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Centrifugation Increases the Gene Transfection Efficiency of HaCaT Cells
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Abstract HaCaT cells are spontaneous human immortalized epidermal cell lines that are commonly used

in the study of skin function and disease but the efficiency of conventional liposome transfection of the cells is

extremely low. This study is aimed to investigate whether centrifugation can increase the efficiency of liposomal

transfection of HaCaT cells. Lipofectamine® 2000 was used as a liposomal transfection reagent, and pEGFP-C1 was

used as a plasmid, and HaCaT cells were transfected by conventional method and centrifuged method respectively.

Transfection efficiency was observed by inverted fluorescence microscope, quantitatively determined by flow

cytometry. Cell proliferation activity was measured to determine whether centrifugation affect cell viability. The

luciferase reporter assay and Western blot were carried out to detect the effect of centrifugation on the expression
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of the target gene. The results showed that the transfection efficiency of centrifugation treatment was higher than

that of the conventional treatment. The difference was statistically significant. Luciferase reporter gene assay and

Western blot experiment further confirmed that the centrifugation after transfection could promote the expression

of the target gene, which had high practicability. In summary, the transfection efficiency of HaCaT cells can be

increased by centrifugation after conventional transfection procedures.
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A: transfection efficiency fluorogram. a, b, e, f, i, j, m and n represent bright field images observed under a fluorescence inverted microscope. ¢, d, g,
h, k, 1, 0 and p indicate the fluorescence images in the same field as the bright field; B: flow cytometry-detected transfection efficiency of HaCaT cells.
The green dots indicate cells that express GFP, and the red dots indicate cells without expression of GFP; C: statistical analysis chart of transfection
efficiency. All results are expressed as means+S.E.M. (n=3), ***P<0.001, ****P<0.0001.
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Fig.1 Comparison of transfection efficiencies between routine and centrifugal groups under different conditions
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Fig.5 Centrifugation increases protein expression of target gene

HE AR, iSOG RIRE R E I &, 46
2 0994k BT, 22 53 G it 2 (B4, Rkn]
DIS H &518, BARE Y5 &0 85 0 1 Lip2000X 41
BT IS S AR, (E I R N e e N H 1) %
Rl 238, BP3E N 1 9% 0 3R I AE HaCaT4H i Hh 1) 3%
IR E, TP 9 2R B B R s L2, B9
TR 2 45 R AR
25 BIEEMEMNEERNERRIEE

T HE— BT R R R T S 06 S
PE, AR T a0 R S256: PALip2000:pEGFP-C1EL
B 92: 1(uL:png) 1 55 & % Je6FL AR 1 T HaCaT4H M,

B & 15 B vk S B0y i U7 SAA BE AR, 24 hE
PEHLAH A 5 R (1, f# H Western blotSE 56 %F H ) &
HEAT e =R . 25 R IR, R g T AR
F|EGFP (3 5 2 2 2,58 ' i ) = 1R, i 8
H & A R8T BEARAK, A PR 7 B 515
TZE AT, s &0k S, EGFPR
KRR ERN, HZERA S0 LS. X
T B0 R R Ak B 7 SRR 8 5 H Y 2 R B B
KIEEE, NTTAFTX—EAMIFR, XK
B0 T8 I Western blotSZ 56t B A 8 i
1) 3 1



1006 ARSI -
3 i BT % ek G Lip2000%t 4H i 88 5 % 77 ) 4l 4 A,

ek, BT HAL TR GRBHF N, O
FS R 9 5 A RV T ) B AR . A B K
I L SR ) A2 EE AR, B DOGE T 1% 4 i R A 9 52
BB R 2 255 (1) VE . i HaCaTHH o A= 4 e Pk
55 J5 AR 5T TR 54 B AR [R], 0 e © 22 O i 9T B
Jok 2% 7 95 A3 [R1 Y6 T 1) BEAE AR A 4R O AR 2R . AR T
HaCaT4H f 1 Ay — ik 2 G ¥ 240 Mo bk, A FH e A
149 oA 2 G Ty e 22 40 PR T 9k 1) ) e e 35 R A
18, AT B i 7 X 12 48 i B A 2

