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Development of 3-D culture technique for tumor cells in bile juice
WFFEBRAJE SRR - Pk 29 4F 5 1 B~ 243 7 31 H

WFERRAERE K4 EE EE
Yoshitaka Hippo

BRCBAR RS IR - % - B -
TR ALY 2 — BIEHT B A MBS W

Head, Division of Molecular Carcinogenesis, Chiba Cancer Center Research Institute

1T WFFERHR OBE

L A

AEE - BEIRO A AT b PRAB TH Y . EHMRIBRERENRBEORBE Th 5, AT /A FiE 13
=MEg) & BRI, AN L RO CREMBBETETH D 2 LN LRBET L L LCIEFER 245
BHTND, LinL, JHBER AN BV TR R OGN IR D5 72, SO L3 L% 5 5 Fifi
FREEGINSDANHT ) A FEINLIIRARER o7, —J7, Fox 1T IBEAS AT fE 5 B PHE N %3 % PR
LB DBITAR B D IR OBERRIRN S A H ) A REGENRTRECH D 2 & & THRFCRIHL T, 2
ZC. BRIKQET - BEEORSEL LB O NI AN ) A ROSEREME L 2WAT L CGEDD ZEIc kY,
FORMIEE D IEREDS A IS ANV AT ) A R 22 BRI T % T IEOWEST AN ATRE DR FT LT,

WEFERR

1) PABEIRHBIROBEES LT 3 RouEEFE « #EATRRIEDS A BB D BAE PAZEIZ %7~ 5 NARBRIRIR IR ICH5 5
DM MR ZERR L, Fox BB Lz~ b U Z L " J&%E (Maru et al, Cancer Sci. 110:858-866, 2019)
WCHENA NI ) A REEBREIT o7, B8 AT 4 U N3e ARG O TR DA VT 7 A4 REERICH W
HO EREEOFMAR E Lz (Maru et al, Gynecol. Oncology. 154: 189-198, 2019), #IHIMRFIOFER, MK
[BX% 15 S LANICEEE DT D ORIBLIRZBIAT 5 2 L UK 2 2 & & Uiz, N PAZERHZ I A MR
BEROBHPHEIET 225, WPBS Z W THO DU 2D KT Z L TIFL A LD ARBERIERETED
LR LT, T2l L, EEREGEO T OB BRI FERITIER L TV D Z L S RS CHER S LT
BAIIARBIER] & U CTRRFEED BERAN LTz, [Fl— B3 D 15 D2 IR 28 A UIBRIR IR D B2 0 8k e R BR L 7=
REHFRAE D & DORFRICOWT |, BEUEGNCIBWTRINT 57 Eflix O LIRENT A AHE T 5 Z & bR L
7o WEEMROERE 1 7 ALLEOHMER D 2 BILL EORKR E L2854, BRI 90%TE LT, REhfilix
BAGHCBEDS AU B9 i, RHIEZDS A 51 B, A4 18 65l Eoofth (E5fE%) 18 il THEF 146 JEFI & 7 o 72,

1




2) M ERANT ) A NOFEFRBRZIIRYT - 155NN T ) A4 RP OB AMIEEHEOFIEE L O
EPEIZ DWW T, JRBER e BLE D DR 24T o 7o, SIS N Clm B It kA4 7 A RIEFREME, M
FafEoRVER, NSWEROMERE, PARADOIEREZET 2006 RN, HNERKOH D
WA S, KA BB ERA VT A ROMBIG] L AfEIZXB]IT 5 2 L IXREEE 572, HEE Yefa Tl
FEOIBRALRR IR & S D BRSO F R O FT AN BB IR AT ) A RICFERICED Db
DIZXF L, fEABEHRRANT ) A RIZT_XCERRTE 7o, DABIREFOF VT 7 A NOREZ 8 <
RIRIEE ZNENGE IR E U CORBE 2 4 35l LI L7 & 2 A, BIRRICR A ORBA G T 240V 7
A ROHBTEHDONDIEFNL 1/4 775 1/3 1T EF, WIZIER & X DD RWEFIRLH A & IEF DIREG
IO RERT EEZEXONDANT ) A4 RRREHE LD, 2O OFRRNBIE, BWOEEESME
TCIIFREORTHDBALHEERRELRANT ) A RIIGFETHHOOHL ETULEHIE B2 bz, i
JRAENIZIZIEF IS BN EICEE L, EPERS ANTEESMAEIZIE 2 EHE9 2 L O OJRENIZEE L T
VIEBTS &V 5 D72, IEFHIBEMEAL & 72 DER S URIBE S iz, 2T, AT /A RHOREMAEE
P % digital droplet PCR & F\WNTHERE L7z, KRAS iEfm125 FAHEE IXEDS AT 90%, AHIEAS AT S0%FRAEE
EINb, AN A RHO KRAS ZERAIOF LTI~/ L 2 A, HENATIEPHE@ED 1/3 BREOIER]
TR SOOIt L, BER A TIX 1/4 BREDOIER] & A EITKRTE o 7o, HHHIIEEE T b REROME 23 7 5
Mo AT A REIEMBENFET DIEFNTIE D A & el U TN A THEIZIERW Z 2R ST,

