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Abstract: The molecular interactions and regulations are dynamically changed in stem cells and
reprogramming. This review article mainly focuses on the networks of molecules and epigenetic
regulations including microRNA. The stem cells have molecular networks related to the stemness
and the reprogramming of differentiated cells include the signaling networks consist of the
transcriptional and post-transcriptional regulation of the genes and the protein modification. The
gene expression is regulated by the binding of microRNAs towards the regulating regions of the
coding genes. The molecular network pathways in stem cells include Wnt/β-catenin signaling and
MAPK signaling, Shh signaling and Hippo signaling pathway. The epigenetic regulation of the genes
included in the signaling pathways related to stem cells is mediated by the transcription factors and
microRNAs consist of 18–25 nucleotides. Molecular interactions of the signaling proteins in stem
cells is at least three factors including the quantity of the molecules partly regulated by the gene
transcription and protein synthesis, the modification of the proteins such as phosphorylation, and
localization of the molecules. In the epigenetic regulation level, the methylation and acetylation of
genomes are critical for the regulation of the transcription. The binding sites and the combination of
microRNAs, and regulated genes related to the stem cells and reprogramming are discussed in this
review.
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1.

Introduction

MicroRNAs (miRNAs) are nucleotides about 18-25 nt long which mediate epigenetic regulation [1–6].
miRNAs target mRNAs to regulate their transcription and gene expression [3]. Almost 50% of
miRNAs are conserved in human and chimpanzee genomes, whereas the miRNAs differentially
evolve in different species [7]. miRNAs are derived from the pri-miRNA, of which cleavage by
Drosha RNase III endonuclease produces the precursor miRNA (pre-miRNA), approximately 60 to
70 nt stem loop intermediate. The pre-miRNA is transported from the nucleus to the cytoplasm by
Ran-GTP and export receptor Exportin-5 [3]. The pre-miRNA is processed with Dicer RNase III
endonuclease, which was first recognized as a generator of the small interfering RNAs (siRNAs),
and eventually processed with helicase into single-stranded RNAs [3]. The maturated miRNAs are
incorporated as single-stranded RNAs into a ribonucleoprotein complex, RNA-Induced Silencing
Complex (RISC), and target the complementary sites of mRNAs [3–6]. The miRNAs in RISC
recognize the complementary sites of the target mRNAs to regulate their expression [3–6]. The
miRNAs have an important role to buffer and down-regulate the gene expression by degradation of
targeted mRNAs [5,6]. There has been demonstrated the correlation between noise and circuits
topology with and without a negative feedback loop that include miRNAs [5,6]. The
miRNA-mediated negative feedback loops are found coupled to other transcriptional feedback loops
in gene regulatory networks [5]. The miRNAs are contained in the exosomes in the circulatory
systems, and indicative for cancer [8,9]. The inflammation-associated miRNAs, miR-486 and
miR-146a are contained in circulating exosomes of heart failure patients [8]. These miRNAs are
indicated as potential markers for heart failure [8]. It has been shown that miR-21 and miR-1246 are
enriched in human plasma exosomes in breast cancer patients [9]. In this review article, the role of
miRNAs in stem cells and exosomes are focused in networks in stem cells and reprogramming.
2.

Wnt signaling in stem cells and reprogramming

It is known that Wnt signaling plays an important role in many cellular functions such as cell
proliferation, differentiation, and migration [10]. Wnt signaling can be classified into canonical
Wnt/β-catenin signaling and β-catenin-independent Wnt signaling. A previous finding indicates
the -catenin-independent Wnt signalings related to Wnt-3a, JNK and ATF2 promote neural stem
cell differentiation of human embryonic stem cell and induced pluripotent stem cell-derived neural
progenitor cells [10]. On the other hand, the Wnt/β-catenin signaling is involved in the osteoblastic
differentiation of stem cells [11]. Wnt signaling pathway is regulated by miRNA TrkC-miR2,
which is predicted to locate within the neurotrophic receptor tyrosine kinase 3 (NTRK3, or
tropomyosin receptor kinase C; TrkC) gene and a potential colorectal cancer biomarker regulating
cyclin D1 (CCND1) and catenin beta 1 (CTNNB1 or β-catenin) [12]. The expression level of
miRNAs such as miR-27a, miR-27b, miR-140, miR-146a, and miR-365 in osteoaerthritic
chondrocytes are regulated by hydrostatic pressure via Wnt/β-catenin pathway [13].
3.

