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Development of microfluid cell electro-fusion chip and its application in somatic cell
reprogramming
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[ Abstract | Objective  To establish a high throughput cell electro-fusion platform, by which to fuse
mouse embryonic stem cells (mESCs) with somatic cells, and to explore the pluripotency of the fused cells.
Methods  With the microfluid chip developed by our lab, we fused the mESCs carrying GFP with NIH3T3
cells carrying RFP, and explored the aligment efficiency and electro-fusion efficiency. The fused cells were sor-
ted by flow cytometery (FACS) and observed under a microscope. The mRNA levels of Nanog, Oct4, Sox2 and
Lin28 in the three types of cells were detected by RT-PCR. Results A high throughput cell electro-fusion
platform was developed. The aligment and electro-fusion efficiencies of mESCs and NIH3T3 fused cells were
(44.35+£10.99)% and (59.88 £20.03) % , respectively. The fused cells can form embryonic stem cell-like
clones. The RT-PCR results showed mESCs and fused cells rather than NIH3T3 cells could express Nanog,
Oct4, Sox2 and Lin28. Conclusion  Using the microfluid chip developed by our lab, the mESCs and NIH3T3
cells can be fused efficiently to reprogram somatic cells as pluripotent stem cells.
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Hi pZLENU-1agRFP 1855 854 Y J5 o e #i5 RFP 5 JEH .
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fn) , JREE B JEDTA G 4F I3 ( Gibeo 77 ) ,129 /NIRRT
RS 2R TRHE 0. 1% WML ( Cyagen 77 i) , RNA 42 UK
#14& RT-PCR & & ( TIANGEN 7= /) ,2 x PCR Tag mix( 435%
7 i) R B A 52 b ( Eppendorf 7 ), CO, 15 3746 ( NuAire
PR M2 B B ANAE (Leica 7)) , BD FACS Ariall cell sorter
T A A

1.2 Fik
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— A S s s ) A 2 Bt % A e
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HLABE M A BESEA TG, T LE IR T AR08 . ARSLETE L
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W B T R AR AR IR A b A A S
ZFALAG .

PR RO 3 em () x2 em (58) , 427 i 4 B BERY
B S TEAMGE TE (B TR ) , 565 4 2 AR L 19 E (silicon-
on-insulator, SOT) . {57 JTJ 3 E ) B RE % 1T %5 30 JE VR B2 7 [n) 7™ A=
IS XA LA Al A R A ZE R p i e o ARG B 2 L
BEAL % 22 500 XAHXT 4 58 20 o 1R B HORORAR , BN
F14) T A0 R P AR o AR OE TE AR (35 um) o AR RE
AFIS P ok el R e — A T L ) R AR -2 - SR R A
IR TSR BRE S o RIS FA 1 B8 B TR 43 310 60 pum AT
35 g D AR TS P LT T, T A G T A T LU EE . T
3 TE 1Y B B ANAE A K 435108 60 wm T 1.8 x 10° pm {0 i
WA SR T AN HAR N 2 mm ()38

1.2.2 s # NIH3T3/RFP 41457 F DMEM( Dul-
becco’ s modified eagle medium ) =3 37 3 4 (& 10% Ji 4 1
1), E37 C % 5% CO, T FAA TSR, 3 ~4 d ELHER
1:3 ~1: 5B . 0. 1% IR IR AL 6 FLAR , & 95 i 77
JZHHE ICR /N BRIENG AT e AL, 45 1 80 3% )2 40 B - 4 42 i
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ML A — B A 12 150 122, SR 105 ~1: 7,
1.2.3 4 ml & e ime SRR R 1% 2 1) mESC/
GFP 41 g #1 NIH3T3/RFP 40 ifd, 18 & )5 B0 J5 3 3 , BRI
FEREMA 200 pL B ik B 2% w ( pluse medium, PM) , 35 ¥
3 WA 2 mL PM Y EE R A, R 50 L VR A B VR IO 28
FE A b TSR FE SOk OG5 I BRG] IR
B R LTI NIH3T3 41 ig 5 A& (4,08 6 1) mESC 20 i, jiti
THEBMF 5 (R B 4 V B2 1 MHz) |, FFZERTH] 30 s, & 30> 4
MRT DA HEBA BT, Bt gl Bk v (55 (IREE 9 V, K 5E 50 ps,
Tk A% 3 A, Bk IR 1 s) |, 58 UG N % IR 1E 5515 5 (i B2
4 VA 1 MHz) , R IR IR S NG, B S0
A FE BT A AN 0, B0 5Bk PM ZRaliE
FH PBS FE, JAIRE 2 535 20 M vk 32, 285 R Y it i S 2 i =X A
MU ArE o WA AR T 96 FLAR N, F5AL 2 4~,100 pL ik
MG T se R B 5 d Zr BB R, K LBz ERY
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1.2.4  ZHMIHEBN R Rl G508 Ar BIX 5 AN Rl 26y
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1.2.5 RT-PCR ¥ # £ 14 2 A ( Nanog ., OCT4 , SOX2 il
LIN28 ) mRNA 7k fdi B TIANGEN j& RNA Hi#2 1851 &
iz UL AT i o AR B 5,10 .15 23 LAY a4 4i i ANk A
il mESC/GFP \NIH3T3/RFP 4l 5 RNA, 2 1% L e HHEE I
HLVK 48 , I B A D(260) - D(280) {A FiTik &, i % LU (B A
T 1.8 ~2.0, T Oligo(dT) 5| 45 il 42 11 4 ML &L RNA 36 4% 5t
% ¢cDNA, F§17 RT-PCR, 5|#1i i1 8 GeneBank [ H F51],
ST I B BEREEF R IR

