AAEREHFESE 7 2RISR HENT e E
BRI EE

g

I EAEH
WHIEBHSERRES © (HARRR) AT/ A R&iEH L7z PTEN @51 VUS OFTHEHITE OREL
(3£ FE&) Development of an organoid-based evaluation method for VUS in the PTEN gene

WFZeBa3s EMiii - S 444 A 22 A~SM 743 A 31 H

WFIEBR IR EE K4 - (HRGR) E£E #iE
(¥  FE) Yoshitaka Hippo

WHFEPHsE IR PTEARRE - B - Bk
(HAFE) TERNA® S Z— - WIEAT - WFETR

(¥ ZE) Chiba Cancer Center Research institute/ Director

II MR OME

PTENIE 403 7 X /% 22— RT 2 IHBE T CTHY . Z< OB TERSKKERD D, £io, I
RINREI LR 2 A5 % BE TIREEPEIEVER B Cowden SEMRER, HBE R 22 T A[EE (ASD) Z & Tt 3
EREN OIS, Cowden FEBEHEIZIWVTIX, £ OERINEGR Ch D FLMR, HLE, FENEZR SICBRMEES CH
DRRIEM I HE L, EMESRAED Y A7 b, EIHER FES L LT PTEN O b HIEERHEEEIT Lipid
phosphatase & L C PI3K/AKT/mTOR #2#% A EICHIEIT2 Z & TH Y | Z OMEREMIRIE D Ak KL OUEM L 22
#3925, —J. Protein phosphatase & L COMEERCIEREHZRN 72 Scaffold protein & L TOHRE ZFFHOZ &
DNA BT8R0 ) BBEVEICR T 2 EEARHZEZHY 2L, RELZOROMRICIVALIZEN TN D,

—IZ, BIEMEEGOBEI T ) VT ROBAT ) AEROBUGIZIU T VUS 36 LU E O IEME 72251
LB RN, 2 O R OBERERENT IZIZZ KA & 55 &2 T 5720, FEH RITRSIE R & BEE B A A
VERBELIHEEICESEHEMTOILTWOOREFTH L, TDD, MERT v AICES ZROERE
HIDOHERERY 22 R EAE DOFESL TR SRO BTV < DBIB FIZBWTRETH o7, PTENIZOWTITE
57— ~_—2Z ClinVar |2 2245 FEHOZRINBGR SN TWDH, 20 ) bISEETHl 2 3l T - AR - £
ANTHT D 10 FREEICIB E vy, 7R 0 ITHEEIC S D X IR 697, B 534, BEFHRAB (VUS) 1003, fERRAHE 65 72 &
SN TELDFEENA VIS TH Y 2K L CUFEICY /T —va &2 5 Z LR L o> T,

PTEN 23 51E L T2 28 AR Tl mTOR #RBE DTEMEA LI JUVDNA EHEHUIMMEREORFE 2 723720, £h
ZHmTOR FAEH] (T3~ A v %) BEIOPARP [HEA] (AT 7%) IZEWESEE 235, £2 T A0F
7% Tl PTEN KIEHIAIZ PTEN 28U & B AL D IR MO E LA FREE & L CERITHRER T /T — a v %D
JBHZEEEM UL, BAMICIE, REMFEEDHEL TWDANY ) A REEEREFZFAWT, 96 XS L—h—
B ETLrFUA N R K DBRTEAD D IERNEZMEFME C LEMRECE T T2 R2BR L, Al
RINDZRIOFAM 2 FEfi§ 5 Z L2 b, ZBERPEE UEAZE S REWVRAMIE TIE R EFMs@ldo L



& L7, F7z. Mge & L CIE Cowden JEMEREDEER CTh 2 FME, THLE . FENBEOEFMILA M E L, BB/
(¥ —TH Y EFRMEARIR LT W~ U ZAGREEEANVT ) A FEeETHWL 2 L& Lz,