miRNA role in stem cells, EMT and cancer

Therapeutic angiogenesis is induced by the inhibition of miRNA-495 in human induced
pluripotent stem cells that were reprogrammed from somatic cells [14]. The anti-angiogenic miR-495
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was also identified as a new target for promoting endothelial cell generation from human induced
pluripotent stem cells [14]. The miRNAs such as miR-424, let-7a, miR-2730, miR-6836, miR-6873
and miR-7152 are decreased in cancer stem cells in head and neck squamous cell carcinoma, whereas
miR-147 is increased in the cancer stem cells [15]. miRNAs such as miR-17, miR-23a and miR-31
play an important role during the process of the differentiation of adipose-derived stem cells into
osteogenic cells and in inhibiting bone morphogenetic protein 2 (BMP2)-mediated osteogenesis [16].
It is known that miRNAs act as tumor suppressors via regulating gene expression. miR-183
down-regulated metastasis associated 1 (MTA1) gene expression, leading to the inhibition of the
proliferation, epithelial-mesenchymal transition (EMT) and migration of human non-small cell lung
cancer [17]. EMT, the phenomenon which is implicated in cancer malignancy, is regulated by miRNAs.
The miR-30a inhibited tumor growth and EMT in hepatic stellate cells [18]. The miR-30a
over-expression suppressed carbon tetrachloride (CCl4)-induced liver fibrosis [18]. miR-1, which is
down-regulated in esophageal squamous cell carcinoma, suppressed proliferation, migration of
esophageal squamous cell carcinoma by targeting Notch2 via its 3’-UTR [19]. miR-1 regulated EMT
molecules such as E-cadherin, vimentin and TGF-β1 [19]. miR-491-5p was down-regulated in gastric
cancer, which led to promote EMT and gastric cancer metastasis by regulating snail family
transcriptional repressor 1 (SNAI1 or SNAIL) and fibroblast growth factor receptor 4 (FGFR4) [20].
miR-302b-3p/302c-3p/302d-3p inhibited EMT and induced apoptosis in human endometrial carcinoma
cells [21]. miR-302b-3p/302c-3p/302d-3p induced E-cadherin and suppressed zinc finger E-box
binding homeobox 1 (ZEB1) and N-cadherin [21]. Long non-coding RNA (lncRNA) X inactive
specific transcript (XIST) and miR-200c regulated the stemness properties of human bladder cancer
cells [22]. In this case, miR-200c was targeted and inhibited by lncRNA XIST, leading to EMT via
down-regulation of E-cadherin and up-regulation of zinc finger E-box binding homeobox 1 (ZEB1)
and ZEB2 [22]. miRNAs contained in extract of Stellerachamaejasme L inhibited proliferation and
metastasis of human hepatocellular carcinoma [23]. miRNAs such as hsa-miR-638 and hsa-miR-107
were up-regulated in hepatocellular carcinoma and down-regulated the gene expression of spalt like
transcription factor 4 (SALL4) and BCL2, apoptosis regulator (BCL2) [23]. The extract of
Stellarachamaejasme L containing miRNAs inhibited expression of EMT-related gene vimentin [23].
miR-106b promoted metastasis of esophageal squamous cell carcinoma via EMT [24]. miR-106b
directly targets phosphatase and tensin homolog (PTEN) via its 3’-UTR, which is involved in
metastasis of cancer [24]. miR-93 inhibited TGF-β1-induced EMT via inhibiting ORAI calcium
release-activated calcium modulator 1 (ORAI1) [25]. miR-577 inhibited EMT and metastasis in
breast cancer by targeting Rab25 [26]. miR-200 family suppresses EMT phenotype by targeting
ZEB1 [27]. CD44, which plays an important role in acquisition of cancer stem cell and EMT
phenotype, induced ZEB1 expression by suppressing miR-200c [27].
miR-10b targets cell adhesion molecule 2 (CADM2) and promotes hepatocellular tumor
metastasis through FAK/AKT pathway [28]. CADM2 gene expression is inhibited by miR-10b,
leading to the phosphorylation of AKT and activation of AKT pathway [28]. miR-370-3p targets the
long noncoding RNA H19 leading to the promotion of ovarian cancer via TGF-β-induced EMT [29].
miR-31 inhibits Dickkopf-related protein 1 (DKK1), leading to Wnt activation [30]. miR-501-5p
inhibits glycogen synthase kinase-3β (GSK3β) which also activates Wnt signaling and esophageal
adenocarcinoma [30]. miR-8084 promotes tumor through the inhibition of apoptosis and induction of
EMT [31]. miR-8084 is a potential therapeutic target of breast cancer [31]. L1 cell adhesion
molecule (L1CAM or CD171) promotes the formation of cancer initiating cells in human
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endometrial cancer [32]. miR-135a and miR-375 may induce the paclitaxel resistance towards human
endometrial cancer treatment [32]. miR-22 suppresses EMT in bladder cancer by inhibiting Snail and
MAPK1/slug/vimentin [33]. miR-132 suppresses the migration of non-small cell lung cancer by
inhibiting USP9X-induced EMT [34]. miR-140 inhibits metastasis of colorectal cancer [35]. These
results demonstrate that various miRNAs regulate migration of cancer cells mainly via EMT.
4.

