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Quality Stability Monitoring and Safety Risk Assessment of Immune Cell in Vitro Expansion Stage

LIU Hongwei
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Abstract: Objective: to establish a quality stability monitoring system for the entire process of in vitro expansion of immune cells,
systematically evaluate the safety risks during the expansion process, and provide theoretical basis and technical support for the
standardized production of clinical grade immune cell products. Method: using CD3+T cells and NK cells as representative immune
cells, a full chain monitoring model was constructed, and combined with Failure Mode and Effects Analysis (FMEA) method, potential
risk points during the amplification process were identified, risk levels were evaluated, and prevention and control measures were
formulated. The stage of stable cell activity, activation level, rapid proliferation, and strongest function was observed from day 5-7 of
amplification. On the 14th day , cell proliferation slowed down, depletion marker expression increased, and functional activity
decreased. The chromosome karyotype is stable, and the microbial contamination detection throughout the entire process is negative.
Through the FMEA method, a total of 12 potential risk points were identified in the entire process of immune cell in vitro
amplification. Among them, fluctuations in CO: concentration in the culture environment, differences in culture medium batch
numbers, and deviations in cell inoculation density are high-risk points (RPN > 120). By implementing targeted intervention measures,
the risk level has been reduced to a medium low level. Conclusion: establishing a quality stability monitoring system for the entire
process of in vitro expansion of immune cells, combined with FMEA risk assessment, can ensure the quality of immune cell products.

Keywords: immune cells; in vitro expansion; quality stability; monitoring system; security risk assessment

EE 2 ) 0 5 5 T A O IR, AR, S At

TR S B e T FEAE FLAE S R T R 25 SR
W, A 254U A S S B SR S R R
7 160 o Wi S 2% G S5 4R ML ) it 1 1) 26 7 7™ RGBT — R 21 RV
iR IR, H R Ah g SE I BOE RS W P2 ) B SR 2R A F
i G e A ML AE AR AP IR B Hh S B 22 4 L e I BE, e

64

SN I I RE S RIS BRI IR AR AL A A K
J 53 Sk 2 b IR 3R B 0 330 T -5 B8040 L5 At LS R
S| 4 S5 ) S S AR S S e S AR FLAE i PR L FH
M BB SBURAEN eV XS, g g
SN, & B . BT, T ORBE A 5T

Copyright © 2025 by authors and Viser Technology Pte. Ltd.



HARHEBESE - 2025 523 541
Natural Science Research.2025,2(4)

@'* VISER

B M S IR F 2 Ak, MR AT IR B o A E
(1 AR PRI A R, RGP G e ) 22 A X
B It R S B, ACHIE 7T AR A P CD3+T 4iH. NK 41
Lt U0 G, A6 F G AN AR AN G B B 1 o AR E
IR AR, RIS R b A 2 5 520 23 B (Failure Mode
and Effects Analysis, FMEA) 7732, ZR 48R A s 40 f4
AN IR AT 8 R B AR LR XU s, TR A X S e T
JoT A E MR SRR s SR B i TR e, B AE Y
G LA FRAR S 1 BRI AL B AR B i e RS 4%

1 SRIewray

2T AU 4 38 o R AL AR SR AL, AU A R RE I A
I B AN %% 40 B ( Peripheral Blood Mononuclear Cells,

PBMCs), £ I8 & Fuik RS Il e Bt 2 5y 2~ i it

K P35 R FE B 00200 B PBMCs, FIEIMIER: 7L &
Ja#H.

