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DESCRIPTION W0O2025146088A1

A nanomaterial for preventing bone metastasis of tumors, its preparation method and

application

— MR T IBME BRI R E G &AM A

[0001]

Cross-reference to related applications
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FAXERIBRIRIX 5|

[0002]

This application claims the rights of Chinese application No. 202410007256.9 filed on January

3,2024 and Chinese application No. 202410194342.5 filed on February 21, 2024.

RERIEER2024F01A3BIERMPEEFIES202410007256.9812024F02 H21 HIR RN H ERIFS
202410194342 589 &
Applications 202410007256.9 and 202410194342.5 are hereby incorporated herein by

reference in their entirety.

R B35 2202410007256.951202410194342 53 k2T 3| A RHNASSTo

Technical Field

ARG

[0003]
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This invention relates to the field of tumor bone metastasis treatment technology, specifically
to a nanomaterial for preventing tumor bone metastasis, its preparation method, and its

application.

&R RIMEB R ATT ARG, B R—ETImHEERZHNNRME R ERIE 77 A
R Fo

Background Technology

BFREERA

[0004]

Among the many organs from which tumors metastasize, bone is the most common preferred
site of metastasis for many malignant tumors, especially breast cancer and prostate cancer.
Meanwhile, the reprogramming of tumor cells in the bone microenvironment promotes
secondary metastasis to other organs. Therefore, preventing bone metastasis is an important

part of preventing systemic metastasis of tumors.
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EMHBERBINITZRES, SREITFSEUEMNERE RBRAEBEML, THEABRENTIER
. [, BRAEIFRFHEARNERIZEE T HihsfENHRLREE, RAlt, FhEREEY

B BRENERT,

[0005]

Unlike primary tumors, which are usually treated with local surgery or radiation therapy,

metastatic tumors are a sporadic disease that affects the whole body.

S5@EEdREBFERYBTETHRAENERE, WEESE—MeIBR %R,

Current treatment options mainly include chemotherapy, targeted therapy, and
immunotherapy, such as doxorubicin, bisphosphonates, and PD-1 monoclonal antibodies.
However, tumor cells are in a non-proliferative state in the long initial stage and evade
immune surveillance by forming a tumor microenvironment. Due to the presence of
isoproteins, signal bypasses, and tumor heterogeneity, treatments based on single molecules

or signaling pathways are prone to drug resistance.

BRIFGATF AETBEENTT. BaarMRRiriE, WSRLE. WEEBRENPD-18T%F,
B, MEBRARERKIVEMERATIREERS, HEdMEHITERR AR ERE S, ATET

£A. EESERMMERRIENEFE, ETRESFUES BRI RS EMH L,
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[0006]

As early tumor microenvironment construction continues, inducing the conserved behavior of
tumor stromal cells may itself be a novel, unnoticed target for inhibiting metastatic lesions in

the very early stages.

s FHIMBHITRMRITHRSE:, BSMEERARNRTITIANERSARRE— MR EEERIH
R, ATERFERIMGIESET,

Due to the unique "hard matrix" interface of the bone matrix, "softening" the bone matrix is a
prerequisite for initial transfer. Therefore, osteoclasts, the only cells with acid secretion and
osteolysis functions, are key to the initial microenvironment of tumor bone metastasis.
Osteoclast activation can clearly indicate the activation of bone metastases, therefore,
triggering physical killing of bone metastases through osteoclasts is a promising method to

avoid drug resistance.

ATFEERNSH “BE” fm, R SEREVEEBIITRTMG. Bit, E—RERW
MEBMINENAR, KREAR, EWEERBVBHIMETIXE. KEMAMREUER LIRS
TEERBMNEL, RitEdkEAEmAERnsRE YRR R —MAGBINB R LR
F37%o

Summary of the Invention
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REAAE

[0007]

This invention discovers the spatiotemporal coupling interaction between tumor cells and
osteoclasts, and based on the spatiotemporal characteristics of tumor-osteoclast coupling in
the initial metastasis process, proposes a behavioral targeting strategy for initial tumor-bone
metastasis. This strategy induces physical killing of calcium phosphate crystals through anin
situ uncoupling-killing liposome system triggered by osteoclasts. This approach can not only
accurately prevent tumor metastasis at the source, but also avoid drug resistance and

biochemical resistance.

AEBRAIL T EARRR B A 2 BV = BEEE(ER, HETMHE-RSARMBEKENRES
ARRRBRSEHAE, fRE T —ME-SRRBINITHLERRE, B EARML I RMEE-R
R A RIS RS0 RIAYIIER G, NNAILUEhE TR MR, AT R

A EHTE,

[0008]

In view of this, the present invention provides a physical killing nanomaterial for targeting

tumor-osteoclast coupling, its preparation method and application.
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BETI, RRRREMET —FEEmhE- RS EBEARIER B RME R ESIE H AN A,
To achieve the above objectives, the present invention provides the following technical

solution:

NEMERBR, SRFREUTRAGE:

[0009]

In a first aspect, the present invention provides a nanomaterial, wherein the nanomaterial is a
nanovesicle modified with bone-targeting groups and loaded with carbonate and phosphate

compounds.

TEE—HHE, SRBRMET —MGRME, Frdgekiilh S EmERZIRH e HREREE RS

BEREL R SR TR,

[0010]

In one embodiment, the nanovesicles comprise nanoliposomes.

TE—IMEHAEF, FRGREBEEMNRAER I,
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[0011]

In one embodiment, the nanomaterial targets the tumor-osteoclast conjugate.

TE—INEMAREF, PIRGR R R BE-R & SRR,

[0012]

In one embodiment, the nanomaterial is capable of physically killing tumors.

TE— I EMAEF, FmRPKME eI YIIRR B E,
Preferably, the physical killing is achieved through calcium phosphate crystals formed by

phosphate compounds and calcium ions.

ERY, FMRYIER GBI BRSNSV SISE FHZ AR5 & ARSI,

[0013]

In one embodiment, the nanomaterial has an average particle size of 50-1000 nanometers,

more preferably 50-200 nanometers, and most preferably less than 100 nanometers.
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TE—NEMAEF, FrRGERMEITIIRIZ7950-100040K, BMiER, FIFHiEHN50-20044K, &

IERY, FIFRIZFL00H0K LT,

[0014]

In one embodiment, the bone-targeting group includes at least one of tetracycline,
phosphonate, calcein, and aspartic acid polypeptide sequences, wherein the phosphonate is,

for example, alendronate sodium; preferably, the bone-targeting group is tetracycline.

TF—MEEAEEF, SEOERASENTER. BRE. STRER. RE2EREZSRFTIFHNELD—

M, FrARBERERGIG0 DM SEERTA; iERY, BERERRXRAIERE.

[0015]

In this invention, the carbonate compound is capable of reacting with acid to produce gas;
preferably, it is selected from carbonate or bicarbonate, more preferably, it is selected from at
least one of sodium bicarbonate, potassium bicarbonate, ammonium bicarbonate, sodium
carbonate, potassium carbonate, and ammonium carbonate, and most preferably, sodium

bicarbonate is used.

20-01-2026 - Page 9



&R, FrRmERER SRR SBRRN=ESE; Miksy, HEBmBRRENMERIRE, B
iRy, HEEWMERIM. MERSH. MERIIR. MM, mERH. mREPNED—T0, Kk

By, RARERIM.

[0016]

In this invention, the phosphate compound is capable of forming calcium phosphate crystals
with calcium ions; preferably, it is selected from hydrogen phosphate salts or dihydrogen
phosphate salts, more preferably, it is selected from at least one of disodium hydrogen
phosphate, dipotassium hydrogen phosphate, diammonium hydrogen phosphate, sodium
dihydrogen phosphate, potassium dihydrogen phosphate, and ammonium dihydrogen

phosphate, and most preferably, disodium hydrogen phosphate is used.

KA, FrABERE RN SYIRER SIS B FRASE&EE; kR, HEaEBRIRENHER_
R, Bk, EamsERE ", BRI TH. BRI TR BR_SW. BR_S10. BT

SRFNEL—M, RMER, RABERI "N,

[0017]

In one embodiment, the molar ratio of carbonate compound to phosphate compound is 1-4:4-

1, preferably 1-3:3-1 or 1-2:2-1, and more preferably 1:1.
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LA RET, MERERCESYMBERERMSYNERIEN1-4:4-1, RikH1-3:3-18F1-2:

2-1, BEENLL

[0018]

In one embodiment, the liposome membrane of the nanoliposome contains bone-targeting

phospholipids, other phospholipids besides bone-targeting phospholipids, and cholesterol.

TE—MEEAEREF, FIRPRIERANERARE S SEEERE. SPEaEiEIMIE MRS, ABE

B2,

[0019]

Preferably, the bone-targeting phospholipid is obtained by covalently binding functionalized

polyethylene glycol phospholipid with bone-targeting group molecules.

iRy, SEMBAERIIENR I ZEABES B RERE S FE#ITHNESITEL
More preferably, the bone-targeting phospholipid is a bone-targeting group-polyethylene

glycol-modified phospholipid.

BER, FrdEitRRis N EEREE-RZ _EhhE.
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[0020]

Preferably, the functionalized polyethylene glycol phospholipid refers to polyethylene glycol

phospholipid modified with reactive functional groups.

iRy, FrRINEEERZ — B2 IS —IEB 1M E RN E RERIRVR 2 — B2 LHEAS,

The reactive functional group can be hydroxyl, carboxyl, amino, maleimide, etc.

PRIt EREATURRZE. RE. 88, SRFEIRES,

The molecular weight of polyethylene glycol can be 500-50000, preferably 800-6000.

