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expression level of MMP-2 (Fig.�4B) and decreased its protein level in a time dependent manner (Fig.�4C), while 
the mRNA level of MMP-9 was too low to be detected. VEGF, another STAT3 target gene9, is one of the most 
potent mediators of tumor angiogenesis and metastasis. Apigenin also dose-dependently reduced the protein 
level of VEGF (Fig.�4D).

Twist1 is a transcription factor that frequently expressed in a wide array of human cancers including mela-
noma. It correlates with aggressive, invasive and metastatic lesions31. It was reported that constitutive activation 
of STAT3 can signi�cantly activate the Twist1 promoter32. We found that apigenin reduced the Twist1 mRNA 
(Fig.�4E) and protein (Fig.�4F) levels in dose-dependent manners. To ascertain whether the decreased Twist1 
mRNA expression was due to an inhibition of the Twist1 promoter activity, we generated a Twist1-promoter 
reporter construct (Twist1-Luc) and performed the luciferase assay. Data showed that apigenin reduced Twist1 
promoter activity in a dose-dependent manner (Fig.�4G).

Figure 3.  Apigenin reduced constitutive STAT3 phosphorylation, suppressed STAT3 nuclear localization 
and STAT3-luciferase reporter activity in melanoma cells. Cells were treated with apigenin (A) at di�erent 
concentrations for 24 h or (B) at 40 � M for di�erent time periods as indicated. �en the expression levels of 
STAT3 and phospho-STAT3 were determined by the Western blot analysis. (C) Cells were treated with apigenin 
at various concentrations for 8 h and then the expressions of phospho-JAK2, JAK2, phospho-Src and Src were 
examined by Western blotting. (D) A375 cells were treated with 20 � M apigenin for 8 h, and then analyzed for 
the intracellular distribution of STAT3 by immunocytochemistry. (E) A375 cells were transfected with a STAT3-
luciferase reporter plasmid together with a PRL-CMV construct for 12 h, followed by treatment with indicated 
concentrations of apigenin for another 12 h, and then the STAT3 transcriptional activity was measured by the 
dual-luciferase reporter assay. Data were shown as mean �  SD from three independent experiments, *P �  0.05 
and **P �  0.01.


