2 Fiik

2.1 RGHAMIKIMNTIEHE

CD3+T 4y 14 5 2 ¥ 5 B 43 211f) PBMCs k471
RS, JEF] 1X10°%ells/mL FIARAEIR, AT B pldt
CD3 #ifk (5pg/mL) KEFRIMT, HIRANMEED 80 5
Pt CD3 Hudkdefil, 3G 74k R M IL-2(100 1U/mL).
Pl CD28 Hifk (2ug/mL), e, BRI Inar &k
FIRE IR E T 5%CO0,. 37°CH: -4 Fh B 9% . H5 97 45 3d.
55 6d. 58 9d 23 )l 1A 35 IR AR &R HPORS HERNIN 2 A 501U/mL
N IL-2 FBiERE IR, SonIRMANMIREE, IR R
£ 0.5X 10°~2x10°cells/mL |l

NK S 1852 KB435 PBMCs #E47 1%
WE, AF) 1} 10%ells/mL MIARAER, FIEFRE R P
IL-15 (50 ng/mL). I1L-2 (200 IU/mL), “FFajil & F 37°C.
5%CO, MG B 1: 7248 8 7% N AR G R FRr 2k 3
T2 4d. 2R 8d. H 12d KIS ARSI PR T )R i R
B, ERANYRIERE A, XA AR B AT S T, A R
S AR FEE 4 FR7E 0.5 X 10°~2X 10°cells/mL. CD3+T 4.
NK 28 fifad 38 J& #1340 14d.

2.2 REREMENKRMES K

RSB G B 20 M A 3 A A 6 1) TR A, A
SRR ISR R, WS FE AR S T RS A0 M S | A0 T g
Ve ARG AR RESE, RN SRA CCK-8
RO ME Y, TG YOS 3d.
5d. %5 7d- %5 9d. 5 12d. £5 14d, 43 5 HU40 I 100pL

(1x10%ells), T 96 FLAR . 245, AN FLAINA 10pL

Copyright © 2025 by authors and Viser Technology Pte. Ltd.

CCK-8 {7, BT 37°CHI4NuIET=ARTE 2h J5, FHBEEFRYL
il 450nm ALMOGEEE, THE LS. SRATRAGERA
B TR AN MG E SR BVRRAE, I HE0I4E . R )
%5 3d. #5d. 5 7d. 55 9d. 5 12d. 5 14d B {A] s A R
W 1X10%cells, FMAFALNBAIEA TR, FIARIHC 7.3
bR EY) (CD27) iG AR £ (CD69)  FEME b 4 (PD-1)
MFIEAKF . RAGIAREEPESRE (LDH BEieZ) Rrillgn i
DhfeldtE e RIEIATAR (P28 shf AR i T T s
S E AR, GTANBE . B SO AR TS YA TR .
Ak, FHHYIGE. 5 14d MRS R E M

FH A R A B N B T 0 IR RIS A
GAZEL S RS PP A BN, [T A RS 57 %o e 8 4 A4 147 18 4
FEREAT L EL 5 23 H7 , IR 08 e i et =X, 1A R AR S5 4,
) 2 X M 1 B A RS

2.3 FHitFEHHh

K H SPSS 26.0 it HEAT 8dE S0, T EBTRL
DA B H7 A (xa3s) Fom, P<0.05 A% 7 AAH it

3 HR

3.1 RBMMAKIMTIESREPXBRER NN
Tk

P IG5 5~7d NAMMEPERRE | ISR B AERGE
K IhREmEIBY B, 55 14d AN ER , FEsE bR B R
BTEE, THEEVETE R . etz iifase, Sy
TR, WK 1.

3.2 RIBMBIRIMTIEM R BIR &R ITA LR

I FMEA J53%, LR H s A Ak s 38 4
FEAAELE 12 ANETE KR 1, Ferh 85 3R A58 CO, I FEIR BN
FEFREEAL S 72 L O M B R s 2= e AR 25 (RPN
=120), #MINEEFRIERHLAEIR | LR TR BE AN HERf . 15
FEIEFHIT RIS G LBV AR AR TS Y R AR B, B
I 2.

