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Abstract
Cumulating data suggest that small noncoding-RNAs such as microRNAs (miRNAs) can be utilized as potential
biomarkers for the diagnosis and prognosis of a variety of diseases such as cancer, neurological disorders,
cardiovascular disease and Type-II diabetes, etc. MiRNAs can be utilized not only for monitoring of treatments but
also for patient stratifications. The Tenth Annual miRNA as Biomarkers and Diagnostics conference, 2014, organized
in Boston, MA, was primarily focused on recent advancements in the field of miRNA in the early detection of
disease, monitoring tumor growth/progression and its potential for precision medicine. This article summarizes
findings presented in the miRNA biomarker as cancer diagnostics session. The overarching projections from this
and other sessions were that miRNAs are now well established as regulators of tumorigenesis and can be utilized
not only as potential biomarkers for the diagnosis and prognosis of a disease but also are useful in patient
stratifications and treatment response.
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Findings
The data presented at the microRNA (miRNA) biomarker as cancer diagnostics session clearly suggested
that miRNA profiling has been useful in identifying
predictive miRNA signatures associated with tumor
growth/progression of various cancer types such as
pancreatic cancer, colorectal cancer, osteosarcoma as well
as clear cell renal cell carcinoma. Changes of specific
miRNAs can be detected in tissues utilizing a slide-based
staining assay and from circulating tumor cells from the
blood sample as well as in the urine, presenting a noninvasive way to detect miRNAs. Furthermore, detection of
exosomic miRNAs in the tumor microenvironment may
provide better tools for development of new personalized
treatments for cancer patients. Moreover, detection of
miRNA‐polymorphisms and miRNA variants may help
further improve diagnosis, treatment and prognosis in
patients and has profound implications in the fields of
pharmacogenomics and precision medicine.
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Small noncoding-RNAs such as microRNAs (miRNAs)
are emerging as prominent disease associated biomarkers and can be utilized not only for patient stratifications but also for monitoring of treatments (i.e. for
diagnosis and prognosis). To discuss this, The Tenth
Annual microRNA as Biomarkers and Diagnostics conference (March 17–18, 2014), organized in Boston, MA,
USA brought over 100 representatives from academia,
government, clinical laboratories and industry and comprised of 20 presentations (101). The conference broadly
covered topics in the area of 1) miRNA biomarkers in
drug development; 2) miRNA biomarkers as cancer
diagnostics; and 3) miRNA as disease biomarkers (101).
This article summarizes the session regarding miRNA
biomarker as cancer diagnostics.

Chairperson’s opening remarks
Prasun J. Mishra, Ph.D., (US Department of Health and
Human Services, National Cancer Institute, National
Institutes of Health) opened the session by describing
the need for predictive biomarkers in cancer progression/prognosis and why miRNAs are promising candidates in predicting drug response. MiRNAs are small
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non-coding RNAs, about 21–25 nucleotides in length, that
are emerging as a new class of biomarkers. The cancer research field has been at the forefront of advancing miRNA
biomarker field for over a decade now. This has been
made possible, not only due to the availability of the
tumor tissue samples in the clinic, but also recent advancements in the field of miRNA detection and sequencing. MiRNAs are now well established as regulators of
tumorigenesis. In cancer, miRNA expression variations are
evident across different stages of cancer progression [1].
In malignancy, miRNA expression is altered (overexpressed/underrepresented) [2]. Overexpressed miRNAs in
cancer may act like oncogenes by down-regulating tumor
suppressor genes. Vice versa is also true, down modulated
tumorsuppressor-like miRNAs result in upregulation of
oncogenes there by functioning as tumor suppressors.
Hence, in a malignant tumor, the oncogenic miRNAs are
upregulated and tumor suppressor miRNAs are downregulated. These miRNAs can be exploited as potential biomarkers. miRNAs are also tissue specific and may be
unique identifiers of tumor type and its origin [3]. An increasing number of miRNAs are now identified and utilized as prognostic miRNAs to predict drug response.
The importance and the uniqueness of this session
were also emphasized. This particular session was designed to cover recent advancements in the miRNA as
biomarker and cancer diagnostics field. The speakers
discussed utility of non-coding RNA variants to precision medicine (Prasun Mishra) as well as role of miRNA
in tumor microenvironment (Muller Fabbri). The session
also highlighted utility of miRNAs profiling in monitoring
tumor growth/progression of pancreatic cancer (Lorenzo
Sempere), colorectal cancer (Jingfang Ju), circulating osteosarcoma cells (Benjamin Ory) and clear cell renal cell
carcinoma (Huiqing Wu) and its utility as a biomarker for
precision medicine.

