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The involvement of miRNAs in the pathogenesis of various diseases, including

cancer, poses the need for developing miRNA inhibitors. Previously, using

unmodified DNA, we designed LidNA, which inhibited miRNA function more

potently than 20-O-methylated RNA and locked nucleic acid. LidNA consists

of a complementary sequence to miRNA flanked by two structured DNAs.

Alterations in the connected sequences between the complementary region

and structured region modestly affect miRNA inhibition activity. Surpris-

ingly, variations in the mismatched insertion sequence in the center of the

complementary sequence significantly affect activity. The central insertion

sequence xxxA is required for the potent miRNA inhibitory effects of LidNA.

This suggests that both the structure and insertion sequence of LidNA and

other miRNA inhibitors should be considered for maximal miRNA inhibitory

activity.

Keywords: argonaute; G-quartet structure; LidNA; miRNA; miRNA

inhibitor; RISC

miRNAs are endogenously expressed small regulatory

noncoding RNAs that form an RNA-induced silencing

complex (RISC) with argonaute and other proteins.

The RISC suppresses target mRNAs by binding to the

30-UTR of target mRNAs [1,2]. Each miRNA targets

hundreds of genes on average, as shown both experi-

mentally and by computational miRNA target site pre-

dictions [3,4]. miRNAs regulate cell proliferation and

differentiation; therefore, they are relevant to oncol-

ogy. For example, the overexpression of miR-302s

transformed normal and cancer cell lines into a

pluripotent state as embryonic stem cells [5,6]. Some

miRNAs are differentially expressed in cancer cells

and affect cellular malignancy by acting as either

oncomiRs or tumor suppressors [7,8]. For example,

miR-21 is overexpressed in most tumor types and con-

tributes to tumorigenesis. Overexpression of miR-21

leads to pre-B-cell lymphoma in vivo [9] and promotes

proliferation and invasion of colon adenocarcinoma

cells [10].

miRNA inhibitors are single-stranded oligonu-

cleotides for sequence-specific inhibition of miRNA-

mediated target gene suppression. These inhibitors are

chemically modified oligonucleotides with a sequence

complementary to the miRNA guide strand and bind

to RISC instead of target mRNA [11–14]. Chemical

modification including phosphorothioate and 20-O-

methoxyethyl modifications and locked nucleic acids

(LNAs) are important for both nuclease resistance and

higher affinity to the miRNA guide strand on RISC

[15–17]. In addition, microRNA sponges and tough

decoy RNAs (TuDs) with partial miRNA complemen-

tary sequences have been described as miRNA inhibi-

tors [18,19]. These expressed RNAs, microRNA

Abbreviations

LidNA, DNA that puts a lid on miRNA function; LNA, locked nucleic acid; RISC, RNA-induced silencing complex; TuD, tough decoy.
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sponges and TuDs, have two or more miRNA binding

regions. These miRNA binding regions contain mis-

matched insertion sequences in the center of each

miRNA binding region. For example, the mismatched

insertion sequence of TuD RNA expressed from a

DNA vector was essential for higher inhibitory activity

[18,20]. The insertion sequences affected inhibitory

activity, some insertion sequences caused high activity,

whereas other insertion sequences caused low or no

activity [20]. Interestingly, synthetic TuD consisting of

20-O-methylated RNA with no insertion had a higher

activity than the insertion variant [21].

Antisense DNA did not inhibit miRNA function,

because RNA-RNA duplexes have higher affinity than

RNA-DNA duplexes as previously reported [9]. We

reported the first effective unmodified DNA-based

miRNA inhibitor, LidNA, DNA that puts a lid on

miRNA function, and demonstrated that the miRNA

binding region between two double-stranded regions

bound with high affinity to the target miRNA [22].

The double-stranded regions repressed nucleotide

movement in the miRNA binding region [23], thereby

increasing the association rate constant, ka, of miRNA

to the miRNA binding region by about 500-fold com-

pared with single-stranded DNA, and 100-fold com-

pared with LNA and 20-O-methylated RNA [22]. In

further investigations, we unexpectedly found that

some variants of LidNA had low or no activity. The

variants with low or no activity had the same structure

as active LidNA, except for the mismatched insertion

sequence in the center of the miRNA complementary

sequence. In the present study, we report the mis-

matched insertion sequence of xxxA as a second

requirement for LidNA inhibition of miRNA. This

requirement has not previously been reported for other

chemically modified oligonucleotide miRNA inhibitors

such as LNA and 20-O-methylated RNA.