4 g

A ERTT I AU oR 2022 SEAER s A iR
J7 T I CARIE B L) 150 2% 5, Jwifh TRk
RPN DA 200 1) A KRR AR R, AR TTIX — )T
I B AT o T 1) G 4 o A R, TR AN
AR N A AL O IR BB R T IR R RT3 %
k. AR EREREERNER, RE0H0TT
CD3+T 4Hififl 5 NK 4 i 76 4 714 1 i 7% b 8 o 12 ) 1k
PN Y

65



@f' VISER

FISRFEBER - 2025 4523 45410
Natural Science Research.2025,2(4)

®1 SEMAEKIMNIEEESXRREREHMANTEN

257 LioRIEi=p N WILERT BE (58 0dD| I #8 b3 (38 5~7d) | KRB (58 14d) P {H
4 v M =90% 88%~92% (FasE) 82.3%+2.5% P>0.05 (5 NK 4t
AL 15 RO (POEEK)|  128.6245.3 fi% P<0.05 (5 NK 4t
4l i 82.5%43.2% | 95.3%-+.8% (IAE) =90% P<<0.05CH#f vs #I4AH 24 vs D
CD3+T 4H/i5|CD69 ik Glifbbr &) 68.5%4.2% (fi)
CD27 #is GiciZtrEd) 55.3%23.8%
PD-1 EiE GFEdtrEY) 12.6%2.1% (L) 25.3%43.5% P<<0.05 (5K vs Hi)
MpFME (ET=20:1 78.5%45.2% (U&{E) 52.6%4.5% P<<0.05 (ZK vs H1H)
20 s 1 =90% 87%~91% (fasE) 81.7%=2.3% P>0.05 (5 CD3+T 4lff1tbi)
Tt 15 BB RO 65.4410.2 % P<0.05 (5 CD3+T 41t
NK 41 gl g 18.6%2.5% Frs Tt 85.7%43.1% P<0.05 (&K vs ¥liH. F D
) CD69 K& (ihtbirEY) 72.3%44.5% (I&(E) T B P<<0.05 (i vs 4K
PD-1 KiE GFEdtrEY) 18.5%+2.8%
ML (E:T=20:1) 82.3%+4.8% (I&{E) 58.3%5.1% P<<0.05 (2K vs H1)
RIS (AT
& S & H
Stbk s At B AR AR AR
I I 46, XYIXX (% 0)
R 2 REMEBIKIMENERNLEEXITEER
S A FEEE (S | RAME (0) | HWNE (D) A [SiEGEED B4 J5 RPN
- o PRERI, RS AR
Rrap it S 2 8 6 3 = 64
SRS R " S AT E pH. JBIB R
. _ o FH S AR COB5 9748, B H
RN COKIEY 9 5 3 = . L 54
JRHE COIE ) i i, R
R —
R g . 4 & éhElz;h,FHﬁ’ﬂfr%szr%z, BRI 60
NS
. , - R TR AR R A R R
Iy WEA N
SRR -k 5 AN v i 7 6 3 i P 72
., s A RES, VST R R,
L AR AR e 8 4 3 ; 64
B AR ART R i SR 4k e
N s T B AL, T T B A
7 3 L 2y SRRy YL
B I U 8 5 3 i e 70
N VEEAMINTREE, A F A 1) i
i‘;‘—? A iEiR 7
AN FR AL HLLE IR 5 3 i [ 63
A 43 B RE Al B AN T bR <6 <4 .- I WG ERAE, Inaait R, & 60
45 5 MR B - - BRI A%

20 3 5 B RE 0 1 D VA G B 40 I A R 4 ot
RIS, AR TRAE R R, BIR A
MR ORIE R SEREs R e I 1Y, HATUE TE /I 2 90%
LA b o 7E S BEAA R AR AT (0 SC I 7E 5 i PR S B WL 5%
T, AR 5~7d 4RI SEE SRR B R R, HANINE
HESEbR AU, RO R ™, M AT o
10~14d, 47> 3R 515 AT R B R IRE FRAG, Rk
AL bR S PD-1 IR THiE, A EEtE TR, 52
AN KIIEAR SN TR ST, SR ML IR Dl g 2 32 B DT 5

66

Wi B AR » IR, N T S BB T RO 5 % 4tk
i AR AT A

20 M 205 5 R AR RFAE A D P A G 8 41 1 i ot Jo e
PHANSCHEAERE , BRI PR L FF SR AR R 3 AR
B, EY L AR v, CD3+T 41 fr) 26 FE ek T w5
1M1 NK 4 R0 20 SRR, Bt A Sh 3 & SRk
Rt NK i aifE . Rk, fE4 s rh ], 40
N EE AR B RAL I8 BEAE , FES IR S RIL KT
R SRRAEY 1 P 3, 20 PR A bR SR IE KT fi i 5

Copyright © 2025 by authors and Viser Technology Pte. Ltd.