pri‐, pre‐, mature‐miRNA sequences, in the genes involved in miRNA biogenesis and in miRNA cis‐regulatory elements (e.g. promoter) [7]. A polymorphism in
mature miRNAs may affect expression of several genes
and have serious consequences, whereas a polymorphism in miRNA target site may be more target and/or
pathway specific [7]. For example, mir-24 regulates expression of anti-cancer drug methotrexate (MTX) target
dihydrofolate reductase (DHFR) by binding to its 3′
UTR; a SNP in DHFR 3′ UTR results in loss of the
miR-24 function (miRSNP), an increase in DHFR expression and MTX-chemoresistance [4]. Thus, in addition
to gene amplification causing DHFR overexpression [8],
loss of miRNA function due to a miRSNP represents a
new mechanism of target overexpression and drug resistance [8] and establishes a miRNA-drug resistance link [8].
In a follow up report, miR-24 was demonstrated to act as
a p53-independent tumor suppressor miRNA, and loss of
mir-24 function due to the miRSNPs not only confers
drug resistance but also imparts a growth advantage to
immortalized cells and induces neoplastic transformation
[6]. Thus, recent advances in the miRNA field have led to
the understanding of entirely new mechanisms of cellular
transformation and drug-resistance caused by loss of
miRNA function by an miRNA variant (miRSNP/miRpolymorphisms) [4-6]. Moreover, the discovery of the role
of miRNA in drug resistance and miR‐polymorphisms to
predict drug response has led to the development of a
new field in biomedical science called miRNA pharmacogenomics, a study of the miRNAs and miR‐polymorphisms affecting expressions of drug target genes, to
predict drug behavior and to improve drug efficacy. Detection of miRNA‐polymorphisms can potentially improve
diagnosis, treatment and prognosis in patients and has
profound implications in the fields of pharmacogenomics
and precision medicine [9].

MicroRNA variants as molecular diagnostics and
prognostic tools
Prasun J. Mishra (US Department of Health and Human
Services, National Cancer Institute, National Institutes
of Health) described recent advances in the field of
miRNA polymorphisms and their implications to precision medicine. Recent advancements in microRNA field
suggest that genetic variation or polymorphisms present
in the miRNA pathway are associated with the prognosis/progression of diseases and drug responses and are
emerging as powerful tools to study biology of diseases
[4-6]. MicroRNA polymorphisms (miR‐polymorphisms)
can be defined as polymorphisms (SNPs, chromosomal
changes, epigenetic defects, mutations, alterations and
variations) that may potentially interfere with miRNA‐
mediated regulation of cellular functions and can be
present not only in the miRNA target gene but also in

Role of exosomic miRNAs in the tumor
microenvironment
Muller Fabbri (Pediatrics and Molecular Microbiology &
Immunology, University of Southern California Keck
School of Medicine, Children’s Hospital Los Angeles)
described role of exosomic miRNA in tumor microenvironment and it’s implication to precision medicine.
Cancer is a genetic disease and an increasing evidence
indicates that not only cancer cells but also surrounding
cells, forming the so-called “tumor microenvironment”,
play a key role in cancer biology [10]. MiRNAs are also
secreted by cancer cells in the surrounding tumor microenvironment, within microvesicles (called exosomes).
Exosome-contained miRNAs (namely, miR-21 and miR29a) can be engulfed by the immune cells surrounding cancer cells and they can bind to Toll-like Receptor 8 (TLR8)
present in the immune cells [10]. As a consequence, TLR8
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is activated and the immune cells release interleukin-6
(IL-6) and tumor necrosis factor alpha (TNF-alpha), which
increase tumor growth and metastatic potential [11]. A
better understanding of this novel mechanism of miRNA
action will contribute to the development of new personalized treatments for cancer patients [10].

