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ABSTRACT

Relevance: Cancer remains one of the leading causes of death in Kazakhstan, and CRISPR/Cas?9 offers possible solutions to treat it.
Clustered, regularly interspaced short palindromic repeats/CRISPR-associated protein 9 (CRISPR/Cas9) is a system bacteria use to cleave
foreign in-vaders. This system has been considered promising for cancer therapeutics by allowing researchers to edit cancer cell genes.

The system requires more trials, so it is essential to raise awareness of this technique for stu-dents and potential investors and highlight
the current challenges that could be research opportuni-ties for researchers.

The study aimed to analyze and provide up-to-date information from reputable scientific journals on the current use of the CRISPR/
Cas9 system in cancer therapeutics for medical students and researchers. This research paper also highlights the challenges associated
with implementing CRISPR/Cas9 in clinical settings for cancer therapeutics.

Methods: The scientific literature and databases (PubMed and the Nature Journal) were searched and analyzed using the CRISPR/

Cas9 system in cancer therapy.

Results: The results of this research indicate that scientists should focus on improving the types and structure of the Cas protein as
well as the delivery methods, including the non-viral deliv-ery methods (liposome-based particles, hybrid vectors, gold nanoparticles, and
extracellular vesicles) to contribute to improving the current status of cancer therapeutics.

Conclusion: CRISPR/Cas9 is an important technique that is still fraught with challenges and should be turned into research opportu-
nities. The current challenges include the form and structure of the Cas nuclease, the types of engineering (in vivo vs. ex vivo), and the va-
rieties of delivery methods. Each delivery method type has pros and cons and requires further research. In particular, future studies should
focus on non-viral vectors, such as liposome-based particles, extracellular vesi-cles, hybrid vesicles, and gold nanoparticles.

Keywords: CRISPR, Cas9, cancer, oncology, delivery vectors, nanoparticles.

Introduction: Clustered, regularly interspaced short
palindromic repeats/CRISPR-associated protein 9 (CRIS-
PR/Cas9) is a system used by bacteria to cleave foreign
invaders. The system has been considered promising for
cancer therapeutics by allowing researchers to edit can-
cer cell genes. The CRISPR/Cas9 gene editing system is es-
sential in current cancer research and therapy because it
offers possible cancer treatment solutions and is simple
and easy to design [1].

One of the goals of this research paper was to ana-
lyze and provide the current information from reputable
scientific journals about the current status of the use of
the CRISPR/Cas9 system in cancer therapeutics for med-
ical students, researchers, and everyone interested in the
current progress in the field of genetic engineering and
cancer treatment. This research paper also highlights the
challenges associated with implementing CRISPR/Cas9 in
clinical settings for cancer therapeutics. The results of this
literature review should offer an overview of the current
challenges that scientists could utilize for their future re-
search, meaning that this literature review aims to pro-
vide a concise review of the current challenges, prospec-
tive solutions, their advantages, and disadvantages, which
researchers could use to inform their future studies.

The CRISPR/Cas9 gene editing system is a cost-effec-
tive and efficient tool. Although there are areas for im-

provement, these challenges offer new avenues for stud-
ies for researchers who seek to discover novel cancer
therapy techniques, thereby making a significant contri-
bution to the field of genetic engineering and molecular
biology. This literature review highlights the most signif-
icant aspects that need further research and enhance-
ment to improve CRISPR/Cas9 system-based cancer ther-
apy. The results of this future research will significantly
contribute to cancer therapeutics. They may save lives, so
addressing the challenges of implementing the CRISPR/
Cas9 system for cancer treatment is essential.

The study aimed to analyze and provide information
from reputable scientific journals about the current sta-
tus of using the CRISPR/Cas9 system in cancer therapeu-
tics for medical students and researchers. This research
paper also highlights the challenges associated with im-
plementing CRISPR/Cas9 in clinical settings for cancer
therapeutics.

Materials and Methods: The scientific literature and
databases, including PubMed and the famous and reputa-
ble Nature Journal, were searched and analyzed using the
CRISPR/Cas9 system in cancer therapy. The articles’ refer-
ences were also examined for relevance and analyzed for
additional material. The criteria for choosing the scientif-
ic articles included relevance to the given research ques-
tions and topic as well as the time of publication. Based on
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the gathered literature, the articles were selected based
on their exigence, relevance to the topic under study, and
novelty. Finally, the articles were examined and utilized
to find new information to answer the research questions
posed in this article, namely, “To what extent and how suc-
cessfully can the CRISPR-Cas9 gene editing system be ap-
plied in cancer therapeutics? What challenges do scientists
face in the clinical application of CRISPR/Cas9 gene edit-
ing technology in cancer therapeutics that could be trans-
formed into research opportunities?”

