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KLINIK UYGULAMARI
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GIRIS

Hiicreler tiim canli organizmalarin temel yapi taslar1 olup bilgiyi molekiiller
araciigryla iletir. Molekiiller bilginin para birimi olarak hiicresel yapidan so-
rumludur ve hiicreleri belirli fonksiyonlara yonlendirir. Hiicreler elektronik bir
cihazdan son derece daha karmasik olup nasil calistig1 hala arastirilmaktadir.
Basta kanser olmak iizere bir ¢ok hastaligin kaynaginda éncelikle hiicrelerin
diizensizligi ve bozuklugu yer alir. Bu hastaliklarin tedavisinde eksojen mole-
kiillerin ve ilgili maddelerin hiicrelere tanitilmasiyla hiicrelerin normal islevine
ve dokularin iyilesmesine katkida bulunmasi nedeniyle yeniden programlama
onemli bir stratejidir.

Elektroporasyon, bir hiicrenin veya bir dokunun harici bir elektrik alanina
maruz birakmast ile hiicre zarlarinda porlar olugturulmasi islemine denir. Hiic-
re dis1 ortamdan hiicresel bilesenlere bir bariyer olarak islev goren hiicre zar1
yaklasik 5 nm kalinliginda bir lipid ¢ift katmanindan oluiur. Elektroporasyon
hiicre zarinda goézeneklerin (nano por) olusmasina neden olur. Elektroporas-
yon tedavi stratejimize gore geri dondiiriilebilir (hiicreyi canli birakarak bozuk
olan fonksiyonunu diizeltmek ya da istedigimiz proteini salgilatmak vb) veya
geri dondiiriilemez (6rn. timor hiicresini 6ldiirmek) sekilde olmak iizere iki
farkli amagla uygulanir.

Geri dondiiriilemez elektroporasyon (IRE: Irreversible electroporation)
ve elektrokemoterapide (ECT) yiiksek voltajli elektrik darbeleri (HVEP’ler)
kullanilarak tiimoérler tedavi edilir. IRE hiicre oliimiinii saglamak i¢in 3 kV’a

' Uzm. Dr. Kanuni Sultan Siileyman Egitim ve Arastirma Hastanesi, quasar145.4@outlook.com

-53-



74 inovatif Tip

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

KAYNAKLAR

Jourabchi N, Beroukhim K, Tafti BA et al. Irreversible electroporation (nanoknife) in cancer
treatment. Gastrointest Interv. 2014;3:8-18. D0i:10.1016/j.ii.2014.02.002.

Savic L], Chapiro J, Hamm B, Gebauer B, Collettini F. Irreversible electroporation in inter-
ventional oncology: where we stand and where we go. Rofo. 2016;188:735-745. D0i:10.1055/
s0042-104203.

Thomson KR, Cheung W, Ellis SJ, et al. Investigation of the safety of irreversible electropo-
ration in humans. J Vasc Interv Radiol. 2011;22:611-621. D0i:10.1016/j.jvir.2010.12.014.

Li D, Kang J, Golas B]J, Yeung VW, Madoff DC. Minimally invasive local therapies for liver
cancer. Cancer Biol Med 2014; 11(4):217-236. doi:10.7497/j.issn.2095-3941.2014.04.001.
Dollinger M, Jung EM, Beyer L, et al. Irreversible electroporation ablation of malignant he-
patic tumors: subacute and follow-up ct appearance of ablation zones. ] Vasc Interv Radiol.
2014;25: 1589-1594. D0i:10.1016/j.jvir.2014.06. 026.

Bart Geboers , Hester J. Scheffer, Philip M. Graybill at al. High-Voltage Electrical Pulses in
Oncology: Irreversible Electroporation, Electrochemotherapy, Gene Electrotransfer, Elect-
rofusion, and Electroimmunotherapy. Radiology. 2020; 295:254-272. Doi.org/10.1148/radi-
01.2020192190).

Jourabchi N, Beroukhim K, Tafti Bashir A et al. Irreversible electroporation (NanoKni-
fe) in cancer treatment. Gastrointestinal Intervention. 2014; 3: 8-18. Doi.org/10.1016/j.
gii.2014.02.002

Govindarajan Narayanan. Irreversible Electroporation. Semin Intervent Radi-
01.2015;32:349-355 Front. Oncol., 28 July 2020 https://doi.org/10.3389/fonc.2020.01235.
Rebecca M, Brock Natalie Beitel-White, Rafael V. Davalos. Starting a Fire Without Flame:
The Induction of Cell Death and Inflammation in Electroporation-Based Tumor Ablation
Strategies. Front. Oncol., 28 July 2020 | https://doi.org/10.3389/fonc.2020.01235.

Hofmann E Ohnimus H, Scheller C et al. Electric field pulses can induce apoptosis. ] Memb
Biol. 1999; 169:103-9. Doi: 10.1007/s002329900522.

