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MicroRNA-26b protects against the H2O2-induced injury
on cardiac myocytes via its target gene HGF
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Abstract: Recent studies have revealed the critical role of microRNAs (miRNAs) in regulating myocardial ischemic injury. However, evidence for the role of miR-26b in oxidative stress injury induced by H2O2 is still missing. The present
study attempted to determine whether MIr-26b has an influence on oxidative stress injury, if so, to investigate the
mechanisms involved. We demonstrated that microRNA-26b (miR-26b) was upregulated in cardiac myocytes after
treatment with hydrogen peroxide (H2O2). To determine the potential roles of miRNAs in H2O2-mediated gene regulation and cellular injury, miR-26b expression was downregulated by miR-26b inhibitor and upregulated by miR-26b
mimic. H2O2-induced cardiac cell apoptosis and over release of creatine kinase (CK) lactate dehydrogenase (LDH)
were increased by miR-26b mimic and was decreased by inhibitor. These effects of miR-26b were abrogated by
over-expression of HGF, an initiation factor of the mitochondrial apoptotic pathway in cardiomyocytes. Furthermore,
luciferase reporter assay and western blot analysis identified HGF as a direct target of miR-26b. Overall, this study
showed an important role for miR-26b on oxidative stress injury by directly targeting HGF and may represent a potential novel treatment for ischemic heart disease.
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Acute myocardial infarction (AMI) is the major
cause of morbidity and mortality in the world
which accompanied by apoptosis, cardiac fibrosis, inflammation and pathological remodeling
[1]. Reperfusion is the definitive treatment for
acute coronary syndromes, especially acute
myocardial infarction; however, reperfusion has
the potential to exacerbate myocardial injury
identified as ischemia/reperfusion (I/R) injury
[2]. Reactive oxygen species (ROS) that create
oxidative stress acts as the key damaging factor to the heart during I/R injury, as reoxygenation during reperfusion generates a large
amount of ROS which induce apoptosis [3-5]. In
spite of great progress that had been made on
the pathophysiologic understanding of myocardial ischemia/reperfusion injury, the complete
and precise mechanism associated with myocardial ischemia is largely unknown.

[6]. It regulates posttranscriptional gene expression by binding to the 3’-UTR region of target
mRNA and participate in the pathophysiology of
many diseases [7]. For instance, miRNAs was
involved in the physiological and pathological
processes of heart development, cardiac hypertrophy, cardiac remodeling, heart failure and
arrhythmia [8-12]. Similarly, increasing evidence has illustrated miRNAs as a protective or
negative regulator in myocardial ischemia
reperfusion [13-15]. MiR-26 family is enriched
in the heart but it is not cardiac specific. It is
down-regulated in various tumor types like bladder tumor, breast cancer, oral squamous cell
carcinoma and anaplastic carcinomas [16-19]
and may exhibit tumor-suppressive activity during tumorigenesis in these tumors. It has been
demonstrated that up-regulation of miR-26a
promotes apoptosis of hypoxic rat neonatal cardiomyocytes by repressing GSK-3β protein
expression.

MicroRNAs (miRNAs) are a kind of highly conserved endogenous non encoding small RNAs

In the present study, we investigated the changes of miR-26b expression in a cellular model of
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absorption at 490 nm was evaluated using a
microplate reader (Bio-Rad, USA).
CK and LDH assay
Serum CK and LDH were measured using CK
and LDH detection kits (Nanjing Jiancheng
Bioengineering Institute) according to the manufacturer’s instruction.
Quantitative real-time PCR (qRT-PCR)
Figure 1. Effect of different concentration and time
of H2O2 treatment on cardiac myocyte injury. After
H2O2 of different concentration treatment, MTT assay was used to detect the cell viability. Data are expressed as mean ± SD; n = 8 *P < 0.05 vs. control,
#P < 0.05 vs. H2O2 group.

