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Purpose &
Contents

In the field of induced pluripotent stem(@iPS) cell, the size of the market is growing
very rapidly and its growth rate is also remarkable. However, it is urgent to secure
original technology for safe and efficient production of iPS cells for practical use. In
this study, we constructed Nanoinjection system to selectively transfer
reprogramming factors in a single cell, and evaluated transfer ability of various
reprogramming factors in a single human somatic cell. After optimizing the system,
we transferred the reprogramming factors into a single somatic cell, and analyzed
the mechanism of the reprogramming process in a single somatic cell. In addition,
we compared the differences in the expression of genes according to the amounts
transferred to a single somatic cell, and confirmed the optimal quantitative amount
of genetic materials to produce safe lineage specific cells in the future.

Results

- Establishment of gene transfer method of factors through Nanoinjection and
identification of gene expression

. Establishment of transfer method of the model factor through Nanoinjector and
evaluation of gene expression

- Quantitative measurement of expression gene in a single cell
: Quantitative control of the amount of genes in a single cell through Nanoinjection

- Optimization of quantitative reprogramming factors transfer conditions in single
animal somatic cells by Nanoinjection

Research changes in somatic cell specific markers and pluripotent markers
expression during the differentiation of animal somatic cells
. Safety confirmation of the differentiated cells by the transfer method and induction
of differentiation into functional cells

- Real-time observation of the direct differentiation process of single somatic cells
Induction of direct conversion into astrocytes by selective transfer to single
somatic cells
Identification of early expression patterns in single somatic cells which
reprogramming factors transferred
. Identification of gene expression patterns in direct conversion into neurons

- Quantitative mechanism analysis of direct conversion process

Identification of gene expression patterns by single—cell unit according to the
amounts transferred quantitatively

Identification of gene expression pathways during differentiation into astrocyte
with different gene expression patterns

Expected
Contribution

- Optimize gene transfection conditions through stable and quantitative gene
transfer in single cells

- Quantitative analysis of gene expression patterns by single—cell unit through
nano-injection

- Analyzing and optimizing the conditions under which reprogramming occurs
through the transfer of quantitative non-viral reprogramming factors in a single cell,
suggesting efficient non-viral reprogramming

- Expect the development of original technology for the identification of the
reprogramming mechanism by quantitative evaluation of quantitative reprogramming
factor transfer and expression of reprogramming factors in a single cell

Keywords

. o , Direct . .
Single Cell Nano-injection , Quantitative Neural Cell
conversion
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(a) (b) Poiseuille’s Law
TXAPXD*xt

P, Un?pn Pressure) V e
128X LX[]

™MD (Inner diameter of femtotip) AP=P-P_ (P;: injection pressure , P.: Intracellular pressure)
D : Inner diameter of femtotip
P, (Intracellularf@iressure) t- In_ject[on time
L : height of liquid in femtotip
M : Viscosity
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O Nanoinjection A]2¥ = % Poiseuille’s laws 53 dd A J AZFH A
2 Ag 3y g4

O ©&¢¥ AXE Y Gold nanoparticle FE& 3 A Yg =3

O Nanoinjection A|2HS T3 9d AX &9 AFH 2dx AL & gz g
d g4

O FaAx 2 gz AE 8 yxeAdAdriss ZFad oo

O B Ags & Ux=dxy HEHAE o 92 A=

32.24d% AT ATFY WE 2 A

Nanoinjection AlZ=81-& o] &3t AFH {Fdx dE WS gddstay dd 55 AAE

AR} ARt FFA AG F AL o =

3 FAAE dd 5= AAEL Yol e A 2

571 91gk wdl MX =2 Mouse embryonic Fibroblast (MEF)Z A A3te] el 1z}l

pcDNA33_eGFPE Hste] waedyd ¥ gl dy Axge Ao A g 3y

3.2.1 Nanoinjection A€l o] &3 & A Y AHH F4x AL Uy JFH 3}

mMAE el A4S v AAR Axgls Fate] 9d AX o FadgES A5t
7P Tag gRlow Agshe Fitol7] wiEel 1AbdxelM AR AE g A
R BE FHAA AV setEe] ARl =28l WS Fa skl AlE WdEs
AR 713 A7 FAE FAZ F A A2 A g dre gl A
P& olF= AAS Aste] MEF mediadol A FAE FAs= 3w AE WG Al
E7F A B Qo] HFS FASkE Aolgk Adstth olH g H WS Fho
AlZel ek = cell media ¥ + tH71(1024hPa) o]zt AsAth cell media ¥# 2>
wellel ®71 cell media®l &3 WEE Fstel oF 04 hPaolgtar 7HAHsta 7|42

