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Abstract. Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors of the liver. Since postoperative 
recurrence and intrahepatic metastases occur frequently, the 
postoperative 5-year survival rate is low. To investigate the 
molecular mechanisms of HCC progression, mRNA as well as 
microRNA (miRNA) expression levels have been profiled in 
various studies. However, no previous study has comprehen-
sively compared the expression of miRNAs in HCC patients 
with various clinical features using the tumor and surrounding 
non-tumor tissues and normal liver samples. In this study, we 
profiled the expression of miRNAs in tumor and non-tumor 
tissues from 40 HCC patients with heterogeneous pathogen-
esis and 6 surrounding non-tumor tissues from patients with 
metastatic liver cancer. To identify miRNAs specific to each 
disease state, we comprehensively compared the expression of 
miRNAs in various combinations. The results indicate that the 
expression of many known as well as novel miRNAs was altered 
in patients with the hepatitis C virus infection compared with 
those with the hepatitis B virus and without any virus infection. 
The following miRNAs were downregulated in the tumor and 
non-tumor tissues, and thus could serve as novel biomarkers 
for chronic liver diseases: miR-18b*, miR-296-5p, miR-557, 
miR-581, miR-625*, miR-1228, miR-1249 and miR-2116*. 
Similarly, miR-129*, miR-146b-3p and miR-448 are novel 
candidates for HCC biomarkers regardless of virus infection.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
malignant tumors of the liver and the third most common 
cause of mortality from cancer in eastern Asia. More than 
85% of HCC is caused by the hepatitis B virus (HBV) or 
C virus (HCV) infection (1-3). Other causes are exposure to 
aflatoxin B1 (4), vinyl chloride (5) and tobacco (6), as well 
as chronic ethanol ingestion (7). Many of these factors are 
known causes of chronic hepatitis (CH) and liver cirrhosis, 
which represent a pre-neoplastic condition of HCC. HCC is 
often far advanced and may have multiple lesions at the time 
of diagnosis. Curative resection cannot be expected in cases 
with extrahepatic metastases. In cases without extrahepatic 
metastases, curative resection could potentially be performed; 
however, postoperative recurrence and intrahepatic metastases 
occur frequently, and the postoperative 5-year survival rate is 
reported to be 30-40% (2).

microRNAs (miRNAs) are short (19-25 nucleotides) 
noncoding single-stranded RNA molecules, which are 
cleaved from 70-100 nucleotide miRNA precursors. miRNAs 
regulate gene expression either at the transcriptional or trans-
lational level, based on specific binding to the complementary 
sequence in the coding or noncoding region of mRNA tran-
scripts. Recent findings, based on microarray analysis of 
global miRNA expression profiles in cancer tissues, have 
revealed that miRNA profiles discriminate malignancies of 
the breast (8), lung (8,9), pancreas (8,10) and liver (11-17) from 
their counterparts.

Expression profiling of miRNA in HCC was first reported 
by Murakami et al (11). They comprehensively analyzed 
miRNA expression in HCC and non-tumor tissues and 
compared expression patterns in tumor and non-tumor tissues, 
in three differentiation levels and also between chronic 
hepatitis and liver cirrhosis (11). Since then, various groups 
have profiled miRNA expression in HCC and surrounding 
non-tumor tissues (12-17). Laderio et al performed miRNA 
profiling in HCC patients with various clinical features 
including normal liver samples (14). However, in their 
comparison, not all of the HCC samples were accompanied 
by their surrounding non-tumor tissues. Ura et al compared 
miRNA expression between HBV- and HCV-related HCC (16). 
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Although they used normal liver tissue samples, all patients 
analyzed had the virus infection. In this way, there is no study 
which comprehensively compared the expression of miRNAs 
in HCC patients with various clinical features using tumor 
and surrounding non-tumor tissues. In this study, we profiled 
miRNA expressions in tumor and non-tumor tissues from 
40 HCC patients with heterogeneous pathogenesis. We also 
investigated 6 surrounding non-tumor tissues from patients 
with metastatic liver cancer. These were used as normal liver 
samples. To identify miRNAs specific to each disease state, we 
compared the expression of miRNAs in various combinations.

