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Abstract

Despite of recent advances in medical research, lung cancer is still the leading
cause for cancer death in many developed countries including Taiwan. Ideally, cancer
treatments should eradicate systemic tumor at multiple sites including primary and
metastatic, and also have the specificity to discriminate between neoplastic and
nonneoplastic cells. In our previous studies, we have demonstrated that mesenchymal
stem cells (MSCs) were able to target tumors lesions in vivo. Therefore, our first goal
is to investigate which molecules that regulated the tumor targeting of stem cells. We
established a model to observe the migration of stem cells induced by cancer cells in
vitro. Our results indicated that antibody neutralization of CXCR4 on stem cell can
diminish the its migration induced by cancer celi. The second goal is to devise a novel
“Trojan horse” therapeutic strategy which consists of stem cell and protein vaccine to .
inhibit and prevent tumor growth. A protein vaccine was developed to recognize
specifically the modified MSCs. These modified MSCs were then introduced to
infiltrate the tumor followed by the inoculation of vaccine to destroy and or inhibit
tumor growth, thereby constituting our “Trojan Horse” strategy. Our data clearly
indicated that cither. in subcutaneous or in pulmonary tumor model, tumor
development was greatly inhibited by the combined treaiment of MSCs and protein
vaccine. We inyestigated that the efficiency of tumor suppression was highly related
with the specific immune response induced by the protein vaccine, and we also .
demonstraled that combined treatment inhibited tumor growth through inducing
programmed cell death. The third part of this project is (o utilize optical maging
(non-invasive) techmque to monitor lung tumor formation and metastases of ‘human
tung cancer cells in a mouse model. We successfully established a non-invasive.
molecular imaging system for long-term monitoring of - the “migration and -
deveiopment of luciferase-transdiced human tung cancer cells. Next, we identified
bone-metastatic potential of human lung cancer cells with.in vivo imaging and in vitro
co-culture system. The bioluminescence imaging data. demonstrated the bone-
metastastic potential of human lung cancer cells in mouse. Similarly, in vitro co-
culture system showed that after 28 days of co-culturing with bone marrow cells, bone
metastases related genes such as CXCR4, PTHrP, CTGF and TL11 m the human lung
cancer cells were found up-regulated. These data strongly implicated that cancer cells
promote metastases via these genes. In summary, we have demonstrated that SDF-
1/CXCR4 axis was important to the tumor-targeting of stem cells, and we have also
shown that engineered MSCs could he used as an universal tumor-homing device and
mediate the anti-tumor effect of fusion protein vaccine. Therefore, this novel strategy
using MSCs and protein vaccine could be a potential therapeutic intervention for
eradicating multiple cancers. In addition, we have established the animal model of
bone metastases of lung cancer, and we have identified the marker genes related to the
bone metastases of lung cancer.

Key words: protein vaccine, SDF-1/CXCR4, cancer metastases, noninvasive imaging
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YD-SML ftmfetr 2474 A% £ 3 NIH3T3 mfntheyd A mig4k » YD-SML-
tk B8R HSVI-tk KL FH 65 YD-SML 4m i #k » YD-SML-tk 4938 78 & sAfE 5
HSVI1-tk £ & NeoR & B # & #4545 & (retrovirus) % #48 - YD-SML & YD-
SML-tk #= fz 3% & % 4 & 10 % FBS - 100 U/ml penicillin ~ 10 pg/ml
streptomycin ~ 0.25 pg/ml amphotericin B 6§ MEM %% * E#4 5 % CO2 -8
B 3TCeymB £ P34 - H441 ¥k A human pulmonary adenocarcinoma
cell B 73k ]~ fm f 14 B 8 (Non-small-cell lung cancer ; NSCLC) » # 1982 £ AF.
Gazdar ~ M. Brower #fo D. Camey # & # B B 3L 58 ¥k 3% /& (papillary
adenocarcinoma) & - B B 7% (pericardial fluid) P24t - BEF AES H &8 L
% & & B (green fluorescent protein ; GFP) Fv & X & 4 4 4 & & (Firefly
luciferase ; Fluc) XA A 6y R &k R S RWEITR L HEAL P HLHEARER
& & H441GL #a 8, - H441GL fm s A&7 44 10 % FBS ~ 100 U/ml penicillin ~
10 pg/ml streptomycin + 0.25 pg/ml amphotericin B ~ 1 % NEAA &) RPMI1640 3%
BR - BENE S % CO2 8K 3TCHEBIE %A ¥4 - Kp-hMSCs ta otk 4
AFR F] # #% ta i (Human mesenchymal stem cell) » # —41 61 K& g0 F
By osd  FAETHE 16 BABALREAEBS EO/E7T £ B (Human
papillomaviruses-16 E6/E7 ; HPV16 E6/EN Y R s 4t m R BT %L AEH
4 R 45 1t (immortalize) &9 A 58 o] 3 #p 20 32 < Kp-hMSCs ta it £ %44 10 %
FBS ~ 100 U/ml penicillin ~ 10 pg/ml streptomycin ~ 0.25 pg/ml amphotericin B 44
DMEM-LG 32 4% > B4 5 % CO2 - A 37Cey#ise ks Pindk o Lifie
BN %05 0 RIS A% © L 8 ml PBS (Phosphate-buffered Saline; 137mM
NaCl, 2.7mM KCIl, 10mM Na2HPO4, 2mM KH2PO4, PH=7.4)# ik — % » FRI%
PBS - » B AFLER 37CERE 0.05% trypsin-EDTA 1ml» ERe i &
FER 5~10 5048 - Tiedbsshmip e E G A% » LENBMBETHRE - A
RREHI TR e ABEISRRAEL trypsin-EDTA ¢94EM > LB HHE R
BRFRES > el L oiTiE c M3 B ER sl FF 8 B(Z1 coulter
counter®, BECKMAN COULTER)# 47 ©
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AR R % @ H &% A PE(AIID-E7-KDEL3 (A B &2 3)) 0 Be&RE
A 3.8 mg/ml FAFH-20C ERARBENTETAERSHE T ToEm
# A 0.1 mg/mice » #F LUIR 26 121 PE(ALID-E7-KDEL3 Aw A 154pl PBS + 3% 37°C
EAL 205 0 FAu A 20pl ISA206 adjuvant » B AR G YR W RAR o