Pten BpARI~ 7 ZARRAINTT 7 A RO T3~ A 2 B, FE RS X OV o 488 0 (K2 o 7o
23 shRNA [Z &% Pten / v 7 Z U U CIEPRICK L TRESE(L L olz, —F, AMHIRIL T S~ A 2 &
SRS &b LE <, nTOR RIEMELOFEIETH 5 pAKT FsH a2 & HIRERDO TN, Pten ) v 7 X712k Y
PAKT FEBLE TN DIZ EF Ly, T84 Y UARPIUEICE (L Lo PR T -7, £ T,
mTOR &% & 9 —EEPSEMAL S 272012, Rosa26-Pik3ca" <7 ZAHKHIRA N ) A F~D Cre BAIZ LY
TEMERERCh D Pik3cd"" ™ % HE LCInG Pten / v 7 X0 v &fTolz, ZOREER, BIETEARNZE AL
BV Do 72 pAKT 3BERERIIC B5-L722s, T/3= A v AR GTE S BEFEAIC B L7, 200 K 5 12 mTOR #REE OTE
ALY ORE LW HF M OZLZFE L2 Lid, EFICEWVHIINTIZ Y 71D feedback HEFEN DA &
IFRARDFREMEA R LT, 72720, WHRTES S S OOFAMMALIX Pten OFIET T /3~ A o VB VENRE
fkFT56Z2 &0, Tyt ARE LU TIFMAREE LW Lz, 7ok, @O~ b ZFIUERE TILATP &I2HES<AE
HIRERTA 23 FH PN IEME 72 D 2 B AT 2 v A REEERZIT O HEHCEFE LW a3, ERL =las o ¢
FLERARRE 23 e & 2B R8Il 2 R T, F70, AT 80 TS 28R B SIS O W T oA T Pten
)T BN K TRERENERD -T2, LEOREREZHE 2, Pik3ca™ 3 Pten / v 7 X U HL
WrANTT ) A REHWTPIEN 2D T 8~ A & VRSl AZ BRI & T57 v A REMET L L & L,

BANT, PTEN BPAAYES K OGERM 22 BEREMEAT DS & B o DD AP EOREA 8 2R (2095 b 2 28T Lipid
phosphatase F§HE/R1E) % LREANAT ) A RIZEA LT, SBUINA AN—T"> NOT v A RZEEEHFEL TV
7272 OIRFRIR 7 U COFM 23R 72203, Western blot TIXITE A ERENHER TER DS 2 BN ALK
BEBRTHDIZH Db D TEBREEE F COEMMENRRNZ EXRB SNz, I T, /T a~vAf itk
5 IRBNEIRIG AN A X7 OB A FRER LI & 2 A DN AKRRRIEEM 8 R CIXIZIER L~V DR H A2 DI L,
BPARRN IR B BT . [FAAE 2 mTOR MRBRICIKAE L TV D 2 L AVRIR S 7o, SEER. B4R PTEN OIS
K ORI D Z 3~ A 2 U HPMER S BIZHIIN L7228, Z4UE mTOR R ITIKAFT 2R A TR OND D LRI L
MOENTHLZ NG, [AHIIO nTOR BE~OERFEHERLZE ST LD EEZ 2 b, £2T, I HIT%E
W LT RBHT O ZBNZ OWTE AR PTEN Z ey hr—/b, GFP Zfatiay hr—L e LTI /3w A vk
SZHEOEACEOFAMAEIT 72, Lol (D) [AHAE TILEF AR PTEN O AZFEEL LU MR 2D SRAIS M
DR E L THEHAT S Z LITEIEZROD, (2)VUS EAIZ LV FE I N D HANEZHEEET veA R E L
TOEATFT IV I LUV SVWEILT v ZTEDELHOEHREN, 2R EORENRREL LD, WITL
THED TV FBEHRA VAT 7 A R (PDO) fe UMl & OFfaik ORI H 2 Sed TRt L7z,

