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DESCRIPTION CN116024210A

An osteoporosis biomarker circRNA and its application

— B RN EYIcircRNAR E [ FH

[0001]

Technical Field

ARG
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[n0001]

This invention relates to the field of biotechnology, and in particular to an osteoporosis

biomarker circRNA and its applications.

KERBRIREYRARTE, F5nlRP Rh—MERRRIRSHIcircRNARE RN Ao

[0003]

Background Technology

BHREA

[n0002]

Overactivation of multinucleated cells plays an important role in the pathological process of
many diseases. Osteoclasts (OCs) are typical multinucleated cells that differentiate from
monocyte/macrophage lineages by stimulating macrophage colony-stimulating factor (M-

CSF) and nuclear factor-kB ligand receptor activator.
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ZRABNE EENETSHERIRIEIETEEEEMNFR, KEMMR(0Cs)ZHENZ M,
TR R B PR A SE R BE F (M-CSF) MAZ A F-k BERIAZ A BUEYI M R 1%/ ERRAAREIE Z 53 10T
*o

Multinucleated cells have high transcriptional activity, while mature multinucleated
osteoclasts transform into the main bone resorption cells through transcription, synthesis

and secretion of large amounts of enzymes and acids.

ZRAMARRENEREE, MARNZSZREARNBEIER. SRS D BAREREEMER, EK
NETBENERR,
However, excessive osteoclast polymorphism ultimately leads to an imbalance in bone

remodeling, resulting in osteolytic diseases such as osteoporosis.

A, SENKEARSZIEEASHEERLRY, SHERHNFEEIEER.
Therefore, understanding the regulatory process of osteoclast multinucleation is key to

studying the pathogenesis and regulatory mechanisms of osteoporosis.

Fit, ERERESARSZUBIEIRE, BMREREALRIRERIFETHIBXE,

[n0003]
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Currently, first-line treatments for osteolytic diseases, such as bisphosphonates, can
significantly inhibit the osteoclast lineage, leading to apoptosis of all bone resorbing cells,

inhibiting necessary bone turnover, and thus causing atypical femoral fractures.

BRI A HERN—aTT, WNEERE, eEASMEIREAMER, SEAEERIERRE
T, &7 HENEER, #HM5lZIFREREF,

As our understanding of osteoclast differentiation deepens, the classification of osteoclast
lineages has become increasingly clear. The RANKL-induced osteoclast differentiation process
includes the assembly of monocyte precursors and membrane rafts, the initiation of RNA
metabolism, the terminal differentiation of pre-osteoclasts (pOCs), and finally their fusion
with mOCs. Compared to mOCs, pOCs do not undergo multinucleation, but they can retain a
certain level of bone resorption activity, maintain positive communication with osteoblasts,
and maintain normal osteoogenesis. Therefore, developing a spatiotemporally selective
strategy to inhibit osteoclast lineages in pOCs and prevent their multinucleation process can
avoid the shortcomings of current clinical drugs that "don't differentiate lineages and treat all

cases the same".

fEE MR BRI INREERNINR, REARIE RN D ELEKEBM. RANKLFMESHIKE

ARSI IR EERZARRR. RERNAR. RNAREREE). REMRERALRE(pre-
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osteoclasts,pOCs)MIERER DK, BRERMETmMOCsHZTE, 5SmOCsHLl, pOCsi&E Zizfk, BiE
BIRE—EKFENERBCEYE, AISHEHABEFEREE, 457 EENRE. Bk, Fix—#
BY =i R M SRR, BT IHIpOCsHIVI B AL R, FHIEEZZE0HZ, SRRl BIGKAY)

“THER, —HEMie” B,

[n0004]

Therefore, based on the above background, this patent discovers an osteoclast-specific
circBBS9 and its human homology hsa_circ_0134188, which are specifically expressed in
osteoclast multinucleation and osteoporosis; and through siRNA<sup>circBBS9</sup>, it can
effectively inhibit osteoclast multinucleation and bone resorption without affecting the

differentiation of osteoclast precursor cells.

Hitb, EFERAER, XEANEAR—MRESHABITRECircBBSINE AEERhsa_circ_0134188,
ERBAZZ USRI REPERMERE; H BB siRNA<sup>circBBS9</sup>gEi5HE 34l
HIHK & 4R R Z A2 LN B IR UL BE ST T A2 bR & 4R R A (A 4R AY 73 1Ko

Meanwhile, miR-423-3p functions as a downstream product of circBBS9. Corresponding in
vivo experiments confirmed that siRNA designed for this circRNA can effectively increase bone
density in osteoporotic mice. In summary, circBBS9 has the potential to serve as a biomarker

for osteoporosis and can be used in clinical research on osteoporosis drugs.

