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pl SHRE JAFPp-p53/PEI-Fe,O, magnetic nanoparticle combined with magnetic
fluid hyperthermia inhibit hepatoma cells

ZHAO Chenggui, YUAN Chenyan, WU Guogqiu( Laboratory Center, Zhongda Hospital affiliated to Southeast University,
Nanjing 210009 , Jiangsu, China )

[ Abstract ] Objective:To establish a combined therapy of pl SHRE JAFPp-p53/PEI-Fe,0, magnetic nanoparticle and
Magnetic Fluid Hyperthermia ( MFH ) to treat liver carcinoma and improve the safety and efficacy of the treatment.
Methods: Sub-clone was used to construct hepatoma targeted gene pl SHRE JAFPp-p53, which was then confirmed by en-
zyme digestion and gel electrophoresis. The PEI-Fe,0, magnetic nanoparticles were prepared by coprecipitation method,
and its surface characteristics were examined by transmission electron microscope, particle size analyzer and Fourier trans-
form infrared spectrometer etc. The proliferation of cell lines transfected with p. HRE JAFPp-p53/ PEI-Fe,0,, and the in-
hibition effect of targeted gene therapy combined with MFH on HepG2 cell proliferation were detected by MTT method.
Results: p[ SHRE JAFPp-p53/PEI-Fe,0, magnetic nanoparticles were successfully constructed. Comparing with negative
control group and nanoparticles control group, the proliferation activity of HepG2 cells ([ 0.592 £0.041 J »s [ 1.052 =
0.031 ],[ 1.012+£0.021 ], P <0.01 ) and SMMC772 cells ([ 0.813 £0.042 J»s[ 1.073 +0.032 ], [ 1.182 +0.052 ],
P <0.01 ) was significantly inhibited in pl SHRE JAFPp-p53/PEI-Fe,0, mediated gene treatment group, however the pro-
liferation of nonhepatoma cells ( 1.929 and LOVO ) was not significantly inhibited ( P > 0. 05 ). Comparing with MFH
group and gene therapy group, the inhibition rate of HegG2 cell proliferation was significantly increased in gene + MFH
group ( 35.22% , 42.92% vs 76.11% , P <0.01 ). Conclusion: p[ SHRE JAFPp-p53/PEI-Fe,0, magnetic nanoparticle
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has specific killing effect on liver carcinoma cells; it will have synergistic effect when combined with MFH; the combined

therapy is an anti-tumor treatment with high selection and good therapeutic effect.

[ Key words ] hepatoma; HepG2 cell; SMMC7721 cells; targeted gene therapy ; magnetic nanoparticles ; magnetic fluid

hyperthermia ; combined therapy
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Fig. 1 Construction and recombinant plasmid confirming by digestion gel electrophoresis
A:The plasmid pCDNA-AFPp-EGFP was digested by MIu I and Hind I, the released segment AFP promoter was 300 bp;
B:The recombinant plasmid p[ SHRE JAFP-EGFP was digested by Nhe | and Hind Il ,the released segment [ SHRE JAFP
promoter was 453 bp, which was inserted into correct site as shown in gel electrophoresis; C:The gel electrophoresis of pS3, which

was relaeased from other plasmid by EcoR I and Xho | double digestion;D:The recombinant plasmid pl SHRE JAFP-p53

was digested by EcoR I and Xho [ , the released segment p53 was 1 194 bp, which was inserted into correct site as shown in

gel electrophoresis; Line 1: the digested plasmid;Line M:DNA Marker
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Fig. 2 Characterizations and biocompatibility of Fe, O, and PEI-Fe, O, magnetic nanoparticles

A:TEM image and zeta potential of Fe,O, nanoparticles( x200 000 );B:TEM image and zeta potential of
PEI-Fe, 0, nanoparticles( x 500 000 );C:FTIR spectroscopy Fe,0,( black line Jand PEI-Fe, O,
nanoparticles( red line ); D:Hydrated particle of PEI-Fe,0,, ( 141.7 £11.6 ) nm;
E:Temperature curve of PEI-Fe, 0, in alternating magnetic field ( f =230 kHz, [ = 30A );

F:The RGR of 1929 cells incubated with PEI and PEI-Fe, O, nanoparticles at different concentration for 72 h

Muanoparticles (pg) 10 8 4 2 1 0.5 0
Plasmid (p) 1 I | 1 1 1

3 pl SHRE JAFPp-p53/PEI-Fe, O, £k B i Ak B ik (E 7
Fig. 3 Gel electrophoresis retardation of
pl SHRE ]JAFPp-p53/PEI-Fe, O, nanoparticles
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BT LEL 2 4 Mg N 3R 1% EGFP( B 5B )5 FH i =X 4l
RASORT 2 €05 SRR A ML AR A T3 45, A 45 2R, 5
YIS AN AT 97. 45% FKEGFP( & 5C ).
2.5 pl SHRE JAFPp-p53/PEI-Fe,0, /% &9 ¥e &y &
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e
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DNAPEL-Fe O, complex ut diffierent nunoparticles: plasmidmass ratio

4 FEKMKFHRES DNA RELLBIEEHAH
DNA/PEI-Fe,0, E S ¥IRIFREB AL A JFIKEHEZE(B)
Fig. 4 Zeta potential ( A ) and hydrodynamic size ( B ) of
DNA/PEI-Fe, O, complex at ratio of particle with DNA mass

# 1 pl SHRE JAFPp-p53/PEL-Fe,0, {EA FARMM R EZE MMT A ZE( D ERIEEMTE
Tab.1 Optical density ( D )and inhibition rates of cell lines treated with pl SHRE JAFPp-p53/PEI-Fe,O, by MTT assays

1929 LOVO HepG2 SMMC7721
Group
Dy, IR( % ) Dy IR( % ) Dy IR( % ) Dy, IR( % )
Negtive 1.362 £0.024 - 1.158 £0.032 1.052 £0.031 - 1.073 £0.032 -
Nanoparticles  1.321 £0.021 * 0 1.092 £0.014 " 1.012 £0.021 " 0.038 1.182 +0.052* 0
Tranfection 1.321 +£0.02144 0 1.153 £0.025~° 0.592 +0.041%% 43.73 0.813+0.042* 24.23
* P >0.05 vs negative control group;““ P <0.01 vs the other two groups
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Fig. 5 TEM image and EGFP expression rate of HepG2 cells transfeced by pl SHRE JAFP-EGFP/PEI-Fe, O,
Note: HepG2 cells were transfected with pl SHRE JAFP-EGFP/PEI-Fe, 0, and nanoparticles: DNA mass ratio was 10: 1;
A: At post transfection 24 h, nanoparticles clusters enveloped by HepG2 cells in the TEM image ( shown by black arrows( 20 000 x );

B: At post transfection 48 h, the expression of EGFP in HepG2 cells visualized under an inverted fluorescence microscope( 40 x );
C: 97.45% of HepG2 cells expressing EGFP counted by flow cytometry
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Tab.2 Optical density ( D )and inhibition rates of

HepG2 cells with different treatments ( n =8,x s )

Group D, IR( % )
Negtive control 1.377 £0. 045 -
Nanoparticles control 1.288 £0.036" 6.00
Hyperthermia 0.892 £0.023 35.22
Gene therapy 0.786 £0.047 42.92
Gene therapy combined
0.329 £0.050" 76.11

with hyperthermia

*P >0.05 vs negative control group; ** P <0.01 vs

the other four groups;
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