°F 1024.4hPacletal sttt o] & F3f o] o]49

(e}
dHow EAS AIste] HAdS g} 1xdEo A F=H3E WHQ Poiseuille’'s Law

g ofejst 2ol 49 Fu

128 X LX< 1T

Table.1 Calculated injection volume UNIT : Femto Liter (fL)
1200hPa | 1400hPa | 1600hPa | 1800hPa | 2000hPa

0.3 sec 0.1 | 0.3 0.5 0.7 0.9 |
0.6 sec 02 ‘ 0.6 1 14 18
09sec 03 | 09 | 15 | 2 | 27 ‘

—— .! . . —t - -
1.2 sec 0.4 l 1.2 2 3 3.6




UNIT : number/ fL

1400hPa | 1600hPa | 1800hPa

Table.2 Calculated number of injected DNA

2000hPa

132

264

396

528

| 1200hPa

103

73

15

205

292

146

88

30

219

132

438

292

176

60

0.3 sec

0.6 sec

0.9 sec

1.2 sec

¥ 1 & 2 Nanoinjector®] ¢ ¥

@ K3 (Table )3 ¢

1pg/pL

1200hPa* ¥ 2000hPa7}#] 200hPa®|

Fol 0.3sec

A2 7|4 (Table 2)DNA concentration :
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E FAFF o2 F (FY L)

mBiomaterials Revisiong 93] F7} Ad& 34 22b A= A atol] Hl8] vL s A
o 1

>, d
AAES 53 ol F3 v AAA Al~"e] A 2§ Transfection profileg 253
(29 23). & 23 JA A5 2358 wo] FYstd AxE u 4l Z&o] Hojxine
e 2 o FHx Hd & HASE A% dd MAx o FAA ded 2 A
2715 g4 3 W&oz 20153 7€ BiomaterialsX o] =% o%

muol7l Agd fFdxe] AHFA dda s Hrts J1Ysr] st AAHeZ dd AX
FAEE 1A%t d9AHAE W Aed FAAY FFH AE U 2@FH FBAAAE
A3 (2 24). o] HHL F¥EAL AHutSE (Polymerase chain reaction ; PCR)<

A
gd AXo L& FAOR 7|Ed &A%Y WHQA Single cell PCRYE o] =99 A

_22_



2 Aoz Agstd A v AAZ & e A Ed FE 715 BES AL
‘:‘r. of S Ax U Agd FAAZ EAH Yeaus FF AE7F AA single
cell PCRE 3] UEld Gene expression level® A&7 AX3E A4S BYr) d&
o dd AX U ZdE {FAAY AFS A U TdE ¥F F=E B g F
e 2H/E HAF. AXE U] 2HE FHA Gene expression level 53 9314
o] 5+ PCR W< AXE wi¥dstes AAAA HAAoE Holde AXE W EF
AR AF AL Erlsly, 3374 =7 PCRS £33 Gene expression level2 ¥ &
T ;,l%-% HAZOo2H, FFAEE T doldes Ax I AT F3x 48 BFS
d & doe dHel 2 997 A+

o

_11}1'

a 30% b
40 1
—~ 301

T )
8 2 20

= c
10 -

0% 0 1500 3000 4500

180 360 540 720

DNA
AP (hPa)
a9 23 F9 249 ©E dYd AX U 1% S2EE ()9 FIFFHA 0E @Y
AEX Y FA1A 2EE (b). ()9 T2AHAL FY3 %Z‘_X}S’J TS YgdH o &
T 2L 49 FARAE FYAE FY 2 wE FEdE g0 @ YEIGOE
Ae 3AE 5 Ue
a b 60 40
3 E 50 1 L 20 §
o = 401 Lo 3
> .0 £
= @ 301 <
0 o 20 ~
c 8 )
(] x 201 c
gt v .
£ 2 104 a0 =~
0 v T T S
0 1500 3000 4500 ® o .60
DNA Control 250 800 1600 2400 3200

