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Fig. 1 Schematic diagram of the process and mechanism for bone metastasis in breast cancer

Bl IREERs I REEIEE

(a) FLMMEHHRLIN4 DB :

R I B BB R, il NS5 36 2 S FLIRR AL Y E- A5 B 2 TR LS

B TR AL A I PR )
o

124 FUBEANEAK

T 1 L N 20 B R 3 DA R B A A ol
FRIGRE MIE L, TS HR S BRI R AHOCHK
(parathyroid hormone related peptide, PTHrP) . #%
F B Z K IE AL FHL AR (receptor activator of
nuclear factor kappa-B ligand, RANKL) ., H &
(interleukin, IL) . F{% R & E (prostaglandin E,
PGE) . i ¥% ¥K %t [ ¥ (tumor necrosis factor,
TNF) 1 E W5 41 A 5 7% ) 3% K+ (macrophage
colony stimulating factor, MCSF) "' . 2, W
LA RS R TP RSB T b g R AR R LR
PR, LA KK B (transforming

FUBEAMMMTE R R (4) AAGSURIR (B). #ah (O) FIER (D)

775 (b) OLCsH ML AR 4t Ml B e
RIBA e, PO FLR AN mTORSE Sl K, fie ik

(c) JSE 4RI 2 Cx43 5 FL IR A T WL IR BR e 2, R LR dt i ik a2, STHFRL AR A i A=
growth factor-p, TGF-B) . B XL K KH F
(insulin like growth factor, IGF). Mfil/MiiEMEA: K

A ¥ (platelet-derived growth factors, PDGFs) I

‘HIEE KA HEH (bone morphogenetic proteins,

BMPs) 203k Al 7L g 4 10 - s B 4 AR LA

S ORI SEURY F R

1.3 FBREERBHETHEY

1.3.1 0 L R s 20 AT AR T R 24549
H AR EI6YT FUR A R 0 2R, 2

ST R e 2 M ) AR RE 3R B e R 4

JHORSE N 0 el I 3 B 7 NN TR 4 5 W S i =

R kW H B . LA WY —w R



*360- EMUFESEYWIRHR

Prog. Biochem. Biophys. 2021; 48 (4)

RANKL HUAR Ik 1 58547 S 2 5 I 254, 507 .
TP HRSE & TR LI B 5 (B2 X S8Ry
TEIEARRIR AR A R, HAEEW S R
M, msseEE TR RESnE. Folg iR
ﬁEf—VéfF [16, 22] .

AT, BFSE N G X B 248 - L B8 4 A A
HAER, $Et T SR 2 Y, 4N
K (carhepsin K) 1l 5] % 24 K # (odanacatib) ,
I v 20 B R WS R P B 5 T 2 PRV ¢-Sre 411
il 77 2£ & B JE  (saracatinib) Fll {# &F & JE
(bosutinib) , i iz 1) il RANKL/RANK #f H.4E
PO B AP R . LR 25 CAE sh i L e
SEEAT B SO LR A AR R PR, (H
H b Joils R (E12) .

1.3.2 i OLCs-FL IR A0 M AH AR IR 254

H A R L 1 JoT % OLCs-FL AR 40 Mo AH BAE
FE 254 . [ P AMIT ST 35 % LRI B RS Y I IR
B RARE, i E A 1 o pl A I A B )
REE B R I Re i, R FLIE 5%

B B EE R A B, IR DUV AR
St (E2) .

a. Wnt {553l 5% . Wt {5538 78 i 20 i
TR AR OCHEVE R, FLARIE 41 M 73 W Dickkopf-1
FH (DKK-1) FHK Wnt {5538 IR g A
Z KA & # 11 (low-density lipoprotein receptor-
related protein, LRP5/6) 5 Wnt-1 AHEAEH], #I
il BCE A 43k, DKK-1411A& BHQS80 AT 4% fin sl i
MM ECE, fEPEE T ALY . B & (sclerostin,
SOST) & B 4= A 19 Wt {55901 7], HAEH
5 DKK-1AR{RL. PR, B985 4 i DKK-1 40K il
BB RBUA TR TERNGIT 259, HHFTER =R
7 FLIRIE 19 R G A Al AR

b. HLEAEK: HEUE I K& — P mHA
PR B, FERE b m Rk, TRk
Ao i P R A R T e 2 2 4B KA o ) R
MR LREBEAMN G E R, RefEFa TR,
VEFHAE B R e = Vg B A% sh A A DL K 8
FARE I 2 AR B IESE e

|
» [ Ei s | [ RANKLRANKE 7] |
2 & i
[oo] -
. ; e 3] [ DKK- A0S Z AR A ]
4
¥y 9 »
. .
[
§ ' b !
' '
. .= )
A
0 .
)
. ¥ »
[ TN
(09| 1
) éﬁrﬂ@ﬁl{‘
» L
L) L]
] = ]
fogogo:: : W4 @ 1 OLCs o ) nmmam Y :ETARETB
3\ J
v,
‘|’ ‘RANK @ :ET-1 @ :MH#AEAMK @ #iFZA O:RANKL @ :fiE%E P : DKK-I

Fig.2 Schematic diagram of potential therapeutic targets for bone metastases in breast cancer "¢ %!

