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IntroductIon 

Hepatocellular carcinoma (HCC) is the fifth most common 
cancer and the third leading cause of cancer-related death 
worldwide.1 Although most cases occur in Asia and Africa, 
the incidence has been steadily increasing in the west over 
the last 20 years.2,3 Chronic hepatitis B and C infections as 
well as chronic alcohol use are the most common risk factors 
worldwide.3 Despite great advances in the treatment of HCC, 
the 5-year survival rate remains quite low among patients 
with HCC.4 Surgical resection and liver transplantation are 
currently the best curative options to treat HCC.5 However, 
only 5 to 15% of HCC patients are currently eligible for 
surgical intervention, based on the evaluation of their liver 
function and tumor burden.6 Moreover, recurrence and 
metastasis is common in patients who have had a resec-
tion, and postoperative 5-year survival is only 30 to 40%.7 
Current data have demonstrated that there is an urgent need 
to develop molecular tools in assisting early HCC diagnosis, 
prognosis and treatment strafication.8
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The development and progression of HCC is typically a 
multistage process and develops usually in cirrhotic liver.9 
The transforming begins in the liver tissue undergoing 
chronic hepatitis or cirrhosis. Progresses through a series of 
hyperplastic and dysplastic stages, and ultimately acquires 
the malignant phenotype with intrahepatic metastasis and 
distal dissemination.10 Our understanding of HCC has been 
improved by the recent studies on molecular profiling to 
identify changes in gene expression that are associated with 
particular phenotype, such as HCC subtypes, recurrence or 
metastasis.11 Tumor biology based on molecular analyses 
can provide a more accurate assessment in prognosis 
than conventional pathology. For example, serum alpha-
fetoprotein (AFP) is a useful biomarker for HCC diagnosis.12 
Yamashita et al recently published an article addressing 
epithelial cell adhesion molecule (EpCAM), a new marker 
for cancer stem cells (CSCs) in HCC. They found a 
population of HCC cells expressing EpCAM, an epithelial 
cell adhesion molecule previously identified as a marker 
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for stem progenitor cells of adult liver and oval cells.13,14 
Yamashita et al have also demonstrated that EpCAM 
expression in tumors with serum AFP can predict two distinct 
prognostic HCC subtypes, i.e. EpCAM (+) AFP (+) HCC 
(referred to as HpSC—HCC; hepatic stem cell—like HCC) 
with poor outcome and EpCAM (–) AFP (–) HCC, (referred 
to as MH-HCC; mature hepatocyte—like HCC) with good 
prognosis.13,14 More recently, a study published by Terris et 
al suggest that HCC growth and invasiveness is dictated by 
a subset of EpCAM (+) cells.15

In mammalian cells, protein-coding RNAs account 
for 5% of the total RNA population.16 Several species of 
noncoding RNAs with regulatory functions have emerged 
in the recent years. Among these, a new class of RNAs, the 
miRNAs, has been discovered and their aberrant expression 
has been linked to the pathogenesis of many cancers due to 
their ability to regulate the expression of crucial RNAs.17 
MiRNAs are noncoding RNAs that regulate both mRNA 
and protein expression of target genes.18,19 The description 
and regulation of miRNA biogenesis has been extensively 
reviewed.20-22 Despite the emerging critical role of miRNAs, 
the mechanism of their action is yet to be fully understood. 
Transcription of miRNA genes is under control of promoter 
elements regulated by established transcription factors, such 
as c-Myc.23,24 This regulation of expression may provide for 
clinically useful point of intervention, either by stimulating 
a miRNA whose expression is inappropriately suppressed 
or by inhibiting expression of an amplified miRNA.18 The 
primer transcript is cleaved by the endonuclease-containing 
microprocessor complex in the nucleus to yield the precur-
sor miRNA.25 Of note, increased processing of miRNA-21 
(mir-21) primary transcript by transforming growth factor 
beta (TGF-b)-induced SMAD activity has recently been 
described in vascular smooth muscle cells.26 Surprisingly, 
the mechanism is through the noncanonical action of SMAD 
binding to the RNA helicase p68 rather than transcriptional 
activation.27 It remains to be seen if SMAD-assisted process-
ing contributes to mir-21 overexpression in hepatobiliary 
cancers, or if SMAD increases processing of other primary 
miRNAs.28 The precursor miRNA is then exported from 
the nucleus and cleaved in the cytoplasm by Dicer, and the 
mature miRNA is incorporated into the RNA-induced silen-
cing complex (RISC) by the RISC-loading complex.18 The 
resulting miRNA-loaded RISC contains a single-stranded 
miRNA 19 to 23 nucleotides in length that guides sequence-
specific translational supression.17,28 Silencing of miRNA 
targets is directed by base-pairing of the miRNA to the 
cognate messenger RNA (mRNA) ‘seed’ nucleotides 2 to 
7. Augmented by neighboring nucleotides. Thus, miRNAs 
have dozens to hundreds of targets.18,29