DNA

a8 24 99 A W FAFFH FAA(pcDNA3.3_eGFP) A2 Fo WE AX U #A
2 3l FAE FEAE g Uded 2HZ (a) & AR AL F W E Single
cell PCR ¥4 I =Z(b). (b)Y & AL AL Fol e AX W Fax & I3
ZEE YEHE

_23_



(28 25),

[e]

olwl, Single cell

tel e 3l
@l AE W FAA TAFH B A d

T HE&ez 20159 79 BiomaterialsA| ol

k<

3500

2500

d Fx=E 4

v}

=

il
1500

O]
p 8l

g%

500

St

ol A
13

Y 25 ¢Y MEF M¥9 FAA daFd o

2 ¥F3 2E omA

& e

e ol

=

2= 39tslH Single cell PCR ®
= A

5!

Z o

A
o] &= Single cell PCRS %3 &<l

PCRel At&€ 37 ©d AX

a9 239 (b) 1
AR A A

A

A

2]

o
e
(]

A & (29 26)

el

il

l

o]

pra

’

T, 19 26 (a)oll A

A5 (L9 26 (a)).

o 7+ 200071 ©]

2 2000712l DNA
8, AlE g ¥4

Eis

0] o

PN
T

A4r

S

= YEA T, 2

RS,

©
=

.,_a.,_

],

)

==
)

=

=

0

SEEE!

SRS

2ol

1AEH o 7t

h 84

g 7

M Zol mHfoF F&

AF W

ol ¥ F.

dlo

%
W

=

)

Aqr

2]

oW

)

X
B

ot

=

—

}o] Td-tomato, eGFP, eBFP

W EA 2 R

O

hyA

~d-

t7] 9

A=} (Octd, Sox2, Kif4, cMyc)
[e}

=

=

7}

=

.

o

bz|
_24_

EEE

L

o] 47he Nz o

4]

j
=
9

AR A vl mE @d AA

T
olg}, ol o

€02 201539 7€ BiomaterialsA 9l
e}

m 7] Ayso] dd FHARe] A

3.3.6 &%




< <
z Tz o
o a
(=] (=]
(=] o L
wn o L
 and m
~ 1
o M
o =] (=3 =T =1 o o (=1
m ~N - m o -
g e 2 e
o a
o o
(=] [=] -l
o un -
- ~ -
~ T L
=] =
L= Q (= o o i=1 L= o
m ~ - ” ~ —
< <
= = * =
a a
(=] o
(=] o
un [=1
~
~ P~
. m
2 & 2 °8 g8 2 ©°

(‘n-e) Ayisusqu|

DAY

13d

11d

9d

7d

5d

3d

1d

0

d4i9

aseyqd abuspy

FALE Bt Az

=
T

19 26 AFH F2AA AEeF 7

—_
file)

X 2 7F

A 7}el

=

Faoh (29 27).

)

dol s,

ol A

hyA
-

interfereancegle] @ Al

T JEo=z 2015d@ 7€ BiomaterialsA] ol

&9

eGFP eBFP-Nuc Merge

Td-tomato

RGB

I Td-Tomato

[ eGFP

I =BFP2

1:1:1

6

(p|oj) uoissaidxa 4499

R:G:B

211

b3

R:G:B

1:2:1

o

R2:G1:B1 R1:G2:B1 R1:G1:B2

R1:G1:B1

T A (FH), FY v e

_25_



U FE AAZY 98t Y F&

o

il
—_

iz

(MEF)

) Al 32

Z

=
=

o

—

)

[e)

iy
,ﬂl
ol

B

m 7]

=

7

i

Fol (1600hPa/0.6 sec, 15007H) MEF

3|

Fdol tdd
X

FASHY 28).

