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Transposons are mobile genetic elements that move between or within vectors and chromosomes. For the transposi-
tion, an enzyme called transposase recognizes transposon-specific terminal inverted repeat sequences (IRs) located on
both ends of transposons, and remove them from their original sites and, integrates them into other sites. Because of this
feature, transposons containing genes of interest between their two IRs are able to carry the genes from vectors to chro-
mosomes. Transposons are promising systems for chromosomal integration because they can not only integrate ex-
ogenous genes efficiently, but also be transfected to a variety of cells or organs using a range of transfection methods. In
this review, we focused on the therapeutic application of transposons. A few transposons can integrate transgenes into
mammalian chromosomes. They have been used in preclinical studies of gene therapy and cell therapy. In addition, they
have recently been used for generation of induced pluripotent stem cells. Transposon-based integrative vector systems
have two components. One is the transposon containing transgenes, and the other is the expression cassette of the trans-
posase. Both viral and non-viral vectors have been used to deliver these two components to mammalian cells or organs,
and sustained transgene expression has been achieved. Transposon-mediated sustained transgene expression has also
produced therapeutic effect in disease models of hereditary and chronic diseases. Although transposon-based integrative
vector systems have problems, such as insertional mutagenesis, studies to overcome these problems have been progress-
ing, and these vector systems will become indispensable tools to cure refractory diseases.
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Fig. 1.

Mechanism of Transposon-mediated Gene Integration and Sustained Gene Expression

(a) Non-integrative vector containing the gene of interest transiently expresses protein. (b) Transposase recognizes transposon-specific terminal inverted repeat
(IR) sequences, and removes the transposon from its original site, and inserts it into another site. (¢c) The transposon that is containing gene of interest is removed
from the donor vector and inserted into the chromosome by transposase. Transposase is transiently expressed by the helper vector.

nEETH S (Fig. 1).
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IZ, =D kT > AR > THIS NS overproduc-
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VS FLER R AR A D s D) ZR TS AELIA AN R I RERA &
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BN AL R RN D =N R ISHA A D EE S 1
72DE SBOHTH SBIO L4 TN 2HDTH
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LT, pDNA D& 575K DNA 72 5@ R TH
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%)' 12)
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HHEIIAELTWRY, LT, RALHDS
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DNA Z& L, TODNAMS kT2 ARY UIF
BEhds 4277 7—CRELFUANIVARY
=X VBALENT > AR > OHGABNLE 3
RYET pDNAICKDBALZHELFEKTH D,
WHEOL > FUA IV LKL TERETRNAOHEA
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EHAGDOLEEEETh> THlE R FHUAABEILA
WOLFIAINADK1/12 TH BV END R
ZHH5HDOD, REEOHBRNSITEEDL > F T
ANVALDBEELVWHDEFZ 5.
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NI AR 2 EHWZBERREOERD D EL
T, FIARY DEBEHLZXRY Y -2 HEEE
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AR KO Wil 5B BT 2 A AT & D
ERifEENE T 65, £/2, NI UARY UH
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4-1. BLRFAEE NIRRT NTHEE DN
757 —DREIL, FEERNDHIAAIT K DHEHOFE
lECH %, Lieh>T, BEFRENDHEMZZE
A6, TONGERDEERIZBEE R T OEMY
FBRENLTEET RS, HLIIEBHEEREERS.

