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• WHO GMP

• ISO ISO 9001 13485 TC276

• ICH ICH Q5A ICH Q5D ICH Q3 ICH Q2

• ARGB

• PMDA MHLW 210

• 

• EC 1394/2007 ATMP

• 5.2.12

• 4 GMP 2018 5

• USP <1043>

• USP <92> rh-IL4

• FDA CMC

• 21 1271 1271.210 GTPs
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2.cGMP [1]

GMP

CAPA

ISO 7 ISO 5

cGMP

[1] cGMP

2

USP<1043> USP 

<1043> 4

3
[2]

1

2 3 4

2020 -

4

3.USP <1043>

1 CGT*

2

GMP

Gibco CTS

3 RUO IVD

4

*CGT=
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4. 4 2020

GMP

TSE
1 ✓ ✓ ✓ ✓ ✓

2 ✓ ✓ ✓ ✓ ✓

3 ✓ ✓ ✓

4
✓ ✓ ✓

✓

2022 1

-

HIV HBV HCV
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COA COA

COO COO

SDS SDS

COC COC

RSF

DMF
DMF
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cGMP
[1] GMP

• 5.2.12

• USP <1046>

• USP <1047>

• USP <1043>

• USP <1024>

• USP <90>

• USP <89>

• USP <92>

• +

• ISO

• 

• -

• 

1. Thermo Fisher Scientific (2020) Manufacturing pluripotent cell 
therapeutics

2. USP (2006) General Chapter <1043>: Ancillary Materials for Cell- and 
Tissue-Based Products. In: USP-NF English Edition. Rockville: United 
States Pharmacopeial Convention.
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VQ

1.30-1.50 [2] 3

3. VQ VQA [2]

VQA VQA

$13,259 $270,033

$12,432 $197,940

CRO $18,704 $666,883

$12,607 $150,570

$17,072 $475,445

$21,839 $1,886,308

FDA ICH ISO

VQ

VQ

VQ

1. Shimoni, Y et al. (2015). A Risk-Based Approach to Supplier and Raw 
Materials Management. BioProc Intl 13(10): 10–15.

2. Jay A. Turpen, Senior Consultant, The Avoca Group 03.04.20 as seen 
in Contract Pharma.

3. BioProcess Systems Alliance (2019) The Role of Single-Use Polymeric 
Solutions in Enabling Cell and Gene Therapy Production Part 3: Best 
Practices for Supplier Selection, Qualification, and Validation to Ensure 
Supply Chain Security Bio-Process Systems Alliance Cell and Gene 
Therapy Committee. BioProc Intl 17(6).

4. ASTM E3051–16: Standard Guide for Specification, Design, 
Verification, and Application of Single-Use Systems in Pharmaceutical 
and Biopharmaceutical Manufacturing. ASTM International: West 
Conshohocken, PA, 2016; doi:10.1520/E3051-16.
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scFv

scFv CAR-T

T

scFv VL VH

[1]

CAR scFv T

CD8 CD4 CD28[2]

T cell

CAR
ScFv

VH VL

2.

CD3 ς CAR

CAR scFv CAR CD3 ς

CAR

CAR-T

CAR  CD28

CD137[4-1BB]

CD28 CD137 CAR [3,4]
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CAR-T

CAR-T T

T

CAR-T 3-4

7-10%[5]

CAR-T

CAR-T

T

CAR-T

1

T TSCM

CAR-T B

1. CAR-T

CAR-T CAR-T

- TSCM
TSCM

T T

221212212121121212121212122122122112112121211211



22

CAR-T

CAR-T
[6,7] 3

T

HLA I T TCR

 T

• GvHD

• HvGD

• NK HLA

CAR+T

CAR-T

α3

α α

β

T T

β

αα

βββ2M

HLA I

HLA I

TCR

TCR

α2
α1

α3

β2M

α2
α1

3.HLA I TCR T TCR HLA I
TCR T /HLA I - TCR HLA I

TCR CD3

T 3

HLA I 2-

2M 3

H L A  I 6

A B C E F G

A B C 6,000

E F G

300 [8,9]
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T TCR HLA I

4 T

TCR HLA I
[8]

T TCR T HLA I

TCR HLA I

2M HLA I

T T

TCR T

T

α
α

β
β

α3
β2Mα2

α1

α
αβ

β
α3β2M

α2
α1 CAR-

T
.