=
=

o] -

2]

my
b

<

il

o

ToR

£ feeder cell

tel s Al

3|

Aqr

AJr
)

it
Gl
0

o).
2]

iapsaj uo pL

18paaj uo pg

a9 28 9E3 A A F, dd AEY AR LFH A5 F FHH FF

P1 6d

PO 6d

I3 29 Feeder cell 91 &

wn
K-

338 @Y T= AAEY &3 Al

3

99 grst w7

B

|

A

3

[e)

o

=

1=

i

7

A
Plasmid

m 7]
o]

=
=

ﬂ
fite)
0

)
iy

AEZ

A st
714

=
=

Immunocyto chemistry (ICC)

FE 3 7E vERE A

@ o=

}o] Pluripotent Marker®]

H7] #1s

S

[e)
}\é‘é'

-
X

=
=

x|

T

—

=
0

A

3
oF
]
—_

el
ofp
LOL
Tk
T
®
\_a
o)
B

=

23|

—

0

™
;01_

B

!

vzl

;él

_26_



Modified calculation UNIT : Femto Liter{fL}l
2000 o

0.3 sec 3.45

0.6 sec 3.2 6.9 10.6 14
0.9 sec 4.8 104 15.9 20
1.2 sec 6.4 13.8 21.2 30

¥ 5 Poiseuille’s LawE §3 A4 4 =4 4 FHAA
AgF

Oct4
#1

Oct4
#2

a9 30 985 A% F9 29 F, MEF W} 79 #2849 ££4%8 ICCE $5d Fd

1000hPa/0.95ec 1800hPa/0.6sec 2000hPa/0.65ec

a9 31 949 MEF 4 &3 AAE F4F A 694, 2 921 4 FdAgs ved
A XE (Scale bar : 100um)

_27_



of
QL
9
)
(it
_0|L
o, TR
B
N
I
N

w

NJX?_X,

rO
Q i
o 2
2 8o
12 77
 H
oy
o &
By

rUlO ‘{N

e

o
i)
v
)
i
o
rO
ofl
fu’
e
2
N
=
o
=
N s
>,
2
o

o
FN ot

o

19
ST}

qRe ARE FUE A 644 FeAstsh Yol ATERRE, 3

s, Feiwast Vet AXES A% v B L T
: ( 3 <lAbe] WEz
5 gelstar, A vl SSEAlS ##EE}
2

Azl Oct49] & o] 3Holo] gqur
7]

o
<

of
L
x

o 2 ox

El

E
&)
X

Ji
ofk

I
fuit)
()
&
N
A
2
MN
X 12
M
_51
j& o flo
N
A Olr ‘é
&2 ,
s ot
U

|
=
H
&2
o

I MEF cell W] 943 27 59 1194, MEFS] %3

datel ek mpvkA R F9) FA ARl Octdeh
A ALY SSEAI«] ‘ﬂ”ﬂ Oq%c'—a QOJ‘S}ME}.(:L%] 33) FEIRSE dojd A XA, A
54 ALY TE R E FA3AS #, 64F 7AAE A dovugHEE A4
uk7A o] 2o Q?JQX] ggoy, o ofF AEHHQA JES HFAo] doju, 11Y Zoll A
© AT vA9 TdEo] glF= Ae #FEA. Oct4‘: —Zr‘?d?f}cﬁ—% cHYH dT
A utAZ 2AHE E7MA AEH R 2o FAHE S FAF. o] FIA A
¥ g uwsrt dojdgsts ATA wA7 TdH 7)}1], 19_}1:_/\] Z7t] EX ©A
E AAA JES #Ao| JAPdAdE A 4] 7t B A2FHE EQE ¢ 9 F
E AAEY A5 27 gE3 #44 F A5 d5 l"&:’il-% a9 348 F3te JEY.

an)
4
S,
e
ottt
fu)
=
g
o
Re)
i
i‘ﬂ,
11]
_O,
et
=
o

—p

Morphology Change

_  —Day

"‘1 6 11

Reprogramming
factors injection

Expression (+)

Al

r o

2% 34 ©d BB AATE A Wt gE 27 8% BY §34 2
7 B4

_28_



1000hPa / 0.9s

AAE A% A=

BE
ﬂ.