20-01-2026 - Page 5



[ElBY, miR-423-3pfEAIcircBBSORY FHEAIE(ER. MEMNAVMARLIRIESLEH XTI circRNAIZITHY
SIRNAA B RUEINE RN NENBEE, 4L, circBBSOBEABREMWAEYIE S, aTRTF

I&PR £ B BUERAARYZS YR 530

[0007]

Summary of the Invention

RARE

[n0005]

In view of the shortcomings of the prior art, this invention proposes an osteoporosis

biomarker circRNA and its application.

FEBHWNMERANTE, SEBRE T —ME AR SYIcircRNAREN A,

[n0006]

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

AEMERER, FARRMTINTAE:
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[n0007]

An osteoporosis biomarker circRNA, wherein the circRNA is circBBS9 and its human homolog,

and its nucleotide sequence is shown in SEQ ID NO.1 and SEQ ID NO.2.

— B REAIREMICircRNA, FriRBIcircRNAJICircBBSOMRE A ERREY), HixEHERF5IGNSEQ ID
NO.1UASEQ ID NO.2Ffr7Ro
The upregulation of circBBS9 expression resulted in increased osteoclast multinucleation and

bone resorption capacity.

FRBYcircBBSOZRIA LIS AR & AR 2 12 AL /K F A0 B R R RE /18 5%,

[n0008]

The application of circRNA, an osteoporosis biomarker, as a target for osteoporosis

intervention, with miR-423-3p as its downstream target.

— S AT S YICircRNAYE A B FRERFA FFREE BN A, miR-423-3p AETHER,. o

[n0009]
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The application of circRNA, an osteoporosis marker, as a drug for the prevention and
treatment of osteoporosis, involves knocking down the expression level of circBBS9 to obtain
SiRNA. The nucleotide sequence of the siRNA is shown in SEQ ID NO.7 and SEQ ID NO.8. The
application of siRNA in the preparation of drugs for the prevention and treatment of

osteoporosis is also discussed.

— B BREAIREYICircRNATERBRA B R AYIBIR B, BuBicircBBSIFRIXAEZTSEIsiRNA, F
RBYSIRNARIIZE B FIUNSEQ ID NO.7FISEQ ID NO.8Ff/~, SIRNATEFIZBA& B BEMARIZYIH Y

Ao

[n0010]

The application of circRNA, an osteoporosis marker, as a drug for the prevention and
treatment of osteoporosis, involves knocking down the expression level of circBBS9 to obtain
SiRNA. The nucleotide sequence of the siRNA is shown in SEQ ID NO.7 and SEQ ID NO.8. The
application of the siRNA expression vector in the preparation of drugs for the prevention and

treatment of osteoporosis is also discussed.

— B RIRIITEYIcircRNATERBT A B BB ZAYINN A, aUmcircBBSORIAEZSEIsiRNA, Ff
ARHISiIRNARIIZEE2ESIENSEQ ID NO.7F1SEQ ID NO.8Fi7R, SiRNAMIREXE AT HIE A FREML

BYES BRI A
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[n0011]

As a preferred option, the expression vector for siRNA is biomimetic bone-targeting

nanoparticles.

ERMIE, SIRNARSRIZREA N7 E B RMAKITHL

[n0012]

The beneficial effects of this invention are:

RPN BmUR:

[n0013]

The osteoporosis marker circBBS9 of this invention is expressed at elevated levels in
osteoporosis patients and mice, and exhibits a stage-specific expression form in osteoclasts.
Furthermore, it can effectively inhibit osteoclast multinucleation and reduce bone resorption
area through siRNA<sup=>circBBS9</sup>, while preserving the differentiation capacity of

osteoclast precursor cells.
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LAV B RIS CircBBSOEB R BEN/ NEPREEHS, BEHRBHAEHPEEMER
BFERMNRIEA, FHE@EISiIRNA<sup>circBBS9</sup>r] B SINGIR S M Z 1%k, BLBER
WEFR, FENRBHSMAEaIRMEN D LEES .

It can achieve the effect of treating osteoporosis.

REBESRILIATT B AL RI R

[0017]

Attached Figure Description

P 352 BE

[n0014]

Figure 1. Expression of circBBS9 in osteoporosis.

E|1circBBS97E & BB AA FRRYZRIE,

(a) Heatmap analysis of differentially expressed circRNAs in RNA-seq.

(a)RNA-seqHEF 4 FRIXBICircRNAFRE 55170
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(b) RT-gPCR showed that circBBS9 expression increased significantly after RANKL stimulation,

with the most significant increase occurring during the third day of multinucleation.