3) MHHBERANLT A KDDL 7577 MERK : X— R~ AR FICHME LZRHCE FTEEDSFE S
AUE, JEDOANTT 7 A RHIZEMBEAFE Lc 2 & DMEMICEE & s, £ 2°C, EORE TILNEE
I PR ASHRRR I & B O P2 D3R 1% 30-40% & AR o 72208, BRIHHISkA VAT A R 5 O RN 72 B T IEEAE
ER T, NI A RBELIVTWZEER A 28 5], JHIEASA 34 i, #5A 3 BlodEkeEF i3t LT, B
FHIAHN 4 B TX — R U AR N ~OBM 1T 572, 3-5 » H R OBIEHE ORI A BE kA VAT
A RBITZENZEIL 54%3 KOV 58%DIAERI TR FREBE AR S, AT/ A RIS % & TiEF 3
F3ZNZ ERRBEE NI, RIEEO L O L EREERO S ORI O ST, Fxid~ v RN -
DHIFNHT ) A RERHWTEHBPAET MZEWT, FEEHEMERT OB FEIaM R TIERE OB A RO D 2 &
ZHE L TEY (Ochiai et al, Carcinogenesis. 40;1142-1152. 2019), F7-t s BYEIEEIIE S E
LN & DB L CERMEIRAE DI & L CGRE Lz, k. FEAAB L OIHER A O FIZEBWNT,
TEBEFERREE & AV AT/ A R KRAS RO MRS O T I3 A B e B 2380 2o 1o, i OfF(E
DR & 1EE W2 class3a LU ORRIRRIKE RO AT 7 A4 Rivb & PDX IR &5 Z &b,
FNTT ) A FEERITMIEE CHE L SN AIRWRIREZ /ST 2 BEREZ AT 5 2 LR Sz, EITH
ABEMIBRANTT ) A RORX— R~ U 2R TFHAEIC L V1557 [E%; (Organoid-derived Xenograft,
0DX) 1zt LTI 35 BBl DWW CIRERERIIET 21T o 72 & 2 A, BIBRATERAEFIZ BV Tik 0DX & IBRIZAS
7 v L0~ 7 v OFT RIZE W THEBFAIEBIMES W2 & 28 Lz, —HOAERNZES L Tix 0DX
MHEOAINH ) A REEFHEZIT- 72 ETOXERETT -T2, WTINOBES, #lE Y L ITe0M T
L7kt o 2 U7z, WIRENIZEI TR OIRZ T b B8R 2 & TR IR S T BT IS AN Fe M 22 b
LCWAIEF S A Hi, BIAMRAECTOIEE S HET 52 L OIESUERHR SNz, £z, BEEOREIC
BILCi%. 2[EH® DX FERRIZ I T b IS R ML AR HERF S v Tz,

4) AA AR R OO 3 KT EEEE S RGE AL  BEAS ASEBNZ W CRRH HI kA VAT /A R H KRAS 28 2415

PEREBIDFRDPMRD -T2 Z & B BB NIE~DRIE 2 fE D 22V EBI ANV RTREMELISMT & . KRAS 28 S5l i 23

EERPICHEBR SN D FREME A AUE LTz, Fox ZRRRDBIG 2~ U ARA VT ) A REPAVET VIZEBNT

DRMEL TR, X—= R URAELT~OANT ) A R E 213558 O EGF FREIZE Y Kras Z RGN
2




IR DK FTREZR 2 &R0 p53 KA 1L D BA 21T Kras ZERMPUICEDTIRENIRL D 2 EREL R,
H L TW/= (Matsuura et al, Carcinogenesis, in press), &2 C. KRAS Z°E 5B IEHFRARFEFNIZ DU T
BERGANT ) A R CTHBI L= E 2 A, pb3 BRI OIER]TIXREMEICE(L LT\ =23, pb3 A RIERI Tl

(ZIEHE L PDX CIIERT LVBHEED 50%L 72> Tz, KRAS BEITEHE ~T 2 Th D720 Z OIER]TIE
LOO%FAMINR CTHERL ST WD & B X BTz, KRAS Z8 BN A M3 2 72 91T EGF FRZs THEE A BHls L7223,
FINTT ) A ROBEIENSEANAL T L7272 DM ORI R ICE S oo e, BERAFT VT ) A REE#E
IZBWTIEFIRAEZ W56 TH BRI ESIC > TLE D ZENBERMBELE 2o TR Y, AFRE
T EOMFFICINT ToRE DI LB 2 b,