B I — 1) 8, A SC A2 BER D e fe il B O
1977 202 75 BE S B INHaCa Tl f O 55 e iR . 45
F B, AR R IR Y 5 VR S YeHaCa T4 i 15 21 1)
LRI, N 1.63%~1.93%. Tl 45 & 5 e
Ja B0 77 3, HaCaTHH f 1) 4% Je ey 1 R & )
. Bl A SCHRIRE, 8T R A Pk N4 M)
J5 2 3 S e 2 B P A Y, R AT A D
i g R L I 7 3, 4a kT IR BUAR B A Y
21 L B 3 THD () S T, S99 o A4 52 6 0 5 4 i e
fisk FRY BN TR) 38 00, AT 2E 1 48 BN TR i iR 2 &
VIR EAE L, RIS T T A M i i e ke Rl B
FATR I, 248 A& Lip2000 5 pEGFP-C1 ] & L fH
TES: 1(uL:ng) 26 R R Gean iy, it B kb 5
FIrids ) 1 % G 202 f v, 1] BB IX 5 HaCaT4H i JE 4
TAERHMEER K. AR E S0 76
% 38 N HaCaT4H L () % Ge 028, 4 AT AR e i e
WINPT R B BE TR G K . S5 R,
BRI L I B0 I A3 5 A RE 62 19 iNHaCa T2 A 11
WYLl g (R AN B B0 0 B I R I H I 3 e a3
KA, IX AT RE S BT IR B A R A S B RURL RN
A0 B AS R P S B, IR G 5 456 30 )
b3 7 b A e 58 4 B BE e gy (H T — 2
ASREAE 7 T AR 5256, AN Tao PR 4 2 T2 7
JUR FEIRIE 5 6 A4 S B L 2B AR ), R B R
I3 B B I e SR ME . BUE MR SRR AT HufSS e bR
5708 BRASE S ot 58 B IR AL VB AR R, 75 B R
9 B3 A 19 BUR 1 DA Ko B 4 9 B T I PR K B 1Y
REBIEEM o R, X EEIE LR, B R T
UGS o0 A e ks, L A ) T o A B % 7 =X R B e
R, STk, % e 5 0 J o — b ] J T
A7 (P38 0 248 W e e e e 1) 5 2 AT SRR, B
VI T AR B F AN ) 240 356 B 3 7, (R R 3

DRl FRAIT 75 LR T LALip200041F Ay 4% B 1o 551 ) % e
JE B Lot A BRUE G N H B BRI Se PR ik . kAT
Vvt 1 AH LI 2 0 21 Bl 4l oy 2k R SR By, &5 SR U W B
i gy 77 1S 2 1 25O R B MR, (2
4T3 TSGR AL, 2 FTIAS I 2O FR I T UE
FEAT T S I 2 B 0 HgoR S L, T S B
NEEEAN SR BRI AESLES . WiOsborne
HTonissen 5> E B 7t & I, 56 4 M Dl 451 )3 31+
AR (FH T 2¢ S 2R IV A ARG T AN B8 2 1 ik o 23
DRl S 58 1R 9 23 o R0) AN R 1 SIE 56 BRI 9 o T A4S Sl
B AR S, O R B I R Y, Bk
292 099/ 6o B, 0B P T AR RO R
Pt W] 5 5 SR DR B0 DR EG T g 13 PR R 152, DA T 4 1 &5
FMAERAYE . IX BT BR08 A T 8 2 TURL DR BB RIS
T AN BEAE R AE AR 1 1) R [R) B iZ SI2 06 U B,
G 5 B 0 1 7 R B8 ME I G I HaCa T4 M (1) %
e, A S Re e i H B R M RL . N
Tt 0 Ul B G S B0 1 7 O T SR 1Y)
&I, ASC# T T Western blot32 56 T H & A
BRIl 25 IR, BRI O AR B B N &
1 DRT 2 G 20 3 R AR T 3 35 H 30 = BEARAIG, IX AE L
R BHIEN D3RI T R K, M AE LN A
oy 95 B M 1) 7 TR B IR R R IR A e AR,
EARIX T 7 2 BIIA B 2 e e, (R AR 75 248 o
B 22 I [A] R 22 5504 AR SCod i B0 1) 77 2K, A H
()8 ARk BT W N, RS A& Western blotSE
ook T H B & A Bk, H 500 8 07 U s
A& B 5 25%, Bt CLZ 7 V2 B 500 1938 F 254l

ARSI IREHaCaTAH M R 38 UE 1 3% G4 5 25 0
(1) 77 =X BE 8 3G 012 20 o 1) ik R e e 528, HL R Dy
I T30 2 B A o R DR S, $ i 1 Ot R BRI
€ 4 RS HERf 1 . 183 Western blotSE 46— 20
Ui B, L JE B0 I T O T H R R E R )
SEFME, AR IR — 20 IR T R AT A G SEEG I A o R
it 7 .

BE 3k (References)

1 Schoop VM, Mirancea N, Fusenig NE. Epidermal organization
and differentiation of HaCaT keratinocytes in organotypic
coculture with human dermal fibroblasts. J Invest Dermatol 1999;
112(3): 343-53.

2 Hu DH, Zhang ZF, Zhang YG, Zhang WF, Wang HT, Cai WX,



=

Pl

Uy M HaCaT 41 i FA 5 IR e e R

1007

10

12

13

et al. A potential skin substitute constructed with hEGF gene
modified HaCaT cells for treatment of burn wounds in a rat
model. Burns 2012; 38(5): 702-12.

Kontargiris E, Vadalouka A, Ragos V, Kalfakakou V. Zinc
inhibits apoptosis and maintains NEP downregulation, induced
by ropivacaine, in HaCaT cells. Biol Trace Elem Res 2012;
150(1/2/3): 460-6.