Exosomes and their potential as therapeutic targets

Exosomes are vesicles of about 100 nm surrounded by a lipid bilayer membrane secreted from
almost all cells, and are composed of proteins, nucleic acids, lipids and metabolites [36,37]. In
addition to major histocompatibility complex (MHC) molecules and integrins, tetraspanins are
supposed to exist on the surface of exosome, among which tetraspanins CD9, CD63 and CD81 are
recognized as exosome-specific markers [38–41]. Furthermore, within the exosome, various nucleic
acids such as DNA fragment, mRNA, miRNA, rRNA, noncoding RNA are included in addition to
proteins related to multivesicular body formation (Tsg101 or Alix), heat shock protein (HSP) [39,40].
Exosomes secreted from cells are not only present between cells but also in body fluids (blood,
cerebrospinal fluid, urine, etc.), circulating in the body. The secreted exosome circulates in the body
fluid and contacts other cells, and the plasma membrane merges. As a result, inclusions in the
exosome can enter the cell and function [38,42–45]. In addition to the fact that exosomes secreted
from cells reflect the characteristics of the cell of secretion, they are present in body fluids and are
attracting attention as being able to be used for the diagnosis of diseases. Diagnosis by cancer cells
and components derived from body fluids is called “Liquid Biopsy”, and exosomes are also expected
as diagnostic markers.
Fibroblasts are one of the stromal cells found in many solid tumors. Cancer treatment strategies
targeting cancer-associated fibroblasts (CAFs) are proactively advanced, because CAF are supposed
to promote angiogenesis and infiltration / metastasis of solid tumors through interaction with cancer
cells [46]. It was reported that highly metastatic hepatocellular carcinoma (HCC) cells secreted
exosomal miR-1247-3p to convert fibroblasts to CAFs by targeting B4GALT3, which leads to
activation of β1-integrin/NF-κB pathway [47]. The miR-1247-3p regulates the expression of IL-1β,
IL-6 and IL-8 [47]. Furthermore, it was revealed that a key event during brain metastasis is associated
with exosomal miRNA: Brain metastasis involves the migration of cancer cells through blood-brain
barrier (BBB). The exosomal miR-181c, derived from the high brain metastasis strain, was reported to
down-regulate the expression of 3-phosphoinositide dependent protein kinase 1 (PDPK1) in the
endothelial cells constituting the BBB. Degradation of PDPK1 by miR-181c down-regulates
phosphorylated cofilin, leading to activated cofilin-induced modulation of actin dynamics to break
down BBB [48].
Exosomes are secreted from both normal and cancer cells, and contain mRNAs and miRNAs
specific for secreting cells. Therefore, exosomal miRNAs in body fluids can be used as noninvasive
biomarkers for cancer cells. To date, exosomes specific for various cancers, such as breast cancer [49],
gastric cancer [50], ovarian cancer [51], multiple myeloma [52], acute myeloid leukemia [53], acute
lymphoblastic leukemia [53], non small cell lung cancer [54], lung squamous cell carcinoma [55],
pancreatic cancer [56], pancreatic ductal adenocarcinoma [57], brain tumor [58], prostate cancer [59],
Hodgkin's lymphoma [60] have been identified in cells, blood, saliva and urine of patients. For
example, a combination of five miRNAs (miR-1246, miR-1307-3p, miR-4634, miR-6861-5p and
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miR-6875-5p) could detect early stage breast cancer, with a sensitivity of 98.0% [61]. As for colorectal
neoplasms (colorectal cancer and colorectal advanced adenoma), the 7 plasma miRNA panel (miR-21,
miR-29c, miR-122, miR-192, miR-346, miR-372 and miR-374a) accurately differentiated patients
with colorectal neoplasia and those with other cancers or controls [62]. These reports indicate that
circulating miRNAs, mainly included in exosomes, are useful and promising tools for diagnosis and
prognosis.
5.

