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Conclusions	&	Future	Direction	

Growth	Inhibition	in	TNBC	and	Lung	
Cancer	Cells	

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

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

•  The	speciRicity	of	NC-BNA	gapmers	against	target	
RNAs	will	be	evaluated	by	RNA-seq.	

•  The	effect	of	the	NC-BNA-peptides	on	metastatic	
behavior	of	TNBC	cells	will	also	be	tested.	

•  The	expressions	of	other	cancer	immune	surveillance	
marker	will	be	evaluated	as	a	result	of	MYCC	
inhibition.	

Anti-miR-17-5p	NC-BNA	gapmer	conjugated	with	an	IGF1R	
targeting	peptide	inhibited	miR-17-5p	in	MDA-MB-231	
cells	without	any	transfection	agent.	Error	bar,	sd.	

IC50	Comparison	of	Anti-miR-17-5p	
Oligonucleotides	in	TNBC	Cells	

TNBC	Cell	Directed	Delivery	and	
Inhibition	of		miR-17-5p	Activity	

•  Eliminate	passenger	strand-mimicking	side-effects	of	
conventional	microRNA	blockers	

•  No	complicated	formulation,	soluble	in	saline,	
intravenous	route	

•  Next	generation	RNA	backbones	(FANA	&	NC-BNA	vs.	
PNA	&	LNA)	will	elevate	efRicacy	and	potency	
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Molecular Therapy–Nucleic Acids

In Vivo Effect of BNA-based PCSK9 Inhibitors
Tsuyoshi et al

2

PCSK9 mRNA and serum LDL-C. However, a large dose of 
MOE is necessary to obtain sufficient efficacy. More recently, 
Gupta et al. demonstrated that a reduced amount of 2 ,4 -
bridged nucleic acid (BNA) (also called as locked nucleic acid 
(LNA))-modified gapmer efficiently suppresses PCSK9 mRNA 
and induces an increase in LDLR protein levels both in vitro 
and in vivo.20 Due to the high-affinity binding of 2 ,4 -BNA–
modified AON molecules, in many cases, 2 ,4 -BNA–modified 
gapmer shows improved antisense potency in vivo as com-
pared to MOE-based gapmer. However, in some cases, the 
repeated administration of 2 ,4 -BNA–modified gapmer causes 
hepatotoxicity.21 The development of more potent and less toxic 
antisense molecules is necessary for clinical usage.22 We have 
developed a series of 2 ,4 -BNAs such as 2 ,4 -BNA and 2 ,4 -
BNANC, which have chemical bridges between the 2  and 4  
positions of the ribose rings; 2 ,4 -BNANC–modified oligonucle-
otides retain high-affinity binding to RNA and higher nucle-
ase stability than 2 ,4 -BNA–modified oligonucleotides.23–25 
Therefore, 2 ,4 -BNANC–modified anti-PCSK9 AONs would 
be expected to possess distinct cholesterol-lowering potency 
and toxicological risks in vivo. Actually, 2 ,4 -BNANC–modified 
phosphatase and tensin homolog deleted from chromosome 
ten (PTEN) inhibitor showed high potency without the onset 
of hepatotoxicity.26 In this study, we present the effective gene 
silencing and cholesterol-lowering effects of both 2 ,4 -BNA– 
and 2 ,4 -BNANC–based anti-PCSK9 AON. In addition, we 
showed the toxicological characteristics of 2 ,4 -BNA– and 
2 ,4 -BNANC–based AONs.

Results

Physicochemical properties of a 2 ,4 -BNA–modified 
anti-PCSK9 AON in vitro
The 2 ,4 -BNA–modified phosphorothioate oligonucle-
otides (P900SL) and a conventional phosphorothioate 
AON (P900S) were designed based on the previously 
identified potential sequence.27 The control sequence was 
CR01S, which has the same conventional phosphorothio-
ate backbone as P900S, but does not target any specific 
genes in mice (Table 1). Upper and lower case letters in 
the sequences represent 2 ,4 -BNA and DNA, respectively. 
We additionally selected another sequence, a consensus 
sequence between the mouse and human sequences to 
dispense with the sequence translation to adapt to human 
clinical trials. P901SL and P901SNC both possess five gaps, 
and nine of 20 nucleotides are substituted by 2 ,4 -BNA and 
2 ,4 -BNANC (Table 1, Figure 1). Note that the sequence, 
length, and composition of AONs have not been fully opti-
mized yet here. The melting temperature (Tm) values of 
P900S, P900SL, P901S, P901SL, and P901SNC with their 
target RNA were determined by UV-melting experiments. 
AONs modified with 2 ,4 -BNA and 2 ,4 -BNANC showed an 
excellent target affinity compared to conventional phospho-
rothioate AONs (Table 1).

