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Abstract: Hepatocellular carcinoma (HCC) is a common malignant tumor worldwise. The incidence rate of
HCC is high and is easy to metastasis and recurrence, which seriously affects human health. Traditional chemical
drugs have some challenges such as toxicity, side effects, and multidrug resistance, thus it is urgent to find new drugs
and effective targets. Here we synthesized a novel chemical, protonic bis-phenanthroline (H-BP), and the antitumor
effect was investigated in the study. The results showed that H-BP could selectively inhibit the proliferation of tumor
cells and cause HCC apoptosis. And also, in HCC tumor-bearing mice, H-BP could effectively prevent the growth of
tumor mass, even completely eliminate the tumor at medium dose (5 mg-kg™) and high dose (10 mg-kg™), and
meanwhile H-BP has no significant effect on the body weight of mice. The experimental protocol was approved by
the Animal Ethics Committee of Southwest University, and the experimental operation was strictly carried out in
accordance with the ethical principles of animal use and care. Mechanism studies showed that H-BP induced HCC
apoptosis was related to down-regulation the expression of pleomorphic adenoma gene like-2 (PLAGL2), a oncogene
transcription factor, resulting in the down-regulation of PLAGL2 downstream proteins hypoxia inducible factor and
[S-catenin. This study not only introduces the dimerization method to form novel compounds that will provide a new
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approach for drug design, but also suggests that PLAGL2 may be an effective target in tumor therapy.
Key words: hepatocellular carcinoma; protonic bis-phenanthroline; pleomorphic adenoma gene like-2; apop-

tosis; hydrogen bond
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Figure 1 Chemical structure and identification spectra of H-BP. A: Infrared spectrum; B: F-NMR spectrum; C: *H-NMR spectrum; D:

High resolution mass spectrometry; E: Structure of H-BP
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Figure 2 Stability study H-BP. A: UV absorption spectra of H-BP at different temperatures; B: UV absorption spectra of H-BP at different

pH values
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Figure 3 H-BP selectively inhibited the proliferation of tumor cells. A: Cell viability of U251 glioma cells, A549 lung cancer cells and
H22 liver cancer cells after treated by H-BP and phenanthroline; B: Cell viability of L02 hepatocytes and HEK293 cells
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Figure 4 HCC apoptosis induced by H-BP. A: Morphological changes of H22 cells before and after H-BP treatment under light
microscope. H-BP (0.1 mg-mL™) was added into the cell media for 4 h; B: Large numbers of apoptosis-positive cells appeared in H22 cells
under fluorescence microscope. Apoptotic cells were stained with FITC-dUTP (green), and cell nuclei were stained with DAPI (blue)
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H-BP could down-regulate the expressions of pleomorphic adenoma gene like-2 (PLAGL2) and its downstream signal

molecules, and up-regulate the expression of pro-apoptotic proteins in H22 cells. A: Western blot results showed changes of protein levels
after H-BP was added to the culture media for 30 min and 4 h, respectively; B-F: Gray value of Western blot results. n = 3, x £s. P < 0.01
vs control group. HIF: Hypoxia inducible factor; BNIP3: Bcl2 interacting protein 3; BAX: Bcl2 associated X protein
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Figure 6 H-BP inhibited the growth of tumor in tumor-bearing mice. A: Mouse weight of each group (n = 8 in each group); B: Tumor
mass isolated from tumor-bearing mice; C: Tumor weight of each group. "P < 0.05, “P < 0.01 vs control group
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Figure 7 H-BP could induce cell apoptosis in tumor tissue of tumor-bearing mice. A: HE staining; B: TUNEL staining of tumor tissue sections
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Figure 8 H-BP could cross blood vessels, induce cell apoptosis and cause cavitation in tumor tissue. A: Representative images of tumor in
model control group and H-BP-treated group; B: Rupture of cell adhesion in tumor tissue of H-BP-treated group; C: TUNEL apoptosis
staining showed that there were a large number of apoptotic cells in tumor tissue near the hollow in H-BP-treated group; D, E: Cell
fragments (D) and apoptotic cells (E) outside blood vessels of tumor tissue after H-BP administration
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Figure 9 H-BP could regulate the expression of PLAGL2 and its downstream proteins in tumor tissues in a dose-dependent manner (n =

6-8 in each group). “P < 0.01 vs control group
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i 98 240 P A A 3 B, S SR I R 1f A 3 A2 0 B-catenin
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18 AR 2% R B b B LN 4F Y. PLAGL2 A @ it
EGFR/PI3K/AKT il HIF ()3 IAM, ifif PLAGL2 i itk
PLAGL2/Wnt/B-catenin 15 5 1 #% i % p-catenin [1] %
IEP, AR SIS A H-BP 5 R 3% N PLAGL2 & H /KT
RV ISE, FEAR HIF A0 B-catenin f 225, $100 ) Firk 72 4 A 1)
ARG, el A [ 6O, fRE AR R T AR MR 4
gl H-BP @ I ] PLAGL2 ik & R il o T HIE A
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