7%, 2000 FEEHLL BAFFET 5 PTEN AR 2D 5 HESLAIZEHG T 5~ & b 048K L1z, BARMITIE,
Btk 75 <> Deep Learning # KM &2 Al PHIET LV EZHAL, T —FX—2ADERERET HZ L TE
FUDIF M 2 e G HNFHIE S 2 7 7o —F 28] L7z, 5 4 4£E121%, Random Forest Z & & 9% RENOVO
(Favalli et al, AJHG, 2021) & Deep Learning % #&M# & 9 % EVE (Frazer et al, Nature, 2021) % Docker
THLE UFATRE RS L=, $£/=. ClinVar, jMorp (ToMMo). gnomAD &\ o 7= FEARBEIR ST — & _X— %
DDA B OEMBERE L OYRFMETHMISE 2 M L, T — 27— 7V OERICET L, S5 FEEIh b0
By I T —HITMZ B AR T — 2 _—Z COSMIC & % LRI E R AA T — 4 ~_—ZPROSITE 244 L7z,
X 51T, Google DeepMind ABHZE L7- Bk E 72 AL JRIFEMETHIET /L CH D AlphaMissense Dt %1% H 9 2 %
i bHED, DAL TRIET VL VY VT —HEMAET D2 & T, HIAER, BWEERE VUS BEGEH OB %
1To70. M6 HFEITIZINETOMELEKER - 5 L. ClinVar, ToMMo, gnomAD, COSMIC, PROSITE &\ -7z
vy 77 —4 & EVE, RENOVO, AlphaMissense {Z &2 AT JJFMETHIA R AT L, Sl &k, WAL,
BMAERE, VUS ZRZ2ERVLBIENT /) 7T—2 a v Ol LTGRIKLTZ, XD, # U7 BN IREGEE



b2 R 5 FTREME 2 B D 728, AlphaFold2 OFBRINZREA BT o 7o, T HITE VAT b6 4FEITIX 70, BF16
FEFEIZIE 130, A 200 DA S L CENEIVIMEIC LV B AR EIT- T,

b R EERD A TR S HEE O S B AT, PTEN & PIK3CA OZ BB N Z N 80%., 50%FLE T
BV, R 7 FVRETHDIZHED S T HE R I RIFHICE RO H DIERH 20, PTEN £ 5 2 479 5 FH N
23U PDO Tl A AFFEAIBERN 8 ZZHIT VT 1L b A REETE 5 7o NP4 PTEN O AIIARFEETHDHZ LD,
mTOR ARG ~DIRIF RN E B 2 DTz, —F ., BEHERMEA A PDO XA PTEN & e < EAATRES 7228, 2
Ui p53 KIAHD PTEN BFAERLT mTOR BREE~DIRIFMEN 2N oD & B 2 Hivlz, FREAMIEEE DR TORGT
%, PTEN 23K LTWH M, MO HEFE 2 PTEN fREEICIKAT L CWZRWHIRAR 2 BINE T~ 5 728, b MR
gk Capan—-1 (KRAS G12V @ Oncogenic 258 & . TP53 A159V @ Likely Oncogenic Z84) % IV T, CRIPSR-Cas9
SAFAZEVPIENE v 7T 7~ (KO) L7z, T/3%A 3 @M% PTEN BpARUEMMG & bhls L7=72%, A3
RGOS T2 LG MIEHEAED PTEN (Z2KF L TWRWEGEIZIZT S~ A ¥ OFN R IR
Nt L2 %7, I, PTEN BERERER 23 5 b NEMEEANE A2058 (PTEN deletion p.V175GfsTer3) % VT
T Z2AT ST, LY T UA N ALY IEERSRPTENZEA L & 2 A 8 A B MRIZREZ < MEfT T & 727342058
VA YEFE RE 23 Wi | IS5 - 2 23K L 7o, Z DT O ARMFFEFHENZ N D IZI3RE Th D Ll Lz, L EoRE
R ARPFFEITIL PTEN Z R L TR G, ZASOEKAFNEDIRT /Wil @) & & 2 b,