E2 FREERBEEATREATRER e
I OLCs-FL I AN AR FL AR AP E 25y - ol 3R R T I A 57
0 24 L W A MR LA T O TR TE 29 . RNAKL/RANKA ],

DKK-1FIE 2 AT 5,
SrcdifilFR], HZUE FEFRIm ).

Cx434miil 3,

ETAFIETBHIHIF 5



2021; 48 (4) ERETE,

% PRt R ERLIRE BB IR A -361-

c. WIER A (activinA): JIHHE AJE TGF-B
FIGI Y, FLBEA SRR ER R A, 6 s
Lok 2, [FIBHE R Ao . BRisa 5
X TG 2R A 390 LR e O R I R S 3
W% .

MRTHLA 5T A B i 4 - L A
MAH EAE R TEIR TR (F12) .

a. W % 1 (endothelin-1, ET-1): FLJgJ%E 40
MIF IR0 ET-1 5 BBy 40 A 2R 3K 1) 41 i 58 170 A2 4K 9
J¢ Z %K A (endothelin A, ETA) FlIWN % %71k
(endothelin B, ETB) A HEA/EH G E % . ETA
eI 2k 40 (atrasentan, ABT-627) J2 ETA Fl
ETB & 5173430 (bosentan) 7£ 5455
B BE P04 2L E R RS, H A B = AH S I IR
s 2

b. Cx43: FLMEHHBR, mEdsSEl
J g 20 FEL S A Cx43 T8 B B2, S FLA s 4 it
Ca¥, ZHPFLAMmAM LK . FURE B R 1 Bk
BHLLY LK K, A0, fil ik & & 8
(danusertib) 1] &I Cx43 BIFIAKF, Wb Ca>
AR T PR AR A sl DT o 7L e
oAt 20 Hid, As,0, /& FDA #LHER AT 2tk
oy ed ) NS N IR ESE /B

L LR, LB A T A% OLCs-
FLERIGE AN M . 0k B A -FLAR s A AR BAE T,
KRR, BEZ A 8IGIT 2
Y. 2D 4G SRR S SRR [ B R R, BR
il T HebE 2 R &

2 BB RO

AR C A A ) A L GO A R, RS
B A b ] 5 A AR B N A D P B S AR 4G
G AR, RIS T 2 LS 106 PN B o B ) 2
ZUP R . fEIG . BTEAE S e R . DL RARETC
BB (W Boyden /N P AT AR
AR EE 27 Billups-rothenberg 4ff fifd Bt 42, /N = 28 |
RSS2 ) SeHl.

HHLUR RS B H A 44,
SrATE K BAINE WL, &AL AT AA
PUEET D, 2 T 32l R R A N T A fie
M, R TR ZH U M Y 3 2 3D A AR A
Bi 2l B AERNRL BT AR B T A A
PIRRGOAET . B A b i B, SR RN A Y
T AT 2 g R J K200 1% ~ 6% B, Ta] i

AR BY I 0.1 ~ 5 pm/s, (8] B IR AR R i 4H
HANMIER LS R, TR A iR Iy, IR 2a
BUEA KA AR SORTE 20 B A 4100 20 W g 1 e
ROt 7 B A 1 A0 BUA A/ A W W BRSO R
AEEHDL IR 40 -5 TR B A B E FHA R i H
Kamm PRI > #4200 FLAR I B e B Tl 4
R WIFSY T LR AR ) B A B AR A
MOE LR (B 3a) . BRI, SRR
L 4 ¢ (poly-dimethyl-siloxane, PDMS) il
1B, 3355 548 18 A 4 /-0 37 ) B i A i 4
A, I EE N 150 pm, BEEREIEA 81225 um
x 120 pm f XI5 8 SR AL T AR TE DY T ALK
8 g R Rl = A DNG = ] 1o i e
(mesenchymal stem cells, MSCs) {R& G HEA 44
ML BERE B, TR RUNE 3D AR, h kg
FRIAEFE PR FR A N R AL, Fprp o s SR LA
1) B TR G - 33 7 R A 4 ok S TR T SO 8 TN B
MRS, TERGFREE IR AL AN, T
I3 A A AL R IR R e, EA T A A 0B RO
Be, LS T LMo 240 BRI 1 A B 1o B SR B
B, VASTEB AR th B3G5 A i 7% 1) i
T2, UE B ZL R 9 40 A2 AR C-X-C fa b K 321k 2
(C-X-C chemokine receptor type 2, CXCR2) Fl
o3 W6 1) #a Ak R Ak R C-X-C JE T BEC A S
(chemokine C-X-C motif ligand 5, CXCL5) 7EJ4H
Mif A B e AR, iz AR
2. Kamm PREIZH 5 55— oY, SR 2RI
A AR T A B AR (BI3b), IR
52 A3 R Z4K (A3 adenosine receptors) eI
PRI AN ) B AR B A . LR S T
RSB TR b 2L 40 AR A FOE B RS 1
WA, RS B A YR AT
ISP A TR A . Marturano-Kruik 55 2
P gt TRl B 2H 4 A ] PR IO A B A e A
1 (bone perivascular niche-on-a-chip) (& 3c) . 1E
R 23 B 20 B B L A oy 3D S 4R L, i
3D 355 MSCs 5 1M1 N B 4 i, iyt 1 il 8 4k
BN . Z )5, @l 3D IR rh RS T b
FEHE, TR T WL A 3.1 um/s BARAULR] B A
W, IR TEATES N BRI AR, L
K AMIEFESR, 8 3D AR PR i T Wik
[i) 47 1 SRR B 75% ISR AR . FE LIRS
HE L AR, RS T A TR B AR
WA ARG GE . K S RS SR AL, FLRE A

