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(3 BT AEME ZIER & Lz Allin one T /34 A2 X B EHHY siRNA 7 U ANY — ZF A &
DATRFIEDRZE ) (B9 3%

EEMEE AHE EIL BB RERZERAAN A/ ARFGEER - Bl
MREE HAFENE 2T 5 MENEHIIEANIC siRNA Z25RRENCEA L, filaoiEs
MEDHERFICEE < B 5 LTV % RISC(RNA-induced silencing complex) DFER & 1t X4, &2
WCHIIEZE (TR BP—TR) 2FBEIEHT LICE 0 BAFAEME ORE L ZHITHES RAD
B BB SE D DEHWBABIIEORRE L TNEZERL Y 537U N — 25 A (Allin
one 73 ) DOBFEEZERITIEREAMEOCBHTH D, LMLV T, IEE
BB b fERICESE ORISC #RES D—>ThH % Argonaute2(Ago2) knockdown 2
% HUVEC IZB 1) S IAE & £ OMAEAR, OsiRNA BANENFH WVESEOBR L+ Dk
TEARAR, @B AFEME ZER L Uiz siRNA AR T A ZDBR, £ FLTO
in vivo {Z1F B B AFAEME KT 2BIRT U N Y —EIEOREEE BT A 21T 7o,
Z DFER. Ago2 knockdown {2 & 5 HUVEC HIlISEIL, 7R b —3 22 A LI bDTHBIZ &
ZHER L. SHIC, MEEENHAb b INDZ L, MEEUEEEROTERAEESNS
FEPALNE L, LEORERN S, Ago2 SIEHAME %2 B L LI IBROENSTF & 72
D AREMEDS IR STz, F72, siRNA T U NY —{Zl U723 siRNA/ A F A= 7 VR Y —
L(TFL3YEEMRIT, AP T siRNA OISR SES L L bic, HIBEREAZIZBN
Th siRNATEMEZHERF SR D 2 L1I2 X > TV knockdown SR Z2R4 2 L 2B LM Lz,
IHIZ, EHBREREC siRNA 2 RMICHAMBE~EEETE L7/ ZOBERLEEL,
&S 21T o7, Polycation liposome (PCL)IZ L i 814 % [f] bk &8 5 72 ¥ @ polyethylene glycol
(PEG) . FrAME ICEBEDOENTF FTH B Ala-Pro-Arg-Pro-Gly (APRPG) % &R L
7 APRPG-PEG f&£fi PCL Z B LIRF L7z & 2 A, HUVEC(n vitroplZ>dt LT U H 2 REIRE
72 sIRNA DEARCHEAR T knockdown B FETRECTdH B Z L A3 S A& 22 o7, F 7~ siRNA/TFL-3
BEIX.PEG (B2 HE L7z H DIZEA L T siRNA 28 L TV T b B W ET A M E St %557
THEzvUAEME TICHE L EHEMEET L2 AVTHSE Lz, U EDREEND, Ago2
knockdown |Z & A HIfESE & B4 BBAF L= FHEME ~DERAGT VXY —2 25 ARFE X
WHEFIZLY, EFMBARBEEOCHENERTE L0 LIRS,

A, WFEEEBY

RISC(RNA-induced silencing complex)d#iifia o>
EFICESLBEDLoTWB E &bz, TEMICHKE
LTWBE U R_RIEEETH B, RISCix, HFERN
TSiRNAZ B VD A A, Z DsiRNA & FEFE 72 B 51
ZFFOMRNAZBERACEINT L, & 230 ORHR
ZIHIT 5, L L, RISCOGEEIIBE LN TE
V. OsiRNAZ HIfENIZ%E ST D Z & TRISCEZTH
B Xe5, QRISCHERRY v /37 1okt4 BsiRNAS
WA BT L2 k- TRISC#knockdownd 3, =
LIz X 0 IR RISCE Z 4] L. FAaHEEE DRk
FEEXTAR PNV RAEFETEXAOTIEROM
EEZ e, MAFENE BT 2 08N
PUCSIRNAZ IZIRIIICEA U, MilaoEEEOH