RZ BN FERLAIES00-50000, f3%E77800-60000

[0021]

Preferably, the functionalized polyethylene glycol phospholipid is functionalized DSPE-PEG,

and more preferably, the functionalized polyethylene glycol phospholipid is DSPE-PEG-NHS.

ey, FriRTheRE(W R Z —E2WiERE R FAThRE(LDSPE-PEG, Bk, IThREWERZ R CiAERA

DSPE-PEG-NHS,
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[0022]

Preferably, the functionalized polyethylene glycol phospholipids are DSPE-PEG2000-NHS and

DSPE-PEG5000-NHS.

fi%kH, ThEEthERZ ZEE{vi%AERADSPE-PEG2000-NHS. DSPE-PEG5000-NHS,

[0023]

Therefore, preferably, the bone-targeting phospholipid is DSPE-PEG2000-TC (DSPE-PEG2000-

tetracycline) or DSPE-PEG5000-TC (DSPE-PEG5000-tetracycline).

Fitk, ikny, FrREEEmbAs 79DSPE-PEG2000-TC(DSPE-PEG2000-PUiF%&). DSPE-PEG5000-

TC(DSPE-PEG5000-FIiF ),

[0024]

Preferably, the phospholipid outside the bone-targeting phospholipid is at least one of
natural phospholipids, semi-synthetic phospholipids, and fully synthetic phospholipids;
preferably, the phospholipid outside the bone-targeting phospholipid is at least one of

lecithin, hydrogenated lecithin, and cephalin; more preferably, the phospholipid is lecithin.
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ERY, FRABEEEBREIMIBERE N RIABERE. FSRBEMI 2 S RBBERNELD—M; %R, FR
RE L REBRESNIBEAE OB . SLONEAEMEEAERRYE D —M, BMIERY, FRREAE 0 IRES

Ao

[0025]

Therefore, preferably, the liposome membrane comprises bone-targeting phospholipids,

lecithin, and cholesterol.

FElib, iiERY, FriRdREfFIRE S &EtmEis. IRBASTNABERS,

[0026]

Preferably, the mass ratio of bone-targeting phospholipids, phospholipids other than bone-
targeting phospholipids, and cholesterol is 5-40:100:10-25, more preferably 15-25:100:12-20,

and even more preferably 20:100:16.

iERy, FECRBAE. FEREREIMIBIAE. FBEEERISELL1/95-40:100:10-25, {A3%EH15-25:

100:12-20, E{A1%£7920:100:16,

[0027]
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Preferably, the bone-targeting phospholipids account for 10-40% of the mass of the liposome

membrane, and more preferably 14-28%.

Ry, BELRBRERIE S NRERAIRRY10-40%, fiE714-28%:

[0028]

In a second aspect, the present invention also provides a method for preparing the

nanomaterial, comprising the following steps:

TEEZFHE, SRATRE—MIRMRMEINGIESE, BEUTIR:

[0029]

Bone-targeting phospholipids, phospholipids outside bone-targeting phospholipids, and
cholesterol are placed in an organic solvent. After removing the solvent, a solution of
carbonate and phosphate compounds is added and ultrasonically hydrated. The mixture is
then placed in a dialysis bag for dialysis and extruded and granulated to obtain bone-

targeting group-modified nanoliposomes loaded with carbonate and phosphate compounds.
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RrEimbiis. SERBAEINIEE. BEERETANATS, EFETE, MARERERASYN
BERER U ESYINAREEE KK, BETERRFHEITENR, FHITHLER, RESLEREHIER

BB HMBR Eh R SV BRER B R (L SRV KB B A

[0030]

In one embodiment, the organic solvent may be at least one of alcohol solvents, ester
solvents, halogenated hydrocarbons, nitrile solvents, and ether solvents; preferably, the
organic solvent may be at least one of methanol, ethanol, methyl acetate, ethyl acetate,

dichloromethane, chloroform, acetonitrile, and diethyl ether.

TE—PEEAE RS, FrREHUATIR URERAN. BB, xR IFRER. BEaTPhrE
D ERY, FRRABHUATIRTLIEREE. J8. CBRPlE. ZBRZE. —SFk. &ih. I8k,

ZBREE D —T,

[0031]

In one embodiment, the molar ratio of carbonate compound to phosphate compound is 1-4:4-

1, preferably 1-3:3-1 or 1-2:2-1, and more preferably 1:1.

LA REF, MERERUEYMBERERMSYNERIEN1-4:4-1, RikHN1-3:3-18F1-2:

2-1, BLiEMLL
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[0032]

In one embodiment, the concentration of the carbonate compound in the solution of the
phosphate compound is 30-120 mM and the concentration of the phosphate compound is 20-
80 mM; more preferably, the concentration of the carbonate compound is 50-70 mM and the

concentration of the phosphate compound is 50-70 mM.

T—PEEARERF, RERBXNESYNBRRERCSYNART, REREXNSYIRIREN30-
120mM, BEERERRCSYIRIARE20-80mM; BIER, MERERNWEYIBIRENS0-7T0mM, i

BRER SR EMIRIARE /950-70mMo

[0033]

In one embodiment, the bone-targeting phospholipid can be prepared by covalently binding
functionalized polyethylene glycol phospholipids with bone-targeting group molecules and

purifying them to obtain bone-targeting phospholipids.

TF—TEEAEEF, FrREERBEER LUEBI LI AR E: KRR _BRUEES SR

<

FHITEMES, AURSEFLEEEE.
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Preferably, the reaction conditions for the covalent bonding of functionalized polyethylene
glycol phospholipids and bone-targeting group molecules are as follows: the functionalized
polyethylene glycol phospholipids and bone-targeting group molecules are placed in an
organic solvent, the pH is adjusted to 7.5-9.0 using an organic base, and the reaction is carried

out at room temperature with stirring for 6-48 hours.

iRy, e R _EABES SERmER S FHITENESNRNFZFH . BRI ZEK
BREMNEERERAD FETENAET R, ERBEVHRIETPHET.5-9.0, ERMHRN6-48/1Y,
The organic solvent may be at least one of alcohol solvents, ester solvents, halogenated
hydrocarbons, nitrile solvents, and ether solvents; preferably, the organic solvent may be at
least one of methanol, ethanol, methyl acetate, ethyl acetate, dichloromethane, chloroform,

acetonitrile, and diethyl ether.

Hep, FmdENARAIUEEERAR. BE3as. xafUE. BEah. MEAEFFRNED—F; ik
B, FrREYATIRIAEHREE. O, KRR, BB, S8k, &h. 2k, ZBPmED

_iliq]o

[0035]

Preferably, after stirring the reaction, the solvent is replaced with water, and then the bone-

targeting phospholipids are purified.
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Ry, fiFRNGE, FAFERAK, ARANSEITERBE,

[0036]

Preferably, the molar ratio of functionalized polyethylene glycol phospholipids to bone-

targeting group molecules is 1:1-4, more preferably 1:1-3, and even more preferably 1:1-2.5.

fERY, hEeWBRZ Bz Ll S B mER D FRIBERIEAN1:1-4, flikR1:1-3, BRENL]L-

2.5

[0037]

Preferably, adjust the pH to 8.0-8.4 and stir for 18-30 hours.

i3y, FTIpHZES.0-8.4; #Hi#¥18-30/\8Y,

[0038]

Preferably, the purification is selected from at least one of dialysis and chromatography.

Ry, FrRdifEBSEN. BEERNED—M,
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[0039]

Preferably, the average particle size of the nanoliposomes obtained by extrusion granulation
is 50-1000 nm, more preferably, the average particle size is 50-200 nm, and most preferably,

the average particle size is less than 100 nm.

IERY, BIFTHERNL, FEIRPRAEFRIARTIINIIZ/50-100094K, EMRERY, FIFRIIZH50-

200443K, ERiERY, FIIRIRAIL004KEL T

[0040]

In a third aspect, the present invention also provides an application of the nanomaterial.

TE=FHE, FARAXRRE—FTFTRPKERIRN A,

The present invention describes the intravenous injection of the nanomaterial, which was
found to accumulate in bone tissue and be released when tumor activation induces the
formation of tumor-osteoclasts, forming calcium phosphate crystals for the physical killing of

tumor-osteoclasts in bone metastases.

i

RERPARFRGRM LB RERCES, RMEAIEEETAR, AEMRILIESMHE- RS BEXE
TORBSREIR, HRTSEREESR, BT BRBMTIE- RS BEIERYER G,
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[0041]

Therefore, the present invention provides an application of the nanomaterial in the

preparation of a drug for killing tumor-osteoclasts in bone metastases.

Fith, A&RERRME T —MFTRGEKMEHE RIS ZYIFIN A, AR TFEE RS IR E- K
FIRBRAEEITR B,
Furthermore, the present invention also provides a method for killing tumor-osteoclast

couplers in bone metastases, comprising providing the nanomaterial to individuals in need.

te5h, AEBRTREE T —MESRBLPNNE-REBKEREITRGNGE, HeEREFEENT

MR AEFTR AR AAEL

[0042]

In one implementation, the killing effect is physical.

TE—IEHAREF, FIRRBAMERG.

More preferably, the killing effect is physical damage caused by calcium phosphate crystals.

20-01-2026 - Page 21



EERY, FrRRHANSHEESEIYIERM,

[0043]

In one embodiment, the bone metastases originate from at least one of breast tumors,
prostate tumors, bone tumors (including osteosarcoma), lung tumors, liver tumors, kidney
tumors, gastrointestinal tumors (including gastric and intestinal tumors), and pancreatic

tumors.

