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DESCRIPTION CN116019779A

Osteoporosis Treatment Delivery System Based on Osteoclast Progenitor Cell-Targeted

circBBS9 Knockdown

BTk SRl A 2L mcircBBSIORLE R & BERIL /AT RIX RS

[0001]

Technical Field
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ARG

[n0001]

This invention pertains to biomaterials and their applications, specifically relating to an
osteoporosis treatment delivery system based on osteoclast precursor cell-targeted circRNA

knockdown.

FRPBTEVMMHRENR, BESNR—METREARAAZAREIEEcircRNABPERY B BERAa

TTIEE R

[0003]

Background Technology

BREEA

[n0002]

Osteoporosis is a common chronic bone disease in clinical practice. Its low bone mass and

severe destruction of bone microstructure often increase the fragility and brittleness of bones.
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BRBMREZ KT LEYERER, HESENTENBNARSHIRITER, FEENSHEN
R A0 Z MR 1,
As unique bone resorbing cells, mature multinucleated osteoclasts secrete a large number of

enzymes and acids to perform bone resorption due to their high transcriptional activity.

ERIRS R B IRURZERE, RANZZIREARMBTESRREN, DWREBMBRLIZTRULAIT)

an>
[\ay
o

However, excessive multinucleation of osteoclasts can lead to an imbalance in bone

homeostasis, which is a major factor contributing to osteoporosis.

A, WEARNIEZZUSSHEREKE, NMEsEEREMENETERE,

Currently, first-line treatments for osteolytic diseases, such as bisphosphonates,
indiscriminately inhibit osteoclast lineages, leading to apoptosis of all bone resorbing cells
and thus disrupting necessary bone turnover. Therefore, there is an urgent need to develop a
treatment system that can selectively target osteoclast precursor cells at specific disease-

related stages of the osteoclast lineage.
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Bal, MASHRBRN—LETT, MNERE, ERMERtNGREArmER, SHAEERIKA
FRAT, MMBITRERNSER, Eib, REFR—MaTERREFEERKEMEIERFIER

MR E M ERRYER B AR R (A A BR.

[n0003]

Circular RNA (circRNA) is a covalently closed circular structure that can be back-spliced by pre-

mRNA and expressed during cell development and differentiation.

IFIRRNA(circRNA) B — AN AR, ErETS#pre-mRNAR METE, EAMABTMOLIER
Tiko

Given that circRNAs are resistant to RNase R, they are more stable in cells and exosomes than
their corresponding linear transcripts. circRNAs can be effective endogenous regulators in
miRNA-mediated RNA interference (RNAI). Therefore, regulating circRNA can effectively
intervene in the cell differentiation process. However, the development of targeted delivery

nucleic acid drugs against circRNA has become a challenge.

£ FcircRNAXRNase REBHiE, ENEAEMINBAPLERNAIZ TR RAEIRE, circRNAER]
IAFEMIRNATT SBIRNATHL(RNAN) R A B HIRIRIE AT EF.  EIt, BfEcircRNAR] LB BT

MERI SRR, PAM, $EMEIEET X circRNARVIZBR 294 & B 0 — T el
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[n0004]

Cell membrane engineering technology has been widely used in various fields, from drug

delivery and imaging to phototherapy.

MR TIRURACT 2N ATFAMREIE. RGEIYCELET SR,

Biomimetic nanoparticles disguised as cell membranes give them cell-like functions, thereby
prolonging their circulation in the blood and allowing them to escape the immune system's
clearance. Furthermore, because they inherit the necessary fusion proteins and adhesion
molecules from cells, nanoparticles coated with cancer cell membranes can specifically target
homologous cells. Therefore, isomorphic targeted delivery of these cell membrane materials

is a viable strategy for future disease treatment.

FRARRRAR =R LR FIR T 7 RINABRERIINRE, MMAEK T 4RFBRE MR PBVER, el
REBS B R RFRTERR. IS, RTFENMARDYET RENRMEEONKMDF, EARE
BRBIPURERL ] SR T R ERARE, Ritt, XEAMMREEME B ER S mEIX AR RIERA

I7HYRT FERBK,

[n0005]
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However, despite the application of cell membrane engineering technology in various fields,
selective targeted delivery of cells at specific stages of cell multinucleation has not yet been

achieved.

Am, REMMERIREURAEATENTE, BRRLNEARSZCIERERREMERAMAY
W SR A I

Osteoclast precursor cells are derived from macrophages induced by RANKL for 3 days and
contain specific proteins involved in osteoclast circulation, recruitment, intercellular
recognition and fusion. Therefore, fused cell membranes with specific stage markers facilitate

the selective targeted delivery of osteoclast precursor cells.

REARAAARIEERANKLESIRNERAMR, BES5KEMAMEIF. B, AREIRIRE
BNREEAR. Eit, BAREMERICHR SRS B TR S AMe AR 1T RE

ERER.

[n0006]

Therefore, based on the above background, this patent discovers that osteoclast-specific
circRNAs and their human homologs are prominently expressed in osteoclast multinucleation

and osteoporosis.
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Eit, EFERER, AEFRMKEAETFERENCircRNAREALRRY), EREMAEZZ

+

WA BRI IERRAR .

*

Among them, circBBS9 was selected as the verification object. However, how to achieve
precise targeted delivery of circRNA at a specific time in vivo is a bottleneck problem that
limits the application of circRNA. To address this shutdown issue, we innovatively pioneered
the use of osteoclast precursor cell membrane materials to carry siRNA, enabling osteoclast
precursor cell membrane microvesicles to target osteoclast precursor cells. Among them, the
osteoclast precursor cell membrane microvesicles carrying siRNA<sup>circBBS9</sup>
effectively inhibited osteoclast multinucleation and bone resorption capacity without
affecting the differentiation of precursor osteoclasts, and increased bone density in

osteoporotic mice in in vivo experiments.

Hp, circBBSOWBHEREAIIEN R, AT ARSI E R 5 ELE X CircRNAZ R
WM AR, AT EERX KA, BT R ERKE R AR EHE R
SiRNA, WEZAMRA AR E SRtk S AMRal(AdErE. HP, &
siRNA<sup>circBBS9</sup>89tK & e g1 (A AR iR EEE A BUNHEIE 2 A 2240 F & kUK EE

AR R AR S AR, HEFRKEPIEMNE RGN NEREEE,

[n0007]
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In summary, osteoclast precursor cell membrane microvesicles carrying siRNA-circRNA can be

used for nucleic acid drug research in clinical osteoporosis.

i b, #EHSIRNA-circRNABYER B AR A A 4R AR I 38 B ] B T Im iR L & B AL B ER Z5 ¥ 500

[0010]

Summary of the Invention

REAAR

[n0008]

The present invention aims to address the technical problem that existing delivery systems
lack efficient and specific targeting of cells at specific stages in the osteoclast lineage, and
provides an osteoporosis treatment delivery system based on osteoclast precursor cell-

targeted circBBS9 knockdown.

