The advantages of the patient-derived
orthotopic xenograft (PDOX) mouse
models of cancer

A great breakthrough in cancer research was made when Rygaard and Povlsen subcutaneously
implanted the first human patient tumor in nude mice in 1969 and passaged it in nude mice
77 times. For the first time, human tumors could be consistently grown in a mouse model. To
this day, researchers are doing similar subcutaneous implantation of tumors in immunodeficient
mice. However, subcutaneously-implanted tumors almost never metastasize. Thirteen years
later in 1982, Sordat made the first orthotopic nude-mouse model of cancer using colon cancer
cells. Sordat observed cancer cell invasion, not observed with subcutaneous implantation. In
1991, our laboratory published the first patient-derived orthotopic xenograft (PDOX) model
using surgical orthotopic implantation (SOI) in nude mice which enabled for the first time a
patient tumor mouse model to mimic the patient. PDOX models have been established with all
major cancer types enabling the discovery and evaluation of novel therapeutics, including anti-

metastatic and anti-stromal agents, as well as individualized therapy of cancer patients.
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Organoid culture of bile from advanced
cancer patients and its clinical application

Majority of the patients with biliary tract cancer (BTC) are found inoperable at the initial diagnosis.
Consequently, they are often treated by conventional chemotherapy, but BTCs are generally not
sensitive to cytotoxic agents, leading to the poor prognosis requiring future development of more
effective, molecular-targeted therapeutics. Organoid culture is an emerging technique that enables long-
term propagation of primary cells in a physiological setting. This technique has been successfully
applied to BTC specimens as well, if successfully resected by surgery. Samples from patients with
more advanced BTC, however, have not been subject to organoid culture, partly because collection of
tumors in an invasive way, such as percutaneous ultrasound-guided biopsy, could be hardly justified
without therapeutic purposes. On the other hand, bile from advanced cancer patients could be
alternatively obtained in a relatively non-invasive manner during therapeutic endoscopic retrograde
cholangiopancreatography (ERCP), which is conducted to relieve obstructive jaundice caused by disease
progression. However, collected samples are frequently accompanied by severe bacterial infection, making
it difficult to think of bile as a starting material for cell culture.

As we knew that bile collected during ERCP treatment for cytology examination frequently
contained cancer cells, we asked if we could propagate those cancer cells as organoids. By optimizing
various processes including vigorous washing and prompt sample processing, we finally established
a robust way for organoid culture of bile-derived cells. A total of 82 patients with biliary disease who
underwent ERCP have been subject to bile sampling for 3D culture. Organoids were characterized in
various aspects, including histology, immunochemistry and tumorigenecity in immunodeficient mice.
Success rate for organoid culture from bile was as high as 89% (73/82cases). Organoids were also obtained
from surgically resected BTCs and from bile of non-cancer patients with biliary tract stenosis due to
stones. Histological studies revealed atypical cribriform structures in tumor-derived organoids, but simple
cystic structure in organoids derived from bile of non-malignant patients. Immunopositivity for p53,
suggestive of its mutation, was observed in 32%, and HERZ positivity in 20% of the cases tested. About 45
% of organoids developed subcutaneous tumors in nude mice.

Collectively, we successfully conducted organoid culture of advanced biliary tumors from bile
collected by ERCP. Recovered organoids well reflected the nature of underlying diseases, potentially

contributing to development of companion diagnosis and novel therapeutics for BTC.
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BEEBRNEET )L (Patient-derived
tumor xenograft) DEAFIFEFENDEE

TENEIE DR EAT R FBGEHRE ORI, B LB RDPLETH L, TNETIC, k4B~ T AJE
P& T NG EBHWONTE 2 THEDETFVIILT LG OMKINELZ KL ) 5 b
DTIE 7 BT RBR RERICH ICER T2 DO TE o7z 20720, WK THERE Sh
T2EFH, BRIRER CHERD & 7% 2 FHBIA D 7% ) OMERTRED bNTze FE, B4 BEERIEAES Y AN
SN, b MlRBOBMAES IR, BREEEBM~ ™ A €7 (Patient Derived Tumor Xenograft:
PDX %7 R) HhFESN/zo PDX &, BFHREGMILZ. 0L~ BT - [T - BFRB T 5128
L CTIE Y %50 PDX E7 )V CldMillupk & 2% ) BP O OME 2 MR L Twb 2 Eh 5, in vivo 128
U B SERNEM R 5 0 R REFE AT R R B L RN O 2SR S T b, il KREEZ DS ABFZERT (US
National Cancer Institute: NCI) &, fERZEHI A 7 ) —= ¥ ZIZHW T X 72 EEHIIE /¥ % )V NCI-60 Human
Tumor Cell Lines Screen 7*5, PDX 127 g5 5K L 72,