RSERIS



362+ EMUFESEYWIRHR

Prog. Biochem. Biophys. 2021; 48 (4

e AE LA P AORLAR | B BCR XTI
WU B E AR, SRS AR T REAE
TGRS e ARBIIRZS . 5 AR 2RO
ARG, ISR S i A R A
BRI RORAE , TSR RO B8R TR, N
1115 ] A A LB R B e R e A R, A
B T8 4 LI A0 MU ORBIR ) DG SRR BT I 3%
PR B T A A R RT T At

Sano % V7 R T — LA AL Y 22 A i A 3R

(a) il

LI

(C) L, potss
FLAR 4 ERiiaYiik =
MSCs ® S A 558

®

s G
i -

l "‘lg—%%%wﬁ%

ZIE
— EWH

-

: ot % @
ﬁi%‘é@}@ REEN EARKST

\"V,}}\.‘;‘ o -
INEIRE NP
BERMF Y

BR, WFST LR AN A 5 0 P 285 1] 40 U ER AR 1)
(KE3d) . Eef e 4Eanie . N B AR AT MSCs 2
BR TKBE PR 2 d Bk, 45 4 ak T A fk
WSS RETEN, PPN B A0 2 2 20 Bk
M, AT AR A A ARER TR L
e ML O 2 I T, LA LR AR 0 2 ot
A P25 ) Z AR Bk P R 1 e, A BAR HER 2
EEIMSCs, B R 5 b LR 20 R B B s Y
IERE A W Ry TR ULAR DA TR I A 10 4%

(®)

. e @ o msc
[ ] / e @ R AR

P B2

() s - (e) =

= ¢

WEz Ul
g 4

Fig.3 Microfluidic chip model of breast cancer bone metastasis
E3 FLREERBRmES AR
(a) FLBRIE B PR oRt4a s A BRI S SLRRE AN 1) B PR 3 P B R AR U7 1305 (b) I B RS I 4208 i A B AT S LA
TR I RO B A B (o) B2 U T R ROV A58 St 42 s AR 5t RN D S U (A0S L RO 2 L P AR i) 26
(d) M AEARTORE  AERUAE FE FLIRR AN ML LAE P 26 1) WRZT RN . A B AN ATMSCs LB R AN ERAITRS 5705 (o) A ZHZURI BRI
PRERAU O AE B R BRI ) 2 R A 0 SERE IR FUMRE I AR i) B85 (F) Bt i BRI e S B 3R i L i A B T B 2L 20

IRHRFITE RS il e ©97



2021; 48 (4

BiEE, % MRESHELRESEBHRPRINA 363+

UM B R, A 5 RS rh it
[T A AR AR IR T oRR AR .

Mei 45 P8 A T — BB 2 48] ST A 1)
AR IR O A, ISR A R T A
A MER TP ER (Bl 3e) . iz BRI SEI
TR ARAR LIRS PN B 2 R R L g A M R
PP LR 20 R T A8 RE 00048 PN R A DR 1R
JERIEETE Y, S T S AR ) B A R 1
Tk TR IR IR V1) A TR 3 3 e X6 4 e A
FRVESR S AR (1 Pa, 1 Hz), MR S5EA
FEERFEA LY, A 0 A S 2 T LA 4
JHEL 1] B A4 G 2 T AR AR I 2 AR LB R
R ARSI MIFFE 12 R oy U B L AL
PR T