(b)RT-gPCRZ#&RFACiIrcBBSOLZRANKLRIHERIAEE L H, EE=XREXIUMERNEE,

(c) Changes in circBBS9 expression during osteoclastization.

()R E Z 1% BcircBBSIFRIEAE L,

[n0015]

Figure 2 shows the differential expression of has-circBBS9.

El2has-circBBSOHIE R R IX,
(a) The human homolog of circBBS9 is expressed at elevated levels in the lumbar spine of

patients with osteoporosis, suggesting it may be a biomarker for osteoporosis.

(a)circBBSOIAEKRFEMEE RGN EBENEHEPRELA, ZEERERLIREIRIEE,
(b) The expression level of the human homolog circBBS9 in osteoclasts derived from human

peripheral blood cells was significantly higher than that in macrophages.
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(b)circBBSY ASERIRMITE ASNE MAREFCRIVIR B AP T AEEES T BRI,

[n0016]

Figure 3. Effects of siRNA<sup>circBBS9</sup> transfection on marker gene expression at

different differentiation stages of osteoclasts.

B34 ZsiRNA<sup>circBBS9</sup>/gxt ik & AR E 53 P ER BRI B EREBI R0,

[n0017]

Figure 4 shows that TRAP staining demonstrates that siRNA<sup>circBBS9</sup> can inhibit

multinucleation in osteoclasts.

El4TRAPZ&IEEASIRNA<sup>circBBS9</sup>a] LUMEI K B AR Z1% ko
(a, b) Representative images of TRAP-positive cells 5 days after transfection with
siRNA<sup>circBBS9</sup> and co-culture with RANKL on the specified date. (c) Quantitative

statistics of TRAP-positive cells.
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(a, b)TE¥EE BHARSIRNA<sup>circBBS9</sup>3#: 2 & RANKLIEIEAR5XK /G, TRAPPEMEAAREAIAER

FEEIR (c) TRAPPRYEABRRAYTE @453t

[n0018]

Figure 5 shows bone resorption plates, demonstrating that siRNA<sup>circBBS9</sup>

reduces the bone resorption capacity of osteoclasts.

E5 B R UARIERESiRNA<sup>circBBS9</sup>@i/L 7 i B AR A B IR UREE 1.
(a) Representative images and quantification of bone slice absorption area 5 days after
transfection with siRNA<sup>circBBS9</sup> and co-culture with RANKL on the specified

date.

(a)TE35E HEAFSiRNA<sup>circBBS9</sup>3: £ R RANKLHEIEARS KRG, R KRERERINARLEE
BIES,

Scale bar, 200um.

EEBIR, 200pm,

(b) Quantitative statistics on bone fragment absorption area
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(b) &/ IRWEIRBE E4 1T

[n0019]

Figure 6 shows that siRNA<sup>circBBS9</sup> inhibited osteoclast-characterizing proteins.

El6Western blotZ&RkBAsiRNA<sup>circBBS9</sup>ilf| 7 i B M RIEZE R,

[n0020]

Figure 7 shows that siRNA<sup>circBBS9</sup> inhibited the expression level of osteoclast

characterization genes.

E|7TRT-gPCRZRAASIRNA<sup>circBBS9</sup>#l 7 i B AR BRI RIAKF,

[n0021]

Figure 8 shows that TRAP staining of the surface miR-423-3p sponge reversed the process of

osteoclast multinucleation induced by siRNA<sup>circBBS9</sup>.

EISTRAPZRERMEMIiR-423-3p spongei¥ ¥ T siRNA<sup>circBBS9</sup>Xt & 4HfE Z 1% (L 195

2o
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[n0022]

Figure 9 shows that siRNA<sup>circBBS9</sup> inhibits osteoclast multinucleation in vivo. By
analyzing H&E and TRAP staining images of patients in each group and quantitatively
calculating the trabecular volume ratio (BV/TV), osteoclast number (OC.N/BS), and osteoclast
area (OC.S/BS), it was found that mice in the siRNA<sup>circBBS9</sup> group exhibited

fewer osteoclasts.

El9siRNA<sup>circBBS9</sup>7EARNINFIK S L%, BTN ZABENHLEFTRAP
BEIGF USHHITENREFILL(BV/TV). HEMAELE(OC.N/BS). HE4EEFR(0C.S/BS)E#H

TEESIT, KWsiRNA<sup>circBBS9</sup>tH/\iR BRI H B/ L AYEE B 4HRf,

[n0023]

Figure 10 shows that siRNA<sup>circBBS9</sup> can effectively reduce bone loss in

osteoporotic mice.

