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AT SCE DRI Tk 2 IO T 8RB 00 N C ORI EIAR EAE I OB ) LIEL . LR 5 X VRS 115,
1R Fim Tk, PAERIRT D L CORERIETH Y | RIEEWFHIEREO LB SN TR
BlzB W T, ISR NI S 1L 2 B MU NRBE COIER Ml & R AR O B/ 2B+ 5 2 L OEE
PEIZOWTCERIR LT, IEBIEAL D& B Cs AURBRE & A AVEH 9 2 A O TR0 OBEREICIN 2T, M
BERTREERICOWT, ZNETICHEOLNTWDAR AR L, ARETFRIC CREEIC LBIE Sk
VWA AR AR OFRNT I I XS 2 T HIR AL ECTH B Z L Halk 7z, & LT, FHRICBF LIt ik %
HAWT, = U REBERE T L ORBHM/NREE COMLMAME B/EAMM AT 2 L2 B L L TR,
%2 W BN OZANIMBIRR A A— 7)) Tl RO REREN AR W FERER I &
D AMIEIEIE, SIEIRE, (KEARINE & L AN #E1%29 5 multi-bioluminescent reporter system (MRS) % >
T, ERBRIER O WIHIERED BV INBREE R O 2 A IR DS % BRI - IR T2 2 R ARETH D 2
LER LT, AFREDATIFIE CRISE S4172 MRS 23 A L7zt AL Al PC-3/MRS # REIIREALIEIC &
VEBEICIEET D Z & T BBIIERAIEME D b O R AMIOEBM NRIE~DOISE RIS % MRS OA KR
ARV TIZE S THLMNI LT, 2, BRHAIRES zoledronic acid (ZA) % PC-3/MRS O'HHZEET L~
JANEE U AER TGO M, AR 2 RIEIRE & RBERRED G EICIK T2 Z &3m0
STc, BEEMIlEE W SEERTlk, PC-3/MRS D5, KIEISE. REFISEICKT 2 ZA OEBEN AN
LN 2T Z DD, BEBET WVIEIT 5 ZA #5125 5 PC-3/MRS OISEE kX, fE MO E TE
HNZ K> THEBMUNREN L L2 2 LICERT 2 LW ) BN R S ns, YL EORERM S, MRS X, #
AURIRE & B R DR BAE NS &K o TR S 2 BBV R RIS 3 2158 & . B0 DT rTREIC 3+ 2
ARFETHL I ERLE,

5 3 ' [AAUMiE & FAVER U7 iiia 2 SR D HA O BRFS ) Tl BBMUVNREE ISV TR AHMIRE & 8
HAER LM Z R LERIC X > Tl 3 2861 = — N8I 8 6 A i 5 secretory
glycosylphosphatidylinositol anchored reconstitution-activated proteins highlight intercellular connections
(sGRAPHIC) ZBH¥E L7z, m&PECs Ry oW R 2 MlasMI s 2 2 & Ty 5l 4 2O
% sGRAPHIC |25 5 5rilkkal & i zh R o BRI 2 | iz VW2 ERh o o Lis, £z, BEF
DAL & s LT, sGRAPHIC OAEBGNENR RN L &R L, S HIS, EEFEE O EF i h ok
Bk 26 > T sGRAPHIC DaEGIRRMARHEA L 25 Z & T, AAAMIIIZITHE U 7o filfid 2 58 R A9 B0
FRFTRECTH Y . RISV @ H rTRe 2 LB R B Th D 2 L &R Lic, TRHORERMNG . A MK &8
HAER L= Z2 M EA IR R SkHIia 2 . sGRAPHIC IR 2hRICE AZ#R CE 2 HMTHDL L 2R LT,
%4 T TSR L2 AMINE S AR AER L72Mildo sGRAPHIC % HW-fgHr] Tid, % 3 =T L7z
SGRAPHIC %~ 7 AFIABE 7 MM L C, ISR L 7= LA AR BE L 7o~ X Mo b OB & FFA
T5ELE BT, W LD~ YA PR Lo, BB L o a7 Vg & R D~ N KA
FOBURTHRET 07 7 A VvEk, 1 Ml s T A7 U7 b— SRHTIC Ko THlg L7253, 3OS 7 VB
PEDD /MBI Z 8 U CHAAER Lic~S MY BTk, RO T, M8 8 o AT s D 2 b e &
FIEBREE F O~/ A MOBERT 2 BB TR ERSZ ERHA LN o7, LEOREENS, sGRAPHIC
E1MIRNT A YT b= AT A G DE D 2 LT, ZRETITIEE A EMRIT ST I R2h o IS
INEREE R DA~ M A S OREER I S U, IWEMNREE R O MBI EERAT A ERT 2GR FETH
HT R,