BRI BB L TWARISCOISHR & I S,
BEICHIBAE (TR M=V R) 2FESEBE- L
WCEOBAFEME OREL ZNIZHED BAD
BiEZEBR I 2EFHDPARFIEORR &
FNEERLS>DT YU — 27 A (Allin one
TRAR) ORFEEERITIEREPFED B
THD,

UM AHIRICBW T, FIEEILE bR
WZES&, ORISC KT D—>2>TH 5
Argonaute2(Ago2) knockdown {Z J 2 fRaFE DHEHE
ORI ~D siRNA EAZNENE < in vivo i~
BEEERF v U 7 OB & siRNA BEEEARIE
DR, BLOZEDOHEOFEVEET knockdown
HAE R, OB AFTAME IZx2RIREGT Y



NY — 2T LORR%E, BT AR ETo .
B. #FEFHE
(1) Knockdown ZhZRDFEAH
N/P th %225 & ¥ T GFPIZX T 5 siRNA & 0 F
F=w 7 VR —ATFL3)DER R EBR ST
720 In vitro 121 2B A MMM E LT HT-1080 &
b A ZE AR O wild type 38 & U GFP ZES
itk (GFP/HT-1080 #Mfa) % MV /-, siRNA/TFL-3
BEEE 10%MEFET CAR/EA o Fa— ]
L. siRNA 28 A L7, GFP # L /X7 BHFED®E
YeZ2HIE U knockdown i~ L AW REZEH U,
a2y hr—/UZiE in vitro TE VO siRNA EAZHR
%7~ Lipofectamine2000 & v 7z,
(2) HpREERR
AN MTT ik (IR NEERTE 2 51)
B O LDH ¥ (GHIRREEIC L 0 HilaAEEsED
TR 2 Z & 2FIA) X o TR L 7,
(3) HEpasERERAER
HUVEC 13 bFGF, VEGF, IGF-1, EGF, 2% FBS
*&ite EGM-2 BeHic THE L. MIEFEET. &
U A FA Ry —AEPCLE B WT
Ago2-siRNA (40nM) ZEA LTz, & LT
EGFP (2% % siRNA (siEGFP) % i\ 7z, siRNA
RN 4, 24, 48 BRI TetraColor ONE % AT
Wil A heER L,
(4) FEBEPNBHREAZYT
SiRNA % FAM CHEAER U7z siRNA/TFL-3 &
. H BT R Y — A (TFL-3)% Dil THEEH
L7z siRNA/TFL-3 HEFBEZFAR -, ZNHEE
A% HUVEC HIfic B A L, #EHL—F—5EK
ETEE L,
(5) Ago2-siRNA L AIZ X 5 Apoptosis DFFE
Caspase-3 EEDORIEIXTEROF v M2 HWT
1T > 7=, Apoptosis FHFERFWIZE L T flow
cytometry & FVNTHRETL72, Propidum iodide T
Mriua4 2 &R, anexin V 2 W T
phosphatidylserine % 4 8 § 25 FE T X Y
Ago2-siRNA A D apoptosis FHEARIE T,
Anexin V I early apoptosis @, PIid late apoptosis
DENEN~—I—Th b, & HIZ, ApopTag Plus
Fluorescein In Situ Apoptosis Detection Kit {Z &> T
TRV RMREREL, EESL—YF—IF
¥ o BEfSE (LSM510 META) % F\C TUNEL B
Pl EE LT,
(6) MWl ~DIERL
DiD T{&fifi L7= TFL-3 7% L, HUVEC WIiZ

BYIAENTZ Y R Y —A(TFL-3)% DiD D%
FefE L UCEME L7z, siRNA Z## L7~ PCL (V
K7L w2 A) & DSPE-MPEG(2000) % % \ M X
DSPE-PEG-APRPG AR Z#NM L, 60°CT 10 53[H
A vFa~— b LFAR L, HUVEC IZx4 58
AR L7, siRNA EAEIL, FAM =30
SiIRNA D68 & FEiZ 5 L 7=,