RERPRNT RN EEEZRAFEESN. FREAKESAMIERTHEN RAEIRARRR, =7

H—ME TS AT A4EEE R circBBSIRFEIN B BRI AIT IBIE RS,

[n0009]

20-01-2026 - Page 8



To achieve the above objectives, the present invention provides the following solution:

NEMERER, FARRMTIHOTAE:

[n0010]

An osteoporosis treatment delivery system based on osteoclast precursor cell-targeted
circBBS9 knockdown includes siRNA and cell membrane microvesicles targeting osteoclast
precursor cells; siRNA is delivered to osteoclast precursor cells using cell membrane

microvesicles targeting osteoclast precursor cells.

BT s AmRa A4t circBBSOBIR I B RN ETHEIX RS, BIEsiRNATIZE K& 4R aT{A
MREAVAREIEMEER; FIRERKEARFARAREMNERSIRNARITR SRR AT

[E I ;

[n0011]

The siRNA is a specific siRNA for circBBS9, and its nucleotide sequence is shown in SEQ ID NO.

5and SEQ ID NO.6; the circBBS9 has the nucleotide sequence shown in SEQ ID NO.1.
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FriRAYSiRNAZIcircBBSORVF 4 SiRNA, HiZEF59SEQ ID NO.SFISEQ IDNO.6FR; Frik

circBBS9, EZEELR5MISEQ ID NO.1Ff/R;

[n0012]

The method for preparing cell membrane microvesicles targeting osteoclast precursor cells is

as follows:

PRI —ThEt iR & AR (A ARV ARRHNEENGIE 5 E, BAENT:

[n0013]

(1) Extract mammalian mononuclear cells, induce macrophages with 15-30 ng/mL M-CSF for 3-

5 days, and then induce osteoclast precursor cells with 30-80 ng/mL RANKL for 3-5 days;

(1)3REXPRELEIY EIZAARE, 15~30ng/mL M-CSFIES3-5X5EIEmE4MiE, BA30~80ng/mL

RANKLIESR3-5K, RIGRBHIALME;

[n0014]

(2) Washing: After the trypsin digestion, specifically after 3-5 min of trypsin digestion, the
digestion is terminated and the cells are centrifuged at 1000 rpm for 5 min. The cells are then

resuspended in TM buffer at 4°C. The TM buffer is a mixture of 1 mM MgCl and 10 mM Tris with
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water, and the pH is adjusted to 7.4. After resuspending, the cells are squeezed out 30-40

times using a microsyringe to disrupt the cells and obtain a cell homogenate.

(2)45%, FrRMBRES LS, REAREEM3~5min/g, KIEEAH1000rpm, SminEily, A
A CHTMERRER, FIRTME HRA1IMM MgCl<sub>2</sub>F110mM TrisilZAES, FHEPHIA

E7.4; EREHARMEENIEETH30~40/R IR, SEIAMSIRK;

[n0015]

(3) Add 1M sucrose and mix with the cell homogenate to reach a final sucrose concentration of

0.25M;

(B)MAIMEMRESARSIFES, KFI0.25MERELRE;

[n0016]

(4) Centrifuge the mixture obtained in step (3) at 4°C and 2000xg for 10 min, collect the
supernatant, centrifuge at 4°C and 3000xg for 30-35 min, resuspend the precipitate with 0.25M
sucrose solution and wash, centrifuge again at 4°C and 3000xg for 30-35 min to obtain the cell

membrane;
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(4)KFriA L B (3)PFEIRVESHI4°C. 2000xg5R 4 T E/010min, W&k EiEK, 4°C. 3000xg5H14
TE030~35min, RO.25MERERRERTELAR, BR4°C. 3000xgHHF TEL30~35min, 15

ZIMpEpE;

[n0017]

(5) The obtained cell membrane is squeezed through a 400nm and 200nm polycarbonate filter
membrane 5 to 10 times in sequence to obtain cell membrane nanovesicles that can target

osteoclast precursor cells.

(5) 15 2RV 4RREAR AT H 23R HEHZ 400nm B 200nm BRIRERER ISAR5~ 100%, RIS PISEmIR B BifA

REAVARERE AR R,

[n0018]

Preferably, the mammalian mononuclear cells are tibial and femoral mononuclear cells from

6-8 week old C57BL/6J mice.

ERME, FRRRMEILEHY) R 6~8EC57BL/6J/ NERE KT R4,

[n0019]

Preferably, the micro-injector is a Imlinsulin injector.
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ERfiE, FrRpy Bl ESte8 N ImIER B E5T88.

[n0020]

Preferably, the M-CSF concentration is 25 ng/mL.

ERRE, FHREIM-CSFRE25ng/mLo

[n0021]

As a preferred option, the RANKL concentration is 50 ng/mL.

ERRIE, RANKLKRER50ng/mLo

[n0022]

Preferably, circBBS9 is used as an intervention target for osteoporosis, and miR-423-3p is its

downstream target.

ERLiE, PRiRBICircBBSOEAB BB TFINEL R, miR-423-3p AH Tk =,

[n0023]
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Preferably, the expression vector for the siRNA is a biomimetic bone-targeting nanoparticle.

ERfiE, FriRBYsiRNARIZRE SR E B RMAKITARL

[n0024]

The beneficial effects of this invention are:

RPN BmUR:

[n0025]

Compared with existing osteoporosis drug treatments, the osteoclast precursor cell
membrane microvesicle material of this invention represents a significant advancement in the

following aspects:

&% PRI B ARE R (A AR R BRI E MR B L M B BRI AT, AAREZNHIET!

[n0026]
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1) circRNA has good stability and is highly expressed during osteoclast precursor cell
multinucleation. Intervention can inhibit osteoclast multinucleation and bone resorption

while preserving osteoclast precursor cell differentiation.

1)circRNAEBRGFNIREN, ERESARmAARESRUIERTESERE, TEMNGK S0

Z iz BRI EE DT IR B B BRI AAARRRY 731

[n0027]

2) Using osteoclast precursor cells as raw materials, the extracted osteoclast precursor cell
membrane microvesicles have the characteristics of good stability, good biocompatibility and

low immunogenicity, providing an effective means for targeting osteoclast precursor cells.

2) AR B ARERIAARE N R, RENBVIR AR AARRRNEERERERY, EYREEEN

FRFEIERANSS, NEEEREARRAARRRM T —MENFR,
[n0028]

3) Osteoclast precursor cell membrane microvesicles have significant in vitro and in vivo

osteoclast precursor cell targeting effects. Combined with the specific expression pattern of
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circRNA, they solve the problem of non-selective destruction of osteoclast lineage by
traditional drugs, thus showing promise as a highly efficient targeted nanodelivery system for

osteoporosis treatment.

3R EARERFARRHNEEMHEGRERNRRIMNEE AR AARRERIER, SacircRNARYS
HERRENFR T FRAYTER RIS ARERRIE, MMEBRABREILETHN—ME

ML AKX R TR R

[0032]

Attached image description:

P E] 5 ER -

[n0029]

Figure 1 shows the differential expression of circBBS9 in osteoclast multinucleation.