A% ATy

3

’

2

’

el 2

ZFell o

E

E

| A3t g F=FA
(Human placenta cell)2 A% 3}

N
N
Tk

0
o

3
b

oA

=]
R

2l

B

Media B ZAoA 4LoA 7

Ao A=

&

(29 35).

23t

= o

=3
"o

e

23!

I9™ 36 A EWE AEANA U

_29_



3.3.109) yxAdgrjeS ol &3 A AAMAE U dEIA AL &8 HU}
Media A Media B
1400 hPa 1600 hPa 1400 hPa .

1600 hPa

4d

7d

19 35 1400hPa/0.6 sec, 1600hPa/0.6 sec + AF ZXHLoZE A=
¥ Media 24 AF & G dto] A 550 w2} AXo Feid

3t #F
Plasmid{pl)/Lipofectamine(pl) 2 4 6 8
s 1:1 0.5:1 1:3 0.25:1
H 16.86 % 18.65 % 15.87 % 16.01 %
2 pL + GNR + Laser 3540 % 37.14% 39.95 % 4233 %
i 3:1 1.5:1 11 0.75:1
B 21.03 % 20.50 % 2270 % 2420 %
6 pL + GNR + Laser 51.90 % 60.20 % 62.10 % 61.60 %
12ul 6:1 o 2:1 15:1
¥ 8.06 % 19.4 % 183 % 2111 %
12 pL + GNR + Laser 11.80 % 51.90 % 56.28 % 60.55 %
9:1 45:1 31 2.25:1
18 pL
10.21 % 1417 % 18.60 % 22.03 %
18 pl + GNR + Laser 11.21% 46.94 % 50.45 % 52.43 %
£ 6 YENeud Favce vg ¢ FA4 AY B
W SAA A9 5§80 7P 2o Zetaneg gxdAewe 23S 2] 9 @ EHEw
2,4, 6, 8 uL Foll Het~v= 2, 6, 12, 18 uL &S 2H7F £33t 9 & 1e YESlE 1]
SHE AYS APl SetanE ol 6 plolar HEAERIY Fo] 4, 6, 8 uL o d
T2 A 282 717 60.30 %, 62.10 %, 61.60 % = #FEom FTAHS=Z Folsh

_30_



4, 6, 8 uL A

el
=

%

_o/]

1

]:/]_11

12l 6 L9

S

= o
1. -

Uﬂ

o

)

B
Gl

sl

R

M
A

o
3

Fd&(19 37).

J =
%o

)

e

-
X

1= 18 ul el =

tgou} Sepan

S

60.0 % °l’d= A

o ¢

Ry

Fel Al

S

uLY = 7kA]

hya
I

81:11'

S 18 ul &

gh)

=)
H)

)

o

0

N
o
b
)

—
fite)

=9 vg )

2]

3z
=

e 3

o

1o
olo

0

_81_



< 1007 E@ 22 5 12:12 . 1005 =
6:6 18:18 3
§ 80- B3 [m §_-_ 80-
2 = g 60-
o o : 8
5 S 40-
‘5 —
ko 8 20-
§ S 0-
== 2:2 66 12:12 18:18 L . .
Plasmid/Lipofectamine ratio Plasmid/Lipofectamine ratio
2:2 66 12542 18: 18

1001 Grp GFP+ |] GFP GFP+ |1 GFP GFP+ || GFP GFP+

» 8071646% 354% 138.2% 62.1% 1345% 60.1% |[159.0% 41.0%
S 60 : 7 1
o /|
O 407 ] ¢ 1
\ _
2077 1 " 1
0 "-. — 4 -
2 .3 4 0 <

< g Ot o R80T LR L3 1 .2
1010 10" 10710 10 10 10" 10710 10 10 10" 10710 10 10 10" 10710
Fluorescence Intensity

oY 37 FEHENY Sean= HE&S 1I1E2 AN L F& FAANEA FHAA AG

& 3. (a) FAX Z471E ol &3ty AR Ad £&& &4, b) AX 84=% F3. (o)
yedAgriEd 98 AR} Axd Jgd F AEX FAEE uERAHEANE S 5§ &
(c, upper). eGFP @& d4 L2 JJAvHF & T3 #Z(c, middle). eGFP HJ LI ES
24718 B3 #FZ(c, lower)