(7)1 % P R AR~ Ago2 knockdown D82

HUVEC %E7 /L & L, Ago2 knockdown {Z &
% tube formation (M EFHFLUEEETERK) ~DE
BIZHOWTRET LTz, BAERNITIZ, Ago2-siRNA
% HUVEC IZEA L, —ERHERBICT R b—T 2R
MR ERRE Lk, Mz~ b AL EICEEEL
Jro 6BERA V¥ a— b L, BEMGE COEEL
BEREHREREBE LTz, S 5IC Image ] %
WTIEBELEEEREROR I ZHE L. E0G
Ft% field 7z D ICHE U CFHME L7z,

@®)F v V7 OFAEMBEEREDORE

BRI EE D siRNA BLUE ¥ U 7 0OF)
BBIE, HEFAM)T ~L siRNA, BL U DIl &
NNV DYRY —LEEABEWMET CEETD
Z & TEMEi L7, BARAEYIZIZ. dorsal air sac {E
WX ANBWIZ T AEHE TICHAENLE %
FEIE, THICEET UL siRNA B 5V 3
HT VYR — B EFBIRNES L, —ERHE
RiBgEMTEHIESY, KETERL, BN
?ﬁém’;@«\@%ﬁ%i%iﬁwﬁﬁﬁﬂﬁ L, &

2. EERNSFICEL T, vV ARABE
%7»kwﬁ®ﬁﬁ@%smmx%5wm9ﬁ
V= LEFERNRE L, B U< —ERERE%
BRI, EEXRH L, EREAZERL
Teth, HABEMETHEL,

- EEA~OEE

HEMrsEIcE LT, if@@%%%fﬁbﬂ
—wi%%%%bkﬁéa%%%é
5%§ * wL. %fx T'CV‘Z) ifn—\ @5%5&5%@
%@K%oﬁb\%% X OIRET ARG - &
BETEXONE VB TEX D HEEZEIRL, A
AY 7

C. WFFufER
(1) HUVECIZHT 5 Ago2 knockdown D 228
(I )mRNAR & M ERE~ D8

Ago2-siRNA % Lipofectamine2000{Z . Y HUVEC
WZEA L, Ago2-mRNAEZPCRIETHIE LT,
Control & L TV /- luciferaseiZ ¢ % siRNA T



Ago2-mRNAFEB 28T 2 <. Ago2-siRNA%

AW BRI R 2D RRER E -, oz &
N, Fox BEREF L 7-siRNAIFHUVECIZEBWT b

Ago21%{a%%ﬁ%: BIRAYIZknockdown§~ 5 = & 23
feRs s i,

DUNVT, Ago2-siRNADSE A & 7= BROHI D1
FEMEDZALIZ DOV THRET L7z, BA LesiRNAE
T L MR O MBI N EHE S s, Eik,
Ago2 knockdownlZ %4 BB M. HUVECD )
ASHTI1080#HE L 0 W &R hotz,

PCL 1T & o T Ago2-siRNA % EA L /=
HUVECIZRW T b RIAE T I UsiEGFP B A
ol BB LT, EA 24 B DA EICHIA
HIESE STz, BB EICNEATHDAE
AR O YEFED siAgo2-siRNA DE AT X TH
FENDZ B LN RS T,
(IHMERRZED A J5 = X I

RNT, D &5 22 B FE N ASHT 1080/
THEINEZDH O & FfEiZapoptosisZ /- L TA L
72D THDHET LT, Lipofectamine2000% F
UV TAgo2-siRNAZ E A L7 B4, 4885 1280
Tcontrol & L TH /- unrelated siRNA(luciferase)
& HEE U TRV caspase-37E TE 2 5584 2 TN 4 )
> 7, & bz, flow cytometry & A W\ T,
Ago2-siRNAIZ X 5 apoptosisih E RN 2 et L7z,
R, AELET RTORRICE W T,
Ago2-siRNA % & A L 72 8§ & 0) 5 »n
unrelated—s1RNA(luc1ferase)75_'1%. AL TG Eic
TapoptosisiBE N Fm W ENTER S iz, é iz,
Ago2-siRNADEAIZ L Y  IE U723 CoORH
Tearly apoptosis AFHFE I N TV D Z L 23FER
iz,