El12circBBSOTEIR BAR S ZIPRERTE,

[n0030]
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Figure 2 shows the expression levels of the human homolog circBBS9 in the lumbar vertebrae

of osteoporosis patients and normal individuals.

E2=ZcircBBSOAXREFEMTE B RN BEN EE ABHEESNRAE,

[n0031]

Figure 3 shows the expression level of circBBS9 after RNase R digestion.

E32circBBS97ERnase R EHNREAEE

[n0032]

Figure 4 shows the knockdown effect of siRNA<sup>circBBS9</sup> on circBBS9.

El4ZsiRNA<sup>circBBS9</sup>3tcircBBSOHIBIPE MR-

[n0033]

Figure 5 shows the effect of siRNA<sup>circBBS9</sup> transfection on the expression of

marker genes at different differentiation stages of osteoclasts.
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El5 25 Z2siRNA<sup>circBBS9</sup>/G 3t & AR E 5 L M ERFARiC BRI FRA IR0,

[n0034]

Figure 6 shows TRAP staining patterns of siRNA_NERS after transfection at different stages of

osteoclasts.

El6:@siRNA<sup>circBBS9</sup>7Eit B4 R EREE RS TRAPREE]

[n0035]

Figure 7 shows the bone resorption effect of siRNA_NERG after transfection at different stages

of osteoclasts.

E]72siRNA<sup>circBBS9</sup>TEi B 4R EIMN ER R /5 B IR UL R E]

[n0036]

Figure 8 shows the Western Blot results and statistical graph of the inhibitory effect of

SiRNA_NERT on osteoclast marker proteins.

El8ZsiRNA<sup>circBBS9</sup>3ifK & AR EE B INHI R Western BlotZE R4 1TEl,
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[n0037]

Figure 9 shows the cryo-electron microscopy and particle size distribution of the extracted

osteoclast precursor cell membrane microvesicles.

B9 IREX BV B AR (A AR AR PR AR T BRI 2 TR BB IR AR 12 70 FR Bl

[n0038]

Figure 10 is a TRAP staining diagram showing the inhibitory effect of osteoclast precursor cell

membrane microvesicles carrying siRNA<sup>circBBS9</sup> on osteoclast formation.

El10=2#E#;siRNA<sup>circBBS9</sup>HIf & 4HiE a1 A 40 EER R 2 /E X i B 4R BEFZ ARSI S SR BY

TRAPHEE,

[n0039]

Figure 11 shows the RT-qPCR results of key genes in osteoclast formation via osteoclast

precursor cell membrane microvesicles carrying siRNA<sup=>circBBS9</sup>.

El11 2 siRNA<sup>circBBS9</sup>REyhk & i i A AR E B I i B AR B X 2 B F

RT-q PCRéE%o
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[n0040]

Figure 12 shows the inhibitory effect of osteoclast precursor cell membrane microvesicles

carrying siRNA<sup>circBBS9</sup> on osteoclast bone resorption capacity.

E12 2 HsiRNA<sup>circBBS9</sup>89tK & e 1A A AR AR R E a1 B AR & IR Uk BE S RN &

MR-

[n0041]

Figure 13 shows the effect of osteoclast precursor cell membrane microvesicles carrying

siRNA on the specific entry of osteoclast precursor cells in vitro.

E13=2 53 siRNARYER B AR (A 4B RE AR BT (RS I i B 4R AR B (R 4B RS SR I AT N R

[n0042]

Figure 14 shows the fluorescence distribution and statistical diagram of osteoclast precursor
cell membrane microvesicles carrying siRNA in various tissues of a mouse in vivo imaging

experiment.

El142 53 siRNARYIR B AR (A 4B RE AR B a7/ EUR R G SRR B ARAR D B R AT E.
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[n0043]

Figure 15 shows the fluorescence colocalization of osteoclast precursor cell membrane
microvesicles carrying siRNA with osteoclast precursor cell marker proteins in mouse bone

sections.

El152 5 HsiRNARY IR B 4ARERI (A4 RE R BT/ NE B R P SR B AR A A ARITSE R K ItH

ENIE,

[n0044]

Figure 16 shows the therapeutic effect of osteoclast precursor cell membrane microvesicles

carrying siRNA<sup>circBBS9</sup> on bone morphology in osteoporotic mice.

El16 22 siRNA<sup>circBBS9</sup>mik & M ai AR E A X & R/ NE S SHE

78R

[n0045]

Figure 17 shows the inhibitory effect of osteoclast precursor cell membrane microvesicles
carrying siRNA<sup>circBBS9</sup> on the number and morphology of osteoclasts in

osteoporotic mice.
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E 172 & siRNA<sup>circBBS9</sup>RIi & AR A AR E A X & R/ RIREARSE

TSRO

[0050]

Detailed Implementation

=3O s

[n0046]

The following description, in conjunction with embodiments, further illustrates a circRNA-
based delivery system for selectively inhibiting osteoclast precursors and its preparation
method provided by the present invention. However, these embodiments should not be

construed as limiting the scope of protection of the present invention.

TEE S EHEFI% A& BRI —FE T circRNARIR B AR R AE R N HIE X RS M HEIE A

AHITE—D R, BRAELLUT RGN A LZBRIFSEERE,

[n0047]

20-01-2026 - Page 22



This invention aims to address the problem of non-specific osteoclast lineage targeting in
existing drugs by providing a circRNA-based osteoclast precursor selective inhibition delivery

system, its preparation method, and its application.

RERPRA T RN EAHYRS R R EARIERERRE, RHT —M—FET circRNARYIKE

BRI AER NG R EIE R P M BRI & 75 AN E AN A

[n0048]

Example 1: Analysis of circBBS9 expression in osteoclasts and osteoporosis patients

SEhEI 1circBBSOTER B MR & BifiiA B E R RA B R

[n0049]

1. This invention uses RNA-seq to detect differentially expressed circRNAs during osteoclast

multinucleation.

1. &ZBARFARNA-seq R B S 12T EF RERICircRNAZE TR,

[n0050]
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2. Design specific primers based on the obtained circRNA, and use RT-qPCR to verify the

expression levels of these primers.

2. IRIBFEINCIrcRNAIRITHFEMES 14, EART-qPCR AIIRIEXLES |YIHNRIAE,
The results showed that circBBS9 expression level increased significantly after RANKL

stimulation.

R R, circBBSOFRIEEERANKLRIHEEEZ EFH

[n0051]

3. Using circBBS9-specific reverse primers, the expression level of circBBS9 in osteoporotic
mice and osteoclast differentiation process was analyzed by RT-gPCR. It was found that the
expression level was most significantly upregulated on the third day after RANKL stimulation

(osteoclast multinucleation stage), as shown in Figure 1.