TRINTIER Y >IN DFRBNARE, #HLIEXR
L TWREBIZOWTIX, 7o\ @REERE
SHEBENHE I N0 BRI Rn, R
WEERICBWTCIIREE, HL<IIAAEETHS (—
DI RMEEBIZOWTIIF B, S HSICX
HBHEHAEL). b T ARY CEHAWEZELE TR
B INETHRETH > 7= NS ERERBEDRE
ERETLHHOELTHEEINS. AR, 4
B0 2 LE, 529 A O S RERE & T BRI R
EFINEMICNT 2 b T > AR > &AW IRET
FMMEINTND, NS5 ORBICNT LB BT
BETIER, FT AR X DAL RS
GBTRARLTWRY NI Z2RETEHD LR
5. ZOHBE, BEDBEROIZZENS DY 2N
BN R ERBRDERITIIARGFELRENHDTH
L7, HERICKDPFROMG LR 152272830
EWVWSFETHD. TNFETOWFHRSE T, wEN
HlF D G-, 30 B MHIE 2 R DB AT OMA
AWEIZX D, GERICKDIBEY > INT OHERRMN
MEZIN TS, LALARNS IS LR
FEMHENIEIE T NN D B <R 5 EHRIEND 5 72
D, FARETHIUTH RO GEHEICIDIRESY >
INZIZHTHRBEEREZECIEDDHENEEL N
EEZOND, AULKIEESY NI ORENERKD
FRETIE, TEBERBYEFIIYT RIS 70
A A VEETFRIARIC L DIBEIZE b ME SN
TWBH, ZOXDITERETHENHDIZDNTIZ
FESEL5 NI BERIARGFETZDHDTH
2729, i RICKSPEFROMERIEIT IR &
EZoNb.

—77, ERMERIZIINSF R EOIDICHR
WA NI DFBMNRK ERDERBEOEET D, T
DOREDOHEBITH T BIEEEE L THIREE NS D703,
k5 > ARV 12 & % short hairpin RNA (shRNA)
FEHEH D HIA A TH 5. shRNA I AN IC
T 54 > )87 EDOREIZ RNA induced silencing
complex (RISC) EIMHINZESEKZEKT S, Z
@ RISC % shRNA EAHAHIY /S EC S Z A 9 % mes-

senger RNA (mRNA) ZYJ¥id 572, shRNA iZ
KOBEY VNV DRBLZE ) v T T §THIEMN
AHETH 5.

NI AR D EAWZELRFIRETE, FEY
N DARRREDNRE TRV EERES NS &
LTEZABNTNS, EEITR T ARV &N
BB E L TIE, ENsiEtE a5
>IND DFFGEFEIIT K S AN &R HE G O BP0 ifn
BHRIERZET 25 2N OfifREIC K D&M
JEIRIESD I ENFTFT E5ND. T LEBEDBED
56, BENCBILRBEEZ LA5, &L I3
WATIIEBEL TWRWY NI 2REIEL L
WZRDHP N T AR &0 —EHALLEER
FOBRENKETH 2 K2, KO EELRBREN
WEEEZSNS.

MAUTHARZEDEEERICB W TIZEERIERD
1DTHD, BRTEBEORNZEL THRDHEN
BEABIBRED 1 DTH D, LnaLENs, hF2R
T X B RBFGFECICITEAE BT EHALK
MRS EGFE L TWDRENRD D720, NABGTE
ETE<HWSND TR b= LiFEE AT T3,
NI 2R EANEE L THENRIBEER R
ULV NBWAREENH . Lzaio T, HLAD
EET & U TEE R TOMEA £ - Ml 2 E I
FHIZESLDA2HDOLDITEABEONAMBICEEE
25500 FNEELWEEZOGND. BEET
IR T AR 2 EHWEZNABEG FREIEORGT
X, A >y —T7 0 3 SR E B A E S
SN NN RZATAINAHEEFI D FF—
£ (Frrr o) zEHREL, FUfESRE 5
HExw3), ZAMMESY > )87 1283 %5 shRNA*
IREDEMERTEMAATNS,

4-2. fRRREE NT AR 2 E W
BETIE, SRRRmERE, M EEIME (Fo1=3
7) Lo EREOEIME, BEEAREAS
(SCID) D & 2 e Rk D ISR N E B Rt 5
ELTHESINTHD, WBEROHE TIEFITE MM
JAMBEFRHIAADH G EIR> TS, 16340 T
VX, K CHEFEAE D & W ER A S i B A I E AR T
EHLAT Z & TR TAMLEA TN/ i EkE 25 nhD
Eflichbz> THETE, SWEEDIENME SN S
EEZONDEDTHS.