Hao %F ' #y### 7t i (bone-on-a-chip, BC)
3D AR I 44, WL T e 5 0 F LA i
A AR SV RBIRFITE B B i i (&
3f) . i BCHEAY H IO 57 HE I 7 s R G 4 1%
FEWEA R, Al —A2RE R T . s 4l i 3D
5% TR RE 2 s 0 I S e e 56 51 720 h s A & TE
WD W LR 5 A A 2L IR SRS, AR
Jir By 21 3R T 1) 7 A% 400 ) 2L i 200 f 2 MDA-MB-
231-BRMS1 i ARHIRE, BEASTE 5K 4 20 Bl v
R, WARAEALT, MR FLRE A R
MDA-MB-231 B A #AANF RN, TERKAR
RN, THFER IR BRSO AL, ISR IE
RS, IR AR N SE 5 RS,
BRI L, 3% BC AR ZL I B e B8 R AR S M 5%
AL, FERF ST L B AR Y 2L B
U VA S, T I

3 RiREEEEHRYFE

SRR AP BB R, fEAATTRERS
BT GT b AR BR AL, T EAT 25 W T KRN i
BE AR PR 2 i e D, 558 2D
20 it B 75 RN B W) SRR AEEAR 2R, AAUFERT
Ko AR, SIS Ras i fE— s i B, i
FONRBRHAE BRI, BT Hh I e 25 A
REME ARG IRAER 2 R s B R S 7 i
25 BE A LR UAES, %) a. AN A
AR, R R, SR A B2 M AR
RGEPhpm B, R —f a2 ul, 40
H—BE2 x 105~ 5 x 1045 b, WL ARSI
USRI AR A AR, RERS T A A

S AVE AR A B ROAE ;o AV
KB WSERS, AEAERERIRET; d. W] DARIE T 2
TATEARSS T, AV FE R BE e A 4% M Z2on bk 4n M b
IRl o Tl s R, P LA K AN [ R
K. AFERERMARIL G295 e AT LISEEL A0
sk 2 0 M B sk s SR e 7R, REPEAR AN IRIAEY)
A (RPSEARARE . 408, H2UREE K BRI
5O BRI, GRS oA e e 2 ) e
PRGOS .

i 2 W e ) — A L R B R MR AR Y
PR, AR R 25 T AR AN R B4 TR
T 45 B R BB 5 T 45 B Hb b A Uk R R R 1
Kwapiszewska 5 "' FF i 1 25 9 i 6 SO 45 65 1
g 20 MO TE BT A0 B 5 s e iU Bk, 155
Jis 5 BB R A AR i B, (AR R
RAMEARFRMR, B T AR AN Rk
FEGUMIR 2590 N (I814a) . Mulholland 55 7 1%
T e a2 T 5 R SUZ SR, )=
THIPI A R R R, TE TR EE . 259
IHETE, 8 LDR 25 R SR 5L S S AR %) 1
H, P2 AR R SE MR BERR RS, F T SE s 2 vk JiE
e H i (K 4b) . Li %5 4 TR B v B A i
PR T AL T IR L S AR B O, SR
AR EE T HU R 25 A i L Au B T
b a IR PTG o R X Gl o = I L 9 e e |
JHL 5 20 B e B 5 K BRI L I A 2R 4, R
FHANRF AR Y, (2595 s R AR
BUHMREE, M BEE (K4c) .

e iE 2P I BE ) 5 — A BB D R R A A
LSR5 )0 BE SR IT I RS A5 R, FEASTR] 0% 240
AP N EL Y i ST ol NG EATE 7/ e S W N [
W5 FRMER . Xuds ™ 3t T RAARTE R
YRR SR ATTRES, i E A IR BT IR
A AR B R 2 T ] o F K BRI, AN E
FREATCZ ] [A] 35 73 BT i 7 ) 8 BB
WRBERREE, WFST AR LR TOXT AN [V B A B i 488 ) 3
FBUEPE (E4d) . fr 22 Mimetas 498 R A H)
T & BT 45 OrganoPlate® R4t , 1% 96 Mt 5
FEF A iE R o0 (K de), HIFHELE 384 1L
MR EBFEAT IO R A5 H s, B i 3D 4% 5= A
FEFRHE T BRI T, BRI RIT S 384
USRS FLARRT I, , By TS0 PR i . 4 3D 3%
FRAEE AR AR LA, TR K b4 = 4 A 1%
FE MG e 3, Lanz % ) FI 1% 240 3D i



*364- EMUFESEYWIRHR

Prog. Biochem. Biophys. 2021; 48 (4)

AR IR, ST —
VEIRCR i 2k

WEAb 5 RE TR 42 T JEE A6 JEE £ 05 15 4 MM 3%
IR W) e P OT R S ARES AR &, 5 TAER]
— SR LSRRI R e B ) — 2D 5
e, I AlAERl—ANES A L 2 SR,