oxidative stress induced by H2O2. We found the
inhibition of miR-26b expression significantly
reduced the cardiomyocyte apoptosis. In addition, we established HGF as a direct target
gene of miR-26b.
Material and methods
Cell culture and transfection
H9c2 cells were cultured in Dulbecco’s modified Eagle’s medium (GIBCO, NY, USA) supplemented with 10% fetal bovine serum (GIBCO,
NY, USA) , 100 U/m penicillin, 100 µg/ml streptomycin and 110 mg/ml sodium pyruvate in a
humidified atmosphere containing 5% CO2 at
37°C. MiR-26b mimics, miR-26b inhibitor and
crumble control (GenePharma, Shanghai,
China) were transfected using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) following
the manufactures’ protocols.
Cell treatment of H2O2
1×106 H9c2 cells were seeded into 6-well plate
and cultured for 24 h. To induce hypoxia-like
apoptosis, 100 μM H2O2 was added into cardiomyocyte culture for 6 h, 12 h, 24 h.
Cell viability assay
48 h after transfection, H9c2 Cardiomyocytes
were plated in 96-well plates. MTT assay was
used to assess the cell viability. After H2O2 of
different concentration treatment, 10% MTT
(Sigma, USA) was added to the culture medium
at 37°C for 4 h. The supernatant was removed
and the cell layer was diluted in DMSO and the
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The H9c2 cardiomyocytes were suspended and
collected. Total RNA was extracted using a
Trizol (Invitrogen, USA) according to manufacturer’s instructions. 2 μg RNA was reverse transcribed using a RNA PCR Kit (Takara Biotechnology, Japan) and the resulting cDNA was
used as a PCR template. To detect gene expression, quantitative real-time PCR (qRT-PCR) was
performed using an iCycler iQ System with the
iQ SYBR Green Super Mix (Bio-Rad, USA) according to manufacturer’s instructions. GAPDH
and U6 snRNA were used as internal controls.
The relative gene expression level was calculated using (2-ΔΔCt) method. The sequences of
U6 primers were forward: 5’-GCTTCGGCAGCACATATACTAA-3’ reverse: 5’-AACGCTTCACGAATTTGCGT-3’.
Western blot
The protein samples were extracted from the
H9c2 cardiomyocytes using a lysis buffer (20
mM Hepes, pH7.9, 350 mM NaCl, 20% glycerol,
1 mM MgCl2, 0.5 mM EDTA, 0.1 mM EGTA, 1%
NP-40, 1 mM orthovanadate, 0.1 mM DTT, 25
mM NaF, and protease inhibitor cocktail; Sigma,
USA). 30 μg protein was separated in 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene fluoride membranes. The membranes
were incubated for 2 h with 5% skimmed milk in
PBS containing 0.1% Tween-20 to block nonspecific binding followed by probing with primary antibodies overnight at 4°C. After washing
with PBST, the membranes were incubated at
room temperature for 90 min with horseradish
peroxidase-conjugated goat anti-rabbit antibodies. GAPDH was used as an internal control.
The blot was visualized with Pierce ECL
reagents.
Flow cytometry
The cultured H9c2 cardiomyocytes were digested with trypsin, washed with cold PBS and dual
Int J Clin Exp Pathol 2017;10(2):1313-1321
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Figure 2. Effect of H2O2 on apoptosis and miR-26b expression in cultured cardiac myocytes. A, B. Flow cytometry
was applied to investigate the apoptosis rate after different time of H2O2 treatment. C. Quantative real-time PCR was
used to evaluated the expression of miR-26b with U6 being the internal control. Data are expressed as mean ± SD;
n = 8 *P < 0.05 vs. control, #P < 0.05 vs. H2O2 group.

