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Abstract

Phosphatase and tensin homolog(PTEN)IEEZFRE RS RO YTADEERICH VWV TEEN SHR
FEENTLV2EFENFRFTHD, PTENZZ /XD EPIK-

AKTRBEOS T T EEICHERTR 7 ARAT7R—HEE L TOBEN S<BETITVRH, EF,
BRICETAHECHSHICE 2 TE L, KRARTRY / ARERIT(TALEN)Z A LV TPTEN#EE
REXShZEHL,

PTENRIBZHESRRAV V-V I DR ERA K Iz, T—ER—ALOEIA S,
XAAZEELTZ 7149y 1EBHE, 2D DpteniBiz Fptenads &K UptenbDFEEN HEBE hi o,
ptenad> K UptenbZ B E L ETALENI ARSI M & EBIICHERL,

16 R K DptenaZ B E2RMDptenbZBRZR/IULL 1o, REEZSHE —ZTEERE,
SEARETEMEHD ZENFHBAL N, pten=EX KRR,

EZREIBICBE>TEMEN ERENT,
7TERTIRKANE<EFBORENTTHEBBIRREERL,

FACRICIET L E, DI RRT7OY N ZIT2 1223, pten

TERKETER BICLAKTOELE(PAKT/AKT) I EFBHER OAEEZ 2 TEY),
PRKEEDZ T I BEN TTELTVWB I ENFRENE, T
pten=ERKEICPIBFF—EDOEEZAILY294002Z2 8 5T % &, pAKT/AKTLEF #9220 D1IZR AL,
MEEAFATLTRBBIIBOMICHEAE Nz, PBKEETROBEER(Z/\NNA> 2 ELTN-0-
tosyl-L-phenylalanyl chloromethyl ketone)Z &5 L Iz356 €, ZEXKEICH T2 IREF K 252
NICEEEEDZENTE L, AARTHERLEETILATALATE,

REMBORRE Cpten—EXAXRZHFLEBEPRERZICXBI TR ENTED O,
PTENBEEXREBEZRNIZEHNOATV-—ZVJIZEL TV,

Phosphatase and tensin homolog (PTEN) is a lipid and protein phosphatase that antagonizes
signaling by the phosphatidylinositol 3-kinase (PI13K)-AKT signaling pathway. The PTEN gene is a
major tumor suppressor, with mutations of this gene occurring frequently in tumors of humans and
mice. This study developed mutant medaka deficient in PTEN with the use of transcription
activator-like effector nuclease (TALEN) technology. Medaka possesses two pten genes, ptena
and ptenb, similar to zebrafish. 16 ptena mutant lines and two ptenb mutant lines were established.
Homozygous single pten mutants were found to be viable and fertile. In contrast, pten double-
knockout (dko) embryos manifested severe abnormalities in vasculogenesis, eye size, and tail
development at 72 hours post fertilization(hpf) and died before hatching. Immunoblot analysis
revealed that the ratio of phosphorylated to total forms of AKT (pAKT/AKT) in pten dko embryos
was four times that in wild-type embryos, indicative of up-regulation of signaling by the PI3K-AKT
pathway. Treatment of pten dko embryos with the PI3K inhibitor LY294002 reduced the pAKT/AKT
ratio by about one-half and partially rescued the defect in vasculogenesis. Additional inhibitors of
the PISK-AKT pathway, including rapamycin and N-a-tosyl-L-phenylalanyl chloromethyl ketone,
also partially restored vasculogenesis in the dko embryos. This model system allows pten dko
embryos to be readily distinguished from wild-type embryos at an early stage of development and
is suitable for the screening of drugs able to compensate for PTEN deficiency.
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PTEN knockout medaka produced by the gene editing technology
and its application to screen anticancer drugs

1. HIREBRFROBE

Phosphatase and tensin homolog (PTEN)EBEZFIEEF S LU IADEEIZEWTEEAZHBESIhTLWSESNFIRFTHS,
PTEN 2> /34(% PIBK-AKT 28D T F IUGEITHER T 274 R 773—HE EL TOBENSERESN TLEM, IEE, BAIZHIT
DHREL AL STE =, KL TIXS / LIRERT (TALEN) ZF VT PTEN #EERIEAS HE/EH L. PTEN RIEEZHSZEHFIR
D)= ADBRERA = T—EIR—ZAELDEFIHI D AT HIZELETSTaovda bR, 2 DD pten iE{5F ptena EL U
ptenb DFEEIHEBI S T=1=6 . ptena B LU ptenb ZIERIELT= TALEN AV A MSHREBERIZ/ERL., 16 D ptena TEE2 %
D ptenb TEREZBIL -, REBABE—FRERIE. EETRTHELHDZENHIBALI=AY, pten ZEXRKIEIL, ZH% 3 H
2> TEREL AR SINT . 7T BETIRERANSAKEROEENT+HELERFEEZRL, BERIZETELz, 9z R4 709k
R E1T>T-£ 25, pten ZERKIETIZY UEEIE AKT DE L (pAKT/AKT) (B AR D 4 fEL->THY PBKBRBRD ST FILIEE
MIREL TSI ENTREINT=, Ff= pten ZERKIEIZ PI3 FFH—EDIAEHI LY294002 1% 59 5& ., pAKT/AKT LLIZ# 2 5D 1
ITHELL. REEARTLETIEH AN HOMICHRSINTz, PBK BB TROBER(S5/37142 28 KU N-a -tosyl-L-phenylalanyl
chloromethyl ketone) % 5 L1=1568H. ZEREKEICHE TEIREFEREEB S MICEESEIENTE -, AMETHERLI-ETIL
AT LTI, FEVHID KRR T pten _EK%HIHYE*”H&Q%I KAl HIENTES=8. PTEN HEERIBZEMT D EEH
DAY)—=F1Z#E LTINS,

2. MIRRRAEEOBE R

Phosphatase and tensin homolog (PTEN) is a lipid and protein phosphatase that antagonizes signaling by the phosphatidylinositol 3—
kinase (PI3K)-AKT signaling pathway. The PTEN gene is a major tumor suppressor, with mutations of this gene occurring frequently in
tumors of humans and mice. This study developed mutant medaka deficient in PTEN with the use of transcription activator—like
effector nuclease (TALEN) technology. Medaka possesses two pten genes, ptena and ptenb, similar to zebrafish. 16 ptena mutant
lines and two ptenb mutant lines were established. Homozygous single pten mutants were found to be viable and fertile. In contrast,
pten double—knockout(dko) embryos manifested severe abnormalities in vasculogenesis, eye size, and tail development at 72 hours
post fertilization(hpf) and died before hatching. Inmunoblot analysis revealed that the ratio of phosphorylated to total forms of AKT
(pAKT/AKT) in pten dko embryos was four times that in wild-type embryos, indicative of up-regulation of signaling by the PI3K-AKT
pathway. Treatment of pten dko embryos with the PI3K inhibitor LY294002 reduced the pAKT/AKT ratio by about one-half and
partially rescued the defect in vasculogenesis. Additional inhibitors of the PISBK-AKT pathway, including rapamycin and N— & —tosyl-L—
phenylalanyl chloromethyl ketone, also partially restored vasculogenesis in the dko embryos. This model system allows pten dko
embryos to be readily distinguished from wild—type embryos at an early stage of development and is suitable for the screening of
drugs able to compensate for PTEN deficiency.
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