3. RFcircBBSMFRMMRAS|4), @IRT-qPCRYFcircBBSOTE R Bibitn/ RN B 4RRE 5 1k #HFE
FRFRIREFUD, AILALRANKLEBE S =K (B AR ZIZILMER) RAE LIABEH R NH
2, AL

Its sequence is shown in (SEQ ID NO.1).
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HEF40(SEQ ID NO.1)FA7To

The primers used are shown in (SEQ ID NO.2) and (SEQ ID NO.3).

FRFA5|%790(SEQ IDNO.2)F1(SEQ ID NO.3)Fi7o

[n0052]

mmu_circ_0001757(SEQ ID NO.1)

mmu_circ_0001757(SEQ ID NO.1)

[n0053]

GTGGCTGTACTCCAATCCCAGAGTCAGACCTAGAGGAAAGGTCACTAGATGACTCCACAGAGCTGTTTAC!K

GTGGCTGTACTCCAATCCCAGAGTCAGACCTAGAGGAAAGGTCACTAGATGACTCCACAGAGCTGTTTAC!

[n0054]

primer-circBBS9-F(SEQ ID NO.2)
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primer-circBBS9-F(SEQ ID NO.2)

[n0055]

TGGAGTAATGCTAATGAGTTGAGG

TGGAGTAATGCTAATGAGTTGAGG

[n0056]

primer-circBBS9-R(SEQ ID NO.3)

primer-circBBS9-R(SEQ ID NO.3)

[n0057]

GCTGAGACTTCAGGCATGG

GCTGAGACTTCAGGCATGG

[n0058]

4. By searching the circBase database for human homologs of circBBS9, hsa_circ_0134188
was found.
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4, @idcircBase#iEEE K circBBSIRIAEREEY), #Elhsa_circ_0134188,
Specific primers were designed to measure its expression in the lumbar spine of healthy
individuals and patients with osteoporosis, and significant high expression of

hsa_circ_0134188 was found.

RITHEEMS Y, ERRASEREMBENEEFNERERA, Khsa_circ_01341882E=
Tiko

Detection of human peripheral blood mononuclear cells and osteoclasts derived from
peripheral blood mononuclear cells revealed a significant increase in the expression of

hsa_circ_0134188.

A SN E i S AZ 4R AN 5B I SR A AR SRRV B 4R & B hsa_circ_0134188KRIAEE EH-

The results are shown in Figure 2.

ZE R UNE2Ff o

Its sequence is shown in (SEQ ID NO.4).
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HEFI90(SEQ ID NO.4)FRTo

[n0059]

hsa_circ_0134188(SEQ ID NO.4)

hsa_circ_0134188(SEQ ID NO.4)

[n0060]

GTGGTTGTACTACAATCCCAGAGTCAGACCTAGAAGAAAGATCAGTAGAACAAGACTCTACAGAACTGTTT

GTGGTTGTACTACAATCCCAGAGTCAGACCTAGAAGAAAGATCAGTAGAACAAGACTCTACAGAACTGTTT

[n0061]

5. After extracting osteoclast lysate, digestion was performed using RNase R, and the
expression of circBBS9 was measured by RT-qPCR. It was found that circBBS9 has stronger

stability compared to GAPDH and its linear mRNA.

5. RREIREMENMERG, FHARnase RIE, B@BERT-gPCRNEZCircBBSIHFRIX, LZIMHEHABIR

FGAPDHERHELZEMRNA, HEGRERRIIEE M,
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The results are shown in Figure 3.

ZE R UNEI3FRo

[n0062]

Example 2: Effects of siRNA<sup>circBBS9</sup> transfection on different differentiation

stages of osteoclasts

K525 ZsiRNA<sup>circBBS9</sup>a ¥t & AR [E 53 L BRI 520

[n0063]

1. Design circBBS9-specific siRNAs, the sequences of which are shown in (SEQ ID NO.4) and

(SEQ ID NO.5).

1. &itcircBBSO%FFMERISIRNA, EEFIN(SEQ ID NO.4)F1(SEQ ID NO.5)Fi7Ro
As shown in Figure 4, after transfection with siRNA<sup>circBBS9</sup>, the expression of
circBBS9 and its linear transcripts was measured. It was found that circBBS9 was significantly

inhibited while its linear transcripts were unaffected.
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WNEAFR I SiRNA<sup>circBBS9</sup>3 5 MZcircBBSIM E LM HE RANFRIX, &I

circBBSOW B E MBI ME LML RERZ RN,

[n0064]

siRNA-circBBS9-sense(SEQ ID NO.5):

siRNA-circBBS9-sense(SEQ ID NO.5):

[n0065]

CUCUGGAGGUGGCUGUACUTT

CUCUGGAGGUGGCUGUACUTT

[n0066]

siRNA-circBBS9-antisense(SEQ ID NO.6):

siRNA-circBBS9-antisense(SEQ ID NO.6):

[n0067]

AGUACAGCCACCUCCAGAGTT
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AGUACAGCCACCUCCAGAGTT

[n0068]

2. After stimulating BMMs with RANKL for three days, siRNA<sup>circBBS9</sup> was
transfected into them, and RT-gPCR was used to analyze the marker genes of osteoclasts at

different differentiation stages.

2. FARANKLR#BMMs=Xf5, FEHFZFsIRNA<sup>circBBS9</sup>, EFART-qPCRYIEEHH
RERE SR B BIARIS B R T LA .

We found that after transfection with siRNA<sup>circBBS9</sup>, the marker genes of
osteoclasts in the multinucleation stage were significantly suppressed, while the marker

genes of precursor osteoclasts did not change significantly (see Figure 5).

AR IMEEZRsiRNA<sup>circBBS9</sup>fa, WEAMRAITEZ UM ERRIRICEEREZMNE], M

AR B ARATICERISERERK, WAL,

[n0069]
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3. Transfection with siRNA<sup>circBBS9</sup> on day 1, day 3, or day 5 after RANKL
stimulation, followed by TRAP staining on day 6, revealed that transfection with
siRNA<sup>circBBS9</sup> on day 3 significantly inhibited the formation of multinucleated

osteoclasts.

3. TERANKLRFEHELIR. FEIXRHEBSKRIEZSIRNA<sup>circBBS9</sup>, HIEFHKHIT
TRAPHE, AIMTESHE =KFEFsiRNA<sup>circBBS9</sup>ZZiNHI 2% & MR o

The results are shown in Figure 6.

LR UNEI6FR

[n0070]

4. Transfecting with siRNA<sup>circBBS9</sup> on day 1, day 3 or day 5 after RANKL
stimulation and performing bone resorption capacity test on day 6 revealed that transfecting
with siRNA<sup>circBBS9</sup> on day 3 significantly inhibited the area of bone resorption

pits in osteoclasts.
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4. 7ERANKLREEHMIELIR. FEIRIFEBSKRIEZSIRNA<sup>circBBS9</sup>, HEFNKHIT
BIRURBES RN, KRIMTEE = KEEZsiRNA<sup>circBBS9</sup>E ENHI &M B KU E

o

[n0071]

The results are shown in Figure 7.

