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microRNAs	in	cancer	

Weinberg described six essential features of cancer progression:

self-sufficiency in growth signals, insensitivity to anti-growth

signals, apoptosis evasion, limitless replicative potential,

sustained angiogenesis and tissue invasion and metastasis

(Hanahan & Weinberg, 2000). Dysregulated miRNAs may

function as either tumour suppressors or oncogenes in cancer

by targeting each one of these features (Fig 3).

Gain- and loss-of-function experiments, together with target

prediction analyses, have provided insights into the role of

miRNAs in carcinogenesis.

Computational algorithms for target identification (Table 2),

mainly based on the free binding energy between amiRNA and a

putative target mRNA sequence, are by definition prediction

tools, which need an experimental validation. The validation

methodmost commonly used is represented by a reporter assay,

where the co-transfection of themiRNA of interest and the tested

30-UTR cloned downstream a luciferase gene reduces the

reporter activity, inhibitory effect reverted by mutating the

miRNA binding sequence of the target mRNA. However, even

though this method suggests a physical and functional

interaction between a miRNA and its target, it does not prove

it directly. To this aim, more rigorous pull-down assays have

been designed, as immunoprecipitation of labelled miRNA/

mRNA complexes and consequent target identification by RT-

PCR and sequencing (Hsu et al, 2009), or immunoprecipitation

with Ago2 antibody, thus isolating the ternary, presumably

functional, miRNA/mRNA/Ago2 complex (Chi et al, 2009).

However, the rules of miRNA/target mRNA regulation are

even more complicated than expected. A very recent report by

Pandolfi’s group (Salmena et al, 2011) has introduced the

revolutionary concept that miRNA effect on mRNA containing

common miRNA recognition elements (MREs) can be affected

by ceRNAs (competing endogenous RNAs): RNA transcripts,

both protein coding and non-coding, can compete for miRNA

binding, thus co-regulating each other.

Gain-of-function approaches have shown that miRNAs acting

as tumour suppressors target oncoproteins with crucial roles in

various cancer pathways, such BCL2 (targeted bymiR-15a–miR-

16-1; Cimmino et al, 2005), RAS (regulated by let-7; Johnson

et al, 2005), myeloid cell leukaemia sequence 1 (BCl-2-related,

MCL1, and targeted by miR-29; Garzon et al, 2009; Mott et al,

2007) and MYC (targeted by let-7; Sampson et al, 2007). Vice

versa, to assess the biological effects of oncogenic miRNAs,

often overexpressed in cancer cells, in vitro silencing was

carried out using antisense oligonucleotides. For example

miR-21 expression has been reported at high levels in breast

(Iorio et al, 2005), glioblastomas (Ciafre et al, 2005), pancreas

(Bloomston et al, 2007) and colon cancer (Schetter et al, 2008)

among others. Chan and colleagues blocked miR-21 expression

in glioblastoma cell lines and reported an increased activation of
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Figure 3. MicroRNAs targeting the hallmarks of cancer.
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AKT	activation	is	an	interplay	between	miR-21	and	miR-17	

miR-21,	
miR-17	

miR-21,	
miR-17	



5	

DNA/RNA	analogs	of	increasing	stability,	binding	
affinity	and	specificity		

backbone schematics of  
normal phosphodiester (PO),  
2’-fluoro-arabino nucleic acid 
(FANA), 
2’-NC-bridged nucleic acid 
(NC-BNA),  
and peptide nucleic acid 
(PNA)	

Yamamoto,	T.,	et	al.	(2012),	Mol	Ther	Nucleic	Acids	1:	e22;	
Kalota,	A.,	et	al.	(2006),	Nucleic	Acids	Res	34(2):	451-461;	
Chaubey,	B.,	et	al.	(2008),	Oligonucleotides	18(1):	9-20	



miR-17-5p	knockdown	by	DNA-LNA	chimera	
unexpectedly	decreased	PDCD4	and	PTEN	protein	in	
MDA-MB-231	triple	negative	breast	cancer	cells	
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Jin,	Y.	Y.,	et	al.	(2015)	PLoS	One	10(12):	e0142574		
hairpin (Fig 3A). Most of the miR-17-3p is fully complementary to its guide strand miR-17-5p.
Since anti-miR-17-5p is fully complementary to miR-17-5p, its sequence is highly homologous
to miR-17-3p (Fig 3B). Therefore, we speculated that anti-miR-17-5p DNA-LNA chimera
could act as a miR-17-3p mimic, binding to miR-17-3p target sites in the 3’UTR of PDCD4 and
PTENmRNAs.

