
Abstract. MicroRNAs have been reported to be stably
detectable in plasma/serum and to exhibit resistance to
endogenous ribonuclease activity because of binding to
proteins such as Argonaute-2 and high-density lipoprotein, or
being packed by secretory particles such as exosomes. These
secretory particles include specific microRNAs and can
function as intercellular transmitters. These findings could
open-up a new and promising field in the use of circulating
microRNAs for cancer treatment. In particular, miR-18a,
which is located in the potentially oncogenic miR-17-92
cluster, is a highly expressed microRNAs in several types of
cancers. The concentration of miR-18a in plasma/serum of
patients with cancer such as esophageal (AUC=0.944),
pancreatic (AUC=0.936), hepatocellular (AUC=0.881),
colorectal and other types of cancers is much higher than that
of healthy volunteers. Such reports provide evidence that
circulating miR-18 might be a next-generation biomarker and
contribute to cancer screening in non-invasive liquid biopsy,
to a clinically-satisfactory degree of sensitivity and specificity.

MicroRNAs are a group of non-cording small RNAs which are
involved in post-translational regulation of gene expression by
inhibiting stability and translation of mRNAs (1). Since their
discovery in 1993 (2), altered expression of microRNAs has
been associated with several diseases, and tumor microRNAs
are involved in tumorigenesis and development of various types

of cancers (3-6). Through research, microRNAs have emerged
as integral components of the oncogenic and tumor suppressor
network, regulating almost all cellular processes altered during
tumor development.

Recently, microRNAs have been reported to be stably
detectable in plasma and serum (7, 8) and to exhibit resistance
to endogenous ribonuclease activity because of their binding to
proteins such as Argonaute-2 protein and high-density
lipoproteins (9-11), or their being packed by secretory particles
including apoptotic bodies and exosomes, in plasma/serum (12,
13). Furthermore, these microRNA-containing secretory
vesicles have been found to function as intercellular transmitters
(12-14). Based on these findings, the measurement of
microRNA expression in plasma/serum could be a reproducible
and reliable biomarker. Indeed, accumulating representative
reports have suggested the presence of circulating microRNAs
and their potential use as novel biomarkers for prostate (7),
leukemia (15), oral (16), esophageal (17, 18), pancreatic (19-
21), colorectal (22), lung (23), breast (24), and gastric cancer
(25, 26). In the present review, we summarize several reports
concerning the diagnostic value of the circulating miR-18a,
located in the potentially oncogenic miR-17-92 cluster, which
is one of the highly expressed microRNAs in several types of
cancers. These reports provide evidence that plasma miR-18a
might contribute to next-generation cancer screening in non-
invasive liquid biopsy to a clinically-satisfactory degree of
sensitivity and specificity.

miR-17-92 Cluster in Cancer

Human microRNA expression profiling studies were
performed including cancer tissues in 2005 (5). Several
microRNAs were found up-regulated and widespread de-
regulation of microRNA expression has been found in human
cancer (5, 27-29). In particular, the up-regulation of the 
miR-17-92 cluster in various types of cancers implied their
oncogenic role in tumorigenesis and cancer development (30,
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31). In addition, recent reports have revealed oncogenic
mechanisms and correlation between up-regulation and cell
proliferation derived either from genome amplification or
transcriptional activators such as MYC and E2Fs (4, 32, 33),
as well as hypoxia-induced apoptosis caused by p53-mediated
repression (34). These findings strongly prompted to execute
further investigations under the assumption that circulating
microRNAs located in the miR-17-92 cluster could be
potentially useful biomarkers in several types of cancers.

Overexpression of miR-18a in Cancer Tissues and
its Significance in Cancer Development

