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IL-22 impairs NK cell function and promotes cisplatin resistance in bladder
cancer cells via activating the STAT3 signaling axis
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[Abstract] Objective: To investigate the mechanism by which IL-2 promotes bladder cancer cell resistance by impairing NK cell
function via the STAT3 signalling axis. Methods: Bladder cancer T24 cells were routinely cultured, and cisplatin-resistant T24/DDP
cells were established through stepwise dose-escalation method. Cells were divided into the following groups: control, DDP, 1L-22,
IL-22 + DDP, IL-22 + anti-IL-22, and IL-22 + DDP + Stattic (a STAT3 inhibitor). The mRNA expression of IL-22, cyclin D1, and
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BCL2 was detected using qRT-PCR. Protein expression of BAX, BCL2, and phosphorylated STAT3 (p-STAT3) was analyzed using
WB. Cell proliferation and apoptosis were assessed using the CCK-8 assay and flow cytometry, respectively. The levels of lactate
dehydrogenase (LDH), TNF-a, IFN-y, granzyme B (GzmB), and perforin (PRF) in the supernatant were measured using enzyme-linked
immunosorbent assay (ELISA). Results: T24/DDP cells exhibited significantly reduced sensitivity to DDP (P < 0.05), accompanied by
markedly elevated expression levels of drug resistance-associated genes (P-glycoprotein[P-gp], lung drug resistance protein[LRP],and
multidrug resistance-associated protein 1[MRP1]), as well as IL-22 and its receptor (all P < 0.05), indicating successful establishment
of DDP-resistant cells. Compared with the control group, the DDP group showed decreased proliferation, increased apoptosis,
upregulated BAX protein expression, and downregulated Bcl-2 protein expression in T24 cells (all P < 0.05). Compared with the DDP
group, the IL-22 + DDP group showed significantly increased proliferative activity, decreased apoptosis rate, downregulated BAX, and
upregulated BCL expression (all P < 0.05), suggesting that IL-22 promotes DDP resistance in T24 cells by modulating BAX/BCL2
expression. Compared with the control group, IL-22 stimulation significantly increased total and nuclear p-STAT3 expression in T24
cells (all P <0.05), and this increase was significantly attenuated by pre-treatment with an IL-22 neutralizing antibody (IL-22 + anti-
IL-22 group) (P < 0.05), indicating that IL-22 activates STAT3 phosphorylation and promotes its nuclear translocation in T24 cells. In
the T24-NK92 co-culture system, the levels of LDH, TNF-a, IFN-y, GzmB, and PRF in the supernatant were significantly increased in
the DDP group compared with the control group (all P < 0.05). Co-treatment with IL-22 and DDP significantly reduced the levels of
these cytotoxicity-related factors compared to the DDP group (all P < 0.05). Furthermore, IL-22 treatment alone significantly decreased
the levels of these factors compared to the control group (all P < 0.05), while the addition of the STAT3 inhibitor Stattic (IL-22 + Stattic
group) reversed this suppression, leading to significant elevations in these factors (all P < 0.05). These findings indicate that 1L-22
diminishes the cytotoxicity of NK92 cells against T24 cells, which can be reversed by STAT3 inhibition. Regarding chemoresistance,
T24 cell proliferative activity was significantly higher in the IL-22 + DDP group than in the DDP group (P < 0.05). This enhancement
was abolished by Stattic, as evidenced by significantly lower activity in the IL-22 + DDP + Stattic group compared to the IL-22 + DDP
group (P < 0.05). Consistently, the apoptosis rate was significantly decreased in the IL-22 + DDP group compared with the DDP group
(P < 0.05), and Stattic co-treatment significantly increased the apoptosis rate compared to the IL-22 + DDP group (P < 0.05). These
findings indicate that IL-22 regulates both DDP resistance in T24 cells and NK cell-mediated immune function via the STAT3 pathway.
Conclusion: 1L-22 promotes DDP resistance in T24 bladder cancer cells and suppresses NK cell function via activating the STAT3
signaling axis.
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1 hJ5, - 50 ng/mL B 41 1L-22 4bFE 24 h) (TL-22 +
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51%)°M 5'-GAAGATGGTGATGGGATTTC-3',
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a9 & A
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(75.57 = 11.18) umol/L, P < 0.05)], %t ¥ T24/DDP 41
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FHiE () P<0.05). SiG s Bui B, T24/DDP 4t g %
DDP U M BE A, W] fg 55 H iif 24 55 5] P-gp LRP.
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H LR, IL-22 + DDP 45 41 Jifd (1) 386 58 3% 71 B & T+ &
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DDP 21 T24 41 il 5 NK92 41 iy $L 15 7% LiE# - LDH.
TNF-o. IFN-y BRI B N2 78 £ 3 8 H /K F 2 825 T
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A : CCK-8 VA AT i 34 553 77 3 B « VA8 QA M ARG M 0 3 1256 5 C - WB VAR M A4 2H 4 e BAX BCL2 R IE . X IRt
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TE Tt 25 P 9256 v, CCK-8 3246 M T24 41 o 1)
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STAT3EARIAKTF

ft% 4R
A WBEA I T24 40 7h STAT3 B ER 1k /K F; B: WB yEAG I T24 41 4% 15 4H i 53 o STAT3 B H R IE /KT
XHEA LLHE, P < 0.05; 5 IL-22 4 Lh#, “ P < 0.05.
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