Fig 3. miR-17-3p is a potential regulator of PDCD4 protein level and competes with miR-17-5p for inhibition of PDCD4 and PTEN mRNAs.miR-21-
5p guide strand regulates PDCD4 protein level without competing with its passenger strand miR-21-3p. A: Mirbase search of miR-17-3p, forming the lower
arm of the miR-17 pre-miRNA hairpin.B: Homologous sequences between miR-17-5p and miR-17-3p are highlighted in yellow. C: PDCD4 and PTEN protein
Western blots at 48 hr post transfection with anti-miR-17-5p.D: PDCD4 and PTEN protein Western blots at 48 hr post transfection with anti-miR-17-3p. E:
PDCD4 protein Western blot at 48 hr post transfection with anti-miR-21. β-actin was used as loading control. Values are the average of three blots ± s.d. after
normalization to β-actin and to control/treatment group. Each blot was subjected to gamma setting adjustments.

doi:10.1371/journal.pone.0142574.g003

miR-17-5p Passenger Strand Activity

PLOS ONE | DOI:10.1371/journal.pone.0142574 December 2, 2015 7 / 20
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pre-miRNA	structure	of	miR-17	illustrates	sequence	
similarity	between	DNA-LNA	chimera	and	miR-17-3p	

passenger	strand	

Figure&2.&miR%17%3p!is!a!potential!regulator!of!PDCD4!protein!level!and!competes!with!miR%17%5p!for!
inhibition!of!PDCD4!and!PTEN!mRNAs.!miR%21%5p!guide!strand!regulates!PDCD4!protein!level!without!
competing!with!its!passenger!strand!miR%21%3p.!2A:!Mirbase!search!of!miR%17%3p.!Homologous!
sequences!between!miR%17%5p!and!miR%17%3p!are!highlighted!in!yellow.!2B:!PDCD4!and!PTEN!protein!
western!blot!at!48!hour!post!transfection!with!anti%miR%17%5p!LNA!gapmer.!2C:!PDCD4!and!PTEN!protein!
western!blot!at!48!hour!post!transfection!with!anti%miR%17%3p!LNA!gapmer.!2D:!PDCD4!protein!western!
blot!at!48!hour!post!transfection!with!anti%miR%21!LNA!gapmer.!β%actin!was!used!as!loading!control.!!
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Page 1 of 5http://www.mirbase.org/cgi-bin/mirna_entry.pl?acc=MI0000071

miRBase

Stem-loop sequence hsa-mir-17

Accession MI0000071

Symbol HGNC:MIR17

Description Homo sapiens miR-17 stem-loop

Gene family MIPF0000001; mir-17

Community
annotation

This text is a summary paragraph taken from the Wikipedia entry entitled mir-17_microRNA_precursor_family. miRBase and
Rfam are facilitating community annotation of microRNA families and entries in Wikipedia. Read more ...

The miR-17 microRNA precursor family are a group of related small non-coding RNA
genes called microRNAs that regulate gene expression. The microRNA precursor miR-
17 family, includes miR-20a/b, miR-93, and miR-106a/b. With the exception of miR-93,
these microRNAs are produced from several genomic microRNA gene clusters, which
apparently arose from a series of ancient evolutionary genetic duplication events, and
also include members of the miR-19, and miR-25 families. These clusters are
transcribed as long non-coding RNA transcripts that are processed to form ~70
nucleotide microRNA precursors and subsequently processed by the Dicer enzyme to
give a ~22 nucleotide product. The products are thought to have regulatory roles
through complementarity to the 3' UTR of specific target mRNAs. The paralogous
miRNA gene clusters that give rise to miR-17 family miRNAs (miR-17~92, miR-
106a~363, and miR-106b~25) have been implicated in a wide variety of malignancies
and are sometimes referred to as oncomirs. The oncogenic potential of these non-
protein encoding genes was first identified in mouse viral tumorigenesis screens. In
humans, the activating mutations of miR-17~92 have been identified in non-Hodgkin's
lymphoma, whereas the miRNA constituents of the clusters are overexpressed in a
multiple cancer types. miR-17 family members induce cell proliferation and deletion of
the miR-17~92 cluster, in mice, is lethal and causes lung and lymphoid cell
developmental defects.

Show Wikipedia entry  View @ Wikipedia  Edit Wikipedia entry
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Molecular	dynamics	imply	that	miR-17-3p	passenger	strand	
can	form	stable	A-form	helix	with	mRNA	3’-UTR	targets		

Jin,	Y.	Y.,	et	al.	(2015),	PLoS	One	10(12):	e0142574		
8	

AMBER	12	accelerated	molecular	dynamics	of	PTEN	mRNA	3’-UTR	
target	with	miR-17-3p	in	explicit	H2O	with	100	mM	NaCl	at	300°K,	
implying	that	mRNA	3’-UTR:oncomiR	duplexes	can	be	accommodated	in	
the	substrate	groove	of	Ago2.	



targeting miRNAs. Moreover, the anti-miR inhibitors could be selected by Ago to perform
functions of a miRNA due to their pre-organized A-form structure, and could target mRNAs
with great side effects through binding to multiple 3’UTR sites.