The miR-17-92 cluster consists of seven microRNAs: miR-17-
5p, miR-17-3p, miR-18a, miR-19a, miR-19b, miR-20a and
miR-92a. miR-18a is one of the most highly expressed
microRNAs in the miR-17-92 cluster. miR-18a has been found
to be significantly up-regulated in head and neck squamous
cell carcinoma (35), esophageal squamous cell carcinoma
(ESCC) (18), gastric carcinoma (36), diffuse large B-cell
lymphoma (37), urothelial carcinoma of the bladder (38),
nasopharyngeal carcinoma (NPC) (39), hepatocellular
carcinoma (40), pancreatic carcinoma (20), colorectal
carcinoma (41, 42), breast cancer (43) and basal cell
carcinoma (44) (Table I). In colorectal cancer (41) and serous
ovarian carcinoma (45), patients with overexpression of miR-
18a in the cancer tissue had a poorer clinical prognosis.
Interestingly, miR-18a was reported to have a pro-proliferative
effect on hepatocellular carcinoma cells, but an inhibitory
effect on breast cancer cells in vitro (46). In breast cancer, the
relationship with ERα, identified as a direct target of miR-18a,
has been elucidated. miR-18a represses ERα translation
directly by binding to its mRNA at the 3’ untranslated region
(40, 46). Conversely, ERα also binds to c-MYC, and in turn
up-regulates the expression of pre-miR-18a in an estrogen-
dependent manner (39, 47). In nasopharyngeal carcinoma,
miR-18a was reported to negatively-regulate Dicer1 and
promote the growth, migration and invasion of NPC cells by
regulating Dicer1 expression, which consequently caused
global down-regulation of microRNA expression (39).
However, whether these miR-18a tumor effects in vitro on
each cancer cell line is indeed associated with miR-18a
function in vivo and the expression of primary cancer tissues
and peripheral blood remains controversial and unclear.

Sensitive Cancer Screening with Circulating 
miR-18a in Human Cancer

Several studies have identified tumor-specific alterations in the
plasma/serum nucleic acids of cancer patients, and
demonstrated the possibility of using circulating nucleic acids
as biomarkers in patients with various types of cancer (48, 49).
Some microRNAs have been shown to exist highly stably in

plasma and serum (7, 50). Arroyo et al. reported that most
microRNAs, including miR-18a, were stable in the plasma by
binding the Argonaute-2 protein (9). In the clinical setting, our
group was the first to report that circulating miR-18a was
stably detectable in plasma of patients with pancreatic cancer
(20). In detail, the expression of miR-18a was significantly
higher in pancreatic cancer tissues (p=0.012) and pancreatic
cancer cell lines (p=0.015) than in normal tissues and
fibroblasts. Plasma concentrations of miR-18a were
significantly higher in patients with pancreatic cancer patients
than in controls (p<0.0001). The value of the area under the
receiver-operating characteristic curve (ROC) (AUC) was
0.9369. Moreover, plasma levels of miR-18a were
significantly lower in postoperative samples than in pre-
operative ones (p=0.0077) (20). By a similar strategy,
Hirajima et al. also reported that circulating miR-18a
contributed to cancer diagnosis and monitoring in ESCC (18).
Namely, plasma concentrations of miR-18a were significantly
higher in patients with ESCC than in healthy volunteers
(p<0.0001; ESCC patients vs. healthy volunteers
(mean±s.d.)=11.77±13.45 vs. 0.73±0.54 atom mol/μl). The
AUC was 0.9449. Surprisingly, the ROC curves to detect early
ESCC such as pTis-1 and pStage 0-I showed great AUCs of
0.9479 and 0.9642, respectively. In hepatocellular carcinoma
screening, serum miR-18a was significantly higher in patients
with HBV-related hepatocellular carcinoma than in healthy
controls (p<0.01). The AUC was 0.881 with 86.1% sensitivity
and 75.0% specificity in discriminating HBV-related
hepatocellular carcinoma from healthy controls (51). In
colorectal cancer, serum levels of miR-18a in patients with
stage III colorectal cancer (52) and plasma level of miR-18a in
patients with colorectal cancer (53) was significantly higher
than in controls. In gastric cancer, we identified that plasma
levels of miR-18a were significantly higher in patients than in
controls (data not shown). In patients with retinoblastoma (54)
or non-small cell lung cancer (55), significantly higher miR-
18a expression in peripheral blood was detected in comparison
to controls (Table I). Circulating miR-18a has so far been
demonstrated to be a useful biomarker for cancer screening in
these types of cancer, particularly, pancreatic cancer and
ESCC, with an extremely high AUC (18, 20). However, larger
prospective cohort studies might be needed to validate the
utility of circulating miR-18a.

Why Circulating MicroRNAs Are Promising
Targets for Cancer Research 
and Clinical Application? 