Recently, the discovery of aberrantly expressed miRNAs 
in HCC further improved our understanding of this disease. 

Similar to mRNA, HCC-associated miRNAs could be 
used as diagnostic and prognostic biomarkers of HCC 
with a potential for even greater accuracy.30 It is generally 
observed that miRNA expression levels are decreased in 
cancer tissue compared to nontumor tissue.31 This may be 
attributable to a broad suppression of miRNA expression 
by cancer-associated transcription factors. For example, 
c-Myc suppresses expression of more than 10 miRNAs in 
two B-cell lymphoma models.25 Alternatively, in cancer cell 
lines, precursor miRNAs were present in the nucleus, but the 
mature form was absent from the cytoplasm, including liver 
tissue and HCC samples.32 This suggests post-transcriptional 
regulation, presumably by altered degradation of the mature 
miRNA remains a possibility.18 In a rat model of induced 
HCC, mir-122 expression was decreased, a finding also 
observed in 50% of human tumor sample.33 This finding is 
also observed in 50% of human tumor samples.33 In HCC, 
an array-based analysis identified 44 miRNAs that were 
expressed at lower levels in HCC compared to normal 
livers.34 Separate study comparing HCC to liver cirrhosis 
demonstrated downregulation of 34 miRNA in HCC.17 
These data suggest decreased expression of the liver-specific 
miRNA, miR-122, as well miR-199.18 

Tumor suppressors are often lost through genetic or 
epigenetic mechanisms, but silencing through miRNA 
targeting may also be important. For example, phosphatase 
and tensin homolog deleted on chromosome 10 (PTEN) is a 
tumor suppressor that counters phosphatidylinositol 3-kinase 
(P13K) activation.18 P13K stimulates AKT in a survival 
signal; thus, PTEN silencing allows P13K AKT activation 
and inappropriate survival of cancer cells.18 Loss of PTEN 
allows unchecked cell cycle progression. PTEN has been 
shown in HCC as a target for mir-21, which is frequently 
upregulated in cancer.34

Several studies have started to investigate for specific 
miRNA deregulation in hepatitis B virus (HBV)-related 
and hepatitis C virus (HCV)-related HCCs.35 Gene enco- 
ding miRNAs have been found in viruses and viral miRNAs 
have a regulatory effect on their protein-coding genes.36 
This regulatory effect may be beneficiary to the virus 
toward maintaining its replication, latency and evading 
the host immune system.37 miRNAs from the host cells 
may play a role in building up direct or indirect effect in 
regulating viral genes.38 miR-122 is first identified liver-
specific cellular miRNA, which has been shown to enhance 
the replication of HCV by targeting the viral 5’ noncoding 
region.37,38 Indeed, HCV RNA can replicate in Huh 7 cells, 
which express miR-122, but not in HepG2 cells, which do 
not express miR-122.36 Additionally, silencing of miR-122 
in hepatocyte resulted in a marked loss of replicating HCV 
RNAs.37 A putative miR-122 binding site in the 50-end of 
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HCV genome was identified, suggesting a direct role of 
miR-122 in HCV replication.39

Currently, there are some controversies about the role 
of miR-122 in HCV infection. A study published by Henke 
et al40 showed that miR-122 stimulates HCV translation by 
enhancing the association of ribosomes with viral RNA. The 
findings describing the role of miR-122 in HCV replication 
are of special interest, not only because of its novel mode 
of action, but because they also provide the first evidence of 
miRNAs linked to infectious disease.31 The development of 
therapeutic products to inhibit the miR-122 is believed to be 
an attractive approach to treat HCV patients.31

By contrast, a study published by Sarasin-Filipowicz 
et al41 has not shown a correlation between miR-122 expres-
sion and viral load in patients receiving interferon therapy. 
Moreover, they found markedly decreased miR-122 levels 
in patients who failed virological response. These reports 
indicate that the role of miR-122 in HCV viral replication 
is still controversial and awaits future research.