MARERFL, bT AR EHWEZIRET
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BEICHIFZ2HFE SN TVWEHDOD 1 DTHS. &
N, DARRVIEZZHRT 5280 ERTET
MR HA T Z ETHOAMMEZ B RS,
FERIZKODAMBZIRESE2HDTH S, @
@ pDNA TI3E AE LR TP RAEKNTHELET 572
HDTHIBZEMIE THEABBTFIIERIN
T, DARRVIEZAREZHRETS THEZE -5
BREHERT S ZEIN#ETH 7=, FIT AR >
RO DBARRTIRSARELETEZHAALRLE, Bl
JFIR R 2 L CZOZRENS 27 )L &2 inE
U, ZOZAEEKZREL THDHIED A2 ERIC
S E 25 I ETHARRETIE 2532 T M
ML 5N 5. ¥4 Z OB THIAA T HiiL 2 H
WD ARIEEIRT, NI AR ERAWERE
TRADEKRBNE AT TN T NG,

4-3. AL ZeeMaiiaoER  iPS Mk
FAEL 2 B PR B A & [FIAk D 22 70 (L RE 2 R DARBBIC R
LebDTH 5. iPS MR EEH & oM
faam o LRI OMEZEO T I L2 RE L
L, ZHUIBEE TGO/ Z I Uzl - iKess
WM A ) -2 7%, KRkDT—F—AA R
EFEOWGBEHES O EMFEFEIND. Oct4, Sox2,
Kif4, cMyc D 4 DDBELETFEEATDILITKD
TEHINBOLEENLL, HEEL a1 2
KO INBG4DDEBEETZEZRAMKRICHAD ZET
iPSHIIEZ/ERL TWz. 9 L L, 20k
ETERINZIPS i TIEN AN HmESINT
W5, BABMKRTDO 1 DTHD c-Myc 030 VIR &
EFTHBHZEP, L MOUAINAIZKBEETH
ABBERIZEDB DR SD D ZENS, BRTOMA
Wit 2155 & 022 tEo & iPS MR/ &k o &
VEHELU THENED SN TE TS, TOHIC
1%, pDNA jp ERERICE R T2 A RN —
WEOHERY 7 —ICLHBETEADBZTEN TV
LM, NS5O —TIIHEBEMMNELS, £
7z, MR ZEICE > TR Y —NFHERIN TN E,
A DDEABLGTFINTEFUMBENDL<7/E>T
WL 72, EEEIOBLETEADBEMEL{KN IPS
MfaERE%E (L hOw A )L AD 1/100 F2E) &
SEMEEDHD. ZHITHL T AR &M
V7= iPS FIL DRSS TIE ERE D 4 D DL T %
BT AR 2B ERAKRICHEAS, 1PS
JfEDH N5 o ARTF—FIZX 00T 2 &TH

AAFBEFERELTVS, ZhICkDEETFH
AABICKDERDIE W IPS Ml ER A HET B
L, ORI AR TR —ENT AR >~
PRHUAENZEINI N T AR o i
BHERIZITTOEINCIZRE 57 (footprint & I
XN %) ZENASNTNSA, iPS HIU/ERLC A
WHENTWVWSE ~T AR > TH D piggyBac 1213
ZOEDBMEIZRL, FIZARY RO HE
N7= & D 90% LA Ri35E 2T OELHICE % 7z
W, BROfEBREIIEN, 2L, hI AR
B0 HESNEBHREMAENSHEDH L I &N
5, iPSHIIEREEZD N T > AR VBREFIL 1073
BEIREINTNS, D