Tissue slide-based microRNA diagnostics
Lorenzo F. Sempere (Center for Personalized Medicine,
Van Andel Research Institute) described a slide based
miRNA diagnostics tool for pancreatic cancer. MiRNA
diagnostics is an emerging area of prognostic and predictive indicators in cancer medicine. Dr. Sempere presented his study focused on the role of miRNAs in
initiation and progression of pancreatic cancer [12]. Recent studies in the pancreatic cancer field have shown
that there are changes in the levels of miRNAs between
normal and tumor tissues [13]. Tissue slide-based assays
are routine diagnostic procedures in clinical laboratories
to guide treatment options. This study implemented a
fully automated tissue slide-based staining assay in a
CLIA-certified environment utilizing in situ hybridization to identify specific miRNAs alterations in the pancreas of mouse models that develop pancreatic cancer.
Since pancreatic tissue is composed of different cell
types and only some of these cells are susceptible to develop cancer, it is important to know if these miRNA
changes occur within the cancer-prone cells. Hence this
study aimed to determine whether neutralizing these
miRNA changes affect the growth and survival properties of the cancer cells. Potential utility of the assay were
described in measuring levels and cellular compartment
of miRNA expression in solid tumors and potential diagnostic applications of salient miRNA examples (including miR-21 and miR-34a) were discussed [12].
MicroRNAs as biomarkers in colorectal cancer
Jingfang Ju (Translational Research, Pathology, Stony
Brook University) described recent developments in the
area of miRNAs as biomarkers in colorectal cancer.
5-Fluorouracil based chemotherapy (e.g. FOLFOX) is the
standard chemotherapeutic regimen for treating advanced stage colorectal cancer. Chemoresistance is the
major reason for the failure of treating advanced colorectal cancer [14]. MiRNA based therapeutics, diagnosis
and prognosis may emerge in the near future to benefit
cancer patients. Several miRNAs were found to be associated (miR-192, miR-215, miR-140, miR-129, let-7,
miR-181b, miR-200 s) with chemoresistance by regulating key cell death pathways such as apoptosis and autophagy. Several important miRNA were described that
regulate targets such as Bcl2, thymidylate synthase, dihydrofolate reductase, histone deacetylase, and E2F. For example, miR-215 was identified to suppress the expression
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of both thymidylate synthase and dihydrofolate reductase
[15]. In addition, the expression of miR-215 was directly
regulated by p53. The expression of miR-215 was significantly associated with colorectal cancer patient survival.
Another miRNA, miR-140, was found to modulate
chemosensitivity by suppressing HDAC4 expression,
and the levels of miR-140 and miR-215 were elevated
in colon cancer stem cells [16]. Furthermore, miR-194
was identified to regulate BMI-1 protein expression
(BMI-1 is involved in epithelial to- mesenchymal transition) [17]. Moreover, miR-502 regulates autophagy in
colon cancer by targeting Rab1B [18]. Taken together,
these miRNAs can be utilized in predicting patient’s prognosis and survival.