stained with nnexinV FITC/propidium iodide
according to the manufacturer’s instructions.
Apoptosis was detected by flow cytometry on a
BD FACSCalibur (Becton Dickinson, NJ, USA).
Luciferase assay
The Wild-type and mutated 3’UTRs were subcloned into the pGL3 vector (Promega, WI, USA)
immediately downstream of the stop codon of
the luciferase gene. Cells were co-transfected
with the plasmid constructs of pGL3-HGF3’UTR or pGL3-HGF-3’UTR-mut and miR-26b
mimics or control using Lipofectamine 2000
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(Invitrogen, CA, USA). Cells were subsequently
transfected with 0.1 μg PRL-TK (TK-driven Renilla luciferase expression vector) with Lipofectamine 2000 as an internal control. Luciferase activities were measured 48 h after
transfection with a dual luciferase reporter
assay kit (Promega, WI, USA).
Statistical analysis
All the data are presented as the means ± SD.
Differences between multiple groups were analyzed with one-way ANOVA followed by the
Fisher’s least significant difference (LSD) test.
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Figure 3. Effect of overexpression or silencing miR-26b on H2O2-induced cardiac myocyte apoptosis. A, B. Flow cytometry was applied to investigate the apoptosis rate after
different kinds of treatment. C. Quantative
real-time PCR was used to evaluated the
expression of miR-26b with U6 being the internal control. D, E. CK and LDH activity in
serum sample were assayed by ELISA after
different kinds of treatment. Data are expressed as mean ± SD; n = 8 *P < 0.05 vs.
control, #P < 0.05 vs. H2O2 group.

Differences between two groups were analyzed
with Student’s t-test. A P < 0.05 was considered statistically significant.

2C). Interestingly, exposure of cardiac myocytes
to 100 μM H2O2 resulted in a time-dependent
decrease of miR-26b expression.

Results

Effect of overexpression or silencing miR-26b
on H2O2-induced cardiac myocyte apoptosis

Effect of H2O2 on cardiac myocyte injury
As Figure 1 showed, high concentrations (50200 μM) of H2O2 increased cardialmyocyte
death in a dose and time dependent manner
under our experimental condition. It indicated
the successful establishment of cellular model
of oxidative stress. The cell death was a mixture of cell apoptosis and necrosis with the
majority of dead cells being apoptotic cells.
Effect of H2O2 on apoptosis and miR-26b expression in cultured cardiac myocytes
H2O2 (100 μM) promoted the apoptosis in cultured cardiac myocytes in a time dependent
manner after 6 h treatment (Figure 2A, 2B). To
investigate the relationship between miR-26b
and cardiac myocytes under oxidative stress,
we evaluated the expression of miR-26b (Figure
1316

To further detect miR-26’s role in regulating the
cardiomyocyte response to ROS, we modulated
the miR-26b expression. As Figure 3A, 3B
revealed, overexpression by transfection of
miR-26b mimics significantly reduced the cardiac myocyte apoptosis induced by H2O2. On
the contrary, Silencing miR-26b enhanced the
apoptosis in cardiac myocyte under H2O2 treatment. We next evaluated the expression of miR26b to verify the effect of miR-26b mimics and
inhibitor. As expected, miR-26b mimics elevated the expression of miR-26b for more than 10
folds while miR-26b inhibitor reduced the
expression of miR-26b for approximately 8
folds (Figure 3C). In addition, CK and LDH that
are indicators of oxidative stress-induced injury
were evaluated. In line with the previous findings, miR-26b overexpression elevated both CK
and LDH activity (Figure 3D, 3E).
Int J Clin Exp Pathol 2017;10(2):1313-1321
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Figure 4. MiR-26b directly targets HGF. A. Sequence alignment between miR-26b and the 3’UTR of HFG of rat. B.
Luciferase reporter activities of chimeric vectors carrying luciferase gene and a fragment of HFG 3’UTR containing the binding sites of miR-26b. C. Western blot analysis of protein level of HGF with miR-26b mimic or inhibitor
transfected into H9c2 cells. D. Quantative real-time PCR was used to analysis the mRNA level of HGF with miR-26b
mimic or inhibitor transfected into H9c2 cells. Data are expressed as mean ± SD; n = 8 *P < 0.05 vs. control, #P <
0.05 vs. H2O2 group.

