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GIRIS

Genom diizenleme; tedavisi olmayan bir¢ok hastaligin 6zellikle kanser ve
tek gen hastaliklarinin tedavisinin umut 15181 ve yarinlari olma potansiyeline sa-
hiptir (1,2). Genom diizenlemenin tedavi olarak kullanilma ¢abalar1 1970’lere
dayansa da (3) geciste yasanan trajik sonlu denemelerden dolay: giintimiize ka-
dar biiytik ilerlemeler kaydedilememistir. Genetik tedavi denemelerinin ilk za-
manlarinda agir kombine immiin yetmezlik (SCID) hastalar1 {izerinde yapilan
iki farkli ¢calismada; bazi hastalarin kliniklerinde en fazla orta diizey ilerleme
olurken ¢ogunda klinik tabloda ilerleme kaydedilememis ve ¢aliymalardan bi-
rinde tedaviye bagli sekonder 16semi nedenli 6liimler yasanmistir (4-7). Yak-
lagik ayn1 zamanlarda yapilan bagka bir ¢aligmada ise ornitin transkarbamilaz
eksikligi olan bir hasta tedavi edilmek istenmis fakat tedavide kullanilan vektor
nedenli multiorgan yetmezligi gelismis ve hasta ex olmustur (8).

Temel olarak genom diizenleme ve genetik tedaviler; monogenik veya
kompleks genetik hastaliklar1 tedavi etmek i¢in mutant genin destriikte edil-
digi veya yerine yeni bir dizi yerlestirildigi yontemler biitiintiidiir (9). Genetik
tedavilerin ilk ve en 6nemli asamas1 DNAda cift dal kirig1 ile hasar olusturup
bu hasarin hiicre tamir mekanizmalari ile tamir edilmesidir (10, 11)(Sekil-1).
DNAda olusan cift dal kiriklar: hiicre i¢in 6limciil oldugu igin gesitli meka-
nizmalar ile hizlica tamir edilmektedir. Cift dal DNA kirig1 homolog rekom-
binasyon (HR) veya non homolog rekombinasyon (NHR) ile tamir edilmekte
ve hiicre tarafindan hangi yontemin segilecegi hiicrenin hangi fazda oldugu ile
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lar ve DNA toksisitesi agilmas1 gereken sorunlar olarak karsimizda dursa da
mitkemmel CRISPR sistemleri gelistirmeye yonelik artan ¢abalar ¢oziimleri
kisa siirede oniimiize getirecektir. Bu gelismeler yarinin tibbi tedavilerin ¢ok
daha iyi yerlerde olacagini diisiindiirmekte ve gelecege umutla bakabilmemizi
saglamaktadir.

KAYNAKCA

1.  Amer MH. Gene therapy for cancer: present status and future perspective. Mol Cell Ther.
2014;2:27.

2. Prakash V, Moore M, Yanez-Munoz R]. Current Progress in Therapeutic Gene Editing for
Monogenic Diseases. Mol Ther. 2016;24(3):465-74.

3. Friedmann T, Roblin R. Gene therapy for human genetic disease? Science.
1972;175(4025):949-55.

4. Blaese RM, Culver KW, Miller AD, Carter CS, Fleisher T, Clerici M, et al. T lympho-
cyte-directed gene therapy for ADA- SCID: initial trial results after 4 years. Science.
1995;270(5235):475-80.

5. Bordignon C, Notarangelo LD, Nobili N, Ferrari G, Casorati G, Panina P, et al. Gene therapy
in peripheral blood lymphocytes and bone marrow for ADA- immunodeficient patients.
Science. 1995;270(5235):470-5.

6. Cavazzana-Calvo M, Hacein-Bey S, de Saint Basile G, Gross F, Yvon E, Nusbaum P, et al.
Gene therapy of human severe combined immunodeficiency (SCID)-X1 disease. Science.
2000;288(5466):669-72.

7. Herzog RW. Gene therapy for SCID-X1: round 2. Mol Ther. 2010;18(11):1891.

8. Raper SE, Chirmule N, Lee FS, Wivel NA, Bagg A, Gao GP, et al. Fatal systemic inflamma-
tory response syndrome in a ornithine transcarbamylase deficient patient following adeno-
viral gene transfer. Mol Genet Metab. 2003;80(1-2):148-58.

9. Humbert O, Davis L, Maizels N. Targeted gene therapies: tools, applications, optimization.
Crit Rev Biochem Mol Biol. 2012;47(3):264-81.

10. Cohen-Tannoudji M, Robine S, Choulika A, Pinto D, El Marjou E Babinet C, et al
I-Scel-induced gene replacement at a natural locus in embryonic stem cells. Mol Cell Biol.
1998;18(3):1444-8.

11. Uddin E Rudin CM, Sen T. CRISPR Gene Therapy: Applications, Limitations, and Implica-
tions for the Future. Front Oncol. 2020;10:1387.