FE—IEARET, FIREBRBIERREEIRME. myRME. SMEEEERE). MihE.

FTRERTE. SHERME. ShE (R 5B MIBMmEE). BRERMERRELD—M,

[0044]

In addition, the present invention provides the application of the nanomaterial in the

preparation of a drug for the prevention of tumor bone metastasis.

55b, RERREMET —MFIRPARMEEHIELYIPRINE, FriRZGYI R Fiibh g e %,
Furthermore, the present invention also provides a method for preventing bone metastasis of

tumors, which includes providing the nanomaterial to individuals in need.
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te5h, AEBBITRME T —MIMEERBNGE, HEEnaRENMARMIIRARME,

[0045]

In one embodiment, the tumor includes at least one of breast tumors, prostate tumors, bone
tumors (including osteosarcoma), lung tumors, liver tumors, kidney tumors, gastrointestinal

tumors (including gastric and intestinal tumors), and pancreatic tumors.

TE—IEARET, FrRMEaEEARME. fYIERME. SHE(eEERE). MikE. R

. SiEME. ShiE (RS EMEME). RERMERNED .

[0046]

In this invention, when tumor cells are activated, the nanomaterial triggers the production of
carbon dioxide gas from carbonate compounds through the acid secretion function of tumor-
associated osteoclasts in the tumor-osteoclast coupler, which creates pores on the liposome
membrane and promotes the release of phosphate compounds. These phosphate
compounds then form calcium phosphate crystals with calcium ions to kill nearby tumor

cells, achieving a specific inhibitory effect on very early tumor metastases.

NEREAR, PRk RHEEApiE e, @i E S AR a B E- R S BB AP R ER XK

HAPERRERTNREM R IR R R W S E RIS, ERERAIR LI TR, (E# 7 EERE
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RUSRENR, HE5EBEFRRISHERELCRATEBENMEANE, AR MR 2R ERES I
Iz R

This physical killing method, which targets tumor cell behavior, provides a new approach for
targeting early bone metastases and avoiding tumor pharmacological and biochemical

tolerance.

XA RARTAERNYERGANNERDRREREML, FEEMBEHEMRMNECTHRRMET

B

[0047]

This invention can also use other bone-targeting groups and other liposome composition

ratios to achieve similar technical effects.

NRPEAILUEREMEERER. EMBERAMIELL, HrRSBEMAIRAR R,

[0048]

Therefore, in a fourth aspect, the present invention also provides a method for preventing

tumor bone metastasis, the method targeting tumor cells to induce osteoclast behavior.
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b, EEMAE, AARRERME T —MIMESRENSGE, DA EaMBRARIESES

ARRAYTT .

[0049]

In one implementation, the method uncouples and kills tumor-osteoclast conjugates.

TE—IEMAREF, PR AN ME-RE BB AHITRE- R 5,

[0050]

In one implementation, the method is triggered by tumor-associated osteoclasts.

FE—ISEMERREF, ARG ARMERXESARMRA,

[0051]

In one implementation, the method produces chemical or physical killing of tumor cells.

FE—INEHAREF, PR ENMEARS ENF NIRRT,

[0052]

In one embodiment, the method is performed using a bone-targeting drug.
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TE—IMEAEFR, G EETFERAYHT

[0053]

Preferably, the bone-targeting drug is triggered by tumor-associated osteoclasts.

iRy, FrdEEEmZgY)mMER RN T AR A,

[0054]

Preferably, the bone-targeting drug has the ability to chemically or physically kill tumor cells.

ERY, FrAEREEAYEE N MBEMAREITHESIERHBIEEST.

[0055]

Preferably, the bone-targeting drug is the nanomaterial described in this invention.

fERY, PR BB A A BRFTR YRR

[0056]
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In another aspect, this invention investigated the spatiotemporal characteristics of tumor-
induced osteoclast maturation. Since classical osteoclast development involves continuous
stimulation by M-CSF and RANKL, in order to explore the key periods of tumor-induced
osteoclast formation, we divided the osteoclast growth stage into three key periods:
osteoclast precursor (OCP), RANKL-stimulated osteoclast precursor for 1 day (R1-OCP), and

RANKL-stimulated osteoclast precursor for 5 days (R5-OCP).

TEE—1NAE, ARBARTHEESKREARMANNTIE, ATFRARSARNETZHAM-
CSFFIRANKLBEVELRE, AT EHRFAMEESKESAMARAIXEITE, RITRREAREKMNESD
A=AKEEIER: RS 4BAEEIA(OCP). RANKL 1RH#H & 4IHT{A(R1-OCP)FIRANKL 5K RI#HE
FARERT1A(R5-OCP)o

By co-culturing with tumor cells, it was found that R1-OCP can be induced into osteoclasts. By
culturing with tumor cells in a Transwell chamber, it was found that R1-OCP can only be

induced into osteoclasts under spatial conditions of contact with tumor cells.

B S MBS, KMRI-OCPREBHKIASHKEAM, BT SMHEARELETranswellNE

2RISR, RIR1-OCPRAEESMBMAREARNTEF M4 T4 ERIZS NS A,

[0057]
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Therefore, in a fifth aspect, the present invention also provides a method for culturing tumor-
associated osteoclasts, the method comprising co-culturing RANKL-prestimulated osteoclast

precursors with tumor cells to obtain tumor-associated osteoclasts.

Eitt, EERFE, INEAETRRMT —TEEXKESABNEFRTGE, FMRGEEERRANKLTR

RSB B AR R (A S ME AR H E R ARETT, MMSEIMYEIR IR & 40RE,

[0058]

Preferably, the osteoclast precursor pre-stimulated by RANKL is an osteoclast precursor
stimulated by RANKL for 1-3 days, preferably an osteoclast precursor stimulated by RANKL for

1 day.

iR, PMRRANKLFRZAVEE & AMETAIRANKLRM1-3R K & AERTA, LIEERANKLEIEL

KBV & ABRE AT

[0059]

Preferably, the tumor includes at least one of the following: breast tumor, prostate tumor,
bone tumor (including osteosarcoma), lung tumor, liver tumor, kidney tumor, gastrointestinal

tumor (including gastric and intestinal tumors), and pancreatic tumor.
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Ry, PRt e EZLARME. RIZIRRIME. SIVE(REEWNIE). ME. FAAERE. 'ShER

. BME(SEEWENZMNE). RERMEFRED—M,

[0060]

In this invention, the calcium phosphate crystals refer to crystals formed by the reaction of

phosphate compounds with calcium ions, and the main component is calcium carbonate.

&R, FrRTSERASEHRERMAYSHEEFRVNZRNGE, EBMD IHRERTS,

[0061]

In addition, the present invention also provides the following solutions:

59, EERBARRMT UTHEER:

[0062]

This invention provides a physical killing nanomaterial that targets tumor-osteoclast coupling
agents. The nanomaterial is a nanoliposome modified with bone-targeting groups and loaded

with sodium bicarbonate and sodium hydrogen phosphate.
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ARBRIRM T —MEL R AE-IR B BEXRBYIER (AR EL, FriRuRm A B2 BRI E

KBRS A BAER SRV RS B 1A,

[0063]

In one embodiment, the nanoliposomes have a particle size of 50-1000 nanometers, and

preferably, the nanoliposomes have a particle size of 100 nanometers.

TE—NEAEF, FrRGERAERANIZ50-100048K, FAMIE, FRRRIAKAERIANIZ XA

100482K,

[0064]

In one embodiment, the bone-targeting group includes tetracycline, phosphonate, or calcein.

TP EEAREF, RS EaERSENAER. BRENISEZER,

[0065]

This invention provides a method for preparing a physical killing nanomaterial of tumor-

osteoclast coupling, the method comprising the following steps:
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AR BRR M T — M-I B BEARIER AR MEINGIE A, R EEEUTIR:

[0066]

Step 1, Preparation of bone-targeting phospholipids: Functionalized polyethylene glycol
phospholipids are covalently bonded to bone-targeting group molecules, and bone-targeting

phospholipids are obtained by dialysis and chromatography.

TR, BRABENGE: BRI EBEUBRESBIEaERD FHITHNES, BIER.

BIEEREEERRE;

[0067]

Step 2: Preparation of bone-targeting group-modified nanoliposomes loaded with sodium
bicarbonate and sodium hydrogen phosphate: bone-targeting phospholipids, lecithin, and
cholesterol were dissolved in chloroform and evaporated by suspension distillation. After
adding a mixed solution of sodium bicarbonate and sodium hydrogen phosphate, the mixture
was ultrasonically hydrated and extruded to obtain bone-targeting group-modified

nanoliposomes loaded with sodium bicarbonate and sodium hydrogen phosphate.
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T2, BEREEREIHHEHMER SN IINNPRESFGIE: KEPLaEAE. kL.
REEEA TR, HARAREERT, MABRIMWMBERIWESARGER KK, HHITHHE

KL, RSELREEEIHEYEERER A EER S NI RIS R IE,

[0068]

In one embodiment, the functionalized polyethylene glycol phospholipid is a functionalized

DSPE-PEG.

T—MEEAEEREF, FRRmIhaebER 2 —EWHiRER A8 L DSPE-PEG,

[0069]

In one embodiment, the functionalized polyethylene glycol phospholipid is prepared by
reacting functionalized polyethylene glycol phospholipid with tetracycline using DSPE-
PEG2000-NHS. The reaction conditions are as follows: the pH is adjusted to 8.0-8.4 in
chloroform using triethylamine, and the reaction is carried out at room temperature with

stirring for 24 hours.