There have been some reports related to microRNA-mediated
intercellular communication because some microRNAs are
released into blood from tumor cells. Skog et al. reported
that tumor-derived microvesicles which contained mRNA,
microRNA and angiogenic proteins served as a means of
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delivering genetic information, as well as proteins to
recipient cells in the tumor environment (56). Kosaka et al.
also showed that miR-146a, which is a tumor-suppressive
microRNA in prostate cancer, significantly knocked-down
the target ROCK1 protein expression and reduced cell
proliferation in a recipient prostate cancer cell line (12).
Their recent report suggested that a variety of tumor-
suppressive microRNAs were secreted by a normal adult
prostatic epithelial cell line, and among these secretory
microRNAs, miR-143 inhibited growth exclusively in cancer
cells, both in vitro and in vivo (57). Regarding miR-18a, the
abundance of plasma circulating miR-18a in patients with
cancer and its detailed meaning remain unclear. These issues
are currently under evaluation and will be reported in the
near future.

Important Issues to Be Resolved for Clinical
Application of Circulating MicroRNAs 

Several cautionary notes regarding blood-based microRNA
research were made that circulating microRNAs could be
derived from hematocytes in the peripheral blood of both
patients with cancer and healthy individuals (58-60). In a
previous study, we evaluated the correlation between plasma
miR-18a concentrations and hematocytes of peripheral blood
in patients with ESCC (18). As a result, there was no
significant association between plasma miR-18a
concentrations and any type of peripheral hematocyte data.
To apply this theory to other types of microRNAs, we
performed further analyses and identified several candidate
microRNAs which might be derived from hematocytes in
peripheral blood and affected by hemolysis (data not shown).
miR-18a was not included in these candidates. In future
clinical applications of each microRNA, the correlation of
hematocytes with peripheral blood should be investigated in
order to avoid the effect of hemolysis on the results. 

In conclusion, this review clearly demonstrates that
plasma miR-18a could be a useful blood-based biomarker for
screening patients with cancer and monitoring tumor
dynamics. The abundance and stability of plasma miR-18a
indicate that this blood-based biomarker has great potential
for clinical use in liquid biopsies. 

References

1 Ghildiyal M and Zamore PD: Small silencing RNAs: An
expanding universe. Nat Rev Genet 10: 94-108, 2009.

2 Lee RC, Feinbaum RL and Ambros V: The C. elegans
heterochronic gene lin-4 encodes small RNAs with antisense
complementarity to lin-14. Cell 75: 843-854, 1993.

3 Calin GA and Croce CM: MicroRNA signatures in human
cancers. Nat Rev Cancer 6: 857-866, 2006.

4 He L, He X, Lim LP, de Stanchina E, Xuan Z, Liang Y, Xue W,
Zender L, Magnus J, Ridzon D, Jackson AL, Linsley PS, Chen
C, Lowe SW, Cleary MA and Hannon GJ: A microRNA
component of the p53 tumour-suppressor network. Nature 447:
1130-1134, 2007.

5 Lu J, Getz G, Miska EA Alvarez-Saavedra E, Lamb J, Peck D,
Sweet-Cordero A, Ebert BL, Mak RH, Ferrando AA, Downing
JR, Jacks T, Horvitz HR and Golub TR: MicroRNA expression
profiles classify human cancers. Nature 435: 834-838, 2005.

6 He L, Thomson JM, Hemann MT, Hernando-Monge E, Mu D,
Goodson S, Powers S, Cordon-Cardo C, Lowe SW, Hannon GJ
and Hammond SM: A microRNA polycistron as a potential
human oncogene. Nature 435: 828-833, 2005.

7 Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK,
Pogosova-Agadjanyan EL, Peterson A, Noteboom J, O’Briant
KC, Allen A, Lin DW, Urban N, Drescher CW, Knudsen BS,
Stirewalt DL, Gentleman R, Vessella RL, Nelson PS, Martin DB
and Tewari M: Circulating microRNAs as stable blood-based
markers for cancer detection. Proc Natl Acad Sci USA 105:
10513-10518, 2008.

8 Ichikawa D, Komatsu S, Konishi H and Otsuji E: Circulating
microRNA in digestive tract cancers. Gastroenterology 142:
1074-1078, 2012.

Komatsu et al: Circulating miR-18a in Human Cancer (Review)

295

Table I. Reported miR-18a expression of cancer tissue and peripheral blood in human cancer.