ZIVGUIE 2590

(a)

(©)

RS R M v T BRI AR RN ZE R ] FE Ak

SR, s A FE SR 5 56 A8 i il 2
it 7 AT Z AR RBIESE , 45 A o P i gl
B HARA G L A w2 i e P s,
FUBE 5 F A 1 Rl e 25 W) e 4R A1 T T fiE

4 W“?ﬁ“ﬁk L
\ F 93 g N
b PV AN l’:e
AL
[seliwilh
38411 [pal @
p NG 4 NP R AL i L 122 v IS ]
o - ITTD0 wlm 1’.=.
L ' mun | [ eielaleduelet
AH2a, 2b | —
u, T -_ — - _mﬁ B ]
T - | mmEEEE
LR ——
N A2 P
s %‘E% ;

PSR

Fig.4 Microfluidic high—throughput drug screening model
B4 s niREny s

(a) KBRI AR F e B 24500 I S S8 ) TR Il B R 25 i (1
() R AL SE SR 7= A v B A B 1A T BB A A i 4 T & 17
; (e) 1"ﬁ{nu}'”OrganoPlate‘E/%fﬁﬁﬁ?SD?LHWVIHﬂ@i*?%ﬂlhﬂﬂllr‘é’i%ﬁu_ 49

Tk 45]
GEicit 8

4 WRESNFATRIABRESEBAGY
BEMTHABESEK

CHSR)Y 24 (Nature) T2017 HE kR L E
“Cancer biology still needs physicists” #§H : “H
2013 4ELIOK, AR R THRAENIE Uk R 1.5
Tk, SRR FERETR I P IO R B, JdEse T
R AT Wef AR 32 07 ) ol R A 45 % 22 190 B i

a

(b) XUZ W P 24 00 i AR T AN [m] e BEAT IR 2459
) AT AT TR 40 % 2 A ) R XU e A ) i

------ MATFE R IRYT D SRR RS, i
KEEIRIT HATCRL -+ R FARARREFNIR T 7968
FEFERS A RO

FUBE AR DR IG R DR e Rkt AW
HHEEH, G017 FUNRE A0 A B A B
FE L RBIR . JEOE FA R R T B B B AR5 55 By
B (Kl la), Hrp e B 21~ 24, 776/
RHR B B TR 24 1~ 104F, J00G A KR P B BT



2021; 48 (4) ERETE,

% PRt R ERLIRE BB IR A 365+

291~ 24F . GE RIS /ARIR B BOTT AL, e
P LI LA (RIS 5 A FLIRa i e Rt
SrARBE TR Y SR B SRR R 2 ]
FNIRFUBE AR R 22 R AN BRUA Y, R
AR FEAE R, AR T LR AR A 771 A
S 6] P G i P o, (FURXE R 57 LR
TR CGEME. FATRARIR) RShRAL, A
TIUE B FAR AR L, SRTin R Yn
Fr B EIE AR A R AR AT AR T B
ETpTA, FUBRE SRR, SRR
OLCs F4 i 1 7L 18 210 0 04 22 floh %) 32 22 20 O fR 2R
i, SCHRFLIRE A E AR AR, AN,
HR 4 SR T AL R G S 7 LR 2 i AL A
TR R T AR, R, AR
PO R VR ) B 2 SR B DL R B v
T RE R PO E 0, A B R R R PR S

B3, R LR RS LA 7
BRI .

RGN, ARG A B L
R 25 el R A IR PR AR . B 5, SEEE TR
BEREAUL) 52 Ze e 5 1A TR (e M 22 TR 1 A ) RS 25
ZA . R T AT INAF A N B L U SRR Y
RS AR, B T R S FLRE B R AT
YR IR Z A, BT B RN R S KA A
T A L ELAT S 1 3D A AR OSSP BRI
[i) JE AL AR 1) A P B B 5 X 5 40 A A FH RN
9PIAE FHARICR wh A ] b D60 L iR A B A
P RN B R A, (B R SERRERAE AN
Pl AR A5 RIE 0. R, O e MR SR 2 A
FHIR) 38 et 55 25 SRS N v 368 o 2 ] ) A g —
A GIER IR, PerE T 2590 18 1 e 38 2 5
SERT AR . B AR 2 Ao i 5 e i s A
FR (AN o BRI AR | IR Ay W SRR 5 4
R) G EAATEMERE, il a R HE R (4 GE
Health 23 7] FF & # IN Cell Analyzer 6000 3 ' 5
FE RS 5 BT R 45 . Molecular Devices 2 /] Ff & 1)
ImageXpress Microconfocal 3 5 £ & 4 1 il 1% &R
gt) 1Yk A R T b 2 i e Y
KR ol g = B AL SO AT SE M JE
PR . RS A A &> | IRBUIN, EE
x| S 5 A SR AR AR OC A R [R] ) AN TR] Y
FLIRIE R Z TR AR KR = S, e AR
ARG A5 RS E WA I R I 2 ) T
AR