Results:

The CRISPR/Cas9 gene editing in cancer therapy. The
CRISPR/Cas9 gene editing system has been utilized to
enhance T-cell therapy using two types of DNA repair:
nonhomologous end-joining repair and homologous re-
combination repair. The former has been employed to re-
move molecules, such as PD-1, which inhibit the function
of T cells in targeting cancer cells [1]. Furthermore, edit-
ing based on homologous recombination repair of DNA
has been used to insert a specialized CAR gene (chime-
ric antigen receptor) into the TCR alpha chain of T cells,
thereby increasing their efficiency [1]. This modified ver-
sion of T cells is reportedly more efficient than the T-cells
produced in the usual way [2]. Both types of engineering
require more trials and appear effective in therapy.

Furthermore, CRISPR/Cas9 has been used to improve
the side effects of chimeric antigen receptor (CAR) T cells
for treating solid cancer. Previously, chimeric antigen re-
ceptor T cells have been successfully utilized for blood
cancer treatment [3]. These T cells are genetically mod-
ified to recognize the antigens on target cancer cells.
Apart from being used in blood cancer research, they
have also been the subject of research as a possible treat-
ment for solid cancers. However, the treatment of solid
cancer cells with T cells has proved more difficult com-
pared with the treatment of blood cancer. The significant
challenges have been the heterogeneous nature or the
absence of a sufficient number of antigens on the solid
cancer cells, most of which are located within the cells,
making it hard for the T cells to recognize them [3]. These
challenges have been addressed using the CRISPR/Cas9
gene editing tool.

CRISPR/Cas9 has efficiently alleviated some aspects
of utilizing genetically engineered T cells in solid cancer
therapeutics by neutralizing the negative consequences
of cytokine release and rejecting graft T cells. Specifical-
ly, the system has been used to silence HLA-I and TCR of
graft T cells to minimize the organism’s rejection of such
cells [3]. It means that it has allowed the possibility of
utilizing graft T cells in cancer treatment without caus-
ing distress to the organism. In addition, CRISPR/Cas9 has
also been used to modify cytokine cells and prevent au-
toimmune reactions, which could hurdle cancer thera-
peutics [3]. Nevertheless, some aspects of the therapeu-
tics still need further research.

Apart from T cell therapy, the development of CRISPR/
Cas9 has prompted new genetic engineering approach-

es, including the regulation of transcription, editing of
single bases, and cleavage of messenger RNA [4]. For ex-
ample, DCas9, a modified version of Cas9, shows the po-
tential to regulate transcription [5]. This modified version
differs from the regular one in being more specific and
having less off-target effects. It regulates transcription
by loading activating, repressing domains or epigenetic
modification enzymes [6]. However, the process is com-
plicated and may result in errors, leading to multiple pro-
teins possibly being affected by the intervention. In this
regard, the specificity of the tool and the off-target ef-
fects require further research.

The challenges with the implementation of CRISPR/Cas9
in clinical settings. The two types of engineering include in
vivo and ex vivo, and in vivo, genetic engineering should
be prioritized over ex vivo engineering. One of the rea-
sons for this is that ex vivo genetic engineering of T cells
poses several challenges for researchers. First, genetical-
ly modified T cells are costly [1]. In addition, the process
involves complex procedures, making it challenging to
implement in practice [1]. While it could be wise to con-
tinue researching both types of engineering, researchers
should also focus on improving the methods of in vivo
genetic engineering. For example, experiments involving
mice have shown promise in modifying T cells in vivo us-
ing polymeric Nano carriers loaded with CAR genes [7].
Such experiments must be replicated since the in vivo
delivery method appears more advantageous in enhanc-
ing delivery efficiency.

Researchers should also focus on enhancing the
CRISPR/Cas9 system, including the forms it delivers.
One challenge concerns the CRISPR/Cas9 system’s bac-
terial nature and the presence of immunity against it in
some people [8, 9]. Some people have previously been
infected with the Cas protein derived from the bacteria.
As a result, these people have immunity against the nu-
clease derived from these bacteria. It would eliminate
the protease from their organisms and the inability to
introduce any changes to the organism’s genome [1].
Future studies could focus on alternative ways to deliv-
er the system, including its delivery in mRNA. However,
such delivery methods have yet to be researched and
carried out on a wide scale and remain a possible ave-
nue for future research [1].