% Z T, PTEN KH4RIC & B 59 mTOR B ~MEAEMEDN 2 WA B AN A ZEER L2 & 2 A, pb3 & PTEN »
RIDARSGMED A PDO % FLHY U7, [FIfMAC L PTEN B AR O A 36 L OVE LV DT BN FIRE T d V) | [FIIRFIZ pAKT
H PTG S D 2 & 2l Uiz, BERERERN 8 ZH A HWoMiEt ClL, 2 CRRED X X7 BBETH Y 7
75 B mTOR #2382 {EME{k 9% 1ipid phosphatase 2Kiif 2 ¥ D AT pAKT (223K 2 < £ DML 6 225 T PTEN
By AR & [RIFR L pAKT 4] L C U7z, PTEN 282 10 % pAKT OISR 2 B MATIC LV ER& LTz L 2 A, KAl
ML B L THA T Iy 7 LR+ RESHIME bW RICFEMICBEERT-O, 7yt A L LTE
itk d 5 LW L7, 727200 HA L —#8 PTEN ZROFEEIITOX R dH o772, IEMZ T 7201
PTEN & Bl 58 C pAKT #il| R A2 # 1E L7 FHE CREli 92 2 & & Uiz, F 72 BBLE DB 2D 72 W5 121X H I pAKT
NI DMED N> 7223, BB E T 5 & RFEEEBIRIC K & < 220 BT ERMOHEIC /LD W) R d
%7~ . PTEN SRIFEH B REF A 0D 20%% cut—of f 1238 E LT, ZHLL FOSRE T EERIC R & Mk L < hi#:
T H Z L L Uiz, EBEOKEE, PTEN 1L pAKT ISR OMEIX-0. 1~1. 2 (ZHRIA < 434 L7728, BERIC 0.2 LA
™ R, 0.8 LIk (BME). 0.2~0.8 (FfH) IZf@hlfibziT o7z, F/o. Wy - BELHEESNATHD HDOD
% IXZENZEI pAKT Miil7e L - il 0 . CAEEWBY IS N, —F ., BEMERNSAIERT &5 U
BTN, RT vtA T pAKT SIHIAH SN THY BIELHETRE L0 LD RNLTEEN TV, F
7o SRR BME L HEE STV pAKT IR B SN E Db o7, %< D VIS bART v A 12k 04
BT RO 3B PH I,

Z DX HIZ, lipid phosphatase iEVEICH > 72 in vitro 7 v A Tidd 573, #8 T PTEN 2RI D IEME R4y
N FRBIZ 22 o T S EHITE o T W2 D, RHIETED 200 2RI T A )V AVERRATE T LTE Y | JEK pAKT
IR OFHERETFR TH D, KT vEBAITBEFERIZT 7> AL U A /VALER S Western blotting & TIZ
1 7 ARREOHIR CRHMEAFRETH 0 . AL 100 2R FERHIABL ATFE T, #2113 10 203 R AL AT 6E
Th o, o, HEEBEM DO LIS\ TIL, lipid phosphatase HEREFEFLISMI b Protein phosphatase #§REFH
FHROMRIEDHEZRESGON TS, T bIEERO Y VIR B RARD Western blotting il T
FHMEFRETH D Z LD FERIIICIZA D ICHER L CTRAEART b TREE E2 55,



PTEN is a tumor suppressor gene encoding 403 amino acids and is mutated or deleted in many cancers.
Patients with germline pathological polymorphisms have Cowden syndrome, an inherited neoplastic
disease with high risk of malignancy. The most important function of PTEN as a tumor suppressor gene
product is to negatively regulate the PI3K/AKT/mTOR pathway as a Lipid phosphatase, and its functional
inactivation promotes carcinogenesis and malignant transformation. Whereas accurate evaluation of VUS
and mutations is an important issue in genetic counseling for hereditary tumors and in cancer genome
medicine, the practical reality is that decisions are made based on sequence information and inference
considering functional domains, because functional analysis of individual mutations requires a great
deal of time and effort. Hence, the establishment of a functional evaluation method for polymorphisms
based on rapid assays has been strongly desired, but has not been achieved for many genes including
PTEN. As cancer cells with inactivated PTEN are highly sensitive to mTOR inhibitors (e.g., rapamycin),
we here proposed to annotate PTEN polymorphisms in PTEN-deficient cells based on the change in drug
sensitivity after reintroduction. Since the evaluation of germ—line polymorphisms was also to be
conducted, we decided prioritized normal cells rather than cancer cells. We also selected normal
cells of the mammary gland, intestine, and endometrium, the target organs of Cowden syndrome, as
candidates, and prioritized primary cultured mouse organoids, as being genetically identical.