MicroRNA profiling of circulating tumor cells from
osteosarcoma
Benjamin Ory (Therapy Primary Bone Tumor, Nantes
Medical School, INSERM) described a miRNA profiling
method [19] of circulating tumor cells. Through the isolation of the rare circulating tumor cells (CTCs) in the
blood stream, Dr. Ory and his group uncovered some
basic functional roles of the miRNAs in the regulation of
pathways involved in the cellular migration and invasion,
responsible for the metastasis dissemination of osteosarcoma (unpublished). This study identified a panel of new
candidate miRNAs as predictive biomarkers for osteosarcoma metastasis from the analysis of blood samples.
A miRNA signature to predict metastatic clear cell
renal cell carcinoma
Huiqing Wu (Pathology, City of Hope National Medical
Center, Beckman Research Institute) described a miRNA
signature to predict clear cell renal carcinoma. Using
frozen tissue cohorts, microarray technology and risk
score method, Dr. Wu’s group identified a 4-miRNA signature associated with clear cell renal cell carcinoma
(ccRCC) metastasis and prognosis [20,21]. The signature
can be validated on a formalin-fixed paraffin-embedded
(FFPE) tissue-specific and RT-PCR based assay. The
gene signature was further validated in an FFPE tissue
cohort of 222 cases of primary ccRCC, with an overall
sensitivity and specificity of 70% and 76%, respectively.
The sensitivity and specificity for predicting metastasis
from stage I and II patients were 59% and 74%, respectively. The values for stage III patients were 80% and
83%. The signature was associated with the patient’s
cancer-specific survival and can be utilized as a predictive biomarker.
Conclusion
The overarching projections from this and other sessions
were that miRNAs are now well established as regulators of tumorigenesis and can be utilized not only as
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potential biomarkers for the diagnosis and prognosis
of a disease but also are useful in patient stratifications and treatment response [22]. The data presented
at this session clearly suggested that miRNAs profiling
has been useful in identifying predictive miRNA signatures associated with tumor growth/progression of various cancer types such as pancreatic cancer, colorectal
cancer, osteosarcoma as well as clear cell renal cell
carcinoma. Changes of specific miRNAs can be detected
in tissues utilizing a slide-based staining assay and from
circulating tumor cells from the blood sample as well as
in the urine, presenting a noninvasive way to detect
miRNAs. Furthermore, detection of exosomic miRNAs
in the tumor microenvironment may provide better
tools for development of new personalized treatments for cancer patients. Moreover, detection of miRNA‐
polymorphisms and miRNA variants may help further
improve diagnosis, treatment and prognosis in patients
and has profound implications in the fields of pharmacogenomics and precision medicine.
Abbreviations
miRNA: microRNA; UTR: Untranslated region; miRSNP/mir-polymorphism: A
SNP or polymorphism that results in loss of a miRNA function; ccRCC: Clear
cell renal cell carcinoma; FFPE: Formalin-fixed paraffin-embedded; RT-PCR:
Real time PCR; CTCs: Circulating tumor cells; FOLFOX: A chemotherapy
regimen to treat colorectal cancer, it includes FOL– Folinic acid (leucovorin),
F – Fluorouracil (5-FU) and OX – Oxaliplatin (Eloxatin); TLR8: Toll-like receptor 8;
IL-6: Interleukin-6; TNF-alpha: Tumor necrosis factor alpha; DHFR: Dihydrofolate
reductase; MTX: Methotrexate.
Competing interests
The authors declare that they have no competing interests.
Authors’ information
Dr. Mishra is a scientist at National Cancer Institute (NCI), National Institutes
of Health (NIH). Prior to NCI, he worked at Rutgers Cancer Institute of New
Jersey, Robert Wood Johnson Medical School, Rutgers University, for seven
years, where his research focus was to identify novel mechanisms of drug
resistance, identify mechanism of actions of new drugs, and design novel
drugs/combinations to facilitate anticancer drug development. He received
his Ph.D. from Rutgers University in Cellular and Molecular Pharmacology
with university’s highest honors. In 2008 Dr. Mishra joined the US
Department of Health and Human Services, NCI, NIH, where his research
focus has primarily been to identify and exploit “druggable” early genetic
events, driving cancer progression, using integrated genomics and
high-throughput screening, to design a more effective anticancer therapy.
His discoveries have led to the development of new and viable strategies of
prevention, diagnosis and treatment of cancer patients in the clinic.
Acknowledgements
This work was supported by the Intramural Research Program of the Center
of Cancer Research, NCI, NIH, and in part by NCI Director’s Innovation
Awards in 2009 and 2011 (to PJM). This is a US government work and is in
the public domain of United States of America.
Website:
101. http://www.healthtech.com/Conferences_Overview.aspx?id=
131672&libID=131620.
Received: 29 August 2014 Accepted: 22 September 2014
Published: 22 October 2014
References
1. Calin GA, Croce CM: MicroRNA signatures in human cancers. Nat Rev
Cancer 2006, 6(11):857–866.

Page 4 of 4

2.

3.
4.

5.

6.

7.

8.

9.
10.

11.

12.

13.
14.
15.

16.

17.
18.
19.

20.

21.

22.