There is a need to research the delivery methods
(and vectors) of genetically engineered T cells into can-
cer cells. Nanoparticles based on lipids or polymers, ad-
eno- and lentiviruses have been utilized to deliver CRIS-
PR-edited T cells into solid tumors; however, none of the
delivery methods have proven to target the tumor cells
specifically [10, 11]. In addition, although the methods
may deliver the cells into some parts of the tumor, it is
difficult to ensure a sufficient concentration of the cells
in the target tissues [3]. The delivery methods are said to
be one of the most significant challenges with applying
T cells engineered by CRISPR/Cas9 in solid cancer ther-
apeutics.
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Viruses are one of the delivery vectors, and viral deliv-
ery methods suffer from packaging problems. Scientists
note that new viral vectors with a low ability to produce
an immune response or non-viral vectors with higher
specificity are needed [1]. The viral method of delivery
may be unsafe for the host organism. Apart from safety
issues, the difficulty lies in packing the nuclease into the
virus [12]. Although shorter variants of the nuclease in-
troduced into several viral particles have been studied,
researchers could focus on further enhancing the safe-
ty and packaging of the material into viral particles in fu-
ture studies [12].

Furthermore, non-viral delivery methods are more
advantageous in several ways than viral methods. Firstly,
the viral vectors suffer from packaging problems in that
only short nucleases can be packaged into the viruses.
By contrast, the non-viral CRISPR delivery vectors do not
have packaging issues because the CRISPR/Cas9 systems
can be delivered in various forms in non-viral vectors
(these include mRNA, ribonucleoprotein (RNP), and plas-
mid DNA) [1]. In other words, non-viral vectors are not
limited in the number of particles that can be packaged
into them. Secondly, viruses are known to cause immune
reactions in the host organism. By contrast, the non-viral
vectors are supposed to cause less severe reactions from
the host. Researchers claim that non-viral vectors are
easy to design [1, 12]. Non-viral vector materials could in-
clude micelles, liposomes, and other nanoparticles [12].
Several studies have described the delivery targeting the
molecules that can enter the cell membrane, including
the cell-penetrating peptide and delivery to the cell’s nu-
cleus [12]. Nevertheless, scientists acknowledge that few
or an insufficient number of trials have been conducted
using non-viral vectors for CRISPR delivery.

Non-viral and hybrid vectors for the delivery of CRISPR/
Cas9. One of the encouraging methods of delivery is li-
posome-based nanoparticles. Liposome-based nanopar-
ticles comprise cholesterol, phospholipids, and other
components [13]. The method is particularly suitable for
the delivery of drugs to the liver because it is the lead-
ing site of lipid processing; however, the disadvantage of
this method is that the drugs accumulate in the liver and
may not reach other organs in the required amounts. In
addition, there have been concerns about the immuno-
genicity of such vectors. Although some of these vectors
could be prone to causing an immune reaction, scientists
have utilized peptides and introduced modifications into
non-viral vectors to avoid immune responses. As a result
of the addition of proteins on the surface of the non-vi-
ral vectors, the vectors could withstand or avoid the im-
mune system reaction of the host organism.

In addition, biofilms and extracellular vesicles, such as
exosomes, have been introduced into non-viral vectors
to avoid immune response. Extracellular vesicles, includ-
ing micro vesicles and exosomes, participate in cell sig-
naling, transporting the signaling molecules or genetic
material from inside the cell to other cells [14]. Exosomes

are membrane-bound vesicles arising from multivesicu-
lar bodies in organelles [15]. These vesicles transport bio-
molecules inside the cell and can transport almost any
substance within the cell. Such vesicles can deliver the
CRISPR/Cas9 system with high specificity. The method
seems effective since the vesicles retain the host organ-
ism’s proteins on their surfaces, minimizing the risk of
developing immune reactions [16]. Because the surface
of such vesicles closely resembles that of the host cells,
these cells will likely be recognized by the host as its cells,
thereby reducing the likelihood of rejection by the host
organism. In addition, the specificity of such vesicles can
be improved by adding particular molecules on their sur-
faces (aptamers or antibodies) [14]. For example, extra-
cellular vesicles covered with Chimeric antigen receptors
(CARs) have been used to target B cell cancer [17].

