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Abstract: In the study, to explore the anti-tumor effects and mechanisms of chlorpromazine (CPZ) and
perphenazine (PPZ) combined with temozolomide (TMZ) on human glioma cell lines, we performed MTT assays
to determine the growth inhibitory rate of CPZ, PPZ and TMZ in mono and combined treatments. The anti-tumor
effects of CPZ and PPZ alone or in combination with TMZ were determined by colony formation, cell apoptosis,
cell cycle arrest, reactive oxygen species (ROS) production and mitochondrial membrane potential (MMP)
detection (JC-1). The expression level of p53 was detected by immunofluorescence assay. Furthermore, autophagy
under different administrations was detected by flow cytometry and confocal imaging to explore the anti-tumor
mechanism of CPZ and TMZ. Protein phosphatase 2A (PP2A), cancerous inhibitor of protein phosphatase 2A
(CIP2A) and proto-oncogene protein (c-Myc) were detected by immunofluorescence assay, tumor stem cell
markers (CD44, CD133) and aldehyde dehydrogenase (ALDH) were detected by flow cytometry to explore the
anti-tumor mechanism of PPZ and TMZ. The results showed that after 72 h treatments of combinations, the values
of half maximal inhibitory concentration (IC,)) of TMZ on U87 and U251 cells were reduced, and the ability of
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TMZ to induce apoptosis and cycle arrest was improved. In addition, the combination of CPZ and TMZ could

induce an increased effect of autophagy via activating the relevant pathway of p53 gene in glioma cells. The

combination of PPZ and TMZ increased the sensitivity of glioma cells to TMZ, and the underlying mechanism
might be related to the inhibition of CIP2A/PP2A/c-Myc signaling pathway. In conclusion, CPZ and PPZ
combined with TMZ, showed the significant synergistic effects in cancer treatment, which are the novel and

potential therapeutic regimens providing a new treatment strategy for human glioma.
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Figure 1 Effects of different concentrations of the measured compounds and the combinations on growth inhibitory of human glioma

U251 and U87 cells. U251 and U87 cells were treated with drugs for 72 h, A: Temozolomide (TMZ, 5, 10, 20, 30 and 40 pmol-L™); B:

Chlorpromazine (CPZ, 5, 10, 20, 30 and 40 pmol-L™"); C: Perphenazine (PPZ, 5, 10, 20, 30 and 40 pumol-L"); D: The corresponding
combination TMZ + CPZ; E: The corresponding combination TMZ + PPZ. Cell viability was analyzed using MTT assay. n=3,x £ s
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Figure 2 Effects of drugs combination on proliferation of human glioma U251 and U87 cells. U251 and U87 cells were treated with drugs
for 14 days, A: TMZ (15 umol-L™") in combination with CPZ (10 umol-L™"); B: TMZ (15 pmol-L™") in combination with PPZ (10 pmol-L™),

and cell proliferation was analyzed using clonogenic assay. n =3, X £ 5. P < 0.05 vs TMZ
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Figure 3  Effects of drugs combination on apoptosis of human glioma U251 and U87 cells. U251 and U87 cells were treated with drugs for
24 h, A: TMZ (30 umol-L") in combination with CPZ (20 umol-L™"); B: TMZ (30 pmol-L™") in combination with PPZ (20 pmol-L™"). U251
and U87 cells were resuspended in a 500 pL 1x buffer and stained with Annexin V-FITC and PI 5 uL, and cell apoptosis was analyzed using
flow cytometry. n=3,x+s. P <0.05, "P<0.01 vs control; “P < 0.05, “P < 0.01 vs TMZ
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Figure 4 Effects of drugs combination on cell cycle distributions in human glioma U251 and U87 cells. U251 and U87 cells were treated
with drugs for 24 h, A: TMZ (30 pmol-L") in combination with CPZ (20 pmol-L™"); B: TMZ (30 pmol-L™") in combination with PPZ
(20 pmol-L™). U251 and U87 cells were resuspend in a 500 uL mixed solution (Rnase A : PI =1 : 9), and cell cycle was analyzed using
flow cytometry. n=3,x+s. P<0.05, "P<0.01 vs control; “P < 0.05 vs TMZ
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Figure 5 Effects of drugs combination on reactive oxygen species (ROS) production in human glioma U251 and U87 cells. U251 and U87
cells were treated with drugs for 24 h, A: TMZ (30 umol-L™) in combination with CPZ (20 pmol-L™); B: TMZ (30 umol-L") in combination
with PPZ (20 pmol-L™"). U251 and U87 cells were resuspended in buffer and stained with H,DCFDA (DCFH-DA), and the level of ROS

production was analyzed using flow cytometry
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Figure 6 Effects of drugs combination on mitochondrial membrane potential (MMP) in human glioma U251 and U87 cells. U251 and U87
cells were treated with drugs for 24 h, A: TMZ (30 umol-L™") in combination with CPZ (20 pmol-L™"); B: TMZ (30 umol-L") in combination
with PPZ (20 pmol-L™). U251 and U87 cells were resuspended in 1x buffer and stained by adding JC-1 probe, and the decrease degree of

mitochondrial membrane potential was analyzed using flow cytometry. n =3,x+s. P <0.05, "P < 0.01 vs control; “P < 0.05 vs TMZ
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Figure 7 Effects of CPZ and TMZ on DNA damage in human glioma U251 and U87 cells. U251 and U87 cells were treated with TMZ
(30 pmol-L™") in combination with CPZ (20 pumol-L") for 24 h. A: The degree of DNA damage was analyzed using comet assay; B: The
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expression level of phosphorylation of histone 2AX on S139 (yH2AX) was analyzed using immunofluorescence. n =3, x 5. P < 0.01 vs

control; “P < 0.05 vs TMZ
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immunofluorescence; B: The expression level of LC3 protein was analyzed using Western blot; C: The expression level of LC3 was

analyzed using immunofluorescence. n=3,x +s. P <0.05, "P < 0.01 vs control; “P < 0.05 vs TMZ
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Figure 9 Effects of CPZ and TMZ on autophagy of human glioma U251 and U87 cells. U251 and U87 cells were treated with TMZ
(30 umol-L™") in combination with CPZ (20 umol-L™) for 24 h, cell autophagy was analyzed using flow cytometry. n =3, x 5. P < 0.05,
“P <0.01 vs control; P <0.01 vs TMZ
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Figure 10 Effects of PPZ and TMZ on cancerous inhibitor of protein phosphatase 2A (CIP2A, A), protein phosphatase 2A (PP2A, B) and

Myec proto-oncogene protein (c-Myc, C) expression levels in human glioma U251 and U87 cells. U251 and U87 cells were treated with
TMZ (30 pumol-L™") in combination with PPZ (20 umol-L") for 24 h, and the related protein expression levels were analyzed using

immunofluorescence
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Figure 11 Effects of PPZ and TMZ on cancer stem cell markers (CD44, CD133 and ALDH1) expression levels in human glioma U251
and U87 cells. U251 and U87 cells were treated with TMZ (30 umol-L™") in combination with PPZ (20 pmol-L") for 24 h, and the related
cells were analyzed using flow cytometry. A: CD44'/CD133" cells; B: ALDH1" cells. n=3,x+ 5. "P<0.05, “P<0.01 vs control; “P < 0.01

vs TMZ
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