YR %

HotmphEZaiReRESHREZRTR TR AM &4 ¥ £ &FVB/N
female mice) > M E m BB T 4L AR RE L4 R 2% R (CB17-Severe
combined immunodeficient, CB17-SCID female mice) - £ 2 B# % 4 6-8 i - &
EEAREY 202 04 - AAFARTAECRERRRAKA THEA » M A
i A f B4 % R B (Specific Pathogen Free, SPF) ey 3 3% » 3t 445 16822
24°C) ~ MIB(60-80%) & 12 I BF LB/ EAK > BREGDTUA SHRLERD
Z EnEIM R LT K o £ B4R S U B E AR R B AT -



(=) BEABRER P ZEaTREHERBSHLA  ATRBFTE THA
o fil 3 RE 52 o5 A8 RE T A X 4 5 o
(1) & 7 rEm X,
F—f NERAERETESSE® 10041 PBS # 2x10° YD-SML-tk 4
B - g3 A control 4a -
#of o A ERER L TFIEMEM 1000] PBS 85 2x10° YD-SML-tk #m
R 0 3 RAEFRAFMGESEM 100 111 PBS 84 10° Kp-hMSCs tm B - phta 2
Kp-hMSCs 4«
P AEREMATFEMER 10011 PBS # 2x10° YD-SML-tk %
B R TR R 2l ARFHRETEH 20001 5 8ERER
Ak o tbim B PE(AIN-E7-KDEL 4 o
Foa  AEREBIGESER 10041 PBS 85 2x10° YD-SML-tk 40§, -
3 REMNRAFHGESER 100 11 PBS 85 10° Kp-hMSCs fa it » 5B 45 w42
B4R Rfe I8 RIFEATFIES 200 9B G ERYLL40H - ok
4 % Kp-hMSCs + PE(AIID-E7-KDEL #
AT R £ B ES YD-SML-tk 4o B 28 R 44 4% 4% 40 AR o % 18 47 M 4 38 14
] e
RTHEBETRAZHNE  HAERRME LR &ehfoiady » B4
B E S XA U2x fdhx sadh’ -
S i PR R AR B R E X 11000 #2 PE(ATN-E7-KDEL3
B > 4T Western Blotting » B3k ¥ E7T R — M B2 RESHA -
(2) BT8R R 4L X,
Ffm o0 B RAFARE A 10011 PBS # 10° YD-SML-(k 45 « JE
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Fotm s AERRBIGEME 10011 PBS 89 10° YD-SML-tk 4a g - 3
RGP RBIGESEN 10021 PBS 84 2 x 10° Kp-hMSCs st « thia 2
Kp-hMSCs 4 -
o R ASNGEHEN 1001 PBS #5 10° YD-SML-tk %= 88 > 4
BT Rfn 14 RAFHETES 200l HEG TR G RLAK - tbah
PE(AIID-E7-KDEL #, -
o A RESMCESERN 10041 PBS &9 10° YD-SML-tk 4= » 3
RIEWRAPIGESER 100 11 PBS #) 2 x 10° Kp-hMSCs g » & 453
A4 RF U RPFIHATEM 2000l HEGERYEROR - ba B Kp-
hMSCs + PE(AIlI)-E7-KDEL % «
P & BAES YD-SML-tk fmfie 21 Rihdhat - BE BERA 24T RE 78 & &5
o BB A Le B RS- RO SRR TR -
(=) ABFZEmBNEHMEaR 2 T 5%
#f CBI7-SCID B & > HER - A=t - E—anERAHRY 145
7 100t PBS #5 | x 10° H441GL 4mfie % —am 4 Q450 & TiE 5 5m
1001 PBS #) 1 x 10° H441GL sl B Z 45 o502 Q5 M & T B Ak
A ESHER 1001 PBS # 1 x 10° HA41GL fm i o 45 5|7 HA41GL te ok
BHig 1R 3R T RAo 4 RBTAMAAES B9 23 XBIFEMAHR
w#fn X K (Xray imaging) - & FEFE RN Ry MG - W
B~ B - Al Ao R T Al B E-—abhB a8 Pl eme



WATE e A HEETSRE B0l HEE v &m0 - |
Fom A HEFASEE L 10%48 B4 E £ 0 #7568 E & HEE #
é a

B AT B4 T AR %% (Single photon emission tomography, SPECT)

BN E BAAEES 5001 09 % Nal - # 15 54815 4 4 8 R 530 E 54
# 1001 Ci [P'FI-FIAU 37 20011 o 4 522 B K08 > M BaEsish 24
JEAREATHRAETHRBRFRET TR £ R B 562
(Tiletamine 10 mg/kg + Xylazine 10mg/kg) ki &8F » B m B ML EN R EH
Pinhole collimater & % % F#% 4 & K587 & 4 45 (e.cam Fixed 180, SIEMES) - # &
358 Pinehole 6 244 » A& 99ImMTC 53 £ RSP A E — B B MR BB AMAE L &
AR T 0 BUCER 10 2 48{131I]-FIAU a9 %544 -

4 #H#4 K& % (Bioluminescence imaging, BLI)