TE—1MEEHEEF, FrRpvIee R —E s TR R 2 — B2 kAR AADSPE-PEG2000-

NHSS5IAERN, RNFHAERFFERA=ZKRIATpHES.0-8.4, ERIH RN 24/\8Y,
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[0070]

In one embodiment, the bone-targeting phospholipid accounts for 10-30% of the mass of the
liposome membrane, and the liposome membrane includes bone-targeting phospholipid,
lecithin, and cholesterol; more preferably, the mass ratio of bone-targeting phospholipid,

lecithin, and cholesterol is 5:20:4.

T—MEEAEERERF, FrRpEEEaEiElRE S b IERAIREV10-30%, FRRRIAERAIR 5 &EE

[mEiAE. ORERAE. AEREIER; By, BECEAE. OPEiAS. REEIEZRIFRELL()795:20:4

[0071]

In one embodiment, the concentration of sodium bicarbonate is 30-120 mM and the
concentration of sodium hydrogen phosphate is 20-80 mM. More preferably, 60 mM sodium

bicarbonate and 60 mM sodium hydrogen phosphate are used.

TE—NEMEAEF, FRRBIRER S WARE /930-120mM, BERSMAYKRE20-80mM, Effiik

B, RARERIMNE0MM, BERSM60mM,

[0072]
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This invention also provides an application of a physical killing nanomaterial targeting tumor-

osteoclast coupling in the physical killing of tumor-osteoclast coupling in bone metastases.

AR T —FhEE R - B B R EA RV YIER AN AR M FHE B 1 2 I P IR -1 B (BEX (AR

A LEMR A

[0073]

In one implementation, the sources of bone metastases include breast tumors, prostate

tumors, bone tumors, lung tumors, liver tumors, kidney tumors, and gastrointestinal tumors.

TR EF, FIANERBIRREEIRIE. s7IERME. SE. MEhE. FHAThhE.

SHEAE. SRE,

[0074]

The beneficial effects of this invention are:

RPN B YR

[0075]
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1) This invention uses tumor-associated osteoclasts to trigger "behavioral targeting" of tumor

cells, avoiding the non-specific killing of traditional targeting methods.

1) AR EIMERXE S AL, MIEARHT “ThEEE” , BRTEREDAINIFER

[0076]

2) This invention releases a high concentration of hydrogen phosphate ions, which rapidly
form calcium phosphate crystals with in-situ calcium ions, thereby physically killing tumor

cells and avoiding biochemical drug resistance in tumors.

)AL ABIRNEREGBRIR, SRAUNSEFOERIMAISEHESR, MNBERETYERDG, &

%7 BRI ENTINE .

[0077]

3) Sodium bicarbonate and disodium hydrogen phosphate used in this invention are both

physiological environmental substances and have high biocompatibility in drug metabolism.

A KEAFTR AR SN, MEEZIHINERIMEYR, EAMSTEESEEYReMN,

20-01-2026 - Page 35



[0078]

4) The method for preventing bone metastasis of tumors provided by this invention targets
tumor cells to induce osteoclast behavior, which has a definite effect in the early prevention of
bone metastasis, and provides more ideas for the development of drugs for the prevention of

bone metastasis of tumors, which has broad significance.

4) 7 % BRTR RV F R ME B S R 5 A R MM B AR IS IR B ARAIT N, AR EREHAS

IR, NEEREHMAYNTRRRES R, BAIZHEN.

[0079]

5) The method for culturing osteoclasts in vitro in this invention can more effectively obtain
tumor-induced osteoclasts, which provides a more powerful means for studying the

spatiotemporal coupling between tumors and osteoclasts.

5)Z & BRIFIMEF IR B AR ARE B B A IR SR ARSI SR, XAMAME-REZ
[BBYEY = BB T EAB NN FE,

Attached Figure Description

P 352 B
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[0080]

To make the objectives, technical solutions, and beneficial effects of this invention clearer,

the following figures are provided for illustration:

NTERRANBR. IAGENE@BRENBRE, FABRHLITHEZITIRHEA:

[0081]

Figure 1 shows the fluorescence-TRAP pattern of tumor-osteoclast coupling in in vivo bone

metastases of GFP-labeled tumor cells.

El19GFPIRIC R AR TE (A B ¥ 15 1L AURNE - R & (B EX ARV A S E-TRAPEL,
GFP fluorescence is used to locate tumor cells, while TRAP signaling is used to locate

osteoclasts.

GFPZYCATE MMM, TRAPES AT EMKRZHM,

[0082]
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Figure 2 shows the TRAP staining pattern of tumor-osteoclast conjugates obtained from

contact culture.

E2 1 itiE s 1S SRR - IR B BB RN TRAPR B EL,
The difference in osteoclast induction shown by OCP and R1-OCP after co-culture of 4T1
tumor cells suggests that RANKL prestimulation is an essential time-series condition for

tumor-associated osteoclasts.

HAOCPHIR1-OCPEAT 1B AR H 15T /5 BBV B MRS S £ SRR RANKLIR AU A EE X

b B AR A SR B (8] B 515 1o

[0083]

Figure 3 shows the TRAP staining of tumor-osteoclast couples obtained from Transwell

culture.

El3ATranswell 53 FRIE 715 I A APE- 1K B BEMAB TRAPREE,
The absence of osteoclasts after R1-OCP and 4T1 tumor cell culture suggests that close

contact is a necessary spatial condition for tumor-associated osteoclasts.

20-01-2026 - Page 38



HeER1-0OCP5AT 1AM 72 FRIE ST [ oK I AR B 4R AR /R A B B 432 0 2 AR 48 SR B B 4B R TR

TEfIE M

[0084]

Figure 4 shows a schematic diagram of regional spatial culture and a TRAP staining diagram.

B4R E = EIEFIREEMTRAPREE,

R1-OCP cells that only come into contact with tumor cells are induced to become osteoclasts,
while R1-OCP cells that are outside the tumor cell range are not induced to become
osteoclasts, thus verifying that close contact with tumor cells is a necessary spatial condition

for tumor-associated osteoclasts.

HAp X5 MRARZERIIRI-OCPHEIAS NIREAM, MmEARSEEINIRL-OCPUIRBIET K

T, WIESMHEAMRIIEEERIEMEEXEK S AROEN T BB F .

[0085]

Figure 5 is a schematic diagram of the structure of the physical killing nanomaterial for
targeting tumor-osteoclast coupling obtained in Example 2.1 of the present invention—
tetracycline-modified sodium bicarbonate & disodium hydrogen phosphate nanoliposomes

(HC&HP@TNL).
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El5 N REAS & BASE R {512, 1FR1S BYEE [a) A - 5K B (B EX (R BV IR R (A 4K A — — IR =B TR AVFRER
SIN&IAER 2 WK AE B A (HCAHP@TNL) VAR EE,
In the right-hand figure, the corresponding bar chart for each organ shows ICG@NL on the left

and ICG@TNL on the right.

Hep, AEFESTRENNNMEREF, ZMAICG@NL, AMIAICG@TNL,

[0086]

Figure 6 is a cryo-electron microscopy image of calcium phosphate crystal formation before
and after acid response release of HC&HP@TNL obtained in Example 2.1 of the present

invention (scale bar: 100 nm).

El6 N iRHEZS & BASE 52, 1FT 1S BIHC&HP@TN LAY ER e N A i B R R U= 505 45 &A= SE RY/2 VR FB 3R

ElF (EEBIR: 10044K),

[0087]

Figure 7 is an elemental energy spectrum of calcium phosphorus crystals after acid response

release of HC&HP@TNL obtained according to Example 2.1 of the present invention.
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E 7 RRIEA &AL G2 IFrSRIHC&HP@TNLAVER N R R T 5 $5 R 45 MY T R BE IS E

[0088]

Figure 8 shows an in vivo imaging diagram and quantitative statistics of the bone targeting

capability of HC&HP@TNL obtained according to Example 2.1 of the present invention.

EI8NRIEA &AL HER2. IFTSMIHC&HP@TNLI B LR N K EE G E R EESR 1T,

[0089]

Figure 9 shows the quantitative fluorescence intensity of HC&HP@TNL released at different

cell-bone interfaces according to Example 2.1 of the present invention.

E9 N RIEAS & BASE (512, 1FTISAHC&HP@TNLEVE R RIS & F R EAERRN KR EE S,

[0090]

Figure 10 is a diagram showing the in vivo targeted release of HC&HP@TNL from bone

metastases obtained according to Example 2.1 of the present invention.
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El 10 1RIEA & BASE M52, IFrSAYHC&HP@ TN LRV (A B ¥4 128 1L 2R MR EL

[0091]

Figure 11 is a TRAP staining diagram of the uncoupling-killing ability of HC&HP@TNL obtained
according to Example 2.1 of the present invention for tumor cells of different origin and tumor-

associated osteoclasts.

E 11 REAS & BASEh#(512. 1PR1SRAIHC&HP@ TN LAY X FAESR R E 4R 5 Fp i 8 X b & AR (R EX

HUAR(R-R{HRESIRITRAPRBE,

[0092]

Figure 12 shows the tumor cell killing effect of HC&HP@TNL obtained according to Example

2.1 of the present invention, characterized by GFP expression signal.

El12 01RIEA & BASCAER2. 1P AYHC&HP@TN LAY EHGFPERIA(S S RALAYAHB AR AR

[0093]

Figure 13 is an electron micrograph of HC&HP@TNL tumor cells obtained according to
Example 2.1 of the present invention, showing physical killing by calcium phosphate crystal

mineralization.
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El1391R1EA & BASL (512, 1PRISAIHC&HP@TN LAY AR ZRR 4R S5 R4 45 S i (IR ARV EB SR EL

[0094]

Figure 14 shows the inhibitory effect of HC&HP@TNL obtained according to Example 2.1 of
the present invention on bone metastases of tumors in an in vitro model compared with the

classic antitumor drug DOX.

