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Abstract

Introduction. Chimeric Antigen Receptor T-cell (CAR-T) therapy represents a
breakthrough in the treatment of relapsed and refractory hematologic malignancies. However,
its application is limited by high production costs and technical complexity. In Kazakhstan,
approximately 180-240 patients annually require this type of therapy, yet access remains
virtually unavailable.

Aim. This study aimed to develop a localized and standardized protocol for the
production of CD19-specific CAR-T cells using an automated manufacturing system.

Materials and methods. The CliniMACS Prodigy platform was used for T-cell isolation,
activation, and lentiviral transduction with vectors encoding the CD19 CAR construct.
Functional activity of CAR-T cells was assessed via flow cytometry using CD19-positive (Raji)
and CDI19-negative (K562) target cell lines. Quality control included sterility testing,
verification of replication-competent lentivirus absence, and phenotypic analysis of the cell
product.

Results. The resulting CAR-T cell products met international quality standards in terms
of sterility, lack of replication-competent virus, and CD3+CAR+ cell content (75.18%). In vitro
experiments demonstrated high specific cytotoxicity against CD19+ targets (Raji) with minimal
nonspecific lysis of CD19— cells (K562). The developed and validated protocol enables
standardized CAR-T cell manufacturing and has the potential to significantly improve therapy
accessibility in Kazakhstan. The data support the feasibility of localized production of effective
CAR-T cell products, which could greatly enhance treatment outcomes for patients with severe
hematologic malignancies in the region.

Conclusion. The proposed protocol for the production of CD19-specific CAR-T cells
using the CliniMACS Prodigy platform meets international standards and allows for the
generation of high-quality cellular products for B-cell hematologic cancer therapy.
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Introduction. Chimeric Antigen Receptor (CAR-T) Cell-Based Immunotherapy
represents a cutting-edge approach in the treatment of hematologic malignancies, particularly
B-cell malignancies [1-3].

The core principle of this technology lies in the modification of a patient's T-lymphocytes
using viral vectors encoding receptors specific for tumor-associated antigens [4]. These
genetically reprogrammed cells gain the ability to effectively recognize and eliminate malignant
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cells expressing the target antigen [5, 6]. In recent years, CAR-T cell therapy has gained
widespread application and demonstrated high clinical efficacy; however, issues related to the
optimization of production processes and quality control of cell-based products remain highly
relevant [7, 8].

CAR-T therapy has been approved for clinical use beyond clinical trials in all developed
countries, including North America, the European Union, Southeast Asia, and Australia
(Pioneering Biopharma 2021) [9]. Therapeutic products such as Yescarta (for large B-cell
lymphoma) and Kymriah (for B-cell acute lymphoblastic leukemia) have been authorized since
2017 [10, 11]. As of now, six CAR-T cell therapy protocols are approved for different
indications: Kymriah (Novartis), Yescarta (Gilead), Tecartus (since 2020, Gilead), Breyanzi
(since 2021, Bristol-Myers Squibb), Abecma (since 2021, Bristol-Myers Squibb), and Carvykti
(since 2022, Janssen Pharma) [12].

The cost of these CAR-T therapeutic products remains extremely high in developed
countries, ranging between USD 300,000 and 500,000 per treatment course. For example,
Yescarta is priced at USD 373,000 per patient and Kymriah at USD 475,000 per patient [13].
While the cost is justified by their clinical efficacy, it poses a significant barrier. In the final
report of the ELIANA clinical trial of Kymriah, five-year follow-up results showed a survival
rate of 55% in patients with relapsed or refractory (r/r) B-cell acute lymphoblastic leukemia
(ALL) [14]. Notably, 44% of patients remained in remission with no minimal residual disease
(MRD), indicating full recovery in these cases [15]. CAR-T technology has revolutionized
hematologic oncology by transforming patient outcomes following chemotherapy failure [16].