A5 A A IVIS imaging system(IVIS® Imaging System 50 Series, Xenogen)
BT WA KAES > BhERBEMEES 150 mg/kg D-luciferin » 10 54844 45 £ &,
ENRBEAPATEY  SHHMK 120 DAL BRER ERKREMS
Fombgsaey ] > KL% P £ R LA ME®Q % Isoflurane and 98 %
Oxygen) »
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SDF-1/CXCR4 HiT #émfp 2 A8 45 1

ATBREAAARTEA S B L AN ERNENE AN ERB N
ER i RMH M KA - ©40 SDF-1/CXCR4 FofliE#H S w9 B H AN » £
¥ 045 T S tm B o b B o AR KA P 414 CXCR4 8 — M ey 88 (12G5) &
fotmfp b o) CXCR4 &5, # BN THRBEY CXCR4 £ 8 PR Hmpis
MBE - LR XBE L CXCR4 € ¥ X B mBaBHEY > s AR
F#I A 12G5 i + 40 H441GL # + & 1A wound healing assay #o transwell assay
B HEB & 0 £ wound healing assay # » FhwA 12G5 BT HRua L n 3
% 24 AR BRI H B A 12G5 e s RaysE(B — - A) - MR
Transwell assay #3888 T 12G5 i ¢ % H441GL Fif transwell 8945 84 /1 (B
— ~ B)» ¥ Transwell assay &) B 54 R 8101k - T LB R HAMIGL B ah
EME 1265 BRANEIR THE — O - WERETR@EOBHYH
B CXCRAYZRMBLE » BHT 12G5 iBipdllm B ey T 4TH -

BELRMRT—EBEATHRAA Transwell assay BB B w2 F ¢ %98
Rl E  SRB T TR A HUMIGL mpees T > £ B¢ Kp-
hMSCs ### % thtmf(B — - A) @B LB HEHBRILLI(H = -
B) r AR tm IR 61 FE G R M tm B T A5 ) o 4 40 B AT B 49 T B AE 3R E 4 i T 14
ARISIKERI S BN ETREAE  APERT LS TRE E—F
#3 CXCRA RE A2 R AR 2 M mfo i 58 7 - & 2T 12G5 g8
A Kp-hMSCs + gdp sl % 2080 fm B Rl A sl A e 5 8 - {2 02 ARG EHad
REH A ABEE RS HEREZ A AmAHaEH 1265 mA
H441GL e - ) # Kp-tiMSCs 4 86 65 538 53 B 24 #p bt 69 50 B (8 =~ B) ~

HEABREREPEOERESH SR L THEE
BAAERENATARPEAS B BN EENENE N EBEY
S AR RARA R e BT LN B ERZE AN REEE S
ARAGHFRF TR ARG ERIE  FUAATEAEOE A S HEE
SRR AR ERAHMENX - AL S RAS RO THEAR X R
oo SM» A TRBE L » #ABWESH Kp-hMSCs 4o i 473 tm 42
QRENE > MR BT R G B R Y &Y %% % S (immunization) - & & & MA A BT
BATRERFHETITOESEMN TR PREEGA RKRE 2 ¥4 2400
T M Kp-hMSCs 4 g fe PE(ATN-E7-KDEL3 ;4% ¢4 48 %) 9 » Btb = taehpéa
MIRARE F R M3 o 0 T A4 Kp-hMSCs ta it fo PE(A [ID-E7-KDEL3 4 £ &
ZEERT M AEATHASLZARIASHMBE D - A) - HEHEY
HRECTRAEATHEHBOBHEMNTR PBRES - BT 40 Kp-hMSCs %l fo
PE(ATN-E7-KDEL3 & e 3| sh - HAm ) Rek THABMMBE S A3y
i A ARRE(EL B - BT THAMAEANETOTRSAFTANONE
BHM TR MO RBRRE > AUEMAR N ReR T BT — MLl &
& Western Blot &% 84t $ 887 » 44 Kp-hMSCs fafisfo PE(AID-E7-KDEL3
REMNRARE E7 B —-Miugs > ek Kp-hMSCs tmfe £ 04 ET B - {2
F 32 Kp-hMSCs tw gy ) R B AR AR 2 E7T A8 o9 & & o SR g4 n41a e
R AR B A BT @8RG U R A58 B RS 8 B A ) (3