RUNTC PCL % FiV T Ago2-siRNA 8 A L7-35
A DFEICE LT TUNEL 2B X W BREt Lz,
TR M-V RMAEZRE LR, siAgo2 EA
HUVEC TI3ARAERF L OsiBGFP EAMAE & Hhig
LTT7 AR b= AlanEmigEZsaniz, £
Ago2 knockdown T & o TEHEEAIICT AR h— R
BHFEINTWEIERHALNE 20Tz, ZhiC
£V Ago2 1T X HMBEFEIHIZNRA T R b —
AFEENLIEETHDZ ERRRINT,
(1)t B SRS R T R RE ~ D S 28

RICMEFPE SR ET~DEEIZD
UWVTHRET L7, Ago2-siRNA THLE L 7=HiE A

EICEERREN 2R > TWAERH L »
o le, EBHMECIZIBEEIZRBNT
Ago2-siRNA EAMAE Tl EELEIEEEF RO

B RN, MERMEEEORIZHEL
TefER. Ago2-siRNA A 24 40 & & 4E{L
BERERIMSIER S R 6, EA 48 BEREIC
FEEBICLERSERERA I Ehb 2 L
B LMNERoTn, Ago2-siRNA EAIZL->TT
RE—VRETEL Do -MAREICRBNT, #
O M AEFEPEEEBRENERELTWE I &N
BRohE otz

(2) siRNA/TFL-3#8&KIZ L 2 Hiia PN siRNAE A
s OWE

BTEEEE D54 T siRNA/TFL-3 8 A AR =
ANX— (B, BEEREY) 2M22FT, 5
VB F knockdown BT NE HNAZ L BR LT,
T DO¥AEMRBRIZEL D FBA TS,

F9. FRFECHRE L EAS RO E LR
HEEHEZBHE L, Lo LR F28, RIEER, siRNA
BEEOWTIIZBWTY, BEFEOHFETHEL
TebDERBERERXRON NI, RWT,
circular dichroism (CD) spectraZ |l E L7, 5,
BRHMEEEZ MR T2 EEEOF N, HEIZSIRNAD
A-form helix % #ERF T B EN Do T0, I HIZ, #
B KX BEY IALIZ DV THRNT LTe, & DFREE,
B AN LB A E B DOSIRNAZ B Y A A TV 3 =
EBRALMNZR 5Tz, IRWT, IRV IAE
NTHLBOESEOTREIZ>WTHERL
— P —IEME TR Lz, TORE, B—71R
WHEEEHT A Ny & LTHIRICERYIAE
AU, 24BFRERBIEBICI VT HsiRNAR SR 5
NTWBERLG T,

(3) FAMERIRA siRNA BAFAF N4 20T
8 (PCLZEAL L)

PR EE M L X8 572012 PEG &4 L.
MBS A B ISR A 2 5 /-8 5 72912 APRPG
% &6 L7z APRPG-PEG &£ PCL Z &L L /-,
siRNA Z 458 U7z Z OFT A & BN HY siRNA A
TS ZADRLFEREVERN 120 ATE TH Y,
{ BALIL PEG DIEMEICIKTFELTET Lz, 7
A AFRANBRERICEZREFERDIBTFER
L BAICBWT, AR L7275 2 3ENE)
RefRl @ L 7= sEBlc Ao Tz,

(4) FAIMEERE siRNA EAFF /A 2D ¥
¥ I Z V¥ —ar (PCLEEARLLT)

