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Agenda

• miRNA introduction

• miRNA expression in cancer 
– Examples of miR functions in tumorigenesis

– miRNAs as prognostic factors for cancer patients

– miRNAs in body fluids and their potential as 
prognostic and diagnostic biomarkers

• miRNAs as targets



Non-Coding RNA: A Key to Eukaryotic Complexity



What is microRNA (miRNA)?

• Small non-coding RNAs of 20–22 nucleotides

• First discovered in Caenorhabditis elegans

• Present and highly conserved among a wide range of species 
(plants, animals, and some viruses)

• Functions in RNA silencing and post-
transcriptional regulation of gene expression

• Since 2000, miRNA research has revealed multiple roles for 
miRNAs in plant and animal development and in many other 
biological processes.



History

• lin-4, first miRNA to be described in C. elegans; important in 
development of the worm from larva to adult.    

Victor Ambros 1993

• let-7, was also described in C. elegans as critical to stop the 
stem-cell-like divisions of seam cells and induce their fully 
differentiated state.  Reduced let-7 expression is associated with 
human cancers and cancer stem cells, thus suggesting that let-7 
in humans also promotes terminal differentiation and is a tumor 
suppressor.  

• 1998-Fire and Mello, experiments in C. elegans, first to show 
that dsRNA is much more potent at inhibiting gene expression 
than antisense RNA. Set the stage for understanding the role of 
miRNAs in development and gene regulation. 

Nobel Prize in Physiology and Medicine, 2006

Reinhard BJ, 2000



siRNA miRNA



miRNA processing

• RNA polymerase II

• Primary miRNA (pri-
miRNA)

• Drosha, Pasha

• Pre-miRNA

• Exportin 5

• Dicer

• RNA induced silencing 
complex (RISC)



miRs and cancer

• First reported in 

chronic 
lymphocytic 
leukemia, where 

miR-15 and miR-
16 were found to be 
deleted or down-
regulated in the vast 
majority of tumors

Calin GA, PNAS 2002t(2;13)(q32;q14) translocation



MicroRNA ACTIVITY IN CANCER
: TUMOR SUPPRESSIVE OR ONCOGENIC

miR

Tumor suppressive

Oncogenic

miR

• Suppress expression of 
oncogenes, growth promoting,
survival and angiogenic genes 
(low in tumors)

• Suppress expression of 
tumor suppressor, growth 
inhibitory, proapoptotic genes 
(high in tumors)



miRs are involved in RAS oncogenic pathways

• the three human RAS oncogenes (H-, K-, and N-RAS) all contain 

let-7 sites in their 3’ UTR

• the let-7 family of miRs, which is typically down-regulated in 
various tumors, has been shown to negatively regulate the RAS 
oncogenes in lung tumors, therefore acting as tumor suppressor 
genes

Johnson SM, Cell 2005



miR-15 and miR-16 induce apoptosis by 
targeting BCL2

• miR-15 and miR-16 
have been shown to 
target the BCL2 
oncogene, leading 
to its down 
regulation and 
apoptosis in 
leukemic cells

Cimno A, PNAS 2005



Example of miRs acting as oncogenes

• miR-221 and miR-222 can target and inhibit the expression 

of the p27Kip tumor suppressor 
– le Sage et al. 2007

• p53 tumor suppressor has been shown to transcriptionally 

induce miR-34 following genotoxic stress and this induction is 
important in mediating p53 function 
– Chang et al. 2007, He et al. 2007, Raver-Shapira et al. 2007, Tarasov et al. 

2007



Established Profiling Methods to Quantify miRNAs



• A number of 
studies have used 
various gene 
expression 
profiling 
approaches to 
study miR
expression in 
ovarian carcinoma.





Mechanisms leading to abnormal 
expression of miRs in cancer

• Chromosomal rearrangements
– (Calin et al. 2005, Tagawa & Seto 2005, Calin & Croce 2007)

• Genomic copy number change 
– (Calin et al. 2004, Zhang et al. 2006, Giannakakis et al. 2008)

• Epigenetic modifications 
– (Saito et al. 2006, Iorio et al. 2007)

• Defects in miR biogenesis pathway 
– (Kumar et al. 2007)

• Regulation by transcriptional factors 
– (Ho et al. 2007) 



Both genomic losses and epigenetic alterations may 
be responsible for miR down-regulation.