By @b TR R B AUR  RE AR S S E G RARERES
BATE -

HoANBRER B E AT ARG AR R ER

BHWMATREADEAL LAET FVBN NR T » RAF1E A 05 AS R
bRk TR EHN L THE A ARG MR » BoBET T R/RIPHE
REOABRFmpBn AAERaB S8 BENRY Mt —F e RIRaR%
AE SR ERANENEEEXOTHLE  AEERAARREZ AT LY
Aish A R B K (e RiIT - FRIFAB AN LB BET N LA
FAKEA Kp-hMSCs 4afg T8 sm AR oy B 0O T B8 » 2 R BRTE ST RS
& % 7% 3% 4 (immunization) - B8 RMF A BATF AN CHE B R AT TR
EHERERYHIERALERE  SAmanE 7T KOBYERELEHA
oy £ & GNHIEE S AU AL HGHT Ao mEn S HEREAH
FRN A AR RR AR R REESF RN AL 4 RABHEETUR
RAGHER Kp-hMSCs tmpg o PE(A N)-E7-KDEL3 54 % 0 £t B 21 6 3155 82 2 4
ZmA5 > BRAERRGHEE conrol MERRZABES) AEBBRESY
TR RREAREE R B AR AR Err A £ 9 RE4 8 & (nodule) > T X
HRE HE A Kp-hMSCs #afsda PE(AID-E7-KDEL3 54 % 4 5] 64 & £ 4 48 % 9.
BReadp il R(B £ ~ A MfEmB R £ E% - AER Kp-hMSCs 4o o
PE(ANII)-E7-KDEL3 6 &9 S MBI R ¥ > BT8R B% % £ F B &
ARG OASTE > FRE L L OREBE T LB > A F I = B8
RP  BAMARGRCA M BRSO T TadVE  mELEYE
MR BT AR R e A R s G S I Y R MR R A E S e R
(Bt B A MALEHREAER RO EEEE R EMLE
(control % @ 98.8431.36 ; Kp-hMSCs %1 : 85.4+37.15 ; PE(AIL)-E7-KDEL3 1 :
113+35.28 ; Kp-hMSCs + PE(AN-E7-KDEL3 48 : 31.2413.44) » ¥ 5T 50 B b %
BEZE BFHEOCARMER @Bl E TR S EHR BB a4 08 i
REAARGURE L -C) it~ FRRAETHRME BB total RNA
# > #lA RT-PCR #l & +4 HSVI-tk & B HPV16 E6/E7 L H th& 58, »
HSVI-tk % YD-SML-tk fm i 45 & &ty DNA A 8+ T M R 58 0 M A7 1 7
AR AR T & YD-SML-tk #48 @ R(B A\ + Ay~ @ HPVI6 E6/ET Al 2 -
AR F Kp-hMSCs 4 £ BAR A ENHERNOFLELE  RRELHTA
Kp-hMSCs #4169 BBk ¥ 4 HPVIG EG/E7 #9& 8 » B A M ar 44k 4 Kp-
hMSCs tmBa 7/ > 77 T38 8 Kp-hMSCs £ &1 60 T3 #h 40 b a9 5% 4 42 69 48 B )
BhSFRESG e RE A7 > R B ho Nk & § & ¥4 4 Kp-hMSCs + PE(AII)-E7-KDEL
ap P oo kBB E &K MAR 2 HPVI6 E6/ET M R B(B A ~ B) » A H4957
1A o R & AR 5 e A ) R 69 AP 0 S ABA B 3E 8t A P
£ R4 HPVI6 E6/ET AR AN B O HASRARMER mip b 8424
BRERERARERBR - WERTAAARRNES R AT A AR
BRI EE SN EaERAIEO A AR TRMNEBE S Kp-hMSCs
M E TR A & AT R &9 Kp-hMSCs 7R 3% 3] 5669 & 70 47 3% %
B gt 4 & 148 £) HPV16 E6/E7 89 & 38,
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ABHERRP RO TR YAHREER G el B+ fips] EA

LA TUNEL Z &R AR & T &M KX + - Kp-hMSCs + PE( A III)-E7-
KDEL3 #4140 ¥ B Kp-hMSCs taehp@tnh ¥ » Himf AT ENLE - 26
R e RAEREA TUNEL & @ & B4 PR Al > BREL
REMIBRTREELEACY WM > & RETEdHASH Kp-hMSCs + PE(A
IID)-E7-KDEL3 & 448 %) & - H g 2 F 44 tm Bl A 15 % 18 B 24 Kp-hMSCs &
ENHRAERFAB(BEA A KRB EILAH R ETERRENE R(H
Ju~B)-

FEAR S TRBEREUABIE A THNZRS

KIVER T H & & 8 %k 93 B (green fluorescent protein ; GFP)fv 25 K & 4
% % & (Firefly luciferase ; Fluc)k B 69 A8 A8 du i (HA4 \GL) AT Z B 6h 1 4%
W an4sPA A BYSHEEAE M FUATRANN TE L2
WATHRRMEF - #§F HA4IGL fmpix st A CBL7-SCID /L R ¥ T 5 BB %
B SRNEEEREE 13- 7T - 4R D REFTEMAREY - L LEBETP
—HMERFIRES HMIGL ot £ 8 F > N AEBEHEE N 1 RIEEP
AR BABRGMEE MmN 3 R T RABSRT B B HLILE
g 2 1A R XTHEARE > B HA4IGL tmpfie BB 18 - M4si2i2
FEENRAR - TE 7T ROV PLEBASERARIMBHBYE  £F
PRTHEE P BN RS EEREMAE R A 4 ROBE TSR RS
RO EHHEABMBBHNE  ETHAT HMGL 8 hi5B 4% BT A
BT EBIEROFM(E+ ) - ®F A FTRELYLE  BEMEE 5/

i m AR ERETRERAMBYNREF RSN Aam A RN

HhRY HEABRENEGRAELMAE  ERAASE AT A ARG MIER
HB-+ () AR ERE THEFRR I aROE 0L #HAT
BENBYwEE — 2R AMERHMME  ONESBEELNE a2 ]
A B 1L REBREFRAGBHES  EHIABETERIMENE FAYL
L EBRF TRELZBEK TR AMEIE  ® 14 RN HARER AN
KRG RSB S M BOEHBR AR LA X B TR PHEWMESIH ALY
MERmpaEa(BT () N E— S8R E L NS EEANERE MY
TREME » PTAMNE 23 A9 mAh L& - MBEYLERT X A% B
FEMAAETER X A BENAEBEEN - - BHBLESREHR

FMEROEMARBEAMEREN X AR EH LM M kB NngEak
FRAMEE+— A - AEZ QXA @M AL LY RERARBLRE
R HEN X ASBMIEARGEATHE > PEEAOMESOIELNEELR
RGWE2N N F-mLAOEGERRA B X £ 2B ELTHR
BB TBEBOTIRYE  HAFTEATRECSEREEEZEANE §FE LAY
(8 +— - B)-