MiR-26b directly targets HGF
To investigate the mechanism through which
miR-26b inhibited ischemic injury, a potential
target gene of miR-26b as predicted by bioinformatics algorithms (Figure 4A). To further confirm that miR-26b was able to directly bind to
HGF and inhibit HGF expression, a construct in
which a fragment of the 3’-UTR of HGF mRNA
containing the putative miR-26b binding
sequence was cloned into a firefly luciferase
reporter construct and co-transfected into
H9c2 cells with miR-26b mimics or scramble.
As expected, we found that miR-26b decreased
the luciferase activity miR-26b expression in
H9c2 cells (Figure 4B). Quantative real-time
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PCR and Western blot were carried out to verify
the prediction. Unlike protein expression, the
mRNA expression of HGF remained unchanged
(Figure 4C, 4D).
HGF overexpression reversed the effect of
miR-26b on myocardiomyocyte oxidative stress
injury
To test this hypothesis, we transfected cardiomyocytes with 100 nM miR-26b mimics and
HGF overexpressing vector to ectopically upregulate miR-26b and HGF (Figure 5A, 5B). As
expected, HGF significantly reversed the apoptosis inducing effect of miR-26b. In addition, CK
and LDH activity were evaluated. Consistently,
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Figure 5. HGF overexpression reversed the effect of miR-26b on myocardiomyocyte oxidative stress injury. A, B. Flow
cytometry was applied to investigate the apoptosis rate after different kinds of treatment. C, D. CK and LDH activity
in serum sample were assayed by ELISA after different kinds of treatment. Data are expressed as mean ± SD; n =
8 *P < 0.05 vs. control, #P < 0.05 vs. H2O2 group, $P < 0.05 vs. H2O2+mimic group.

HGF overexpression down-regulated the CK
and LDH activity which expression was elevated by miR-26b (Figure 5C, 5D).
Discussion
ROS can be produced during the course of the
cardiovascular disease, which can lead to oxidative stress damage and eventually apoptosis
and necrosis of myocardial cells [20]. H2O2 is a
kind of ROS that can induce oxidative stress
injury in myocardial cells. Thus, It is most used
to simulate myocardial ischemia reperfusion
injury and oxidative stress damage. In this
1318

study we found that 100 μM and 200 μM H2O2
could both induce apoptosis of H9c2 cells significantly, we selected this concentration of to
do the 100 μM experiment which is similar with
the previous studies. Cultured H9c2 cardiomyocytes were significantly injured by 100 μM H2O2
as early as 6 h treatment. This result is consistent with previous studies indicating that hypoxia conditions generated oxygen-derived free
radicals in cardiac tissues, futher played crucial
role in myocardial ischemia [21].
Increasing evidences have indicated that miRNAs are emerging as critical regulators in physiInt J Clin Exp Pathol 2017;10(2):1313-1321
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ological and pathogenetic processes. Physical
and chemical stimuli may alter miRNA expression [22, 23]. MiR-26b is one of the most studied miRNAs [24, 25] and plays an important
role in the regulation of apoptosis which is
mostly studied in tumors [26, 27]. MiR-26b
induces osteosarcoma and breast cancer cell
apoptosis by targeting PFKFB and SLC7A11
respectively. Consistently, the miR-26b level is
positively correlated with the apoptosis rate in
hepatocellular carcinoma tissues [28, 29]. All
these data indicate that miR-26b is a pro-apoptotic miRNA. However, the role of miR-26b in
myocardial ischemic injury or oxidative stress
injury has not been illustrated.
The present study examined the expression
levels of miRNA-26b in response to oxidative
stimulation. As expected, miR-26b expression
changed dramatically. To ascertain the role of
miR-26b in ROS-mediated H9c2 cells apoptosis, miR-26b expression was modulated via
transfection of miR-26b inhibitor and miR-26b
mimic. We found that the downregulation of
miR-26b expression protected against the
H2O2-induced injury of H9c2 cells by blocking
LDH release and CK production and inhibiting
cell apoptosis that are indicators of oxidative.
The major mechanism through which miRNAs
inhibit target gene expression is to induce
mRNA degradation or suppress mRNA translation via matching to the 3’-UTR of target mRNAs.
Here, we used bioinformatics analysis to search
the potential targets of miR-26b and selected
HGF as a potential one. The following luciferase
activity assay verified this prediction. HGF has
been demonstrated to induce pro-survival BclxL expression which is relevant with apoptosis
10516287. In addition, it has been determined
that the expression of both HGF and its receptor Met in cardiomyocytes, as well as plasma
levels of HGF rapidly increase in response to
ischemia/reperfusion injury and the administration of exogenous HGF in rats with ischemia/
reperfusion injury resulted in lesser degree of
myocardial apoptosis, smaller size of the infarct
area and better cardiac function compared
with non-treated control rats [30, 31]. In our
work, we firstly found that miR-26b directly target HGF which was verified by luciferase assay
and blocked its protective effect on H2O2
induced oxidative stress injury. To further confirm what we demonstrated. MiR-26b and HGF
overexpressing vector were contransfected into
1319