E]10siRNA<sup>circBBS9</sup>EEE R/ & Btn/ NE B BiR Ko

(a) Typical images of sections of the femur and tibia.

(a)iRBEMEE A HEEER,
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(b-e) Quantitative measurements of bone microstructure parameters were performed in each
group, including trabecular volume ratio (BV/TV), number of trabeculae (TB.N), trabecular

thickness (Tb.Th), and intertrabecular spacing (Th.Sp).

(b-e)ZHHEENES EMEMEXRSE, SFEENRERLLBY/TV), BNRKB(TBN), 5/NEE

E(Tb.Th)F1&/ MR Z[ERIIEIFR(Tb.Sp).

[0028]

Detailed implementation method:

BALpEA:

[n0024]

The following detailed description, in conjunction with embodiments, illustrates an
osteoporosis biomarker circRNA and its applications provided by the present invention, but
these descriptions should not be construed as limiting the scope of protection of the present

invention.
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TELE S RGN 4 & BRR R —Hh & BT S YIcircRNAR E W B TIF 4BV R, (B EEL

EABE# NN A &L BRFRIFEERIRE,

[n0025]

Example 1: Analysis of circBBS9 expression in osteoclasts

SEhEfF) 1circBBSOTE I B AR RIR AT RO

[n0026]

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

multinucleation.

1. A&ZBARARNA-seq R B Z T2 EFRERICircRNAZT T2,

[n0027]

2. Design specific primers based on the obtained circRNA, and use PCR to verify the expression

levels of these primers.

2. RIESEIRICircRNAIZITHFRES 1Y), ERAPCROAIEIEXLES|MHNRAE,
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The results showed that circBBS9 expression level increased significantly after RANKL

stimulation.

ZERRI, circBBSOREEERANKLRIBEEZE EF.

[n0028]

3. The expression level of circBBS9 in osteoporotic mice and osteoclast differentiation process
was analyzed by PCR. It was found that the expression level was most significantly
upregulated on the third day after RANKL stimulation (the osteoclast multinucleation stage),

as shown in Figure 1.

3. XFPCR¥tcircBBSITE B BiEii/ NR A B A2 WHIEPHIRAEF USDT, KIMLa ARANKL
REEE=ZR(EEMEZIZUMNER)RAELAEBRABE, NEL
The sequence of CircBBS9 is shown below (SEQ ID NO.1), and its PCR primers are shown as

(SEQID NO.2) and (SEQ ID NO.3).

CircBBSORYF SN TFR(SEQ ID NO.1)7~, EPCR3|#%0(SEQ ID NO.2)F1(SEQ ID NO.3)Fi7o

[n0029]
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mmu_circ_0001757(SEQ ID NO.1)

mmu_circ_0001757(SEQ ID NO.1)

[n0030]

GTGGCTGTACTCCAATCCCAGAGTCAGACCTAGAGGAAAGGTCACTAGATGACTCCACAGAGCTGTTTAC!K

GTGGCTGTACTCCAATCCCAGAGTCAGACCTAGAGGAAAGGTCACTAGATGACTCCACAGAGCTGTTTAC!K

[n0031]

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

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

[n0032]

TGGAGTAATGCTAATGAGTTGAGG

TGGAGTAATGCTAATGAGTTGAGG
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[n0033]

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

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

[n0034]

GCTGAGACTTCAGGCATGG

GCTGAGACTTCAGGCATGG

[n0035]

Example 2: Expression level analysis of circBBS9 human homolog in osteoclasts

SEhEf)2circBBSO AR EIFMER BAR P T EED T

[n0036]

1. The human homolog of circBBS9 obtained in Example 1 was identified as has_circBBS9 by

comparing it with the circBase database.
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1. BRI 2IMcircBBSIBI circBase #EEELL XS R A K EIFE A /ahas_circBBS9,

The following specific primers were designed to detect the expression of has_circBBS9 in the
lumbar spine of osteoporosis patients and osteoclasts differentiated from human peripheral
blood cells by gPCR. It was found that has_circBBS9 was significantly upregulated, as shown

in Figure 2.