SR, SR A A R SR R
B, AEMS ARG MU B A O A B A AL
H I8 B e A% R BRARRAE 0 R S R E A A
SCB R 2SO e, R PR B AR
2t b L 2 AL . SR, WABEZ Y
HIROR S A BB R R . ORS00 & e 7
l], FECRRFHA RIS R R, 2258
SRR REE | RS vy T A R PR SR, R
PEHOR S 3D AT BB ZE G H 2 Ao BRF 47 ) e
TAWORE, RE— OIS AT g S e

5 HiESRE

FUNE B Fe A 1 LI FR B e T i 2 2
, TR R S A B B N PR R AN A
- FATI ARG Y77 1% B R SE 2 LN B A &
, [EARBEA R B E AR e HRnER A
JEMBORS S BOAR, BE A B 5
BL, L B A R PR AG T R B R 3
W7 RETS TR 24 B0 Ui 1 S (R S B A BT 7
h, USE T AT M B v 24 T AR A AR A 2
8 22 (AR E T 5T TR

FT ROt i BORTE LI B R AT TS Ay
Wi v v B BRI R IG OPk iR, B0 TR T

kO RIbl €28 R 1k % N E WA g 2R s S
A RE R R B R BV R MR, JRRES T A
240 16 5% 7245 0 i 2 ) e el R A R DB AR O ik
Al A PLEE G, PRI R0 R A A n] 5E
P, R R S B e R AL B S A 259
TFR A, H5 B A SUREA S a0 R
&G, AN EFESL IR T IR .

i

4L R I TR | I N e BT S 7 o g S VB s N
HIENEE BN e UNALIUBES

£ % X M

[1] Chen W, Zheng R, Baade P D, et al. Cancer statistics in China,
2015.CACancerJ Clin, 2016, 66(2): 115-132

2] Romero-Moreno R, Curtis K J, Coughlin T R, et al. The CXCL5/
CXCR? axis is sufficient to promote breast cancer colonization
during bone metastasis. Nat Commun, 2019, 10(1): 4404

[3]  JohnsonR H, Chien F L, Bleyer A. Incidence of breast cancer with
distant involvement among women in the United States, 1976 to
2009.JAMA, 2013, 309(8): 800-805

[4]  Zheng H, Bae Y, Kasimir-Bauer S, et al. Therapeutic antibody

targeting tumor- and osteoblastic niche-derived jagged! sensitizes



+366-

EMUFESEYWIRHR

Prog. Biochem. Biophys.

2021; 48 (4)

[3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

bone metastasis to chemotherapy. Cancer Cell, 2017, 32(6):
731-747

Zhang H, Lyden D. Bone voyage-osteoblasts remotely control
tumors. Science, 2017,358(6367): 1127-1128

Devignes C S, Aslan 'Y, Brenot A, et al. HIF signaling in osteoblast-
lineage cells promotes systemic breast cancer growth and
metastasis in mice. Proc Natl Acad Sci USA, 2018, 115(5): 992-
1001

Croucher P I, Mcdonald M M, Martin T J. Bone metastasis: the
importance of the neighbourhood. Nat Rev Cancer, 2016, 16(6):
373-386

Roodman G D. Mechanisms of bone metastasis. N Engl J Med,
2004,350(16): 1655-1664

Jeon J S, Bersini S, Gilardi M, et al. Human 3D vascularized
organotypic microfluidic assays to study breast cancer cell
extravasation. Proc Natl Acad Sci USA, 2015, 112(1): 214-219
Bersini S, Jeon J S, Dubini G, ef al. A microfluidic 3D in vitro
model for specificity of breast cancer metastasis to bone.
Biomaterials, 2014, 35(8): 2454-2461

Kwapiszewska K, Michalczuk A, Rybka M, ef al. A microfluidic-
based platform for tumour spheroid culture, monitoring and drug
screening. Lab Chip, 2014, 14(12): 2096-2104

Murakami M A, Weinstock D M. Cancer models: the next best
thing. Nature, 2017,549(7670): 39-41

Stewart E, Federico S M, Chen X, et al. Orthotopic patient-derived
xenografts of paediatric solid tumours. Nature, 2017, 549(7670):
96-100

Whitesides G M. The origins and the future of microfluidics.
Nature, 2006,442(7101):368-373

Huh D, Torisawa Y, Hamilton G A, et al. Microengineered
physiological biomimicry: organs-on-chips. Lab Chip, 2012,
12(12):2156-2164

Makhoul I, Montgomery C O, Gaddy D, et al. The best of both
worlds—managing the cancer, saving the bone. Nat Rev
Endocrinol, 2016, 12(1):29-42