S o= ]
= 1l AR h=
AAEE FEUMsE7IAER A & 5 9= g4 #d2 OCT4, KLF4, SOX2,
KeN jul

c-Mycs Z+2 15 plLlA FHste] 29 ey 6 e £33 5 1010° cells/wellel = 2] 84
S agla 9 9252t 12 3#¢1 Rb-OCT4, Rb-KLF4, Mx-SOX2, Mx-cMycS €]
st 1 ug F3go] 29 23 AE A ste] FFdAn AL T dud 2y oRs g
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A3tA & MxE ®ASE 23 Tl Alexadbdd 4S 7HA = JFEAZN A0z 1o
W RbE EAo2 d 27 AL Alexadssi g e AL FBTAA WA 0ol
A Ao dlg PASHE DAPIG A oS At ZAatolal AlEe] do] HAE ¥otat]
sl AMsEA . ToF Az A AR Gz o]l Z HArH dof A
O 7es ] wel i 3 FuoA AR ASE Heolw wE d A FHA o v
&2 dEsIAE Al A3 4 A FAA 25 # ka0 FeA i B v ele
S AT 5 AS (2" 3B). o] AAE T 2 AFHAA I YreHddr|ES A%
spAEE A = de 7ol FRTE S A5 S
DAPI Sox2 OCT4 Merge

3% 38 YuAGr]&ES o439 9 E3A2(0CT4, KLF4, SOX2, c-Myc)d dAg7tsAd A

3AtEd = A3 Qg oF

O g AE Ul AZFH T A2 43 R 2 Y AF U 734 239 BF
e ‘ﬂ‘ﬂ 3¢t (Biomaterialsol Al #})

g9d TE AAMNEY GES J|H 4 2 AFA wA 2E g

Q13 Eﬂ‘* AEZE 7|02 3 &3 274X AF A=

A A Z&0] 7MY 2 HJEFERF FHan=9 £ XA}

JreHgr]ee B GRH4 A F 0d guy 54
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3.4 4x3 % AFMEEY e 2 A
341 AMELY A5 758

m A A Eo FE3} QA (Oct4, Klf4, Sox2, cMyc)S s S u, ERFAER B35 += 1
He 1) AAENA vz EAH 7|3 M ¥EE E3135= 3 W3 (Direct conversion) 2) &
s} QAF AgHo] RREHoR %7 3

| 83 @Al = AEEC] R 5H A= 9

= AL AH #3(Direct reprogramming) 3) A3 GE3
A4S AA FAE dAsAS g5 27427 54 % ol et 54 713 AXE
2 Estete e RE vd.(1" 39). A% w2 wAe 71Ee dds qist AAS
AA ke vk

= v &)
27 54 713 AxE 3t Zhe e Aurt E8kety] 99 :

42 A

53 & 3190 w3t g
A9 % Ggol 2 TG & AS. EH FE oA ol gae] WEolAE FE W
5 Z/AERY Be AL ANV WEd] BaE 54 9 Az 49 2dd nz
Hgshe Aol b5 Akt AW WA 23 AR R HY2 ANA = AH 02
ME P vE QR $4S AR R GRe Age] A4e BAsE A=
golg. olo] B AT FYUF Vo An Axde A5 wA Bael 4] 574 7
¥ AT BEHHYS dAsm;, AuHs FA4e F& AYHon wdse] 44 WA
3 Ae 249

iPS reprogramming factors
©t) yita) o a
<o) @D EERE S S H=E
= (Partially induced pluripotent stem cell)

~y

o3t 2 A
(Reprogramming) SEUSEIIME
(iPS)

H M =
(Fibroblast cell)

2 MY 23

(Direct reprogram

1) xEHH
(Direct conversio 3) 23
(Differentiation)

Y 39 AAE S QA AGA] EA AEZ B3] 93 A BAE
3.42 A% G&3 AA AL e FAA E FE A FAL
i

m 3 H3F Nanoinjectiong =3+ @ A E

= AT E A7l Addgste] APPH GFP o 713t 1700DNA ¢}
2500DNAE 7lFo® oA HA o= DNAYS] Wsts Fi 1 Id Aols A S. &
A AAE] AL el DNAE dEals o, 4% Fdx7F 2d |4 =S &gl =
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I3 41 DNA 2500717 Ag® AMAEY S5 e e AXe Jyg w3