HERUE TR

[n0072]

5. On day 3 after RANKL stimulation, siRNA<sup>circBBS9</sup> was transfected, and cell
lysate was extracted on day 6. Western blot analysis revealed that siRNA<sup>circBBS9</sup>

significantly weakened osteoclast maturation-related proteins.

5. TERANKLREEHISE3REERsiRNA<sup>circBBS9</sup>, HTEHE/NKIRENVAMAER, &l
WB43Hfr & BLsiRNA<sup>circBBS9</sup>E ZH| 55 S MM AMEXER,

The results are shown in Figure 8.

LR ANEI8FRTRo
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[n0073]

Example 3: Preparation of osteoclast precursor cell membrane microvesicles

SEhtEf 38 B AR (A 4 AR AR AR AR T B R R &

[n0074]

Collection of osteoclast precursor cells: Femurs and tibias of 6-8 week old C57BL/6J mice were
taken and the bone marrow cavity was flushed with a-MEM + 10% FBS + penicillin G and
streptomycin (complete a-MEM medium). The flushed cells were cultured in complete a-MEM
medium containing 25 ng/mL M-CSF for 5 days, with one medium change during the period,

to obtain macrophages.

B AR RIS . BX6-8/EC57BL/6JERRBEMES, Aa-MEM+10%FBS+EERGHNES
Z (L a-MEMBFE)PASHEEE, BhikEnNamES25ng/mL M-CSFAYSESLa-MEMIEFRE S
75K, HREERAR—R, R1GERAM,

The obtained macrophages were cultured for 3 days in complete a-MEM medium containing

25 ng/mL LM-CSF and 50 ng/mL RANKL to obtain osteoclast precursor cells.
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B Fr18 EAIRETE 225ng/mLM-CSFR250ng/mL RANKLEY e 2 a-MEMIZFEFIEFIR S IS4

RER AR,

[n0075]

Preparation of osteoclast precursor cell membrane: Osteoclast precursor cells were
suspended in ice-cold TM buffer solution (pH 7.4; 1 mM MgCI2-NER23- + 10 mM Tris) and

extruded at least 30 times using a micro extruder to disrupt the cells.

B AR AZAMRARNHIE: BREAEIAARSFZENTMERAR(PHT.4; 1mM
MgCl<sub>2</sub>+10mM Tris)H, B HEGFTHNBTEZED300R IR,
The cell homogenate was then mixed with 1M sucrose to achieve a sucrose concentration of

0.25M, and the mixture was centrifuged at 4°C and 2000xg for 10 minutes.

FEERARARSIMENERS, EAFI0.25MIERRE, HIPEGYE4°C, 2000xg FE01053
o

Collect the supernatant and centrifuge it at 4°C and 3000xg for 30 minutes.

WEFRFLIBR, BLI4°C, 3000xgiHt—F B30 ¢4
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The resulting precipitate was the collected cell membrane, which was then washed twice with

ice-cold 0.25M sucrose for purification.

FRASTURRN A WEERIARRRAR, H A2 RI0.25MEREATR LU TAR K,

[n0076]

Preparation of osteoclast precursor cell membrane microvesicles: The obtained cell
membrane was squeezed through 400nm and 200nm polycarbonate filter membranes in
sequence, and squeezed repeatedly for 5-10 times to obtain osteoclast precursor cell

membrane microvesicles.

BRI A ARREMERRGE . FRFHNARRAORFHZ400nmA200nmByRRERESEE, &

EHES- 10 R B AR Rl (A AR RIE .

[n0077]

Example 4: Preparation of osteoclast precursor cell membrane microvesicles

SEhtEfG AR & AR A 4IRE AR AR B BRI H &

[n0078]
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Collection of osteoclast precursor cells: Femur and tibia of 6-8 week old C57BL/6J mice were
used to flush the bone marrow cavity with a-MEM + 10% FBS + penicillin G and streptomycin
(complete a-MEM medium). The flushed cells were cultured in complete a-MEM medium

containing 15 ng/mL M-CSF for 5 days, with one medium change during the period, to obtain

macrophages.

i E ARl AR ES . BX6-8/EC5TBL/6JERRBEMESR, Aa-MEM+10%FBS+EEBAGHES
F(E2a-MEMIBFE) Pt aels, KPkENARTEE15ng/mL M-CSFRYIFTE2a-MEMIBEFERIE
75K, RREIEAR—IR, R1GERRARM,

The obtained macrophages were cultured for 3 days in complete a-MEM medium containing

15 ng/mL LM-CSF and 30 ng/mL RANKL to obtain osteoclast precursor cells.

B RS EAIRETE S 15ng/mLM-CSFR230ng/mL RANKLEYSE 2 a-MEMEZFEFIEFIR S IS4

R AR,

[n0079]

Preparation of osteoclast precursor cell membrane: Osteoclast precursor cells were
suspended in ice-cold TM buffer solution (pH 7.4; 1 mM MgCI2-NER24- + 10 mM Tris) and

extruded at least 30 times using a micro extruder to disrupt the cells.
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B AR AARRNGIE: SRS AEIAARSFZENTME R AR (PHT.4; 1mM
MgCl<sub>2</sub>+10mM Tris)#, B HEGFTHNBTEZED300R LI HAE,
The cell homogenate was then mixed with 1M sucrose to achieve a sucrose concentration of

0.25M, and the mixture was centrifuged at 4°C and 2000xg for 10 minutes.

EERARARSIMENERS, AFI0.25MIERRE, HIFEGYE4°C, 2000xg FE01053
o

Collect the supernatant and centrifuge it at 4°C and 3000xg for 30 minutes.

WEEPR1G LIEHR, FBLL4°C, 3000xg#H—L 3053 #o
The resulting precipitate was the collected cell membrane, which was then washed twice with

ice-cold 0.25M sucrose for purification.

FRASTURERN A WEERIARRRAR, H A2 RI0. 25 MERE A TR LU TAR K,

[n0080]

Preparation of osteoclast precursor cell membrane microvesicles: The obtained cell

membrane was squeezed through 400nm and 200nm polycarbonate filter membranes in
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sequence, and squeezed repeatedly for 5-10 times to obtain osteoclast precursor cell

membrane microvesicles.

B AR R AR RARE . FREHARREARFFZ400nmA200nmARIMERER ISR, Kk

EHES-10R1FEIR B AR A APRRHE.

[n0081]

Example 5: Preparation of osteoclast precursor cell membrane microvesicles

SEhEfSER B AR A4 RE Al AR AR i B R R &

[n0082]

Collection of osteoclast precursor cells: Femur and tibia of 6-8 week old C57BL/6J mice were
used to flush the bone marrow cavity with a-MEM + 10% FBS + penicillin G and streptomycin
(complete a-MEM medium). The flushed cells were cultured in complete a-MEM medium

containing 30 ng/mL M-CSF for 5 days, with one medium change during the period, to obtain

macrophages.
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a2 AR RT AU ES . BX6-8/EC5TBL/6JERRBEMESR, Aa-MEM+10%FBS+EEBAGHNES
F(EL2a-MEMIBFE) Pt aEls, KPkENARTEE30ng/mL M-CSFRYITE2a-MEMIBEFFERIE
75K, RREIEA—IR, R1GERRAM,

The obtained macrophages were cultured for 3 days in complete a-MEM medium containing

30 ng/mL LM-CSF and 80 ng/mL RANKL to obtain osteoclast precursor cells.