®1 SIMFFIRTIBKE

e 5191751 RN (bp)
Oct4 EJiF: 5'-GCCCGGAAGAGAAAGCGAAC-3’ 115
Fiif: 5'-GCTGATTGGCGATGTGAGTGA-3'
Nanog EJiF: 5'-GCCCAGCTGTGTGCACTCAAGG-3’ 207
Fii#: 5'-CACTGGTGCTGAGCCCTTCTGA-3'
Sox2 L. 5'-GCGAACTGGAGAAGGGGAGAG-3’ 124
TFii#: 5'-GTCGTTTCGCTGCGGAGATT-3'
Lin28 EJiF: 5'-CCTGCTGTAGCGTGATGGTTG-3' 176
TUiF: 5'-GGGGGGAGAGGGAGACAAGA-3'
GAPDH 3iF: 5'-GCCCATCACCATCTTCCAGGAG-3’ 159

Tif: 5'-GAAGGGGCGGAGATGATGAC-3’
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AN A SR & B A A A S S R
AERE BURRERG 3 K. MBaE SR 2ZR
GERAZ s , T LALE ST MOS8 T 0 400 M Bl 2o R R AT S W% L 4
o BlAE D S e AT L A AR B IF 5% A R I L R i o
S ST 40 L HE A AN S 40 0 22 4L, Bl S, — 20 B8 Y IE 7% 58
Vi L TR P 20 M i 5 (181 1) o 7E MC R 7 & b R AT 40 i
A HEBANZ S (44.35 £10.99) % |, il A 247 (59. 88 +20.03) % ,

S 22 BT AN F A B HEBA R O (35,49 £9.32) %, Fil &
2 H7(60.09 +28.28) % , it 4 i 4L al & 77 i (4n PEG Al &
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Fic Xt 24 Al A S, % 2 P A SR Al SR A O, TR A
TR H AT 40 A 7 B 2E AT 10 Ik mESC Al
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T4 24 (59. 88 +£20.03) % .
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223 2 AN AU 0 i 0l 0 B T e 0 24 AR i A
RS AT BBl IR A T AR e ke T A5 LR it B2, Bt
SRR, TR N AT LK B AR RS 1 B A, RE [ R ek aR
Lo %¢ 56, A I B 5 IR G T 40 B 2 L, 1 fl A AT
NIH3T3/RFP il BE A, RARIE BORFN = MAIE A e
Ytk AR A 2 ~ 3 AR g, BILTE B ke, HL A g
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2.4 RT-PCR #1] % #&1 2 B (Nanog ,0CT4 . SOX2 #o
LIN28 ) mRNA #4 7K -F
RT-PCR £5 3 SR 240 A Bl & A R e Hh 63k 4 FP 2
et LA Nanog ,OCT4 SOX2 F1 LIN28 mRNA , 5 i Jif T4l ik
{81, 17 NIH3T3/RFP PUAhZ etk 3L N ER AR BEZRE (B 3) .