While some host miRNAs are beneficial for the virus, 
others inhibit viral replication. Studies published by Pedersen 
et al42 indicated that interferon B (IFN-B) induces several 
cellular miRNAs, specifically eight miRNAs that have 
sequence-predicted targets within the HCV genomic 
RNA. Overexpression of these miRNAs in infected liver 
cells considerably attenuated viral replication.42 From this 
report, it seems that host miRNAs have evolved to target 
viral genes and inhibit their replication, and thus might 
represent of the host antiviral immune response.31 Most 
recently, Peng et al43 have found differential profiles of cellu-
lar miRNAs that target the genes involved in chemokine, 
B-cell receptor, PTEN, IL-16, ERK MAPK and JAK STAT 
signaling pathways, suggesting a critical role of miRNAs 
in the replication, propagation, and latency of virus in the 
host cell. They have also demonstrated that miR-122, miR- 
320 and miR-191 were downregulated, whereas miR-215, 
miR-16, miR-26, miR-130, miR-199 and miR-155 are 
upregulated.43 These findings suggest that miRNAs have 
potential to become novel drug targets in virally induced 
infectious or malignant disease.31

A differential miRNAs expression pattern was found in 
the livers of HBV and HCV-infected patients with HCC.44 
A total of 19 miRNAs were clearly differentiated between 
HBV and HCV groups, out of which 13 miRNAs were down-
regulated in HCV group, whereas six showed a decreased 
expression in HBV group.44 Some of the differentially 
regulated miRNAs between the HCV and HBV groups were 
miR-190, miR-134, miR-151, miR-193, miR-211 and miR-
20. Same group has also demonstrated that pathway analysis 
of targeted genes using infection-associated miRNAs could 
differentiate the genes into two groups. For example, in 

HBV-infected livers, pathways related to cell death, DNA 
damage, recombination and signal transduction were acti-
vated, and those related to immune response, antigen presen- 
tation, cell cycle, proteasome and lipid metabolism were 
activated in HCV-infected livers.44

MIcrornAs And HEPAtocELLuLAr 
cArcInoMA

Several studies have shown that specific miRNAs are 
aberrantly expressed in malignant HCC cells or tissues 
compared to nonmalignant hepatocytes or tissue.45 HCC 
subtypes have also been shown to have distinct miRNA 
profiles, allowing one to distinguish whether it is CSC-like 
or mature hepatocyte-like, malignant or benign, metastatic 
or nonmetastatic, viral or nonviral in origin, and whether it 
is caused by HBV or HCV.46 Using microarray technologies, 
Murakami et al47 first profiled miRNA gene expression in 
24 HCCs and 22 non-HCC liver tissues, and found that eight 
miRNAs were differentially expressed. Following this study, 
several investigators have also identified miRNA signatures 
that differentiated cancerous from adjacent, noncancerous 
liver tissues.48,49 Another group developed a miRNA signa-
ture using HCC and normal liver tissues.50 By comparing the 
miRNAs profiles between cirrhotic liver and HCC tissues, 
Gramantieri et al17 also found that 35 miRNAs including 
miR-122 differ between HCC and cirhosis. New study 
published by Budhu et al51 in 241 HCC cases revealed that 
one-third of available miRNAs were significantly altered in 
HCC. However, the expression of these miRNAs was hetero-
geneous, indicating that different miRNAs are associated 
with unique tumor biology and distinct HCC outcomes.46