TN TR 98 g PCRAGITE & BUGiAA B & FEAEA A SN AR 5 (b MR BV & AR P RV R
iX, %¥has_circBBSOEZE LA, WE2,
The sequence of has_circBBS9 is shown below (SEQ ID NO.4), and its PCR primers are shown

in (SEQ ID NO.5) and (SEQ ID NO.6).

has_circBBS9 BYFFII0TFR(SEQ ID NO.4)7x, EPCR5|440(SEQ ID NO.5)F1(SEQ ID NO.6)Ff7Ro

hsa_circ_0134188(SEQ ID NO.4)

hsa_circ_0134188(SEQ ID NO.4)

[n0037]

GTGGTTGTACTACAATCCCAGAGTCAGACCTAGAAGAAAGATCAGTAGAACAA

GACTCTACAGAACTGTTTACCAACCACAGACATCTCACTGCAGAGACACCCAGG
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CCTGAAGTTTCACCCCTCCAAGGAGTCTCGGAATAATTCAAGTAGAGTTGTTTG

GTTGAGAGGAACATCCCCATCTCAAGGCCGAACCTGTGTGAACCTCATGCCAAG

CACAGATATAGGGCTGGCGCAGGTGCTTCCTAAAGCTCACCTTCCTGGAGATGA

CATGCATAGAAAGAGGGGTTGGGACTTTTTACTTCACTAGGAGAACTTGTAACA

CCATGGGGAAGTCAGCTGAAACTTGTCTTGTTTTGCCAGGAAAGGAAGTAGTTG

CCTTTGGTCATCCATCTGCTAATAGTCACAGAATACAGTGAAATGACATAGTTTT

GGGTTAGATTTTATAATGCAAAGATTCAGATCCAAAATAATTTCATACCCCATTT

TTTCACAGAATTCTTATATAGTAAATGTATCAAGTTTAATAAAGCATCTCATTGT

CAAATAATATCTTGGATTTTATTTATAATTAGAGGGATTTATGAGTGATTGCTCT

ACATTATTTCTTCAAAGGAAAGGAAAGGAATTGAAGACTTTGCTACTCTCTG

GTGGTTGTACTACAATCCCAGAGTCAGACCTAGAAGAAAGATCAGTAGAACAA

GACTCTACAGAACTGTTTACCAACCACAGACATCTCACTGCAGAGACACCCAGG

CCTGAAGTTTCACCCCTCCAAGGAGTCTCGGAATAATTCAAGTAGAGTTGTTTG

GTTGAGAGGAACATCCCCATCTCAAGGCCGAACCTGTGTGAACCTCATGCCAAG

CACAGATATAGGGCTGGCGCAGGTGCTTCCTAAAGCTCACCTTCCTGGAGATGA

CATGCATAGAAAGAGGGGTTGGGACTTTTTACTTCACTAGGAGAACTTGTAACA

CCATGGGGAAGTCAGCTGAAACTTGTCTTGTTTTGCCAGGAAAGGAAGTAGTTG

CCTTTGGTCATCCATCTGCTAATAGTCACAGAATACAGTGAAATGACATAGTTTT

GGGTTAGATTTTATAATGCAAAGATTCAGATCCAAAATAATTTCATACCCCATTT
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TTTCACAGAATTCTTATATAGTAAATGTATCAAGTTTAATAAAGCATCTCATTGT
CAAATAATATCTTGGATTTTATTTATAATTAGAGGGATTTATGAGTGATTGCTCT

ACATTATTTCTTCAAAGGAAAGGAAAGGAATTGAAGACTTTGCTACTCTCTG

[n0038]

primer-has_circBBS9-F(SEQ ID NO.5)

primer-has_circBBS9-F(SEQ ID NO.5)

[n0039]

AGAGGGATTTATGAGTGATTGCT

AGAGGGATTTATGAGTGATTGCT

[n0040]

primer-has_circBBS9-R(SEQ ID NO.6)

primer-has_circBBS9-R(SEQ ID NO.6)

[n0041]
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AGGTCTGACTCTGGGATTGT

AGGTCTGACTCTGGGATTGT

[n0042]

Example 3: Effects of siRNA<sup>circBBS9</sup> transfection on different differentiation

stages of osteoclasts

K535 ZsiRNA<sup>circBBS9</sup>fa ¥t & AR [E 53 L/ BRI 520

[n0043]

Design a circBBS9-specific siRNA, the sequence of which is shown below.

%1t circBBSO4F R IERISIRNA, EEFII TR
After stimulating BMMs with RANKL for three days, siRNA<sup>circBBS9</sup> was
transfected into them, and RT-qPCR was used to analyze the marker genes of osteoclasts at

different differentiation stages.
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FIRANKLEBBMMs=KXfg, fEHEHAIEZSiIRNA<sup>circBBS9</sup>, FHRT-qPCR¥MIH B MR
B 53 1B ERRVFRIC B A F A3,

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 osteoclast precursor cells did not change significantly (see Figure 3).

