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Abstract CAR-CIK therapy is a promising new strategy; however, its efficacy is limited by the functional
exhaustion of CIK cells caused by traditional expansion methods. Therefore, increasing the proportion of the critical
CD3"CD56" cell subpopulation and maintaining their function is central for enhancing therapeutic outcomes. This
study employed genetic engineering to generate NK-92MI cells co-expressing membrane-bound IL-21 and CD137L
(hereinafter referred to as IC-92). A co-culture system combining IC-92 cells with cytokines (IFN-y, OKT3, IL-1a, and
IL-2) was established to expand both CIK and HER2-CAR-CIK cells. Flow cytometry was used to detect the expres-
sion of effector molecules, while the Incucyte S3 live-cell analysis system was utilized to evaluate the HER2-specific
tumor-killing capacity of CAR-CIK cells. Integrated RNA sequencing and LC-MS-based untargeted metabolomics
were applied to preliminarily investigate the mechanisms by which the IC-92 and cytokine co-culture strategy modu-
lates CIK cell function. The results demonstrated that the co-culture significantly enhanced the proliferative activity
of CIK cells and increased the proportion of CD3*CD56" effector cells, while maintaining the expression of activat-
ing receptors such as NKG2D and NKp30 on the cell surface. Compared to the control group, IC-92 combined with
cytokines induced a higher proportion of effector memory-like T cell differentiation and markedly strengthened the
killing ability of HER2-CAR-CIK cells against the human ovarian cancer cell line SK-OV-3. Sequencing results fur-
ther confirmed that in the co-cultured and expanded CIK cells, the CD3"CD56" cell population exhibited significant
enrichment of the HIF-1 and AMPK signaling pathways. Additionally, differentially expressed genes associated with
glycometabolism and sphingolipid metabolism showed marked enrichment in these pathways. This study success-
fully established IC-92 engineered cells that co-express mIL-21 and CD137L. These cells efficiently generated a high
proportion of CD3°CD56" CIK cells, thereby facilitating their differentiation into an effector memory-like phenotype.
The research on functions and mechanisms demonstrated that this IC-92-based system enables the expansion of highly
potent HER2-CAR-CIK cells with superior tumor-killing activity, an effect attributed to enhanced immunostimulatory
signaling and concurrent metabolic reprogramming of glycolytic and sphingolipid pathways.

Keywords  cytokine induced killer cells; NK-92MI; chimeric antigen receptor; ovarian cancer
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A: flow cytometry analysis of CD137L and IL-21 expression in NK-92MI cells and sorted IC-92 cells; B: schematic diagram illustrating the co-culture
system of irradiated IC-92 cells with healthy donor PBMCs; C,D: representative flow cytometry plots (C) and statistical graphs (D) showing CD3 and
CD56 expression at different time points after co-culture of irradiated IC-92 cells with PBMCs, n=3. *P<0.05.

El1 mIL21-CD137L NK-92MI T f24RAEAI 0
Fig.1 Construction of mIL21-CD137L NK-92MI engineered cells
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A: flow chart of CD3"'CD56" cell proportion in different culture schemes on day 21; B: quantitative of the proportion of CD3"CD56" cells in different
culture schemes on day 21; C: flow chart of CD3"CD56" cell proportion in different culture schemes on day 28; D: quantitative of the proportion of
CD3"CD56" cells in different culture schemes on day 28; E: flow chart of CD3'CD56" cell proportion in different culture schemes on day 35; F: quanti-
tative of the proportion of CD3"CD56" cells in different culture schemes on day 35, with n=4 for each measurement. *P<0.05, **P<0.01, “P>0.05.
E2 TEEFFR7HE R THICD3 CDS6 4Ll
Fig.2 Proportion of CD3'CD56" cells in different culture schemes
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Fig.3 Effects of IC-92 on the proliferation of CIK cells and the proportions of different cell subsets
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Fig.4 Expression of different activated receptors in CD3*CD56" cells obtained by different culture conditions
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Fig.7 Cytotoxic function assay of HER2-CAR-T cells against SK-OV-3 cells at different E/T (effector-to-target) ratios
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(P<0.000 1).

RNA-seq4t S i~ , nCIKSRIE [ CD3*CD56 41
Mirh# & FK al. CDI3IM CDIICEEFER (R 3RiA B3
i, HGSEAMIKEGGZ3#T3R IiX Lo 4 fg 75 2 Fh 4
P AE IAS 5 I g S AR S AR AR A, BT
oAl AR R A B S A A A . 2P
T 2720 H7 2 B, nCIKZH i HIF- 1 F1AMPKAS 5
WA REEE. A, RE LA ZERFRIESE
DR 2 35 s 4 T AR 5 3 Bl I AR U A D0 A5 5 i i
XML E P ] BEXT AN AR E R AR . A TR P
W JBE P2 IR = A

25 b, BN 24T CAR-TYT V45 SEARS 167 R I
I B3, CAR-CIKA B A — P oE B 22 M 1) &
RI7% . CARIK T CIKZH 7 Mt E R A BE 77,
[ B £ B CIKU | 1S SR L s, A7 B R AL 48 CIKA
SEAAYRE S B MR R AN R R R o A T CIK
Bk KT AR AL, @ AR T S
B TR IG5 55 57 7 &, 113 HER2-CAR-nCIK
PR 5 1 B T 1 ) R L % B 5 %) e M e e 9% IR
R, AH AR N7 8 R AN T RGIAE . 551k
AN, FRAT R — DR NP g s A, d@
I 4 E HER2-CAR-nCIK, R 70 H 68 5378 21 bR 351
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B, I FH 1C-92 TR 20 Ff 4 A4 Ak 1A 38 16 CTK 2 v A
T, FoOr RAE1C-92 TR 40 B 1 e 5455 5 CIK
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