Golstein P, Kroemer G. Cell death by necrosis: towards a molecular definition. Trends Bio-
chem Sci. 2007; 32:37-43. Doi: 10.1016/j.tibs.2006.11.001.

Sahay A, Sahay N, Kapoor A et al. Percutaneous image-guided radiofrequency ablation of
tumors in inoperable patients - immediate complications and overall safety. Indian J Palliat
Care. 2016; 22:67-73. Doi: 10.4103/0973-1075.173951.

Jacobson LS, Lima H, Goldberg MF, et al. Cathepsin-mediated necrosis controls the adap-
tive immune response by Th2 (T helper type 2)-associated adjuvants. J Biol Chem. 2013;
288:7481-91. doi: 10.1074/jbc.m112.400655.

Festjens N, Vanden Berghe T, Vandenabeele P. Necrosis, a well-orchestrated form of cell
demise: signalling cascades, important mediators and concomitant immune response. Bio-
chim Biophys Acta. 2006; 1757:1371-87. Doi: 10.1016/j.bbabio.2006.06.014.

Frank D, Vince JE. Pyroptosis versus necroptosis: similarities, differences, and crosstalk.
Cell Death Differ. 2019; 26:99-114. Doi: 10.1038/s41418-018-0212-6.

Esmaeili N, Friebe M. Electrochemotherapy: a review of current status, alternative IGP appro-
aches, and future perspectives. ] Healthcare Eng. 2019:2784516. doi: 10.1155/2019/2784516.
Kalal BS, Upadhya D, Pai VR. Chemotherapy resistance mechanisms in advanced skin can-
cer. Oncol Rev. (2017) 11:326-326. Doi: 10.4081/0oncol.2017.326.

Longo E Perri E, Pavone E, Aversa C, Maglione MG, Guida A et al. Electrochemotherapy
as palliative treatment in patients with advanced head and neck tumours: outcome analysis
in 93 patients treated in a single institution. Oral Oncol. 2019; 92:77-84. Doi: 10.1016/j.
oraloncology.2019.03.016.

Mir LM, Orlowski S. Mechanisms of electrochemotherapy. Adv Drug Deliv Rev. 1999;
35:107-18. Doi: 10.1016/S0169-409X(98)00066-0.



Elektroporasyon ve Klinik Uygulamari 75

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Frandsen SK, Gissel H, Hojman P, et al. Direct therapeutic applications of calcium electro-
poration to effectively induce tumor Necrosis. 2012; 72:1336-41. Doi: 10.1158/0008-5472.
canll-3782.

Falk H, Matthiessen LW, Wooler G, Gehl J. Calcium electroporation for treatment of cu-
taneous metastases; a randomized double blinded phase II study, comparing the effect
of calcium electroporation with electrochemotherapy. Acta Ocol. 2017; 57:311-9. Doi:
10.1080/0284186X.2017.1355109.

Miller L, Leor ], Rubinsky B. Cancer cells ablation with irreversible electroporation. Technol
Cancer Res Treat. 2005; 4:699-705. doi: 10.1177/153303460500400615

Beitel-White N, Bhonsle S, Martin RCG et al. Electrical characterization of human biologi-
cal tissue for irreversible electroporation treatments. Conf Proc IEEE Eng Med Biol Soc.
2018:4170-3. Doi: 10.1109/EMBC.2018.8513341.

Rebecca M. Brock, Natalie Beitel-White, Rafael V. Davalos et al. Starting a Fire Without
Flame: The Induction of Cell Death and Inflammation in Electroporation-Based Tumor Ab-
lation Strategies. Front. Oncol. 2020;10:1-9. Doi.org/10.3389/fonc.2020.01235.

Partridge BR, O’Brien TJ, Lorenzo MF et al. High-frequency irreversible electroporation
for treatment of primary liver cancer: a proof-of-principle study in canine hepatocellular
carcinoma. ] Vasc Intervent Radiol. 2020; 31:482-91. Doi: 10.1016/j.jvir.2019.10.015.
Mercadal B, Beitel-White N, Aycock K, Castellvi Q, et al. Dynamics of cell death after con-
ventional IRE and H-FIRE treatments. Ann Biomed Eng. 2020; 48:1451-62. Doi: 10.1007/
510439-020-02462-8.

Beebe SJ, Fox PM, Rec L] et al. Nanosecond pulsed electric field (nsPEF) effects on cells and
tissues: apoptosis induction and tumor growth inhibition. IEEE Transac Plasma Scie. 2002;
30:286-92. Doi: 10.1109/TPS.2002.1003872

Guo S, Burcus NI, Hornef ] et al. Nano-pulse stimulation for the treatment of pancrea-
tic cancer and the changes in immune profile. Cancers. 2018; 10:217. Doi: 10.3390/can-
cers10070217.