Furthermore, hybrids of different vectors could be uti-
lized to minimize each vector’s side effects and enhance
them. For example, exosomes hybridized with AAV (ad-
eno-associated virus) or liposomes could be used. The
presence of the exosome should protect the vector from
being recognized by the host's immune system [18]. Such
hybrid vectors have been used in experiments involving
mice with immunity against the introduced virus. The re-
sults indicated that the exosome-protected virus did not
cause immune reactions [19]. In addition, experiments
have involved the introduction of such vectors into var-
ious tissues, such as nerve cells, particularly those in the
inner ear [20, 21]. It means that the hybrid vectors can be
safely introduced into different types of tissue, and the
result is that they do not cause any severe immune reac-
tions. However, the vectors have yet to be widely applied
in CRISPR/Cas9 research, so this remains an opportunity
for future studies.

Gold nanoparticles also promise to deliver gene
drugs into tumor cells, though they should be further
researched. Gold nanoparticles are a suitable drug de-
livery method because they are non-toxic, do not cause
severe reactions, are stable, can inhibit bacteria, and
can be modified to deliver substances into the cells
[22]. Specifically, ligands can be added onto the gold
nanoparticles for better recognition of cancer cells. For
example, Wang et al. [23] have successfully introduced
the CRISPR/Cas9 system into skin cancer cells using
nanoparticles and liposomes. To deliver the plasmids
to the cancer cells, they coated the gold nanoparticles
with genetic material with positively charged liposomes
[23]. These particles enter cancer cells and can release
the drug when exposed to a laser; as a result of the in-
tervention, the target gene (Plk-1) is knocked out, and
the tumor is inhibited [23].

However, despite the successful experiment, scien-
tists still claim that the challenge with gold nanoparticles
lies in the accurate and efficient release of drugs at the
target site, which will require further research [22]. Apart
from previously discussed lasers, different stimuli have
been studied concerning triggering the release of drugs

66 OnkoJorusa u Pagnonorua Kazaxcrana, Ne2 (68) 2023



@) KazIlOR

OB30PbI JIMTEPATYPbI

into the target cells. These have included internal and ex-
ternal stimuli [22]. However, the nanoparticles should be
further modified to allow for a more efficient release of
drugs into the target cells, which could be the focus of fu-
ture studies.

Discussion: Clustered, regularly interspaced short
palindromic repeats/CRISPR-associated protein 9 (CRIS-
PR/Cas9) gene editing tool is a promising technique for
cancer therapeutics. As many researchers have point-
ed out, its advantage lies in its efficiency and ease of de-
sign. It offers a possible solution to the treatment of can-
cer, which is why researchers in molecular biology need
to direct their attention to the study of the current chal-
lenges associated with the implementation of the tech-
nique in clinical settings. The challenges have included
the structure of the Cas protein and different ways of de-
livering it into cancerous cells. The research results show
that non-viral delivery methods have fewer disadvantag-
es, as they have greater packaging efficiency.

Furthermore, non-viral delivery vectors circumvent
the immune reactions that could result from introducing
viral vectors. Different modifications and ligands can be
introduced on the surface of non-viral vectors to improve
their recognition by the host and the specificity of some
non-viral vectors. The study also indicates a need for in-
vestments in gold nanoparticle experiments, which pos-
sess several benefits in delivering CRISPR into the cells,
including their high packaging efficiency and antimicro-
bial properties. However, the vector might be costly and
will require investments.

Conclusion: This research paper has examined and
highlighted several challenges, including the form and
structure of the Cas nuclease, the types of engineering
(in vivo vs. ex vivo), and the varieties of delivery meth-
ods. Different delivery methods appear efficient, includ-
ing non-viral vectors, such as liposome-based particles,
extracellular vesicles, hybrid vesicles, and gold nanopar-
ticles. The delivery methods outlined in this research pa-
per need further studies, and their side effects should be
mitigated. Therefore, the delivery methods should be the
focus of future studies.