1962 4F Nude ¥ 7 A DFE LK, REALE~< Y A MEEMIL 2 B L 7 0@~ 7 2 E 7V OFER A
HAHNTE 72, TO%. NOD/Scid ¥ 7 AEDQFIZHRFEAZEDEH VT A2 W5 2 ETHWERTE b
JEENRR D BRIATITBE & 72 5 720 4. NOD/Scid ¥ 7 A% BALB/c ¥ 7 A% N— A L L-@BImTHUE~
Y A% Hw TRk % R B EESUEAR A~ 7 AHTBISE S N 7ze $EIZ.NOG (NOD/Scid/IL2Ry™") % 7 2 NSG (NOD/
Scid/IL2Ry™") = %7 Z, NOJ (NOD/Scid/Jak3™) <~ Z 1. H# L 72 T Ml B i NKT Ml & NK i
DORABITINZ Ty #AREEO R L E BRI L O~ 7 07 7 — VORI T A0 5 N5 BEEREAE~
TATHY, ka7 PHROMIBORN - LAEDPWRRTH S Z LR SNz, FAEE, NOD w7 A KT
BALB/c ¥ 7 A& N—R & L7ZBIZFHER 7 ALY R L 72 35k & NK M 2 28 S 728 Blm B
A4~ A 1 NOD/Scid/Jak3™" (NOJ) ¥ 7 A & BALB/c Rag2™" Jak3™ (BALB/c R]) ¥ ¥ A% HwC
PDX O &Z ATV 5,

IS BB N (Primary effusion lymphoma: PEL) X, HHV-8 @ B fll g~ &g kK L,
HIV-1 &4 7% EORIEATIRETRIET 2O TFHROENY Y NETH 5, PEL BHHKROMNEZ NOJ
< AWEREN THRAC S % 2 & TPEL PDX 28 L7ze —, B5#EIC & 0 [ — B H H ko PEL M bk,
GTO ###37 L 7zo High-throughput screening (2 & 0 #EF &M %2#Hi L72& 2 A, PEL PDX & GTO T
FEHANEZUED R > TE Y WHIEZMNEDDH 2 HF) %5 Survivin FFHE TH 5 YM-155 OHi PEL 1EH
DR S N7z

A3 VNG, PP R Ge & e K & 5 4 IHEMIEHE (Cholangiocarcinoma: CCA) 3% % L. K& %tk
KM E %25 TWwah, BALB/c R] =7 ZZBEHHRIVEMIBE 2 B L72L 25, # 75% DR T
PDX OB RETH o720 72, PDX MlLOR;ED S 4 ROMNIA I L S N7z — 0, NS X
DERE%Z PDX THER L72E 2 A, B FAEFEBIL T\ b PDX Tl B3 7% 95 i il 2 K 2345 5
n7z.

PDX &, HERDETF VI L Tl Ml 22742 ) BEICHB L TB Y, W5 OWEMAT - 5 Li AR
WICBWTHHZY = Ve ) DOD0H 5, HilRRREBREHERRBIZ I S 3 < EAFHEICBT 2
By EBR O RN R B L B OMmAL - ZHEICDET 5. Sk REREAET T AOYRER PDX 74
751) —DOFEFEIZL V. Precision cancer medicine ~OiFHAARE S L 5,

16

B FE 2

[EE o

BEAKRZI A XZMREY I — - REREZHEL

[ ZRERE ]
20104 HAHIMIBEATSE 24— seE
Mt MR E 7N < 7 2% WK A A= U 712 X BRI AT 2O/
20004F  HDITRF B E [HRE K Fc-FostZ X 2 ML M N o> B wE il 48
19934F  HARIMRSA IR E [ ISHIAL Sz~ 7 A ML o B RE ff

[ 32k ]