Novickij V, Cesna R, Perminaite E et al. Antitumor response and immunomodulatory effe-
cts of submicrosecond irreversible electroporation and its combination with calcium elect-
roporation. Cancers. 2019; 11:1763. Doi: 10.3390/cancers11111763

Lavee J, Onik G, Mikus P et al. A novel nonthermal energy source for surgical epicardial
atrial ablation: Irreversible electroporation. Heart Surg Forum 2007;10:96-101.122

Hong J, Stewart MT, Cheek DS, et al. Cardiac ablation via electroporation. Engineering in
Medicine and Biology Society, 2009. Annual International Conference of the IEEE.
DeSimone CV, Ebrille E, Syed FF et al. Novel balloon catheter device with pacing, ablating,
electroporation, and drug-eluting capabilities for atrial fibrillation treatment preliminary
efficacy and safety studies in a canine model. Transl Res. 2014; 164:508-14. Doi: 10.1016/j.
trsl.2014.07.002.

Du Pré BC, van Driel V], van Wessel H et al. Minimal coronary artery damage by myocar-
dial electroporation ablation. Europace. 2012;15:144-149.

Maor E, Ivorra A, Leor J, et al. Irreversible electroporation attenuates neointimal formation
after angioplasty. IEEE Trans Biomed Eng 2008;55:2268-2274.

Livia C, Sugrue A, Witt T et al. Elimination of purkinje fibers by electroporation reduces
ventricular fibrillation vulnerability. ] Am Heart Assoc 2018;7:e009070.

Neven K, van Es R, van Driel V et al. Acute and Long-Term Effects of Full-Power Electropo-
ration Ablation Directly on the Porcine Esophagus. Circulation: Arrhythmia and Electrop-
hysiology. 2017;10:¢004672.

Al-Sakere B, Bernat C, Andre” F et al. A study of the immunological response to tumor
ablation with irreversible electroporation. Technol Cancer Res Treat 2007;6: 301-305.

Li X, Xu K, Li W et al. Immunologic response to tumor ablation with irreversible electropo-
ration. PLoS One 2012;7:e48749.



76

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

inovatif Tip

Neal RE, Rossmeisl JH, Robertson JL et al. Improved local and systemic anti-tumor efficacy
for irreversible electroporation in immunocompetent versus immuno-deficient mice. PLoS
One 2013; 8: €64559.

Shao Q, O’Flanagan S, Lam T et al. Engineered T cell response to cancer antigens by selecti-
on of focal therapeutic conditions. Int ] Hyperth 2019; 36: 130-138.

Bulvik BE, Rozenblum N, Gourevich S et al. Irreversible electroporation versus radiofrequ-
ency ablation: comparison of local and systemic effects in a small animal model. Radiology
2016; 280: 413-424.

Goswami I, Coutermarsh-Ott S, Morrison RG et al. Ireversible electroporation inhibited
pro-cancer inflammatory signal in triple negative breast cancer cells. Bioelectrochemistry
2017; 113: 42-50.

Lin M, Alnaggar M, Liang S, et al. The combination of irreversible electroporation and al-
logeneic natural killer cell immunotherapy for unresectable pancreatic cancer is an impor-
tant discovery. Oncotarget 2017; 8: 101795-101807.

Yang Y, Qin Z, Du D et al. The short-term efficacy of the combination of irreversible electro-
poration and allogeneic natural killer cell immunotherapy in the treatment of patients with
primary liver cancer that cannot be resected. Cardiovasc Intervent Radiol 2019; 42: 48-59.
Zimmerman A, Grand D, Charpentier Kevin P . Irreversible electroporation of hepatocellu-
lar carcinoma: patient selection and perspectives. ] Hepatocell Carcinoma. 2017; 4: 49-58.
Doi: 10.2147/JHC.S129063

Wendler J.J , P Maciej , Fischbach E Initial Assessment of the Efficacy of Irreversible Elect-
roporation in the Focal Treatment of Localized Renal Cell Carcinoma With Delayed-inter-
val Kidney Tumor Resection (Irreversible Electroporation of Kidney Tumors Before Partial
Nephrectomy. Clinical Trial Urology. 2018;114:224-232. Doi: 10.1016/j.urology.2017.12.016.
Epub 2018 Jan 2.

Zimmerman A, Grand D, Charpentier Kevin P. Irreversible electroporation of hepatocellu-
lar carcinoma: patient selection and perspectives. ] Hepatocell Carcinoma. 2017; 4: 49-58.
Doi: 10.2147/JHC.S129063.

Ricke J, Jiirgens Julian H. W, Deschamps F at al. Irreversible Electroporation (IRE) Fails to
Demonstrate Efficacy in a Prospective Multicenter Phase II Trial on Lung Malignancies: The
ALICE Trial. CardioVascular and Interventional Radiology 2015; 401-408.

Martin, E. K. et al. Safety and efcacy of irreversible electroporation in the treatment of obst-
ructive jaundice in advanced hilar cholangiocarcinoma. HPB 2018; 20: 1092-1097. Doi.or-
¢/10.1016/j.hpb.2018.06.1806.

Melenhorst M. C et al. Percutaneous irreversible electroporation of unresectable hilar cho-
langiocarcinoma (Klatskin Tumor): a case report. Cardiovasc. Intervent. Radiol. 2016;39:

117-121. Doi.org/10.1007/s00270-015-1126-z .