T TCAR-ScFv

TCRHLA I

X
X

X

4. CAR-T TCR GvHD
CAR-T 2M HLA I HvGD
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5. T HLA-E NK HLA I CAR-T NK
HLA I HLA-E NK CAR-T

HLA I NK

5 [10,11]

NK HLA TCR

3
2M

2NKG2A
CD94

NKG2A
CD94 1

HLA-E
HLA I

NKHLA I NK
CAR-T

NKCAR-
T

CAR-
T

HLA-E 5 [12,13]

HLA-E 2M

HLA I NK

5
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T

T

GvHD HvGD

2. CAR-T

CAR

Allogene and Pfizer UCART19 CD19 T

Kuur Therapeutics KUR-502 CD19 NK T

Cellectis and Pfizer UCART19 UCART123 CD19 CD123 T

Celyad CYAD-211 BCMA T

CRISPR Therapeutics CTX110 CD19 T

Fate Therapeutics FT819 CD19 iPSC T

Poseida Therapeutics P-BCMA-ALL01 P-MUC1-ALLO1 BCMA MUC1 T

Precision Biosciences PBCAR269A CD19 T

Tessa Therapeutics CD30.CAR-EBVST CD30 EBV T

CTA101 CD19 CD22 T

HLA I TCR

CAR-T

CAR

CAR-T

2

1. Irving M, et al. (2017) Engineering Chimeric Antigen Receptor T-Cells 
for Racing in Solid Tumors: Don t Forget the Fuel. Front Immunol 
8:267.

2. Fujiwara K, et al. (2020) Hinge and Transmembrane Domains of 
Chimeric Antigen Receptor Regulate Receptor Expression and 
Signaling Threshold. Cells 9(5):1182.

3. June C, et al. (2020) CAR T cell immunotherapy for human cancer. 
Science 359 (6382):1361–1365.

4. Skorka K, et al. (2020) The Application of CAR-T Cells in 
Haematological Malignancies. Arch Immunol Ther Exp (Warsz) 
68(6):34.

5. https://www.us.kymriah.com/.

6. Depil S, et al. (2020) Off-the-shelf allogeneic CAR T cells: 
development and challenges. Nat Rev Drug Discov 19:185–199.

7. W. Qasim (2019) Allogeneic CAR T cell therapies for leukemia. Am J 
Hematol 94:S50–S54.

8. E. Ingulli (2010) Mechanism of cellular rejection in transplantation. 
Pediatr Nephrol 25:61–74, 2010.

9. EMBL Immuno Polymorphism Database.

10. Ljunggren H and Kärre K. (1990) In search of missing self : MHC 
molecules and NK cell recognition. Immunol Today 11(7):237–244.

11. Sun J and Lanier L (2008) Cutting edge: viral infection breaks NK cell 
tolerance to missing self . J Immunol 181(11):7453–7457.

12. Pallmer K and Oxenius A (2016) Recognition and regulation of T cells 
by NK cells. Front Immunol 7:251.

13. Gornalusse GG, et al. (2017) HLA-E-expressing pluripotent stem cells 
escape allogeneic responses and lysis by NK cells. Nat Biotechnol 
35:765–772.
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CAR-T

P B M C T
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CD4/CD8

CD62L+CCR7+T

T

T

26



27

PBMC

PBMC

PBMC Ficoll
[1] PBMC

PBMC

Gibco™ CTS™ Rotea™

1

1. CFC CTS Rotea A g
CFC B

CFC C
D CFC

A B

C D
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2

1

PBMC

46%

54%

96%

4% RBCs

80% T

8% B
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3% NK cells
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66%

34%

97%

3% RBCs

80% T

8% B

9%

3% NK

B   <30A   2

2. PBMC A Ficoll
B CTS Rotea PBMC CTS Rotea 30 PBMC

1.PBMC
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T

PBMC T

T

T

-T

T 3

CD4/CD8+ CD62L+

Gibco™ CTS™ Dynabeads™ 

CD3/CD28 T

30

3. CTS Dynabeads CD3/CD28 T
PBMC CTS Dynabeads CD3/CD28

3:1 30
30 Gibco™ CTS™ DynaMag™

CD3/CD28+
T

CD3+CD28+ T 90% >95% CD25+
CD3+T 95% APC

CTS Dynabeads CD3/CD28
T

2922929929299299292929292929299292929299299992999292292922229299222299292922929999
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iPSC CAR NK

iPSC NK T

NK

NK

iPSC

NK T

NK NK T

T

CRS

NK

iPSC

HLA I T

HLA HLA

NK

HLA

NK

iPSC

CAR NK

iPSC

CAR-T

T

iPSC NK

CAR

• Grievink HW, et al. (2016) Comparison of Three 
Isolation Techniques for Human Peripheral Blood 
Mononuclear Cells: Cell Recovery and Viability, 
Population Composition, and Cell Functionality. 
Biopreserv Biobank 14(5):410–415.