In vitro gene silencing properties
We next evaluated in vitro gene silencing properties of AONs 
by using mice hepatic NMuLi cells (Figure 2a–c) treated with 
1–50 nmol/l of P900SL by means of lipofection.  Real-time 
reverse transcription-PCR revealed a  dose- dependent 

reduction of the PCSK9 mRNA level as compared to the 
GAPDH mRNA level (half-maximal inhibitory concentration 
(IC50) = 3.0 nmol/l) (Figure 2a). By contrast, no such effec-
tive reduction of the mRNA level occurred in P900S-treated 
cells (IC50 = 41.2 nmol/l) (Figure 2a), and treatment with 
CR01S and CR01SL did not yield any silencing (Figure 2b). 
To investigate whether suppression of PCSK9 mRNA by 
P900SL affects the PCSK9 protein level, we performed west-
ern blotting experiments. A dose-dependent reduction of the 
PCSK9 protein level occurred in P900SL-treated NMuLi cells 
(Figure 2a). On the other hand, the protein levels of LDLR in 
P900SL-treated cells were increased in a dose-dependent  
manner, showing the inverse relationship between PCSK9 
and LDLR protein levels. PCSK9 protein was thoroughly 
inhibited by P900SL at a concentration of ~10 nmol/l. The 
increase in LDLR protein simultaneously reached a pla-
teau at this concentration. Gene silencing properties of 
P901S, P901SL, and P901SNC were demonstrated both in 
murine and human hepatic cell lines. P901SL and P901SNC 
showed a similar silencing efficacy as P900SL in NMuLi cells 
(Figure 2a). Both P901SL and P901SNC showed far more 
efficient mRNA inhibitory activity than P901S in HepG2 cells 
(Figure 2d). The reduction rate of PCSK9 protein levels also 
supported this trend (Figure 2e).

The level of intrahepatic AONs in normal chow-fed mice 
after a single treatment with BNA-modified AONs
Next, we examined whether BNA-modified AONs can 
also be good inhibitors of PCSK9 in mice. A naked AON 
(P900SL) was intravenously (i.v.), subcutaneously (s.c.), and 

Table 1 Properties of modified oligonucleotides used in this study

Sequence 
ID Sequencea Tm

IC50 (nmol/l)

NMuLi HepG2

CR01S 5 -ccttccctgaaggttcctcc-3 – N.D. –

CR01SL 5 -cctTCCctgaagGTTCcTCc-3 – N.D. –

P900S 5 -gggctcatagcacattatcc-3 37.0 23 –

P900SL 5 -GggCTCatagcaCaTTaTCc-3 72.1 1.8 –

P901S 5 -ccaggcctatgagggtgccg-3 49.6 – 100

P901SL 5 -CCaggCCTaTgagggTgCCg-3 83.2 1.0 1.8

P901SNC 5 -CCaggCCTaTgagggTgCCg-3 86.0 3.0 11.6

Abbreviations: BNA, bridged nucleic acid; IC50, half-maximal inhibitory 
concentration.
aOligonucleotides with 2 ,4 -BNA (upper case), 2 ,4 -BNANC (capital italic), 
and DNA (lower case letters). All internucleotide linkages are phospho-
rothioated. Melting temperature (Tm) of CR01S and CR01SL were not 
measured because no target site on transcripts, marked “–”. Non-detectable 
IC50 values, due to low potency, marked N.D. IC50 values were partly not 
determined, marked “–”.
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Figure 1 Structure of bridged nucleic acids (BNA) used in this 
study. LNA, locked nucleic acid.

Latest	generation	of	oligonucleotide	backbone	
modiRications	offers	greater	resistance	against	protease	
and	nuclease,	increased	bio-availability,	and	improved	
solubility.		

Dose	dependent	anti-miR-17-5p	oligonucleotides	were	co-
transfected	with	miR-17	luciferase	reporter	vector	for	24	
hours	in	MDA-MB-231	cells.	Error	bars,	s.e.m.		
	