Edd J. E Horowitz L, Davalos, R. V et al. In vivo results of a new focal tissue ablation te-
chnique: irreversible electroporation. IEEE Trans. Biomed. Eng. 2006;53:1409-1415. Doi.
org/10.1109/TBME.2006.873745.

Melvik JE; Pettersen EO; Gordon PB; Seglen PO Increase in CisDichlorodiammineplati-
num(li) Cytotoxicity Upon Reversible Electropermeabilization of the Plasma-Membrane in
Cultured Human Nhik-3025 Cells. Eur ] Cancer Clin On 1986; 22: 1523-30.

Orlowski S; Belehradek Jr, Paoletti C et al. Transient electropermeabilization of cells in cul-
ture. Increase of the cytotoxicity of anticancer drugs. Biochem Pharmacol 1988; 37:4727-33.
Doi: 10.1016/0006-2952(88)90344-9.

Pham PL, Kamen A. Durocher Y Large -scale Transfection of mammalian cells for the fast
production of recombinant protein. Molecular biotechnology 2006; 34; 225.

Wurm FM. Production of recombinant protein therapeutics in cultivated mammalian cells.
Nat Biotechnol 2004;22:1393 -8. Doi: 10.1038/nbt1026.

Baldi L, Hacker DL, Adam M et al. Wurm FM Recombinant protein production by lar-
ge-scale transient gene expression in mammalian cells: state of the art and future perspecti-
ves. Biotechnol Lett 2007; 29: 677-84. Doi: 10.1007/s10529-006-9297-y.



Elektroporasyon ve Klinik Uygulamari 77

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Merten OW, Charrier S, Laroudie N et al. Large-Scale Manufacture and Characterization
of a Lentiviral Vector Produced for Clinical Ex Vivo Gene Therapy Application. Hum Gene
Ther 2011;22:343-56. Doi: 10.1089/hum.2010.060.

Lock M, Alvira M, Vandenberghe LH et al. Rapid, Simple, and Versatile Manufacturing of
Recombinant Adeno-Associated Viral Vectors at Scale. Hum Gene Ther 2010; 21:1259-71.
Doi: 10.1089/hum.2010.055.

Zeltins A. Construction and Characterization of Virus-Like Particles: A Review. Molecular
biotechnology 2013; 53: 92-107.

Kim S, Kim D, Cho SW et al. Highly efficient RNA-guided genome editing in human cells
via delivery of purified Cas9 ribonucleoproteins. Genome research 2014; 24: 1012-9. Doi:
10.1101/gr.171322.113. Epub 2014 Apr 2.

Schumann K, Lin S, Boyer E et al. Generation of knock-in primary human T cells
using Cas9 ribonucleoproteins. P Natl Acad Sci USA 2015;112: 10437-42. Doi: 10.1073/
pnas.1512503112.

Liang XQ, Potter J, Kumar S et al. Rapid and highly efficient mammalian cell engineering via
Cas9 protein transfection. ] Biotechnol 2015; 20: 208-44. Doi: 10.1016/j.jbiotec.2015.04.024.
Hendel A, Bak RO, Clark JT et al. Chemically modified guide RNAs enhance CRISPR-Cas
genome editing in human primary cells. Nat Biotechnol 2015; 33: 985-89.

Lin S, Staahl B, Alla RK et al. Enhanced homology-directed human genome engineering by
controlled timing of CRISPR/Cas9 delivery. eLife 2014;3:e04766 Doi: 10.7554/eLife.04766.
Riemen G, Lorbach E, Helfrich J et al. Buffer solution for electroporation and a method
comprising the use of the same. Google Patents, 2005.

Hamm A, Krott N, Breibach I et al. Efficient transfection method for primary cells. Tissue
Eng 2002; 8: 235-45. Doi: 10.1089/107632702753725003.

Zeitelhofer M, Vessey JP, Xie YL et al. High-efficiency transfection of mammalian neurons
via nucleofection. Nature protocols 2007;2:1692-1704.

Martinet W, Schrijvers DM, Kockx MM. Nucleofection as an efficient nonviral trans-
fection method for human monocytic cells. Biotechnol Lett 2003;25:1025-9. Doi:
10.1023/a:1024157508492.

Dauty E, Verkman AS. Actin cytoskeleton as the principal determinant of size-dependent
DNA mobility in cytoplasm. ] Biol Chem 2005; 280:7823-8. doi: 10.1074/jbc.M412374200.
Lukacs GL, Haggie P, Seksek O et al. Size-dependent DNA mobility in cytoplasm and nuc-
leus. ] Biol Chem 2000;275:1625-9. Doi: 10.1074/jbc.275.3.1625.

Luby-Phelps K. Cytoarchitecture and physical properties of cytoplasm: Volume, viscosity.
diffusion, intracellular surface area. Int Rev Cytol. 2000;192:189-221. Doi: 10.1016/s0074-
7696(08)60527-6.