AR B RS 2 Ak 4 R Y

BHIFFANA RSB LT HMUIGL mi S h B BE AN T kit g
WMEBY - BT EARWEMBBOAS Al £F 23 REVEKE MY
R4 M AR ETENS ALY - HE AL PHAREMHERTELY
& B4 # (nodule) ke BAY - M A BB - HRERETH MR HBENIEZA
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ANEPRERLRRAMER BN A AR EASEER T AU 9 BE(E
T A BRI MR A IR A Y P RAE AR e
PRI S TRATRIBHOFEME L LR ML THE—F
AR h RENHFRHT - YR E a2 8B ARG h ALY
%o AREBUEAFVRGAY  REESAELASEAYEHLER (8
AFRERE B AT 05 R B Ao $ ) A A R AR A R BRI R AR
B/ B&¥ER  THY HUIGL e R R BMR & TRBM T I OB 514
BRI MAFEARY MBS M ELI AN TS F UL GLA AN
B AR - BEARAEME YN LA AN NEAE (24 A 8RB
R ST LA B & (nodule)ik e9 BE % 0 12N R YA E Ak B R 0 b T
FEAMNATHEY LEFAMARAYER(B+ = B) -

MEREIHARHEZFESLRE

BN ERAMTH AR AR LA AL BB~ HMIGL e A4 48
BRAGTMBLGEN BTRH T LGB FTROES  Bibisirmsp
e oW K HUIGL mB AN S WA B8 HME - B —mE£8
OERREFTBT A AVMOEE@R(E+Z A BB TEERAABRR
(B+Z= B) £@KAHA Anti-GFP LB EiT 2 E Akt » Br i8S
Seitmieh GFP &£ » RAFLBRIIFEANG HAIGL Bl ffe 5808
ETTHR HMIGL s X RGFLENFHE%  FLOEHUHF BTGB
EREFOERZF(EFZC) MARKGE BT IREALBIEFHEE
A EBBRET  HITAFRTRABRRAMAEE T MY EN mpiaas
(B+= D) 8 paaREeminlts HAICL tale » # B £ S4B BRTT. .
RERFHBwRF TR IRBE+=Z -E P ETHZA+- A ¢
A ELOMRAREAB AL A o2 R L M b T2k RE/E
BASNBEAER  AMREFA RASo Y  FRLASVE S LTS A
RotBXUBREBSOR R BEAN IR - S8R mebiiTs
RVIRE  ARABABAMBREGE B A RA - LR TR 5] 555185 &
BOEARR  ATHREB A FRTAMMOMENGEBLNER - SRE T
BAENEZRGERE  FMMAEERKAOTA Y TUSERGELARNAR G
H441GL fmfnrr & R ey B AR+ ~ A) » @ 48 3% B (lemur) § & A H (tibia) % R
M ERATARMNBEN FTHSHO LR BB S hEERTA
EEBOMATRED L AEABMAFTFOEREHSY HMIGL 8
MR RLH THitabtE(B+m - B) mnFEasmE ¢ SHETeE
MAER > BTHR HINGL st 4 KM E T FH BB LT F
BB (B w C) - i P =48 HMIGL tal ik 4 & Tho L5
HEEELHBOTRAERE A LRARE  MUBRA THUBRREAS L
EABBIEREN  NEABE AR N A F s HA4IGL mAp ey £ 7
HROERBETARMAE o4 TUSAR TEATOHBENS Lo T
B A ABMAEEREAS Y TERENEE LB ELE A
HRFHAETOABRYE oMo eTEURE+TE A £ 55
(B+Z BB EBEFZRAFTRMARB L C D)YRLE &7 564 o
AR SEERANER AT ENGE BB E A EEE -



FHAMH B2 8B BHAR LR

FHFTRARAMAEROH Rk B FRESAEN ALY
PR ELEHG TR > A AN AR R T H44IGL £ E% 0 By
# H441GL PhEFABHMOARRZFT LR MMM LY - KBLR S FHe
H£RE &K+ o4 RT-PCR 547 H44IGL v o4 KR &R - L Fats#H CXCR4 -
SDF-1 ~ PTHrP ~ CTGF ~ TGFBRI ~ [L-11 #= MMP1 - it st GAPDH # A& & 54
(B +X) o %5508 518 Marker gene & dy GAPDH F354btk > #47 BAL &3t
BREOTRT TGFRRL fv MMPL 4 > Rabay K B 4838 28 R o9 & B3 1 47
HABE LS MA T CXCR4 hRAKFA/RH SFRSETUA R £ B(E +
+) o

EHAMBHEESYHE A2 EY

MR EBBHMETR  AMOCBATEHAHRINYNE wipe sk
EHBBABMESN  MLAL TRAHRASEIN BLBEaThat » T
BRATHBREBOBBUFAEIERE  AME THEBGHE X T RiEMR
AATWHMBEGEAERE  HMAESRIHNE RS TSEAETREANEY
B AEARMXBARTRAFTRAGRE HENEHaREARBRELAT
HRaBEBHMBEA L LEARBERRE —AEHREHAS —ALCEE
foOMRAPLEILCTFRABY G YR A LER - TR BHFRFER » L
EEEARANBREARGTYH » M RATEA T E LR B 64 $ 4
B> HAKEWHEN EEKATKREW@IENRY  FTABMIET
BB athi ShEPLRET SHAHRISOW AW §7n
EHEARBREOMG DI ERPEAWNE ML T~14 REAL TR AT
HBBE+TA A HREACE I BB TRT > BAWBKLECEIHNE
FTHEBREL  AUEIHERC IR SHONIE 2o d T~14 RIBALE
2l TREHABHBE T B Bk HMIGL ArEH S EREBIEN &
HEMREASHHRAPEHTHEET BASBAVE  KATEAWBHRE
AR ABESMEXT  RNERETRATRAEN TREN AL LT
% EMESHAMMBRIeBEUTBHIAMSOSREB®B A O W
FHRBTRAGNGOMIIFHEEIRBERBlalei B FTULE RS
BB ANEISRES  NEE—~ S H T RS-



k]