Soxl Nestin DAPI Sox1 / Mestin / DAPI
GFAP Tujl DAPI GFAP/ Tuj1/ DAPI

aY 42 JE3 A 2500707 ALH L 149 o BAF AEAAN THE
A3 €71 AE 5o vtA 9 ICC o7 A

W ARs At AGE AT FE WG ATSe] M7 FAMTE AH 0wy 23
HAE AR A& AT dndor Axede T3 FH3te AxdAM veus
Ki67 v}A7h BR8-S g (g 43). 4L AMEY AFAEAY 945 2o E
W 54 )9 AZA dEUA 9] Wi 17 428 Fa AT GRsst 29
H9ee AR, Ki6TS E = A=A

3}

DAPI KI&7/ DAPI

O 43 &3 9A 250078 HEd AFEAA 149 Fo 2dE T 5
o] w7 Ki679 ICC °|v]A
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347 (A1®) vdx=derleS T3 ARG QESAAY 234 H A3
=3

m 2 Arxle] AR yYmdEAs"s ol gste] 9EE S ded w s Ax
RBEEe] M =2 2ds 2AEE] flste] ESAav=er gy Evle g =294S
AAste] FAA AES AR (3 1), 283 Axe Fdxe) Jgs vAA o o
st AlxE AT = de #HA 242 7] 9 FAAE Astes SlgE 232 AT
alar, R3S Al Eujoke] 2ge wigAow wANFE AVIE A4 (29 46). 1 A}
& 6ugel ZEhAav el 6uLe] Y XIS Y dIAAFS S Az dEsle o
TEWMTEVIAE 22U g45= As B

2A-L 0.5 1.5(1.0 OKC. 0.5 Q) 1.5 0
2A 1.5(1.0 OKC. 0.5 Q) 15 0
2B-L 0.5 3.0(2.0 OKC. 1.0 ) 3.0 0
2B 3.0(2.0 OKC. 1.0 Q) 3.0 0
2C-L 0.5 6.0(4.0 OKC. 2.0 €) 6.0 1
2C 6.0(4.0 OKC. 2.0 €) 6.0 0

E 1943 9E3 AR HE&S o] &3 JEFAE £3475 & 33

Transfer fibroblasts on
feeder cells

Day -1 Day 0 Day 1 Day 2 Day 3 Day 3~14

DMEM DMEM-F12 ~ DMEM-F12 =~ DMEM-F12  DMEM-F12 ~  DMEM-F12

Plating fibroblast 1 TF Stabilization 2" TF Stabilization

29 46 Y=ABALYE o3 GRHAAE AYAFE BA GF BAE

348(8%) Ud=Ag 7l

o

5

rot

g2 A% g A Agd A

o
i

1004
80+
60+
40+
20+

Transfection Efficiency (%)

A B C D E
Irradiation condition

IY 47 Ux=dErles T 923 A Ag A g 7|Ad A a7

_38_



Aol A 7l

=

(m]