1. *Okada S, Kariya R, and Vaeteewoottacharn K. Establishment of Patient-derived tumor xenograft (PDX)
model and application for precision cancer medicine. Chem Pharm Bull (Tokyo) 66:225, 2018

2. Goto H, Kariya R, Kudo E, Okuno Y, Ueda K, Katano H and *Okada S. Restoring PU.1 induces apoptosis
and modulates viral transactivation via interferon-stimulated genes in primary effusion lymphoma.
Oncogene 36:5252, 2017

3. [HRE. BEEEZH~ Y 2E5 ) (Patient-Derived Tumor Xenograft : PDX) & Z®iEH — L
WA EHE (Precision Cancer Medicine) (Z[A)iF C — Cytometry Research 2751, 2017

4. Goto H, Kojima Y, Matsuda K, Kariya R, Taura M, Kuwahara K, Nagai H, Katano H, and *Okada S.
Efficacy of anti-CD47 antibody-mediated phagocytosis with macrophages against primary effusion
lymphoma. Fur J Cancer 50:1836, 2014

R 34

BEARZETA RZHREY I — - KEREZHEL 5%

1985 BHBERKRZEFEE

1985F RISEHEMEBREIMES. 11 FERNRE CihEERICItS
1992 @+ (BE®) WS

1996F TEAZEZMIESREEMENREYY— BF

2000F TEAZFAREZREFMERAEEZBEDCHEST BIEUR
20024F REAKRZIA XZEMREYY— HF

2003F RARFAEREFZREE HUR

20065 EGERAR - BRI -7 AV b—THREHERFE

17



Using patient-derived tumor xenografts for
drug discovery and to facilitate individualized
cancer therapy

Patient tumor explants transplanted into and passaged in immunodeficient mice (patient-derived tumor
xenografts, PDXs) typically retain important characteristics of the original patient tumor including
histology, molecular characteristics and drug sensitivity. Consequently, PDX-bearing immunodeficient
mice have been used as “avatars” to identify the most promising treatments for the donor patient. In
addition, PDXs have been valuable assets for drug discovery, in particular for the preparation of clinical
trials. Novel experimental formats like single mouse trials (mouse clinical trials) allow the testing of
large and diverse PDX collections, or the exploration of several treatment options for a single patient
in a preclinical setting. Results of such experiments can also be used to predict response rates of novel
therapeutic agents in the clinic, and to identify biomarkers of response. The feasibility of using PDX
models for these purposes will be discussed for reagents that target the tumor cell, the tumor stroma and

the immune system.
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fRIRZNR7Z 789 B 12 &b D EN) BN REAEA
NS E bADHIFDTZHIC -

VDS A DB T, ER S ~OVEHZHMETd % proof of concept DL, AIEFHIEDO< A VA M~
D—=DThbo M DOIEWIREL % TS H0ERDOIEYEYRE / 27250, AR L REMWEONTTTETDH
505, FEREIEHRR OFHIIC R D D 5o BEAHLIRAN O EFH] 7 1) 3 ) —1%, M ERLRR O A FLRY - WS Y
WA YA - W - BBk S o7 ALEWEARO I AR A o & 024 - Tl
MR EFRE AT 5720, M EEYERERHL TP 2 DIXNEETDH 5, HBEMBEERNT > 27 4 &
LC. MR O 5154 2 AL S 28 1 2 — Y ¥ 7 Bifs s, AR E2IFRBENICHZTX S
invivof X—=T 7, REWTHLHFMEMNZWEEE 5 in vitro f X =T ¥ ZIZ3T 6N 5,

In vitro 4 X =3 ¥ 7iE, BRI LETH 5720, fEEL NV TOMFTHBRETH D, HHEIZL WV
720% K OEFEMIZHISHPED SN TWD, FFIT, HEGHTA A —T ¥ 7Id, g o 7 ~viess
AETH Y. REACEKRZZT Th SACHW O EARNGAT 2 EHT T 5 2 EDBTRETH o PIDBAFEANDIGHIF &
LT, FHIR 7 ) —= 7, @Rk, DDSGHliA M 5T be F3F = 7 RIEHR GO 4 X BN O
REALA DB L O O 5 AT HALIC X 0 FFREE IS X 2 SIE SR IS BRI 304 LT B 2 &8
ety S, IFRRRERE X = X LRI A R R 8iE 2 52 5 LIRS b, £72. DDS #AI O & LT,
37 ) & F )b & BHIERE R I 2 AL X ) ESENTGA DR DB E T VIS THE SN TW S, A O
AT R L NV TR 720, PUREE PREHERIC B W TH ARSI TE %,