• Numerous miRNAs are down-regulated in late-stage or high-
grade ovarian cancer

Zhang L, PNAS 2008



DNA copy number deletions contribute to down-
regulation of miRNAs

• DNA copy number 
amplification and 
deletion were 
correlated with 

miR-182 and 
miR-15a 
expressions 
respectively, in both 
primary tumors and 
cell lines

Zhang L, PNAS 2008



Epigenetic alterations silence miRNA expression in 
ovarian cancer

• EOC cell lines that 
were treated with 
DNA 

demethylating
and histone 
deacetylase
(HDAC) inhibitors 
exhibited up-
regulation of 16 miRs, 
which suggests 

epigenetic 
modification as 
another crucial factor 
determining the 
expression of miRs in 
EOC.



microRNAs exhibit high frequency genomic alterations 
in human cancer

• Genomic regions containing miR genes frequently exhibited copy 
number abnormalities 

• Copy number losses of the region containing miR-218-1 and SLIT2 were 
observed in 15.5% of ovarian carcinomas

• Positive correlation between miR copy number changes and the miR
expression levels of 73.1% of the miR genes

Zhang L, PNAS 2006



Hypoxia-responsive miRs in ovarian carcinoma

• miR-210 links hypoxia 
with cell cycle regulation 
and is deleted in human 
epithelial ovarian cancer.

• e2f transcription factor 3 
(e2f3), a key protein in 
cell cycle, is regulated by 
miR-210. E2F3 was 
further confirmed to be 
downregulated at the 
protein level upon 
induction of miR-210.

Giannakakis A, Cancer biology & therapy 2008



miR expression signature in ovarian carcinoma

• A total of 29 and 39 miRs were 
found to be aberrantly expressed by 
significance analysis of microarrays 
(SAM) and prediction analysis of 
microarrays (PAM) analysis 

respectively. MiR-200a and 
miR-141 were highly up-
regulated, whereas miR-199a, 
miR-140, miR-145, and miR-
125b1 were most significantly 
down-regulated.

• miRNA signatures characterizing 
different ovarian carcinoma 

histotypes (serous, endometrioid, 
and clear cell) 

Iorio MV, Cancer research 2007



miR expression profiles in serous ovarian carcinoma

• Higher expression of 

miR-200, miR-141, 
miR-18a, miR-93, 
and miR-429, and 

lower expression of let-
7b, and miR-199a
were significantly 
correlated with a poor 
prognosis (P < 0.05).

Nam EJ, Clinical Cancer research 2008



Roles of miRs in ovarian carcinoma chemotherapy

• Let-7i was the most down-
regulated miR in the 
chemotherapy resistant 
patients.

Yang H, Cancer research 2008



The miR-200 family controls β-tubulin III expression and is 
associated with paclitaxel-based treatment response and 

progression-free survival in ovarian cancer patients

• Women with stages III and IV serous 
ovarian carcinoma (n=557) 
without a complete response 
to a regimen of paclitaxel and 
carboplatin have tumors with 
significantly lower miR-200c 
levels when compared with those 
who achieved a complete response 
(HR, 1.43; 95% CI, 1.02- 1.99 
[P5.037]).

Leskela S, Endocr Relat Cancer 2010



A microRNA signature defines chemoresistance in 
ovarian cancer through modulation of angiogenesis

• three miRs (miR-
484, -642, and -
217) were able to 
predict 
chemoresistance

• miR-484 modulates 
in vivo response to 
chemotherapy

• miR-484 directly 
targets VEGFB and 
VEGFR2

Vechione A, PNAS 2013



Plasma miRNAs as diagnostic and prognostic 
biomarkers for ovarian cancer

• plasma miR-205 
and let-7f are 
biomarkers for 
ovarian cancer 
detection that 
complement CA-125; 
let-7f may be 
predictive of ovarian 
cancer prognosis.

Zheng H, 2013



Association between miR-200c and the survival of 
patients with stage I epithelial ovarian cancer 

• Multivariate analysis confirmed that down regulation of 
miR-200c was associated with overall survival (HR 0·094, 95% 
CI 0·012-0·766, p=0·0272) and PFS (0·035, 0·004-0·311; p=0·0026), 
independent of clinical covariates.

Marchini S, Lancet  Oncol 2011



miRs with potential clinical use 
in ovarian carcinoma



MicroRNAs Involved in the Cancer Hallmarks



Mechanisms of Action of MicroRNAs

(A) direct binding (B) positive regulation of translation(C) direct 
interaction with promoter sequences (miR-373); (D) direct agonism of 
receptors (E) direct interaction with protein  



MicroRNAs as Targets for Anticancer Drug Therapy



Information and target prediction tools 

• Targetscan

• miRBase

• Argonaute

http://mircancer.ecu.edu/





Viva Papa!
Gracias a la vida