• One-step isolation and activation of naive and early 
memory T cells with CTS Dynabeads CD3/CD28.

• Habib S, Tariq SM, Tariq M. (2019) Chimeric Antigen 
Receptor-Natural Killer Cells: The Future of Cancer 
Immunotherapy. Ochsner J 19(3):186–187.

• Gornalusse GG, et al. (2017) HLA-E-expressing 
pluripotent stem cells escape allogeneic responses 
and lysis by NK cells. Nat Biotechnol 35(8):765–772.

• hu H, et al. (2020) Metabolic Reprograming via 
Deletion of CISH in Human iPSC-Derived NK Cells 
Promotes In Vivo Persistence and Enhances Anti-
tumor Activity. Cell Stem Cell 27(2):224–237.

• Wu Y, et al. (2017) Developmental and Functional 
Control of Natural Killer Cells by Cytokines,– 

Frontier in immunology. Front Immunol 8:930.

1. Tan YS and Lei YL. (2019) Isolation of tumor-infiltrating lymphocytes 
by Ficoll-Paque density gradient centrifugation. Methods Mol Biol 
1960: 93–99.

ion. Methods Mol Biol 

30

IFU
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5

CAR-T T

T

3

CAR

ZFN

TALEN CRISPR

9 CRISPR-Cas9 T

CAR-T DNA

T

1

1. 

HLA-E NK CAR-T

2. T

TCR TCR 

DNA

DNA

DNA : 

 (NHEJ)  (HDR) NHEJ

indels

NHEJ

indel 1 HDR

HLA-E T

1

DNA

1.

311
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T

TCR HLA-E CAR-T

Z F N TA L E N

CRISPR -CRISPR 9 CRISPR-Cas9 2 [1-4]

ZFN

ZFN

DNA ZFN

DNA

DNA- DNA

FokI DNA

DNA 2A [5]

6

DNA 3-6

9-18

DNA ZFN

ZFN FokI

DNA DNA

FokI
FokI

TALEN

TALEN
TALEN

ZFN

CCCCCCaaaassss999999

RRRRRRRRNNNNNNAA

PPPPAAPPPP MM

ZFNs
ZFN

TAL
TAL

TALEN

CRISPR-Cas9

CRISPR CRISPR 9
CRISPR-Cas9

2. T

DNA

ZFN

DNA

3 1

ZFN

ZFN

TALEN

TA L E N D N A Z F N

TALEN Xanthamonas DNA

TALE Fok1 ZFN

TALEN TALEN

TALEN FokI

DNA 2B DNA

12-20 TALE DNA

TALE 12 13

RVD [6] TALEN DNA

TALEN TALEN 4

1
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CRISPR-Cas9

CRISPR-Cas9

ZFN TALEN
[7] CRISPR 3

ZFN TALEN 20 CRISPR-

Cas9 Cas9 RNA

gRNA ZFN TALEN CRISPR-Cas9

RNA-DNA ZFN TALEN

-DNA FokI

TCR—

11.2%
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: 
S

S
C

-A

1.0M

800K

600K

400K
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0

TCR—

93.4%
TCR+

6.31%
TCR—

81.8%
TCR+

17.8%
TCR+

88.2%

TRAC T1 gRNA + Cas9 RNP TRBC T1 gRNA + Cas9 RNP

%

TRAC T1

120

100

80

60

40

20

0
TRAC T2 TRBC T1 TRBC T2

3. T Invitrogen™ Dynabeads™ PBMC T Invitrogen™ Neon™
Invitrogen™ TrueCut™ Cas9 Protein v2 T TRAC TRBC Invitrogen™ TrueGuide™ Modified Synthetic sgRNA

A TCR >90% TRAC TRBC DNA
T1 T2 gRNA T1 B NGS TRAC TRBC T1 T2

90% T

CRISPR-Cas9

NGG PAM gRNA DNA

2C

CRISPR-Cas9 TALEN ZFN

3 CRISPR-Cas9

A B
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ZFN TALEN 2A 2B

DNA

CRISPR-Cas9 2C

gRNA Cas9 CRISPR-

Cas9 RNP

DNA 1

CAR-T

 

EP

AAV

1. T

 
ZFN 3 FokI 18-36 10 TRAC/TRBC

TRAC/TRBC
HLA-A

EP
Lentivirus
EP

Torikai H, et al. [8]
Provasi E, et al. [9]
Torikai H, et al. [10]

TALEN 1
TALE

FokI 30-35 4 TRAC/TRBC
TRAC/TRBC
TRAC
TRAC
ß2M

EP
EP
EP
EP
AAV

Poirot L, et al. [11]
Knipping F, et al. [12]
Osborn M, et al. [13]
Qasim W, et al. [14]
Eyquem J, et al. [15]

CRISPR-Cas9 gRNA DNA Cas9 20-24 1 TCR/ß2M
TRAC and ß2M
TRAC ß2M 
TCR
TRAC/TRBC
TRAC

EP
AAV
EP
EP
EP
EP

Ren J, et al. [16]
Eyquem J, et al. [15]
Georgiadis C, et al. [17]
Ren J, et al. [18]
Knipping F, et al. [12]
Osborn M, et al. [13]

1. 

