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Abstract Hepatocellular carcinoma (HCC) is one of the leading causes of cancer death worldwide. Sor-
afenib (NEXAVAR®), a multikinase inhibitor, has been approved as one of first-line systemic therapies for
patients with HCC; however, its efficacy is compromised by the chemoresistance of the tumor cells.
Liver cancer cells acquired resistance to Sorafenib by activating Akt signaling, triggering epithelial-mesen-
chymal transition, modulating autophagy, and increasing antioxidative capacity. Lowered Akt activation has
been reported to enhance autophagy and apoptosis in Sorafenib-resistant HCC. Phytochemical Pterostilb-
ene (PS)-suppressed cancer cell growth and tumor progression were observed via inhibiting cell cycle
progression and PI3K-Akt signaling as well as triggering apoptosis and autophagy. Here, through analyzing
the transcriptomics data of HCC Huh7 and Sorafenib-resistant Huh7 (Huh7R), the resistance of Huh7R
was discovered to be associated with cell cycle, DNA repair, and autophagy. The molecular actions of
PS were further identified by querying the transcriptomics profiles deposited in the Connectivity Map dat-
abase. Indeed, PS-enhanced sensitivity in cell growth inhibition of Huh7R to Sorafenib was exhibited and
which was paralleled by reducing Akt activation and inducing autophagy. These data suggest that our uni-
que gene expression-screening platform allows efficient identification of underlying mechanisms of phy-
tochemicals to overcome drug resistance of cancer cells.
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Figure 1. The mechanisms of Sorafenib-resistance in Huh7 cells identified by transcriptomics analysis. (A) Differentially expressed genes (DEGs,
FDR < 0.01 and log2 fold change > | 0.25 |) in Huh7R cells (GSE94550) were retrieved from GEO, analyzed with GEO2R, and queried
for altered biological pathways via DAVID database. (B) The significantly altered pathways (FDR < 0.05).
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Figure 2. Sorafenib-treated Huh7R cells are resistant to apoptosis and autophagy. Whole cell lysates were collected after treatment with Sorafenib
for 48 h. (A) Apoptosis- and (B) autophagy-related proteins were analyzed by Western blotting. (C) Autophagic flux was determined by
acridine orange staining and analyzed by flow cytometry.
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Figure 3. Revealing mechanisms of PS by bioinformatics analysis. (A) Depiction of the functions of CLUE. The illustration was created with Bio-
Render. (B) Predicted targets of PS were searched in CLUE. Biological pathways perturbed by PS was analyzed via DAVID. Selected

pathways were shown.
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Figure 4. PS enhances sensitivity of Huh7R cells to Sorafenib. (A) Huh7R cells were treated with Sorafenib in the presence and absence of Ptero-
stilbene (PS) for 24 h. Cell population growth was determined by SRB assay. Data were means + SEM. T indicates p < 0.05 as compare
with the corresponding vehicle control without PS treatment. Means at each concentration of PS without a common letter differ, p < 0.05.
Synergistic effect was determined by g-value. The values of g indicate synergism when greater than 1.15, antagonism when smaller than
0.85, and additivity when the value was between 0.85 and 1.15. Whole cell lysates were collected after treatment with Sorafenib in the
presence and absence of Pterostilbene (PS) for 48 h. (B) Apoptosis- and (C) autophagy-related proteins were analyzed by Western

blotting.
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