Cancer type Cancer tissue Peripheral blood (plasma/serum) Reference

Head and neck squamous cell carcinoma Overexpression Uknown 35
Non-small cell lung cancer Uknown Up-regulation 55
Esophageal squamous cell carcinoma Overexpression Up-regulation 18
Pancreatic cancer Overexpression Up-regulation 20
Hepatocellular carcinoma Overexpression Up-regulation 51
Gastric cancer Overexpression Uknown 36
Colon cancer Overexpression Up-regulation 41, 42, 52, 53
Breast cancer Overexpression Up-regulation 43
Nasopharyngeal carcinoma Overexpression Uknown 39
Urothelial carcinoma of the bladder Overexpression Uknown 38
Basal cell carcinoma Overexpression Uknown 44
Retinoblastoma Overexpression Up-regulation 54



9 Arroyo JD, Chevillet JR, Kroh EM, Ruf IK, Pritchard CC,
Gibson DF, Mitchell PS, Bennett CF, Pogosova-Agadjanyan EL,
Stirewalt DL, Tait JF and Tewari M: Argonaute 2 complexes
carry a population of circulating microRNAs independent of
vesicles in human plasma. Proc Natl Acad Sci USA 108: 5003-
5008, 2011.

10 Vickers KC, Palmisano BT, Shoucri BM, Shamburek RD and
Remaley AT: MicroRNAs are transported in plasma and
delivered to recipient cells by high-density lipoproteins. Nat Cell
Biol 13: 423-433, 2011.

11 Turchinovich A, Weiz L, Langheinz A and Burwinkel B:
Characterization of extracellular circulating microRNA. Nucleic
Acids Res 39: 7223-7233, 2011.

12 Kosaka N, Iguchi H, Yoshioka Y, Takeshita F, Matsuki Y and
Ochiya T: Secretory mechanisms and intercellular transfer of
microRNAs in living cells. J Biol Chem 285: 17442-17452, 2010.

13 Zhang Y, Liu D, Chen X, Li J, Li L, Bian Z, Sun F, Lu J, Yin Y,
Cai X, Sun Q, Wang K, Ba Y, Wang Q, Wang D, Yang J, Liu P,
Xu T, Yan Q, Zhang J, Zen K and Zhang CY: Secreted
monocytic miR-150 enhances targeted endothelial cell migration.
Mol Cell 39: 133-144, 2010.

14 Zernecke A, Bidzhekov K, Noels H, Shagdarsuren E, Gan L,
Denecke B, Hristov M, Köppel T, Jahantigh MN, Lutgens E,
Wang S, Olson EN, Schober A and Weber C: Delivery of
microRNA-126 by apoptotic bodies induces CXCL12-dependent
vascular protection. Sci Signal 2: ra81, 2009.

15 Lawrie CH, Gal S, Dunlop HM, Pushkaran B, Liggins AP,
Pulford K, Banham AH, Pezzella F, Boultwood J, Wainscoat JS,
Hatton CS and Harris AL: Detection of elevated levels of
tumour-associated microRNAs in serum of patients with diffuse
large B-cell lymphoma. Br J Haematol 141: 672-675, 2008.

16 Wong TS, Liu XB, Wong BY, Ng RW, Yuen AP and Wei WI:
Mature miR-184 as potential oncogenic microRNA of
squamous sell carcinoma of tongue. Clin Cancer Res 14: 2588-
2592, 2008.

17 Komatsu S, Ichikawa D, Takeshita H, Tsujiura M, Morimura R,
Nagata H, Kosuga T, Iitaka D, Konishi H, Shiozaki A, Fujiwara
H, Okamoto K and Otsuji E: Circulating microRNAs in plasma
of patients with oesophageal squamous cell carcinoma. Br J
Cancer 105: 104-111, 2011.

18 Hirajima S, Komatsu S, Ichikawa D, Takeshita H, Konishi H,
Shiozaki A, Morimura R, Tsujiura M, Nagata H, Kawaguchi T,
Arita T, Kubota T, Fujiwara H, Okamoto K and Otsuji E:
Clinical impact of circulating miR-18a in plasma of patients with
oesophageal squamous cell carcinoma. Br J Cancer 108: 1822-
1829, 2013.