2. 

3. 

2

 

, 

Invitrogen™ Lipofectamine™
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GMP

RNA

CAR

CRISPR-Cas 9

18 - [19,20]

CAR T CAR-T

[21] Cas9 sgRNA
[22]

2.

DNA RNA • 

• 

• CAR-T

• 

• 

• 

DNA RNA RNP
• 

• 

• 

• 

RNP • • 

• 

• 
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CAR - T T

T

• 

• T

• 

• 

T

DNA

Invitrogen™ TruDesign™

1-10 1

T

PCR

TCR

CAR  

CAR-T

ESC iPSC ESC iPSC

ESC
[23]

iPSC [24]

iPSC

T B NK
[25]



37

iPSC NK

NK

HLA I

NK CAR

T HLA-I

HLA-I

iPSC CAR-T CAR

iPSC CAR-T

iPSC CAR-NK CAR

CAR 4

iPSC CAR-NK

IFN-

IL-12 GM-CSF CAR-T IL-1

CAR+CAR- HLA I-

TA

CAR

HLA I

CD94

Kill
CAR NK 

4.CAR NK CAR-NK CAR HLA I CAR-NK
CAR TA

IL-6 IL-1 IL-6 CRS

CAR-T [26]

iPSC NK

GvHD [27,28]

T

CAR-T

CAR-T
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1. Depil S, et al. (2020) Off-the-shelf allogeneic CAR T cells: 
development and challenges. Nat Rev Drug Discov 19:185–199.

2. Townsend MH, et al. (2020) Paving the way towards universal 
treatment with allogenic T cells. Immunol Res 68: 63–70.

3. Zhao J, et al. (2018) Universal CARs, universal T cells, and universal 
CAR T cells. J Hematol Oncol 11:1–9.

4. M. Ruella and S. S. Kenderian (2017) Next-generation chimeric antigen 
receptor T-cell therapy: going off the shelf. BioDrugs 31:473–481.

5. D. Carroll (2011) Genome engineering with zinc-finger nucleases. 
Genetics 188:773–782.

6. Richter A, et al (2016) TAL effector DNA-binding principles and 
specificity. Methods Mol Biol 1338: 9–25.

7. Jinek M,et al. (2012) A programmable dual-RNA–guided DNA 
endonuclease in adaptive bacterial immunity. Science 337:816–821.

8. Torikai H, et al. (2012) A foundation for universal T-cell based 
immunotherapy: T cells engineered to express a CD19-specific 
chimeric-antigen-receptor and eliminate expression of endogenous 
TCR. Blood 119(24):5697–5705.

9. Provasi E, et al. (2012) Editing T cell specificity towards leukemia 
by zinc finger nucleases and lentiviral gene transfer. Nat Med 
18(5):807–815.

10. Torikai H, et al. (2013) Toward eliminating HLA class I expression 
to generate universal cells from allogeneic donors. Blood 
122(8):1341-1349.

11. Poirot L, et al. (2015) Multiplex Genome-Edited T-cell Manufacturing 
Platform for Off-the-Shelf  Adoptive T-cell Immunotherapies. 
Cancer Res 75:3853–3864.

12. Knipping F, et al. (2017) Genome-wide Specificity of Highly Efficient 
TALENs and CRISPR/Cas9 for T Cell Receptor Modification. Mol Ther 
Methods Clin Dev 4:213–224.

13. Osborn M, et al. (2016) Evaluation of TCR Gene Editing Achieved 
by TALENs, CRISPR/Cas9, and megaTAL Nucleases. Mol Ther 
24(3):570–581.

14. Qasim W, et al. (2017) Molecular remission of infant B-ALL after 
infusion of universal TALEN gene-edited CAR T cells. Sci Transl Med 
9(374):eaaj2013.

15. Eyquem J, et al. (2017) Targeting a CAR to the TRAC locus with 
CRISPR/Cas9 enhances tumour rejection. Nature 543(7643):113–117.

16. Ren J, et al. (2017) Multiplex Genome Editing to Generate 
Universal CAR T Cells Resistant to PD1 Inhibition. Clin Cancer Res 
23(9):2255-2266.