Materials and methods

Preparation of LidNA

All DNA oligonucleotides were purchased from FASMAC

(Atsugi, Japan). LidNA was constructed by heating at

95 °C for 5 min and slow cooling (rate: 1 °C�min�1) to

25 °C of a mixture of component oligonucleotide(s) in PBS

(–) buffer. The resulting LidNA was analyzed by polyacry-

lamide gel electrophoresis.

Reporter gene assay

The inhibitory activity of LidNA was measured by a repor-

ter gene assay using a pDsRed2-miR16 target containing

three miR-16 target sequences, 50-cgccaatatttacgtgctgctacgc-
caatatttacgtgctgctacgccaatatttacgtgctgcta-30 at the 30-UTR

of the Dsred2 gene, using pCAGGS-GFP as a control [22].

HEK293T cells were seeded into a 24-well plate

(60 000 cells/well). On day 1, cells were transfected with

the reporter and control vectors (50 ng each) and 25 nM

LidNA using Lipofectamine LTX (Thermo Fisher Scien-

tific, Waltham, MA, USA) according to the manufacturer’s

instructions. After two days, cells were harvested and dis-

rupted with TBS containing 0.05% Triton X-100. The mix-

ture was centrifuged, and the fluorescence of the

supernatant was measured using a fluorescence microplate

reader. The inhibitory activity of LidNA was expressed as

the normalized DsRed2/GFP ratio relative to control.

Reporter gene assay for LidNA-21 and LidNA-302b was

described in ‘Data S1’.

Statistical analysis

Data are presented as mean � SD. At least three biological

replicates were made for all experiments. P-values were cal-

culated by a two-tailed Student’s t-test to test the null

hypothesis of no difference between the two compared

groups. P < 0.05 was considered statistically significant.

Asterisks indicate significance as follows: (*) P < 0.05, (**)

P < 0.01, (***) P < 0.001.

Results and Discussion

Importance of the insertion sequence in miRNA

inhibitory activity

The original LidNA-16 consisted of two oligonu-

cleotides with two miR-16 binding sites between two

double-stranded regions such as LidNA variant 1

shown in Fig. 1C. LidNAs with a single miR-16 bind-

ing site were also tested. Variant 3 had comparable

inhibitory activity to that of variant 1. Surprisingly,

variant 2 had very low inhibitory activity (Fig. 1B).

Two variants, 2 and 3, had the same structure except

for the mismatched insertion sequences, AATC and

TCGA, respectively, in the center of the miRNA com-

plementary sequence.

DNA vectors expressing microRNA sponge and

TuD as competitive miRNA inhibitors have been

described [18,19]. These RNAs have mismatched

sequences in the central region of the miRNA target

sequence and therefore act as noncleavable RISC sub-

strates. The mismatched sequence of miRNA sponge

for miR-21 is shown in Fig. 1A. The effects of mis-

matched sequence variation on miRNA inhibitory

activity have not been reported. Iba and colleagues

[18] suggested that TuD with a mismatched insertion
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sequence had higher activity than the noninsertion

variant. There was no description of the relationship

between the insertion sequence and inhibitory activity.

Moreover, Iba and colleagues [21] described that syn-

thetic TuD consisting of 20-O-methylated RNA with

no insertion sequence had higher inhibitory activity

than the insertion variant.

Design of single-chain LidNA

Variants 2 and 3 consisted of three DNA chains,

which annealed. In order to avoid annealing, we

designed single-chain LidNAs with double-stranded

regions at both terminals (Fig. 1C). Variants 4 and 5

were single-chain LidNAs with flanking double-

stranded regions. Variant 4 had no inserted sequence

at miRNA binding region, while variant 5 had the

TCGA insertion sequence. Variant 5 had low but sig-

nificant inhibitory activity, while variant 4 had no

activity.

We also designed single-chain LidNA-16 variants

with G-quartet structure terminals instead of double-

stranded terminals (Figs 1C and 2A). The sequence of

the G-quartet structure is GCggttggtgtggttggGC, with

a thrombin aptamer [24] denoted in small letters and

an additional GC pair on both sides. Variant 6 had no

insertion sequence at the miRNA binding region, while

variant 7 had the TCGA insertion sequence. Like

variant 4, variant 6 had no activity. Variant 7 had sig-

nificantly high miRNA inhibitory activity compared

with variant 3, which consisted of three DNA chains.