In Kazakhstan, approximately 7,000 patients with hematologic malignancies are currently
registered, with 1,400 new cases diagnosed annually [17]. For patients with relapse following
chemotherapy and bone marrow transplantation (BMT), there are currently no effective
treatment options available within the country. The limited availability of CAR-T therapy in
Kazakhstan and other post-Soviet countries is due not only to its high cost, but also to the
complexity of the technology itself [18]. The key stages of CAR-T therapy—Ientiviral vector
production, CAR-T cell manufacturing, patient preparation, and clinical administration with
monitoring (strictly in hospital settings)—are all examples of state-of-the-art, high-tech,
knowledge-intensive medicine [19]. As of autumn 2023, Russia had only one officially
authorized CAR-T treatment center: the Dmitry Rogachev National Research Center for
Pediatric Hematology, Oncology, and Immunology in Moscow [20], with no other clinics
offering such therapy. The high treatment cost makes it inaccessible for most Kazakhstani
patients to seek CAR-T therapy abroad. Yet, the demand for CAR-T therapy among both
patients and oncologists in Kazakhstan is significant. The estimated number of patients in
Kazakhstan requiring CAR-T treatment is around 180—-240 per year.

Modern platforms for automated cell culture, such as CliniMACS Prodigy, provide
standardized CAR-T cell production while minimizing variability and reducing the risk of
contamination [21].

Nevertheless, to ensure the efficacy and safety of this therapy, rigorous testing of the
cellular product is required, including sterility testing, replication-competent virus (RCV)
screening, and evaluation of cytotoxic activity [22].

The present study is aimed at developing and validating protocols for the production of
CD19-specific CAR-T cells, including lentiviral transduction of T-lymphocytes, their
cultivation, and phenotypic analysis. The study assessed parameters such as transduction
efficiency, proliferation, and functional activity of the CAR-T cells, along with thorough quality
control of the resulting cell product. The findings of this research will contribute to the
improvement of CAR-T cell manufacturing processes and enhance their therapeutic potential.

Materials and Methods.
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Cell Lines, Vectors, and Plasmids

To produce CAR-T cells, HEK293FT cells provided by Kazan Federal University were
used, along with the K562 (CD19-) and Raji (CD19+) cell lines obtained from the collection
of the National Center for Biotechnology (NCB).

HEK293FT cells were cultured in DMEM supplemented with 10% FBS, L-glutamine,
and antibiotics. K562 and Raji cells were maintained in RPMI-1640 medium with similar
supplements. Peripheral blood leukocytes obtained by leukapheresis were incubated in
TexMACS medium (Miltenyi Biotec) using the CliniMACS Prodigy system.

The CliniMACS Prodigy system is a cell processor designed for the manufacturing of
cells used in cell and gene therapy, specifically for the production of Advanced Therapy
Medicinal Products (ATMPs) intended for clinical use (Figure 1).

Figure 1. Equipment for the manufacturing of CAR+ cells. A: CliniMACS Prodigy
system. B: MACSQuant Analyzer 10 Flow Cytometer (Miltenyi Biotec). C: STW6810 sterile
tubing welder (BMS Medicaltech Co.)

Three lentiviral vectors were used for transduction: pHR.CD19 CAR-GFP,
pHR.CD19 CAR (developed at the National Center for Biotechnology), and phuCAR
(provided by Kazan Federal University). The constructs contain the second-generation CD19
CAR gene (with CD28z or 4-1BB), and in the case of pHR.CD19 CAR-GFP, a GFP marker.
Lentiviral vectors were assembled using psPAX2 and pCMV-VSV-G (Addgene).

Lentiviral vector production and titration

HEK293FT cells were transfected with a plasmid mix (pHR.CD19 CAR-GFP, psPAX2,
pMD2.G) using branched PEI (Sigma) or Lipofectamine 2000 (ThermoScientific). Culture
supernatants containing lentiviral particles were collected at 24, 48, and 72 hours post-
transfection.

The functional titer was determined by flow cytometry after transduction of HEK293FT
cells with the lentivirus. The percentage of GFP+ cells was measured using the B1 channel
(488/(530/30) nm) on the MACSQuant 10 flow cytometer (Miltenyi Biotec). The titer was
calculated using the following formula:
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Titer (TU /ml) = (%Cigé)-l-) x2x10°x D x5

CAR-T Cell Production

Leukapheresis samples were obtained at the Scientific and Production Center of
Transfusiology (Astana). CD3+ T-lymphocytes were isolated using immunomagnetic
separation with the CliniIMACS Prodigy system, activated via CD3/CD28 stimulation, and
cultured in TexMACS medium supplemented with IL-7 and IL-15.