5. PILRRYUEREILAT S LETOMER
EEDFRRK

NI AR D EBEINHT 21I2H 7> Td kK
BINDMEL, ROAERNOBLETHASICKDH
AZROEBMETH S, BERMIIE, BAELETO
HERZREGT D00 N Y — /T OE—4%—
BLHNIT & % $HIA £ N 7= A& B D NTEE AR T B RS
MHALLNIEE R TN\ ORA R X B EET /v
D7 IRBENREZOGNS. LEOUALIRITLS
B TREOHKRBRTIE, DAFREETFTHD
LMO2 5GP~ DBAZ T HUIA AT K D LMO2 $5 %
HACIZ KD HERAUNHREIN TS, T2 AR
VAT RICL bOU A )V R &L, Ein i
ANHLADEFNIE WD, AL ROEBRYEIZESE T
&9, BRI ZEBIET E TR LR etotkEs R
515, LIFTIE, ZOMEORRICHT7ZHD M
HERRITT S,

5-1. HARIEOHIE  RAK LOKEAE
ITHLDA T & & THRTEBE R T ORLA A 2 1T,
ZHUC K DAL R DRERE % BT 5 720 OIS
BRI AR D EBEIELIMETHDL T X
R —P 2R AR EOREME ICEET 2 H D557
&, FIARY CHKREBEET S HODITKAE
n5.

NI ZRTF—FOREERELTIE, FIThT
S ARY =Y 2 EFRIRKG DNA &5 >IN ED
MEY NI ETHHONETS5NE.5 =72
L, ZOHETRMEY NNV ETHZETHRT >
ARYF = OIEENHBZONTLUESHEND 5.
SB b7 > ARYF—Y Tl N K, CRImDOWITH
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ICDNA BT NI ZRIAESERGAED NI 2R
R —YEENEDN DD, HLIIRESETFT
% (AR TEED N T 2V ARTF—E DK 26%). 65657
7, Tol2 v 5 > ART—EOEHAESH N KD
DNA #&% N DEEICED b T 2 AR —F
EHEEDNS.9 —F, piggyBac b > ARY —
T TIE N EKii~ND DNA FE& 5 > N7 OfE Iz &
ZE AR NI 7 Wy, 659 FERYEL A1 5~ D FHA A1
fE (B D S 5 EITEMBL S Z 2 T pDNA A D
HOAAICE D TRl SN TW 5, DNAFES Y 2N
7 @G piggyBac T 2 A RY —Y TIIEME S D
912bp LiICEHIAZD 67% NEFT B Z ENH
HINTNSE. 9 £/, MU DNAKEGSY > IN7
@i SB N 2 ARY —E TIIFEMBELS D JE B 443
bp IZ333%HIAEND EMEINTNS. O L
MUBNRS, ZZTO “2fiAR" THETHEE
FECF 2 5 T pDNA NOHIAA DA TH 5 Z &1
BELRTIUI B S50, EERIZIE pDNA & L
LTENIYA XDORKENWST /1 DNA (pDNA @
¥kbizwl, B 477 4 DNA K 3Gb) 2L
TEBOHAANELCTNDIZTTHD, ZNzh
BUTINA % ERERIBLFLE PR DRLA A DEIFII R E
S FmdbDEEZLNS. EBE, [FIU DNA KA
& NJEE SB NI AR —EERHWEST J A
DNA NOHAATIE, FEAIECHI D E B 1 kb O i
NOMIAAITED 51T R, 30

FI O ARTF—EZBEETEHFEELTIEDS 1
D, bIUARYF—Y % DNAKEY NI LA
IELOTIE L, MAERIE S HEND 5.5
I, ERESNICHE G 5 DNAKGSY > N\NT &
KNI AR —EEMEEAT2XTF REDME
YNy EL, BEREMEREGSY N, MGy >
NI ERNT AR =Y OREENETNTNELD Z

LD NIRRT —EOENEFICEE TN S
EWSHIETHD., TOHETIE, SBEIT AR
P—YOXII@ESY N7 &ET 52 & TIHENK
T2 b ARTF—ETHo THIEMZERLRD
ERL<EMBRSICEETE, £/, 7/ L DNAAN
DORIARIZBNT>10% DFER THEAEFITEAD
HOABMURETH 72,57 J272L, TOHEEE RS
CARY—EOESEEELS &R M T AR
F—FEMAERT AT F RBHASNTNWSZ &
MW ESMET2 5. SB T N-57 LN 2 XRT