The insertion sequence of the variants may contribute

to LidNA activity when either double-stranded or G-

quartet structure terminals are present. G-quartet Lid-

NAs were used for subsequent experiments.

Spacer sequence and length between miRNA

binding region and G-quartet structure

The effects of the spacer sequence and length between

miRNA binding region and G-quartet structure were

examined. Variants with no spacer sequences had rela-

tively low activity. Variants with a TT spacer sequence

had higher activity than variants with a single T or tri-

ple or more T sequence. Variants with AA or GG had

lower activity than the TT variant. A variant with a

CC spacer sequence was not examined, as the CC

sequence is paired with the GG sequence of the G-

quartet region. The spacer sequence is responsible for

the flexibility of the miRNA binding region. Variants

with no or single nucleotide spacers might have insuffi-

cient flexibility, as might AA and GG spacers. For

example, UU and poly T were used as the oligonu-

cleotide linker between aptamer-siRNA or aptamer,

respectively, not AA and GG, which have insufficient

flexibility [25,26]. On the other hand, variants with

Fig. 1. The structure and activity of LidNA-

16 variants. (A) Left, the sequences of

miR-16 and miR-16 binding sites of LidNA-

16 variant with insertion sequence, TCGA,

AATC, and none. Right, the sequences of

miR-21 and miRNA sponge. (B) The

activity of LidNA-16 variants. Reporter

gene assay using pDsRed2-miR-16 target

containing three miR-16 target sequences

at 30-UTR of DsRed2 gene and pCAGGS-

GFP as the control of transfection

efficiency. (C) The structures of LidNA

variants. The sequences of LidNA variants

are indicated in Fig. S1. **P < 0.01; ***P <

0.001.
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longer spacers have sufficient flexibility, but had lower

activity than the variant with the TT spacer. Previ-

ously, we demonstrated that the DNA double-stranded

region of LidNA reduced the mobility of nucleotides

in the miRNA binding region [23]. The longer spacer

between the double-stranded region and the miRNA

binding region had weaker effects on the mobility of

nucleotides in the miRNA binding region. Therefore,

we concluded that the two-nucleotide, TT, spacer is

best at present.

Effects of insertion sequence on LidNA activity

LidNA with the insertion sequence TCGA in the

miRNA binding region had higher miRNA inhibitory

activity than LidNA with no insertion sequence

(Fig. 1B). The insertion is situated between the 10th

and 11th complementary nucleotides from the 50-termi-

nal of miRNA (Fig. 3A). We prepared LidNA variants

with varied insertion sequences and measured variant

activities. The TCGA variant had the highest miRNA

inhibitory activity among test variants (Fig. 3B). All

ten other variants had lower activity than the TCGA

variant. Surprisingly, the TTGG variant had no activ-

ity, although this variant had the same sequences in

the miRNA binding region and G-quartet regions. The

TTAA, CTAA, and CTGA variants had relatively

high activity. We therefore concluded that the xxxA

insertion sequence is effective for the miRNA inhibi-

tory activity of LidNA-16, although TCGA had the

highest activity at present. The insertion variants of

LidNA-21 and LidNA-302b were also assayed (Figs

S4 and S5). The insertion TCGA variant among test

variants was the best, and the xxxA variants were

effective than xxxT and xxxG variants. We did not

really test all the possible insertion sequence combina-

tion of 4 nucleotides. However, the insertion sequence

was very important for LidNA activity, especially 4th

A of xxxA sequence. We plan on selecting more effec-

tive insertion sequences.

We also examined the effects of insertion length on

LidNA-miRNA inhibitory activity (Fig. 3C). When

the insertion was a single T or ten nucleotides,

TCTCTAGAGA, no miRNA inhibitory activity was

observed. LidNA with a four-nucleotide insertion,

TCGA, had the highest activity. Unexpectedly, LidNA

with a relatively long seven-nucleotide insertion,

TCTCAGA, had moderate activity, although the vari-

ant with a six-nucleotide insertion, TCTAGA, had low

activity.

Relationship between LidNA activity and

insertion sequence

If LidNA activity was dependent only on the binding

affinity between LidNA and miR-16, LidNA variants

with no or short insertions would have the highest

activities rather than variants with long insertions.