Calin GA, Dumitru CD, Shimizu M, Bichi R, Zupo S, Noch E, Aldler H, Rattan
S, Keating M, Rai K, Rassenti L, Kipps T, Negrini M, Bullrich F, Croce CM:
Frequent deletions and down-regulation of micro- RNA genes miR15
and miR16 at 13q14 in chronic lymphocytic leukemia. Proc Natl Acad Sci
U S A 2002, 99(24):15524–15529.
Mishra PJ, Merlino G: MicroRNA reexpression as differentiation therapy in
cancer. J Clin Invest 2009, 119(8):2119–2123.
Mishra PJ, Humeniuk R, Mishra PJ, Longo-Sorbello GS, Banerjee D, Bertino
JR: A miR-24 microRNA binding-site polymorphism in dihydrofolate
reductase gene leads to methotrexate resistance. Proc Natl Acad Sci U S A
2007, 104(33):13513–13518.
Mishra PJ, Bertino JR: MicroRNA polymorphisms: the future of
pharmacogenomics, molecular epidemiology and individualized
medicine. Pharmacogenomics 2009, 10(3):399–416.
Mishra PJ, Song B, Mishra PJ, Wang Y, Humeniuk R, Banerjee D, Merlino G,
Ju J, Bertino JR: MiR-24 tumor suppressor activity is regulated
independent of p53 and through a target site polymorphism. PLoS One
2009, 4(12):e8445.
Mishra PJ: The miRNA-drug resistance connection: a new era of
personalized medicine using noncoding RNA begins. Pharmacogenomics
2012, 13(12):1321–1324.
Alt FW, Kellems RE, Bertino JR, Schimke RT: Selective multiplication of
dihydrofolate reductase genes in methotrexate-resistant variants of
cultured murine cells. J Biol Chem 1978, 253(5):1357–1370.
Mishra PJ: MicroRNA polymorphisms: a giant leap towards personalized
medicine. Pers Med 2009, 6(2):119–125.
Challagundla KB, Fanini F, Vannini I, Wise P, Murtadha M, Malinconico L,
Cimmino A, Fabbri M: microRNAs in the tumor microenvironment:
solving the riddle for a better diagnostics. Expert Rev Mol Diagn 2014,
14(5):565–574.
Fabbri M, Paone A, Calore F, Galli R, Gaudio E, Santhanam R, Lovat F, Fadda
P, Mao C, Nuovo GJ, Zanesi N, Crawford M, Ozer GH, Wernicke D, Alder H,
Caligiuri MA, Nana-Sinkam P, Perrotti D, Croce CM: MicroRNAs bind to
Toll-like receptors to induce prometastatic inflammatory response.
Proc Natl Acad Sci U S A 2012, 109(31):E2110–E2116.
Sempere LF, Korc M: A method for conducting highly sensitive microRNA
in situ hybridization and immunohistochemical analysis in pancreatic
cancer. Methods Mol Biol 2013, 980:43–59.
Sempere LF: Recent advances in miRNA-based diagnostic applications.
Expert Rev Mol Diagn 2012, 12(6):557–559.
Ju J, Jiang J, Fesler A: miRNA: the new frontier in cancer medicine. Future
Med Chem 2013, 5(9):983–985.
Song B, Wang Y, Titmus MA, Botchkina G, Formentini A, Kornmann M, Ju J:
Molecular mechanism of chemoresistance by miR-215 in osteosarcoma
and colon cancer cells. Mol Cancer 2010, 9:96.
Karaayvaz M, Pal T, Song B, Zhang C, Georgakopoulos P, Mehmood S, Burke
S, Shroyer K, Ju J: Prognostic significance of miR-215 in colon cancer.
Clin Colorectal Cancer 2011, 10(4):340–347.
Zhai H, Karaayvaz M, Dong P, Sakuragi N, Ju J: Prognostic significance of
miR-194 in endometrial cancer. Biomark Res 2013, 1:12.
Zhai H, Song B, Xu X, Zhu W, Ju J: Inhibition of autophagy and tumor
growth in colon cancer by miR-502. Oncogene 2013, 32(12):1570–1579.
Ory B, Ramsey MR, Wilson C, Vadysirisack DD, Forster N, Rocco JW,
Rothenberg SM, Ellisen LW: A microRNA-dependent program controls
p53-independent survival and chemosensitivity in human and murine
squamous cell carcinoma. J Clin Invest 2011, 121(2):809–820.
Weng L, Wu X, Gao H, Mu B, Li X, Wang JH, Guo C, Jin JM, Chen Z,
Covarrubias M, Yuan YC, Weiss LM, Wu H: MicroRNA profiling of clear cell
renal cell carcinoma by whole-genome small RNA deep sequencing of
paired frozen and formalin-fixed, paraffin-embedded tissue specimens.
J Pathol 2010, 222(1):41–51.
Wu X, Weng L, Li X, Guo C, Pal SK, Jin JM, Li Y, Nelson RA, Mu B, Onami SH,
Wu JJ, Ruel NH, Wilczynski SP, Gao H, Covarrubias M, Figlin RA, Weiss LM,
Wu H: Identification of a 4-microRNA signature for clear cell renal cell
carcinoma metastasis and prognosis. PLoS One 2012, 7(5):e35661.
Mishra PJ: Non-coding RNAs as clinical biomarkers for cancer diagnosis
and prognosis. Expert Rev Mol Diagn 2014, 14(8):917-919.

doi:10.1186/2050-7771-2-19
Cite this article as: Mishra: MicroRNAs as promising biomarkers in
cancer diagnostics. Biomarker Research 2014 2:19.