PAEFHZEDHED H N TV B HURESRE M, DN FALEWIZIRTH A XK E L B~ T
N —DFHEPEETH 5, PUREHED A X =T » 7 Tld, PET probe Z M\ 72 in vivo £ XA —3 ¥ 7935
FABIZINT TREDSED DN TW b, HEHS1IE. APABEICB VT Her 253 E b T AV A3 T D5
DOHBZRL TV, —J7, WEEIT LW OREAEFLOZILIZ BT M L~V DB S i D R T~
DFEREDONIELTH L5, L2 LGB L HEINMA A -V VI TRERSELRA L LIIHETH -
72 TL—=2 AN—F5FL LT, MZHEN CH 2800 FRFHEIHF SN L. A, BRIZEDE
F /7 ¥i¥ (PID :Phosphor Integrated Dots) # FAV:72 1 R T30t /4 A =3 V7 Th b, PID I3F D HOLHR
OIS0, BAEKE VS Fe 2 EgmTEEMRICLTEY.,. AAICBITS Her 2 8B &2 Mila L ~ov
TIATLTHBY . MIFEFICBE TS Her 2% v 287 50 Ai # S LT b, BIfE, %508 Tld, PID £ A —
VYT RAT) & T HIRATTEC B0 BB BLEEAI G SR B E NN S B AR, S S I IR 3
BRROMIHICZEZ EL TV 5, —EBOMERRTH 225 BWETNVIIBITFLPEKEE T XY A3 T
DM ATL B—Th CRBRMICAT O L5502 R T 2 L 2R L TWb,

A A=Y v R ML B VI3 LAV TOIP T HALIC X 0 3 L WIERE R S T
FO—>2ThY, REMFEMAENMRESNSL Z L2 MFL VD, REHTIX. MIPAERBEDOL-DDHE
BN A BUFET 572012 BB TREALTVEA A=YV TV AT AIZOWTRINT 5,
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CTOS/N® L%
RS2 R

1A Y=

R RPZ 100 FELDERTICIZ U F D HAEICES T THEERZHIT TV D, ik, PAMEEZ RIEET S

Heafias, BEMEE O 2 R LR85 L L TR~ s, SFICAHENL L)1 -T
& 720 FFIT Sato 5 D BT L 7o fRRESHIIR RS 221 2 DS A IS U725 (Gastroentelology 2011) A%
ATRIEKCHWOENRTWD, —T, A IZEZEEGRED S AMIE 2 8 L =ZReET 28 Lk
(cancer tissue-originated spheroid (CTOS) #) #MHEIZHIE L7zo CTOS D JEHILFHHE - BEOMAED
HCH I — MR 355 2 MERE 32 2 &2 12H Do CTOS 12 & ) B IES = PDX JEH A & mft g CHllie
DL VIEMBEZRR L GRS ZEARNTE S, TNF TS, KRN B, BV, =007 =9
FETCTOSENIEHTRTH AL L 2R L, v ABHIEEZ 2 A LR TE, BRES > SR L
248D CTOS # HMiRAETELbD% [CTOS T4~ ] L LT, Z2HDITA »H5%5B CTOS /8K LD
VF 24T > T 5,

CTOS I3RS HTEETH 5. 9. i CTOS T EGFR 71 ¥ ¥+ — ¥ HEH] (TKI) &
ZHIER TR ELEZHOEBH D L, BIKTT TICHL IR > TWwb X912, EGFR TKI %
EGFR IZZR D BH ANl CTOS AR TH 5 Z L 2B ST Lz FERIS, KB CTOS Tiddt EGFR it
it KRAS B AN O AIEBSHE NI R H 5. 25O CTOS OMIBEHN Y 7 F IV OBz 2 D HFE % BFE
WML CTEB Y. CTOS BHiES; OGH IR & bR —3 T 5. B, JIHENE CTOS OB MEilER &
IRTOWRBRGZ AT 2 BTN 217> TV 5,