Rosazza C, Meglic SH, Zumbusch A et al. Gene Electrotransfer: A Mechanistic Perspective.
Curr Gene Ther 2016;16: 98-129. Do0i:10.2174/1566523216666160331130040.

Gresch O, Engel FB, Nesic D et al. New non-viral method for gene transfer into primary
cells. Methods 2004;33:151-63. Doi: 10.1016/j.ymeth.2003.11.009.

Md Sharjis Ibne Wadud, Rafid Ayman. Prospects of Irreversible Electroporation in Malig-
nant Tissue or Tumour Ablation International Journal for Research in Applied Science &
Engineering Technology. 2020;8:2921-26. Doi.org/10.22214/ijraset.2020.5491 .

Laurien GPH Vroomen. Electroporation in interventional oncology. 2019 L.G.P.H. Vroo-
men.

Neumann E, Rosenheck K. Permeability changes induced by electric impulses in vesicular
membranes. J. Membr. Biol.1972;10(3):279-290. Doi: 10.1007/BF01867861.

Stampfli R. Reversible electrical breakdown of the excitable membrane of a Ranvier node.
An. Acad. Bras. Cienc. 1958;30:57-63.

Spratt D.E, Spratt E.A, Wu S.H et al. Efficacy of skin-directed therapy for cutaneous me-
tastases from advanced cancer: A meta-analysis. J. Clin. Oncol. 2014;32:3144-3155. Doi:
10.1200/JC0O.2014.55.4634.



78

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

inovatif Tip

Testori A, Rossi C.R, Tosti G. Utility of electrochemotherapy in melanoma treatment. Curr.
Opin.Oncol. 2012;24:155-161.D0i:10.1097/CCO.0b013e32834fcaa8.

Cadossi R, Ronchetti M, Cadossi M. Locally enhanced chemotherapy by electropora-
tion: clinical experiences and perspective of use of electrochemotherapy. Future On-
col. 2014;10:877-890. Doi: 10.2217/fon.13.235.

Wong TK, Neumann E. Electric field mediated gene transfer. Biochem. Biophys. Res. Com-
mun. 1982;107(2):584-587. Doi: 10.1016/0006-291x(82)91531-5.

Young J.L., Dean D.A. Electroporation-mediated gene delivery. Adv. Genet. 2015;89:49-88.
Rogers S. Gene therapy: a potentially invaluable aid to medicine and mankind. Res. Com-
mun. Chem. Pathol. Pharmacol. 1971;2(4):587-600.

Cian MM, Helen OM. Cancer Gene Therapy — Key Biological Concepts in the Design of
Multifunctional Non-Viral Delivery Systems. INTECH Open Access Publisher; 2013. Doi:
10.5772/54271.

Greco O, Scott SD, Marples B et al. Cancer gene therapy: ‘delivery, delivery, delivery.Front
Biosci. 2002;7:d1516-24.

Xiao PJ, Lentz TB, Samulski R]. Recombinant adeno-associated virus: clinical application
and development as a gene-therapy vector. Ther. Deliv. 2012;3:835-856. Doi.org/10.4155/
tde.12.63.

Bester AC, Schwartz M, Schmidt M et al. Fragile sites are preferential targets for integrations
of MLV vectors in gene therapy. Gene Ther. 2006;13:1057-1059. Doi: 10.1038/sj.gt.3302752.
Hacein BAS, von Kalle C, Schmidt M et al. A serious adverse event after successful gene the-
rapy for X-linked severe combined immunodeficiency. N. Engl. J. Med. 2003;348:255-256.
Doi: 10.1056/NEJM200301163480314.

Hacein BAS, Von Kalle C, Schmidt M et al. LMO2-associated clonal T cell proliferation
in two patients after gene therapy for SCID-X1. Science. 2003;302:415-419. Doi: 10.1126/
science.1088547.

Marshall E. Gene therapy death prompts review of adenovirus vector. Science.
1999;286:2244-2245. Doi: 10.1126/science.286.5448.2244.

Nakayama Y, Aruga A. Comparison of current regulatory status for gene-based vaccines
in the US., europe and japan. Vaccines (Basel) 2015;3:186-202. Doi.org/10.3390/vacci-
nes3010186

Muramatsu T, Shibata O, Ryoki S et al. Foreign gene expression in the mouse testis by locali-
zed in vivo gene transfer. Biochem. Biophys. Res. Commun. 1997;233:45-49. Doi: 10.1006/
bbrc.1997.6361.

Tsujie M, Isaka Y, Nakamura H et al. Electroporation-mediated gene transfer that targets
glomeruli. J. Am. Soc. Nephrol. 2001;12(5):949-954.

Blair-Parks K, Weston BC, Dean DA. High-level gene transfer to the cornea using electro-
poration. J. Gene Med. 2002;4:92-100.

Sheyn D, Kimelman-Bleich N, Pelled G et al. Ultrasound-based nonviral gene delivery indu-
ces bone formation in vivo. Gene Ther. 2008;15:257-266.