18 EMARILE S 30ng/mLM-CSFRz80ng/mL RANKLEYSE £ a-MEMEB S R i 5 3 K S EIR B4

RERRARE.

[n0083]

Preparation of osteoclast precursor cell membrane: Osteoclast precursor cells were
suspended in ice-cold TM buffer solution (pH 7.4; 1 mM MgCI2-NER25- + 10 mM Tris) and

extruded at least 30 times using a micro extruder to disrupt the cells.

B AR AARRNGIE: SRS AEEAARSFENTME R AR (PHT.4; 1mM
MgCl<sub>2</sub>+10mM Tris)d, @I RHEEFHENETHE D308 IR IF AR,
The cell homogenate was then mixed with 1M sucrose to achieve a sucrose concentration of

0.25M, and the mixture was centrifuged at 4°C and 2000xg for 10 minutes.
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ERARSRSIMERES, £AR0.25MBIEMERE, FROESYE4°C, 2000xg FE01053
o

Collect the supernatant and centrifuge it at 4°C and 3000xg for 30 minutes.

WEEPR1S LIEHR, FBLL4°C, 3000xg#H—F Ei3053 ¢,
The resulting precipitate was the collected cell membrane, which was then washed twice with

ice-cold 0.25M sucrose for purification.

FRSTURRI A WEERIARRRAR, H A2 RI0. 25 MEREFATR LU T4 K,

[n0084]

Preparation of osteoclast precursor cell membrane microvesicles: The obtained cell
membrane was squeezed through 400nm and 200nm polycarbonate filter membranes in
sequence, and squeezed repeatedly for 5-10 times to obtain osteoclast precursor cell

membrane microvesicles.

SRR AR MEERIRIE . FIREHARRARFFZ400nmA200nmBRMERERIEIR, Kk

EBES-10F R & 4R A 4R AR A3,

[n0085]
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As shown in Figure 9, the osteoclast precursor cell membrane microvesicles prepared in this
embodiment were examined by cryo-transmission electron microscopy and particle size
analysis by laser particle size analyzer, indicating that the osteoclast precursor cell membrane

microvesicles are spherical lipid bilayers.

WNEIFRT, HEASKHEFH &V & AR AR M E TR ARG ST BRI, BUChIR(OHTT
RIZRIQN, 1R B4R eAARRFHNE NI SRR NS FE.
Furthermore, the particle size of the osteoclast precursor cell membrane microvesicles is

approximately 141.9 nm.

B &AM AARRME AN ARLYELI4LINmER,

[n0086]

Example 1: Evaluation of the ability of osteoclast precursor cell membrane microvesicles
carrying siRNA<sup>circBBS9</sup> to inhibit osteoclast multinucleation and bone

resorption.

IHIEF1: FE&isiRNA<sup>circBBS9</sup>HiK &R (A AR AR EaiNEIR S AR S &

IR U BE 7RI
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[n0087]

The osteoclast precursor cell membrane obtained in Example 1 was mixed with an equal
volume of siRNA<sup=>circBBS9</sup>40ug/mL, sonicated for 5 minutes, and then squeezed

through a 400nm and 200nm polycarbonate filter membrane 5-10 times.

ANSEHER LFR S B AR A EEL1mg/mL, S5siRNA<sup>circBBS9</sup>40ug/mLEFKFIR
&, BESDH, ARKXRFHIT400nmFN200nmBIERRELES EAE5-100%,

The siRNA<sup>NC</sup> and macrophage membrane groups served as the control group.

SiRNA<sup>NC</sup>LA K EEMAEAELE o xdBR4H,
Osteoclast precursor cell membrane microvesicles carrying siRNA_NER29 were co-cultured

with osteoclast precursor cells for 4 hours.

RHEHsiRNA<sup>circBBS9</sup>tIiK & R Fl A AR R EE 8 5 ik & AT AR L EIE 5 4/))
B
Twenty-four hours later, the number of mature osteoclasts in each group was detected by

TRAP staining.
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2L, BI TRAPFEIIE AN AR S AN E,
As shown in Figure 10, osteoclast precursor cell membrane microvesicles carrying
siRNA<sup>circBBS9</sup> significantly inhibited the formation of multinucleated

osteoclasts.

WE10FfR, BESIRNA<sup>circBBS9</sup>HIiK & 4iE AN E B B EINH T 2R EH
RERIAZ Ao

RT-gPCR was used to detect osteoclast formation. As shown in Figure 11, osteoclast precursor
cell membrane microvesicles carrying siRNA<sup>circBBS9</sup> significantly reduced the

expression of osteoclast maturation-related genes.

EFART-qPCRIGFR BRBEAZEL, WELIFTR, HBESiRNA<sup>circBBS9</sup>HItk SRz
FARRRFE R R ZE R T IR S AR AEXERRRIZA,
Bone resorption tablets were used to simulate a bone resorption environment in vitro to

assess the bone resorption function of osteoclasts.

RAERU A TEEIME B IRWIRR, THEIR SRS RURTHEER 5.
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As shown in Figure 12, the osteoclast precursor cell membrane microvesicles carrying
siRNA<sup>circBBS9</sup> significantly inhibited the bone resorption capacity of

osteoclasts.

LERWEL2FR, #EEISIRNA<sup>circBBS9</sup>hIt & AR AR E D E ZMH TREH

FRRY B IRUTEET T,

[n0088]

Experimental Example 2: Evaluation of the in vivo and in vitro targeting ability of osteoclast

precursor cell membrane microvesicles

HIEH2: REAREREARRHNERERINERREDIHE

[n0089]

In vitro targeting ability of osteoclast precursor cell membrane microvesicles: 1 mg/mL of
osteoclast precursor cell membrane obtained in Example 1 was mixed with an equal volume
of siRNA<sup>cy5</sup>40 pg/mL, sonicated for 5 minutes, and then squeezed through 400

nm and 200 nm polycarbonate filter membranes 5-10 times in sequence.
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& AR E AR E A A INEREE QN . NSEHEFI LRSS AR AAEEImg/mL, 5
SiRNA<sup>cy5</sup>40ug/mLEAFRTVRES, BAESDHH, AFMKRAEHE400nmF200nmAEYERHkEL
e iEAR5-100R,

It was incubated with macrophages, osteoclast precursor cells, and osteoclasts for 12 hours.

RBESERAMG. REARaiAdm. REAmLRIEE 12/,
Intracellular fluorescence intensity was analyzed using confocal microscopy and flow

cytometry.

ERHRREEFMRMNATNARA D ARARICRE,
As shown in Figure 13, the osteoclast precursor cell membrane microvesicles carrying siRNA

can selectively enter osteoclast precursor cells instead of macrophages or osteoclasts.