On Day 1 post-isolation, cells were transduced with a lentiviral vector (MOI = 2). After
12 days, the cells were harvested, analyzed by flow cytometry, and either cryopreserved in HSA
+ DMSO at —196°C or used for functional testing. A photograph of the CAR+ cell culture taken
with the integrated microscope in the system is shown in Figure 2.

Microscope

Figure 2. Photograph of the CAR+ cell culture in the incubation chamber of the
CliniIMACS Prodigy system prior to harvest (day 12)

Assessment of Cytotoxic Activity of CAR-T Cells

Cytotoxicity was evaluated in co-culture with Raji (CD19%) and K562 (CD19") target
cells. Target cells were pre-stained with PKH67 (Sigma). Samples were mixed at a ratio of 10:1
(CAR-T:targets), incubated for 24 hours, and the proportion of viable target cells was measured
by flow cytometry (B1 channel, MACSQuant 10).

Quality Control of CAR-T Cells

Sterility testing was performed by incubating cell suspensions in 2xYT medium without
antibiotics. Mycoplasma contamination was assessed using PCR (Abcam).

A test for replication-competent virus (RCV) was also conducted: five consecutive
passages of cell supernatant were performed on HEK293FT cells, followed by PCR analysis
for the presence of the POL gene.

Phenotyping of CAR-T cells was performed by analyzing the expression of CD3*, CD4",
CD8", and CAR" markers using monoclonal antibodies and flow cytometry.

Statistical Analysis

Experiments assessing cytolytic activity were conducted in triplicate. The proportions of
target cells were compared using Student’s t-test. A significance level of p < 0.05 was
considered indicative of statistically significant differences between mean values.

Results.

Characterization of the Obtained CAR-T Cells
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CAR-T cells were generated using the automated CliniMACS Prodigy platform (Miltenyi
Biotec), designed for the production of advanced therapy medicinal products (ATMPs). During
the cultivation process on the platform, CD3+ T lymphocytes were separated, stimulated for
proliferation, transduced with a lentiviral vector encoding CD19 CAR, and subsequently
expanded.

Flow cytometry analysis of the cell product showed that almost all cells in the preparation
were T lymphocytes (CD3+), accounting for 99.48% of the total. Among them, 75.18%
expressed the CD19 CAR receptor, confirming high transduction efficiency and successful
subsequent expansion (Figure 3).

After completion of the cultivation process, CAR+ cells were collected in TexMACS
medium. An aliquot of the cell product was used for functional and safety analyses, while the
main portion of the cells was cryopreserved in the presence of HSA and DMSO. For detailed
phenotypic analysis of the CAR-T cells, staining was performed for CD45+ (leukocytes), CD3+
(T lymphocytes), CD4+ (MHC Il-restricted), CD8+ (MHC I-restricted), FMC63 CAR+ (CD19
CAR expression), and cell viability was assessed using propidium iodide.

The CAR-T cell product obtained in this study meets the key quality criteria for cell-
based products used in CAR-T therapy.
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Figure 3. Proportion of CAR+ cells in the cell product obtained using the CliniMACS
Prodigy system

Thus, the total number of recorded events was 13,361 (Table 1), reflecting the overall
volume of acquired data. Exclusion of cellular debris, based on forward scatter (FSC)
parameters, narrowed the dataset to 11,784 events, accounting for 88.2% of all recorded events.

The CD45+ cell population, which includes all viable leukocytes, accounted for 99.67%
(11,745 events), among which 90.75% (10,807 events) were viable (CD45+ 7-AAD-),
indicating high cell viability after the transduction procedure. Among viable CD3+ T
lymphocytes, their proportion was 99.48% (10,604 events), confirming the effectiveness of T-
cell isolation prior to the gene modification step.