1 o 1M B O o
WﬂB,%%fﬂ%o71@4&%??%%
ﬁEﬂ]%uT o BORC L W60 ¥
= % i }ﬂm_g%zzjoﬂ BT RE B R
ST OR e o o T K = e 0
%%%@J%@.ﬂﬁo]mﬂoﬂ%ma T & n\_tumzl%
TR LgES 50 T S o W %%41 T
Flooﬂ.ﬂ,mvl DrLLOt] 00 XU ﬂ.ﬂ?A TN
ei OE X ﬂplqmu ME AoﬂWcﬂAorH;o O OESE °  —
o oE < DM N ¥R 2 RERL =T
%uralgaq_z%@ AT . )
mguﬂﬁw«%@mgwﬁovﬁé%ﬂﬂu_% ® my%%ﬂﬂ%
CIE ey B - o
Eusupl%mﬂ o° 5% ©® & e 1%ﬂ§ﬂ&wﬁ
A Wy W T oo W L b B 3
LAﬂH a0y 5 = & o ;oﬁ\]n_rmﬁaﬂj_t
%.%urmmﬁiﬂﬁclﬁ%}zﬂﬂo_e B TR S
B = ;uﬂlE@u“nﬂuﬂAV\ﬂmﬂﬂm&u adl " ﬂﬂo_alor}
%4@ ﬂﬁﬂﬂaMii o = ir © X %ufﬂo).}mw
7k R T T o owegu ® 3
oﬁaﬂiL%aﬂmﬂio#%q wwﬂiﬂ @_ oo Yo =
ﬂo(‘m_ul_ﬁL ED o }ﬂylub U.lﬂ ,OIP,QLQHDIFS
T o0 E T 2 WE Pk ® Jo ﬂ_zqgl_as
uwﬂugeﬂﬁNENOtCﬂﬂwﬂo_aiﬂ.ﬂr;n G Nrwmﬂ(ﬂw%
m%?}uﬂﬁi%%@ SICR T i s T B
A 7 T oo e Toaom o B
— B Mo T Hp T oA T A ol © o 9w N o PP A
A,._‘W‘Ll ,mﬂﬂ,._ "W o= Llﬂndﬂ ,,ln_ﬂxﬂ_rﬁ
n_rquufgaﬂA — %Ean B e g C) 5
NG = ﬂom;szOEPEE mﬂﬂuoﬁeoge
ﬂﬂjgsﬂaﬂ%%wﬂw_mw%wﬁ R %&ﬂﬂ@wz
wﬂ%ﬂuwﬂmﬁam%WE%MEW@ ! %mwmﬂw_mmﬁw
_1__/!1_] m — — ‘mEO ) y}.l.h7 N
ufim%ur%J.MTo»frﬁ%%ﬂoaﬁov - WW%T@;@%
mﬁ@%m%%%@_#ﬂ%wimﬂ%z » ca@:f%mqﬂ
T o iy s O w F ol op o e o N o T = B
F T = O ﬂd.?mm%mmﬁﬁuh = .Du,aaEmLurqu
ﬂdﬂ%%ﬂﬂD%oﬁaﬂﬁaQEWHinm o QL%ﬂN‘._U_LH_yiﬂAT
[ap) -~ 0 O oy — B I - ,\I]
R iﬂroﬁ%oa_io]uﬁ%uvwhi - Mﬂﬂ%ﬁm@
I %iaaﬂ%ﬂoiﬂgoa LT E X
B T S w 3 il 8 - ujr — 9
4_zlﬂik}§ﬁﬂl X X B X
mrﬂulvoo7wr] o]%dﬂdﬂ B = = P B
%_aaiaowﬂiimﬁoﬁwg Toere g s
m%_xﬂ%ﬂ%ﬂ‘ﬂﬁi%ﬂﬂﬂ % Yo BT LW
7oﬂgao%ﬁamlrmoxﬁ%% g % M .
TN A Hp o %W@ﬂmoT]
. f23e] 0
X o AT e

-39 -




GNR- Laser-

Before transfection

a9 48 ULNEAAHMCZ MYE ARSI 28 MAMES Hat2AH

=) S
= 100+ W MEF § 40. W MEF
o B GNR- Laser- ¢ B GNR- Last
ﬁ B GNR+ Laser+ g‘; B GNR+Lat
@ | a
% 50 é 20-
@ —
7 <L
= 0- uU'J' 0-
= 0 3 6 9 » 0 3 6 9
Days after transfection Days after transfection

I3 49 AAXEuFA(Thyl)3 7|4 X007 (SSEA1) S W3S S8 AA X wW3sal

AZAPdE A g%

O 2d Alx W AFH 74 dd WS T3 AF ux £33 4y &4

O &4 AAZY ABAXTEY FH wAES = R SHA vAE T &

O gd &= AAZY AHY uza 23 AAdAN BFHE= V7D AE SolvpA &<
2L AFAE AF

O ZxHeulst g3zt =3 HH3 2 7| d&84

O U=dgrleg T dE23IA AL + IHE AE=NSES7|AXES SA %
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2
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a) Plasmid+, Lipo2000+, GNR-,Laser- b) Plasmid+, Lipo2000+, GNR+,Laser+
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