5) MEHRA N ) A FIEANEZPERER : R EA VAT ) A4 RO 55, PIX LA R\ Bl © b e
FIWZBA & 23 7 iR O 2 CRER S 21 2 IHE « gy Av 4 JERIT DIZB LT, FEEBEOWEEE L in vitro T
DIEHNESZ M2 el Uz, BEDS A OSE . ALFERIEDN R TZ - T JEF CIEERTNIENL L WA v 7 A
RIS AN DN B T2 572, — 05, BER A TIIALFFIEAIER T H AL A /A R TiE GemtPTX (2%
THREMEZROT, S-1 T DD HRANT ) A4 RHB STV, £72, Gem N LHRERH LT
FEGI CIESEBIEZAEN ANV ) A RTHBLSRTWe, 2FE L TESRIEORICBE L TAAL T /A R T
DENR & K& Tl L7200 & B 2 S NBHERER O A 21T > T D, RIED A TIEBES TAERIEO@ S
tﬁm%wmm#%@%mﬁ%ﬁ@ﬁ$f%éImm%%4iw ENADORK) 2 El L SNA0RBICSINT 5

TIZAEMRTO HER2 PR DS MNATH D, —J7, IR ANE TIX 22V ER] CIRARRI I BN #ES A3 R
<, RELES 20 2 BIOBMER CIXBE DI X IZBINT 5 a0 =4 U BFi Tl oz, &2 Tyt
HRANT ) A RORIERAEIT o7& T A, 20 il 4 7C HER2 [tk & 722 0 . R 7055 FAERISE =
R=F Bk OREE LT oA AN R Sz,

A% OE L& m

AWFZERBEIZ 35U T, KRAS » TP53 —ERZS LML 70 & 1-2 B DJEF] T3l i OB ST b BRI
B & D37 JRN 2 s AR O 7 2 SBRAR )L BENE AT RE 72 Z & 2B L7z, Fo, EW EDRABREL TND A
VI A R M2 C Class2-3a FREE OB ADHFAENLT LHEHA LN TRWIHHBEKOA VT /4 RTH,
K TITE ) 77 7 MERERD AN ) A FHROEMBOFEDRFEHENR I, S HIZ, DX DOFF
BRI\ X 0 M AR O AV A RANERHE FTRER 2 t%% LTz, AT RE OB DRSO T
KOBTHIEDENEA N ) A REFNLT 2 FIEOMNLIIES % b REE A BRI, BUkTH Eito =
ow%&%ﬁﬁébﬁé:tv%<@ﬁﬁﬁhﬁwﬁ/4k@ﬁiﬁﬁ BLleoTHY, AIFKIZET 2 AT
IRETVORERRY Y =R L0 5 5, FEERIZHE A2 ITHHIERIEOBEICIER Z B 5303 & O ILFEF5E A B
HBLTWD, HEEROBLL T, MIFEATOIEFINFAE I X DIFEEIRA~ OIS 2 8 2 L WIkRE 2 T
LTV, Wi O A DR SN D ANV H ) A4 ROIEFIBNEIR TIXREN 2 Z EnE, Z0
AEDEBRITV ST AM B & Lz, — 5T, FEERERIEREZ & bt o 2 LB WIFIBSMBE FER] C
XAERDREE e Z DT AEFROPSAAIZS AR R 2 & NBUERTE L 72> T 5, RN H kA
NH A RIFFFRBEANHEOND Z &b, ) LIEFICEWTH S AMENTHELE L COFIHC, %
TR D5y FRERISE 2 N = A 2 COTEH 72 EICH H72 ATREME D 8 5




Background Cancer of the biliary tract and pancreas has the poorest prognosis, and the development of innovative
therapies is an urgent issue. Organoids, also called "mini-organs," have recently attracted much attention as a disease
model because they can grow in culture for a long period of time under the same conditions as in vivo. However, the
indication for surgery is limited to the cases in the early stage, making it impossible to establish organoids from
inoperable cases, which account for more than half of the total cases. On the other hand, we have found that organoid
culture can be performed from bile residue samples obtained during endoscopic procedures to relieve bile duct stenosis
associated with advanced cancers. Therefore, we here investigated whether it is possible to establish a method to stably

propagate organoids from bile with high cancer cell purity.