Growing data have suggested that aberrantly expressed 
miRNAs may work as functional actors in HCC initiation 
and progression.46 Selected miRNAs, such as miR-21, 
miR-224, miR-34a, miR-221 222, miR-106a, and miR-203 
are upregulated in HCC compared to benign hepatocellular 
tumors, such as adenomas or focal nodular hyperplasia.39,45 
Certain miRNAs have been reported to be decreased in HCC 
compared to nontumoral tissues, such as miR-122a, miR-
422b, miR-145 and miR-199a.39,45 Liver-specific miR-122 
is significantly downregulated in HCC tissues.46 It functions 
as a potential tumor suppressor in two ways: inhibiting 
hepatic cell growth by targeting cyclin G1 and promoting 
apoptosis of hepatic cells by targeting Bcl-w. Additionally, 
miR-122 also plays a positive role in HCC development by 
stimulating HCV RNA translation. Besides miR-122, most 
miRNAs with altered expression level in HCC are involved 
in promoting loss of cell cycle control in HCC.52,53

In human cancer, miRNAs can function as oncogenes or 
tumor-suppressor genes during tumorogenesis and progres-
sion. More recently, some specific miRNAs were found to 
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be associated with the clinicopathological features of HCC, 
such as metastasis, recurrence and prognosis.54,55 Invasion 
and metastasis are leading lethal factors for cancers. The 
long-term survival rate of HCC patients after curative resec-
tion is still low because of high recurrence rate.56 Identifi- 
cation of metastatic factors and understanding the mecha-
nisms underlying metastasis are important for treatment 
of HCC. Meng et al34 reported that aberrant expression of 
miR-21 cannot only contribute to HCC growth but also 
mediate HCC cell invasion by direct targeting PTEN. 
Recently, PTEN was found to be direct target of miR-221 
and miR-222, which induce TRAIL resistance and enhance 
HCC cell migration.57 miR-221 and miR-222 also regulate 
the expression protein phosphatase 2A subunit B and TIMP3 
tumor suppressors, thus activating the AKT pathway and 
metallopeptidase to promote HCC cell invasion and meta- 
stasis.58 Some investigators reported that miR-30d and 
miR-151 involved in HCC invasion and metastasis.59,60 The 
miR-30d is frequently upregulated in HCC and its expression 
is associated with intrahepatic metastasis.60

The miR-122 is significantly downregulated in liver cancers 
and inhibits HCC intrahepatic metastasis by regulation of 
a disintegrin and metalloprotease family protein ADAM10 
and ADAM17.61,62 The hepatocyte growth factor (HGF) 
c-Met signaling cascade may involve in HCC metastasis. 
The HGF interacts with c-Met receptor tyrosine kinase 
and leads to invasive growth by stimulating invasion and 
protection from apoptosis.56 c-Met oncogene is associated 
with the aggressive nature and the poor clinical outcomes of 
many tumors such as HCC.56 c-Met oncogene is regulated 
by miR-1, miR-34a, miR-23b and miR-199a-3p. All of them 
are downregulated in HCC.56 Silencing of miR-1 can not 
only inhibit HCC growth but also mediate HCC cell invasion 
by downregulating c-Met.63 The miR-34a inhibits tumor 
cell migration and invasion by decreasing c-Met-induced 
phosphorylation of extracellular signal-regulated kinases 
1 and 2.64 The miR-23b also inhibits the migration and 
proliferation ability of HCC cells by downregulating c-Met 
and urokinase-type plasminogen activator.65 miR-199a-3p 
induced G1 phase cell cycle arrest and reduced invasive 
capability by targeting c-Met and mTOR.66

 Sequencing has shown that single nucleotid polymor-
phisms (SNPs) in miRNA coding genes, and specifically in 
miRNA seed regions, are rare.67 SNPs in miRNA genes are 
thought to affect function in one of three ways: first, through 
the transcription of primary transcript; second, through pri-
miRNA and pre-miRNA processing and, third, through eff-
ects on miRNA-mRNA interactions.19 A study published by 
Akkiz et al68 demonstrated that a functional polymorphism 
in pre-miRNA-196a-2 contributes to the susceptibility of 
HCC. On the other hand, the same group showed that the 

miR-146a polymorphism has no role in genetic susceptibility 
to hepatocarcinogenesis.69

concLusIon And FuturE PErsPEctIVE

Current findings demonstrate that miRNAs are aberrantly 
expressed in HCC. Some miRNAs are involved in hepato-
carcinogenesis by promoting stemness of CSC and by 
controling cell proliferation and apoptosis; others are asso-
ciated with HCC progression by controlling cell migration 
and invasion. Similar to protein coding genes, miRNAs are 
transcribed by RNA polymerase II and may be regulated 
at transcriptional levels. miR-181 is regulated by TGF-B 
signaling; miR-143 is regulated by NF-kB; miR-221 and 
miR-222 are regulated by HGF c-Met signaling through the 
c-jun transcription factor. Genetic and epigenetic aberrations 
may also contribute to the deregulation of miRNAs in HCC.