[ZEtE]
PEG &% i L T2V PCL TILME DEFETE
Lo TEBENEIhZ, —F. PEG £7/-1%

APRPG-PEG f&£i PCL TillENEE I N -
Tro ZORREZRM L, PEG £7-1X APRPG-PEG



&8 PCL CIRIMBEHETE FICB W T HRFENIE
L L7Zehso Tz,

[HEpazEiE]

PEG 5\ \ix APRPG-PEG %#{EffiTHZ & T
PCL DRz Bk < vz,

[SiRNA A )

PCL BN RMEERIC X 2 IEFF R
DIAFIZ K o TEV siRNA EZERER R LTz, L
L. PEG {Effilc & 0 s B2 AEERBELD L.,
EERENEZICHE D Lz, —F T, APRPG %1{&
fifid 5 Z & T, PEG EHfIZ & - T L7z siRNA
BERENEIE L, U 2 FEIREYZR siRNA D%
NEE I,

[ Ago2 knockdown]

PCL &% F knockdown 235 LU T- R & B4R
DA LHTHE LT-54 . PEG {&ffi PCL T
& Ago2 knockdown 234 U7Z2ino7z, LadL,
APRPG-PEG f&4fi PCL TiX Ago2 knockdown 73
BgEINT,

(5) FrEMmE ~DIZEaYE(in vivo)

BAFAEME~DEREZRFTT DL, BAE
WETNVEERTIMLERHD, LrL, FELIC
EEEZEL, £< 0AF2EHHCHREcE i
VY, % Z T, dorsal air sac model & WS E1T o
7=. FEFEIZ PEG &8 L7z TFL-3 28545 &,
< 7 AEEE TR SN ZFHEMLERL SO
R TR T CTTFL-3 SR LTV A & & 23
BENTz, IRWT, PEG &4 TFL-3 I siRNA %
FEA S, siRNA B#ERFOF £ M E~OBITHIC
DWTHRET LTz, FEFICEBREVLZ LI, siRNA
ERESELLODFRFAEME RS LTE
0. AR ICRIRART U ARY —REHRIND
ZEBRHLMNE ST,

D. H%

AEEORFNOBR, MENEMEET L E L
TRA ENTWAHUVECIE BT hAgo2 &
knockdownd 2 = & CHEfBDOIEFME D EHEHS EH
., ZOREE L L TapoptosisZ I L7258\ Al 1
JEINHL, B L QapoptosisiZiZW 2 HRWETH I
EHEUBEEROERMEINE LD Z L85>
7zo & BiZ, HUVECKE, MEEERHANET VL
L CHWZHT1080Mii8 & ¥ & KR E DsiRNAT
MR FEINLSZ EERALNER ST, Th
D ORERX, M N KRS RS Ago2
knockdown!Zxt U CREZMENE W & 2R LT
B Y. Ago2 knockdowniZ & B A3 A ETA ML E FEE R

EERATARAICE > TAERRERENZ D,

BEPELWVWOBERLUEZFAMBRIIMZ D
Z LT, AIRVWED siRNA TEV RNAL ZE M
BONINFT 2B ENTE, ZOZ &1,
in vivo J&AEFIZ siRNA BEEZBE OB 5 EHE
HREL, Ze&E0OE THLREEOE THHEF]
ThoHrEEILND, 5%, EDLITHEELERIT.
FROMEEZFOESEO LY HENL>EHE
R R EFEIEORFBEICE T 20,

X BT, Ago2 /v I XU EHENENE
MRIZB W TR BT 2D T A
A AR EIT o T2, PIEEIH#{L L PCL &
PEG EfiT A tick o TaF®’RER2 TR
L. APRPG #fEffid 5 £12L o T siRNA
JEEHEMBTEICEETIL T NNA A%
L7z, TR, FrAEME BN siRNA EA
734 A (APRPG-PEG f&ffi PCL) I, ZEAR
RETH BRLTFRE L EMIXENENRE
HIENCE L 8sEICH . MIBF TOREMED
&L, MAEENMENZ ERBELNE o,
I BT, UV H Y F&IRAYZ siRNA OB ARER
F) o X UNBEISNIE,