Prud’homme GJ, Glinka Y, Khan AS et al. Electroporation-enhanced nonviral gene transfer
for the prevention or treatment of immunological, endocrine and neoplastic diseases. Curr.
Gene Ther. 2006;6:243-273.

Goldspink G. Skeletal muscle as an artificial endocrine tissue. Best Pract. Res. Clin. Endoc-
rinol. Metab. 2003;17(2):211-222. Doi: 10.1016/s1521-690x(03)00015-0

Gothelf A, Gehl J. Gene electrotransfer to skin; review of existing literature and clinical
perspectives. Curr. Gene Ther. 2010;10:287-299. Do0i:10.2174/156652310791823443.

Daud A, Algazi AP, Ashworth MT et al. Systemic antitumor effect and clinical response in a
phase 2 trial of intratumoral electroporation of plasmid interleukin-12 in patients with ad-
vanced melanoma.] Clin Oncol . 2014. 9025-9025. Doi: 10.1200/jc0.2014.32.15_suppl.9025.



Elektroporasyon ve Klinik Uygulamari 79

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Daud AL DeConti RC, Andrews S et al. Phase I trial of interleukin-12 plasmid electropora-
tion in patients with metastatic melanoma. J. Clin. Oncol. 2008;26:5896-5903. Doi: 10.1200/
]CO.2007.15.6794.

Heller LC, Chudley. Electroporation gene therapy preclinical and clinical trials for melano-
ma. Curr. Gene Ther. 2010;10:312-317.D0i:10.2174/156652310791823489.

Adachi O, Nakano A, Sato O et al. Gene transfer of Fc-fusion cytokine by in vivo electropo-
ration: application to gene therapy for viral myocarditis. Gene Ther. 2002;9:577-583. Doi:
10.1038/sj.gt.3301691.

Bloquel C, Bessis N, Boissier MC et al. Gene therapy of collagen-induced arthritis by ele-
ctrotransfer of human tumor necrosis factor-alpha soluble receptor I variants. Hum. Gene
Ther. 2004;15:189-201. Doi: 10.1089/104303404772679995.

Gollins H, McMahon ], Wells KE et al. High-efficiency plasmid gene transfer into dystrop-
hic muscle. Gene Ther. 2003;10:504-512. Doi: 10.1038/sj.gt.3301927.

Tanaka T, Ichimaru N, Takahara S et al. In vivo gene transfer of hepatocyte growth factor
to skeletal muscle prevents changes in rat kidneys after 5/6 nephrectomy. Am. J. Transplant.
2002;2:828-836. Doi: 10.1034/j.1600-6143.2002.20904.x.

Bakker JM, Bleeker WK, Parren PW. Therapeutic antibody gene transfer: An active approa-
ch to passive immunity. Mol. Ther. 2004;10:411-416. Doi: 10.1016/j.ymthe.2004.06.865.
Perez N, Bigey P, Scherman D et al. Regulatable systemic production of monoclonal antibo-
dies by in vivo muscle electroporation. Genet. Vaccines Ther. 2004;2:2.

Vasan S. Electroporation-mediated administration of candidate DNA vaccines against HIV-
1. Methods Mol. Biol. 2014;1121:291-307. Doi: 10.1007/978-1-4614-9632-8_26.

Rochard A, Scherman D, Bigey P. Genetic immunization with plasmid DNA mediated by
electrotransfer. Hum. Gene Ther. 2011;22:789-798. Doi: 10.1089/hum.2011.092.

Schleef M, Blaesen M, Schmeer M et al. Production of non viral DNA vectors. Curr. Gene
Ther. 2010;10:487-507. Doi: 10.2174/156652310793797711.

Chudley L, McCann K, Mander A et al. DNA fusion-gene vaccination in patients with pros-
tate cancer induces high-frequency CD8(+) T-cell responses and increases PSA doubling
time. Cancer Immunol. Immunother. 2012;61:2161-2170. doi: 10.1007/500262-012-1270-0.
Low L, Mander A, McCann K et al. DNA vaccination with electroporation induces increased
antibody responses in patients with prostate cancer. Hum. Gene Ther. 2009;20:1269-1278.
Doi: 10.1089/hum.2009.067.

Burgain-Chain A., Scherman D. DNA Electrotransfer: An Effective Tool for Gene Therapy.
In Tech; 2013.

Bernal SD, Ona ET, Riego-Javier A et al. Anticancer immune reactivity and long-term survi-
val after treatment of metastatic ovarian cancer with dendritic cells. Oncol. Lett. 2012;3:66—
74. Doi.org/10.3892/01.2011.424.

Shibata MA, Morimoto J, Otsuki Y. Suppression of murine mammary carcinoma growth
and metastasis by HSVtk/GCV gene therapy using in vivo electroporation. Cancer Gene
Ther. 2002;9:16-27. Doi: 10.1038/sj/cgt/7700415.