Oligonucleotide	 IC50	(nM)	

Anti-miR-17	BNA	 3.69±1.59	

Anti-miR-17	LNA	 9.00±3.57	

Anti-miR-17	FANA	 99.55±9.32	

NC-BNA	gapmer	showed	higher	efRicacy	than	LNA	and	
FANA.	

50	nM	anti-miR-17-5p,	anti-miR-21-5p,	or	anti-myc	NC-
BNA	gapmers	signiRicantly	regressed	cell	proliferation	in	
multiple	subtypes	of	TNBC	cell	lines.	Error	bars,	sd.	
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Down-regulation	of	Immune	Checkpoint	
Inhibitor	via	MYCC	mRNA	Knockdown	
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50 nM BNA 

MDA-MB-231 

Anti-MYCC	NC-BNA	gapmer	reduced	c-myc	protein	and	
mRNA,	while	decreasing	the	protein	level	of	immune	
checkpoint	inhibitor	PD-L1	in	MDA-MB-231	cells.	Error	
bars,	s.e.m.		
	
	

We	used	a	luciferase	reporter	system	harboring	a	
miR-17-5p	binding	site	in	the	3’	UTR	of	renilla	luciferase	
gene	to	characterize	IC50s	of	miR-17	blockers	with	various	
oligonucleotide	backbones	in	MDA-MB-231	cells.		
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Fold	Reduction	in	Cell	Growth	after	4	Days	Treatment	with	50	nM	BNA	

Cell	Line	 Subtype	 miR-21	BNA	 miR-17	BNA	 MYC	BNA	

MDA-MB-468	 BL1	 26.3	 9.6	 9.5	

MDA-MB-231	 MSL	 9.5	 2.4	 8.6	

MDA-MB-436	 MSL	 10.5	 9.7	 18.3	

BT-549	 M	 16.7	 2.4	 5.0	
HCC1937	 BL1	 6.2	 1.5	 4.1	
HCC1806	 BL2	 73.9	 22.0	 83.8	
BT-20	 UnclassiWied	 23.1	 5.9	 20.2	

A549	(lung)	 NSCLC	 309.5	 94.3	 89.5	

Triple	 negative	 breast	 cancer	 (TNBC)	 attacks	 >40,000	
young	 women	 annually	 in	 the	 US,	 and	 has	 no	 molecular	
targeted	 therapies.	 Highly	 expressed	microRNAs,	 such	 as	
miR-17-5p	 and	 miR-21-5p,	 are	 distinctive	 in	 TNBC	 and	
contribute	 to	 cancer	 cell	 survival.	 We	 hypothesized	 that	
reduction	 of	 oncogenic	 miRNA	 activity	 by	 delivering	
oligonucleotide-based	 antagomiRs	 speciRically	 to	 breast	
cancer	 cells	 via	 receptor-mediated	 endocytosis	 would	
inhibit	metastatic	behavior	of	TNBC	cells.		
We	designed	guide	 strand	 speciRic	blockers	of	miR-17-5p	
or	 miR-21-5p	 composed	 of	 gapmers	 with	 anionic	
backbone	 derivatives	 2’-Rluoro-arabino	 nucleic	 acid	
(FANA),	 and	 2’-aminomethyl-bridged	 nucleic	 acid	 (NC-
BNA).	Since	most	breast	cancer	cells	overexpress	 insulin-
like	 growth	 factor	 receptor	 (IGF1R),	 a	 peptide	derivative	
of	the	IGF1	was	conjugated	to	anti-miR-17-5p	antagomiRs	
to	achieve	breast	cancer	cell	speciRic	delivery.		
Our	 results	 showed	 that	 in	 TNBC	 cells,	 the	 NC-BNA	
gapmers	 displayed	 high	 efRicacy	with	 sub-nM	 activity	 for	
miRNA	blockade	and	signiRicant	 inhibition	of	cell	growth.	
Anti-miR-17-5p-IGF1	 peptide	 conjugate	 successfully	
inhibited	 miR-17-5p	 activity	 in	 the	 luciferase	 reporter	
system.	 In	 addition,	 a	 newly	 designed	 NC-BNA	 gapmer	
against	MYCC	oncogene	was	able	 to	reduce	c-myc	protein	
in	 TNBC	 cells,	 and	 lowered	 the	 expression	 of	 immune	
checkpoint	inhibitor	PD-L1.	