H9c2 cells. Interestingly, HGF reversed the oxidative stress induction of miR-26b.
In conclusion, miR-26b owns a protective effect
on H2O2 induced cardiamyocyte oxidative stress
injury by directly targeting HFG. These novel
findings may have extensive diagnostic and
therapeutic implications for a variety of cardiovascular diseases related to oxidative stress.
Acknowledgements
We thank the finance support by Guangzhou
Medical and Health Science and Technology
General Guidance Project (No. 2015A012080020) and Master & Doctoral Research Funds of
Panyu District Central Hospital.
Disclosure of conflict of interest
None.
Address correspondence to: Aidong Zhang, Department of Cardiovascular Diseases, The First Affiliated
Hospital of Jinan University, 613 Huangpu Road,
Tianhe, Guangzhou 511000, P. R. China. Tel: +8620-34859342; Fax: +86-20-34859340; E-mail:
zhangaidongvip@sina.com

References
[1]

[2]

[3]

[4]

Mozaffarian D, Benjamin EJ, Go AS, Arnett DK,
Blaha MJ, Cushman M, de Ferranti S, Despres
JP, Fullerton HJ, Howard VJ, Huffman MD, Judd
SE, Kissela BM, Lackland DT, Lichtman JH,
Lisabeth LD, Liu S, Mackey RH, Matchar DB,
McGuire DK, Mohler ER 3rd, Moy CS, Muntner
P, Mussolino ME, Nasir K, Neumar RW, Nichol
G, Palaniappan L, Pandey DK, Reeves MJ,
Rodriguez CJ, Sorlie PD, Stein J, Towfighi A,
Turan TN, Virani SS, Willey JZ, Woo D, Yeh RW,
Turner MB; American Heart Association Statistics Committee and Stroke Statistics Subcommittee. Heart disease and stroke statistics--2015 update: a report from the American
Heart Association. Circulation 2015; 131: e29322.
Katircioglu SF, Iscan HZ, Ulus T and Saritas Z.
Myocardial preservation in acute coronary artery occlusion with coronary sinus retroperfusion and carnitine. J Cardiovasc Surg (Torino)
2000; 41: 45-50.
Zweier JL. Measurement of superoxide-derived
free radicals in the reperfused heart. Evidence
for a free radical mechanism of reperfusion
injury. J Biol Chem 1988; 263: 1353-1357.
Arroyo CM, Kramer JH, Dickens BF and Weglicki
WB. Identification of free radicals in myocardi-