References:

1.Song X., Liu C,, Wang, N. Delivery of CRISPR/Cas systems for cancer
gene therapy and immunotherapy // Adv. Drug Deliv. Rev. — 2021. - P.
158-180.https.//doi.org/10.1016/j.addr.2020.04.010

2. Eyquem J., Mansilla-Soto J., Giavridis T., Van der Stegen S.J.,
Hamieh M., Cunanan K.M., Odak A., Gonen M., Sadelain M. Targeting a
CAR to the TRAC locus with CRISPR/Cas9 enhances tumour rejection //
Nature.—2017. - Vol.543. - P.113-117.10.1038/nature2 1405

3. Rdfii S., Tashkandi E., Bukhari N., Al-Shamsi H.O. Current Status
of CRISPR/Cas9 Application in Clinical Cancer Research: Opportunities
and Challenges // Cancers. — 2022. — Vol.14(4). —P.947. https://doi.
0rg/10.3390/cancers 14040947

4. Li T, Yang Y. QiH.CRISPR/Cas9 therapeutics: progress and
prospects // Sig. Transduct. Target Ther.—2023. - Vol. 8(1). - Art. no.36.
https://doi.org/10.1038/541392-023-01309-7

5. Qi LS., Larson M.H., Gilbert L.A., Doudna J.A., Weissman J.S.,
Arkin A.P., Lim W.A. Repurposing CRISPR as an RNA-guided platform for
sequence-specific control of gene expression // Cell. — 2013. - Vol.152
—-P.1173-1183.https://doi.org/10.1016/j.cell.2013.02.022

6.Liu X.S, Wu H., Ji X,, Stelzer Y., Wu X.,, Czauderna S., Shu J., Dadon
D., Young R.A., Jaenisch R. Editing DNA methylation in the mammalian

genome // Cell. - 2016 - Vol.206 (167). — P.233-247.https://doi.
org/10.1016/j.cell.2016.08.056

7. Smith T.T, Stephan S.B., Moffett H.F., McKnight L.E., Ji W.,
Reiman D., Bonagofski E.,Wohlfahrt M.E., Pillai S.P.S., Stephan M.T. In
situ programming of leukaemia-specific T cells using synthetic DNA
nanocarriers // Nature Nanotech. -2017. -Vol.12.— P.813-820. https://
doi.org/10.1038/nnano.2017.57

8. Charlesworth C.T., Deshpande P.S., Dever D.P., Camarena J.,
LemgartVol.T., Cromer M.K.,Vakulskas C.A., Collingwood M.A., Zhang
L., Bode N.M., Behlke M.A., Dejene B.,Cieniewicz B.,Romano R., Lesch
B.J., Gomez-Ospina N., Mantri S., Pavel-Dinu M., Weinberg K., Porteus
M.H. Identification of preexisting adaptive immunity to Cas9 proteins
in humans // Nature Med.— 2019. — Vol.25 - P.249-254. https://doi.
0rg/10.1038/5s41591-018-0326-x

9. Wagner D.L., Amini L., Wendering D.J., Burkhardt L.M., Akyuz
L., Reinke P., Volk H.D.,Schmueck-Henneresse M. High prevalence of
Streptococcus pyogenes Cas9-reactive T cells within the adult human
population// Nature Med. — 2019. — Vol.25. - P.242-248. https://doi.
0rg/10.1038/541591-018-0204-6

10. Senis E., Fatouros C., Grol3e S., Wiedtke E., Niopek D., Mueller A.K.,
Bérner K., Grimm D.CRISPR/Cas9-mediated genome engineering: An
adeno-associated viral (AAV) vector toolbox // Biotech. J. - 2014. - Vol.9
- P.1402-1412. https://doi.org/10.1002/biot.201400046

11. Rosenblum D., Gutkin A., Kedmi R., Ramishetti S., Veiga N., Jacobi
AM., Schubert M.S., Friedmann-Morvinski D., Cohen Z.R., Behlke M.A.,
Lieberman J., Peer D. CRISPR-Cas9 genome editing using targeted lipid
nanopatrticles for cancer therapy // Sci. Adv. — 2020. - Vol. 6(47). - Art. no.
eabc9450. https://doi.org/10.1126/sciadv.abc9450

12. Xu C.L.,, Ruan M.Z.C, Mahajan V.B.,, Tsang S.H. Viral Delivery
Systems for CRISPR // Viruses. — 2019. — Vol. 11(1). — P. 28. https://doi.
0rg/10.3390/v11010028

13. Chen F., Alphonse M., Liu Q. Strategies for non-viral
nanopatrticle-based delivery of CRISPR/Cas9 therapeutics // WIREs
Nanomed. Nanobiotechnol. — 2020. - Vol. 12. - Art. no. e1609. https://
doi.org/10.1002/wnan.1609

14. BalonK., Sheriff A., Jackow J., Laczmanski L. Targeting Cancer
with CRISPR/Cas9-Based Therapy // Int. J. Mol. Sci. - 2022. - Vol. 23 (1). -
P. 573. https://doi.org/10.3390/ijms23010573

15. El Andaloussi S., Mdger |, Breakefield X.0., Wood M.J.
Extracellular vesicles: Biology and emerging therapeutic opportunities
// Nat. Rev. Drug Discov. - 2013. - Vol.12 (5). - P.347-357. https://doi.
0rg/10.1038/nrd3978.