CTOS TV AMBL OB RAIEH ICE VI L2 5, CTOS BHiER:H 5\ id PDX 253 KED
CTOS BT E B 720, ZHOERDA 2 ) —= v ZIZHTE S, 9. TEKRECTOS 2 HWTH
100 FIDA 7 ) —= v Zafiv, FEfigiE A v (11 61) NTESWMEND S EZH LN L7z, RIIN
AZAN=T9 VAT ) == IO %R ATz, CTOS @ 384 7L — bAOGEINIE HEY A (LIv
YT — XN EEE) & HV7s. CTOS OHGIZMIIEAN ATP L~V Caili L 720 2 Bl KiEHE CTOS
TA VR ABMES > SFE L, 2427 34 (FDA B H] & BB O G TLEW) A7) —=~
7 %415 720 100nM LLFC 7 HIE O35 % 40% LLF ICHIH3 % 364 % 15 AR L 720 K1 30 BIOSE B 2>
BB L7z CTOS 94 &2 HWT, 1550 CTOS M TOKZEOXERERET L7z, 3L ALDHEAIZBW
TCTOS M TRE ZREZWDARNBIE I N, F—OIEHMEZRD 3MOEHR (6 #]) 1. BsztIEM
PAHEBICHE L2 E1E, 7y AL OfEHEEZ HHF LTV 5,

WA, DNA =7 Y AFMOEFH L IA NI VLo THAT I DY =7 VAR ko2 k
Moy T DB BAEBNOEN P NDE Z & & olze BRICERRIERE I CRERER ISR A
HEATVED, TNETOZ ) 2 ANy —F Y ADBKRBRBFEOMERITLT LS B TIE RV, REWIZEN
SO BHERRDD 5 OHBIEE TIPS TIE RV, EOMFMLERZIT D 72012130 5 h 0BT
MWUELRZERZHSNTH D, B, BADZ ) =AYy —7 v ZA%&iTv, W4T L Tt PDX @
R Z4T) S L IZRALNIEDO TV B, BZWRERIZZ ) = A VY — 27 20 A TH S N2 53K R 34
BEHBEEZRV AL EICEEEST, 2V ANy —F7 Y ATHEMEADPRZETELRVWE L ODBREFEDNy &
T v TR B Rk D B o MBI EE DR 7 AR 2 IR AR P AR 2 ATV Rl 7 B & IR
T 27201213, S5 BMEFIPLETH S,
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REDFRINET IV BEBRRPAETILE
F/aERFERELUTCOOEE

W2 FBIWOHPTOL 2IEDOIEWETNVIEMHETOOALLHMET NV TH L, L THOHOBYWET V&
LTibNTE7225 EFEOMEBIEROMEREIZE ) ZOMESHA S I %> TETWL, RDFEXKTIZZO
ETNVORERL BHERNOIEH, £ 0REHMAHH T /BT O 217 o 7R 2l Lz w,

COETNEEDIIIARKIIRZ V5, AKIEZ 1 0HMA Y Fax—1L, RICBEZDIT. BOKzE
& B A Tw 5 Chorioallantoic membrane (CAM) @ FiZk M OJEMIZ iz D75 & 3 HRRIZIZWATE
bo FHICHRIENATELDIKEORVC AMBORS L RERDP T ZIHELIN TV RN LI
FoTwaeEZONL, AEIIVESE, MiKE. 25/ —<. WESZOMBZ v, BINCe S0 EI1ES

WL TW5 [1]e TERMOYF 2/ED M) 27 v — 24 % Vimentin ISx5 2 Jifkz - 72 4efa %
BT, TE72HD Tumor microenvironment T L TW5 Z L 27, T2 MICIELEOM
BB ETWDEZ EPbholz, FEB BINTIE- 720 & BB O % H&E Jeta THET % L I IO
TWb I EPHEREIND,

FaEIE, . IEROBEDOY T IV 2 FBINIHEZ AT 5 2 & 12T L7z (City of Hope Cancer Center
DTV —T L OILFEIEER) (1], BEDORY > TV 2/ S (& CAM B EICHE TH 5 4 HERIZHIND % 2
THZEANED ZENTE 2o 72, HIVITHURA ZHIRTEN T2 &, 2, SHRITEATEITHK L2, £
THEIXZ DR % Patient derived chicken model (PDC model) & FEATW5A, Z® PDC EFIVZ v, Bt
FHIDA Y ) == 7 %47) TENTE e —HOBRIENPEIHTTE 5 &) HTHHOEFHHRDOET IV
WZHARFIERZ W EBb b, ZNENoBHITHE L 7-PEHAZ 2057, REFRICL=—27 ZHKATTE
B REOTIE RV EREIREZ TV,