Materials and methods

Clinical specimens. Operative specimens of primary HCC and 
metastatic liver cancer tissues were obtained with informed 
consent from 40 and 6 patients, respectively, at the Department 
of Hepato-Biliary-Pancreatic Surgery at Tokyo Medical and 
Dental University Hospital between November 2005 and May 
2008 (18). This research project was approved by the local 
ethics committee and all samples were obtained with the 
informed consent of the patients. The clinical findings were 
reviewed and analyzed from the patients' medical records, and 
are shown in Table I. Of the 40 patients with HCC, 12 were 
infected with HBV, 12 with HCV, and 16 were not infected 
with HBV or HCV. In addition, 6 normal liver tissue samples 
obtained during surgery for metastatic liver cancer originating 
in the colon were used as control samples. All specimens were 
immediately frozen in liquid nitrogen and then stored at -80˚C 
for RNA analysis.

RNA isolation. Small RNA with a miRNA-rich fraction was 
extracted from tissue specimens using the miRNeasy Mini kit 
(Qiagen, Valencia, CA, USA) according to the manufacturer's 
instructions. RNAs were quantified with NanoDrop ND-1000. 
The integrity of the obtained RNA was assessed using Agilent 
Bioanalyzer RNA 6000 Nano Assay (Agilent Technologies, 
Palo Alto, CA, USA). All samples had an RNA integrity 
number (RIN) ≥4.0. The extracted RNAs were then analyzed by 
miRNA microarray using 3D-Gene (Toray Industries, Tokyo, 
Japan). The microarrays were scanned using GenePix 4000B.

Statistical analysis. The obtained microarray datasets were 
background corrected and used for statistical analyses using 
R statistical software. The Wilcoxon rank-sum test for paired 
data was performed to estimate the significance of miRNA gene 
expression differences between tumor and non-tumor tissues 
in 1) the 12 patients with HBV infection, 2) the 12 patients with 
HCV infection, 3) the 16 patients without virus infection, 4) the 
24 patients with HBV or HCV infection, and 5) all 40 patients 
(see Fig. 1). In addition, an unpaired version of the Wilcoxon 
rank-sum test was used to compare the expression of miRNAs 
in the 6 normal liver samples with those in 6) the tumor and 
7) non-tumor tissues in the 12 patients with HBV infection, 
8) the tumor and 9) non-tumor tissues in the 12 patients with 
HCV infection, 10) the tumor and 11) non-tumor tissues in 
the 16 patients without virus infection, and 12) the tumor 
and 13) non-tumor tissues in all 40 patients (Figs. 2 and 3). 
MiRNAs with a fold change >1.5 and a p-value <0.05 were 
deemed as differentially expressed.

Many miRNAs have been reported to be involved in 
cancer. In addition to the previously mentioned miRNA 
profiling studies (11-17), numerous reviews and papers (19-56) 

Table I. Clinical characteristics of 40 HCC patients and 
6 patients with metastatic liver cancer.

Patient Age Gender Cancer type Virus

L18 70 M HCC HBV
L23 57 M HCC HBV
L34 57 M HCC HBV
L64 48 F HCC HBV
L76 70 F HCC HBV
L84 76 F HCC HBV
L85 51 M HCC HBV
L87 46 M HCC HBV
L116 68 M HCC HBV
L127 40 M HCC HBV
L144 78 M HCC HBV
L154 66 F HCC HBV
L42 66 M HCC HCV
L50 55 F HCC HCV
L63 68 M HCC HCV
L71 75 M HCC HCV
L72 53 M HCC HCV
L77 73 M HCC HCV
L119 63 F HCC HCV
L120 71 F HCC HCV
L124 43 F HCC HCV
L130 63 M HCC HCV
L132 67 M HCC HCV
L155 77 M HCC HCV
L57 58 M HCC -
L58 73 M HCC -
L73 85 M HCC -
L88 72 M HCC -
L90 65 M HCC -
L97 80 M HCC -
L98 75 M HCC -
L100 77 M HCC -
L102 69 M HCC -
L104 64 F HCC -
L112 78 M HCC -
L117 47 M HCC -
L131 76 M HCC -
L139 73 M HCC -
L160 56 M HCC -
L165 50 F HCC -
C62 56 M Metastatic liver cancer 
C81 70 M Metastatic liver cancer 
C114 54 M Metastatic liver cancer 
C126 59 M Metastatic liver cancer 
C132 65 F Metastatic liver cancer 
C145 76 M Metastatic liver cancer 

HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepa-
titis C virus.
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were found through a literature survey on miRNA and cancer. 
It should be noted that we deemed a miRNA to be previously 
reported only when the exact name of the miRNA was found 
in a study. In what follows, a miRNA whose association with 
cancer has been previously reported is called as a previously 
reported miRNA. Such miRNAs may be classified into 
two types depending on whether they show the same or oppo-
site tendencies to the previous reports. For certain miRNAs, it 
is difficult to determine whether their expressions were report-
edly up- or downregulated due to inconsistent reports and lack 
of available information on the change direction. In the latter 
case, such miRNAs were described simply as cancer markers.

