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I-131 combined with PD-1 neutralizing antibody or LY294002
significantly modulates immune microenvironment of thyroid
cancer and enhances immune cell activation
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(Huanggang Central Hospital of Yangtze University, Huanggang 438000, Hubei, China)

[ Abstract ] Objective This study aims to evaluate the therapeutic efficacy of radioactive iodine-131 (I-131)
combined with PD-1 neutralizing antibody or PI3K inhibitor LY294002 in the treatment of thyroid cancer, as well
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as its impact on the immune microenvironment, especially its effects on tumor antigen release, immune
checkpoint regulation and immune cell activation. Methods BCPAP and TPC1 cells were divided into a control
group, a group treated with I-131 alone, a group treated with I-131 combined with a PD-1 neutralizing antibody,
and a group treated with [-131 combined with PI3K inhibitor LY294002. CCK8 was used to detect cell
proliferation, Transwell assay was employed to assess cell migration and invasion, ELISA kits were applied to
monitor tumor antigen (CEA, TG) levels in the cell culture supernatant, qRT-PCR and Western blotting were used
to analyze the expression of immune-related molecules (e.g., PD-L1, MHC-I, FoxP3, YH2AX, p-STAT1, STAT1,
HLA-ABC). In the immune cell co-culture experiment, I-131-treated thyroid cancer cells were co-cultured with
PBMCs from healthy volunteers to detect immune cell activation, and ELISA was performed to measure cytokines
including IFN-y, IL-2, TNF-q, and IL-10. In addition, TCGA database was utilized to further analyze the protein
expression of PDCDI(PD-1) and CD274(PD-L1) in thyroid cancer tissues across different stages. Results I-131
treatment significantly reduced the proliferation, migration, and invasion of BCPAP and TPCI1 cells, as well as the
release of tumor antigens CEA and TG. Combination treatment with PD-1-neutralizing antibody or LY294002
further reduced the release of tumor antigens, demonstrating an obvious synergistic effect. Regarding the
expression of immune-related molecules, 1-131 treatment significantly downregulated PD-L1 expression while
significantly upregulating the expression of HLA-A, HLA-B, HLA-C, and MHC-I. Combination treatment with a
PD-1-neutralizing antibody or LY294002 could further enhance this regulatory effect. Western blotting results
showed that yH2AX, p-STAT1, and HLA-ABC were decreased after [-131 treatment, while total STAT1 remained
largely unchanged. I-131 treatment significantly increased IFN -y concentrations in immune cell co-culture
experiments, and combination treatment significantly increased IFN-y levels. Meanwhile, IL-2 and TNF-a levels
were significantly elevated, whereas IL-10 was decreased, indicating enhanced immune activation. In addition,
changes in the expression of PD-1/PD-L1/FoxP3 further confirmed that I-131 enhanced the immune response.
TCGA database analysis showed that the expression level of PDCDI in normal tissues was higher than that in
tumor tissues, and decreased with advancing stage. Conclusion I-131 inhibits the proliferation, migration,
invasion of BCPAP and TPCI1 cells, suppresses the expression of immune checkpoint molecules, and upregulates
antigen-presenting molecules, accompanied by downregulation of YH2AX and p-STAT1 expression, and changes
in cytokine concentrations. Combined immunotherapy (PD-1 neutralizing antibody /LY294002) can further
improve the immune enhancement effect. Therefore, this combined immunotherapy modality may be one of the
new treatment methods for thyroid cancer.
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#1 RT-PCR¥ 5|97
Table1 qRT-PCR amplification primer sequences
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Figure 1

Effects of I-131 combined with PD-1 neutralizing antibody or LY294002 on proliferation, migration,

and invasion of BCPAP and TPC1 cells
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*P<0.05, ****P<(0.000 1. Con: XffRZ{, Control; LY: LY294002.
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Figure 2 Effects of I-131 combined with PD-1 neutralizing antibody or LY294002

on tumor antigen release from BCPAP and TPC1 cells
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BCPAP il TPC1 41l i 53 91432 1-131, 1-131+PD-1 i HIHL IS, 1-131+0Y294002 4 ¥, A: qRT-PCR #ill BCPAP 4 it PD-L1 K F-; B:
qRT-PCR £il] TPC1 40+ PD-L17KF-; C: qRT-PCRAEZ BCPAP 4iififl}* HLA-A/K~F-; D: qRT-PCRAGM TPC1 4ffih HLA-A7KF; E: qRT-
PCR K il BCPAP 4 fiti th HLA-B/KF-5; F: qRT-PCR KM TPC1 4iffiH HLA-B/KF-; G: qRT-PCR Al BCPAP 4lifiti  HLA-C/KF-; H: qRT-
PCR Kl TPC1 4 HLA-C /K-, #P<0.05, **P<0.01, **¥P<0.001, ***¥P<0.000 1, Con: X[H&41, Control; LY: LY294002.

3 I-131B%A PD-1 R FIHTREL LY294002 X BCPAP #1 TPC1 4Af fh PD-L1#1 HLA 4y FRIABIZ I
Figure 3 Effects of I-131 combined with PD-1 neutralizing antibody or LY294002 on expression
of PD-L1 and HLA class molecules in BCPAP and TPC1 cells
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BCPAP I TPC1 40 il 73 5 3% 32 1-131, 1-131+PD-1 H FIFL AR B 1-131+LY294002 4b ¥ . A: Western blotting £ ] BCPAP 4l Jfd /1 PD-L1
MHC-I, yH2AX, p-STAT1., STAT1 }% HLA-ABC % I1/KF; B: Western blotting £l TPC1 4 fitd P L3R 4> T (93K 11K F-. Con: XFREZTL,
Control; LY: LY294002,

4 1-131B%& PD-1 R FAH{E) LY 294002 X BCPAP F1 TPC1 4l fp SR & 48 5% 4 F I 1 2R & A 3R IX I #2 M
Figure 4 Effects of [-131 combined with PD-1 neutralizing antibody or LY294002 on expression

of immune-related molecules and pathway proteins in BCPAP and TPC1 cells
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Figure 5 Effects of I-131 combined with PD-1 neutralizing antibody or LY294002 on expression

of immune-related molecules in BCPAP and TPC1 cells in immune cell co-culture
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Table 2 Statistical comparison of PDCD1 expression levels

across different stages of thyroid cancer in TCGA database

Hedse 20 ) P
TEH vs. T3 3.71E-02
1EH vs. 111 1.62E-04
1R vs 3 2.06E-03
1B vs IV 6.41E-04
I #vs. T 1 3.50E-07
[ 3 vs. T4 6.76E-03
I 1 vs. IV 6.17E-04
I 39 vs. T30 2.52E-02
39 vs. IViYY 3.67E-01
T3 vs. IV 35 3.36E-01
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Figure 6 Effects of I-131 combined with PD-1 neutralizing antibody or LY294002 on cytokine secretion

in immune cell co-culture
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Figure 7 Expression characteristics of PDCDI and PD-L1 in thyroid cancer tissues from TCGA database
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