Results

1) Collection of bile samples from cancer patients for 3D culture. Bile samples obtained during endoscopic
treatment for bile duct obstruction in patients with advancedcancers were collected and organoid cultures were
performed according to our Matrigel bilayer method. The culture mediums were similar in composition to those used
for organoid cultures from surgical specimens of gynecological tumors. We ensured that specimen processing for
culture should be started within 15 minutes after specimen collection. Although bacterial cholangitis frequently occurs
in the case of bile duct obstruction, it can be cultured without any problem in most cases by repeated strong washing
with cold PBS. If the definition of culture success is set at culture for more than one month and two or more passages,
the success rate reached 90%. The total number of successful cases was 146, including 59 cases of pancreatic cancer,

51 cases of biliary tract cancer, 18 cases of stones, and 18 cases of other diseases.

2) Histopathological analysis of bile-derived organoids. Under the microscope, some cancer patient bile-derived
organoids showed cancer-specific shapes such as fullness, thick cysts with budding, and fusion of small cysts, but the
thin cystic form was dominant and difficult to distinguish from the typical case of the stone patient bile-derived
organoids. H&E staining showed that only one-quarter to one-third of the cases were composed of organoids with
distinctly cancerous features. The cancer cell-positive rate in organoids was estimated using digital droplet PCR
(ddPCR). Whereas the KRAS gene mutation frequency is generally postulated to be about 90% in pancreatic cancer
and 30% in biliary tract cancer, respectively, organoids contained KRAS-mutant cells in about one-third of the cases of

biliary cancer as expected, while only in one-quarter of the cases of pancreatic cancer.

3) Xenograf formation from bile-derived organoids. To gain insights into to what extent otganoids contain cancer
cells, we systematically generated organoid-derived xenograft (ODX) in nude mice. After the 3-5 month observation
period, ODX was formed in about 50% tested, suggesting that the organoids contain a sufficient number of cancer cells.
In both pancreatic and biliary cancers, there was no significant correlation between the presence of KRAS mutations in
organoids and cytology findings in patients with ODX. The fact that ODX was formed even from organoids derived
from bile specimens of cytology class 3a or lower, which is not definitive for the presence of cancer cells, suggests that
organoid culture may complement the low detection sensitivity in cytology. Pathological analysis of all 35 cases of
tumors obtained by subcutaneous transplantation of ODX confirmed the high histological similarity between ODX and

resected lesions for resectable cases.

4) Optimization of 3-dimensional culture conditions for cholangiopancreatic tumor cells in bile
Given the low rate of KRAS mutation positivity in bile-derived organoids in pancreatic cancer cases, we hypothesized
that KRAS mutant cells could be eliminated in culture. We had previously observed a similar phenomenon in a mouse

4



pancreatic organoid carcinogenesis model, finding that transplantation into nude mice or EGF removal during organoid
culture can enrich Kras mutation-positive cells and that positive selection pressure is strongly exerted on Kras mutant
cells when accompanied by a p53 deletion. Thus, the KRAS mutation-positive bile specimens were followed up in
organoids. While KRAS-mutant cells turned negative in the p53 wild-type cases, they remained positive and enriched
in the p53 mutant cases. This notion is largely consistent with the concern currently shared by the research community

of pancreatic cancer organoid culture, and thereby to be addressed in the future.

5) Bile-derived organoid drug sensitivity test. For 4 cases, we compared between the drug responses in patients and
corresponding organoids, which consist only of morphologically evident cancer cells without ODX formation. For
biliary tract cancer, organoids were generally drug-sensitive in cases where chemotherapy was effective. On the other
hand, in pancreatic cancer, the organoid did not show any sensitivity to Gem+PTX even in chemotherapy-responsive
cases, and only resistance to S-1 was reproduced by the organoid. Overall, the effect of chemotherapy was not
significantly different from the effect of organoids, and we are currently adding cases. A clinical trial of HER2 antibody
is now underway in biliary tract cancer, which has a HER2-positive rate of about 20%. As biopsy is technically
challenging and invasive in non-massive cases, it is not a companion diagnosis in which the patient would willingly
participate. We performed immunostaining for bile-derived organoids and found HER2 positivity in 4 out of 20 cases,

suggesting its usefulness as a material for non-invasive molecularly targeted drug companion diagnosis.

Future Directions

In this study, we confirmed that about half of the organoids showed xenograft formation in immunodeficient mice,
although they were not necessarily pure population of cancer cells in terms of morphology and cytology. With an
exception of KRAS/TP53 double mutation cases, cancer cells tended to be negatively selected during the culture. The
establishment of a method to establish highly pure cancer organoids from the bile of patients with advanced cancer only
by devising the culture conditions is still in need of optimization. However, once xenograft is formed, pure cancer cell
organoids can be enriched. In fact, we are beginning to collaborate with companies to expand the indications for new
therapies with these ODX. Another way of application is organoid-based precision medicine. Because bile-derived
organoids can be obtained non-invasively, they may be useful as genomic analysis materials and for companion

diagnostics for molecular targeted therapy, both of which could have been impossible without organoids.