However, LidNA-16 binds to miR-16 on the RISC,

especially the argonaute 2 protein. Furthermore, the

insertion is between the 10th and 11th complementary

nucleotides from the miRNA 50-terminal, which is the

argonaute 2 cleaving site in the RISC.

TuD RNA is a potent miRNA inhibitor that har-

bors two miRNA binding sites [18,20]. TuDs can be

expressed intracellularly via vector-based delivery.

When TuDs are expressed, they fold into an imperfect

hairpin that contains two opposing miRNA binding

sites. TuDs have similar insertion sequences in the

miRNA binding sites. Some insertion sequences cause

high miRNA inhibitory activity, while other insertion

sequences cause low or no activity [20]. Hooykaas

et al. [20] demonstrated that the composition of the

insertion sequence in miRNA binding sites regulates

the binding properties between the two opposing

Fig. 2. The effects of spacer on activities of G-quartet type LidNA-

16. (A) The structure of G-quartet type LidNA-16 and spacer. The

sequences of LidNA-16 variants are indicated in Fig. S2. (B)

Inhibitory activity of LidNA-16 variants with indicated spacer

sequence. Reporter gene assay using pDsRed2-miR-16 target

containing three miR-16 target sequences at 30-UTR of DsRed2

gene and pCAGGS-GFP as the control of transfection efficiency.

**P < 0.01.
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miRNA binding sites. Tight binding between the two

binding sites interfered with miRNA accessibility, lead-

ing to low or no miRNA inhibitory activity. Contrast-

ingly, low binding between binding sites led to high

miRNA inhibitory activity. However, there were some

exceptions. One ‘tight-binding’ TuD had high activity,

and one ‘low-binding’ TuD had low activity. Hooy-

kaas et al. concluded that other, as yet unknown, fac-

tors contribute to TuD potency. We suggest that these

unknown factors are also important for LidNA activ-

ity, as LidNA has only a single miRNA binding site.

The structure of the human argonaute 2/miR-20a

complex was revealed previously [27]. The bases of

2nd to 6th nucleotides and 7th to 9th nucleotides of

miR-20a bound to argonaute 2 are stacked. The major

kink and change in miRNA direction occurs around

the 10th nucleotide. The insertion sequence of LidNA

might respond to the kink turn of the miRNA bound

to argonaute 2. Variants without an insertion sequence

may form half base pairing to miRNA bound to arg-

onaute 2. The half base pairing (~ 9 bp) cannot main-

tain the binding of LidNA to miRNA to subsequently

suppress miRNA activity (Fig. 4A), as the binding

affinity of DNA to RNA is lower than that of RNA

to RNA.

We propose that the four-nucleotide insertion

sequence is sufficient to respond to the kink turn and

maintain binding of LidNA to miRNA on argonaute

2. However, some variants with four-nucleotide inser-

tions had little or no miRNA inhibitory activity, sug-

gesting that LidNA-miRNA binding was not

maintained. Nonactive variants had perfectly comple-

mentary sequences to the target miRNA, as did the

Fig. 3. The effects of insertion sequence

and length on LidNA-16 variants. (A) The

structure of G-quartet type LidNA-type and

insertion. (B) The effects of insertion

sequence on the activities of LidNA-16

variants. Reporter gene assay using

pDsRed2-miR-16 target containing three

miR-16 target sequences at 30-UTR of

DsRed2 gene and pCAGGS-GFP as the

control of transfection efficiency. (C) The

effects of insertion length on the activities

of LidNA-16 variants. The sequences of

LidNA-16 variants are indicated in Fig. S3.

*P < 0.05; **P < 0.01.

Fig. 4. The binding model of miRNA and LidNA on argonaute 2

protein. (A) LidNA variant without insertion sequence might not

respond to the kink turn of the miRNA bound to argonaute 2. (B, C)

The insertion sequence TCGA and long insertion sequence

TCTCAGA might respond to the kink turn of the miRNA bound to

argonaute 2, and first T and/or last A might interact with argonaute 2.
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active variants. We speculated that the insertion

sequence of the active variant interacts with argonaute

(Fig. 4B) or at least does not interfere with RISC

binding. The insertion sequence xxxA was effective.

We propose that the first T and/or last A of the inser-

tion sequence may interact with argonaute, as the vari-

ant with a long insertion sequence, TCTCAGA, had

the same first T and last A nucleotides (Fig. 4C), and

maintained moderate activity.