Conclusion

The miRNAs regulate the networks related to cancer, stem cells and reprograming. The several
molecules in the signaling networks including Wnt signaling and EMT are targeted by miRNAs,
leading to the activation or inactivation of the network pathways. The miRNAs can be therapeutic
targets for the cancer treatment, in which the gene expression activating cancer signaling would be
regulated by miRNAs. Exosomes containing miRNAs specific for cancers would be potential
indicators for diagnosing and treating cancer.
Acknowledgements
We would like to acknowledge the people who helped the preparation of the manuscript. This
research was supported by the Ministry of Health, Labour and Welfare (MHLW) of Japan Fund and
Japan Agency for Medical Research and Development (AMED).
Conflict of Interest
The authors declare no conflict of interest.
References
1.
2.
3.
4.
5.
6.
7.
8.

Salim A, Amjesh R, Chandra SS (2017) An approach to forecast human cancer by profiling
microRNA expression from NGS data. BMC Cancer 17: 77.
Bartel DP (2009) microRNAs: target recognition and regulatory functions. Cell 136: 215–233.
Bartel DP (2004) microRNAs: genomics, biogenesis, mechanism, and function. Cell 116:
281–297.
Agarwal V, Bell GW, Nam JW, et al. (2015) Predicting effective microRNA target sites in
mammalian mRNAs. eLife 4: e05005.
Siciliano V, Garzilli I, Fracassi C, et al. (2013) miRNAs confer phenotypic robustness to gene
networks by suppressing biological noise. Nat Commun 4: 2364.
Cuccato G, Polynikis A, Siciliano V, et al. (2011) Modeling RNA interference in mammalian
cells. BMC Syst Biol 5: 19.
Santpere G, Lopez-Valenzuela M, Petit-Marty N, et al. (2016) Differences in molecular evolutionary
rates among microRNAs in the human and chimpanzee genomes. BMC Genomics 17: 528.
Beg F, Wang R, Saeed Z, et al. (2017) Inflammation-associated microRNA changes in
circulating exosomes of heart failure patients. BMC Res Notes 10: 751.

AIMS Cell and Tissue Engineering

Volume 2, Issue 4, 238–245.

243

9.
10.

11.

12.

13.

14.
15.
16.

17.
18.
19.
20.
21.

22.
23.

24.
25.
26.