Analysis of chimeric antigen receptor (CAR) expression showed that CAR+ cells
comprised 75.18% of the viable CD3+ cell population (7,972 events), indicating a high
efficiency of transduction. Subpopulation analysis of T cells revealed that among CAR+ cells,
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68.94% were CD4+ (5,496 events), 29.85% were CD8+ (2,375 events), and a small fraction

(1.22%, 97 events) were CD4-/CDS- cells.

Analysis of the CAR- population among viable CD3+ T lymphocytes showed that their
total proportion was 24.82% (2,632 events). Among them, CD4+ cells accounted for 16.83%
(1,815 events), CD8+ cells for 30.47% (802 events), and double-positive (CD4+CD8+) and
double-negative (CD4-CD8-) cells were represented in significantly smaller amounts — 0.42%
(11 events) and 0.15% (4 events), respectively.

Additionally, an analysis was performed on the CD3- cell population, which constituted
0.52% (55 events) of all viable cells. The population of monocytes (CD3- CD14+), isolated
from viable CD45+ 7-AAD- cells, was absent in this sample, confirming the successful
selection of T lymphocytes.

Table 1. CAR-T Cell Analysis

Cell type Defined population Cells/mL | Cells/mL x10 | Count [%]

Sample all acquired events 1.35E+05 | 1.35E+05 13361 100

Debris FSC small events 1.19E+05 | 1.19E+05 11784 88.20

exclusion excluded

CD45+ FSC small events 1.19E+05 | 1.19E+05 11745 99.67

cells excluded and CD45+

Viable CD45+ 7-AAD- 1.08E+05 | 1.08E+05 10807 90.75

CD45+ cells

CD3+ cells | Viable CD3+ 1.07E+05 | 1.07E+05 10604 99.48

CAR+ cells | Viable CD3+ CAR+ 8.04E+04 | 8.04E+04 7972 75.18

CAR+ Viable CD3+ CAR+ 5.55E+04 | 5.55E+04 5496 68.94

CD4+ cells | CDS8-

CAR+ Viable CD3+ CAR+ 2.38E+04 | 2.38E+04 2375 29.85

CD8+ cells | CD4-

CAR+ Viable CD3+ CAR+ 9.72E+02 | 9.72E+02 97 1.22

CD4- CD8- | CD4- CD8-

cells

CAR- cells | Viable CD3+ CAR- 2.66E+04 | 2.66E+04 2632 24.82

CAR- Viable CD3+ CAR- 1.81E+04 | 1.81E+04 1815 16.83

CD4+ cells | CDS8-

CAR- Viable CD3+ CAR- 8.09E+03 | 8.09E+03 802 30.47

CD8+ cells | CD4-

CAR- Viable CD3+ CAR- 1.12E+02 | 1.12E+02 11 0.42

CD4+ CD4+ CD8+

CD8+ cells

CAR- CD4- | Viable CD3+ CAR- 4.04E+01 | 4.04E+01 4 0.15

CDS8- cells CD4- CD8-

CD3- cells | Viable CD3- 5.55E+02 | 5.55E+02 55 0.52

Monocytes | Viable CD3- CD14+ 0.00E+00 | 0.00E+00 0 0.00
among CD45+ 7-AAD-
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Quality Control of the Cell Product

PCR diagnostics for the presence of replication-competent virus (RCV) showed no
amplification of specific POL gene fragments, indicating the safety of the cell product. To
perform this analysis, serial passaging of the CAR-T cell culture supernatant was conducted
using HEK293FT cells, followed by RT-PCR analysis. At all stages of production, no signs of
replication-competent lentivirus were detected, confirming compliance of the product with
safety requirements.

Additionally, a sterility assessment was carried out by incubating the cell suspension in
antibiotic-free 2xYT medium for 7 days, followed by plating on agar Petri dishes. No microbial
growth was observed, indicating the sterility of the cell product. Mycoplasma contamination
testing was performed using the Mycoplasma PCR Detection Kit (Abcam), and no mycoplasma
DNA was detected (Figure 4).