12. Heyer WD, Ehmsen KT, Liu J. Regulation of homologous recombination in eukaryotes.
Annu Rev Genet. 2010;44:113-39.

13. Richardson CD, Ray GJ, DeWitt MA, Curie GL, Corn JE. Enhancing homology-directed
genome editing by catalytically active and inactive CRISPR-Cas9 using asymmetric donor
DNA. Nat Biotechnol. 2016;34(3):339-44.

14. Li G, Liu D, Zhang X, Quan R, Zhong C, Mo ], et al. Suppressing Ku70/Ku80 expression
elevates homology-directed repair efficiency in primary fibroblasts. Int ] Biochem Cell Biol.
2018;99:154-60.

15. Maruyama T, Dougan SK, Truttmann MC, Bilate AM, Ingram JR, Ploegh HL. Increasing the
efficiency of precise genome editing with CRISPR-Cas9 by inhibition of nonhomologous
end joining. Nat Biotechnol. 2015;33(5):538-42.

16. Robert F, Barbeau M, Ethier S, Dostie ], Pelletier J. Pharmacological inhibition of DNA-PK
stimulates Cas9-mediated genome editing. Genome Med. 2015;7:93.

17. XuX, Wan T, Xin H, Li D, Pan H, Wu J, et al. Delivery of CRISPR/Cas9 for therapeutic ge-
nome editing. ] Gene Med. 2019;21(7):e3107.




Genom Diizenleme ve Tedavilerin Gelecegi 213

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Zhang F, Wen Y, Guo X. CRISPR/Cas9 for genome editing: progress, implications and chal-
lenges. Hum Mol Genet. 2014;23(R1):R40-6.

Givens BE, Naguib YW, Geary SM, Devor EJ, Salem AK. Nanoparticle-Based Delivery of
CRISPR/Cas9 Genome-Editing Therapeutics. AAPS J. 2018;20(6):108.

Mout R, Ray M, Yesilbag Tonga G, Lee YW, Tay T, Sasaki K, et al. Direct Cytosolic Delivery of
CRISPR/Cas9-Ribonucleoprotein for Efficient Gene Editing. ACS Nano. 2017;11(3):2452-8.
Khalil AM. The genome editing revolution: review. ] Genet Eng Biotechnol. 2020;18(1):68.
Gaj T, Sirk SJ, Shui SL, Liu J. Genome-Editing Technologies: Principles and Applications.
Cold Spring Harb Perspect Biol. 2016;8(12).

Gupta A, Hall VL, Kok FO, Shin M, McNulty JC, Lawson ND, et al. Targeted chromosomal
deletions and inversions in zebrafish. Genome Res. 2013;23(6):1008-17.

Huo Z, Tu ], Xu A, Li Y, Wang D, Liu M, et al. Generation of a heterozygous p53 R249S mu-
tant human embryonic stem cell line by TALEN-mediated genome editing. Stem Cell Res.
2019;34:101360.

Khan SH. Genome-Editing Technologies: Concept, Pros, and Cons of Various Genome-E-
diting Techniques and Bioethical Concerns for Clinical Application. Mol Ther Nucleic Aci-
ds. 2019;16:326-34.

Mojica FJ, Diez-Villasenor C, Soria E, Juez G. Biological significance of a family of regular-
ly spaced repeats in the genomes of Archaea, Bacteria and mitochondria. Mol Microbiol.
2000;36(1):244-6.

Mojica FJ, Juez G, Rodriguez-Valera F. Transcription at different salinities of Haloferax me-
diterranei sequences adjacent to partially modified PstI sites. Mol Microbiol. 1993;9(3):613-
21.

Jansen R, Embden JD, Gaastra W, Schouls LM. Identification of genes that are associated
with DNA repeats in prokaryotes. Mol Microbiol. 2002;43(6):1565-75.

Mojica FJ, Diez-Villasenor C, Garcia-Martinez J, Soria E. Intervening sequences of regularly
spaced prokaryotic repeats derive from foreign genetic elements. ] Mol Evol. 2005;60(2):174-
82.

Anzalone AV, Randolph PB, Davis JR, Sousa AA, Koblan LW, Levy JM, et al. Sear-
ch-and-replace genome editing without double-strand breaks or donor DNA. Nature.
2019;576(7785):149-57.

Gapinske M, Luu A, Winter ], Woods WS, Kostan KA, Shiva N, et al. CRISPR-SKIP: prog-
rammable gene splicing with single base editors. Genome Biol. 2018;19(1):107.

Grunewald J, Zhou R, Lareau CA, Garcia SP, Iyer S, Miller BR, et al. A dual-deaminase
CRISPR base editor enables concurrent adenine and cytosine editing. Nat Biotechnol.
2020;38(7):861-4.

Shah SA, Erdmann S, Mojica FJ, Garrett RA. Protospacer recognition motifs: mixed identi-
ties and functional diversity. RNA Biol. 2013;10(5):891-9.