Hannafon BN, Trigoso YD, Calloway CL, et al. (2016) Plasma exosome microRNAs are
indicative of breast cancer. Breast Cancer Res 18: 90.
Bengoa-Vergniory N, Gorroño-Etxebarria I, González-Salazar I, et al. (2014) A switch from
canonical to noncanonical Wnt signaling mediates early differentiation of human neural stem
cells. Stem Cells 32: 3196–3208.
Zhou R, Yuan Z, Liu J, et al. (2016) Calcitonin gene-related peptide promotes the expression of
osteoblastic genes and activates the WNT signal transduction pathway in bone marrow stromal
stem cells. Mol Med Rep 13: 4689–4696.
Dokanehiifard S, Yasari A, Najafi H, et al. (2017) A novel microRNA located in the TrkC gene
regulates the Wnt signaling pathway and is differentially expressed in colorectal cancer
specimens. J Biol Chem 292: 7566–7577.
Cheleschi S, De Palma A, Pecorelli A, et al. (2017) Hydrostatic pressure regulates microRNA
expression levels in osteoarthritic chondrocyte cultures via the Wnt/β-catenin pathway. Int J Mol
Sci 18: 133.
Liang J, Huang W, Cai W, et al. (2017) Inhibition of microRNA-495 enhances therapeutic
angiogenesis of human induced pluripotent stem cells. Stem Cells 35: 337–350.
Yata K, Beder LB, Tamagawa S, et al. (2015) microRNA expression profiles of cancer stem
cells in head and neck squamous cell carcinoma. Int J Oncol 47:1249–1256.
Hodges WM, O'Brien F, Fulzele S, et al. (2017) Function of microRNAs in the osteogenic
differentiation and therapeutic application of adipose-derived stem cells (ASCs). Int J Mol Sci
18: 2597.
Yang CL, Zheng XL, Ye K, et al. (2018) microRNA-183 acts as a tumor suppressor in human
non-small cell lung cancer by down-regulating MTA1. Cell Physiol Biochem 46: 93–106.
Zheng J, Wang W, Yu F, et al. (2018) microRNA-30a suppresses the activation of hepatic stellate
cells by inhibiting epithelial-to-mesenchymal transition. Cell Physiol Biochem 46: 82–92.
Liu W, Li M, Chen X, et al. (2018) microRNA-1 suppresses proliferation, migration and
invasion by targeting Notch2 in esophageal squamous cell carcinoma. Sci Rep 8: 5183.
Yu T, Wang LN, Li W, et al. (2018) Downregulation of miR-491-5p promotes gastric cancer
metastasis by regulating SNAIL and FGFR4. Cancer Sci 109: 1393–1403.
Li Y, Huo J, Pan X, et al. (2018) microRNA 302b-3p/302c-3p/302d-3p inhibits
epithelial-mesenchymal transition and promotes apoptosis in human endometrial carcinoma
cells. Onco Targets Ther 11: 1275–1284.
Xu R, Zhu X, Chen F, et al. (2018) LncRNA XIST/miR-200c regulates the stemness properties
and tumourigenicity of human bladder cancer stem cell-like cells. Cancer Cell Int 18: 41.
Liu X, Wang S, Xu J, et al. (2018) Extract of Stellerachamaejasme L(ESC) inhibits growth and
metastasis of human hepatocellular carcinoma via regulating microRNA expression. BMC
Complement Altern Med 18: 99.
Zhang J, Chen D, Liang S, et al. (2018) miR-106b promotes cell invasion and metastasis via
PTEN mediated EMT in ESCC. Oncol Lett 15: 4619–4626.
Ma J, Zhang L, Hao J, et al. (2018) Up-regulation of microRNA-93 inhibits TGF-β1-induced
EMT and renal fibrogenesis by down-regulation of Orai1. J Pharmacol Sci 136: 218–227.
Yin C, Mou Q, Pan X, et al. (2018) miR-577 suppresses epithelial-mesenchymal transition and
metastasis of breast cancer by targeting Rab25. Thorac Cancer 9: 472–479.