FHE [FEE TiX, F2ENOFEAEFT TTHONLFEERMALZ E LD, MRS & sGRAPHIC 23, #5884
/NBRIE DB 5 SR RO M AR A EH DT I W T IERICAIRBIN TH 2 Z L 2R L, ABIEO#MREE L Lz,
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Metastasized cancer cells establish a unique microenvironment (metastatic microenvironment) through interactions with
neighboring cells. These cell-cell interactions in the metastatic microenvironment hypothetically play pivotal roles in the
efficient survival and growth of cancer cells. However, the mechanisms of the cell-cell interactions in the metastatic
microenvironment remain elusive. In this study, I investigated cancer cell responses and cell-cell interactions in the
metastatic microenvironment with newly developed optical analysis systems.

First, I observed responses of cancer cells in the metastatic microenvironment of murine models with multi-bioluminescent
reporter system (MRS). MRS utilizes three luciferases that react with the substrate without cross-reactivity. Previously
established prostate cancer cell line PC-3/MRS that stably carries MRS allows non-invasive and quantitative monitoring of
cancer cell growth and activities of transcriptional factors that respond to inflammation and hypoxia. PC-3/MRS enables us
to monitor the cancer cell responses to the microenvironment from the early stage of metastatic foci development.
Furthermore, PC-3/MRS revealed that zoledronic acid (ZA) treatment suppressed inflammation and hypoxia responses in
bone metastasized cancer cells. Since ZA treatment of cultured PC-3/MRS did not elicit these responses, these responses to
ZA treatment in vivo would reflect the responses of cancer cells to the bone metastatic microenvironment, where ZA
suppresses osteoclast activation followed by bone component release.

Next, I developed a new technique, secretory glycosylphosphatidylinositol anchored reconstitution-activated proteins
highlight intercellular connections (sGRAPHIC), for fluorescently labeling cells adjacent to cancer cells with green
fluorescent proteins. Co-culturing of cancer cells and various types of normal cells, both carrying sGRAPHIC reporter genes,
revealed that sSGRAPHIC selectively labeled the normal cells close to the cancer cells. In addition, sGRAPHIC has
significantly higher labeling efficiency than an existing method. Therefore, I concluded that sGRAPHIC is capable of
selectively and efficiently labeling cells that interact with cancer cells in the metastatic microenvironment.

Lastly, I analyzed cells interacting with cancer cells in the metastatic microenvironment with sGRAPHIC and single-cell
transcriptomics. A breast cancer liver metastasis model was used to label hepatocytes near metastasized cancer cells with
SGRAPHIC, and hepatocytes in the metastasized liver were analyzed by single-cell transcriptomics. I compared gene
expression profiles between labeled and unlabeled hepatocytes, and successfully characterized hepatocytes in the liver
metastatic microenvironment. These results indicate that combined analysis with sGRAPHIC and single-cell transcriptomics

enables to investigate cell-cell interactions in the metastatic microenvironment.

Altogether, MRS and sGRAPHIC would be powerful approaches to fully understand the metastatic microenvironment,
bringing new advances in the study of metastasis.
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