E14 8 1REZA & BASLHE512. 1IFF1SAIHC&HP@TNLEY 52 B4 Ay 2 DOXAR L 3 B A IR BY s & 3% 5
JEINHIE R
In Figure d, each group of bars, from left to right, represents Control, DOX, Cl@TNL, HC@TNL,

and HC&HP@TNL.

Hih, dEPESEAFREMNERIARK X IControl. DOX. CI@TNL. HC@TNL. HC&HP@TNL,

[0095]

Figure 15 shows the in vivo imaging statistics of the bone metastasis inhibition effect of

HC&HP@TNL obtained according to Example 2.1 of the present invention.
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E 15 ARIBA L B HER2. 1FSAIHC&HP@TNLEY B /% kNG E R BB AR B 4Tt

[0096]

Figure 16 shows the Micro-CT statistics of the inhibitory effect of HC&HP@TNL on

metaphyseal bone loss obtained according to Example 2.1 of the present invention.

El16 91R B4 & BASCHEf12. 1R HIHC&HP@ TN LY FBRiH & Bk G I fEB BIMicro-CT4i it
In each group of bars in the right figure, the left side represents CI@TNL and the right side

represents HC&HP@TNL.

Hrh, AEMNS—HAFKER, £MACI@TNL, BMAHC&HP@TNL,

Detailed Implementation

BiALEA

[0097]
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The following detailed description, in conjunction with embodiments, illustrates a physical
killing nanomaterial for targeting tumor-osteoclast couplings provided by the present
invention, its preparation method, and its application. However, these descriptions should

not be construed as limiting the scope of protection of the present invention.

ELE G LR 45 & BRIR BV —FhEE R M- iR B B EX AR YRR (AR MBI R BRI & 75 A NN A

HITIFANIRER, (BEREECIEANN S LZBRIFSEERRE,

[0098]

The present invention will be further illustrated with examples below.

TEF—DHIEELRER LOFH SRR AR %R,

It should also be understood that the following embodiments are only used to further
illustrate the present invention and should not be construed as limiting the scope of
protection of the present invention. Any non-essential improvements and adjustments made
by those skilled in the art based on the above content of the present invention are within the

scope of protection of the present invention.
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EFEIRAE, LATSEnef R TFHARBEH DU, FEEEFENNALRERIFEERE, 2598
AR A GARIEA & AR _ B RN B EH B —E AR UH AT B T A R ERRVRIFSEE,

The specific process parameters in the examples below are merely examples within a suitable
range. Those skilled in the art can make appropriate selections within the appropriate range
based on the descriptions in this document, and are not necessarily limited to the specific

values in the examples below.

TRRAREN I ZEZHFUNESECEFH—NRA, BIATURERA AR LAEE 24X Y35 B

BERSEREMER, MAFN—ERRES TXRFIRIRERE,

[0099]

Example 1: Exploring the Spatiotemporal Coupling Relationship between Tumors and

Osteoclasts

SEhEfL. BE- IR B AR AT = EEXX RERR

[0100]

First, we observed the relative relationship between tumor metastases and osteoclasts at the

in vivo level in a mouse bone metastasis model, which was carried out in the following steps:
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B, HENEERBREERKERRT MEREILSIREARIEN XR, BUTTERHE

’—

17.

[0101]

(1) Select 8-10 week old female Balb/c mice and anesthetize them.

(1)i%EX8-10ERIBalb/cHi iR, HITHREE,

[0102]

(2) Make a 1.5 cm incision between the 4th and 5th nipples in the lower right abdomen.

(2R TERNSEATMES NI K ZIBIRI R L.5ERRIEI .

Separate the muscles to expose the iliac artery.

DA, BEHEEERK

[0103]
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(3) 5x 10 NER1/mL of GFP-expressing 4T1 breast tumor cells were injected into the iliac artery

viaa 31G needlein 0.1 mL.

(3)13&5x10<sup>6</sup>/mLBYZRIAGFPHIAT 1 2| BRAhyEE 4R8I 31 G35 7F 570, Im L N BEBhBX-

[0104]

(4) Use the tip of a cotton ball to press on the arterial incision area to stop bleeding, and

suture the incision.

(4)fE R RARIEERRRYI O LI, 48810,

[0105]

(5) Eight days later, the right femur of the mouse was taken for serial tissue sections, and
fluorescent and TRAP-stained sections were performed to observe the localization of GFP-
positive tumor cells and TRAP-positive osteoclasts. It was found that tumor-associated
osteoclasts and metastatic lesions had obvious co-localization and "surrounding

phenomenon" (Figure 1).
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(5)8Kfa, BUNEAEMREHITESARIS, 2AETRICHRMTRAPREH, WEGFPIE%
R AR AN TRAPRRIERVIR B AR E BN, RIMMERXKEARSHEMFERENHEN

M “HEIUKR” (B1)o

[0106]

Secondly, we constructed a cell culture model to explore the spatiotemporal relationship

between tumor cells and osteoclasts, which was carried out in the following steps:

R, HWET RTR7MEARSEKSARE T XANARIEFRE, AUTIEHT!

[0107]

(1) Take mouse femur and wash with culture medium to obtain bone marrow cells, and

culture them in a-MEM medium with 20 ng/mL M-CSF for 5 days.

(DEUVNERRREHEREFE PRSI ERE4M, T20ng/mL M-CSFRYa-MEMIEFEHIEFFR5XK,

[0108]

(2) Digest the cells and plate them, set to day 0. The cells obtained at this time are osteoclast
precursors (OCP). Add 50 ng/mL RANKL to the culture system and culture for 1 day. Then

remove RANKL. On day 1, osteoclast precursors (R1-OCP) with RANKL pre-stimulation for 1
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day are obtained. If RANKL is not removed and RANKL is used to continue culturing for 4 days,
osteoclast precursors (R5-OCP) with RANKL stimulation for 5 days are obtained on day 5.

These are also classic osteoclasts (OC) in the conventional culture system.

(2B AmREHEIR, IKENFEOKR, EFRIME MK SHEEIAOCP), EEFERPIMASONg
/mL RANKLIZFR1XK, AEHZERANKL, EE1XRBRIRANKLINEHL KA SEFI{A(R]-
OCP); WIFRIZERANKL, Z*4:fEFARANKLIZEFR4AK, MITESFES5KBTIFEIRANKLEES KBV & 4R H]

{K(R5-OCP), HERHEMIEFARPRIZEEZAM(0C),

[0109]

(3) Onday 1, 4T1 tumor cells were added to the OCP, R1-OCP and R5-OCP groups respectively,
and cultured until day 5. It was found that 4T1 cells could induce R1-OCP into osteoclasts,
while OCP did not have the ability to be induced into osteoclasts by 4T1 cells (Figure 2).
Therefore, RANKL prestimulation is a necessary time-series condition for tumor-associated

osteoclasts.

(3)7EE1XRES, 9BIMOCP. R1-OCP. R5-OCPLAAANNATIANEAM, MHEEIZHTESKR, KM4ATL
A RIER1-OCPIES NIRE MM, MOCPAREARWATIMES HIEEMIBEYEESI(E2), HIt,

RANKLFTREE A yeE 1B X I B AR B s B BV BY (Bl R 557 1o
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[0110]

(4) Keeping other conditions unchanged, the above 4T1 tumor cells were cultured in a
Transwell chamber separated from osteoclast precursors. It was found that R1-OCP could not

be induced into osteoclasts under non-contact conditions (Figure 3).

(A RFEMFHARZ, K LERATIMHEARESFTSREARAIEDMREITranswellNE £, RITE
FHEMFRMGT, R1I-OCPIZEIEST K& AR (E3).

To further verify this, we seeded 4T1 cells in the central region of R1-OCP cells and cultured
them for another 4 days. We found that R1-OCP cells that were only in contact with tumor
cells were induced to become osteoclasts, while R1-OCP cells outside the tumor cell range

were not induced to become osteoclasts (Figure 4).

ATHER—TWIE, FATFATIHEMERI-OCPARAYREIXIS, HARLIEFI4R, RINSIEMAMREE
AERYR1-OCP#RIAS NI B4R, MAEARSEESMIRLI-OCPRIREIES K24 (El4).
Therefore, close contact with tumor cells is a necessary spatial condition for tumor-associated

osteoclasts.

Elit, ShEARITEEEREMEEXK ARG ENTEMEFR .
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[0111]

The above results indicate that there is a strict spatiotemporal coupling relationship between
tumor cells and tumor-associated osteoclasts, especially a strict spatial colocalization.
Because it is difficult to target tumor cells, while the acid-producing characteristics of
osteoclasts make them an ideal target, the local precise killing of tumor bone metastases can

be achieved by targeting tumor-associated osteoclasts.

ERERGE, MEARSHEEXREARFETRINZ@EXR, LHERFEMBNZTERE
i, RAMEARREEEXELORTT, MKEARNTERSEER[ERA— M EENER B, FrLUA

LU $Em Ay A8 KR B AR AR Ak A SREL B B AR B L Y B BB R (o

[0112]

Based on this, we designed a physical killing nanomaterial that targets tumor-osteoclast

coupling.