AIMS Cell and Tissue Engineering

Volume 2, Issue 4, 238–245.

244

27. Miyazaki H, Takahashi RU, Prieto-Vila M, et al. (2018) CD44 exerts a functional role during
EMT induction in cisplatin-resistant head and neck cancer cells. Oncotarget 9: 10029–10041.
28. Li D, Zhang Y, Zhang H, et al. (2018) CADM2, as a new target of miR-10b, promotes tumor
metastasis through FAK/AKT pathway in hepatocellular carcinoma. J Exp Clin Cancer Res 37: 46.
29. Li J, Zou K, Yu L, et al. (2018) microRNA-140 inhibits the epithelial-mesenchymal transition
and metastasis in colorectal cancer. Mol Ther Nucleic Acids 10: 426–437.
30. Clark RJ, Craig MP, Agrawal S, et al. (2018) microRNA involvement in the onset and
progression of Barrett's esophagus: a systematic review. Oncotarget 9: 8179–8196.
31. Gao Y, Ma H, Gao C, et al. (2018) Tumor-promoting properties of miR-8084 in breast cancer
through enhancing proliferation, suppressing apoptosis and inducing epithelial-mesenchymal
transition. J Transl Med 16: 38.
32. Chen J, Gao F, Liu N (2018) L1CAM promotes epithelial to mesenchymal transition and
formation of cancer initiating cells in human endometrial cancer. Exp Ther Med 15: 2792–2797.
33. Xu M, Li J, Wang X, et al. (2018) miR-22 suppresses epithelial-mesenchymal transition in bladder
cancer by inhibiting Snail and MAPK1/Slug/vimentin feedback loop. Cell Death Dis 9: 209.
34. Guo H, Zhang X, Chen Q, et al. (2018) miR-132 suppresses the migration and invasion of lung
cancer cells by blocking USP9X-induced epithelial-mesenchymal transition. Am J Transl Res
10: 224–234.
35. Li J, Huang Y, Deng X, et al. (2018) Long noncoding RNA H19 promotes transforming growth
factor-β-induced epithelial-mesenchymal transition by acting as a competing endogenous RNA
of miR-370-3p in ovarian cancer cells. Onco Targets Ther 11: 427–440.
36. Yáñez-Mó M, Siljander PR, Andreu Z，et al. (2015) Biological properties of extracellular
vesicles and their physiological functions. J Extracell Vesicles 4: 27066.
37. de Jong OG, Verhaar MC, Chen Y, et al. (2012) Cellular stress conditions are reflected in the
protein and RNA content of endothelial cell-derived exosomes. J Extracell Vesicles 1.
38. Raposo G, Nijman HW, Stoorvogel W, et al. (1996) B lymphocytes secrete antigen-presenting
vesicles. J Exp Med 183: 1161–1172.
39. Raposo G, Stoorvogel W (2013) Extracellular vesicles: exosomes, microvesicles, and friends. J
Cell Biol 200: 373–383.
40. Colombo M, Raposo G, Théry C (2014) Biogenesis, secretion, and intercellular interactions of
exosomes and other extracellular vesicles. Annu Rev Cell Dev Biol 30: 255–289.
41. Yoshioka Y, Konishi Y, Kosaka N, et al. (2013) Comparative marker analysis of extracellular
vesicles in different human cancer types. J Extracell Vesicles 2.
42. Valadi H, Ekstrom K, Bossios A, et al. (2007) Exosome-mediated transfer of mRNAs and
microRNAs is a novel mechanism of genetic exchange between cells. Nat Cell Biol 9: 654–659.
43. Kosaka N, Iguchi H, Yoshioka Y, et al. (2010) Secretory mechanisms and intercellular transfer
of microRNAs in living cells. J Biol Chem 285: 17442–17452.
44. Pegtel DM, Cosmopoulos K, Thorley-Lawson DA, et al. (2010) Functional delivery of viral
miRNAs via exosomes. Proc Natl Acad Sci U S A 107: 6328–6333.
45. Zhang Y, Liu D, Chen X, et al. (2010) Secreted monocytic miR-150 enhances targeted
endothelial cell migration. Mol Cell 39: 133–144.
46. Kalluri R, Zeisberg M (2006) Fibroblasts in cancer. Nat Rev Cancer 6: 392–401.
47. Fang T, Lv H, Lv G, et al. (2018) Tumor-derived exosomal miR-1247-3p induces cancer-associated
fibroblast activation to foster lung metastasis of liver cancer. Nat Commun 9: 191.
AIMS Cell and Tissue Engineering

Volume 2, Issue 4, 238–245.