PCNC M P1 P2 P3 P4 P5

Figure 4. PCR analysis of the cell culture medium for RCV detection.
Lanes: PC — positive control, NC — negative control, P1-P5 — passages of the culture
medium

Evaluation of Cytotoxic Activity of CAR-T Cells In Vitro

The cytotoxic activity of the generated CAR-T cells was assessed in co-culture assays
with target cells either expressing or lacking the CD19 antigen. The lymphoblastoid cell line
Raji (CD19%) was used as the target, and the K562 cell line (CD19") served as the negative
control.

To evaluate target cell lysis, PKH67 fluorescent staining was used, allowing the tracking
of the proportion of intact target cells at different time points. Target cells were co-incubated
with CAR-T cells at a 10:1 effector-to-target (E:T) ratio, and the percentage of PKH67* cells
was measured by flow cytometry at 0 and 24 hours.

Data analysis showed that after 24 hours of co-culture with CAR-T cells, the number of
CD19" Raji cells decreased by 7.9-fold, indicating strong antigen-specific cytotoxicity of the
CAR-T cells toward CD19-expressing targets. In contrast, the number of CD19~ K562 cells
decreased only 1.5-fold, confirming a low level of non-specific cytolysis (Figure 5).
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Figure 5. Flow cytometry plots for evaluating the cytolytic activity of CAR-T cells

Generation of Genetic Engineering Materials and Cell Cultures

In the course of this study, a number of lentiviral vectors, plasmids, and cell lines were
developed and utilized for the production of CAR-T cells and the assessment of their activity.
Table 2 presents a list of the genetic engineering constructs and cell cultures used in the work.

Table 2. Genetically Engineered Materials Created During the Study

No. Material Name Description
| LV CAR sl—s5 Lentiviral particles contgmmg a packaged vector for CD19
CAR receptor transduction
Lentiviral vector for expression of the CD19 CAR gene (2nd
2 pHR.CDI9_CAR generation: CD28z/CD3z)
3 HR.CD19 CAR-GFP Lentiviral vector carrying CD19 CAR and GFP
Lentiviral vector for CD19 CAR expression (obtained from
phuCAR . .
Kazan Federal University)
Eukaryotic expression vector carrying CD19 and the
> pCDI9-2A-Katushka2S g < cent protein Katushka2$
6 Raji (CD19+) B-lymphoblastoid cell line used as a target for CAR-T cells
7 K562 (CD19-) Control erythroleukemia cell line
8 INCI-H522 (CD19+) Human lung adenocarcinoma cell line expressing CD19
9 PC-3M (CD19+) Prostate adenocarcinoma cell line expressing CD19
10 MDA-MB-231 (CD19+)  Breast cancer cell line expressing CD19
Human T lymphocytes transduced with a lentiviral vector
+
11 (CD19 CAR+ T cells carrying CD19 CAR

Discussion. The developed protocol for the production of CD19-specific CAR-T cells
using the automated CliniMACS Prodigy platform demonstrated high efficiency and
compliance with international quality standards. The obtained results reflect not only the high
quality of the cellular product but also the practical applicability of the proposed protocol under
conditions of limited resources and a previously undeveloped infrastructure for cell therapy in
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the country. Automation of the processes of T-cell isolation, activation, transduction, and
expansion enabled the standardization of cell product manufacturing and minimized the risk of
contamination, as confirmed by the absence of replication-competent virus and microbial
contamination [20].

One of the key indicators of CAR-T cell product quality is transduction efficiency [23].
Flow cytometry analysis of surface marker expression revealed that 75.18% of the obtained
cellular product were viable CD3+CAR+ cells, which is consistent with previously reported
data on CAR-T cell transduction efficiency [24]. Among them, 68.94% were CD4+ CAR-T
cells and 29.85% were CD8+ CAR-T cells, corresponding to the typical distribution of
subpopulations in most CAR-T cell products [18].

The results of functional testing showed that the obtained CAR-T cells possess high
cytotoxic activity against CD19+ target cells and demonstrate minimal nonspecific lysis of
CD19-negative cells (K562). These findings confirm the high specificity and effectiveness of
the CD19-CAR-T cells.

