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Anti-tumor activity and mechanisms of IDO1 inhibitor in combined
treatment with temozolomide on human glioma cell lines

TIAN Wen-yuan, CHEN Fei-hong’

(School of Chemistry and Chemical Engineering, Southeast University, Nanjing 211189, China)

Abstract: We analyzed the anticancer effect and mechanism of the novel indoleamine 2,3-dioxygenase 1
(IDOT1) inhibitor NLG-919 combined with temozolomide (TMZ) on human glioma cell lines. The anti-tumor activity
of NLG-919 and temozolomide after single and combined treatments was detected by MTT assay. Colony formation
assay, invasion assay and migration assays were used to detect the effects of NLG-919 and temozolomide alone or in
combination on proliferation, invasion and migration of human glioma cells. A flow cytometry assay was used to
detect cell apoptosis, cell cycle arrest, reactive oxygen species (ROS) production and mitochondrial membrane
potential damage (JC-1). An immunofluorescence assay was used to detect the expression level of IDO1 and HPLC
was used to detect the expression level of L-kynurenine (Kyn) to explore the anti-tumor mechanism of NLG-919 and
temozolomide. The results show that NLG-919 had a weak in vitro inhibitory effect compared to that of
temozolomide. The IC,, of NLG-919 on U251 cells and U87 after 72 h was 26.9 and 30.7 umol-L", respectively.
However, when NLG-919 was used in combination with temozolomide, its anti-glioma activity was significantly
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increased. Compared with the single treatment, the combination treatment had a potent ability to inhibit proliferation,

invasion and migration of glioma cells. Combination treatment improved the capacity of temozolomide to induce

cell cycle arrest and inhibit the growth of glioma cells. NLG-919 significantly down-regulated the expression and

activity of IDO1 in glioma cells, and the inhibitory effect was improved after combination with temozolomide, and
effectively blocked the production of Kyn through the metabolism of L-tryptophan (Trp). In conclusion, the IDO1
inhibitor NLG-919 and temozolomide showed synergistic effects in the anticancer therapy of human glioma cell lines.
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Effects of different concentrations of temozolomide (TMZ, 5, 10, 20, 30 and 40 pmol'L'l) and NLG-919 (5, 10, 20, 30 and

40 pmol-L™") for 72 h on the inhibitory rate of proliferation of U87 and U251 cells. n=3,x £ s
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Figure 2 Effects of NLG-919 and TMZ on proliferation of human glioma U251 and U87 cells. Colony formations of U251 and U87 cells

were analyzed in comparison with NLG-919, TMZ and the combinational treatment after incubation for 14 days (NLG-919 eq-dose
15 umol-L", TMZ eq-dose 15 pmol-L™"). n=3,x 5. "P < 0.05, "P < 0.01 vs control; “P < 0.05 vs TMZ-treated groups
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Figure 3 Inhibition of migration and invasion of human glioma U251 and U87 cells by NLG-919 and TMZ. A: Migration abilities of U251
and U87 cells were analyzed in comparison with NLG-919, TMZ and the combinational treatment after incubation for 24 h (NLG-919
eq-dose 15 pumol-L", TMZ eq-dose 15 umol-L"); B: Invasion abilities of U251 and U87 cells were analyzed in comparison with NLG-919,
TMZ and the combinational treatment after incubation for 24 h (NLG-919 eq-dose 15 pumol-L", TMZ eq-dose 15 pmol-L"). n =3, x + 5.
P <0.05,"P < 0.01 vs TMZ-treated groups
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Figure 4 Effects of NLG-919 and TMZ on apoptosis of human glioma U251 and U87 cells. U251 and U87 cells were analyzed in comparison
with NLG-919, TMZ and the combinational treatment after incubation for 24 h (NLG-919 eq-dose 30 pmol-L"', TMZ eq-dose 30 pmol-L™").
U251 and U87 cells were resuspended in a 500 pL 1 x buffer and stained with Annexin V-FITC and PI 5 pL each for 20 min. The cells were
detected by flow cytometry. n=3,X+s. "P < 0.05, "P < 0.01 vs control; “P < 0.05 vs TMZ-treated groups
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Figure 5 Effects of NLG-919 and TMZ on cell cycle distribution in human glioma U251 and U87. U251 and U87 cells were analyzed in
comparison with NLG-919, TMZ and the combinational treatment after incubation for 24 h (NLG-919 eq-dose 30 umol-L", TMZ eq-dose
30 umol-L"). U251 and U7 cells were resuspend in a 500 puL mixed solution (RNaseA :PI = 1:9), and the cell cycle was detected by flow
cytometer; data were analyzed using ModFit LT 3.3 software. n =3, ¥+ 5. "P < 0.05, "P < 0.01 vs control; *P < 0.05 vs TMZ-treated groups
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Figure 6 Effects of NLG-919 and TMZ on ROS in human glioma U251 and U87 cells. U251 and U87 cells were analyzed in comparison
with NLG-919, TMZ and the combinational treatment after incubation for 24 h (NLG-919 eq-dose 30 pmol-L", TMZ eq-dose 30 umol-L™).
U251 and U87 cells were resuspended in buffer and stained with H2DCFDA (DCFH-DA). The level of ROS production was detected by
flow cytometry. n=3,%¥+s. P <0.05, P < 0.01 vs control; “P < 0.05, P < 0.01 vs TMZ-treated groups
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Figure 7 Effects of NLG-919 and TMZ on mitochondrial membrane potential in human glioma U251 and U87 cells. U251 and U87 cells were
analyzed in comparison with NLG-919, TMZ and the combinational treatment after incubation for 24 h (NLG-919 eq-dose 30 pmol-L", TMZ

eq-dose 30 pmol-L™"). U251 and U87 cells were resuspended in 1 x buffer and stained by adding JC-1 probe. The decrease degree of mitochondrial

membrane potential was measured by flow cytometry. n =3, ¥+s. P < 0.05, "P < 0.01 vs control; “P < 0.01 vs TMZ-treated groups
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Figure 8 Representative results showing the IDO1 expression in human glioma cells after treatment with NLG-919 (30 pmol-L") and

TMZ (30 umol-L™) for 24 h. The scale bar represents 50 pm. Immunofluorescence images were captured by magnification in a 40-fold

confocal microscope
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Figure 9 High performance liquid chromatography (HPLC) determination. NLG-919 could effectively down-regulate the expression level

of L-kynurenine (Kyn) in glioma cells. The mobile phase consisted of acetonitrile and water (acetonitrile: water = 60:40), the flow rate was

1.0 mL-min”, and the detection wavelength was 254 nm
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