BRI ZRSIRNA<sup>circBBS9</sup>fg, REHAMNEZZUMENITCERKEEZMS, m
IS A FAARNTCERSEEETHK, RES3.
SiRNA-circBBS9-sense(SEQ ID NO.7): CUCUGGAGGUGGCUGUACUTT siRNA-circBBS9-antisense

(SEQID NO.8): AGUACAGCCACCUCCAGAGTT

SiRNA-circBBS9-sense(SEQ ID NO.7): CUCUGGAGGUGGCUGUACUTT siRNA-circBBS9-antisense

(SEQID NO.8): AGUACAGCCACCUCCAGAGTT

[n0044]

Example 4: Effects of sSIRNA_NER17 transfection on osteoclast formation and function

SohEf4%% FsiRNA<sup>circBBS9</sup>31 ik & 4R A s A1 ThRE Y =201

[n0045]
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To further confirm the time period during which circBBS9 exerts its function, we transfected
circBBS9 with siRNA<sup>circBBS9</sup>on days 1, 3, and 5 after RANKL stimulation, and
performed TRAP staining (PMID: 30378050) and bone resorption area measurement (PMID:

26592521).

AT H—DHIACircBBSOR B METEIER R 1EHINEE, I AITERANKLRIFGSEL. 3. 5REFH
R ZLsiRNA<sup>circBBS9</sup>, HFLATRAPZE(PMID:30378050)F1& Ik UK EF:NE (PMID:
26592521),

The results showed that transfection with siRNA<sup>circBBS9</sup> on day 3 could
maximally inhibit the formation and function of multinucleated osteoclasts, as shown in

Figures 4 and 5.

LR RIAEIRFL R IRNA<sup>circBBS9</sup>RETS i AT2 E RV Z 120K & ARERYAZ A THEE

Z5RNE4. 50

[n0046]

Example 5: Effects of siRNA<sup>circBBS9</sup> transfection on osteoclast characterization

gene expression
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SR 53% FsiRNA<sup>circBBS9</sup>3til & A RIEEFE FRIXHIZ2 M

[N0047]

Western blot and qPCR were used to detect changes in the expression levels of osteoclast
characterization genes transfected with siRNA<sup>circBBS9</sup> on day 3, and the
expression levels of osteoclast characterization genes were found to be significantly

downregulated.

S Western blotf1qPCRIM S 1E3RFE RsiRNA<sup>circBBS9</sup>MI B AR RITIEERAE
HNTY, RIMRBHARERITERNFRIAKFEEE A,
The results at the molecular level showed that osteoclast differentiation and function were

significantly inhibited.

HERE D FKTF LR SR 2 LA THRER Z E D,

The results are shown in Figures 6 and 7.

Z5RINE6. BT,

[n0048]
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Example 6: Effects of co-transfection of miR-423-3p mimic and siRNA<sup>circBBS9</sup> on

osteoclast multinucleation.

SehEf6 2 miR-423-3p mimicHlsiRNA<sup>circBBS9</sup>Xtt &40 Z 1% 1L B 2R

[n0049]

To further investigate the mechanism of action of circBBS9, miR-423-3p was identified as a

downstream miRNA of circBBS9.

AH—S R CcircBBSORITERHEI, miR-423-3p#INiE FcircBBSIBI T iiEmiRNA,
siRNA<sup>circBBS9</sup> significantly inhibited osteoclast multinucleation, however miR-
423-3p sponge reversed this effect, suggesting that miR-423-3p is a downstream target of

circBBS9.

siRNA<sup>circBBS9</sup>ZZE | 7T IR MMM Z12L, AMmIiR-423-3p spongelFdL 7 iX 3K
R, BT miR-423-3pEcircBBSIOMY TiF#E =,

The miR-423-3p sponge sequence is shown in (SEQ ID NO.9).

miR-423-3p spongeFFU0(SEQ ID NO.9) Firro
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The results are shown in Figure 8.

Z5RE8FT

[n0050]

siRNA-circBBS9-antisense(SEQ ID NO.9):

siRNA-circBBS9-antisense(SEQ ID NO.9):

[n0051]

ACTGAGGGGCCTCAGACCGAGCT

ACTGAGGGGCCTCAGACCGAGCT

[n0052]

Example 7: circBBS9 can reduce bone loss in ovariectomized mice.

SKHEBI7 circBBSORENS IR R IRE/ NRRI B Bk
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[n0053]

To further clarify the functional effect of circBBS9 in osteoporosis, a biomimetic bone-

targeting nanoparticle carrier (POCM-NPs@siRNA<sup>circBBS9</sup>) was constructed.