TR R E, Tl gt T —fheEmihE-RE BEARIER R

[0113]

Example 2: Synthesis of Physical Killing Nanomaterials Targeting Tumor-Osteoclast Couplers
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SEREI2. SERANE-R B BEXERBYIIER (R EI GBY

[0114]

2.1 Tetracycline-modified sodium bicarbonate & disodium hydrogen phosphate

nanoliposomes

2.1, MIFEBIHRIERER SINEEHER T _ SR A

[0115]

DSPE-PEG2000-NHS and tetracycline were dissolved in 10 mL of chloroform at a ratio of 20
mg: 6.8 mg. 100 pL of triethylamine was added to adjust the pH to 8.4. The mixture was stirred
at room temperature for 24 hours. After rotary evaporation, the mixture was dissolved in
water. Excess tetracycline was removed by dialysis to obtain tetracycline-modified

polyethylene glycol 2000 phospholipids.

EDSPE-PEG2000-NHS 5EOIF & 1020mg: 6.8mgtbBlaF10mLES, MA100uL=Z T pHE
8.4, ERMHRI24/NEY, EEEATK, BIBMEERZRONE, FIENKREHRNEZLZ

B220005%AE
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Tetracycline-modified polyethylene glycol 2000 phospholipids, lecithin, and cholesterol were
dissolved in 10 mL of chloroform at a ratio of 20 mg: 100 mg: 16 mg. The solution was then
evaporated to dryness at 37°C using a suspension method. After adding 10 mL of a mixed
solution of 60 mM sodium bicarbonate and 60 mM disodium hydrogen phosphate, the
solution was ultrasonically hydrated, placed in a dialysis bag for dialysis, and then extruded
and granulated to obtain tetracycline-modified sodium bicarbonate & disodium hydrogen

phosphate nanoliposomes.

U REBIRIERZ ZE220005505. IPBEAS. ABEEZLA20mg: 100mg: 16mgtbfliAF10mLs
1, FRASZAITEKERT, MALIOMLA60MMIRERS MA6OMMBERS — RS A REEE
KK, BEFBEMRPFHITEN, HHATHHEN, [F2MIFREBINIMER SN S — ShKAE R

1o

[0116]

2.2. Sodium bicarbonate & disodium hydrogen phosphate nanoliposomes modified with

alendronate sodium

2.2, FICEERINETHRIERER SINEEHER | _ SRS (A

[0117]
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DSPE-PEG5000-NHS and sodium alendronate were dissolved in 10 mL of chloroform at a ratio
of 20 mg: 4.3 mg. 100 pL of triethylamine was added to adjust the pH to 8.4. The mixture was

stirred at room temperature for 24 hours. After rotary evaporation, the mixture was dissolved
in water. Excess sodium alendronate was removed by dialysis to obtain sodium alendronate-

modified polyethylene glycol 5000 phospholipid.

¥§DSPE-PEG5000-NHS 5[ CBAER TN LA20mg: 4.3mgtbFliAF 10mLE A, MA100uL=ZEZAT
pHES.4, ERMMH RN 24/N\8Y, TEREATK, BIBIMEERSREACEERM, SRR CHERIN
EIRRIER Z ZE250008%R8.

Alendronate-modified polyethylene glycol 5000 phospholipids, lecithin, and cholesterol were
dissolved in 10 mL of chloroform at a ratio of 30 mg: 100 mg: 16 mg. The solution was then
evaporated to dryness at 37°C using a suspension method. After adding 10 mL of a mixed
solution of 30 mM sodium bicarbonate and 80 mM disodium hydrogen phosphate, the
solution was ultrasonically hydrated, placed in a dialysis bag for dialysis, and then extruded
and granulated to obtain sodium bicarbonate & disodium hydrogen phosphate

nanoliposomes modified with alendronate.

SR CREA ISR BE Z ZEE50008405. SRRsHE. FEEIAZIN30mg: 100mg: 16mgtbBliET10mL

A, FRARZERITREKERT, MMALOMLAI30mMiRER = WA8OmMMEEERE —SWE S 8K /GE
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Bk, ETEMRPHITENR, HHETHHEN, S CEERNEMRIIMER S IHMBER S — N

AKEEBA,

[0118]

2.3 Tetracycline-modified sodium bicarbonate & disodium hydrogen phosphate

nanoliposomes

2.3, UIFEBIHRIERER SINEEHER T _ SRS A

[0119]

DSPE-PEG2000-NHS and tetracycline were dissolved in 10 mL of chloroform at a ratio of 20
mg: 6.8 mg. 100 pL of triethylamine was added to adjust the pH to 8.0. The mixture was stirred
at room temperature for 24 hours. After rotary evaporation, the mixture was dissolved in
water. Excess tetracycline was removed by dialysis to obtain tetracycline-modified

polyethylene glycol 2000 phospholipids.

EDSPE-PEG2000-NHS 5EOIF & 1020mg: 6.8mgtbBlaF10mLES, MA100uL=Z T pHE
8.0, EERMMHRI24/N\BY, eEEATK, BEBMEERZRONE, FIENKREHNEZLZ

B220005%AE
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Tetracycline-modified polyethylene glycol 2000 phospholipids, lecithin, and cholesterol were
dissolved in 10 mL of chloroform at a ratio of 45 mg: 100 mg: 16 mg. The solution was then
evaporated to dryness at 37°C using a suspension method. After adding 10 mL of a mixed
solution of 50 mM sodium bicarbonate and 20 mM disodium hydrogen phosphate, the
solution was ultrasonically hydrated, placed in a dialysis bag for dialysis, and then extruded
and granulated to obtain tetracycline-modified sodium bicarbonate & disodium hydrogen

phosphate nanoliposomes.

U REIRIERZ ZE220005505. IPBEAS. ABEEZLI45mg: 100mg: 16mgtbfliAF10mLs
1, FRASZAITEKERT, MALIOMLAS0MMIRERS HA20mMMBERE — RS A REEE
KK, BEFBEMRPFHITEN, HHATHHEN, [F2MIFREBINIMER SN S — ShKAE R

1o

[0120]

2.4 Tetracycline-modified sodium bicarbonate & disodium hydrogen phosphate

nanoliposomes

2.4, MIFEBIHRVERER SINEEHER | SR A A

[0121]
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DSPE-PEG2000-NHS and tetracycline were dissolved in 10 mL of chloroform at a ratio of 20
mg: 6.8 mg. 100 uL of triethylamine was added to adjust the pH to 8.2. The mixture was stirred
at room temperature for 24 hours. After rotary evaporation, the mixture was dissolved in
water. Excess tetracycline was removed by dialysis to obtain tetracycline-modified

polyethylene glycol 2000 phospholipids.

¥§DSPE-PEG2000-NHS5HIF & LA20mg: 6.8mgtbBlaTF10mLR A, MAI0OUL=ZREIETIpHE
8.2, EEMPHRN24/NEY, TREEATK, BIBIMEERRSZSRONE, SRR EIMNRZIZ
F22000%%R5.

Tetracycline-modified polyethylene glycol 2000 phospholipids, lecithin, and cholesterol were
dissolved in 10 mL of chloroform at a ratio of 30 mg: 100 mg: 16 mg. The solution was then
evaporated to dryness at 37°C using a suspension method. After adding 10 mL of a mixed
solution of 120 mM sodium bicarbonate and 50 mM disodium hydrogen phosphate, the
solution was ultrasonically hydrated, placed in a dialysis bag for dialysis, and then extruded
and granulated to obtain tetracycline-modified sodium bicarbonate & disodium hydrogen

phosphate nanoliposomes.

RIIF R B IMINERZ _EE20008505. MRS, ABEEZLA30mg: 100mg: 16mgtbfliAaF10mLS

1, HFRAERZEITREERT, MAIOMLEY120mMERERSSHASOMMEEER S — RS ARIGES
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Kk, ETSTRPHITEN, FHHTHHEN, [EINFAREIHRIRER MR — WRRAER

1o

[0122]

Example 3: Application of tetracycline-modified sodium bicarbonate & disodium hydrogen
phosphate nanoliposomes for physical killing of tumor-osteoclast coupling agents in breast

cancer bone metastases.

SEREI3. N ASSHEGIIUIA R EIRRVIRER SIMEEER R — AR AE S A B T AR E B R P IE- IR

BEXARYIER (B

[0123]

Tetracycline-modified sodium bicarbonate & disodium hydrogen phosphate nanoliposomes
HC&HP@TNL, prepared in Example 2.1 with an average particle size of approximately 100 nm,
were selected. A typical structural diagram is shown in Figure 5. Their physicochemical

properties for targeting tumor-osteoclast coupling agents were first tested.

WA IIRIR L9 100K RIS HE (12, 16 & RYPNIA KB TR AVERER S Th &5 ER [ SRS A
HC&HP@TNL, HEBEMREWMESHR, HERUR T HATEEaME- RS BB ARRIELS

M

20-01-2026 - Page 59



[0124]

(1) Cryo-transmission electron microscopy:

(1) BT EBER:

[0125]

1) Treat the copper mesh with glow discharge for 120s to increase its hydrophilicity, and add
2.5 uL of HC&HP@TNL (control or add hydrochloric acid solution and calcium chloride

solution to trigger its release) to the copper mesh.

1)1 E B EE YL EB A IR 12018035k 1, 152 5f8FAHCAHP@TNL (X BBER AN EhES AR AN S 1L 55

AR AR A ELRE L) INE 3R Lo

[0126]

2) Set the conditions to pressurize for 5 seconds, relax for 3 seconds to form a liquid thin layer,

and then immerse in liquid nitrogen for vitrification.

2)IRBFRMAMESs, MM UTMRSER, RNREHITRIEL.

20-01-2026 - Page 60



[0127]

3) Observe the sample under a 200kV cryo-transmission electron microscope.