TFL-3 # PEG LT3 Lz k0, =7 AEFE K
TEFTMIZRBWT, FEMENS OIRHIFRD 5
N3 L5 o7, Zid, PEG iz X v i
BIERTLEINZZ LIk bntEZ N5,
X 512, Z D PEG-TFL-3 IZ siRNA ###45 &,
T LAFEME~BITTD I ERBEIRE,
FA =y 7 VR —AE, EFEOENEHEE
OEERIZFIVDS, BAFAENE NI
T EEERE N ERm ST WS, B
AR IEA D Tl Vs, FAMENE M
FIXZFOFRBEIZEBRE L T A2 BEH R aT
FTV BRI B WA ERNE R
STWNWAED, ZOBHENHEEERANNIAE
VT =R TWALDEEZDNT
Wb, LL, siRNABFEETDEURY —2A
DOEREEMITT LA TR, FHEMRMEEER
X5 E D LRI D, PRIZ, siRNA I
R EHMENEET AAREELZ 2 DD, K
BT AR A TIIH LTI
WA, AHBEMICREIL TN Z LIk, &
D A EIRIREDOE D siRNA 7 U/ —
VAT ADOEENTEIZRDLOLHFEIN
Do



AEEDKRFN S, DAgo2-siRNA #EAZ X

Y HUVEC B W T b aEmEms ik I o
apoptosis I L= MIlEZENFE I LD Z L, @
IR E D siRNA TE UV RNAI ZHE NG S -
HIL, B—R R INT/RR, EEHEN
B X OHIENBITRICRIT 5 siRNA DEZEHED
MERFR I DN RTH D Z &, OPEG &4
L. siRNA Z## Lz kv, #idm
ERNRME~DEAMERERRAINS B2 &, &
DIZIZY T FEMAETHZ LICED S bICH
AME~OBEMEREEAZ L. BRENTE,
PLEDRERMNS, Ago2 @ knockdown (Z L B
JAZE & 32 B LA nE~ORIRKT Y
NY =V RT LEFEIEDEICLY ., EFHON
AEBEFRIEORENERTE L0 LEFIND,
WEET in vivo ICBWTEBICAAFENE
EHE T2 LT, Tax BT S All in one 7
NAZADEREEZHELMNZ LT EHETH S,
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E—t, EFEORE - BOEBEEL T R
2006%12AH
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Abstract

To clarify the mechanism of platelet production from megakaryocytes, expression of target proteins by gene transfection was examined using
various gene delivery techniques. Transfection into hematopoietic cells, including megakaryocytes, by conventional gene delivery techniques such
as electroporation and lipofection are known to be difficult. In this study, in addition to electroporation and lipofection, we tested other gene-
transfer methods (nucleofection, transfection using inactivated virus envelope, and transferrin-linked cationic polymer) with the green fluorescent
protein (GFP) gene into the human megakaryocytic cell line MEG-01. We found that nucleofection, which uses a combination of special electrical
parameters and specific solutions, was the best, judging from the expression ratio of GFP-positive cells (approximately 70% of cells) and low
toxicity. The efficiency of GFP expression was not related to the amount of pDNA delivered into the MEG-01 cells. To verify the utility of
nucleofection, the thrombopoietin (TPO) receptor c-mpl was transfected into MEG-01 cells. Transfected cells showed a higher responsiveness to
TPO than mock-transfected MEG-01 cells. We propose that nucleofection is a useful method for transfecting target genes to megakaryocytic cells

when addressing the mechanism of platelet production.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Megakaryocytes, which are estimated to constitute approxi-
mately 0.4% of the total bone marrow cells (Levine, 1980), are
differentiated from hematopoietic stem cells into platelets via
many stages. Since various hemorrhagic and thrombotic disor-
ders are strongly attributed to abnormalities in platelet number or
function, understanding the mechanism of platelet production is
. important for establishing new pharmacologic strategies to reg-
ulate disordered or inappropriate platelet production. To clarify
the molecular mechanisms of megakaryocyte differentiation and
platelet production, approaches using gene expression analysis
such as cDNA microarray, serial analysis of gene expression,
differential display, and cDNA subtraction are available. On the

* Corresponding author at: Department of Pharmacokinetics and Biophar-
maceutics, Subdivision of Biopharmaceutical Sciences, Institute of Health
Biosciences, The University of Tokushima, 1-78-1, Sho-machi, Tokushima 770-
8505, Japan.