WEOBIWET VI HOBEBEEZRIET AT v 4 RELTOAZLEEbN S, ER, R
“Biodegradable PMO" (KGR XV R—=F ZEEI ) ) woHBoF 7R T2HE LTS
[23lc SN HIEH 200 nm ODEFEDLZLED F 2 KT, W EKIEARNTHHIND SSKHELREDHE
B % & A TW5b, PLlaHl T 5 Doxorubicin % W& L 72 Biodegradable PMO % M4 12 HiAtr 2 &
WEDEEHRSEL I ENTE L, BORD S, B, Ok Wi, Mpzlz280) ML TRXS &
Doxorubicin @7 ) N =2 X 2 A SN 5720 7Y —® Doxorubicin 135 WHEERT 2 & 2%
Z5E, ZOMBITEREY, F 2 kT %9 & Doxorubicin ®#ED R SNVl PUEAIANE IR
FIZT I N=3NTWERHEEZ LN, EBIZZ OO ORVENLEZTRS L, FTOARKRE S
Nize BT, R D572 F VKT OG5 TR D LFA~OEE LB A BNz, BE, Fi) kT

ORI LW ERICOVWTE L L MEZ1T-> T b,

FOMWIMETVIE, L OO L 7)) A 2 FHH THRINOPIEN L 2 &, ZliThsb 2 & (FHINiE—
D65M), FAMECTRKBMLERIGEL CWEIEARE, AELE v, SHIORMWLMEbNL I L%
WL 72w,
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Analysis of regulatory mechanisms in breast cancer-stem
like cells by using spheroid cultures and PDX models

Breast cancer is the most common type of cancer among women throughout the world. The
increasing rate of mortality due to breast cancer raises serious problems. Recent evidence indicates
that tumor tissues are comprised of heterogeneous cell populations including a relatively small number
of cancer stem-like cells (CSCs) and large number of differentiated cancer cells. CSCs tend to survive
irrespective of conventional chemotherapy, radiotherapy, and following treatment with molecular targeted
drugs, because these treatment strategies target rapidly proliferating differentiated cancer cells but not
CSCs. Targeting CSCs is thus important to improve the prognosis of cancer patients, however, molecular
targeting drugs against CSCs are still unmet needs, since it is still largely uncertain the molecular
mechanisms how CSCs are maintained in tumor tissues. CSCs are surrounded by a variety of cell types,
including differentiated cancer cells and cancer associated fibroblasts (CAFs). All these cells create a
microenvironment that is called the CSC niche. Recent emerging evidence indicates that CSCs survive by
utilizing the CSC niche. However, the underlying molecular mechanisms are still unclear.

In order to clarify the molecular mechanisms how CSCs are maintained in CSC niche in human breast
cancer tissues, we established patient-derived tumor spheroid culture and patient-derived xenograft (PDX)
models by using primary breast cancer tissues from the patients. We also established co-culture system of
patient-derived tumor spheroids and CAFs.

Growth factor or cytokine signaling plays important roles for a variety of biological aspects in
physiological and pathological conditions, including tumorigenesis. It is thought that inflammatory
microenvironment creates a pro-tumorigenic state through production of growth factors or cytokines.

We found that growth factor/cytokine signaling plays critical roles for the communication between
cancer stem-like cells and CSC niche. We identified key growth factors or cytokines that are derived from
cancer cells or CAFs. We uncovered the various key mechanisms mediated by signaling through NF [X
B, IGF1 receptor, beta-catenin, semaphorin, and so on. There are various mechanisms: autocrine-paracrine
mechanisms, regulation of stemness, regulation of symmetric-asymmetric division and regulation of
metabolism. CSCs appear to survive and divide by using these mechanisms in order to adapt in the
different conditions of the CSC niche. Among them, we have been able to identify proper molecular
targets for CSCs to eradicate tumors. I would like to talk about several key mechanisms we have recently

identified for maintenance of CSCs in the CSC niche.
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