HER  HuptBERRAMOAEHE  BACASREEHERYTE -
T RTIE BBRBTMMBERSIERER S 0 BB EE
AETH ey m T AT G i amgt bt LYokl
A ERFHBRANAE P el LAHF SRS FO#HTS
IBARYE > MBMNATARTCET THES @BERN IR R RI M
MLz RE Y PASILRALET N L @IE9) 2 R840 3 Rk mey o
0 AT RATAIH Transwell assay #§ #fm o fo ikt i AT B35 % MR
BR-EHmpEEsaNr TR LAREAE -y E Y SDF-
1/CXCR4 £ #htaf i Bea B8 FH £ — R EHHE - SDF-I/CXCR4 B — 1L
# % % (chemokines) » (b 2 F M ERAAXAGTERLB2EEOHH
(chemoattractant) 69 & & » H 4B % N 34y cysteine 94845 R wHa - 457
CC~CXC~ CHr CXsC mm %% + £ 4 SDF-1 (CXCL12)/CXCR4 3.4 CXC %
¥(21, 22)» AP RAR SDF-I/CXCR4 FoE i BB AR SMMEMM - LH
ARHBEB METERBRERGH FHEARM T - THERBONREY
pe AR R TR PRGBS - RPN ERTEET T SDF-1/CXCR4
UM PEH@BOEESNE > ARAMEAA shRNA AR FE I/ T W
SDF-1 downregulated A% fm fafo CXCR4 downregulated F ¥ 8¢ émpg » A A 4
FHBHRENERANER SDF-1/CXCR4 # S mmle S Hn e ® ) BT
FA Ot R 2T o #) SDF-1 Fo CXCR4 & 31R,65 shRNA(FH4k) » B ATiE
LAETRERENGE N H e Bl SE T8 tE 8
SR HEENE — BB TAERGBE M ARMMIEMRT SDF-1/CXCR4
zoa  BEEEOBIZET > il H XBEAILE R FE B Monocyle
Chemotactic Protein-1(MCP-1)}AiE$ @ity & #8523 F#EAA BT R
EHRLEAREEALE A mRESEESG NS T ERERRBRY
R e

HEBAMASIRBEATCKEIZOHERE > A PHBES XTBEREA
TH AR BIbAH EE LM R EHBBEART I - BELNS
BoBRTENDE - TR — B8 PERELEBRLAHE -
AR HEERE NG ERFTR  ER2ER UMM GERE - LRRER FilF
A :  ERERERONE  TEESRENEEFTR  UELERRA K
BERCH - EHRBEOREEEICEEY B85 - MAOHHEmE
HITHER SRBEFATEBRRAR  mEAERERE  ¥4BARES R
(25, 26) - A RAFENH B WS HRAEFEE I —EF 2B I1F A AR 4
Bk UENREHHBEMNE THAFR S FIRANERESREL BT Ekinilis
B mBUMERERBFAE  EESGHRUREEEAT EAFTEAERMNR
WLt HAET DNA R RO ARG URARM T aRASELAR moARY
AR E -4 H—-EEBE AU EERRZARNZRENGHE > mHNE
HERR ML MAFFIBEERRAFERE  TERRARALEHHMAB(27) - &
BHANAMESR e AR NGRS RAE H LG MBE2Z AU ETEARE R
Fl 3 tm B &Y AR R4 e B 06 A N AT SR ALl Fo 380 - H B B A E—
BEBEAAPAAR IR EAR P AR  EALSEHAMHBIRTN
Seidy > TIGEM AL AR AR 0 SR E RS RBIE K - A
LR APF A AR Bt A AR ERBATHREOT R GAMRMmII LY
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RAZFTAB - FREREN SO MHIGHO RB ek o EEe £ &
WAL FREFALAT » RHFE AHLFEASF G SR AR
EHtalp R RES  EBANREEAG NG ERELHKEN - G H it —
S AT BE dm B B 7 AL AT HA 6 bm B - PR AL MR R B A B B B B
8 BT R F IR AL — 451 - @45 T:EM human multipotent adipose-derived
stem (hMADS) cell ;4 mdx (X-linked muscular dystrophy)-]~ & 3L ) fﬁ-é’:f‘g’(29) ’
A ¥ human pancreatic isiet-derived progenitor cell ###> C57BL/6 /s 8, +(30) -
MAEFABRGH AT B B ERNERETHLHEL  $AENAT LiEK
WEREAH RN WTARATREN ARK EF iR FVBN A L -
%ﬁ%ﬁﬁ*ﬂﬁéﬁﬁéﬁiﬁﬁaﬁ EOR N & Rk 2 N Sk

R EBEMIN B R R R — B TR S ke e AT R
:Eﬁ@ ey ¢ PE(ALLD-E7-KDEL R $+# T ¥ ARMER M EE Ef
o RS E - MHAFEHGFER LR GRS - L F— riiiii%‘aﬁ’fé,f{u
PE(AIL)-E7-KDEL 44 YD-SML-tk %ﬂﬁﬂi@%ﬁ.éﬁ&%ﬁﬂ R YD-
SML-tk #a i 3 & % 38, PE(AIID-E7-KDEL #r #3245 HPV16 E7 #nJ? FREA AR
PETEBREAREL MAEKSTUABUNERBBRAENT Y EST R G EHE
T A E R EEApHAA R ERE ROER - AMERGERBERUA
PR EHmp A BR 0 £R G KphMSCs 475 #6%> ¢mE R Kp-
hMSCs 2Ev » FFIAE B P &9 Kp-hMSCs #v PE(AIID-E7-KDEL #5& & > ﬁ_}ﬁ?
%m%?aﬁﬁxﬂﬁﬁKpMKmmwﬁPWW6%E7%®£% {8 7% o #