19 Wang J, Chen J, Chang P, LeBlanc A, Li D, Abbruzzesse JL,
Frazier ML, Killary AM and Sen S: MicroRNAs in plasma of
pancreatic ductal adenocarcinoma patients as novel blood-based
biomarkers of disease. Cancer Prev Res 2: 807-813, 2009.

20 Morimura R, Komatsu S, Ichikawa D, Takeshita H, Tujiura M,
Nagata H, Konishi H, Shiozaki A, Ikoma H, Okamoto K, Ochiai
T, Taniguchi H and Otsuji E: Novel diagnostic value of
circulating miR-18a in plasma of patients with pancreatic cancer.
Br J Cancer 11: 1733-1740, 2011.

21 Kawaguchi T, Komatsu S, Ichikawa D, Morimura R, Tsujiura M,
Konishi H, Takeshita H, Nagata H, Arita T, Hirajima S, Shiozaki
A, Ikoma H, Okamoto K, Ochiai T, Taniguchi H and Otsuji E:
Clinical impact of circulating miR-221 in plasma of patients
with pancreatic cancer. Br J Cancer 108: 361-369, 2013.

22 Ng EK, Chong WW, Jin H, Lam EK, Shin VY, Yu J, Poon TC,
Ng SS and Sung JJ: Differential expression of microRNAs in
plasma of patients with colorectal cancer: A potential marker for
colorectal cancer screening. Gut 58: 1375-1381, 2009.

23 Hu Z, Chen X, Zhao Y, Tian T, Jin G, Shu Y, Chen Y, Xu L, Zen
K, Zhang C and Shen H: 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, 2010.

24 Heneghan HM, Miller N, Lowery AJ, Sweeney KJ, Newell J and
Kerin MJ: Circulating microRNAs as novel minimally invasive
biomarkers for breast cancer. Ann Surg 251: 499-505, 2010.

25 Tsujiura M, Ichikawa D, Komatsu S, Shiozaki A, Takeshita H,
Kosuga T, Konishi H, Morimura R, Deguchi K, Fujiwara H,
Okamoto K and Otsuji E: Circulating microRNAs in plasma of
patients with gastric cancers. Br J Cancer 102: 1174-1179, 2010.

26 Konishi H, Ichikawa D, Komatsu S, Shiozaki A, Tsujiura M,
Takeshita H, Morimura R, Nagata H, Arita T, Kawaguchi T,
Hirashima S, Fujiwara H, Okamoto K and Otsuji E: Detection
of gastric cancer-associated microRNAs on microRNA
microarray comparing pre- and postoperative plasma. Br J
Cancer 4: 740-747, 2012.

27 Ozen M, Creighton CJ, Ozdemir M and Ittmann M: Widespread
deregulation of microRNA expression in human prostate cancer.
Oncogene 27: 1788-1793, 2008.

28 Kumar MS, Lu J, Mercer KL, Golub TR and Jacks T: Impaired
microRNA processing enhances cellular transformation and
tumorigenesis. Nat Genet 39: 673-677, 2007.

29 Martello G, Rosato A, Ferrari F, Manfrin A, Cordenonsi M,
Dupont S, Enzo E, Guzzardo V, Rondina M, Spruce T, Parenti AR,
Daidone MG, Bicciato S and Piccolo S: A MicroRNA targeting
dicer for metastasis control. Cell 141: 1195-1207, 2010.

30 Dews M, Homayouni A, Yu D, Murphy D, Sevignani C, Wentzel
E, Furth EE, Lee WM, Enders GH, Mendell JT and Thomas-
Tikhonenko A: Augmentation of tumor angiogenesis by a Myc-
activated microRNA cluster. Nat Genet 38: 1060-1065, 2006.

31 Hayashita Y, Osada H, Tatematsu Y, Yamada H, Yanagisawa K,
Tomida S, Yatabe Y, Kawahara K, Sekido Y and Takahashi T: A
polycistronic microRNA cluster, miR-17-92, is overexpressed in
human lung cancers and enhances cell proliferation. Cancer Res
65: 9628-9632,2005.

32 Woods K, Thomson JM and Hammond SM: Direct regulation of
an oncogenic micro-RNA cluster by E2F transcription factors. J
Biol Chem 282: 2130-2134, 2007.