FRON T AR —YOENZERS 2 &< b
TFUARTF-FIHEE T ENMENTHD, Z
DRTF ROBANSEN TN, D

NI ARV CEEET S HETIE, 220
DNA # &5 2NN D#ES N7 v EN 5.
=R T AR CAHOEFNIHEET S HDT

D, MAHIEAEIICEETE2HDTHS. T
AR CNERDOES @GS N, BEY 2N
7 MRS OREEIZED N T AR 2 EENE
FNCEET % 2 & THUAANLE Z EERIEC S DT 71T
BRET 2. SBTIE, ZOMT ARV >OREEIC
EODHABDONRIIETLBRNETONTRY, F
7=, ¥ 16% OHIA AN / L DNA LD FEREL S
HETH 7257

INETHFHINZNVTNOHEITBNTD, 7
/I DNA | ORERELHE 6 N D FLIA A DR 1L 5
WEIRF AT, & <IIENEHIN S BN 7= A0E I
RENTWS, #IAALEOHEICDONWTIEZSRS
SRBRAMENVETHDEZTALD.

5-2. Chromatin Insulator @& A Chromatin
Insulator 1IN E > N7 EDHMEERITEDZD
A2 DECY Z fRfd 5@ & 2 £ D DNA EFITH 5.
Chromatin Insulator (Z$f & 172 i 5113 & B O fid 51]
DOFEEZITH< 20, MR, FEOESNIZ
WEBE5 225, SBTORMNTIE, 72X

™Y > NIZ Chicken S-globin HS4 Insulator %3 A
922 ETEBERTOEMELE 1/7-1/50 ITM A
S5NZEREL TS, =7 L, Chromatin In-
sulator 2 A L7z SB k7 > AR 3E D Thn
NIRRT EHRL, HABRDKED IR TS
ZZEBbWMEINTNS.® 2, FT2AKRY
>IN ® Chromatin Insulator 23X 58 N% > /N7

EEN N T 2 XN —EOER &Y 5729 TlE
BN EHERINTNDS.
KB IEBEEEFIEERED
HIHNIHLA AL E O HE & bl U TR ENDRESE T
» 5. /=72 L, Chromatin Insulator I N & & T
TR ITHUA ENTZBRONIEBE R TG 2 B < Pl RE
PEEH 20, NEBLETFHNICHAENBEOERT
Jw 7 NI BRwERbNS., AT,
Chromatin Insulator 2 & & ~ 7 > X R »INNTE
HIEIEL 51 & 2 D HIFE S DX R & 72 58 F DRI
HOAEN/ZHE, Y%ELRTOHREZEERSI LD

Chromatin Insulator



No. 12

1441

Ez2oN, SHRHBEHERLRANLETHS.

6. HHYIC

ARHTIE S T AR TDNT, RITHERIR
MzBHELUMIRICKROBEERL T& 2. Z0iENnI
B ~T AR FEBAEDFEITEIL < ISHI N
TWa, I 2ARY CEEDDD CIIMALERA
RANDHIABINFREZ D 726 DI SB DA LIS
NTWiEho 7278, piggyBac %2 Tol2 75 ENSHF 721
ANnenNsE5i12/20, I5ITSBHUWENEITS
NBEEHLERZR T TVWD., ARHTIIEEED
RS2 ARY > OBBERICDOVWTHHATIERML -
n, G%, FI AR OB NS A
R CORRLEICLD NS ORENRRTSHD
BEBLRBRWEBZOND., AL, BEANORHEE
ABLETRENI AR >OMEDOAHTIRLS, b
AR M - AEENEAT B0 DEETE
ABM OB S RETH D, 5 DEREIHIFD
WARICE#RT 5 2 & &2 HFT 5.
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