HARBEFEE MO R ERLEEEABRAEREB W UL X T
PRBalpdt kR THROFEAR = (1) 84K YD-SML-tk m i 3 4k &
PE(AHI)-E7-KDEL i &2 f & m A ey 845 » 2 d# Kp-hMSCs 1 742
At R FHBH (engraf) MEB Y FLARTHENLEMAER -
RE 4 RO FRNE &4 Kp-hMSCs AT R » €S REBEABY
Ml ERREBETRCE AR FTRAETHROEESSr S AH
HEXBECHEALEMERE B L RGLERE  AAAEH o ® oM £ Rak
SRERR P9 o) fn 0 ER T IR B4 PR &9 2 R(3)) - (1) F X Kp-hMSCs A B 1Ry
FARBHE  REHLAWBETREIESA Kp-hMSCs &y BHE - F—
'fiéfl TH BHEKEFART  HEHFE- 230 EERE  THh BhuKe

il EE % S % 9% RO &Y ta Bl i & (cytokine) o 48 1 3§ (chemokine) » b &
BRETEMNEEE M R@EFL > X NaFE 2interleukin-2, [L-2)Fw
-'Hg%?(mterferon INF) A7 ) 5069 B 25 3% F 4 i (Natural killer cells, NK cells) Fu
% + 4% & 7 (nterferon ¥ , INF v ) ~ tumor necrosis factor (TNF) - 7 & %
4(interleukin-4, IL-4)#= granulocyte-macrophages colony-stimulating factor (GM-
CSF)#r #1884 E °% 4= p(Macrophages)(32) - 58k 3k § — M 49 %, /% 4= B0 30 T 45 5]
A2 B 78 69 4w B 7 AR (cytolysis) » sbob R FALH C B R € 5k S i BEAE ) dm
sk 0 & F a8 T F# % (nterferon 8, INF §)(33) ~ £& % 2 (interleukin-2,
IL-2)(34, 35)A 8% 4 26 B -F (tumor necrosis factor-alpha, TNF- ¢ }(36) » & 46 & &
i fe s E T RN GEOI L FANEBAEHEI T REESEL K 0 8
AT SmAELARHF o

MBA—BFERBNEE  MAEBBEZHENNKEE - - BhF
B MEMNBHL4SSFXAERERERMEBBAYER L8545 %ﬁf?%
ARG AR ERAGBE  BREKOIETER  BEXTI - LR
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FRELFERWEXIMX ARG  EMARES - AMUARITET T E L
STHRAEPRMA RS TRES > MAEEARG T A mE X TR ER
ReghifmmBds LRI R AT REFESFENEN - A IEE
ANES T TFEEHTRER b ZBOBs  THS s ALARELATY
£ B4R 0 @& ARG A B/AR4H(Reporter gene/probe) iy FAEEE - £
ARG TERWBEEESHGE— Ao E - RATHRTFRA LAY S LEE
FEFEAME RS A GFP Fo Luciferase 49 AFEM B mfs (HMIGLYN £ 2N &
B AL AEE TUERE O T EAGNRlall £ 7 RAEMLLMER )
MR g > MmA 1440 23 AT AMMBENR T, T8 4%
BB T RIS - £d846 7 %8 K 4% Multimodality
imaging) > A X %% B E S AL HI4IGL w83 FHAE » 3t 47T
WREBREBHTEE BT - 82 04 X H44IGL e F oy GFP AiZik
Yo MARRARLENERBESLXRAUEY HUMIGL oo i 5 5] 5 4
P T UBREHEFTEAY HMIGL mipty A REHFRBRAEN - AL
BREHENT  BeBEEeRYETRAREE  WEETH X L 8
REHE FHSEYIRARAEEAGDELEANEEL M BB UG E
BEGEAN  ATRERTEABE A MAARER X ABGERA RERMFE
BEBBER BOTREABEN R O SGHRR AN I BHhTH
W EEA AR T R A® X LS HBFE - ARBY  EhEE -6
BRI ESMEAHE  QRMAMSARGNE L LENHE - MiagN L
ALEERAR BAMTREESNER L RGN A BAABRFR A £ 44
ZHBARTHTRBHE B FAEISEYRBERR L  REEAOKER
B#AS — TRy AERSSE 20005 5 BB ies L BIISVItk)
Ed ey A F2x — R RRBELTREMNALANEE T E &L B (suicide
gene) - ATULE TRESGEBEVGERAEY A AARNREARTSEM »BH T -
B EBRANELERL A4 AP TSV ORGBREAR - R
SRR B TABREY AAURS T TAES YR B ER REE (37,
38,39) - ,