Fluegen G, Avivar-Valderas A, Wang Y, et al. Phenotypic
heterogeneity of disseminated tumour cells is preset by primary
tumour hypoxic microenvironments. Nat Cell Biol, 2017, 19(2):
120-132

Gawrzak S, Rinaldi L, Gregorio S, ef al. MSK1 regulates luminal
cell differentiation and metastatic dormancy in ER(+ ) breast
cancer. Nat Cell Biol,2018,20(2): 211-221

Aguirre-Ghiso J A, Ossowski L, Rosenbaum S K. Green
fluorescent protein tagging of extracellular signal-regulated kinase
and p38 pathways reveals novel dynamics of pathway activation
during primary and metastatic growth. Cancer Res, 2004, 64(20):
7336-7345

Wang H, Yu C, Gao X, et al. The osteogenic niche promotes early-
stage bone colonization of disseminated breast cancer cells.
Cancer Cell, 2015,27(2): 193-210

Wang H, Tian L, Liu J, ef al. The osteogenic niche is a calcium

reservoir of bone micrometastases and confers unexpected

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

therapeutic vulnerability. Cancer Cell, 2018, 34(5): 823-839
KrzeszinskiJ Y, Wan'Y H. New therapeutic targets for cancer bone
metastases. Trends Pharmacol Sci, 2015,36(6): 360-373

Ell B, Kang Y. Snapshot: bone metastasis. Cell, 2012, 151(3): 690-
690.el

Clézardin P. Therapeutic targets for bone metastases in breast
cancer. Breast Cancer Res, 2011, 13(2):207

Wang H, Tian L, Goldstein A, et al. Bone-in-culture array as a
platform to model early-stage bone metastases and discover anti-
metastasis therapies. Nat Commun, 2017, 8: 15045

Guy J B, Espenel S, Vallard A, et al. Evaluation of the cell invasion
and migration process: a comparison of the video microscope-
based scratch wound assay and the boyden chamber assay. J Vis
Exp,2017(129):e56337

Wong A K, LLanos P, Boroda N, et al. A parallel-plate flow
chamber for mechanical characterization of endothelial cells
exposed to laminar shear stress. Cell Mol Bioeng, 2016, 9(1):
127-138

Martinive P, Defresne F, Bouzin C, et al. Preconditioning of the
tumor vasculature and tumor cells by intermittent hypoxia:
implications for anticancer therapies. Cancer Res, 2006, 66(24):
11736-11744

Barkaoui A, Chamekh A, Merzouki T, ef al. Multiscale approach
including microfibril scale to assess elastic constants of cortical
bone based on neural network computation and homogenization
method. IntJ Numer Method Biomed Eng, 2014, 30(3): 318-338
Jang J H, Castano O, Kim H W. Electrospun materials as potential
platforms for bone tissue engineering. Adv Drug Deliv Rev, 2009,
61(12): 1065-1083

Johnson R W, Sowder M E, Giaccia A J. Hypoxia and bone
metastatic disease. Curr Osteoporos Rep,2017,15(4):231-238
Rutkowski JM, Swartz M A. A driving force for change: interstitial
flow as amorphoregulator. Trends Cell Biol, 2007, 17(1): 44-50
Bersini S, Jeon J S, Dubini G, et al. A microfluidic 3D in vitro
model for specificity of breast cancer metastasis to bone.
Biomaterials, 2014, 35(8): 2454-2461

Shin'Y, Han S, Jeon J S, et al. Microfluidic assay for simultaneous
culture of multiple cell types on surfaces or within hydrogels. Nat
Protoc, 2012,7(7): 1247-1259

Jeon J S, Bersini S, Gilardi M, et al. Human 3D vascularized
organotypic microfluidic assays to study breast cancer cell
extravasation. Proc Natl Acad Sci USA, 2015, 112(1): 214-219
Marturano-Kruik A, Nava M M, Yeager K, ef a/. Human bone
perivascular niche-on-a-chip for studying metastatic colonization.
Proc Natl Acad Sci USA,2018,115(6): 1256-1261

Sano E, Mori C, Nashimoto Y, ef al. Engineering of vascularized
3D cell constructs to model cellular interactions through a vascular
network. Biomicrofluidics, 2018, 12(4): 042204

Mei X T, Middleton K, Shim D S, ef al. Microfluidic platform for
studying osteocyte mechanoregulation of breast cancer bone
metastasis. Integr Biol, 2019, 11(4): 119-129

Hao S, Ha L, Cheng G, et al. A spontaneous 3D bone-on-a-chip for



2021; 48 (4

BEE, & W™

ISR EFLRE B R R R N A

+367-

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

bone metastasis study of breast cancer cells. Small, 2018, 14(12):
e1702787

Mundy G R. Metastasis to bone: causes, consequences and
therapeutic opportunities. Nat Rev Cancer, 2002, 2(8): 584-593
Eduati F, Utharala R, Madhavan D, et al. A microfluidics platform
for combinatorial drug screening on cancer biopsies. Nat
Commun, 2018, 9(1): 2434

