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Protopine inhibits the growth of hepatocellular carcinoma through a
mitochondrially mediated apoptosis pathway

YE Han-lin, QIAO Gan, WANG Lin-lin, CHENG Li, LIN Xiu-kun®

(School of Pharmacy, Southwest Medical University, Luzhou 646000, China)

Abstract: Hepatocellular carcinoma (HCC) is a serious threat for human health, the incidence of HCC in
China accounts for more than 50% worldwide. There is an urgent need to develop novel anticancer agents for the
treatment of HCC patients. Here we characterized the inhibitory effect and the molecular mechanism of protopine
on HCC cancer cells. The results of a CCK-8 assay indicated that protopine displays anticancer activities on HCC
cells. Flow cytometry and JC-1 staining confirmed that treatment with protopine decreased the mitochondrial
membrane potential and induced apoptosis in HCC cells. Western blot analysis showed that protopine was able to
increase protein expression in the mitochondrial apoptotic pathway; the level of cytochrome C, apoptotic protease
activating factor-1 (Apaf-1), Bax, cleaved-poly ADP-ribose polymerase (cleaved-PARP), cleaved-caspase-3, and
cleaved-caspase-9 were increased while the expression of Bcl-2 was suppressed significantly. An in vivo study
revealed that protopine significantly suppressed the growth of tumors in nude mice bearing HepG2 cells. Adminis-
tration of protopine intraperitoneally at a concentration of 50 mg-kg™ inhibited tumor growth by 72.46%. Animal
experiments were carried out according to the Regulation of the Animal Ethics Committee of Southwest Medical
University. This study provides preliminary evidence that there is potential to develop protopine as a lead compound
for the treatment of HCC.
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Figure 1  Protopine inhibited the growth of hepatocellular carcinoma. A: The chemical structure of protopine; B: Cells were treated with

certain concentration of protopine for 48 h. The cell viability was measured by CCK-8 assay; C, D: Hepatocellular carcinoma cells were
treated with protopine (30 pmol-L™") for 24, 48, and 72 h respectively. The cell viability of BEL-7402 (C) and HepG2 (D) cells was
measured by CCK-8 assay. n =3, x £s. "P < 0.01, ""P < 0.001 vs control group
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Figure 2 Protopine induced apoptosis as analyzed by Hoechst 33342/PI double staining. BEL-7402 cells (A) and HepG2 cells (B) were
treated with protopine (7.5, 15, and 30 umol-L™) for 48 h and the cells were stained with Hoechst 33342 (blue, staining apoptotic cells) and
PI (red, staining dying cells). Cancer cells apoptosis was observed by fluorescence microscopy. The blue color indicated the apoptotic cells
while the red color represented the dying cells. PI: Propidium iodide
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Figure 3 Protopine induced apoptosis on BEL-7402 cells and HepG2 cells. Cancer cells were treated with certain concentration of protopine,
and the cells were stained with Annexin V/PI. Apoptotic effect of BEL-7402 cells (A) and HepG2 cells (B) were detected by flow cytometry

ok

approach. (C) and (D) were quantitative analysis results. n = 3, x £ s. "P < 0.05, “P < 0.01, *"P < 0.001 vs control group. FITC: Fluorescein

isothiocyanate; DMSO: Dimethyl sulfoxide
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Figure 4 Protopine decreased the mitochondrial membrane potential on BEL-7402 and HepG2 cells. Cells were treated with certain

concentration of protopine. After incubated for 48 h, cells were stained with JC-1. Mitochondrial membrane potential of BEL-7402 cells (A)

and HepG2 cells (B) were detected by flow cytometry approach. (C) and (D) were the quantitative analysis results. n = 3, x £ s. "P < 0.05,

“P <0.01, ™"P < 0.001 vs control group
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Figure 5 Protopine affected the expression of proteins related to mitochondrial apoptosis pathway in hepatocellular carcinoma cells. Cells

were treated with certain concentration of protopine. After incubated for 48 h, Western blot was performed to detect the expression level of

apoptotic related proteins, including caspase-9, cleaved-caspase-9, caspase-3, and cleaved-caspase-3 (A), and Bcl-2, Bax, Cytochrome C

(Cyto-C), Apaf-1, and cleaved-PARP (B)
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Figure 6 Protopine inhibited tumor growth in xenograft nude mice model. The xenograft nude mice model bearing HepG2 cells was
established and the model mice were injected ip with protopine (12.5, 25, and 50 mg-kg™) and 5-FU (25 mg-kg™). Tumor volume (A) and

mouse body weight (D) were measured every other day. After being treated with protopine for 14 days, the tumor tissues were removed and

photographed (B). C: The quantitative analysis of tumor weight after treating the mice with protopine for 14 days. n = 5, x + s. P < 0.05,

“P <0.01, ™P < 0.001 vs control group
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