RACHFSIMASTTEERBEN IR BHUHAE 6 T L
SPECT i4 & B plsd & HSVI-tk A F &) T 4k B m R (40) - 34 MRI #% % & BB L R
AR T6 THE@MB@D -~ 1A SPECTBERMYE HSVItk AR £ -
KB B (42) e A A A RS B RS Luciferase A H ey ABRILE = AR(43) -
MATRBERAMAAECEEMNABH R THE N EMA LY
HHEEENTHRENSANBEEmE - F—aE80 23 Rt ihs
AEBPALBRTHBOEAAHAGMEEAR  ANE X AXBE THELFBRE
BFERAKGEY RARBARAAFE A 8N 23 Ry X AR FEARENF
BEBOBE BERRENAS AR IBRGABIA eI EHERL
HAHCLLIMEREAFN - AL XBEFIFTABAMUAETRER  Hbiniisyg
X AEEREFRLHILBaRAHIFESNTE > RHBIC10~12BA4THF
AR ERERAAYALEROE S RER T HF SR ABESBE @ 16 X
BTIFEARERAMF R AmBEHRBA X L2 H 2o 45 RITHES
BB TR 49  HRAE WA X EEHTELORANBEEZ Y
Ml R TRMEFIRGHEGEE o0 BRBIEA -
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RERBAARBEELY - BATERYELEH - BEEBTHYTL
MEHREFAE > BACAHMEET RSB TR RE 2 — = # B
SDF-1/CXCR4 st 48 16 2 48 16 % (chemokine) 4% & Bloffgta AN Lay
fo Pk ¥ 4w fig (Hematopoietic stem cell, HSC)# & 2 F 8B F #4742 & £ A
(Hematopoiesis) & # ] & 75 ¥ 4801 69(45) » R B &y M LA 6 BB ey e s - 5
THRMEETERE  BHAHHLES TRBUI, 43, 44, 46) ~ B PIBR B 6 B
B8 40T A 18 E 9 SUR 3 ST E IR 5 A8 B I IE S & A
BHEY PR R FAIR — b B e & B KM R fa B % BB R
RRTEUSFRBHMOLAA AR SR 0LE T #0 4% f= f #2 8 (homing)
#8 B &) SDF-1/CXCR4 - #v= fu & #7 % (angiogenesis)48 i &) CTGF Fofk B 1E B
(osteolysis)4a i &9 IL-11 14 R fo 3% & B 4m B (osteoblast)4a B &) PTHP #H BHBg
HLA BTHEELNTREB LI RTINS EhAMAE
£ SHLEMTROETHAEL L THBSEE EBS T4 marker gene * BA] -
CAETHATBBBN TG ERR TRBEN OB i - EHEHRE
TN HERBER R T REB AR AR A LR - R RRLDET R 5%
ZHH -

ﬁﬂ?-ﬁ%?:\%ﬁﬁ?%ﬁﬂ Pohtmfs L HRRVAFTHTYEEwp
(osteoblast) ~ £% F #m A (osteoclast) s4 & & ' = B2 ( etmmal cel )£ L P » ma
TH ﬁiiﬁlﬁ%(bone derived growth factor) - i B 5 (osteoblastic factor)#o
th B B F (osteolytic factor) @ L ke B B R F - i‘\"ﬁ‘!‘ﬁ‘f’ HHEBRENQRT
AR E 2] HA41GL fm i 05 45 5 F 56 0 OB Ho sl AR AT A A & B s
# % B 7 Iytic bone metastases g9 X - M RMEBE RSB R fHR
5 8 & 92 15 F (bone remodcling}B K&y - T ﬂﬁ-ﬁiéﬁfﬁ 5T a8 -
4o p (osteoclast}AT & 4 655 R 415 B (bone resorption) B4 & w 1% B 4 B f5 3 T
4 %,k A (bone formation) * & st = 4% /B E%ﬁtﬁ:%ﬁﬂq?&_ﬁﬁ'fg@ﬁ%*fﬁuﬁ
FHEBORRE R EFLFHBY  eRPETB TN TE - PR SAAR AR S
REhFmBO AR B F RO E T ERER » TH A mEHREER &
osteolytic tumor ~ 3 4w % 4 g 45 B 49 osteosclerotic (osteoblastic) tumor # & % ¥
{8 1E A #) mixed tumor » lytic bone metastases RAESFTHAABERBDKX
W5 HMEE & A L Iytic bone metastases M i ¥ R AL B S BB ELHE 0 M
& S 2R 4 s e) osteoblastic B K 69 B AR K F BATIIARA A L - 8RR Iytic
bone metastases > blastic bone metastases #f 7 48 g4 g 4% Fo B {2 BE 9918 T £ S48,

> WA A A ) B BA5 % K Iytic bone metastases #yE kA A B R BB E R
lﬁiﬁi T AR A R AR e b o e R Ao B F B B E AR BALL - Fit LA 4,
HEHR XRREFREBRTERREZMETEA MM AT ELE Fir LA 3%
MECHBETBHALRTELLRAP LA LRSS T T BE WL
EreBATHrFSREfFiempfienssras g Nk
B HHAE B WA X 9B K R X 42 £ Nature medicine #35]) & » ) sb Sy 4%
XEBE-FARANBEES P ETEBRREAORT P o



4%

BREMZAOATERET TH RN WO BRET  NEAS LS
— &9 F| A 8 9h 65 Transwell assay T 53588 T SDF-1/CXCR4 B 4 3545 % tm i 48
BROIBE AR —H A RAS SRS E LR A YR L ¥
RABBERE  LRATH@pEWBOSHERAMN  BUENYESEAS
GREGBRE  REGGELHE—BROMS > SRETAREAUNAY
BEROBRAM - AAROE S RS H THBEY TRABETEENT
B BIIAHHRENALFTRES LN > BELH B KE4 HA &£ (Firelly
luciferase) sk Bl 4 A SAAb R fm R4S Sh e 5 » B2 T obmpb k) B 8B aE H -
BALABMS BB TESHMER B S OHABRSLE AT RS
R ERAME S BAMORBR AR BAOU LN ERBHMAESRE Y
ARRLE-STHRUHHBEAELNTRE > THEL OB  MEas R
TFURARHDGFTEABSAMALRN RAFMELEL  LARNSB LG
X HROLIERBERL EHB TR TEB2 W% - o
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MEEHERHRAE

. #IH shRNA s 3 i & £48 & CXCR4-downregulated mesenchymal stem cells
#u SDF-1-downregulated lung cancer cells + 3 #]F 5 Fit SR RiT 58N
P b B AR R A M AR R T -

- FEgapi R a TR OB EREGRIAER

- BRETRABTREERRRNGF RSB R BE - S 2L P AR
ERZER -

- RAIFFGOHBEBGHEL  CHBMAFARRZEBHER > LEAN
RURAEBIRBERBILERRORE -
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