Liu XY, Zheng W F, Jiang X Y. Cell-based assays on microfluidics
fordrug screening. ACS Sens, 2019, 4(6): 1465-1475

Esch E W, Bahinski A, Huh D. Organs-on-chips at the frontiers of
drug discovery. Nat Rev Drug Discov, 2015, 14(4): 248-260

Wu J, Chen Q, Liu W, et al. Recent advances in microfluidic 3D
cellular scaffolds for drug assays. Trac Trends Anal Chem, 2017,
87:19-31

Mulholland T, McAllister M, Patek S, et al. Drug screening of
biopsy-derived spheroids using a self-generated microfluidic
concentration gradient. Sci Rep, 2018, 8(1): 14672

LiLL,LiY Q, Shao Z X, et al. Simultaneous assay of oxygen-
dependent cytotoxicity and genotoxicity of anticancer drugs on an
integrated microchip. Anal Chem, 2018, 90(20): 11899-11907

Au S H, Chamberlain M D, Mahesh S, et al. Hepatic organoids for
microfluidic drug screening. Lab Chip, 2014, 14(17):3290-3299
XuZ,Fang PL, Xu B Z, et al. High-throughput three-dimensional
chemotactic assays reveal steepness-dependent complexity in

neuronal sensation to molecular gradients. Nat commun, 2018,

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

9(1):4745

Lanz H L, Saleh A, Kramer B, et al. Therapy response testing of
breast cancer in a 3D high-throughput perfused microfluidic
platform. BMC Cancer, 2017,17(1): 709

Austin R. Cancer biology still needs physicists. Nature, 2017,
550(7677):431

Stevens M M, George J H. Exploring and engineering the cell
surface interface. Science, 2005,310(5751): 1135-1138

Fantuzzo J A, Robles D A, Mirabella V R, ef al. Development of a
high-thoughput arrayed neural circuity platform using human
induced neurons for drug screening applications. Lab Chip, 2020,
20(6): 1140-1152

Brancato V, Oliverira J M, Correlo V M, et al. Could 3D models of
cancer enhance drug screening?. Biomaterials, 2020, 232: 119744
Zhao L, XiuJ D, LiuY, et al. A 3D printed hanging drop dripper for
tumor spheroids analysis without recovery. Sci Rep, 2019, 9(1):
19717

LiuY, Liu Y'Y, Zheng X N, et al. Recapitulating and deciphering
tumor microenvironment by using 3D printed plastic brick-like
microfluidic cell patterning. Adv Healthc Mater, 2020, 9(6):
e1901713

Zhao L, Liu Y'Y, Liu Y, et al. Microfluidic control of tumor and
stromal cell spheroids pairing and merging for three-dimensional

metastasis study. Anal Chem, 2020, 92(11): 7638-7645



368+ EMUFESEYYIEHRE  Prog. Biochem. Biophys. 2021; 48 (4)

The Application of Microfluidic Techniques on Bone Metastasis of
Breast Cancer’

YU Tong-Yao", YUAN Xi-Chen", WANG Dong-En", XU Hui-Yun", YANG Peng-Fei",
SHANG Peng'®™, REN Li""

(VKey Laboratory for Space Bioscience and Biotechnology, School of Life Science, Northwestern Polytechnical University, Xi'an 710072, China;

DResearch & Development Institute in Shenzhen, Northwestern Polytechnical University, Shenzhen 518057, China)

Abstract A lack of effective treatments for patients suffered from breast cancer with bone metastasis are caused
by limited in vitro models and unsuitable animal models, which leads to 70%~80% mortality rate. Microfluidics
enabled bone-on-a-chip could facilitate the resemblance of the biochemical and biophysical microenvironment of
native bone tissues, which could readily be incorporated with the occurrence of breast cancer so as to recapture
the bone metastasis in a single chip. The microscale chip design could be scaled up with high throughput/content
settings so as to uncover the molecular mechanisms existing in bone metastasis of breast cancer and screen
effective drugs for it more efficiently. In this review, we first introduce the current mechanistic understanding on
bone metastasis of breast cancer and existing drugs for this disease. We then summarized the microfluidic models
used for recapturing bone metastasis phenomena. We also presented high throughput designs aiming for more
efficient drug discovery and development. Lastly, we discuss the advantages and challenges existing in combining
high throughput setting and microfluidic models aiming for effective drug screening targeting bone metastasis of
breast cancer. Together, we hope to provide a clue on how effective treatments could be discovered in the future so

as to decrease the high mortality rate of bone metastasis of breast cancer.
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