33 O’Donnell KA, Wentzel EA, Zeller KI, Dang CV and Mendell
JT: c-Myc-regulated microRNAs modulate E2F1 expression.
Nature 435: 839-843, 2005.

34 Yan HL, Xue G, Mei Q, Wang YZ, Ding FX, Liu MF, Lu MH,
Tang Y, Yu HY and Sun SH: Repression of the miR-17-92
cluster by p53 has an important function in hypoxia-induced
apoptosis. EMBO J 28: 2719-2732, 2009. 

35 Chang SS, Jiang WW, Smith I, Poeta LM, Begum S, Glazer C,
Shan S, Westra W, Sidransky D and Califano JA: MicroRNA
alterations in head and neck squamous cell carcinoma. Int J
Cancer 12: 2791-2797, 2008.

36 Yao Y, Suo AL, Li ZF, Liu LY, Tian T, Ni L, Zhang WG, Nan
KJ, Song TS and Huang C: MicroRNA profiling of human
gastric cancer. Mol Med Rep 2: 963-970, 2009.

37 Alencar AJ, Malumbres R, Kozloski GA, Advani R, Talreja N,
Chinichian S, Briones J, Natkunam Y, Sehn LH, Gascoyne RD,

in vivo 28: 293-298 (2014)

296



Tibshirani R and Lossos IS: MicroRNAs are independent
predictors of outcome in diffuse large B-cell lymphoma patients
treated with R-CHOP. Clin Cancer Res 17: 4125-4135, 2011.

38 Ayala de la Peña F, Kanasaki K, Kanasaki M, Tangirala N,
Maeda G and Kalluri R: Loss of p53 and acquisition of
angiogenic microRNA profile are insufficient to facilitate
progression of bladder urothelial carcinoma in situ to invasive
carcinoma. J Biol Chem 286: 20778-20787, 2011.

39 Luo Z, Dai Y, Zhang L, Jiang C, Li Z, Yang J, McCarthy JB, She
X, Zhang W, Ma J, Xiong W, Wu M, Lu J, Li X, Li X, Xiang J
and Li G: miR-18a promotes malignant progression by impairing
microRNA biogenesis in nasopharyngeal carcinoma.
Carcinogenesis 34: 415-425, 2013.

40 Liu WH, Yeh SH, Lu CC, Yu SL, Chen HY, Lin CY, Chen DS
and Chen PJ: MicroRNA-18a prevents estrogen receptor-alpha
expression, promoting proliferation of hepatocellular carcinoma
cells. Gastroenterology 136: 683-693, 2009.

41 Motoyama K, Inoue H, Takatsuno Y, Tanaka F, Mimori K,
Uetake H, Sugihara K and Mori M: Over- and underexpressed
microRNAs in human colorectal cancer. Int J Oncol 34: 1069-
1075, 2009.

42 Wang YX, Zhang XY, Zhang BF, Yang CQ, Chen XM and Gao
HJ: Initial study of microRNA expression profiles of colonic
cancer without lymph node metastasis. J Dig Dis 11: 50-54,
2010.

43 Guo L, Zhao Y, Yang S, Cai M, Wu Q and Chen F: Genome-
wide screen for aberrantly expressed miRNAs reveals miRNA
profile signature in breast cancer. Mol Biol Rep 40: 2175-2186,
2013.

44 Sand M, Skrygan M, Sand D, Georgas D, Hahn SA, Gambichler
T, Altmeyer P and Bechara FG: Expression of microRNAs in
basal cell carcinoma. Br J Dermatol 167: 847-855, 2012.

45 Nam EJ, Yoon H, Kim SW, Kim H, Kim YT, Kim JH, Kim JW
and Kim S: MicroRNA expression profiles in serous ovarian
carcinoma. Clin Cancer Res 14: 2690-2695, 2008.

46 Leivonen SK, Mäkelä R, Ostling P, Kohonen P, Haapa-Paananen
S, Kleivi K, Enerly E, Aakula A, Hellström K, Sahlberg N,
Kristensen VN, Børresen-Dale AL, Saviranta P, Perälä M and
Kallioniemi O: Protein lysate microarray analysis to identify
microRNAs regulating estrogen receptor signaling in breast
cancer cell lines. Oncogene 28: 3926-3936, 2009.