We introduced PTEN wild-type and 8 known cancer—specific mutations (2 of which are defective in
Lipid phosphatase function) into the above organoids. Whereas the cancer—specific known 8 mutations
were expressed at approximately the same level, wild-type expression was significantly lower,
suggesting that the cells were dependent on the mTOR pathway. In fact, introduction of wild-type PTEN
further increased rapamycin resistance in the cells, a change in the same direction as seen in mTOR
pathway—dependent cancers, supporting the acquisition of dependence of the cells on the mTOR pathway.
While evaluating the rapamycin sensitivity, the following issues surfaced: (1) the expression level
of wild-type PTEN is s after transduction, which may be inadequate as a reference; (2) the dynamic
range of drug sensitivity change induced is small while the variability of the assay is high. Therefore,
we reexamined the use of patient—derived organoids (PDOs). Among the more than 2,000 PTEN gene
polymorphisms, those that should be prioritized were selected. Specifically, we adopted an approach
to comprehensively evaluate the pathogenicity of polymorphisms by introducing Al prediction models
based on machine learning and deep learning and integrating information from multiple databases. A
total of 200 polymorphisms were selected, which were subsequently synthesized as a lentivirus vector.

In endometrioid carcinoma PDO with PTEN mutations, all of the eight known cancer—specific
mutations could be transduced, but not the wild—type PTEN, suggesting a strong dependence on the mTOR
pathway. On the other hand, wild-type PTEN could be readily transduced into serous carcinoma PDO,
which is thought to be due to the lack of dependence on the mTOR pathway because of pb3 deletion.
Therefore, we searched for PDO that were not dependent on the mTOR pathway despite PTEN deficiency,
and found an undifferentiated carcinoma PDO with a double deletion of pb3 and PTEN. The cells were
found to be capable of transducing and expressing high levels of PTEN wild type, while pAKT was also
markedly suppressed. The other six mutations suppressed pAKT to the same extent as the PTEN wild type.
The dynamic range of pAKT suppression by PTEN polymorphisms was sufficiently large and reproducible
compared to drug sensitivity, and the assay was considered to be superior because of its simplicity

in terms of technique. However, since the expression levels of some of the introduced PTEN



polymorphisms varied, it was decided to evaluate the pAKT suppression rate as an index corrected for
PTEN expression levels to ensure accuracy. However, the index was extremely large when corrected
mechanically, resulting in an apparently benign result. The results of the quantification showed that
the PTEN-corrected pAKT suppression were widely distributed between —0.1 and 1.2, so we tentatively
stratified them into 0.2 or less (pathological), 0.8 or more (benign), and 0.2 to 0.8 (intermediate).
Many of those presumed pathological and benign were classified as no pAKT suppression and suppressed,
respectively, as expected. On the other hand, the low expression polymorphisms, conventionally
believed to be pathological, included a small number of polymorphisms that were clearly pAKT suppressed
in this assay and should be classified as benign. On the other hand, there were also some types of
VUS that had been presumed to be benign but showed no pAKT suppression. Many VUS were classified into
the above three types for the first time by this assay.

Thus, although the in vitro assay was limited to lipid phosphatase activity, it was a breakthrough
in that it enabled accurate classification of PTEN polymorphisms for the first time. The assay
requires one month for gene synthesis and one month from lentivirus generation to western blotting.
100 polymorphisms can be processed simultaneously in the first half of the assay, and 10 polymorphisms
can be processed simultaneously in the second half. Virus production has been completed for the 200

polymorphisms to be evaluated, and evaluation of pAKT repression rates is in progress