One of the main factors influencing the accessibility of CAR-T therapy in Kazakhstan is
its high cost [25]. The establishment of local CAR-T cell production may significantly reduce
treatment costs by eliminating the need for purchasing commercial products and conducting
therapy abroad [26]. A relevant example is the experience of local startups implementing cost-
effective yet efficient approaches to CAR-T cell generation with a focus on broader
accessibility. Similar initiatives for local CAR-T cell production have proven successful in
China and other Asian countries, where in-house cell manufacturing technologies have been
developed [27].

The results indicate that the proposed method for standardized CAR-T cell production
can be successfully introduced into clinical practice [28]. However, for a full transition to
clinical trials, further investigation is needed to understand the factors influencing long-term
proliferation and persistence of CAR-T cells in the patient’s body [29]. Future research will
focus on optimizing the culture medium composition, studying the interaction of CAR-T cells
with the tumor microenvironment, and monitoring the long-term efficacy and safety of the
therapy [30].

The conducted study confirms the feasibility of local production of CD19-CAR-T cells
in Kazakhstan, which may substantially improve the availability of advanced treatment
methods for patients with hematologic malignancies.

Strengths of the Study

The main advantage of this study is the successful development and validation of a local
protocol for the production of CAR-T cells using the automated CliniMACS Prodigy platform.
This approach reduces process variability and minimizes the risk of cellular product
contamination, which is particularly important in a region with limited prior experience in cell
therapy manufacturing. Another important strength is the rigorous multi-step quality control
process, including sterility testing and verification of the absence of replication-competent
viruses, ensuring high safety standards for the obtained cell products.

Limitations of the Study

The main limitation of this study is the absence of clinical evaluation of the produced
CAR-T cell preparations, as the functional and cytotoxic characteristics were assessed only in
vitro. This does not allow for a comprehensive evaluation of potential risks associated with in
vivo application, including the possibility of severe side effects such as cytokine release
syndrome or neurotoxicity. Another limitation is the small sample size and lack of direct
comparison with commercial CAR-T products. It should also be noted that the production of
lentiviral vectors requires specialized equipment and highly trained personnel, which may pose
a challenge for widespread implementation of this technology in Kazakhstan.
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Conclusion. The obtained results demonstrate that the proposed protocol for the
production of CDI19-specific CAR-T cells using the CliniMACS Prodigy platform meets
international standards and enables the generation of high-quality cell products for the treatment
of B-cell hematologic malignancies. The implementation of this technology in Kazakhstan
could significantly improve access to effective therapy for patients who previously had no
opportunity to receive CAR-T treatment. Further clinical trials are necessary to confirm the
therapeutic efficacy and safety of the produced cell products in patients.
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JKEPTLIIIKTI 3EPTXAHA KAFJTAUBIHIA CAR-T dKACYHIAJIBIK
INPEIMAPATDBIH 93IPJIEY: KABAKCTAHIA KOJIZKETIMAI TEPAIIUSAFA AJAM
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Tyiiingeme

Kipicne. Xuwmepansik anturennik peuentopiap (CAR-T) wmerizingeri tepamus —
pedpakTepii OHKOreMaTOJIOTHSUTBIK aypysap/Ibl eMIeyAeT] CepHiHIl OaFbITTapAbIH O1pi OOJIBIT
Tabbutaabl. Anaiiia Oyi1 9AiCTiH KOJMAHBLTYbl OHAIPICTIH KYPACTUIIri MEH KYHBIHBIH KOFaphl
OosyblHa OainmaHbICThl IIekTeysi. Kazakcranma »xbutl caiibiH 1mamameH 180-240 nHaykac
OCBIHJIAll TepamnusFa MyYKTax, OipakK oJlapFa KOJDKETIMALTIK i JKY31He JKOK.

Makcarbl. 3eprrey wMakcatel — CD19 anturenine cnenudukansik CAR-T
KacyllalxapblH ajly YIIiH aBTOMATTaHIbIPbUIFaH KYHEH1 MaijanaHa OThIPHII, KEPTUTIKTI XKoHEe
CTaHJAPTTAJIFaH OHJIIPIC TPOTOKOJIBIH J31piIey.