E-mail address: y.isakari@research.otsuka.co.jp (Y. Isakari).

0378-5173/% - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2007.01.042

basis of these analyses, candidate genes involved in the regu-
lation of cellular differentiation have been identified. Knockout
or transgenic technology is a powerful tool for validating the
functions of candidate genes. Indeed, knockout mice have been
established for several genes. Mice deficient in thrombopoietin
(TPO) (Bartley et al., 1994), c-mpl (TPO receptor) (Carver-
Moore et al., 1996), GATA-1 (Shivdasani et al., 1997), or nuclear
factor erythrocyte 2 (Shivdasani et al., 1995) have been shown
to have decreased numbers of platelets in the blood, suggesting
that these proteins participate in platelet production. However,
establishing transgenic or knockout mice generally takes a long
time, and the number of candidate genes is sometimes too large
to knockout all of them at once. Therefore, a simple gene val-
idation system is required to clarify the mechanism of platelet
production.

One powerful method is transfection of target genes relating
to the target proteins into megakaryocytes. However, trans-
fection into megakaryocyte and megakaryocytic cell lines by
conventional methods is notoriously difficult and the efficiency
is very low (less than 5%) (Wang et al., 1999). To overcome the
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low transfection efficiency, transgene-expressing cells have to be
enriched to validate the function of the transgenes, and this is a
time- and labor-consuming process. To overcome this problem,
Burstein et al. (1999) used a retrovirus vector and showed that
41-82% of megakaryocytes were positive. In addition, Gillitzer
et al. (2005) showed successful gene-transfer into CD34" stem
cells using a retrovirus vector, and that the transfected cells dif-
ferentiated into megakaryocytes in response to stimulation by
TPO. However, the utility of viral vectors is limited by the time
required, facilities, the overall expense, and safety considera-
tions. A simple method of transfecting genes to megakaryocytes
should be a great advantage.

In studies of megakaryocyte differentiation, K562 cells are
among those most commonly used (Drexler et al., 2004). How-
ever, this cell line has both pro-erythroidic and megakaryocytic
properties. In contrast, MEG-01 cells (a human megakaryocytic
leukemia cell line) (Ogura et al., 1985) are committed to the
megakaryocytic lineage and can produce platelet-like particles
(Takeuchi et al., 1998). In addition, this cell line is frequently
used in megakaryocyte differentiation studies and in gene func-
tion validation studies in megakaryocytopoiesis, platelet-like
particle production, ploidy, and in vivo tumorigenesis (Zunino
et al., 2001). In this study, we examined various gene-transfer
methods with MEG-01 cells.

2. Materials and methods
2.1. Cell line

MEG-01 cells were. purchased from American Type Cul-
ture Collection (VA, USA) and cultured in RPMI-1640 medium
(Sigma, MO, USA) supplemented with 10% heat-inactivated
fetal bovine serum (FBS) (JRH, KS, USA), 100 U/ml penicillin,
and 100 pg/ml streptomycin (Invitrogen, CA, USA) at 37°C in
a 5% CO; humidified atmosphere.