16. Babuta M., Furi I, Bala S., Bukong T.N., Lowe P., Catalano D.,
Calenda C., Kodys K., Szabo G. Dysregulated autophagy and lysosome
function are linked to exosome production by micro-RNA in alcoholic
liver disease // Hepatology.— 2019. - Vol.70 - P. 2123-2141. https://doi.
0rg/10.1002/hep.30766

17.Xu Q., Zhang Z., Zhao L., Qin Y., Cai H., Geng Z., Zhu X., Zhang
W., Zhang Y., Tan J. Tropism-facilitated delivery of CRISPR/Cas9 system
with chimeric antigen receptor-extracellular vesicles against B-cell
malignancies //J. Control. Release.— 2020 — Vol. 326. - P.455-467. https.//
doi.org/10.1016/j.jconrel.2020.07.033.

18. DuanL., Xu L., Xu X, Qin Z, Zhou X.,, Xiao Y., Liang Y., Xia
J. Exosome-mediated delivery of gene vectors for gene therapy //
Nanoscale. - 2021. — Vol. 13. - P. 1387-1397. https://doi.org/10.1039/
donr07622h

19. Meliani A., Boisgerault F., Fitzpatrick Z., Marmier S., Leborgne
C.,, Collaud F. Enhanced liver gene transfer and evasion of preexisting
humoral immunity with exosome-enveloped AAV vectors. // Blood
Adv. - 2017. — Vol. 1. — P.2019-2031. https://doi.org/10.1182/
bloodadvances.2017010181

20. Ahmadi S.E., Soleymani M., Shahriyary F., Amirzargar M.R.,
Ofoghi M., Fattahi M.D., Safa M. Viral vectors and extracellular vesicles:
Innate delivery systems utilized in CRISPR/Cas-mediated cancer therapy
// Cancer Gene Ther. —2023.-V0l.28 (1). - P. 19. https://doi.org/10.1038/
541417-023-00597-z.

21. Orefice N.S., Souchet B., Braudeau J., Alves S., Piguet F., Collaud
F. Real-time monitoring of exosome enveloped-AAV spreading by
endomicroscopy approach: A new tool for gene delivery in the brain //
Mol. Ther. Methods Clin. Dev. — 2019. — Vol.14. - P.237-251. https://doi.
org/10.1016/j.omtm.2019.06.005

22.Amina$.J., Guo B. AReview on the synthesis and functionalization
of gold nanoparticles as a drug delivery vehicle // Int. J. Nanomed. -
2020.- Vol. 7 (15). - P.9823-9857. https://doi.org/10.2147/1JN.S279094

23. Wang P., Zhang L., Zheng W., Cong L., Guo Z, Xie Y., Wang L.,
Tang R, Feng Q., Hamada Y., Gonda K., Hu Z., Wu X., Jiang X. Thermo-
triggered release of CRISPR-Cas9 System by lipid-encapsulated gold
nanopatrticles for tumor therapy // Angew. Chem. Int. Ed. Engl. - 2018. -
Vol.57 (6). — P.1491-1496. https://doi.org/10.1002/anie.201708689

OnkoJorusa u Pagnonorusa Kazaxcrana, Ne2 (68) 2023 67



OB30PbI JIMTEPATYPbI &C)KaZIOR

AHJIATIIA

KATEPJII ICIK TEPAITUACBIHJA CRISPR/CAS9 TEHAI OHJAEY TEXHOJIOTI'UACBIH
KOJJAHY IbIH ITIEPCIIEKTUBAJIAPBI MEH MOCEJIEJIEPI:
9/IEBUETKE IOJIY

J.A. Aboycaovik’, A.2K. Beiicenosa’
«Actheranspos aTbiHaarbl Kasak ¥NnTTblk MeauumHa yHusepenteTi» KEAK, Anmatsl, Kasakcran Pecnybnnkacs

Oszexminizi: Kamepii icik Kazaxcmanoazol onimuiy Hezizei cebenmepininy 0ipi 6onvin Kaia bepeoi scone CRISPR/Cas9 onbl emoeyoin vikmu-
man wewimoepin ycolnaowl. Knacmeprieneen, mypakmol unmepeanovl Kblcka naiunopomowlx Kaumananyaap/CRISPR-batinanvicmol npomeun 9
(CRISPR/Cas9) — 6620e 6acKpiHubLIapObl HCOoI0 YWiH natioaianamolt Jeyieni bakmepusiiap. by ocyiie sepmmeywinepee kamepii icixk sfcacyuia-
JapblHbIY 2eHOepiH oH0eyee MyMKIHOIK Gepy apKblibl Kamepi iciKk mepanusacsl yuin nepcnekmusansl 60bln CaHaiobl.