Fig 13. Anti-miR-17-5p DNA-LNA can directly modulate the translation of PDCD4 and PTEN mRNAs through interactions with multiple binding
sites from the 3’UTR. Luciferase activity after co-transfecting MDA-MB-231 cells with indicated luciferase reporter constructs in the presence or absence of
DNA-LNA inhibitor. A: PDCD4. B: PTEN. All luciferase signals from pMir-report are normalized to signals from pRL-TK Renilla luciferase vector. The ratio of
normalized signal in the presence of DNA-LNA inhibitor to signal in the absence of inhibitor for each construct is then calculated. The pMir-report luciferase
vector was used as a negative control. Results represent fold changes of the above ratio relative to vector control. Values are the average of at least three
measurements ± s.e.m * indicates p<0.05, ** indicates p<0.01.

doi:10.1371/journal.pone.0142574.g013

Fig 14. Schematic view of competition between anti-miR-17-5p andmiR-17-5p for inhibition of PDCD4
mRNA.

doi:10.1371/journal.pone.0142574.g014

miR-17-5p Passenger Strand Activity

PLOS ONE | DOI:10.1371/journal.pone.0142574 December 2, 2015 16 / 20

Competition	between	anti-miR-17-5p	and	
miR-17-5p	for	inhibition	of	PDCD4	mRNA	

Jin,	Y.	Y.,	et	al.	(2015),	PLoS	One	10(12):	e0142574		
9	



Anti-miR-17-5p	DNA-LNA	lowered	the	expression	of	
luciferase	vectors	containing	predicted	PDCD4	and	

PTEN	3’UTR	target	sites	for	miR-17-3p	Figure'5A'
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miRNA	blocker	design	strategy	

11	

•  Eliminate side effects of conventional microRNA blockers 
•  Next generation RNA backbone (NC-BNA) to elevate potency 
•  TNBC cell-specific delivery method 
•  No complicated formulation, soluble in saline, intravenous route 

miRNA	passenger	strand		

miRNA	guide	strand		

conventional	miRNA	blocker		

Mimick	each	other	

TNBC-elevated	
IGF1	receptor	
targeting	

Our	short	miRNA	blocker	

miRNA	guide	strand		20-22	bases		

Conventional Design 

Our Design 

Jin	et	al.	(2015)	PLoS	One	10:10.1371/journal.pone.0142574;	Wickstrom	and	Jin	(2015)	PCT/US2015/015681	



12	

Delivery	-	IGF1	retro-inverso	analog	

SCDLRRLEMY CAPLKPAKSA 
51 60 70 

Active site 

CYAAPLKPAKSC 

CSKAPKLPAAYC 

Active analog 

Reverse sequence 

CysSerLysCys 

D-Analog 

D-Analog 

Tian,	et	al.	(2007)	Journal	of	Nuclear	Medicine	48(10):1699-1707	
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PNA-peptide	IC50	≈1	µM	in	TNBC	cells	

10	

1	µM	anB-miR	PNA-IGF1	tetrapepBde	changed	the	expression	of	
PDCD4	and	PTEN.	

1	 µM	 anB-miR-17	 and	 anB-miR-21	 or	 scrambled	 control	 PNA-IGF1	
tetrapepBde	was	 incubated	with	MDA-MB-231	cells	48	hours.	Total	proteins	
were	extracted	at	48	hours.	
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miR-21-5p	blocker:	Ac-TCTGATAAGCTA-AEEA-cyclo-D(CSKC)	

MDA-MB-231	cells	were	incubated	48	h	at	37°C	with	1	µM	agent	before	analysis.	
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BNA-DNA-BNA	gapmers	IC50	=	4	nM	for	luciferase	
activation	in	TNBC	cells	

FANA	IC50	=	100	nM	

LNA	IC50	=	9	nM	

BNA	IC50	=	4	nM	

MDA-MB-231	cells	were	incubated	24	h	at	37°C	with	co-transfected	luciferase	vector	
and	miR-17-5p	ACTGTAAGCACTTTG	gapmer	before	analysis.	

Wickstrom	and	Jin	(2015)	PCT/US2a015/015681	



15	

BNA-DNA-BNA	gapmers	slowed	proliferation	in	
TNBC	cells	and	NSCLC	cells	

Cells	were	incubated	48	h	at	37°C	with	50	nM	miR-17-5p	ACTGTAAGCACTTTG	
gapmer	or	miR-21-5p	CAGTCTGATAAGCTA	gapmer	before	analysis.	
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BNA-DNA-BNA	gapmers	against	unique	MYCC	
mRNA	target	also	slowed	proliferation	and	

reduced	PD-L1	in	TNBC	cells	

Cells	were	incubated	48	h	at	37°C	with	50	nM	MYCC	gapmer	before	analysis.	
Wickstrom	and	Jin	(2017)	PCT/US2a017/??????	
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Summary	

•  The	functional	changes	in	TNBC	cells	treated	with	1	μM	
PNA-peptide	12mer	were	modest,	indicating	low	
efficacy.	

•  TNBC	cells	and	NSCLC	cells	slowed	proliferation	
dramatically	upon	transfection	with	50	nM	microRNA	
and	MYCC	mRNA	BNA-DNA-BNA	15mer	gapmers.	

•  ??	And	MYCC	BNA-DNA-BNA	gapmers	reduced	PD-L1	
expression	in	TNBC	cells.	

•  Future	blocking	experiments	will	utilize	BNA-DNA-BNA-
peptide	conjugates.		
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