2.2. Plasmid DNA (pDNA)

pEGFP-C1, encoding green fluorescent protein (GFP), was
purchased from Clontech (CA, USA). pGL3-Control, encod-
ing luciferase, was purchased from Promega (WI, USA).
pCMV-Script, a negative control plasmid, was purchased from
Stratagene (CA, USA). pcDNA3 was purchased from Invitro-
gen. All plasmids were purified using an EndoFree Plasmid
DNA Purification Kit (QIAGEN, CA, USA). A TPO receptor
(c-mpl)-expressing plasmid was constructed as follows. Briefly,
human c-mpl cDNA was amplified by reverse-transcriptase
polymerase chain reaction (RT-PCR) using M-MLV Reverse
Transcriptase (Invitrogen), KOD-plus DNA polymerase (Toy-
obo, Osaka, Japan), and a specific primer set (sense, 5'-CG-
CCACCATGCCCTCCTGGGCCCTCTTCAT-3'; antisense, 5'-
TCAAGGCTGCTGCCAATAGCTTAGTGGTAG-3). In the
sense primer, the kozak consensus sequence (underlined) was
included as the start codon. Full-length cDNA was subcloned
into a pCR-Blunt vector (Invitrogen) and it was cloned into the
EcoRI site of the expression vector pcDNA3. The orientation of
the insert was determined by restriction mapping. The sequence

of c-mpl was confirmed as accession number NM._005373 using
a CEQ2000 DNA sequencer (Beckman Coulter, CA, USA).

2.3. Transfection

2.3.1. Electroporation

Electroporation was performed with an Electro Square Pora-
tor T820 electroporation system (BTX Inc., CA, USA) according
to the manufacturer’s recommended method. In brief, 1 x 10°
cells suspended in 0.1 ml Dulbecco phosphate-buffered saline
(PBS) were mixed with 15 pg of pGL3-Control plasmid. The
mixture was transferred into a 2 mm gap electroporation cuvette
and incubated on ice for 10 min. Then, electroporation was per-
formed with various field strengths, pulse lengths, and pulse
numbers. After electroporation, the cells were incubated on ice
for 10 min and transferred into RPMI-1640 supplemented with
10% FBS. Ten minute or 24 h after electroporation, cell viability
was determined by trypan blue dye exclusion assay. Twenty-
four hour after electroporation, expression was determined by
Iuciferase assay.

2.3.2. Hemagglutinating virus of Japan envelope (HVJ-E)
vector

HVI-E vector is an unique transfection tool that employs the
cell fusion ability of the envelope of Sendai virus (HVJ) orig-
inally described by Kaneda (2003) (see review). Transfection
with HVJ-E was performed according to the manufacturer’s rec-
ommendations. Briefly, HVIJ-E vector (25 pl) (GenomONE or
GenomONE-Neo; Ishihara Sangyo, Osaka, Japan) was mixed
with DNA (5 pg) and reagent B supplied in the kit (1 pl). The
mixture was centrifuged at 10,000 x g for 5min at 4 °C. The
pellet was suspended with the buffer supplied in the kit (30 uI).
Then, the supplied reagent C (5 wl) was added. An aliquot of
the mixture (1-4 wl) was added to cells (2.5 x 10° cells/0.5 ml)
in a microcentrifuge tube, and the cells were centrifuged at
10,000 x g for 30 min at 35 °C. The cell pellet was re-suspended
with RPMI-1640 supplemented with 10% FBS and cultured
in a 24-well plate. Twenty-four hour after transfection, GFP
expression was determined using a flowcytometer as described
below.

2.3.3. Lipid or cationic polymer

MEG-01 cells were transfected using Lipofectamine2000
(LFA2000; Invitrogen), FuGENE6 (Roche Diagnostics, Basel,
Switzerland), GenePORTER2 (Gene Therapy Systems, CA,
USA), Effectene (Qiagen), SuperFect (Qiagen), jetPEI (Q-
Biogene, CA, USA), or TransFast (Promega). All transfections
were performed according to the manufacturers’ guidelines.
Representative conditions for each reagent are shown in Table I.
Briefly, the reagents and pDNA were mixed to form the
DNA-reagent complex. Then, the mixture was added to the
cell suspension in the culture plate and cultured for 24h.
According to the manufacturers’ recommendations, for all
reagents, withdrawal of the transfection reagents from the cul-
ture was not necessary. Twenty-four hour after transfection, GFP
expression was determined using a flowcytometer as described
below.
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