B HESET200kV:S FIESTE R FWE,

[0128]

4) It was observed that the originally intact liposomes were triggered to rupture, and the
released sodium hydrogen phosphate combined with calcium ions to produce a large number

of crystals (Figure 6).

4)MRERBEMTRIIEFRAEMARRR, BRERNBREMSTEFESTEREER(E6).

[0129]

(2) Crystallization elemental analysis:

=0

B
om
H|

(2)

[0130]
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1) The copper mesh is treated with glow discharge for 120s to increase its hydrophilicity. 2.5
uL of HC&HP@TNL, which is triggered by adding hydrochloric acid solution and calcium

chloride solution, is added to the copper mesh.

1) SR E A IEC R BB A IR 12018 NSRRI, 2. 5MAMA LD RMAL IS D KRR R

HC&HP@TNLANE$AM L.

[0131]

2) Place the sample under a transmission electron microscope and perform EDS energy
dispersive spectroscopy in scanning mode to determine the proportions of elements such as

Ca,P,andO.

) RE T ENBE T RANSIEHITEDSREENE, HECa. P. OFTEMELHI,

[0132]

3) The crystals formed were verified by measurement and calculation to be calcium

phosphate crystals (Figure 7).

3)ETNE T+ BRI RV ZE & 0 F5 B 45 & (B 7)o
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[0133]

(3) In vivo imaging tracing:

(3)EEM G RER:

[0134]

1) 0.5 mg/mL indocyanine green (ICG) was added during the ultrasonic hydration process of

HC&HP@TNL for in vivo tracking.

1) EHC&HP@TNLAYEBE K AN 0.5mg/mLig| R & LR (ICG) B F R ER.

[0135]

2) Tetracycline-modified ICG@TNL and unmodified ICG@NL were injected into Balb/c mice via

the tail vein at a dose of 10 mL/kg.

2) BT REMIICC@TNLAM LA ZEIFRIICG@NLEA10mML/ kg &i@:d B &bk E St EBalb/c/)y

FEREN AN

[0136]
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3) The distribution of liposomes in mice was observed by IVIS in vivo imaging at 5 minutes, 3

hours and 6 hours.

3)TESHEH. 3NES. 6/NBTET D RIER IVISTE AR R ERAE PR/ N IA A 5 %0,

[0137]

4) Analysis of in vivo imaging data revealed that tetracycline-modified liposomes can be

effectively enriched in bone tissue, with a bone/liver signal ratio of about 1 (Figure 8).

4)BILE R GEIES T RN R EMNERETUENEETEARSR, HE/MESHERIIER

(E18)o

[0138]

(4) Cell-specific release experiment:

(4)ApRsF R RSN

[0139]
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1) A pH probe Lysotracker was added during the ultrasonic hydration process of HC&HP@TNL

for liposome release characterization.

1)7EHC&HP@TNLBEVEBAE KT FEF NN pHIRE Lysotracker FB FBE R A RR R

[0140]

2) Tumor-associated osteoclasts (TAOC), 4T1 tumor cells, osteoblasts, and mesenchymal stem
cells were cultured on bone slices and cultured in a-MEM medium at 37 degrees Celsius for 1

day.

2)R AR B4ERE(TAOC). AT1MERARE. B, BRLTARSIEFESR L, £Aa-

MEMIEFEEITEEFMAIEF1IR,.

[0141]

3) Add liposomes to the culture medium at a volume ratio of 1:10 and use WGA-Rhod to stain

and label the cell membrane.

VEEFEFIKL: 10(FFRLIMNRERE, HERWGA-Rhod AR HITIREITIC,

[0142]

20-01-2026 - Page 65



4) After inverting the bone slices, place them on a glass slide and use a confocal microscope to

observe the Lysotracker release signal at the junction of the cells and the bone slices.

NBERBEBEGH TR, HAEAEREERENRARS SR RXAXBLysotrackerfBHES.

[0143]

5) Analysis of the image data revealed that liposome release was observed only at the contact
surface between TAOC and the bone fragment, indicating that TAOC can effectively trigger the

release of HC&HP@TNL for the killing of tumor-osteoclast conjugates (Figure 9).

5)MBEGEIEHITON, KRIXTETAOCSE HRYEAREMIEREIRE S AR, WBATAOCH LIE AR

ZHCQHP@TNLEYEER, AT RhE-f & @AY R1G(E9).

[0144]

(4) In vivo release experiment:

(4)TE AR50 :

[0145]
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1) Select 8-10 week old female Balb/c mice and anesthetize them.

1)i%&EY8-10/F/YBalb/cl ER, #HITHREE,

[0146]

2) Make a 1.5 cm incision between the 4th and 5th nipples in the lower right abdomen.

2)7EA FEESEA MBS NI K ZERZA L. 5K O,

Separate the muscles to expose the iliac artery.

DA, BEHEERIAK.

[0147]

3) 5x 10 NER2/mL of GFP-expressing 4T1 breast tumor cells were injected into the iliac artery

in 0.1 mL using a 31G needle.

3)#&5x10<sup>6</sup>/mLEYFRAGFPEYAT 1 ¥LBR A 4R RREE 31 GET 57540, ImLi# NBE TRk

[0148]
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4) Use the tip of a cotton ball to press on the arterial incision area to stop bleeding, and suture

the incision.

4)ERMRRIRERIPIOXELEM, 2590,

[0149]

5) TRITC fluorescent molecules are added during the ultrasonic hydration process of

HC&HP@TNL for fluorescence localization of the release region.

5)7ZHC&HP@TNLAVEBAE KU IRZFAMATRITCR I F R FEBREKIEB K I E L

[0150]

6) The liposomes were injected into mice via the tail vein at a dose of 10 mL/kg.

6) A10mL/kgl Eilid ErRbE S AE B A ZE/ R IAR,

[0151]

7) Take a section of the mouse femur and perform a fluorescence scan.
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TEVNBEREHITARY R, FHEITRIEA.

[0152]

8) TRITC signal was found in the tumor metastases, indicating that the tumor cells and the
liposome release had a high degree of co-localization, suggesting that HC&HP@TNL can

achieve precise release from tumor metastases through TAOC triggering (Figure 10).

8) R MAEH B HIMTRITCIES, BMMEARSERARREMICCEFEESEHEN, 7

HC&HP@TNLA] LUEE TAOCHiR % S Ay d% #5 kM ARSI (1 10)o

[0153]

Secondly, we verified the uncoupling-killing effect of HC&HP@TNL on tumor-osteoclast

coupling:

R, AU T HC&AHP@TNLYY FAeE- i B BB AR B - R

[0154]

(1) Tumor-associated osteoclast induction and uncoupling-killing effects in tumors from

different sources:
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(1) R ESR TR EE R B AR X B 4B RIS S M AR (R - R AR

[0155]

1) Obtain bone marrow cells from mouse femurs and wash them with culture medium.

Culture them in a-MEM medium with 20 ng/mL M-CSF for 5 days.

1)EUVNEREHEREFEPAFEISHE4M, £20ng/mL M-CSFRYa-MEMIZFEHIEFF5K,

[0156]

2) Digest the cells and plate them, set to day 0. Add 50 ng/mL RANKL to the culture system and
culture for 1 day, then remove RANKL to obtain R1-OCP. Add tumor cells from different
sources (4T1,4T1.2, EMT-6: breast cancer cells; RM-1: prostate cancer cells; KTM2:
osteosarcoma cells; Hepal-6: liver cancer cells; LLC: lung cancer cells; Panc02: pancreatic

cancer cells; MFC: gastric cancer cells; Renca: kidney cancer cells) to R1-OCP for co-culture.

2)ELABREHER, RBEAFEOR, ETBFAERPIMASOng/mL RANKLIBEF1IXR, AEHIZERANKL,
5%IR1-0OCP; MR1-OCPHINANARERIBMAE(4T1. 4T1.2. EMT-6: ZLARELMAE; RM-1: Hi%l
BREEARRE; KTM2: BB AARE; Hepal-6:FF=4iRE; LLC: FhE4fE; Panc02:BERR=E4HRE; MFC:

BRI, Renca: SEEHAD)HITTF.
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[0157]

3) Set up treatment groups, and add tetracycline-modified nanoliposomes loaded with
sodium chloride (CI@TNL), tetracycline-modified nanoliposomes loaded with sodium
bicarbonate (HC@TNL), and tetracycline-modified nanoliposomes loaded with sodium
bicarbonate and disodium hydrogen phosphate (HC&HP@TNL) to the culture medium at a

volume ratio of 1:10.

3NKERITA, D ULI0FRLEREFEFMASH I HBILIF ZBIHPRIETIE(CI@TNL).
B EIRER SR IR RIE I KAE PR (HC@TNL) AR B & hikER SN AN BB S — IRV INIA B ImANK

EFA(HC&HP@TNL)o

[0158]

4) Continue culturing until day 5, fix with 4% paraformaldehyde, and then perform TRAP

staining.

HBSIEREESK, ERINSEREEERE, #ITTRAPRE,
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5) We found that the phenomenon of tumor-associated osteoclast production is universal in
tumor cells from multiple sources. Furthermore, after adding HC&HP@TNL, we found that it

has an uncoupling-killing effect on tumor-osteoclast couples of various tumors (Figure 11).

5) R M EEX K EAET EMRER SMRIEARN SRS, FRNEMAHCEHP@TNLS,

Bl VR IE S T By BB - B BEX (R R B R E-R MR (B 11),

[0160]

(2) Validation of tumor cell killing:

(2) b 4R R P IR -

[0161]

1) GFP-expressing 4T1 tumor cells were seeded at 1000/well in a 96-well cell culture plate

containing 10000/well R1-OCP cells.