Results

Table II indicates the differentially expressed miRNAs 
between the tumor tissues in all HCC patients and the 
6 normal liver samples (Combination 12). Thirty miRNAs 
were downregulated in the tumor tissues while 18 were 
upregulated. The double-underlined miRNAs have been 
previously reported to be involved in HCC while the miRNAs 
with a single underline have a reported association with other 
types of cancer. Most of the 18 upregulated miRNAs were 
known to be involved in HCC and other types of cancer. The 
expression of miR-15b is reported to be upregulated in HCC 
(23). Overexpression of miR-18a contributes to HCC cell 
proliferation in females through the targeting of the estrogen 
receptor (21). miR-21 is known to be highly overexpressed 
in HCC, and its inhibition in cultured HCC cells increases 
the expression of PTEN, a direct target of miR-21, as well 
as tumor cell proliferation, migration and invasion (20). The 
overexpression of miR-96 is reported in HBV-related HCC 
(14,21). miR-222 is a HCC biomarker which is irrespective 
of viral association (21). miR-224 is overexpressed in HCC 
when compared to a benign hepatocellular tumor, hepato-
cellular adenoma (14), and is involved in the inhibition of 
apoptosis in HCC cells (21). In contrast to the upregulated 

miRNAs, only two downregulated miRNAs are previously 
reported. miR-101 is involved in the inhibition of apoptosis 

Table II. Differentially expressed miRNAs among the tumor 
tissues in all HCC patients and the 6 normal liver samples. 

miRNA Fold change P-value

m-2116* 0.048 <0.001
m-545* 0.077 0.012
m-581 0.101 0.004
m-2114 0.104 0.012
m-129* 0.127 0.012
m-296-5p 0.161 <0.001
m-1267 0.168 0.008
m-191* 0.178 0.001
m-222* 0.188 0.025
m-1249 0.197 <0.001
m-18b* 0.208 <0.001
m-92a-2* 0.233 0.040
m-625* 0.233 0.001
m-934 0.237 0.002
m-1225-5p 0.239 0.026
m-1913 0.284 0.001
m-1238 0.286 0.002
m-557 0.288 0.001
m-940 0.292 0.003
m-1228 0.293 0.002
m-133b 0.315 0.010
let-7f-1* 0.324 0.002
m-1225-3p 0.364 0.028
m-802 0.369 0.030
m-1224-3p 0.377 0.012
m-144 0.382 0.006
m-101 0.427 0.034
m-486-5p 0.551 0.038
m-29c 0.573 0.047
m-422a 0.576 0.004
m-1979 2.71 0.009
m-140-3p 2.83 0.023
let-7i 3.59 0.017
m-151-3p 3.78 0.005
m-130b 3.80 0.031
m-425 4.86 0.033
m-25 6.55 <0.001
m-21 7.44 0.005
m-18a 9.05 0.024
m-221 10.9 0.004
m-452 11.0 0.017
m-222 14.2 0.026
m-15b 18.3 0.016
m-224 82.4 0.006
m-34b* 134 0.032
m-374b 148 0.039
m-96 181 0.032
m-216a 263 0.039

miRNA, microRNA; HCC, hepatocellular carcinoma.

Figure 1. Representative miRNAs detected in pairwise comparisons between 
tumor and non-tumor tissues. The upward and downward arrows indicate 
up- and downregulation, respectively, of miRNA in the tumor tissues.
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Figure 2. Representative miRNAs detected in comparisons of the normal 
liver samples with non-tumor tissues. The upward and downward arrows 
indicate up- and downregulation, respectively, of miRNA in the non-tumor 
tissues. Combinations 7, 9, 11 and 13 are explained in Materials and methods.

Figure 3. Representative miRNAs detected in comparisons of the normal 
liver samples with tumor tissues. The upward and downward arrows indi-
cate up- and downregulation, respectively, of miRNA in the tumor tissues. 
Combinations 6, 8, 10 and 12 are explained in Materials and methods.