In conclusion, the insertion sequence is critical for

LidNA activity. Future studies will determine the

structure of the LidNA/miRNA/argonaute complex.

This study suggests that both the structures and inser-

tion sequences of LidNA and other miRNA inhibitors

contribute to maximal inhibition of miRNA activity.

Author contributions

AT and TT conceived and conceptualized the study.

SS and YF performed experiments. AT designed

LidNA, analyzed data, and wrote the manuscript. All

authors have read and approved the manuscript.

References

1 Bartel DP (2009) MicroRNAs: target recognition and

regulatory functions. Cell 136, 215–233.
2 Brennecke J, Stark A, Russell RB and Cohen SM

(2005) Principles of microRNA-target recognition.

PLoS Biol 3, e85.

3 John B, Enright AJ, Aravin A, Tuschl T, Sander C and

Marks DS (2004) Human microRNA targets. PLoS

Biol 2, e363.

4 Kiriakidou M, Nelson PT, Kouranov A, Fitziev P,

Bouyioukos C, Mourelatos Z and Hatzigeorgiou A

(2004) A combined computational-experimental

approach predicts human microRNA targets. Genes Dev

18, 1165–1178.
5 Chen EYY, Chen JS and Ying SY (2019) The

microRNA and the perspectives of miR-302. Heliyon 5,

e01167.

6 Lin SL, Chen JS and Ying SY (2020) MiR-302-

mediated somatic cell reprogramming and method for

generating tumor-free iPS cells using miR-302. Methods

Mol Biol 2115, 199–219.
7 Linsley PS, Schelter J, Burchard J, Kibukawa M,

Martin MM, Bartz SR, Johnson JM, Cummins JM,

Raymond CK, Dai H et al. (2007) Transcripts

targeted by the microRNA-16 family cooperatively

regulate cell cycle progression. Mol Cell Biol 27, 2240–
2252.

8 Ida H, Tanabe T and Tachibana A (2020) Improved

cancer inhibition by miR-143 with a longer passenger

strand than natural miR-143. Biochem Biophys Res

Commun 524, 810–815.
9 Medina PP, Nolde M and Slack FJ (2010) OncomiR

addiction in an in vivo model of microRNA-21-induced

pre-B-cell lymphoma. Nature 467, 86–90.
10 Yu W, Zhu K, Wang Y, Yu H and Guo J (2018)

Overexpression of miR-21-5p promotes proliferation

and invasion of colon adenocarcinoma cells through

targeting CHL1. Mol Med 24, 36.

11 Meister G, Landthaler M, Dorsett Y and Tuschl T

(2004) Sequence-specific inhibition of microRNA- and

siRNA-induced RNA silencing. RNA 10, 544–550.
12 Robertson B, Dalby AB, Karpilow J, Khvorova A,

Leake D and Vermeulen A (2010) Specificity and

functionality of microRNA inhibitors. Silence 1, 10.

13 Vermeulen A, Robertson B, Dalby AB, Marshall WS,

Karpilow J, Leake D, Khvorova A and Baskerville S

(2007) Double-stranded regions are essential design

components of potent inhibitors of RISC function.

RNA 13, 723–730.
14 Hutv�agner G, Simard MJ, Mello CC and Zamore PD

(2004) Sequence-specific inhibition of small RNA

function. PLoS Biol 2, e98.

15 Elm�en J, Lindow M, Sch€utz S, Lawrence M, Petri A,

Obad S, Lindholm M, Hedtj€arn M, Hansen HF, Berger

U et al. (2008) LNA-mediated microRNA silencing in

non-human primates. Nature 452, 896–899.
16 Davis S, Lollo B, Freier S and Esau C (2006) Improved

targeting of miRNA with antisense oligonucleotides.

Nucleic Acids Res 34, 2294–2304.
17 Kurreck J, Wyszko E, Gillen C and Erdmann VA

(2005) Silencing of microRNAs in vivo with

’antagomirs’. Nature 438, 685–689.
18 Haraguchi T, Ozaki Y and Iba H (2009) Vectors

expressing efficient RNA decoys achieve the long-term

suppression of specific microRNA activity in

mammalian cells. Nucleic Acids Res 37, e43.