JKyile kebipex coltnakmapobl Kadcem emeoi, COHObIKMAH CMyOeHmmep MeH dJleyemmi UH8ecmopiap yuin ocbl 90icmeme mypaivl xabapoap
0601y MAHbI30bL, COHLIMEH Kamap 3epmmeyiuiizep Yuin sepmmey MyMKiHOIKmepi O01Ybl MyMKIH A2blMOa2bl KUbIHOBIKMAPObL aman omy Manbl30bi.

3epmmeyoin maxcamel — 3epmmey MeOUYUHALLIK, CMyOeHmmep MeH 3epmmeyuiiep yuwin kamepii icik mepanusicoinoa CRISPR/Cas9 sicytiecin
KONOAHYObIH a2bimoazvl Heaz0ativl mypaibl 6e0enodi 2bliblMu HCYPHATOAPOAH A2blMOd2bl AKNAPaAmmul Mandayad HeoHe YColHy2d 6a2blmmansa.
By sepmmey srcymvicol conoai-ax, Crispr/Cas9-0bl 0OHKOIOUAIBIK aypyiapObl emoeyee apHalean KIUHUKAIbIK JHCa20aliiapoa enizyee 6aiianbl-
Ccmbl KUbIHOLIKMApObl Kopcemeol.

Aoicmepi: FoLioimu o0ebuemmep men monimemmep Kopwvinan sepmmeyiep. (PubMed oepexkopul, Nature abiiviyvu scypHaibl).

Homuoicenepi: 6y sepmmey Homuorcenepi 2anvimoapobiy Cas npomeuHiniy mypiepi MeH KypbliblMblH, COHOAU-AK HCEMKIZY 90ICMepiH, COHbIH iuiHOe
BUPYCMBIK emec JHcemKizy d0icmepin (Iunocoma He2izinoezi benuexkmep, 2UOPUOMI 6eKmMOopap, AimbviH HAHOOOIUEKMEPI HCIHE HCACYUUAOAH MbLC) HCAK-
capmyea nazap ayoapyvl Kepexk eKeHin kopcemeoi. 6e3uKynanap) Kamepai icik mepanuscolHbly Ka3ipei Hca20atibli HCaKkcapmyed blKnan emy.

Kopoimoinovi: CRISPR/Cas9 - 6yn o11i 0e KublHObIKmapaa mo.ivt Manbl30bl 90IC, OHbL 3epmmey MyMKIHOIKmepiHe atHaiobipy Kepek. Azvimoazel
Kuvinovikmapea Cas HyKeazacelHbll HblCAHbL MEH KYPbLIbIMbL, UHIICEHepUs mypaepi (in VIvo dicone ex vivo) dcoHe dcemkizy ooicmepiniy copmma-
pbl Kipedi. JKemkizy o0iciniy op mypiHiy 63iHOIK apmulKWbLILIKMAPbL MeH KeMwiiikmepi 6ap dcone 00an opi 3epmmeyoi Kadxcem emeodi. Aman
aumKanoa, MUNnOCoMa He2izinoel bonueKmep, HedCywaoan molc KONIpuwixmep, UOPUOMI 8e3UKYIANAD HCOHE AMbIH HAHOOOIeKmepT CUAKNbI
BUPYCMbLK, emec 6eKmopap bonawar sepmmeyiepoiy Ha3apbiHOa 601Ybl Kepex.

Tyuinoi co30ep: CRISPR, Cas9, kamepai icik, OHKON02U, HCEMKI3Y 6eKMOPAApbl, HAHODOIUeKmep.

