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[Abstract] Objective To investigate the apoptosis, immunity response and angiogenesis factor changes in rabbits with
pancreatic cancer xenografts after treatment with irreversible electroporation (IRE, commonly known as nanoknife),
cryoablation, or radiofrequency ablation (RFA), and to observe the antitumor effects of the above minimally invasive techniques
for pancreatic cancer xenografts. Methods Eight pancreatic cancer xenograft model rabbits were randomly divided into the
control, IRE, cryoablation, and RFA groups, with each group containing 2 rabbits. The vital signs of the animals were
observed during the treatment and all the rabbits were executed on the next day after treatment. The serum samples were
collected to examine the liver, kidney function and creatine kinase levels; and ELISA method was used to detect the cardiac
troponin I(CTnD), Caspase-3, tumor necrosis factor-a (TNF-o) and vascular endothelial growth factor(VEGF) levels in the
plasma. Morphological changes of the tumor tissues were subjected to H-E staining, and Tunnel assay was used to detect the
apoptosis of tumor cells. Immunohistochemistry method was applied to detect Bel-2, HSP70 and VEGF expression in pancreatic
cancer xenograft tissues. Results All the rabbits survived after treatment. The tumors had a clear border and were hard in
texture., Obvious coagulative necrosis areas were seen in the treatment areas in each treatment group. H-E staining showed a
clear borderline between the necrotic and normal areas, which was especially true in the IRE group. A large number of red blood

cells and inflammatory cell infiltration were seen around the border of the necrosis in each group, with some live cells seen in the
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cryoablation and RFA groups. Tunnel assay showed that RFA significantly increased the apoptosis in pancreatic cancer cells
compared with the other two treatment groups. The plasma Caspase-3, TNF-o and VEGF levels were increased in each
treatment group. Bcl-2 and VEGF expression was decreased and HSP70 expression was increased in the treatment areas. Post-
treatment serological test showed that serum amylase, liver, kidney functions and CTnl were all within the normal range,
except for a significantly higher level of creatine kinase in the IRE group. Conclusion IRE, cryoablation, and RFA can inhibit
pancreatic cancer xenograft through inducing apoptosis, producing specific antitumor immune response and inhibiting

angiogenesis; they are safe and effective. IRE has certain advantages in producing specific antitumor immune response and

protecting important peripheral organs.
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Fig 1 Gross specimen ( A-D) and histopathological results ( E-I) of pancreatic cancer xenografts in rabbits of each group

A: Gross specimen of the rabbit pancreatic xenograft, with rich angiogenesis visible on the surface of tumor and adhered to the surrounding
tissue; B-D: The schematic illustrations of irreversible electroporation (IRE), cryoablation. and radiofrequency ablation (RFA) treatment of
rabbit pancreatic xenografts; E: In the control group, tumor cells were arranged closely, with markedly varied morphology, hemorrhage and
necrosis; F: After IRE, tumor cell nuclei were compressed, and fragmentized or dissolved; G: Ablation area boundary was irregular, and some
survival cells could be seen in the ablation area; H: Clear border was seen between the treatment area and the untreatment area in the RFA
group, with the necrosis area filled with red dye fragments; 1. A large number of apoptotic cells could be seen in the RFA area. Original

magnification: X 400 (E-D
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Fig 2 Tumor apoptosis related factor Caspase-3 and Bcl-2 expression in the each group

A; Plasma Caspase-3 levels in each group; B: Bcl-2 expression in border of irreversible electroporation (IRE) treatment area; yellow dye could

be seen in the cell cytoplasm and cell nucleus (Envision method, original magnification: X 200); C. Positive rate of Bcl-2 expression in each

group. RFA: Radiofrequency ablation. ** P<C 0. 01 vs control group.
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Fig 3 Apoptosis in ablation marginal cells
after treatment in each group
A: Control group; B: Irreversible electroporation group; C:
Cryoablation group; D: Radiofrequency ablation group. Original

magnification; X 200
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Fig 4 Expression of plasma TNF-o and HSP70 in the border of treatment area in each group

A Variation of plasma TNF-q level in each group; B: HSP70 expression in the border of irreversible electroporation (IRE) treatment area, with

yellow dye seen in the cell cytoplasm and nucleus (Envision method, original magnification: X200); C: The positive rate of HSP70 expression

in each group. RFA: Radiofrequency ablation. * * P<C 0. 01 vs control group. n=6, x=%s
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Fig 5 Post-treatment plasma and treatment area VEGF expression levels in rabbits of each group
A; Variation of plasma VEGF level in rabbits; B: VEGF expression in the edge of IRE treatment area, with yellow dye seen in the cell nucleus
and partial cell cytoplasm (Envision method, original magnification: X 200); C: The positive rate of VEGF expression in each group. IRE;

Irreversible electroporation; RFA: Radiofrequency ablation; VEGF: Vascular endothelial growth factor. ** P<C 0. 01 vs control. n=6, 7+
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Tab 1 Variations of postoperative liver and kidney function, AMY, CK-MB and CTnl levels in each group

Group ALB pg/(g+ LD AST zp/(U- L1 GGT zp/(U-+ L1 ALT zg/(U« L™ 1H ALP zp/(U-L"1)
Control 29 23 3 22 122

IRE 23 15 6 20 56
Cryoablation 22 81 2 21 35

RFA 20 50 6 18 42

Group BUN ¢p/(mmol « L™1) CREA ¢g/(mmol « L) AMY ¢g/(mmol « L™!) CK-MB 25/(U -+ L")  CTnl pp/(ng+ mL™1)
Control 10. 38 179.7 218 736 0. 85

IRE 0.33 78.9 447 3 560 1. 05
Cryoablation 84.7 184.7 250 655 1. 92

RFA 30. 4 130. 4 284 575 2.17

IRE: Irreversible electroporation; RFA: Radiofrequency ablation; ALB: Albumin; AST. Aspertate aminotransferase; GGT: Gamma

glutamyl transpeptidase; ALT: Alanine transaminase; ALP: Alkaline phosphatase; BUN: Blood urea nitrogen; CREA: Serum creatinine and

urea nitrogen; AMY: Serum amylase; CK-MB: Creatine kinase-MB; CTnl: Cardiac troponin I
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