Ai#— 2 BRfaCircBBSOTE B RRERAFRBITHEERI R, H3E (A B R MK ZL A (POCM-
NPs@siRNA<sup>circBBS9</sup>).

Sham and ovariectomized (OVX) osteoporosis models were established in mice and divided
into three groups: sham group, OVX+siRNA<sup>NC</sup> group (injected with POCM-
NPs@siRNA<sup>NC</sup> as a control), and OVX+siRNA<sup>circBBS9</sup> group
(injected with POCM-NPs@siRNA<sup>circBBS9</sup>). The OVX was injected into mice one
week after ovariectomy via tail vein. Femurs were harvested four weeks later for verification.
The number and morphology of osteoclasts in mice were observed by TRAP staining and HE

staining, and the histological condition of the tibia was observed by micro-CT.

EirshamUA/NEEINE (OVX) B REMIEEL, 53 /9sham £H. OVX+siRNA<sup>NC</sup>£H(;E 5%
POCM-NPs@siRNA<sup>NC</sup>{Ex1H8). OVX+siRNA<sup>circBBS9</sup>£H(;¥5+ POCM-
NPs@siRNA<sup>circBBS9</sup>) =40, @d &R TS HNINETIBRAGLIAN/NRERN, 47

[RERRR B WIE, BEITRAPERENHERENR/NEKBMAMBEMNAS, BEImicro-CT MENEE

FEARFBE N
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The results showed that, compared with POCM-NPs@siRNA<sup>NC</sup>, knocking down
circBBS9 reduced the number of osteoclasts and preserved the trabecular bone structure
more completely (Figures 9 and 10), proving that knocking down this circRNA can alleviate

osteoporosis.

HERETN, 5POCM-NPs@siRNA<sup>NC</sup>#8tt, BuRicircBBSORI{EIESAMER, &

INREEMIRTFENMTE (B9 EL0), IERRRUEIZCircRNA RLRE & TR,

[n0054]

The above description is only a preferred embodiment of the present invention. It should be
noted that for those skilled in the art, several improvements and modifications can be made
without departing from the principle of the present invention, and these improvements and
modifications should also be considered within the scope of protection of the present

invention.

A EFrRMN B A& BRRVESSIE S TN, MEiEH, WTFARRARMRARNE@RAAGFKGR, EFAREZR

REARIBRRIR T, &R LUSHETFoOEFEE, XEHMEm R A& BRRRIFEE,

[0060]

sequence list

20-01-2026 - Page 31



EZIES

[0061]

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

<110> IR FEFRHEERZKER

[0062]

<120> An osteoporosis biomarker circRNA and its application

<120> —H B RERIATREAIcircRNAR E NV A

[0063]

<160>9

<160>9

[0064]
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<170> SIPOSequenceListing 1.0

<170> SIPOSequencelListing 1.0

[0065]

<210>1

<210>1

[0066]

<211> 243

<211>243

[0067]

<212>DNA

<212>DNA
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[0068]

<213> Artificial Sequence

<213> AIF5(Artificial Sequence)

[0069]

<400> 1

<400>1

[0070]

gtggctgtac tccaatccca gagtcagacc tagaggaaag gtcactagat gactccacag 60

gtggctgtac tccaatccca gagtcagacc tagaggaaag gtcactagat gactccacag 60

[0071]

agctgtttac caaccacaag cacctcatga ccgagecccc catgectgaa gtctcagece 120
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agctgtttac caaccacaag cacctcatga ccgagecccc catgectgaa gtctcagecc 120

[0072]

gccaaggagt tttggaatag tctggagtaa tgctaatgag ttgaggggag aggcecattac 180

gccaaggagt tttggaatag tctggagtaa tgctaatgag ttgaggggag aggecattac 180

[0073]

agaggctacc ctgtctggac actgtgttcc catcceggtg ctgtgecaag ctecatctctg 240

agaggctacc ctgtctggac actgtgttcc catcceggtg ctgtgecaag ctcatctetg 240

[0074]

gag 243

gag 243

[0075]

<210>2
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<210>2

[0076]

<211>24

<211>24

[0077]

<212>DNA

<212>DNA

[0078]

<213> Artificial Sequence

<213> AIF5(Artificial Sequence)

[0079]
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<400> 2

<400> 2

[0080]

tggagtaatg ctaatgagtt gagg 24

tggagtaatg ctaatgagtt gagg 24

[0081]

<210>3

<210>3

[0082]

<211>19

<211>19
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[0083]

<212>DNA

<212>DNA

[0084]

<213> Artificial Sequence

<213> AT F5(Artificial Sequence)

[0085]