Table III. Differentially expressed miRNAs detected in various conditions.

Expression change Total detected Detected miRNAs

Normal↑     8 miR-18b*, miR-296-5p, miR-557, miR-581, miR-625*, miR-1228, 
  miR-1249, miR-2116*
Tumor↑     1 miR-183
Tumor↓     5 miR-29c, miR-129*, miR-146b-3p, miR-448, miR-486-5p
HCV infection↑ 125 let-7a, let-7c, miR-22, miR-23a, miR-93, miR-100,
  miR-106b, miR-126, miR-135a, miR-210
HCV infection↓     7 miR-143, miR-548q, miR-670, miR-711, miR-718, miR-759, miR-762
HCC-C↑   68 miR-31, miR-96, miR-103-2*, miR-130b*, miR-132, miR-134, 
  miR-138, miR-184, miR-301a, miR-372
HCC-C↑, V(-)_T↓   24 let-7a2, miR-21*, miR-25*, miR-33a*, miR-92b*, miR-127-3p,
  miR-149, miR-330-5p, miR-338-3p, miR-517*
HCV↑   94 miR-10a, miR-101, miR-130a, miR-146a, miR-155, miR-181b, 
  miR-195, miR-197, miR-200a, miR-200b
HCV↑, V(-)_N↓   10 miR-30b*, miR-187*, miR-188-5p, miR-193b, miR-199a-5p, 
  miR-542-5p, miR-574-5p, miR-658, miR-720, miR-1287
HCV↓     7 let-7b*, miR-139-3p, miR-220c, miR-616*, miR-708, miR-767-3p, miR-1911
HBV infection↑     1 miR-422a
HCC-B↑     2 miR-605, miR-1909
V(-)↑     1 miR-217
V(-)↓     5 miR-92a-2*, miR-361-3p, miR-513a-5p, miR-1234, miR-1914*
V(-)_T↑     1 miR-216a
V(-)_T↓   10 miR-133a, miR-199b-5p, miR-338-5p, miR-491-3p, miR-509-3-5p,
  miR-543, miR-627, miR-887, miR-921, miR-1247
V(-)_N↓     6 miR-664, miR-671-3p, miR-1246, miR-1268, miR-1280, miR-1978

Normal↑ denotes downregulation in the tumor and non-tumor tissues when compared with normal liver. Tumor↑ denotes upregulation in 
the tumor tissues only and no alteration in the non-tumor tissues. HCV infection↑ denotes upregulation in the tumor and non-tumor tissues 
in patients with HCV infection while HCV↑ denotes upregulation in the non-tumor tissue of such patients. V(-) denotes patients without 
virus infection. HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus. The double-underlined miRNAs have been 
previously reported to be involved in HCC while the miRNAs with a single underline have a reported association with other types of cancer.
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and its downregulation contributes to the spread of HCC 
(21).

Figs. 1-3 summarize the results from all 13 combina-
tions described in Materials and methods. The numbers 
1-13 denote the aforementioned combinations. The numbers 
beside the upwards and downwards-pointing arrows indicate 
the numbers of up- and downregulated miRNAs, respec-
tively. Three representative miRNAs in each combination 
are also shown. Here, ‘representative’ means the miRNAs 
with the first and second lowest p-values and the previously 
reported miRNA with the lowest p-value among the previ-
ously reported ones (underlined in the figures in the same 
way as in Table II). If the previously reported miRNA was 
the same as either of the first two, the miRNA with the third 
lowest p-value is shown in the figure. In all five combina-
tions comparing tumor and non-tumor tissues, previously 
reported miRNAs demonstrated the lowest p-values (Fig. 1). 
Notably, the three representative miRNAs for HCC with HBV 
infection (Combination 1) and HCC without virus infection 
(Combination 3) do not include any miRNA with previous 
association with HCC. Conversely, many novel miRNAs as 
well as previously reported miRNAs were detected by the 
unpaired Wilcoxon rank-sum test (Figs. 2 and 3).