245

48. Tominaga N, Kosaka N, Ono M, et al. (2015) Brain metastatic cancer cells release
microRNA-181c-containing extracellular vesicles capable of destructing blood-brain barrier. Nat
Commun 6: 6716.
49. Sieuwerts AM, Mostert B, Bolt-de Vries J, et al. (2011) mRNA and microRNA expression
profiles in circulating tumor cells and primary tumors of metastatic breast cancer patients. Clin
Cancer Res 17: 3600–3618.
50. Ohshima K, Inoue K, Fujiwara A, et al. (2010) Let-7 microRNA family is selectively secreted
into the extracellular environment via exosomes in a metastatic gastric cancer cell line. PLoS
One 5: e13247.
51. Taylor DD, Gercel-Taylor C (2008) microRNA signatures of tumor-derived exosomes as
diagnostic biomarkers of ovarian cancer. Gynecol Oncol 110: 13–21.
52. Jones CI, Zabolotskaya MV, King AJ, et al. (2012) Identification of circulating microRNAs as
diagnostic biomarkers for use in multiple myeloma. Br J Cancer 107: 1987–1996.
53. Tanaka M, Oikawa K, Takanashi M, et al. (2009) Down-regulation of miR-92 in human plasma
is a novel marker for acute leukemia patients. PLoS One 4: e5532.
54. Hu Z, Chen X, Zhao Y, et al. (2010) Serum microRNA signatures identified in a genome-wide
serum microRNA expression profiling predict survival of non-small-cell lung cancer. J Clin
Oncol 28: 1721–1726.
55. Aushev VN, Zborovskaya IB, Laktionov KK, et al. (2013) Comparisons of microRNA patterns
in plasma before and after tumor removal reveal new biomarkers of lung squamous cell
carcinoma. PLoS One 8: e78649.
56. Ho AS, Huang X, Cao H, et al. (2010) Circulating miR-210 as a novel hypoxia marker in
pancreatic cancer. Transl Oncol 3: 109–113.
57. Wang J, Chen J, Chang P, et al. (2009) microRNAs in plasma of pancreatic ductal adenocarcinoma
patients as novel blood-based biomarkers of disease. Cancer Prev Res (Phila) 2: 807–813.
58. Camacho L, Guerrero P, Marchetti D (2013) microRNA and protein profiling of brain metastasis
competent cell-derived exosomes. PLoS One 8: e73790.
59. Cheng HH, Mitchell PS, Kroh EM, et al. (2013) Circulating microRNA profiling identifies a
subset of metastatic prostate cancer patients with evidence of cancer-associated hypoxia. PLoS
One 8: e69239.
60. Jones K, Nourse JP, Keane C, et al. (2014) Plasma microRNA are disease response biomarkers
in classical Hodgkin lymphoma. Clin Cancer Res 20: 253–264.
61. Shimomura A, Shiino S, Kawauchi J, et al. (2016) Novel combination of serum microRNA for
detecting breast cancer in the early stage. Cancer Sci 107: 326–334.
62. Carter JV, Roberts HL, Pan J, et al. (2016) A highly predictive model for diagnosis of colorectal
neoplasms using plasma microRNA: improving specificity and sensitivity. Ann Surg 264:
575–584.
© 2018 the Author(s), licensee AIMS Press. This is an open access
article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0)

AIMS Cell and Tissue Engineering

Volume 2, Issue 4, 238–245.