Yong W, Peng D, Wang L, Dong Z, He B. Screening of HaCaT
clones for CCL20 gene knockout and preliminary exploration
of gene-targeting vector transfection approaches in this cell line.
Med Sci Monit Basic Res 2015; 21: 21-8.

Kay MA, Liu D, Hoogerbrugge PM. Gene therapy. Proc Natl
Acad Sci USA 1997; 94(24): 12744-6.

Wasungu L, Hoekstra D. Cationic lipids, lipoplexes and
intracellular delivery of genes. J Control Release 2006; 116(2):
255-64.

Karmali PP, Chaudhuri A. Cationic liposomes as non-viral
carriers of gene medicines: resolved issues, open questions, and
future promises. Med Res Rev 2007; 27(5): 696-722.

Saldeen J, Curiel DT, Eizirik DL, Andersson A, Strandell E,
Buschard K, et al. Efficient gene transfer to dispersed human
pancreatic islet cells in vitro using adenovirus-polylysine/DNA
complexes or polycationic liposomes. Diabetes 1996; 45(9):
1197-203.

Bell H, Kimber WL, Li M, Whittle IR. Liposomal transfection
efficiency and toxicity on glioma cell lines: in vitro and in vivo
studies. Neuroreport 1998; 9(5): 793-8.

Madry H, Reszka R, Bohlender J, Wagner J. Efficacy of cationic
liposome-mediated gene transfer to mesangial cells in vitro and
in vivo. ] Mol Med (Berl) 2001; 79(4): 184-9.

Dalby B, Cates S, Harris A, Ohki EC, Tilkins ML, Price PJ, et al.
Advanced transfection with Lipofectamine 2000 reagent: primary
neurons, siRNA, and high-throughput applications. Methods
2004; 33(2): 95-103.

Elmadbouh I, Rossignol P, Meilhac O, Vranckx R, Pichon C,
Pouzet B, et al. Optimization of in vitro vascular cell transfection
with non-viral vectors for in vivo applications. J Gene Med 2004;
6(10): 1112-24.

Teagle AR, Birchall JC, Hargest R. Gene Therapy for pyoderma
gangrenosum: optimal transfection conditions and effect of drugs
on gene delivery in the HaCaT cell line using cationic liposomes.
Skin Pharmacol Physiol 2016; 29(3): 119-29.

Eue, AE, H O, K AL A, IR, SN

20

21

22

23

24

T F30 A i K DR A5 N0 5 e [ SR E . R R A A
(Wang Lihua, Peng Daizhi, Zhou Xin, Liu Jing, Wang Yong, He
Shengdong, et al. Study on influencing factors in efficiency of
introducing gene into human keratinocyte (KC). Zhonghua Shao
Shang Za Zhi) 2009; 25(2): 122-5.

Brgles M, Santak M, Halassy B, Forcic D, Tomasic J. Influence
of charge ratio of liposome/DNA complexes on their size after
extrusion and transfection efficiency. Int J Nanomedicine 2012; 7:
393-401.

Magalhaes M, Farinha D, Pedroso de Lima MC, Faneca H.
Increased gene delivery efficiency and specificity of a lipid-based
nanosystem incorporating a glycolipid. Int J Nanomedicine 2014;
9:4979-89.

Sork H, Nordin JZ, Turunen JJ, Wiklander OP, Bestas B,
Zaghloul EM, et al. Lipid-based transfection reagents exhibit
cryo-induced increase in transfection efficiency. Mol Ther
Nucleic Acids 2016; 5: €290.

Verma RS, Giannola D, Shlomchik W, Emerson SG. Increased
efficiency of liposome-mediated transfection by volume
reduction and centrifugation. Bio Techniques 1998; 25(1): 46-9.
Nishimura N, Nishioka Y, Shinohara T, Ogawa H, Yamamoto S,
Tani K, et al. Novel centrifugal method for simple and highly
efficient adenovirus-mediated green fluorescence protein gene
transduction into human monocyte-derived dendritic cells. J
Immunol Methods 2001; 253(1/2): 113-24.

Majumdar M, Ratho R, Chawla Y, Singh MP. Evaluating the
role of low-speed centrifugation towards transfecting human
peripheral blood mononuclear cell culture. Indian J Med
Microbiol 2014; 32(2): 164-8.

Perez Ruiz de Garibay A. Endocytosis in gene therapy with non-
viral vectors. Wiener Wien Med Wochenschr 2016; 166(7/8):
227-35.

Tao K, Bai XZ, Zhang ZF, Shi JH, Hu XL, Tang CW, et al.
Construction of the tissue engineering seed cell (HaCaT-EGF)
and analysis of its biological characteristics. Asian Pac J Trop
Med 2013; 6(11): 893-96.

Osborne SA, Tonissen KF. pRL-TK induction can cause
misinterpretation of gene promoter activity. Bio Techniques
2002; 33(6): 1240-2.

Jiang XP, Zhang DX, Teng M, Zhang Q, Zhang JP, Huang YS.
Downregulation of CD9 in keratinocyte contributes to cell
migration via upregulation of matrix metalloproteinase-9. PLoS
One 2013; 8(10): €77806.