AHHOTANMS

INEPCHHEKTUBbI U ITPOBJIEMbBI PEJAKTUPOBAHUS 'TEHOB CRISPR/CAS9 B TEPAIIUU PAKA:
OB30P JIMTEPATYPBI

JI.A. Aboycaonixk', A.JK. Beiicenosa'
"HAO «Kasaxckuit HaumoHanbHblin MeauLmHekuii yHuBepcuTeT veHn AceransipoBay, Anmartsl, Pecnybnnka KasaxctaH

Axkmyanvnocme: Pax ocmaemcs 00Ol u3 gedyuux npuyun cmepmuocmu 6 Kasaxcmane, u CRISPR/Cas9 npednazaem 603modxcHble pelie-
Hus 0151 eeo Jewenus. Kiacmepusosanmvie, pe2yisipHo uepeoyiowuecs Kopomxue naaunopommsie nosmopul / CRISPR-accoyuuposannblii 6enok
9 (CRISPR/Cas9) — smo cucmema, komopyio 6akmepuu UCnoab3yiom s pACujenieHus. 4yxcepoonsix 3axeamuuxos. Cucmema Ovina npusHana
MHO2000ewaloujell 6 OMHOWEHUU Mepanu Paxd, NOCKOIbKY HO360IAem UCCICO08AMENAM PeOAKMUPOBANTb 2eHbl PAKOBLIX KICMOK.

Jannas cucmema mpebyem 0onOAHUMENbHBIX UCHBIMAHUI, NOIMOMY 6AXCHO NOBLICUMb 0CBEOOMICHHOCIL CIMYOEHIO8 U NOMEHYUATbHBIX UHBE-
CcMopos 06 IMoll MemoouKe, d MAKICce NPUGTEHb BHUMAHUE K MEKYWUM NPODIeMAM, KOMOpble MO2YM CIMANb UCCICO08AMENbCKUMU BO3MONCHOCHIAMU.

Lenb uccnedosanusn — npoanaruzuposams u nPeoOCmMAasUmMb aAKMYaibHyi0 UHPOPMAYUIO U3 AGIMOPUMEMHBIX HAVUHBIX JICYPHATIO8 O MeK)-
wem cmamyce ucnoavzoganusi cucmemvl CRISPR/Cas9 6 mepanuu paxka cmyoenmam-meouxam u ucciedosamensim. B amom ucciedosamein-
CKOM OOKYMeHme MAaKice 0Ceewarmes npooaemsl, cesasanuvie ¢ eneoperuem Crispr/Cas9 6 kiunuueckux yciogusax 0iis ieuenus paKa.

Memoowt: IIposedeno ucciedosanue no nayunou rumepamype u 6aszam oannvix (6aza oannvix PubMed, nayunwiii socypnan Nature).

Pesynomamer: [lonyuennvie pe3yrbmamol yKa3ul6aom, umo Y4eHblM Ciedyem coCpeoomodumbCs Ha YIAyHUeHuy munos u cmpykmypul 6eaka
Cas, a maxaice Memoo0s 00CmMagKu, BKII0UAsL HEBUPYCHbLE MEmMOoObl O0CMABKU (4ACMUYbL HA OCHOBE TUNOCOM, CUOPUOHBLE BEKMOPbL, HAHOUACUYbL
3010MaA U GHEKIeMOUHbIE 8E3UKYIIbL), YMODbL CNOCOOCMBOBAMb YIVHIUEHUIO MEKYWe20 COCMOAHU CPeOCME OJi JeUeHus paKd.

3axnrouenue: CRISPR / Cas9 — sadicnulii Memoo, Komopulii 6ce ewye COnpsidicel ¢ mpyoHOCMAMU, KOMopbie Cledyem npespamuntsd 8 603MOlC-
Hocmu 0na uccredosanuil. Texyuyue npodiemor exntovarom gopmy u cmpykmypy Cas-HyKieasvl, munvl UHdcenepuu (in vivo npomus ex vivo) u
pasnoobpasue menodos docmagku. Kacowiii 6ud cnocoba 00cmagku umeem c8ou NaChl U MUHYCbL U mpebdyem OanbHeliue2o uzyienus. B vacm-
HOCIMU, HeGUPYCHbIE BEKMOPbL, MAKUe KAK YaCmuybl HA OCHOBE TUNOCOM, GHEKIIMOYHbLE BE3UKY b, 2UOPUOHDLE BE3UKYIIbL U HAHOYACIUYLL 3010Md,
00712ICHbL ObIMD 8 YeHmpe OYOVWUX UCCIO0BAHUIL.

Kntoueswte cnosa: CRISPR, Cas9, pak, onkonoeus, 6eKmopuvl 00CmMagKu, HAHOYACIMUYbI.
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