+ 14 0.2325
Albumin (g/dl)* 3.9+03 39+04 0.6920
Total bilirubin (mg/dl)* 0.7+0.2 0.7+0.3 0.2450
Child-Pugh classification (A/B) 4217 707 0.3657
Tumor-related factors

AFP (ng/ml)* 606 £ 1839 13,875 + 58,508 0.1156
PIVKA-II (mAU/mly 5511 £ 18,433 9684 + 30,292 0.3878
Tumor number (single/multiple) 20/29 31/46 0.9505
Maximum tumor size (cm)* 46x3.0 52+40 0.2012
Vascular invasion (-/+) 39/10 56/21 0.3831
TNM staging (I/1I/1HA) 29/5/15 38/11/28 0.5413
CLIP scoring (0/1/2/3-) 21/15/9/4 31/22/14/10 1 0.8687
JIS scorings (0/1/2/3-) 6/25/7/11 5/37/20/15 0.3582
BCLC staging (A/B/C) 21/18/10 37/19/21 0.3276
Edmondson-Steiner grade 21/23/5 21/53/3 0.0338

(1, 1, 1V/unknown)

*Data are mean + SD.

Negative HBs-Ag, positive HBs-Ag, negative anti-HCV Ab, and positive anti-HCV Ab were defined as B—, B+, C—-, and C+, respectively. Abbreviations as in Tables 1 and 2.
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Fig. 4. Expression levels of miRNA-21 (4Ct) in tissues determined by qRT-PCR.
(A) Tumoral (T) and non-tumoral (N) tissues of patients with HCC (n=126).
*p <0.05. In this box-and-whisker plot, the lines within the boxes represent
median values; the upper and lower lines of the boxes represent the 25th and
75th percentiles, respectively; and the upper and lower bars outside the boxes
represent the 90th and 10th percentiles, respectively. (B and C) Correlation
between miRNA-21 expression level (ACt) in the tumoral tissue and plasma
miRNA-21 levels (ACt). Note the weak correlation in the 126 patients (p <0.0001,
r=0.407) (B), and the enhanced correlation in the 75 patients with solitary HCC
without vascular invasion (p <0.0001, r = 0.589) (C).

JOURNAL OF HEPATOLOGY

Discussion

The present study demonstrated that plasma miRNA-21 levels
were significantly reduced in the post-operative plasma samples
compared to the pre-operative samples, and that the levels in
patients with HCC were significantly higher than in patients with
CH and HVs. ROC analyses for the diagnostic power of plasma
miRNA-21 yielded an AUC of 0.773 with 61.1% sensitivity and
83.3% specificity in differentiating patients with HCC from those
with CH, and AUC of 0.953 with 87.3% sensitivity and 92.0% spec-
ificity in differentiating patients with HCC from HVs. These
results suggest that plasma miRNA-21 is a valuable biochemical
marker of HCC. Furthermore, the superiority of the differentiating
power of a single measurement of plasma miRNA-21 compared
with AFP was statistically confirmed, and the differentiating
power of the combination of plasma miRNA-21 and AFP was sig-
nificantly stronger than AFP alone, suggesting that measurement
of both plasma miRNA-21 and AFP has a better differentiating
power than plasma miRNA-21 and AFP alone. Furthermore,
plasma miRNA-21 level was significantly elevated even in HCC
patients with early tumor stage. While the exact reason for this
observation is not clear, it may reflect a larger increase in plasma
miRNA-21 at cancer initiation than during cancer progression.
Whatever the reason, considering that high plasma miRNA-21
levels were identified even in patients with early tumor stage
and that the differentiating power of plasma miRNA-21 was sig-
nificantly superior to that of AFP, we suggest that plasma miR-
NA-21 is a useful diagnostic marker for HCC. To our knowledge,
this is the first report to evaluate the diagnostic value of a specific
plasma miRNA as a biochemical marker for HCC. At the same
time, we must keep in mind that, as even patients with advanced
HCC were included in the present study, the enrollment of the
patients was not designed for the examination of diagnostic
markers, suggesting the possibility that the aforementioned sen-
sitivity and specificity might be over-estimated. In addition, we
did not examine plasma miRNA-21 level in cirrhotic patients
who also have possibility for developing HCC, in the present
study. We should investigate whether the miRNA-21 measure-
ment is useful in differentiating HCC patients from cirrhotic
patients in the future.

Unfortunately, the plasma miRNA-21 level had a low specific-
ity as a biomarker of HCC. The expression level of miRNA-21 was
reported in several studies in various normal tissues, though the
expression level was lower than in tumoral tissues [31,43]. In the
present study, miRNA-21 expression was also detected in non-
tumoral liver tissues. In addition to its expression in non-tumoral
tissues, high plasma miRNA-21 levels were reported in other
types of cancers such as lymphoma, glioblastoma, ovarian cancer,
and pancreatic cancer, which is conceivable, considering that
miRNA-2] is one of the miRNAs over-expressed in many types
of cancers [7,9,13]. Thus, while the measurement of plasma
miRNA-21 level can be useful for HCC detection, high plasma
miRNA-21 levels should not mean presence of HCC. To overcome
this limitation, the combination of plasma miRNA-21 and other
tumor markers with certain specificity to HCC, such as AFP, might
be useful.