If a miRNA is deemed to be upregulated in the tumor 
tissue when comparing tumor and non-tumor tissue, and also 
downregulated in the non-tumor tissues when comparing 
normal liver samples and non-tumor tissues, these results 
indicate that the miRNA was actually downregulated in the 
non-tumor tissue and thus it was detected as upregulated in 
the tumor when comparing the tumor and non-tumor tissues. 
To investigate such detailed changes, we compared lists of the 
differentially expressed miRNAs from the 13 combinations. 
Table III shows the results. For example, Normal↑ denotes 
that these miRNAs were downregulated in the tumor and 
non-tumor tissues compared with the normal liver. Similarly, 
Tumor↑ denotes that these miRNAs were upregulated in the 
tumor tissues only and their expression was not altered in the 
non-tumor tissues. HCV infection↑ indicates upregulation in 
the tumor and non-tumor tissues in patients with HCV infec-
tion while HCV↑ represents upregulation in the non-tumor 
tissue of the patients with HCV. V(-) denotes patients without 
virus infection. The expression levels of many miRNAs were 
altered in HCV-positive patients whereas a relatively small 
number of miRNAs were detected in patients with HBV and 
without virus infection.

Discussion

In this study, miRNA expression was profiled in tumor 
and surrounding non-tumor tissues from 40 HCC patients 
with various clinical features. We first performed pairwise 
comparisons of miRNA expression between the tumor and 
non-tumor tissues. We also profiled miRNA expression in 
non-tumor tissue samples from 6 patients with metastatic liver 
cancer. These non-tumor samples were considered as normal 
liver and compared with the results from each of the tumor and 
non-tumor tissues in patients with HBV and HCV or without 
infection. These comprehensive comparisons provided valu-
able insight into the alteration of miRNAs in the tumor and 
non-tumor tissues. For example, when a ratio of 1.5 is obtained 

from a comparison of the miRNA expression level in tumor 
and non-tumor tissues, it cannot be proven whether the miRNA 
expression was increased in the tumor tissue or decreased in 
the non-tumor tissue, since both cases will produce the same 
results. Employing normal liver samples enables this distinc-
tion.

As shown in Fig. 2, miR-30d, miR-124, miR-200b and 
miR-378 demonstrated significant changes in expression in 
the non-tumor tissues in HCC patients compared with normal 
liver samples in Combinations 7, 9, 11 and 13. In all combina-
tions except 9, only a few previously detected miRNAs were 
observed: let-7e, let-7f, miR-98 and miR-144. Notably, none of 
them demonstrated the same tendency observed in previous 
studies. In Combination 9, more than 80 of the 342 miRNAs 
detected were previously reported, and 21 and 24 of them 
demonstrated the same and opposite tendencies observed in 
previous reports, respectively. These results suggest that these 
miRNAs may play a role in the very early stages of carcino-
genesis in HCC and some may have different roles in HCC and 
chronic liver diseases.

As shown in Table III, miR-2116* was significantly 
downregulated in HCC as well as the surrounding non-tumor 
tissues compared with the normal liver samples in all possible 
combinations; thus, miR-2116* may have some influence 
upon carcinogenesis of HCC. Although this miRNA has no 
previously reported correlation with cancer, its predicted 
target genes involve genes associated with cancer. The top 
four predicted targets with the strongest prediction scores 
(57) were ZDHHC11, MTCH2, DIRC2 and PEA15 (as of 
January 2012 according to www.microrna.org). The gene copy 
number of ZDHHC11 was altered in nearly half of the patients 
with non-small cell lung cancer (58) and bladder cancer (59). 
MTCH2 is a gene exhibiting highly restricted levels of gene 
expression variation in tumor tissues compared to non-malig-
nant tissues (60). Bodmer et al identified DIRC2 as a familial 
renal cell carcinoma-associated gene (61). The expression level 
of PEA15 was used for grading the malignancy of astrocytic 
tumors (62). These facts indicate that the predicted targets play 
roles in cancer. The expression of miR-2116* was altered in the 
non-tumor tissues when compared to the normal liver samples, 
and accordingly, as discussed earlier, this miRNA may also 
play a role in the early stages of carcinogenesis. Other miRNAs 
which were consistently downregulated in the tumor and non-
tumor tissues are miR-18b*, miR-296-5p, miR-557, miR-581, 
miR-625*, miR-1228 and miR-1249. Similar to miR-2116*, the 
predicted target genes of miR-1249 involved numerous genes 
whose association with cancer has been reported.

The results strongly suggest that the above miRNAs are 
novel biomarker candidates for chronic liver diseases. Some 
are novel biomarker candidates for HCC irrespective of virus 
infection and HCC with HCV, as shown in Table III. In this 
way, through miRNA expression profiling, we identified 
various pathogenesis-related miRNAs which may be used as 
biomarkers for a specific disease state, although further inves-
tigation is required.
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