Hepatocellular carcinoma-associated miRNAs not 
only provide new insights into the molecular basis of HCC 
but also serve as new biomarkers for HCC diagnosis and 
prognosis. Aberrantly expressed miRNAs associated with 
specific biopathological and clinical features can establish 
the basis for the development of a more rational system of 
HCC classification and therapeutic approaches.

rEFErEncEs

 1. Parkin DM, Bray F, Pisani P. Global cancer statistics, 2002. CA. 
Cancer J Clin 2005;55:74-108.

 2. El-Serag HB, Mason AC. Rising incidence of hepatocellular 
carcinoma in the United states. N Eng J Med 1999;340:745-750.

 3. El-Serag HB, Davila JA, Petersen NJ, McGlyun KA. The 
continuing increase in the incidence of hepatocellular carci-noma 
in the United States: an update. Ann Intern Med 2003;139:817-823.

 4. Blum HE. Hepatocellular cancer: therapy and prevention. World 
J Gastroenterol 2005;11:7391-7400.

 5. Neuveut C, Wei Y, Buendia MA. Mechanisms of HBV-related 
hepatocarcinogenesis. J Hepatol 2010;52(4):594-604.

 6. Bruix J, Hessheimer AJ, Forner A, et al. New aspects of 
diagnosis and therapy of hepatocellular carcinoma. Oncogene 
2006;25(27):3848-3856.

 7. Avila MA, Berasain C, Sangro B, Prieto J. New therapies for 
hepatocellular carcinoma. Oncogene 2006;25(27):3866-3884.

 8. Zhang G, Wnag Q, Xu R. Therapeutics Based on microRNAs: 
A New Approach for Liver Cancer. Current Genomics. 
2010;11:311-325.

 9. Thorgeirson SS, Hyman D. Molecular pathogenesis of human 
hepatocellular carcinoma. Nat Genet 2002;31(4):339-346.

 10. Lakner AM, Bonkovsky HL, Schrum LW. microRNAs: Fad or 
future of liver disease. World J Gastroenterol 2011;20:2536-
2542.

 11. Hoshida Y1, Villanueva A, Kobayashi M, Hushida Y, Villanueva 
A, Kobahashi M, Peix J, et al. Gene expression in fixed tissues 
and outcome in hepatocellular carcinoma. N Eng J Med 
2008;359(19):1995-2004.

 12. Johnson PJ. Role of alpha-fetoprotein in the diagnosis and mana-
gement of hepatocellular carcinoma. J Gastroenterol Hepatol 
1999;14(Suppl):S32-36.



The Emerging Role of MicroRNAs in Hepatocellular Carcinoma

Euroasian Journal of Hepato-Gastroenterology, January-June 2014;4(1):45-50 49

EJOHG

 13. Yamashita T, Ji J, Budhu A, Forgues M, et al. EpCAM-positive 
hepatocellular carcinoma cells are tumor-initiating cells with 
stem progenitor cell features. Gastroenterology 2009;136:1012-
1024.

 14. Schemelzer E, Zhang L, Bruce A, Wauthier E, et al. Human 
hepatic stem cells from fetal and postnatal donors. J Exp Med 
2007;204(8):1973-1987.

 15. Terris B, Cavard C, Perret C. EpCAM, a new marker for 
cancer stem cells in hepatocellular carcinoma. J Hepatol 2010; 
52(2):280-281.

 16. Milazzo M1, Fornari F, Gramantieri L, Milazzo M, Fornari F, 
Granatieri L. MicroRNA and hepatocellular carcinoma: bio-
logy and prognostic significance. Minerva Gastroenetrol Dietol 
2011;57(3):257-271.