HARHEBESE - 2025 523 541
Natural Science Research.2025,2(4)

@'* VISER

948531, J0MRIZHT B AR R, DhReistE TR, it
— BT RIS, MMEEERRIR, SR b A
IHRETEIE T B IZ A — Y Bk, N T BlAsN 1510
G A RERG IR A YERY RAFHI DI RETS I, AEARSN AR,
by EP e A iRl O N R e P s S A A @
AR R R R, S I EE R IR 5 . AN T 45 R,
ARKIANGE  FPH PSR G, 5P Is ] brdE
B AR IR R A 0% YR i a5 SRR
B, RH IR R . FMEA J5VEVER— Rl sE T RUGF
LR, e 25U o B TR 3] 1z A .
AHFFEE FMEA J3HT, Bt AL KU i, BT,
AT LR R R s PRI g

25 BRIk, ST A e A AR A R AR R AR
VMR IR R, JF4EE FMEA KUBSTPAL, 1R5] 71t 2
T AE U i, 8 T BRI B4R, W] DARR K22
AR AU, B DR S 2 20 B o) ot ) B

(&% 30#K]

[+ EEHEHE AR %074 fIET 7~ & i EEH 45
(2021 BR)[J]. + B = 25 A& 41 #% K ,2021,16(3):161-208.
[2] E W, BR R A, 77 7, % JiF il CD133M+ 41 fL iR 413 38 B 4%
AHE @A BB FRQD FEXR O KF £
%,2008,16(3):645-649.
[SINIETO Y,BANERJEE P,KAUR It al.Allogeneic NK
cells with a bispecific innate cell engager in refractory
relapsed trial[J].Nat

lymphoma:a phase 1

Copyright © 2025 by authors and Viser Technology Pte. Ltd.

Med,2025,31(6):1987-1993.

[4120 50 A& 3F 9 8 1 T 40 f Ve 0T 22 A i 0k B R R =
[J]. L& = i A % F W (& ¥ #7),2020,40(10):1318-1320.
[5]YANKELEVICH M, THAKUR A,MODAK S,et al.Targeting
refractory/recurrent neuroblastoma and osteosarcoma with
antiCD3>anti-GD2 bispecific antibody armed T cells[J].J
Immunother Cancer,2024,12(3):2023-008744.

[61# %, 2 7 A&, o 2, % & T 7% f 77 vk W 08 31 ik 8 2 A
R 52 38 B [J]. & ot 5 %,2024,45(6):1015-1032.

[71%¥ i =, ID A1 3%, T 7 NK 40 i 0% 36 77 G I B A &
3R [J]. 16 R i 5 46 %6,2024,26(2):267-274.

[813 ZAX.NK 28 ff 1A 5 3% 7 7% 1 A U 77 v 2 52 5 B AiE [J).
[ [E 25 4 #73 A,2025,20(1):112-117.

[O1 E M4, 5k =+ 3%, £ & 18, % . 1 18 72 Ji T 40 Moy A 4 %
REAE R E T 36 /48 280 Mo AR S5 3 o 5 1 R [0]. o 42
13K % 2 7 ,2005,26(2):65-68.

[101# % 2 TR A s fete MK EH T %457 E 047
77 i B 5L [D). % /R U2 AR T A2 K %,2024.

[L1]¥ %R, = EE £ F =, % . K B %% 4 M6 7 s Kot
RAOEAMARAEESEN FEEA LA K
A&,2014,9(5):396-401.

EHEAN: x4 T (1984.11—), HElfik: AAAH A
¥, iEtl: F, SRsIREA. AR AR
HRAE, BE: RETERZE, BHEAN: FEEHE
TITRIF CFHRBH.

67