19 Ebert MS, Neilson JR and Sharp PA (2007)

MicroRNA sponges: competitive inhibitors of small

RNAs in mammalian cells. Nat Methods 4, 721–726.
20 Hooykaas MJG, Soppe JA, De Buhr HM, Kruse E,

Wiertz EJHJ and Lebbink RJ (2018) RNA accessibility

impacts potency of Tough Decoy microRNA inhibitors.

RNA Biol 15, 1410–1419.
21 Haraguchi T, Nakano H, Tagawa T, Ohki T, Ueno Y,

Yoshida T and Iba H (2012) A potent 20-O-methylated

RNA-based microRNA inhibitor with unique

secondary structures. Nucleic Acids Res 40, e58.

22 Tachibana A, Yamada Y, Ida H, Saito S and Tanabe T

(2012) LidNA, a novel miRNA inhibitor constructed

with unmodified DNA. FEBS Lett 586, 1529–1532.
23 Ida H, Tachibana A and Tanabe T (2014) Binding

affinity of ssDNA is improved by attachment of

dsDNA regions. J Biosci Bioeng 118, 239–241.

1613FEBS Letters 594 (2020) 1608–1614 ª 2020 Federation of European Biochemical Societies

A. Tachibana et al. Insertion sequence in miRNA binding site



24 Schultze P, Macaya RF and Feigon J (1994) Three-

dimensional solution structure of the thrombin-binding

DNA aptamer d(GGTTGGTGTGGTTGG). J Mol

Biol 235, 1532–1547.
25 Neff CP, Zhou J, Remling L, Kuruvilla J, Zhang J,

Li H, Smith DD, Swiderski P, Rossi JJ and Akkina

R (2011) An aptamer-siRNA chimera suppresses

HIV-1 viral loads and protects from helper CD4(+)

T cell decline in humanized mice. Sci Transl Med 3,

66ra6.

26 Hasegawa H, Savory N, Abe K and Ikebukuro K

(2016) Methods for improving aptamer binding affinity.

Molecules 21, 421.

27 Elkayam E, Kuhn CD, Tocilj A, Haase AD, Greene

EM, Hannon GJ and Joshua-Tor L (2012) The

structure of human argonaute-2 in complex with miR-

20a. Cell 150, 100–110.

Supporting information

Additional supporting information may be found

online in the Supporting Information section at the end

of the article.
Fig. S1. Sequences of LidNA variants in Fig. 1.

Fig. S2. Sequences of LidNA variants in Fig. 2.

Fig. S3. Sequences of LidNA variants in Fig. 3.

Fig. S4. The effects of insertion sequence on LidNA-

21 insertion variants.

Fig. S5. The effects of insertion sequence on LidNA-

302b variants.

1614 FEBS Letters 594 (2020) 1608–1614 ª 2020 Federation of European Biochemical Societies

Insertion sequence in miRNA binding site A. Tachibana et al.


	Outline placeholder
	feb213756-aff-0001

	 Mate�ri�als and meth�ods
	 Prepa�ra�tion of LidNA
	 Reporter gene assay
	 Sta�tis�ti�cal anal�y�sis

	 Results and Dis�cus�sion
	 Impor�tance of the inser�tion sequence in miRNA inhibitory activ�ity
	 Design of sin�gle-chain LidNA
	 Spacer sequence and length between miRNA bind�ing region and G-quar�tet struc�ture
	feb213756-fig-0001
	 Effects of inser�tion sequence on LidNA activ�ity
	 Rela�tion�ship between LidNA activ�ity and inser�tion sequence
	feb213756-fig-0002
	feb213756-fig-0003
	feb213756-fig-0004

	 Author con�tri�bu�tions
	feb213756-bib-0001
	feb213756-bib-0002
	feb213756-bib-0003
	feb213756-bib-0004
	feb213756-bib-0005
	feb213756-bib-0006
	feb213756-bib-0007
	feb213756-bib-0008
	feb213756-bib-0009
	feb213756-bib-0010
	feb213756-bib-0011
	feb213756-bib-0012
	feb213756-bib-0013
	feb213756-bib-0014
	feb213756-bib-0015
	feb213756-bib-0016
	feb213756-bib-0017
	feb213756-bib-0018
	feb213756-bib-0019
	feb213756-bib-0020
	feb213756-bib-0021
	feb213756-bib-0022
	feb213756-bib-0023
	feb213756-bib-0024
	feb213756-bib-0025
	feb213756-bib-0026
	feb213756-bib-0027


