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In vitro anti-tumor effect of RRM2-siRNA based on active and passive dual targeted nanogel
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[ Abstract| Objective ~To prepare antibody-targeting temperature-sensitive polylated N-isopropylacrylamide/
polyethyleneimine (PNIPAM/PEI) nanogel for delivering siRNA against ribonucleotide reductase (RR) subunit M2
(RRM2, RRM2-siRNA) and to establish a new targeted nano-gel delivery system for anti-tumor therapy by studying its
anti-tumor ability in vitro. Methods We synthesized the core-shell temperature-sensitive PNIPAM/PEI nanogel by
radical graft copolymerization and evaluated its chemo-physical properties (such as, size and zeta potential) using
transmission electron microscopy ( TEM). According to the principle of charge interaction, the PNIPAM/PEI-siRNA
nanogel encapsulated RRM2-siRNA was prepared by conjugating anti-human epidermal growth factor receptor 2 (Her2)
antibody. The effect of PNIPAM/PEIL-siRNA nanogel complex encapsulated siRNA was determined by agarose gel
electrophoresis. The in vitro uptake of NCI-N87 cells by nanogel complex was quantitatively observed by fluorescence
microscopy and flow cytometry (FCM). The expression of RRM2 after RRM2 interference using nanogel-siRNA
complex in NCI-N87 cells was tested by realtime PCR. The tumor migration suppressing effect of the nanogel complex
on Her2-positive tumor cells was determined by Transwell assay. Results The core-shell temperature-responsive

PNIPAM/PEI nanogel was synthesized by radical graft copolymerization, with homogeneous size of 359. 8 nm, and zeta
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potential of 21. 4 mV. Furthermore, the nanogel complexes encapsulated RRM2-siRNA with different ratios of N/P

(N/P ratio: the molar ratio of nitrogen-from-polyethylenimine to phosphate-from-RNA) were prepared and the

electrophoresis results showed that the optimal N/P ratio was 60. The cellular uptake experiment showed that the

nanogel had good temperature sensitivity and tumor targeting ability at different temperatures (37 C, 42 C); and the

nanogel complex down-regulated the expression of RRM2 and inhibited the migration of NCI-N87 cells. Conclusion The

antibody-targeting temperature-sensitive PNIPAM/PEI nanogel is successfully prepared, and it can bind and deliver

siRNA into target cells and can be used as a new drug delivery system for anti-tumor therapy.
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Fig 1 Transmission electron microscope image (A), biocompatibility (B) and core-shell structure diagram (C) of nanogel

A Morphology of temperature-responsive and polycationic PNIPAM/PEI nanogel by transmission electron microscope (TEM); B: Viability of
NCI-N87 cells cultured with PNIPAM/PEI nanogel; C: Schematic diagram of the core-shell structure. PEI: Polyethyleneimine; PNIPAM: Poly

(N-isopropyl acrylamide)
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Fig 2 Particle size distribution (A) and zeta potential (B) of nanogel

2 3 4 5 6 M Ma Ms la Is 2a 2s 3a 3s

B3 7A[E N/PHIER siRNA RIAE FHRKERAABIKE R (A) FEBYIRPSEMER(B)
Fig 3 Electrophoresis (A) and protection and release (B) results of siRNAs packed in nanogels with different N/P ratios

In Fig 3A, M: Naked siRNA control; 1: N/P=5; 2. N/P=15; 3: N/P=30; 4. N/P=60; 5: N/P=75; 6;: N/P=120. In Fig 3B, M. Naked
siRNA control; 1;: N/P=75; 2: N/P=60; 3: N/P=30; a: Samples treated with RNase; s: Samples treated with heparin. N/P: Ratio of

nitrogen-from-polycationic nanogel to phosphate-from-DNA of plasmid

2.3 B RERISHRG@IASLER KA
JE S WER R R A By A A R A A R
EAA Ry5e e B BT IEE NCI-NS7 4 it X #0144 K
B E AR NS A K AT WL, FAB-nanogel 41
Bt 55 5 L 1 1 0 0 i N A R [l A K BRI A

BSA-nanogel FAB-nanogel

37 c--
42 C--
A

PRIDOEIG 3 2 T BSA-nanogel 2, & 4B S Al
AN A E AT FE NCI-NST 20 it Ko 24 K i 1~ 11 4%
I 2553 5 3 R PR 23 B DR 45— 2 X U B B-Her2
A0S 10 FE S ) A 2 T R A Y P A T EL A
KB S BT O3t P M A o

= BSA-nanogel
100 *2 mm FAB-nanogel

Mean fluorescence
intensity (%)

37 C 42C
Temperature

B4 BEMKERESERFAMEGAEEE SRR ESRME
Fig 4 Antibody targeting and temperature sensitive transfection of siRNA by our designed nanogel

A: Immunofluorescence pictures, siRNAs were labeled by FAM; B: Statistical results of transfection efficiency by cytoflowmetry. * P<Z0. 05 vs

BSA-nanogel group at the same temperature; 2 P<C0. 05 vs FAB-nanogel group at 37 ‘C. Original magnification;: X200 (A). n=3, T=*s
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Fig 5 Efficiency of RRM?2 interference by
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RRM2: Ribonucleotide reductase subunit M2. * P<C0. 05 vs neg-
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Fig 6 Tumor migration suppressing effect of the

nanogel complex by RRM?2 interference in NCI-N87 cells
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