Marepunangap men agicrep. CD19 CAR peuentopblH KOATaNTBIH JIGHTUBUPYCTBIK
BEKTOpJapAbl MaijanaHa oOTeIpbIN, T-muMmdouutrepal Oexin amy, OelceHAIpy KoHE
tpancaykiusuiay  yuriH — CliniMACS  Prodigy  aBromartanablppuiraH — miiatdopmMacs
konpaneigpl. CAR-T  xacymanapeiHblH — (YHKIHMOHANABIK OEJICEHITIrT MPOTOKETTIK
rutomerpus oxicimer CD19- (K562) sxone CD19+ (Raji) sxacymmaibIk KeliaepiH/ie 3epTTeNI.
Camanbl 0Oakplay CTEPWIBIUNKTI, peIUIMKAIUsAra KaOileTTi BUPYCTHIH OOJIMayblH KOHE
KaCyIIaIbIK TpenapaTTapabH (EeHOTUNITIK CHITaTTaMalapblH Oaranaybl KAMTBIIbL.

Horu:kesiep. Crepuibaiiik, perjMKanusra KaOiIeTTi BHPYCTHIH OOIMaybl >KOHE
CD3+CAR+ sxacymanapsiabiy yieci (75,18%) CHSKTBI XaJbIKapaiblK CTaHIapTTapra cai
keneTiH CAR-T jxacymianbik npenapartapbl allbIHIBL. /1 Vitro ®arJalibIHIAFbl TOKIpHOEnep e
CAR-T xacymanapeibly  CD19+  Hpican-kacymamapsiHa (Raji) KaTbICTBI  KOFaphl
cnenuduKagblK UTOYBITTBUIBIFBI  KopceTunai, an CDI19— xacymanmapbiHa KaThICTBI
cnenu(UKaIbIK eMecC JIM3UC MapIbIMChI3 001161, JKacanraH xKoHe BaTMAAUsIIaHFaH IPOTOKOIT
eHipicTi crangaprrayra xoHe CAR-T TepanusceiabiH Ka3zakcTanmarsl KOJDKETIMALUTIITIH
apTThipyra MyMkiHaik Oepeni. Hotmxenep CAR-T xacymanslk npenapaTTapblH KepriliKTi
JIeHrenae THIMAI OHIIPY MYMKIHJITIH Jonenaeni, Oyid eHIpAeri ayblp TeMaTOJOTHSUIBIK
aypynapsl 0ap HayKacTap/abl eMey KellelIeriH alTapIIbIKTai JKaKcapTa aiajbl.

KopsbiThinabl. Ycbiabuirad CliniMACS  Prodigy mnatdopmacel Herizinze CD19-
cnenudukanslk CAR-T xacymanapblH ©HIIpy NPOTOKOJIbI XaJIbIKapaJIbIK TaJlalTapra coiikec
Keneal KoHe B-kacyiianbl OHKOTeMaTOJOTHSUIBIK aypylaplbl eMJieyre apHajfaH >XOFaphbl
canaJibl JKacylaiblK [penapaTrap aityFa MyMKIHJIIK Oepel.

Tyiiinai ce3nep: CAR-T xacymanapsl, CD19, neHTUBUpPYCTHIK BeKTOp, T-TMMdOoruTTEp
TPAHCAYKIUSCHI

CO3JAHME KJETOYHOTI' O IPEMIAPATA CAR-T B YCJIOBUSIX
JIOKAJIbHOM JIABOPATOPHMN: AT K JJOCTYITHOHM TEPAIINU B
KA3AXCTAHE
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BBenenue. Tepanusi Ha OCHOBE XUMEPHBIX aHTUTEeHHBIX perenTopoB (CAR-T) sBisercs
IPOPBHIBOM B JICUCHUH PE3UCTEHTHBIX (POPM OHKOTEeMAaTOJIOTHUECKUX 3a00JIeBaHMiA, OJTHAKO €€
MPUMEHEHHE OTPAHUYEHO BBICOKOI CTOMMOCTBIO M CJI0KHOCTBIO ITpon3BojcTBa. B Kazaxcrane
exeronHo okosio 180-240 manueHTOB HYXKIAIOTCS B TaKOW Tepanmuu, HO JOCTYI K Hel
MPAKTUYECKH OTCYTCTBYET.