17. Georgiadis C, et al. (2018) Long Terminal Repeat CRISPR-CAR-
Coupled Universal  T Cells Mediate Potent Anti-leukemic Effects. 
Mol Ther 26(5):1215–1227.

18. Ren J, et al. (2017) A versatile system for rapid multiplex genome-
edited CAR T cell generation. Oncotarget 8(10):17002–17011.

19. Ghaleh HEG, et al. (2020) Concise review on optimized methods in 
production and transduction of lentiviral vectors in order to facilitate 
immunotherapy and gene therapy. Biomed Pharmacother 128:110276.

20. Bulcha J, et al (2021) Viral vector platforms within the gene therapy 
landscape. Signal Transduct Target Ther 6(1):53.

21. Cockrell AS and T Kafri T (2007) Gene delivery by lentivirus vectors. 
Mol Biotechnol 36(3):184–204.

22. Shalem O. (2014) Genome-scale CRISPR-Cas9 knockout screening in 
human cells. Science 343(6166):84–87.

23. Cogle CR, et al. (2003) An overview of stem cell research and 
regulatory issues. Mayo Clin Proc 78(8):993–1003.

24. Shi Y, et al. (2017) Induced pluripotent stem cell technology: a decade 
of progress. Nat Rev Drug Discov 16:115–130.

25. Angelos MG and Kaufman DS (2015) Pluripotent stem cell applications 
for regenerative medicine. Curr Opin Organ Transplant 20(6):663–70.

26. Liu E, et al. (2020) Use of CAR-Transduced Natural Killer Cells in CD19-
Positive Lymphoid Tumors. N Engl J Med 382(6):545–553.

27. Dolstra H, et al. (2017) Successful Transfer of Umbilical Cord Blood 
CD34 + Hematopoietic Stem and Progenitor-derived NK Cells in Older 
Acute Myeloid Leukemia Patients. Clin Cancer Res 23(15):4107–4118.

28. Miller JS and Lanier LL (2019) Natural Killer Cells in Cancer 
Immunotherapy. Annu Rev Cancer Biol 3:77–103.
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6

CAR-T

T

T CAR-T

T

1 T

T TCM

T TEM T

TEFF T TEFF

CD62L CCR7 CD28

 (TSCM)
 (TCM)  

(TEMRA)
 (TEFF)

(TEM)
 (TN)

CCR7
CD62L

CD27
CD28

CD45RA

1. TCM

T

CAR-T

T

T
[1] 2019

T

CAR-T
[2]
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CAR-T

T [3,4]

CAR-T

 CAR [5]

12-18

T

TCM

TCM

T [6]

T

T CAR

T

T

CD3 CD28

CD3 T

CD28 T

[7]
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T 2

CD3 CD28

APC

2 IL-2 7 IL-7

TCM
[8]

CTS Dynabeads CD3/C28

T [9] 2

APC

T

RUO

T

IL-2 IFN- CD8+

T

2. T CTS Dynabeads CD3/CD28 T
CD3 CD28  T

APC T T

CD28

CD3/TCR

T T

CD3/TCRAnti-CD3

CD28Anti-CD28

444444444414141444141411111444141414144414414444414444441444444444444444444441444444444444
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T

T

1

CO2

37ºC 5% CO2

T

DO pH

6.6-7.0 pH

6.6-7.5% CO2 30-50% DO

Thermo Scientific™ HyPerforma™

10 L

1.5 L 8rpm 6°

T

 [11]

T

T

1

2 3

KLa
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• 
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• 
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• DO pH
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• 
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IL-2 IL-2

IL-2 12
[15]

IL-2

IL-2

IL-2 IL-2 T
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HLA
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iPSC CAR-NK

CAR-NK-19 CD19 [18,19] CAR-

NK-GPC3 HCC [20]
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NK

5×106 /kg 500×106 /
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IL-2 IL-15
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ICHQ8 R2 CPP
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3

3.

MCB*

21CFR610.14 

PCR -PCR •  •

STR HLA-PCR NGS •  •

21CFR600.3 

Cas9 DNA
DNA

qPCR ELISA • • •

Benzonase BSA
qPCR ELISA HPLC •

•

qPCR/ELISA HPLC •

qPCR • •

21CFR600.3 

• • •

• • •

RCR/RCL qPCR •

VCN PCR ddPCR • •

NGS •

•

DLS •

  
21CFR610.12 
USP<71> 

/ LAL PCR • • •

 
USP<1046> 

/ • •

• •

VG PCR ddPCR •

IG TCID50 •

• • •

*Master Cell Bank
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