LLRWNE L3RR, FEFSIRNARYER & 4R Al (A 4R AR M B8 7] LUE R HE NI B AR Al (A 4B RE A 2

Sl 4= pili o

[n0090]
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Establishment of a mouse model of osteoporosis: C57BL/6J mice (female, 11 weeks old) were
anesthetized with 4% chloral hydrate, and after skin disinfection, bilateral ovariectomy was

performed to induce osteoporosis.

Bi/NEEREAATHYIREL . BXC5TBL/6 /N (MEME, 11/8)7E4%KERERMEE, REKHSEEITN
MR ERTIFFEAFE S B PEAA,
Eight weeks later, a microCT scan showed a decrease in bone mass, indicating successful

modeling.

8/ EmicroCTiuN & EfstRm D iR ER Ao

[n0091]

In vivo targeting ability of osteoclast precursor cell membrane microvesicles: 1 mg/mL of
osteoclast precursor cell membrane obtained in Example 1 was mixed with an equal volume
of 2.5 mg/mL indocyanine green (ICG), sonicated for 5 minutes, and then squeezed through

400 nm and 200 nm polycarbonate filter membranes 5-10 times in sequence.
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B AR AAARRRE B RAREEMBE LN . Y0SEHE LFRSIR B AMRAIAAMmE1Img/mL, 50|
IRELR(ICG)2.5mg/ mLEFAHRTVES, BELESDH, ARMKREFZ400nmA200nmAYERERERESIR
fE5-10/R%,

The ICG-only group and the macrophage membrane group served as the control group.

BALICGLAN E AR AR LA Jo 3T BR4E,

After successful osteoporosis modeling in mice, ICG encapsulated in the cell membrane of
osteoclast precursor cells was injected via the tail vein. At 6 hours, 1 day, and 3 days later, the
fluorescence intensity of the heart, liver, spleen, kidneys, lower limbs, and spine was detected
using a small animal in vivo imaging system with an excitation wavelength of 710 nm and an

emission wavelength of 785 nm.

TR REERINE, BEESARMAARIREEICCTEROES, E6/\8, 1X, 3X
&, RN EERGSEENORTERS, W FERRERNRICRE, RAMAKKTIONm, &K
K 9785nm,

As shown in Figure 14, at each time point, the fluorescence intensity of the osteoclast
precursor cell membrane group in the mouse's lower limbs and spine was significantly higher
than thatin the control group, suggesting that osteoclast precursor cell membrane

microvesicles have an in vivo targeting effect.
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ZRUE14FR, EETRER, NENNTERAEERGRE, WEARaAARRRAIRES

FHRA, RRREARNFARRHEERBERNEENIER.

[n0092]

To further verify the in vivo targeting ability, osteoclast precursor cell membrane

microvesicles were labeled with DiO using the above method. The DiO-labeled osteoclast
precursor cell membrane microvesicles were injected into the tail vein of an osteoporosis
mouse model. One day later, femoral tissue was taken, fixed with 4% paraformaldehyde,

decalcified with 14% EDTA at 37°C for 12 hours, and then embedded in paraffin.

H—ZWIEAREEREES, FIREARAAMRRERNERR LR 5ERIEDI0, KDiOIRZRIK &4
FERIAAREHNEE T ESEICES BRIV NRRE, IXEBREAER, 4%ZRFEEE, 14%
EDTA, 37°C, BifS12/h\Bt/EehREEE,

After sectioning, the slides were incubated overnight at 4°C with DC-STAMP (labeled
osteoclast precursor cells) primary antibody, washed 4 times with PBST for 5 minutes each
time, stained with Alexa Fluor 594 secondary antibody, washed 4 times with PBST for 5
minutes each time, mounted with anti-fluorescence quencher containing DAPI, and the

results were captured by laser confocal microscopy.
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YA I FDC-STAMP (tRichKk BRI {A4M) —H4°CFE IR, PBSTHR4R, BRSS9, AEH
Alexa Fluor 594136, PBST#R4R, ®R571, SDAPIRRIIEAFIE A, AEEHEER
BRERE,

As shown in Figure 15, green spots (DiO) and red spots (DC-STAMP) overlap on the bone
surface and in the bone marrow, suggesting osteoclast precursor cell targeting of osteoclast

precursor cell membrane microvesicles.

WMELSFrR, EBEREMNEEET, F6MS(DI0)5aEN S (DC-STAMP)ES, B BAMATE

ARERRAE AR B AR (A AR M,

[n0093]

Experimental Example 3: Evaluation of the therapeutic effect of osteoclast precursor cell

membrane microvesicles carrying siRNA<sup>circBBS9</sup> on osteoporosis

RHIEHI3: FEEsiRNA<sup>circBBS9</sup>BIik & A iEr A ERHEEa T B MR T4

[n0094]

Establishment of a mouse model of osteoporosis: C57BL/6J mice (female, 11 weeks old) were
anesthetized with 4% chloral hydrate, and after skin disinfection, bilateral ovariectomy was

performed to induce osteoporosis.
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BiUNR B REAEHRRE . BXC5TBL/6/NR (MM, 11/E8)7E4%KESERMEER, REKHZEHEITX
ISR ERLTIBEAIE S B L,
Eight weeks later, a microCT scan showed a decrease in bone mass, indicating successful

modeling.

8J& [EmicroCTHuiN & E4athm MR ER .

[n0095]

The osteoclast precursor cell membrane obtained in Example 1 was mixed with an equal
volume of siRNA<sup>circBBS9</sup>40ug/mL, sonicated for 5 minutes, and then squeezed

through 400nm and 200nm polycarbonate filter membranes 5-10 times in sequence.

WSCHER 1 PR S B e A AMER 1mg/mL, S5siRNA<sup>circBBS9</sup>40ug/mLEAFVR
&, BESDH, AEHRRFHT400nmFN200nm B ERFREES FERE5-107%,

The siRNA<sup>NC</sup> and macrophage membrane groups served as the control group.

SiRNA<sup>NC</sup>LA K ERzLHpE AR LH Jo X3 BR4H,
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One week after osteoporosis modeling, mice were injected via tail vein every 3 days for a total

of 6 times.

FREMNEEE—RARE, S3XREFMCER—R, Hit6R.
Four weeks after administration, the histological parameters of the mouse femur were

analyzed using microCT.

SRR A AR RERmMicroCTRNERBBALFE S,

As shown in Figure 16, osteoclast precursor cell membrane microvesicles carrying
siRNA<sup>circBBS9</sup> significantly improved the trabecular volume ratio (BV/TV), the
number of trabeculae (TB.N), the trabecular thickness (Tb.Th), and the intertrabecular

spacing (Th.Sp).