1 2 3 4

Oct4(115 bp)—
Nanog(207 bp )—
Sox2(124 bp )—
Lin28(176 bp)—

GAPDH(159 bp)—

1.2: @4 4m ;3 : mESC ;4 : NIH3T3
B3 RT-PCRiRESHMEEERRRE

3 itig

2006 4, Yamanaka 25" 38 3o 55 YL 4 Fp it I F
Oct4,Sox2 , KIf4 FiI C-Myc $5-/)N B2 B 8 2T 4 40 M =5 4
RHE ML T 400 (induced pluritent stem cells,
iPSC) , (A AN i F g AR A B )32 56 . SR, T
PR AEEAR, R 0.01% ~0.1% , HFEZEH 3 ~
4 JEIREFIA] o AR 40 B A B AR B AR ME R K, HAZ RS A
AR AR, P A A3 A AT R AR 2 R 5
TAn e B AL B R WA R R (4 A4 ) , B
PR ARAE S o A T 5, 20 R A T DR
(1L d ) EE(70% 2247 ) HAd A i i 25 534k, 9 5
YU 5 I SRR A 2 B A A Ay 2 X 40
TWFFE A A 22 R DR PRV 1 E s pL
{EAESE AN M Fil -5 J7 125 (I PEG ALl 5 W6 55175 S 1 21
MU &) fl G 2 AE 2% oA, BRI T 9% 05 2 1 0
1978 4, Zimmermann 45" 75 5258 e 1] P F bk b 55
ISR &, 8] TR giE SHoR ., e mJLE
B R R R A A FHAR IR FRA T KW
K1, U TR Bt R, Bilan, SC8l TR
JRAE ARRRA  FERE R R A T B AT 31 3
Y KA SR R A B SR A AR Rl A T, SR B T
— ORI R & B, 2009 4F, Voldman 2% 5%
FEBT 70 B 440 L b 1505 e, o 5 40 A 5 19 i T 2R A
10% LI FHEE B2 50% |, 3536 5 F H oAb gl A 5 R .
(RAZE R TR TRl A 10 SR AR 0 i R /N B i 7
Zots FRNRET 12 AT ARG

2011 4F RS2 % [{ B0 R T —F A S ik
R B3] F 4 1L F 15 0 A, B 1080 30 o 42 S B 1) F Pk 2
BRI, 2L, o AR 4 [ i 7 0K T s T ok R i
B A RE R 30% ~40% , I HAZS Rl T 3548
SRR IR AR, 25 20 b 78 HR 3 7 B9/ T 0k R ff 1)
LB HEBN R A, 1%l 200 B il DX P R /N A B, e

DA [ R /N 200 6 ) Rt RE AT i 1 B30 A
E 38 ] — 0 ) R I8 0 145 DR, FeL e =2 18] 77— [T A X
TE AL S R v A 00 A0 2 0 AT X, 2% DX Bl 6
R 3 mT DA A HEBA o {EUE: B i X i i 45
1, Joik 8 BAN R 4 , 1308 52 2R 48 1) Fi il 5 R0
DR , A R 7 1A DR AR P W 942 37 g Rl B 47 17 m
TRk B, SR 7 B R AL, B IX P 46 bR B T
TR I AE AR A DX, G5 T Rl A DX 40 i g PR
VERT 30 T AU A HEBN R, I B 4 vp i
Ko LA G, P28 TR AR, JEAR
20 FEL R A 5 T o O A0 AL S 1, TE LR 1Y 24
PRI 2 Al TR IR L TR G T 40 MR s e, T 2
BT, 1 FERE TGRSR A AT LA R A HE A
fBAZHN . A3 BIHR IS 5,10 15 .23 AR B4 il 4 2
FfA BT mESC/GFP  NIH3T3/RFP #f Jiti i) RNA |, gE 47
RT-PCR Kl %z B 45 1% 04 il 45 40 0 249 BE 7 0 Hb 36 3
4 P HEMERE D] mRNA, 5 R T 40 Mo 28 ), TR o )
FE ) NIH3T3/REP R fE 1% 2 REVESE P mRNA,
T DL A 2 2R T 2 RE P L R A BV AL, A
1 2 L SR RG T 4SS IR R . H Al A R 7E
AR AR, A4 D 22 RE L L PR RS 2 G, T
XS L REIERE R A2 B T4 TR s AL 2 A A L S —
A2 A 5 100 B A R A X 4 R R A 2 ) 46 W
T Y (0 0 F 904126 (1B 4 f1 DNA HTJE AL, o
DNA LA A8 15 75 8 45 3 26 22 B 1 ik PR 2 36 07 1T R
T EEAENT . DNA L AL AR % 40 ) ik K i 2%
T, 25 FR A U2 2 B2 400 o 007, 9% ik PR A 3
Bhutani'™ % BUA 240 i 1) 22 REVESE DR 7 8 7 2 5L v i
PR (PR 245 14 , T 368 3 200 Y 5 20 o 20 U5 A
20 B 22 REIE SRR 3 7 & A T 22 AL 0% T 2
REMESERR, thIHAESE T DNA I REAR 85 75 A 200 f 2 2
Py R R A% T B, (0 LA 0 25 B AR AL o
T — WP ERIESE . FIRA LI [ 30K i il
B RS F &, fEAS 9B mESCs 5 NIH3T3 1
R, I ELRR A A0 I e 08 S 6 4 i T 4 A W
F TR AR T A 40 L 26 B WL
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