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Abstract: Autophagy, an evolutionarily conserved process by which components of the cell are degraded in
lysosomes, may facilitate survival of cancer cells under stress conditions. 8-Azaguanine (8-AG), an inhibitor of
purine nucleotide biosynthesis, shows antineoplastic activity in multiple tumor cells. However, chemoresistance has
restricted its development as an anticancer agent, and the mechanism of 8-AG resistance is not fully understood.
We report here that 8-AG induces a protective autophagy to eliminate its cytotoxicity, and inhibition of autophagy
increases cellular sensitivity of cancer cells to 8-AG treatment. Using HepG2 or SMMC-7721 hepatic cancer cell
lines, we found that 8-AG inhibited cell viability and induced intrinsic apoptosis, accompanied by the up-regulation
of the pro-apoptotic protein BimS, one of Bim (also known as BCL-2-like protein 11, BCL2L11) isoforms.
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Furthermore, 8-AG treatment enhanced the autophagy flux by promoting the dephosphorylation and activation of
Unc-51-like autophagy activating kinase 1 (ULK1) via Akt/mTORC1 (mammalian target of rapamycin complex 1)
signaling inhibition. Depletion of autophagy-related gene 7 (ATG7) markedly enhanced the level of BimS, and
promoted cell death in response to 8-AG. 8-AG in combination with autophagy inhibitor chloroquine (CQ) or
bafilomycin Al (Baf A1) promoted the 8-AG-induced apoptosis in hepatic cancer cells. Altogether, these findings
suggest that autophagy promotes chemoresistance of cancer cells for 8-AG, and blocking autophagy increases

cellular sensitivity of cancer cells to 8-AG treatment.
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Figure 1 8-Azaguanine (8-AG) treatment induces cell viability inhibition and apoptosis in hepatic cancer cells. A: Effects of 8-AG on the
viability of cancer cells. HepG2 or SMMC-7721 cells were incubated with increasing doses of 8-AG (1-10 umol-L™) for 24 or 48 h. Cell
viability was determined by MTT assay. The normalized value of cell viability from the untreated cells was arbitrarily setas 1.0.n =3, x £ s;
B: Effects of 8-AG on cancer cells apoptosis. HepG2 or SMMC-7721 cells were incubated with or without 10 umol-L* 8-AG for 24 or 48 h.
The percentage of cell apoptosis was determined by Annexin-V/propidium iodide (PI) staining and flow cytometry analysis; C: Cells treated
with or without 10 umol-L™* 8-AG for 12 or 24 h were used to detect the mitochondrial membrane potential (MMP). The cells were stained
with JC-1 and analyzed by fluorescence microscope. Mean JC-1 fluorescence intensity was measured by ImageJ software. Ratio of red/
green fluorescence intensity from three view fields in three representative experiments is presented as x = s; D: Cells treated with or without
10 umol-L* 8-AG for indicated intervals were subjected to Western blot analysis using antibodies against the cleaved-caspase 9 (cle-cas 9),
cleaved-caspase 3 (cle-cas 3), and BIM. B-Actin was used as a loading control. "P < 0.05, P < 0.01 vs control group. DMSO: Dimethyl
sulfoxide; BIMEL: BCL-2-like protein 11 isoform BimEL; BIML: BCL-2-like protein 11 isoform BimL; BIMS: BCL-2-like protein 11

isoform BimS
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Figure 2 8-AG promotes autophagy in hepatic cancer cells. A and B: Effects of 8-AG on the abundance of LC3 and p62. HepG2 or
SMMC-7721 cells were treated with the indicated concentration of 8-AG for 24 h or with 5 umol-L* 8-AG for the indicated time points.

Western blot analysis was used to analyze the abundance of LC3 and p62. #-Actin was used as a loading control; C and D: HepG2 or

SMMC-7721 cells that were treated with or without 8-AG for 22 h were cultured in complete medium with or without 200 nmol-L™* bafilo-

mycin Al (Baf Al) for 2 h. Corresponding changes in LC3 protein levels were measured by Western blot analysis. LC3-11 or p62 levels were

normalized to -Actin. Densitometric analysis was performed using Imagel. n = 3, x £ s. P < 0.05, P < 0.01 vs control group
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Figure 3 Effects of 8-AG on mammalian target of rapamycin complex 1 (nTORCL) signaling pathway and reactive oxygen species (ROS)

levels. A: HepG2 or SMMC-7721 cells were treated with or without 5 umol-L* 8-AG for indicated intervals. Cell lysates were subjected to

Western blot analysis using the corresponding antibodies as shown in this figure. g-Actin was used as a loading control. p-Akt, p-ULK1, or

p-p70S6K levels were quantified by densitometric analysis and normalized to total Akt, ULK1, or p70S6K, respectively. n =3, x £s. P <
0.05, P < 0.01 vs control group; B: HepG2 or SMMC-7721 cells were treated with or without 8-AG for 12 h, or treated with 10 mmol-L*
NAC for 1 h followed by 8-AG for 12 h. NAC treatment was used as a negative control. ROS levels were measured by DCFH-DA staining

assay and shown by quantitative bar graph measured as the fold change over DMSO-treated levels; C and D: Cells were treated with the

same means as B. Corresponding changes in LC3 and p62 protein levels were measured by Western blot analysis. LC3 and p62 protein levels

were normalized to f-actin. n =3, x +s. P < 0.05, ”P < 0.01
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Figure 4 Depletion of autophagy-related gene 7 (ATG7) promotes 8-AG-induced cell death. A: HepG2 or SMMC-7721 cells stably
expressing ATG7 shRNA (shATG7) or negative control ShRNA (NC) were treated with or without 8-AG (5 umol-L*, 24 h). The protein
levels of ATG7 and LC3 were measured by Western blot analysis. #-Actin was used as a loading control; B: Cell viability was analyzed by
MTT assay at 24 and 48 h after 5 umol-L* 8-AG treatment; C: HepG2 or SMMC-7721 cells stably expressing shATG7 or NC were treated
with or without 5 umol-L* 8-AG for 24 h. The percentage of apoptosis was determined by Annexin-V/PI staining and flow cytometry analysis;
D: The same cells treated as C were used to measure the levels of caspase 9, caspase 3, and BIM by Western blot. All protein values were
normalized to -actin. n = 3, x 5. "P < 0.05, “P < 0.01
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Figure 5 Combination treatment with 8-AG and autophagy inhibitors enhances the cytotoxicity of 8-AG. A: HepG2 or SMMC-7721 cells
were treated with or without 5 umol-L™* 8-AG for 24 or 48 h, with a combination of chloroquine (CQ, 10 umol-L*) or Baf A1 (200 nmol-L?)
treatment. Cell viability was analyzed by MTT assay; B: Cells were co-treated with 8-AG and CQ or Baf Al for 24 h. The percentage of

apoptosis was determined by Annexin-V/PI staining and flow cytometry analysis; C: The same cells treated as B were used to detect the

levels of caspase 9 and caspase 3 by Western blot. Protein expression was quantified by densitometric analysis and is represented as mean

band intensity normalized to g-actin. n = 3, x +s. "P < 0.05, “P < 0.01
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