47 Castellano L, Giamas G, Jacob J, Coombes RC, Lucchesi W,
Thiruchelvam P, Barton G, Jiao LR, Wait R, Waxman J, Hannon
GJ and Stebbing J: The estrogen receptor-alpha-induced
microRNA signature regulates itself and its transcriptional
response. Proc Natl Acad Sci USA 106: 15732-15737, 2009.

48 Sidransky D: Nucleic acid-based methods for the detection of
cancer. Science 278: 1054-1059, 1997.

49 Diehl F, Schmidt K, Choti MA, Romans K, Goodman S, Li M,
Thornton K, Agrawal N, Sokoll L, Szabo SA, Kinzler KW,
Vogelstein B and Diaz LA Jr.: Circulating mutant DNA to assess
tumor dynamics. Nat Med 14: 985-990, 2008.

50 Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J, Zhang Y,
Chen J, Guo X, Li Q, Li X, Wang W, Zhang Y, Wang J, Jiang X,
Xiang Y, Xu C, Zheng P, Zhang J, Li R, Zhang H, Shang X,
Gong T, Ning G, Wang J, Zen K, Zhang J and Zhang CY:
Characterization of microRNAs in serum: A novel class of
biomarkers for diagnosis of cancer and other diseases. Cell Res
18: 997-1006, 2008.

51 Li L, Guo Z, Wang J, Mao Y and Gao Q: Serum miR-18a: A
potential marker for hepatitis B virus-related hepatocellular
carcinoma screening. Dig Dis Sci 57: 2910-2916, 2012.

52 Vega AB, Pericay C, Moya I, Ferrer A, Dotor E, Pisa A, Casalots
À, Serra-Aracil X, Oliva JC, Ruiz A and Saigí E: microRNA
expression profile in stage III colorectal cancer: Circulating miR-
18a and miR-29a as promising biomarkers. Oncol Rep 30: 320-
326, 2013. 

53 Luo X, Stock C, Burwinkel B and Brenner H: Identification and
evaluation of plasma MicroRNAs for early detection of
colorectal cancer. PLoS One 8: e62880, 2013.

54 Beta M, Venkatesan N, Vasudevan M, Vetrivel U, Khetan V and
Krishnakumar S: Identification and Insilico Analysis of
Retinoblastoma Serum microRNA Profile and Gene Targets
Towards Prediction of Novel Serum Biomarkers. Bioinform Biol
Insights 7: 21-34, 2013.

55 Ulivi P, Foschi G, Mengozzi M, Scarpi E, Silvestrini R, Amadori
D and Zoli W: Peripheral Blood miR-328 Expression as a
Potential Biomarker for the Early Diagnosis of NSCLC. Int J
Mol Sci 14: 10332-10342, 2013.

56 Skog J, Würdinger T, van Rijn S, Meijer DH, Gainche L, Sena-
Esteves M, Curry WT Jr., Carter BS, Krichevsky AM and
Breakefield XO: Glioblastoma microvesicles transport RNA and
proteins that promote tumour growth and provide diagnostic
biomarkers. Nat Cell Biol 10: 1470-1476, 2008.

57 Kosaka N, Iguchi H, Yoshioka Y, Hagiwara K, Takeshita F and
Ochiya T: Competitive interactions of cancer cells and normal cells
via secretory microRNAs. J Biol Chem 287: 1397-1405, 2012.

58 Duttagupta R, Jiang R, Gollub J, Getts RC and Jones KW:
Impact of cellular miRNAs on circulating miRNA biomarker
signatures. PLoS One 6: e20769, 2011. 

59 Pritchard CC, Kroh E, Wood B, Arroyo JD, Dougherty KJ,
Miyaji MM, Tait JF and Tewari M. Blood cell origin of
circulating microRNAs: A cautionary note for cancer biomarker
studies. Cancer Prev Res 5: 492-497, 2012.

60 Cheng HH, Yi HS, Kim Y, Kroh EM, Chien JW, Eaton KD,
Goodman MT, Tait JF, Tewari M and Pritchard CC: Plasma
processing conditions substantially influence circulating
microRNA biomarker levels. PLoS One 8: e64795, 2013. 

Received December 3, 2013
Revised January 23, 2014

Accepted January 24, 2014

Komatsu et al: Circulating miR-18a in Human Cancer (Review)

297