WNE16FR & siRNA<sup>circBBS9</sup>BIiK B AR FI A AR HE B EE N E 8/ N2 AR
(BV/TV), &/NE#B(TB.N), &/NEEE(Tb.Th)M&/NEZIaRrIEk(Tb.Sp)o

As shown in Figure 17, TRAP staining and HE staining showed that osteoclast precursor cell
membrane microvesicles carrying siRNA<sup>circBBS9</sup> significantly inhibited the size

and number of osteoclasts.
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WE1TFR, TRAPREIHER®E S REESIRNA<sup>circBBS9</sup>RItE B4 {A A s EE

ARG S AR AN E,

[n0096]

As can be seen from the above embodiments, the method for preparing osteoclast precursor
cell membrane microvesicle material carrying siRNA<sup>circBBS9</sup> provided by the

present invention has the characteristics of simple operation and low cost.

FH_EARSLHEGI R, AN&BRIRHEBVEEISIRNA<sup>circBBS9</sup>8ItE & 4R 1A AR E a1
EIHIE A%, BRIEEE, RNERFTS.

This material can actively and specifically target osteoclast precursor cells in the osteoclast
lineage, and has the potential for precise targeted drug delivery based on the characteristics

of cells at different stages in the osteoclast lineage.

BMEEI USROS ARE R PR S ARE AR, B RESMARIERF AR A
R ITE LR A LA RIR.

It is a promising cell membrane targeted delivery system.

=—MREEBNNARRIEEEEIX RS,
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[0102]

sequence list

Fl&

[0103]

<110> Sir Run Run Shaw Hospital, Affiliated to Zhejiang University School of Medicine

<110> #IXRFEFRHEARZKER

[0104]

<120> Osteoporosis Treatment Delivery System Based on Osteoclast Progenitor Cell-Targeted

circBBS9 Knockdown

<120> EF S AR M circBBSIORPEN B BURAAaT T BIX RS

[0105]

<160> 6
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<160> 6

[0106]

<170> SIPOSequencelListing 1.0

<170> SIPOSequenceListing 1.0

[0107]

<210>1

<210>1

[0108]

<211>243

<211>243

[0109]

<212>DNA
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<212>DNA

[0110]

<213> Artificial Sequence

<213> AIF5(Artificial Sequence)

[0111]

<400> 1

<400>1

[0112]

gtggctgtac tccaatccca gagtcagacc tagaggaaag gtcactagat gactccacag 60

gtggctgtac tccaatccca gagtcagacc tagaggaaag gtcactagat gactccacag 60

[0113]
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agctgtttac caaccacaag cacctcatga ccgagecccc catgectgaa gtctcagecc 120

agctgtttac caaccacaag cacctcatga ccgagecccc catgectgaa gtctcagece 120

[0114]

gccaaggagt tttggaatag tctggagtaa tgctaatgag ttgaggggag aggecattac 180

gccaaggagt tttggaatag tctggagtaa tgctaatgag ttgaggggag aggccattac 180

[0115]

agaggctacc ctgtctggac actgtgttcc catcceggtg ctgtgecaag ctcatctetg 240

agaggctacc ctgtctggac actgtgttcc catcceggtg ctgtgecaag ctecatctctg 240

[0116]

gag 243

gag 243
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[0117]

<210>2

<210>2

[0118]

<211>24

<211>24

[0119]

<212>DNA

<212>DNA

[0120]

<213> Artificial Sequence
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<213> AIF5(Artificial Sequence)

[0121]

<400> 2

<400> 2

[0122]

tggagtaatg ctaatgagtt gagg 24

tggagtaatg ctaatgagtt gagg 24

[0123]

<210>3

<210>3

[0124]

<211>19
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<211>19

[0125]

<212>DNA

<212>DNA

[0126]

<213> Artificial Sequence

<213> AT F5(Artificial Sequence)

[0127]

<400> 3

<400> 3

[0128]
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gctgagactt caggcatgg 19

gctgagactt caggcatgg 19

[0129]

<210>4

<210>4

[0130]

<211> 649

<211>649

[0131]

<212>DNA

<212>DNA
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[0132]

<213> Artificial Sequence

<213> AIF5(Artificial Sequence)

[0133]

<400> 4

<400> 4

[0134]

gtggttgtac tacaatccca gagtcagacc tagaagaaag atcagtagaa caagactcta 60

gtggttgtac tacaatccca gagtcagacc tagaagaaag atcagtagaa caagactcta 60

[0135]

cagaactgtt taccaaccac agacatctca ctgcagagac acccaggect gaagtttcac 120
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cagaactgtt taccaaccac agacatctca ctgcagagac acccaggcect gaagtttcac 120

[0136]

ccctccaagg agtctcggaa taattcaagt agagttgttt ggttgagagg aacatcccca 180

ccctccaagg agtctcggaa taattcaagt agagttgttt ggttgagagg aacatcccca 180

[0137]

tctcaaggec gaacctgtgt gaacctcatg ccaagcacag atatagggct ggegeaggtg 240

tctcaaggcc gaacctgtgt gaacctcatg ccaagcacag atatagggct ggegcaggtg 240

[0138]

cttcctaaag ctcaccttcc tggagatgac atgcatagaa agaggggttg ggacttttta 300

cttcctaaag ctcaccttcc tggagatgac atgcatagaa agaggggttg ggacttttta 300

[0139]

cttcactagg agaacttgta acaccatggg gaagtcagct gaaacttgtc ttgttttgcc 360
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cttcactagg agaacttgta acaccatggg gaagtcagct gaaacttgtc ttgttttgcc 360

[0140]

aggaaaggaa gtagttgcct ttggtcatcc atctgctaat agtcacagaa tacagtgaaa 420

aggaaaggaa gtagttgcct ttggtcatcc atctgctaat agtcacagaa tacagtgaaa 420

[0141]

tgacatagtt ttgggttaga ttttataatg caaagattca gatccaaaat aatttcatac 480

tgacatagtt ttgggttaga ttttataatg caaagattca gatccaaaat aatttcatac 480

[0142]

cccatttttt cacagaattc ttatatagta aatgtatcaa gtttaataaa gcatctcatt 540

cccatttttt cacagaattc ttatatagta aatgtatcaa gtttaataaa gcatctcatt 540

[0143]
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gtcaaataat atcttggatt ttatttataa ttagagggat ttatgagtga ttgctctaca 600

gtcaaataat atcttggatt ttatttataa ttagagggat ttatgagtga ttgctctaca 600

[0144]

ttatttcttc aaaggaaagg aaaggaattg aagactttgc tactctctg 649

ttatttcttc aaaggaaagg aaaggaattg aagactttgc tactctctg 649

[0145]

<210>5

<210>5

[0146]

<211>21

<211>21
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[0147]

<212> DNA/RNA

<212> DNA/RNA

[0148]

<213> Artificial Sequence

<213> AT F5(Artificial Sequence)

[0149]

<400>5

<400>5

[0150]

cucuggaggu ggcuguacutt 21
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cucuggaggu ggcuguacut t 21

[0151]

<210>6

<210>6

[0152]

<211>21

<211>21

[0153]

<212> DNA/RNA

<212> DNA/RNA

[0154]

<213> Artificial Sequence
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