Bloh KM, Bialk PA, Gopalakrishnapillai A, Kolb EA, Kmiec EB. CRISPR/Cas9-Directed
Reassignment of the GATA1 Initiation Codon in K562 Cells to Recapitulate AML in Down
Syndrome. Mol Ther Nucleic Acids. 2017;7:288-98.

Cai A, Kong X. Development of CRISPR-Mediated Systems in the Study of Duchenne Mus-
cular Dystrophy. Hum Gene Ther Methods. 2019;30(3):71-80.

Firth AL, Menon T, Parker GS, Qualls SJ, Lewis BM, Ke E, et al. Functional Gene Corre-
ction for Cystic Fibrosis in Lung Epithelial Cells Generated from Patient iPSCs. Cell Rep.
2015;12(9):1385-90.

Ginn SL, Amaya AK, Alexander IE, Edelstein M, Abedi MR. Gene therapy clinical trials
worldwide to 2017: An update. ] Gene Med. 2018;20(5):e3015.

Min YL, Bassel-Duby R, Olson EN. CRISPR Correction of Duchenne Muscular Dystrophy.
Annu Rev Med. 2019;70:239-55.

Osborn MJ, Gabriel R, Webber BR, DeFeo AP, McElroy AN, Jarjour J, et al. Fanconi anemia
gene editing by the CRISPR/Cas9 system. Hum Gene Ther. 2015;26(2):114-26.



214 inovatif Tip

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Park CY, Kim DH, Son JS, Sung J], Lee ], Bae S, et al. Functional Correction of Large Fa-
ctor VIII Gene Chromosomal Inversions in Hemophilia A Patient-Derived iPSCs Using
CRISPR-Cas9. Cell Stem Cell. 2015;17(2):213-20.

Park JY, Moon BY, Park JW, Thornton JA, Park YH, Seo KS. Genetic engineering of a tempe-
rate phage-based delivery system for CRISPR/Cas9 antimicrobials against Staphylococcus
aureus. Sci Rep. 2017;7:44929.

Zhang H, McCarty N. CRISPR-Cas9 technology and its application in haematological disor-
ders. Br ] Haematol. 2016;175(2):208-25.

Cyranoski D. CRISPR gene-editing tested in a person for the first time. Nature.
2016;539(7630):479.

Gootenberg JS, Abudayyeh OO, Kellner MJ, Joung J, Collins JJ, Zhang F. Multiplexed
and portable nucleic acid detection platform with Casl3, Casl2a, and Csmé6. Science.
2018;360(6387):439-44.

Xiao Q, Guo D, Chen S. Application of CRISPR/Cas9-Based Gene Editing in HIV-1/AIDS
Therapy. Front Cell Infect Microbiol. 2019;9:69.

Raje N, Berdeja J, Lin Y, Siegel D, Jagannath S, Madduri D, et al. Anti-BCMA CAR
T-Cell Therapy bb2121 in Relapsed or Refractory Multiple Myeloma. N Engl J Med.
2019;380(18):1726-37.

Carpenter RO, Evbuomwan MO, Pittaluga S, Rose JJ, Raffeld M, Yang S, et al. B-cell matu-
ration antigen is a promising target for adoptive T-cell therapy of multiple myeloma. Clin
Cancer Res. 2013;19(8):2048-60.

Zhang XH, Tee LY, Wang XG, Huang QS, Yang SH. Off-target Effects in CRISPR/Cas9-me-
diated Genome Engineering. Mol Ther Nucleic Acids. 2015;4:e264.

Charlesworth CT, Deshpande PS, Dever DP, Camarena J, Lemgart VT, Cromer MK, et
al. Identification of preexisting adaptive immunity to Cas9 proteins in humans. Nat Med.
2019;25(2):249-54.

Lino CA, Harper JC, Carney JP, Timlin JA. Delivering CRISPR: a review of the challenges
and approaches. Drug Deliv. 2018;25(1):1234-57.

O’Connell MR, Oakes BL, Sternberg SH, East-Seletsky A, Kaplan M, Doudna JA. Program-
mable RNA recognition and cleavage by CRISPR/Cas9. Nature. 2014;516(7530):263-6.
Strutt SC, Torrez RM, Kaya E, Negrete OA, Doudna JA. RNA-dependent RNA targeting by
CRISPR-Cas9. Elife. 2018;7.

Walton RT, Christie KA, Whittaker MN, Kleinstiver BP. Unconstrained genome targeting
with near-PAMless engineered CRISPR-Cas9 variants. Science. 2020;368(6488):290-6.

Cao J, Wu L, Zhang SM, Lu M, Cheung WK, Cai W, et al. An easy and efficient inducible
CRISPR/Cas9 platform with improved specificity for multiple gene targeting. Nucleic Acids
Res. 2016;44(19):e149.