 17. Gramantieri L, Ferracin M, Fornari F, Veronese A, et al. Cyclin 
G1 is a target of miR-122a, a microRNA frequently down-
regulated in human hepatocellular carcinoma. Cancer Res 2007; 
67(13):6092-6099.

 18. Mott JL. MicroRNAs involved in tumor suppressor and onco-
gene pathways: implications for hepatobiliary neoplasia. Hepa-
tology 2009;50(2):630-637.

 19. Ryan BM, Robles AI, Harris CC. Genetic variation in microRNA 
networks: the implications for cancer research. Nature Reviews 
Cancer 2010;10(6):392-402.

 20. Law PT, Wong N. Emerging roles of microRNA in the intra- 
cellular signaling networks of hepatocellular carcinoma. J Gastro- 
enterol Hepatol 2011;26(3):437-450.

 21. Deng S, Calin GA, Croce CM, Coukos G, et al. Mechanisms 
of microRNA deregulation in human cancer. Cell Cycle 2008; 
7(17):2643-2646.

 22. Liu X, Fortin K, Mourelatos Z. MicroRNAs: biogenesis and 
molecular functions. Brain Pathol 2008;18(1):113-121.

 23. Lim LP, Lau NC, Garrett-Engele P, et al. Microarray analysis 
shows that some microRNAs downregulate large numbers of 
target mRNAs. Nature 2005;433(7027):769-773.

 24. O’Donnell KA, Wentzel EA, Zeller KI, Dang CV, et al. c-Myc-
regulated microRNAs modulate E2F1 expression. Nature 2005; 
435(7043):839-843.

 25. Chang TC, Yu D, Lee YS, Wentzel EA, Arking DE, et al. Wide-
spread microRNA repression by Myc contributes to tumorige-
nesis. Nat Genet 2008; 40(1):43-50.

 26. Davis BN, Hilyard AJ, Lagna G, Hata A, et al. SMAD proteins 
control DRO-SHA-mediated microRNA maturation. Nature 
2008;454(7200):56-61.

 27. Lee Y, Kim M, Han J, Yeom KH, et al. MicroRNA genes are 
transcribed by RNA polymerase II. EMBO J 2004;23(20):4051-
4060.

 28. Beck D, Villen J, Shin C, Camargo FD, et al. The impact of 
microRNAs on protein output. Nature 2008;455(7029):64-71.

 29. Lee Y, Jeon K, Lee JT, Kim S, Kim VN. MicroRNA maturation 
stepwise processing and subcellular localization. EMBO J 2002; 
21(17):4663-4670.

 30. Lu J, Getz G, Miska EA, Alvarez-Sazvedra E, Lumb J, Peck D, 
et al. MicroRNA expression profiles classify human cancers. 
Nature 2005;435(7043):834-838.

 31. Bala S, Marcos M, Szabo G. Emerging role of microRNA in 
liver disease. WJ Gastroenterol 2009;15(45):5633-5640.

 32. Lee EJ, Back M, Gusev Y, Brackett DJ, et al. Systematic eva-
luation of microRNA processing patterns in tissues, cell lines, 
and tumors. RNA 2008;14(1):35-42.

 33. Kutay H, Bai S, Datta J, Motiwala T, Pogribay I, et al. Down-
regulation of miR-122 in the rodent and human hepatocellular 
carcinoma. J Cell Biochem 2006;99(3):671-678.

 34. Meng F, Henson R, Wehbe-Janek H, Ghoshal K, Jacob ST, Patel 
T, et al. MicroRNA-21 regulates expression of the PTEN tumor 
suppressor gene in human hepatocellular cancer. Gastroentero-
logy 2007;133(2):647-678.

 35. Bartel DP. MicroRNAs: target recognition and regulatory func-
tions. Cell 2009;136:215-233.

 36. Jopling CL, Yi M, Lancaster AM, Lemon SM, et al. Modulation 
of hepatitis C virus RNA abundance by a liver-specific micro-
RNA. Science 2005;309(5740):1577-1581.