In the present study, the correlation between plasma and
tumoral tissue miRNA-21 levels was investigated in patients
with HCC. To date, several studies have investigated the corre-
lation between plasma miRNAs and tumoral miRNAs. Skog et al.
[13] reported a poor overall correlation between miRNAs
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expression levels in glioblastoma based on microarray analysis,
but found significant correlations for several miRNAs between
tumoral tissue and plasma. Moreover, similar results of signifi-
cant correlation for several miRNAs were also reported in ovar-
ian cancer and lung cancer [44,45]. These reports also identified
a significant correlation between miRNA-21 levels in plasma and
tumor cells. Consistent with the above reports, the present
study demonstrated that plasma miRNA-21 levels correlated sig-
nificantly with miRNA-21 expression levels in tumoral tissues,
though the correlation coefficient was relatively low. At present,
the high plasma miRNA levels in cancer are considered to be
due to excessive secretion by primary cancer cells
[5,13,34,46]. The above studies showing significant correlation
and the present study seems to support this speculation. Admit-
tedly, however, some patients in the present study showed dis-
crepancy between the miRNA-21 expression level in tumoral
tissue and plasma miRNA-21 levels. Although the reason for this
discrepancy is not clear at present, one possible explanation is
the heterogeneity of the tumor. In the present study, the afore-
mentioned modest correlation improved when data from
patients with solitary HCC without vascular invasion were ana-
lyzed, which may support the speculation. Another possible
explanation may be the aforementioned miRNA-21 expression
in various normal tissues. Future studies are needed to shed
light on this discrepancy.

We also examined the correlation between miRNA-21 expres-
sion level and tumor progression and prognosis. The results
showed that both tumoral and plasma miRNA-21 expression lev-
els correlated significantly with tumor progression and progno-
sis, but there were no significant differences in the analysis of
time-to-recurrence. This shortfall in the significance might be
possibly related to the abovementioned modest correlation
between miRNA-21 expression levels in tumoral tissue and
plasma.

Considered together, the present results and those of previ-
ous studies suggest that plasma miRNAs, reflecting those in
tumoral tissue, are potentially suitable biochemical markers of
cancer, when they are used clinically with special attention to
their specificity. However, today, the mechanism involved in
the secretion of miRNA from cancer cells into plasma remains
to be unanswered. Further studies are needed to determine
the exact time during cancer progression at which circulating
miRNAs become detectable in the bloodstream and whether
such time point is similar or different between tumoral tissues
and non-tumoral tissues and among each tumoral tissue, as
described by Cortez et al. [34]. Clinical application of plasma
miRNAs for cancer detection is not feasible until these issues
are resolved.

In summary, plasma miRNA-21 expression, which was signifi-
cantly associated with miRNA-21 expression in tumoral tissue, is
a promising biochemical marker of HCC.
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ABSTRACT

Background and Aims. Intratumoral hypoxia affects
every major aspect of cancer biology, but the relationship
between hypoxia-induced genes and hepatocellular carci-
noma has not been fully investigated. From a previously
ranked microarray of hypoxia-inducible genes related to
hepatocellular carcinoma, we focused on a histone H3
lysine 9 demethylase, known as Jumonji domain containing
1A. One function of this demethylase is to amplify
hypoxia-inducible gene expression. We hypothesized that
the demethylase would be a significant marker of hepato-
cellular carcinoma.

Methods. We examined Jumonji domain containing 1A
expression in 110 hepatocellular carcinoma samples with
quantitative real-time polymerase chain reaction and
immunohistochemistry. We performed a small interfering
RNA suppression analysis to determine the biological roles
of the demethylase in proliferation, invasion, and the
expression of epithelial-mesenchymal transition-related
genes.

Results. The level of Jumonji domain containing 1A in
cancer tissues was higher than in normal tissues
(P < 0.0001). Protein expression was significantly related
to gene expression (P < 0.0001). Samples with high
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Jumonji domain containing 1A expression (n = 47) had
higher recurrence rates (P = 0.0006) than those with low
expression. Multivariate Cox regression analysis revealed
that Jumonji domain containing 1A expression was an
independent predictor of recurrence (P = 0.0016), but was
not significantly associated with any clinicopathological
characteristics. Moreover, suppression of Jumonji domain
containing 1A expression in hepatocellular carcinoma cell
lines under hypoxic conditions reduced cell growth inhi-
bition, reduced invasion ability, and arrested epithelial—
mesenchymal transitions.

Conclusion. Jumonji domain containing 1A is a useful
prognostic marker and may ameliorate malignant trans-
formation in hepatocellular carcinoma.

Hepatocellular carcinoma (HCC) is the fifth most
common cancer in the world. HCC causes 500,000 deaths
globally each year, and its incidence is increasing world-
wide, due to the dissemination of hepatitis B and C virus
infections." Advances in surgical techniques and periop-
erative care have greatly improved the outcome of hepatic
resection for HCC.>™ Nonetheless, long-term survival after
hepatectomy remains unsatisfactory, due to the high inci-
dence of recurrence or metastasis. For these recurrent
HCCs, inducing hypoxia by intercepting the hepatic arterial
blood flow, i.e., transarterial chemoembolization (TACE),
has achieved a pronounced therapeutic effect.'” Although
overall survival was prolonged after HCC treatment, suc-
cess was transient in most patients. In some cases, high
incidence of intrahepatic and/or distant metastases was
observed after hepatic artery occlusion;®™ this suggested
that hypoxia-inducible genes may play a role in increasing
malignant potency in HCC.
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