Finetti F, Terzuoli E, Bocci E et al. Pharmacological inhibition of microsomal prostaglandin
E synthase-1 suppresses epidermal growth factor receptor-mediated tumor growth and an-
giogenesis. PLoS One. 2012;7:¢40576. Doi.org/10.1371/journal.pone.0040576

Prabha S, Sharma B, Labhasetwar V. Inhibition of tumor angiogenesis and growth by nano-
particle-mediated p53 gene therapy in mice. Cancer Gene Ther. 2012;19:530-537.

Wang X. Kwak KJ, Yang Z et al. Extracellular mRNA detected by molecular beacons in tet-
hered lipoplex nanoparticles for diagnosis of human hepatocellular carcinoma. PLoS ONE
2018;13:e0198552. Doi: 10.1371/journal.pone.0198552. eCollection 2018.

Liu E, Song YK, Liu D. Hydrodynamics-based transfection in animals by systemic administ-
ration of plasmid DNA. Gene Ther. 1999;6:1258-1266. Doi: 10.1038/sj.gt.3300947.

Lee L], Yang Z, Rahman M et al. Extracellular mRNA Detected by Tethered Lipoplex Na-
noparticle Biochip for Lung Adenocarcinoma Detection. Am. J. Respir. Crit. Care Med.
2016;193:1431-1433. Doi: 10.1164/rccm.201511-2129LE.



80

121.

122.

123.

124.

125.

126.

127.

128.
129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

inovatif Tip

Andaloussi ELA, Mager I, Breakefield XO et al. Extracellular vesicles: Biology and emerging
therapeutic opportunities. Nat. Rev. Drug Discov. 2013;12: 347-357. Doi: 10.1038/nrd3978.
Epub 2013 Apr 15.

Akers JC, Gonda D, Kim R et al. Biogenesis of extracellular vesicles (EV): Exosomes, mic-
rovesicles, retrovirus-like vesicles, and apoptotic bodies. J. Neurooncol. 2013;113:1-11. Doi:
10.1007/s11060-013-1084-8.

Kamerkar S, LeBleu VS, Sugimoto H et al. Exosomes facilitate therapeutic targeting of on-
cogenic KRAS in pancreatic cancer. Nature 2017;546:498-503. Doi: 10.1038/nature22341
Zhou C, Yang Z, Teng L. Nanomedicine based on nucleic acids: Pharmacokinetic and phar-
macodynamic perspectives. Curr. Pharm. Biotechnol. 2014; 15:829-838. Doi: 10.2174/1389
201015666141020155620.

Kang C, Sun Y, Zhu J et al. Delivery of Nanoparticles for Treatment of Brain Tumor. Curr.
Drug Metab. 2016;17:745-754. Doi: 10.2174 / 1389200217666160728152939.

Korzh V, Strahle U. Marshall Barber and the century of microinjection: From cloning of
bacteria to cloning of everything. Differentiation 2002;70:221-226. Doi: 10.1046/j.1432-
0436.2002.700601.x.

Klein T.M, Wolf ED, Wu R et al. High-velocity microprojectiles for delivering nucleic-acids
into living cells. Nature 1987;327:70-73.

Tsong TY. Electroporation of cell membranes. Biophys. J. 1991;60: 297-306.

Krassowska W, Filev PD. Modeling electroporation in a single cell. Biophys. J. 2007;92: 404-
417.

Langus J, Kranjc M, Kos B et al. Dynamic finite-element model for efficient modelling of
electric currents in electroporated tissue. Sci. Rep. 2016;6:26409. Doi: 10.1038/srep26409.
Gehl]. Electroporation: Theory and methods, perspectives for drug delivery, gene therapy and
research. Acta Physiol. Scand. 2003;177: 437-447. Doi: 10.1046/j.1365-201X.2003.01093.x.
Venslauskas MS, Satkauskas S. Mechanisms of transfer of bioactive molecules through the
cell membrane by electroporation. Eur. Biophys. J. Biophys. 2015;44: 277-289. Doi: 10.1007/
500249-015-1025-x.

Escoftre JM, Portet T, Wasungu L et al. What is (Still not) Known of the Mechanism by
Which Electroporation Mediates Gene Transfer and Expression in Cells and Tissues. Mol.
Biotechnol. 2009;41:286-295. Doi: 10.1007/s12033-008-9121-0.

Kurosawa O, Oana H, Matsuoka S et al. Electroporation through a micro-fabricated orifice
and its application to the measurement of cell response to external stimuli. Meas. Sci. Tech-
nol. 2006;17:3127-3133.

Fei Z, Hu X, Choi HW et al. Micronozzle array enhanced sandwich electroporation of embr-
yonic stem cells. Anal. Chem. 2010; 82:353-358. Doi.org/10.1021/ac902041h.

Yang Z, Chang L, Chiang CL et al. Micro-/nano-electroporation for active gene delivery.
Curr. Pharm. Des. 2015;21:6081-6088. Doi: 10.2174/1381612821666151027152121.
Boukany PE, Morss A, Liao WC et al. Nanochannel electroporation delivers precise amounts
of biomolecules into living cells. Nat. Nanotechnol. 2011:6:747-754.