 37. Randall G1, Panis M, Cooper JD, Randal G, Panis M, Cooper 
JD, Tellinghuisen TL, et al. Cellular factors affecting hepatitis 
C virus infection and replication. Proc Natl Acad Sci USA 
2007;104(31):12884-12889.

 38. Zhang Y, Jia Y, Zheng R, Guo Y, et al. Plasma microRNA-122 
as a biomarker for viral, alcohol, and chemical-related hepatic 
disease. Clin Chem 2010;56(12):1830-1838.

 39. Chen XM. MicroRNA signatures in liver disease. World J Gas-
troenterol 2009;15(14):1665-1672.

 40. Henke JI, Goergen D, Zheng J, Song Y, et al. microRNA-122 
stimulates translation of hepatitis C virus RNA. EMBO J 2008; 
27(24):3300-3310.

 41. Sarasin-Filipowicz M, Krol J, Markiewicz I, Heim MH, et al. 
Decreased levels of microRNA miR-122 in individuals with 
hepatitis C responding poorly to interferon therapy. Nat Med 
2009;15(1):31-33.

 42. Pedersen IM, Cheng G, Wieland S, Volinia S, Croce CM, et al. 
Interferon modulation of cellular microRNAs as an antiviral 
mechanism. Nature 2007;449(7164):919-922.

 43. Peng X, Li Y, Walters KA, Rosenzweing ER, Lederer SL, Aicher 
LD, et al. Computational identification of hepatitis C virus asso-
ciated microRNA-mRNA regulatory modules in human livers. 
BMC Genomics 2009;10:373-378.

 44. Ura S, Honda M, Yamashita T, Ueda T, Tekatori H, et al. Dif-
ferential microRNA expression between hepatitis B and hepatitis 
C leading disease progression to hepatocellular carcinoma. 
Hepatology 2009;49(4):1098-1112.

 45. Varnholt H, Drebber U, Schulze F, Wedemeyer I, Schirmacher P, 
Dienes HP, Odenthak M. MicroRNA gene expression profile of 
hepatitis C virus-associated heaptocellular carcinoma. Hepato-
logy 2008;47(4):1223-1232.

 46. Ji J, W XW. New kids on the block. Cancer Biol Therapy 
2009;8(18):1683-1690.

 47. Murakami Y, Yasuda T, Saigo K, Urashima T, Toyoda H, et al. 
Comprehensive analysis of microRNA expression patterns in 
hepatocellular carcinoma and non-tumorous tissues. Oncogene 
2006;25(17):2537-2545.

 48. Lang J, Gusev Y, Aderca I, Mettler TA, Negorney DM, et al. 
Association of microRNA expression in hepatocellular carci-
noma with hepatitis infection, cirrhosis and patient survival. 
Clin Cancer Res 2008;14(2):419-427.

 49. Li W, Xie L, Li J, Tu K, Wei L, et al. Diagnostic and prognostic 
implication of microRNAs in human hepatocellular carcinoma. 
Int J Cancer 2008;123(7):1616-1622.

 50. Su H, Yang JR, Xu T, Huang J, Xu L, Yuan Y, Zhuang SM. 
MicroRNA-101, downregulated in hepatocellular carcinoma, 
promotes apoptosis and suppresses tumorigenicity. Cancer Res 
2009;69(3):1135-1142.

 51. Budhu A, Jia HL, Forgues M, Liu CG, Goldstein D, Lam A, 
et al. Identification of metastasis-related microRNAs in hepato-
cellular carcinoma. Hepatology 2008;47(3):897-907.

 52. Huang S, He X, Ding J, Liang I, Zhao Y, et al. Upregulation of 
miR-23a approximately 24 decreases transforming growth factor 



Hikmet Akkiz

50

beta-induced tumor-suppressor activities in human hepato- 
cellular carcinoma cells. Int J Cancer 2008;123:972-978.

 53. Wong QW, Lung RW, Law PT, Lai PT, Chan KY, To KW, et al. 
MicroRNA-223 is commonly repressed in hepatocellularcarci-
noma and potentiates expression of Statlimin 1. Gastroente-
rology 2008;135(1):257-269.

 54. Braconi C, Patel T. MicroRNA expression profilling: a molecular 
tool for defining the phenotype of hepatocellular tumors. Hepa-
tology 2008;47:1807-1809.