Int J Clin Exp Pathol 2017;10(2):1313-1321

miR-26b targets HGF

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

al ischemia/reperfusion by spin trapping with
nitrone DMPO. FEBS Lett 1987; 221: 101-104.
Du W, Pan Z, Chen X, Wang L, Zhang Y, Li S,
Liang H, Xu C, Zhang Y, Wu Y, Shan H and Lu Y.
By targeting Stat3 microRNA-17-5p promotes
cardiomyocyte apoptosis in response to ischemia followed by reperfusion. Cell Physiol
Biochem 2014; 34: 955-965.
Lee RC, Feinbaum RL and Ambros V. The C. elegans heterochronic gene lin-4 encodes small
RNAs with antisense complementarity to lin14. Cell 1993; 75: 843-854.
Hofstra L, Liem IH, Dumont EA, Boersma HH,
van Heerde WL, Doevendans PA, De Muinck E,
Wellens HJ, Kemerink GJ, Reutelingsperger CP
and Heidendal GA. Visualisation of cell death
in vivo in patients with acute myocardial infarction. Lancet 2000; 356: 209-212.
Qian L, Van Laake LW, Huang Y, Liu S, Wendland
MF and Srivastava D. miR-24 inhibits apoptosis and represses Bim in mouse cardiomyocytes. J Exp Med 2011; 208: 549-560.
Wang K, Liu CY, Zhang XJ, Feng C, Zhou LY,
Zhao Y and Li PF. miR-361-regulated prohibitin
inhibits mitochondrial fission and apoptosis
and protects heart from ischemia injury. Cell
Death Differ 2015; 22: 1058-1068.
Peters T, Hermans-Beijnsberger S, Beqqali A,
Bitsch N, Nakagawa S, Prasanth KV, de Windt
LJ, van Oort RJ, Heymans S and Schroen B.
Long Non-Coding RNA Malat-1 Is Dispensable
during Pressure Overload-Induced Cardiac
Remodeling and Failure in Mice. PLoS One
2016; 11: e0150236.
Chen XP, Lu SJ, Huang K, Zhang W, Liu ZW and
Zhong JH. Effects of Ang perfusion on transmural heterogeneous of Cx43 in acute myocardial
ischemia reperfusion. Asian Pac J Trop Med
2016; 9: 96-99.
Li Q, Xie J, Wang B, Li R, Bai J, Ding L, Gu R,
Wang L and Xu B. Overexpression of microRNA-99a Attenuates Cardiac Hypertrophy. PLoS
One 2016; 11: e0148480.
Xu J, Tang Y, Bei Y, Ding S, Che L, Yao J, Wang
H, Lv D and Xiao J. miR-19b attenuates H2O2induced apoptosis in rat H9C2 cardiomyocytes
via targeting PTEN. Oncotarget 2016; 7:
10870-8.
Han Q, Zhang HY, Zhong BL, Zhang B and Chen
H. Antiapoptotic Effect of Recombinant HMGB1
A-box Protein via Regulation of MicroRNA-21 in
Myocardial Ischemia-Reperfusion Injury Model
in Rats. DNA Cell Biol 2016; 35: 192-202.
Wang L, Niu X, Hu J, Xing H, Sun M, Wang J,
Jian Q and Yang H. After Myocardial IschemiaReperfusion, miR-29a, and Let7 Could Affect
Apoptosis through Regulating IGF-1. Biomed
Res Int 2015; 2015: 245412.
Wang G, Zhang H, He H, Tong W, Wang B, Liao
G, Chen Z and Du C. Up-regulation of microRNA

1320

[17]

[18]

[19]

[20]

[21]

[22]
[23]
[24]

[25]

[26]

[27]