Xie C, Lin Z, Hanson L et al. Intracellular recording of action potentials by nanopillar elect-
roporation. Nat. Nanotechnol. 2012;7:185-190.

Xie X, Xu AM, Leal-Ortiz S. Nanostraw-electroporation system for highly efficient intracel-
lular delivery and transfection. ACS Nano 2013;7: 4351-4358. doi.org/10.1021/nn400874a.
Kang W, Yavari F, Minary-Jolandan M et al. Nanofountain probe electroporation (NFP-E) of
single cells. Nano Lett. 2013;13:2448-2457. Doi.org/10.1021/n1400423c.

Chang L, Bertani P, Gallego-Perez et al. 3D nanochannel electroporation for high-through-
put cell transfection with high uniformity and dosage control. Nanoscale 2016;8:243-252.
Doi: 10.1039/c5nr03187g.

Thomas CE, Ehrhardt A, Kay M.A. Progress and problems with the use of viral vectors for
gene therapy. Nat. Rev. Genet. 2003;4:346-358. Doi: 10.1038/nrg1066.



Elektroporasyon ve Klinik Uygulamari 81

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Porter DL, Levine BL, Kalos M et al. Chimeric antigen receptor-modified T cells in chronic
lymphoid leukemia. N. Engl. J. Med. 2011;365:725-733. Doi: 10.1056/NEJMoal103849.
Grupp SA, Kalos M, Barrett D et al. Chimeric antigen receptor-modified T cells for acute
lymphoid leukemia. N. Engl. J. Med. 2013;368:1509-1518.

Srivastava S, Riddell SR. “Engineering CAR-T cells: Design concepts”. Trends in Immuno-
logy. 2015;36: 494-502.

Rosenberg SA, Restifo NP et al. Adoptive cell transfer as personalized immunotherapy for
human cancer. Science 2015;348:62-68. Doi: 10.1126/science.aaa4967

Tabernero ], Shapiro GI, LoRusso PM et al. First-in-humans trial of an RNA interference
therapeutic targeting VEGF and KSP in cancer patients with liver involvement. Cancer Dis-
cov. 2013, 3, 406-417. Doi: 10.1158/2159-8290.CD-12-0429.

Sander JD, Joung JK. CRISPR-Cas systems for editing, regulating and targeting genomes.
Nat. Biotechnol. 2014;32:347-355. Doi: 10.1038/nbt.2842

Roth TL, Puig-Saus C, Yu R et al. Reprogramming human T cell function and specificity
with non-viral genome targeting. Nature 2018;559:405-409.

Takahashi K, Yamanaka S. Induction of pluripotent stem cells from mouse embryonic
and adult fibroblast cultures with defined factors. Cell 2006;126:663-676. Doi: 10.1016/j.
cell.2006.07.024

iskender B, Canatan H. Induced pluripotent stem cells and cell therapy.Journal of Clinical
and Experimental Investigations .2013;4:550-561. Doi: 10.5799/ahinjs.01.2013.04.0346.
Vroomena E.N., PetreaEH , CornelisabS.B . Irreversible electroporation and thermal abla-
tion of tumors in the liver, lung, kidney and bone: What are the differences?Diagnostic and
Interventional Imaging. 2017; 609-617. Doi.org/10.1016/j.diii.2017.07.007.

Paiella S, Butturini G, Frigerio L. Safety and Feasibility of Irreversible Electroporation (IRE)
in Patients with Locally Advanced Pancreatic Cancer: Results of a Prospective Study.Dig
Surg 2015;32:90-97. Doi.org/10.1159/000375323

Martin RCG, Kwon D, Chalikonda S at al. Treatment of 200 Locally Advanced (Stage IIT)
Pancreatic Adenocarcinoma Patients With Irreversible Electroporation. Safety and Efficacy.
Annals of Surgery: 2015;486-494. Doi: 10.1097/SLA.0000000000001441.

Blazevski A, Scheltema MJ, Yuen B et al. Oncological and quality-of-life outcomes fol-
lowing focal irreversible electroporation as primary treatment for localised prostate cancer:
a biopsy-monitored prospective cohort. Eur Urol Onc.2020; 283-290. Doi.org/10.1016/j.
€u0.2019.04.008

Seror O. Ablative therapies: Advantages and disadvantages of radiofrequency, cryotherapy,
microwave and electroporation methods, or how to choose the right method for an in-
dividual patient?Diagnostic and Interventional Imaging. 2015;617-624. Doi.org/10.1016/j.
diii.2015.04.007.

Dollinger M, Beyer LP, Haimerl M. Adverse effects of irreversible electroporation of malig-
nant liver tumors under CT fluoroscopic guidance: a single-center experience.Diagn Interv
Radiol. 2015;21:471-475. doi: 10.5152/dir.2015.14442.