<400> 3

<400> 3

[0086]

gctgagactt caggcatgg 19
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gctgagactt caggcatgg 19

[0087]

<210>4

<210>4

[0088]

<211>649

<211> 649

[0089]

<212>DNA

<212>DNA

[0090]

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

[0091]

<400>4

<400> 4

[0092]

gtggttgtac tacaatccca gagtcagacc tagaagaaag atcagtagaa caagactcta 60

gtggttgtac tacaatccca gagtcagacc tagaagaaag atcagtagaa caagactcta 60

[0093]

cagaactgtt taccaaccac agacatctca ctgcagagac acccaggcect gaagtttcac 120

cagaactgtt taccaaccac agacatctca ctgcagagac acccaggect gaagtttcac 120

[0094]
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ccctccaagg agtctcggaa taattcaagt agagttgttt ggttgagagg aacatcccca 180

ccctccaagg agtctcggaa taattcaagt agagttgttt ggttgagagg aacatcccca 180

[0095]

tctcaaggec gaacctgtgt gaacctcatg ccaagcacag atataggget ggegeaggtg 240

tctcaaggec gaacctgtgt gaacctcatg ccaagcacag atatagggct ggegeaggtg 240

[0096]

cttcctaaag ctcaccttec tggagatgac atgcatagaa agaggggttg ggacttttta 300

cttcctaaag ctcaccttcc tggagatgac atgcatagaa agaggggttg ggacttttta 300

[0097]

cttcactagg agaacttgta acaccatggg gaagtcagct gaaacttgtc ttgttttgec 360

cttcactagg agaacttgta acaccatggg gaagtcagct gaaacttgtc ttgttttgcc 360
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[0098]

aggaaaggaa gtagttgcct ttggtcatcc atctgctaat agtcacagaa tacagtgaaa 420

aggaaaggaa gtagttgcct ttggtcatcc atctgctaat agtcacagaa tacagtgaaa 420

[0099]

tgacatagtt ttgggttaga ttttataatg caaagattca gatccaaaat aatttcatac 480

tgacatagtt ttgggttaga ttttataatg caaagattca gatccaaaat aatttcatac 480

[0100]

cccatttttt cacagaattc ttatatagta aatgtatcaa gtttaataaa gcatctcatt 540

cccatttttt cacagaattc ttatatagta aatgtatcaa gtttaataaa gcatctcatt 540

[0101]

gtcaaataat atcttggatt ttatttataa ttagagggat ttatgagtga ttgctctaca 600
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gtcaaataat atcttggatt ttatttataa ttagagggat ttatgagtga ttgctctaca 600

[0102]

ttatttcttc aaaggaaagg aaaggaattg aagactttgc tactctctg 649

ttatttcttc aaaggaaagg aaaggaattg aagactttgc tactctctg 649

[0103]

<210>5

<210>5

[0104]

<211>23

<211>23

[0105]

<212>DNA
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<212>DNA

[0106]

<213> Artificial Sequence

<213> AIF5(Artificial Sequence)

[0107]

<400>5

<400>5

[0108]

agagggattt atgagtgatt gct 23

agagggattt atgagtgatt gct 23

[0109]
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<210>6

<210>6

[0110]

<211>20

<211>20

[0111]

<212>DNA

<212>DNA

[0112]

<213> Artificial Sequence

<213> AI%(Artificial Sequence)
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[0113]

<400> 6

<400> 6

[0114]

aggtctgact ctgggattgt 20

aggtctgact ctgggattgt 20

[0115]

<210>7

<210>7

[0116]

<211>21
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<211>21

[0117]

<212> DNA/RNA

<212> DNA/RNA

[0118]

<213> Artificial Sequence

<213> AIF5(Artificial Sequence)

[0119]

<400> 7

<400> 7

[0120]

cucuggaggu ggcuguacutt 21
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cucuggaggu ggcuguacutt 21

[0121]

<210>8

<210>8

[0122]

<211>21

<211>21

[0123]

<212> DNA/RNA

<212> DNA/RNA

[0124]
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<213> Artificial Sequence

<213> AIF%(Artificial Sequence)

[0125]

<400~ 8

<400~ 8

[0126]

aguacagcca ccuccagagtt21

aguacagcca ccuccagagt t 21

[0127]

<210>9

<210>9

20-01-2026 - Page 49



[0128]

<211>23

<211>23

[0129]

<212>DNA

<212>DNA

[0130]

<213> Artificial Sequence

<213> AIF5(Artificial Sequence)

[0131]

<400>9
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<400>9

[0132]

actgaggggc ctcagaccga gct 23

actgaggggc ctcagaccga get 23
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