in bladder tumor tissue is not common. Int Urol
Nephrol 2010; 42: 95-102.
Maillot G, Lacroix-Triki M, Pierredon S,
Gratadou L, Schmidt S, Benes V, Roche H,
Dalenc F, Auboeuf D, Millevoi S and Vagner S.
Widespread estrogen-dependent repression of
micrornas involved in breast tumor cell growth.
Cancer Res 2009; 69: 8332-8340.
Zhang B, Liu XX, He JR, Zhou CX, Guo M, He M,
Li MF, Chen GQ and Zhao Q. Pathologically decreased miR-26a antagonizes apoptosis and
facilitates carcinogenesis by targeting MTDH
and EZH2 in breast cancer. Carcinogenesis
2011; 32: 2-9.
Iorio MV, Ferracin M, Liu CG, Veronese A,
Spizzo R, Sabbioni S, Magri E, Pedriali M,
Fabbri M, Campiglio M, Menard S, Palazzo JP,
Rosenberg A, Musiani P, Volinia S, Nenci I,
Calin GA, Querzoli P, Negrini M and Croce CM.
MicroRNA gene expression deregulation in human breast cancer. Cancer Res 2005; 65:
7065-7070.
Bello-Klein A, Khaper N, Llesuy S, Vassallo DV
and Pantos C. Oxidative stress and antioxidant
strategies in cardiovascular disease. Oxid Med
Cell Longev 2014; 2014: 678741.
Jeroudi MO, Hartley CJ and Bolli R. Myocardial
reperfusion injury: role of oxygen radicals and
potential therapy with antioxidants. Am J
Cardiol 1994; 73: 2B-7B.
Mendell JT and Olson EN. MicroRNAs in stress
signaling and human disease. Cell 2012; 148:
1172-1187.
Leung AK and Sharp PA. MicroRNA functions in
stress responses. Mol Cell 2010; 40: 205-215.
Kwon Y, Kim Y, Eom S, Kim M, Park D, Kim H,
Noh K, Lee H, Lee YS, Choe J, Kim YM and
Jeoung D. MicroRNA-26a/-26b-COX-2-MIP-2
Loop Regulates Allergic Inflammation and
Allergic Inflammation-promoted Enhanced
Tumorigenic and Metastatic Potential of
Cancer Cells. J Biol Chem 2015; 290: 1424514266.
Shi C, Zhang M, Tong M, Yang L, Pang L, Chen
L, Xu G, Chi X, Hong Q, Ni Y, Ji C and Guo X. miR148a is Associated with Obesity and Modulates
Adipocyte Differentiation of Mesenchymal
Stem Cells through Wnt Signaling. Sci Rep
2015; 5: 9930.
Wu T, Chen W, Liu S, Lu H, Wang H, Kong D,
Huang X, Kong Q, Ning Y and Lu Z. Huaier suppresses proliferation and induces apoptosis in
human pulmonary cancer cells via upregulation of miR-26b-5p. FEBS Lett 2014; 588:
2107-2114.
Du JY, Wang LF, Wang Q and Yu LD. miR-26b
inhibits proliferation, migration, invasion and
apoptosis induction via the downregulation
of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3 driven glycolysis in osteosarcoma cells. Oncol Rep 2015; 33: 1890-1898.

Int J Clin Exp Pathol 2017;10(2):1313-1321

miR-26b targets HGF
[28] Liu XX, Li XJ, Zhang B, Liang YJ, Zhou CX, Cao
DX, He M, Chen GQ, He JR and Zhao Q.
MicroRNA-26b is underexpressed in human
breast cancer and induces cell apoptosis by
targeting SLC7A11. FEBS Lett 2011; 585:
1363-1367.
[29] Zhao N, Wang R, Zhou L, Zhu Y, Gong J and
Zhuang SM. MicroRNA-26b suppresses the
NF-kappaB signaling and enhances the chemosensitivity of hepatocellular carcinoma cells
by targeting TAK1 and TAB3. Mol Cancer 2014;
13: 35.

1321

[30] Chmielowiec J, Borowiak M, Morkel M, Stradal
T, Munz B, Werner S, Wehland J, Birchmeier C
and Birchmeier W. c-Met is essential for wound
healing in the skin. J Cell Biol 2007; 177: 151162.
[31] Nakamura T, Mizuno S, Matsumoto K, Sawa Y,
Matsuda H and Nakamura T. Myocardial protection from ischemia/reperfusion injury by
endogenous and exogenous HGF. J Clin Invest
2000; 106: 1511-1519.

Int J Clin Exp Pathol 2017;10(2):1313-1321