1) FRAGFPRYAT LR AR LA 1000/ FL3H 1% T =B 10000/FLR1-OCPAIRERYI6 FLARRIE 7+ 1R,

[0162]
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2) Tetracycline-modified nanoliposomes loaded with sodium chloride (CI@TNL), tetracycline-
modified nanoliposomes loaded with sodium bicarbonate (HC@TNL), and tetracycline-
modified nanoliposomes loaded with sodium bicarbonate and disodium hydrogen phosphate

(HC&HP@TNL) were added to the culture medium at a volume ratio of 1:10.

2)73 3 LAL:10(AFR L Mg sr R AN S R HAY IR REIHNARAEFA(CI@TNL). BHRER SN
RYEQIFR RAE IR K AS B A (HC@TNL) LA B EibiER S sWAN B ER 2 — SRV IO IR R 1B AR RS B A

(HC&HP@TNL),

[0163]

3) One day later, place the 96-well cell culture plate under a multi-functional microplate

reader to quantify the GFP signal.

3)1XKfE, RoeFLAptEsriRE T 2 IhaEEIMY Fi#ITGFPE S E&E.

[0164]

4) The fluorescence intensity of GFP confirmed that HC&HP@TNL caused tumor cell killing

and growth inhibition triggered by tumor-associated osteoclasts (Figure 12).
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4)i@8:d GFPRYR ISR EJUIE 7 HCAHP@TNLIE B A XK B AARERYAR L T SEAMEARMI RN EK

i (E12).

[0165]

5) The cells after killing were fixed with glutaraldehyde and prepared for transmission

electron microscopy.

5) % R A FERVARRRHTT I BRI E H 1 TIEST R HIAF

[0166]

6) After resin fixation, the cell samples were ultra-thinly sectioned.

6) I AE Bl E fo 3R it T A o

[0167]

7) Observation under a transmission electron microscope revealed that a large number of
calcium phosphate crystals appeared on the surface and inside the TAOC and 4T1 cells, which
destroyed the integrity of the tumor cells and achieved direct physical killing of the tumor

cells (Figure 13).
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NETEHEFETUE, KIMTAOCHATIARKXEMARAIILIL T RENTGHER, WIFTHE

MR, KINMEARREEYIERA(E13).

[0168]

(3) In vitro evaluation of tumor suppression effect:

(3) AP IR R B R4 -

[0169]

1) We selected 8-10 week old Balb/c female mice, isolated the femurs of the mice, and
cultured the femurs in vitro in cell culture plates. We constructed a bone-in-culture array

(BICA).

1):£EX8-10/8#IBalb/clif iR, HBE/NERE, FOBEREBTEREFTAREFRTD, RIEET

F1EFFES (bone-in-culture array,BICA),

[0170]

2) Onday 0,4T1 tumor cells expressing Luciferase were injected into the femur to construct a

bone metastasis model.
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2)EFEOXRMAKLBEFEFRELuciferaseRIAT1MEAM, WESERBIRE,

[0171]

3)Ondays 1, 3,5, and 7, a micro-injector was used to administer a low-rate drug perfusion of
10 pL/min to the femur using tetracycline-modified nanoliposomes loaded with sodium
chloride (CI@TNL), tetracycline-modified nanoliposomes loaded with sodium bicarbonate
(HC@TNL), tetracycline-modified nanoliposomes loaded with sodium bicarbonate and

disodium hydrogen phosphate (HC&HP@TNL), and the classic antitumor drug DOX.

3)E%1, 3, 5, TRAKREPEANMEHRBHEITEHINWMHBILIAREIBHARISFTIA(CI@TNL).
BEIRER S WA IR REIFARAE TR (HC@TNL). S1EIRER SN BEEL 2 MRV IIIR RIE RN KAS

R (HC&HP@TNL) N B AR 254 DOXBY 108 F / 73 MR LY o

[0172]

4) On day 14, 1.5 mg/mL of fluorescein potassium salt substrate was added to each sample,

and the effects were compared by IVIS imaging (Figure 14a).

A)TEFEVAREEFRPIANLSMg/MLBYRICEFFEREY), BIIVISER LR R (El14a).
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[0173]

5) Comparing the effects of HC&HP@TNL and the traditional chemotherapy drug doxorubicin
(DOX) in BICA, HC&HP@TNL showed a more pronounced tumor-suppressive effect and fewer

side effects on other cells compared to DOX (Figures 14b-d).

5)EtERHC&HP@TNLES £ 467 254/ Z 2 (DOX)EBICARRI{EA, S5DOXtELL, HC&HP@TNLEA

EERRMEIDNGIER, MEMARNEIERE/\E14b-d)

[0174]

(4) Mouse bone metastasis inhibition experiment:

(4)/ R BB IHILLE

[0175]

1) Select 8-10 week old female Balb/c mice and anesthetize them.

1)3%EX8-10/EMBalb/cHE R, HITHREE,

[0176]
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2) Make a 1.5 cmincision between the 4th and 5th nipples in the lower right abdomen.

2)7EA FEERSEA N ES NI R ZIERZ A L. SRR O,

Separate the muscles to expose the iliac artery.

DA, BHEEERK.

[0177]

3) 5x 10 NER3/mL of GFP- or Luciferase-expressing 4T1 breast tumor cells were injected into

theiliac artery in 0.1 mL using a 31G needle.

3)¥%5x10<sup>6</sup>/mLEIFRIAGFPE FiXLuciferasefy4T1 %L IR hyE 4R At @it 31G 51353+ 540.1

mLIENBETIRKo

[0178]

4) Use the tip of a cotton ball to press on the arterial incision area to stop bleeding, suture the

incision, and consider it as day 0.

A)EFRRRRIHRERPIOKE LM, &850, MAFE0K.
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[0179]

5) Ondays 1, 3, 5, and 7, tetracycline-modified nanoliposomes loaded with sodium chloride
(CI@TNL), tetracycline-modified nanoliposomes loaded with sodium bicarbonate (HC@TNL),
and tetracycline-modified nanoliposomes loaded with sodium bicarbonate and disodium

hydrogen phosphate (HC&HP@TNL) were injected via tail vein at a dose of 10 ml/kg.

5751, 3. 5. TXR7AEE EE#EST 10ml/ kg ER B E R INRIIF R B IFHKASFIA
(CI@TNL). BEHERERIIMBINIFREIRMARASFIA(HC@TNL) LA B HRER S sWANBER 2 — sWAYZ

MR EIRMARAEFIA(HCE&HP@TNL),

[0180]

6) On day 8, the femurs of mice in each group inoculated with GFP-4T1 cells were subjected to

Micro-CT scans, and their metaphyseal bone parameters were measured.

6)7E £ 8 REUEMGFP-AT14REN A/ NER T H1TMicro-CTHHE, HNEETFRRirESH.

[0181]
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7) On day 28, mice in each group inoculated with Luciferase-4T1 cells were injected with 150
mg/kg of fluorescein potassium salt substrate via tail vein, and the growth of tumor

metastases was observed using IVIS imaging.

T)1EE 28K EEM Luciferase-4TIAMMI R/ NE@BI EBF#BKEST150mg/kghIRICRIRELRY), £

RRIVISH G IR MER B M E KB,

[0182]

8) Analysis of Micro-CT and IVIS luminescence intensity data verified that HC&HP@TNL
effectively inhibited bone metastases through physical killing of tumor-osteoclast coupling
agents (Figure 15), and also effectively inhibited metaphyseal bone loss (BMD: 0.24+0.04 g
/cm NER4 vs 0.17£0.02 g/cm NERS5, p=0.0007; BV/TV: 15.441+4.44% vs 8.96+1.81%, P<0.
0019; Tb.N: 2.43£0.58mm NER6_ vs 1.25+0.14mm NER7_, P<0.0001; Th.Sp: 0.23+0.03mm vs

0.38£0.05mm, P<0.0001) (Figure 16).

8) 7 trMicro-CTHIIVIS &K FERELE, FiE T HC&HP@TNLAYXS AhfE -t B BEX AR R (AR T
FRZISXNG(B15), FEBEENHT FahimEBuRR(BMD: 0.2410.04g/cm<sup>3<
/sup>vs 0.17%0.02g/cm<sup>3</sup>,p=0.0007; BV/TV: 15.44+4.44%yvs 8.96+1.81%,P<0.
0019; Tb.N: 2.43+0.58mm<sup>-1</sup>vs 1.25F+0.14mm<sup>-1</sup>,P<0.0001; Tb.

Sp: 0.23%£0.03mm vs 0.38£0.05mm,P<0.0001)(&16).
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This invention demonstrates that the nanomaterials for preventing tumor bone metastasis

can effectively inhibit tumor bone metastasis.

5 BA AN & BR RO TR BheE B AR RS RO KA R BT B RGN iy B 5 75

[0183]

The above description is only a preferred embodiment of the present invention. It should be
noted that although the present invention has been described in detail through the above
preferred embodiments, those skilled in the art should understand that several improvements
and modifications can be made without departing from the principle of the present invention.
These improvements and modifications should also be considered as the scope of protection
of the present invention and do not depart from the scope defined by the claims of the

present invention.

I EFRRNE A& BRRVESSIE S TN, NS, REBE LR ESSHES ELA&PR#EIT 7 1%4
BUfER, (ERRARTURAIRARAG RN HIERE, EAREARLRARENRET, TS T

MM, XEHADIT BN A ELZBERNRIFEE, AMRESLENFZRBAARENTEE,
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