Heasb. Hacrosmee wuccrnepoBaHue TMOCBSMIEHO pa3paboTKe JIOKATM30BAaHHOTO,
CTaHJapTU3UPOBAHHOTO MTpoToKoa mpon3BoacTBa CAR-T-kieTok, crienuuyHbIX K aHTUTEHY
CD19, ¢ ucnonp3oBaHUEM aBTOMAaTU3UPOBAHHON CHUCTEMBI.

Marepuanbl 1 MeToabI. Mcnonb3oBanu aBToMatuzupoBannyto miargopmy CliniMACS
Prodigy nnst BbleneHHs, aKkTHBAaMM W TPAHCAYKIUU T-TUMQOLUTOB JEHTUBUPYCHBIMU
BeKkTopamu, kogupytoumu petentop CD19 CAR. OuenuBanu GyHKIIMOHATBEHYIO aKTUBHOCTD
CAR-T-KJI€TOK METOJIOM MMPOTOYHON IUTOMETPUH HA KJIETOYHBIX THHUAX K562 (CD19-) u Raji
(CD19+). Koutponp KadecTBa BKJIIOYANI TECTHUPOBAHHE CTEPUIIBHOCTH, OTCYTCTBHE
PETUTMKaTHBHO-KOMITIETEHTHOTO BUPYCa U (PEHOTHUITMYECKUI aHAIN3 KJIETOYHBIX PEnapaToB.

Pesynabrarel.  Ilomydenst CAR-T-knetouynsle  mpemnaparbl,  COOTBETCTBYIOLIME
MEX1YHapOJAHBIM CTaHJapTaM IO CTEPUIbHOCTH, OTCYTCTBUIO PEINIMKATUBHO-KOMIIETEHTHOTO
BUpyca u mpoueHTHoMmy coaepxanuto CD3+CAR+ kmerok (75,18%). B ombiTax in vitro
IPOJEMOHCTPUpPOBaHa BbICOKas crneunduueckas nUToToKCHYHOCTE CAR-T-kneTok 1o
otHomennto k CD19+ mumensm (Raji), B To BpeMs kak Hecrenu(pUYECKUil IUTOJINU3 KIETOK
CD19— 6bin1 He3HauuTeNbHBIM. Pa3paOoTaHHBIM W BaIMAMPOBAHHBIN MPOTOKOJ MO3BOJISIET
CTaHJapTU3UPOBATH MIPOU3BOJICTBO U MOBLICUTH JocTynmHOCTh Tepanuu CAR-T B Kazaxcrane.
PesynabTathl  MOATBEPKAAIOT BO3MOMKHOCTb — pEaU3allid  JIOKAJbHOIO  IIPOU3BOJICTBA
BbICOK03(h(hekTuBHBIX CAR-T-mpenaparoB, 4TO MOXKET CYHIECTBEHHO YIYUIIUTh NEPCHEKTUBBI
JICUEHUs NAIUEHTOB C TSHKEIBIMU (POPMaMU FeéMaToJIOrMUECKUX 3a00JIeBaHi B peroHe.

3akmrouenue. [loaydeHHbIe pe3ybTaThl CBUAETEIBCTBYIOT O TOM, YTO MPEAIOKEHHBIN
nporokon mnpou3BojctBa CD19-cnenmmduunsix CAR-T-kietok ¢ HCHOIb30BaHHEM
wiatdopmsl CliniMACS Prodigy cooTBeTCTBYeT MEXIyHApOAHBIM KPUTEPUSM U TO3BOJISIET
MOJIy4yaTh BbICOKOKAUECTBEHHBIE KIIETOUHbIE Tpenaparbl g Tepanuu B-KIeTOYHBIX
OHKOI'€MaTOJIOTMUECKUX 3a00JIeBaHUH.

Kirouesbie cinoBa: CAR-T-knerku, CD19, neHtuBupycHbIil BeKTOp, TpaHcayKuus T-
IMM(OIUTOB
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