 55. Ladeiro Y, Couchy G, Balabaud C, Bioulac-Sage P, Pelletier 
L, Rebouissou S, et al. MicroRNA profiling in hepatocellular 
tumors is associated clinical features and oncogene tumor supp-
ressor gene mutations. Hepatology 2008;47:1955-1963.

 56. Huang S, He X. The role of microRNAs in liver cancer progre-
ssion. British J Cancer 2011;104(2):235-245.

 57. Garofalo M, Di Leva G, Romano G, Nuovo G, Suh SS, 
Ngankeu A, et al. miR-221 and 222 regulate TRAIL resistance 
and enhance tumorigenicity through PTEN and TIMP3 down-
regulation. Cancer Cell 2009;16:498-509.

 58. Wang B, Hsu SH, Majumder S, Kutay H, Huang W, Jacob ST, 
et al. TGF-beta-mediated upregulation of hepatic miR-181b 
promotes hepatocarcinogenesis by targeting TIMP3. Oncogene 
2010;29:1787-1797.

 59. Ding J, Huang S, Wu S, Zhao Y, Liang L, et al. Gain of miR-151 
on chromosome 8q24.3 facilitates tumour cell migration and 
spreading through downregulation RhoGDIA. Nat Cell Biol 
2010;12(4):390-399.

 60. Yao J, Liang L, Huang S, Tan N, Zhao Y, Yan M, et al. MicroRNA- 
30d promotes tumor invasion and metastasis by targeting 
Galphai2 in hepatocellular carcinoma. Hepatology 2010;51(3): 
846-856.

 61. Bai S, Nasser MW, Wang B, Hsu SH, Kutay H, Yadav A, et al. 
MicroRNA-122 inhibits tumorigenic properties of hepatocellular 

carcinoma cells and sensitizes these cells to sorafenib. J Biol 
Chem 2009;284(46):32015-32027.

 62. Tsai WC, Hsu PW, Lai TC, Chau GY, Lin CW, Chen CM, Lin 
CD, et al. MicroRNA-122, a tumor suppressor microRNA that 
regulates intrahepatic metastasis of hepatocellular carcinoma. 
Hepatology 2009;49(5):1571-1582.

 63. Datta I, Kutay H, Nasser MW, Nuovo GI, Wang B, Majumder 
S, et al. Metilation mediated silencing of microRNA-1 gene and 
its role in hepatocarcinogenesis. Cancer Res 2008;68(13):5049- 
5058.

 64. Li N, Fu H, Tie Y, Hu Z, Kong W, Wu Y, et al. miR-34a inhibits 
migration and invasion by down-regulation of c-Met expre-
ssion in human hepatocellular carcinoma cells. Cancer Lett 
2009;275(1):44-53.

 65. Salvi A, Sabelli C, Moncini S, Venturin M, Arici B, Riva P, et al. 
MicroRNA-23b mediates urokinase and c-Met downmodulation 
and a decreased migration of human hepatocellular carcinoma 
cells. FEBS J 2009;276(11):2966-2982.

 66. Fornari F, Milazzo M, Chieco P, Negrini M, Calin GA, Grazi GI, 
et al. miR-199a-3p regulates mTOR and c-Met to influence the 
doxorubicin sensitivity of human hepatocellular carcinoma cells. 
Cancer Res 2010;70(12):5184-5193.

 67. Saunders MA, Liang H, Li WH. Human polymorphism at 
micro-RNAs and microRNA target sites. Proct Natl Acad Sci 
USA 2007;104(9):3300-3305.

 68. Akkiz H, Bayram S, Bekar A, Akgöllü E, Ülger Y, et al. A func-
tional polymorphism in premicroRNA-196a-2 contributes to the 
susceptibility of heaptocellular carcinoma in Turkish population: 
a case-control study. J Viral Hepat 2010;18(7):399-407.

 69. Akkiz H, Bayram S, Bekar A, Akgöllü E, Üsküdar O, Sandıkçı M, 
et al. No association of premicroRNA-146a rs2910164 polymor-
phism and risk of hepatocellular carcinoma development in Turkish 
population: a case control study. Gene 2011;486(1-2):104-109.


