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Methodology 

Formulation of Xanthohumol and PEITC for in vivo study. 

 

The doses for in vivo studies have been selected after careful analysis of available literature data. 

The dose of Xanthohumol was selected according to Li et al.  [1] and Lv et al. [2].  While the dose of 

phenethyl isothiocyanate was estimated, taking into account data provided by Gao et al. [3] and  Ni et 

al. [4]. 

Starting from developing a new drug candidate/therapy using the in vitro model and moving 

to a more advanced in vivo model, the very significant is the drug formulation for both 

pharmacodynamic and toxicodynamic evaluations [5]. In general, Xanthohumol, like other 

phytochemicals, is poorly soluble in water [6],  whereas it is well soluble in an organic solvent such as 

DSMO. However, DMSO should be avoided for in vivo studies [7]. Thus, to dissolve tested compounds, 

we decided to replace DMSO by using ethanol. PEG400 and 0.9% sterile sodium chloride. The solvents 

used for dissolved tested compounds and the formulation for tested compounds for in vivo study were 

designed according to literature data [8]. The formulation for Xanthohumol, PEITC, and 

Xanthohumol+PEITC consists of  Ethanol 96% : PEG400 : 0.9% Sodium chloride (ratio 1: 2: 3). 

Bioluminescence imaging of PSN-1 cells in vitro to investigate the influence of XN on 

luciferase-luciferin assay. 

 

The PSN-1 cells transfected with vector encoding the luciferase gene luc2 were seeded in Petri 

dishes (35 mm × 12 mm) at a density of 25 × 103 cells/dish. The next day, cells were incubated with XN 

(at a concentration of 5 µM) or control (vehicle solution). The vehicle solution (Ethanol 96%, PEG400, 

and 0.9% NaCl) was the same as for in vivo studies. The cells were incubated for 24h with the tested 

compound. The bioluminescence imaging was performed using PhotonImager (BiospaceLab, Nesles-

la-Vallée, France) system. Thus, D-luciferin (Goldbio, St Louis, MO, USA) was added at a concentration 

of 0.15 mg/ml to RPMI-1640 medium, and bioluminescence signal was measured after different time 

points to monitor signal stabilization. Moreover, we prepared another control to check if there is a direct 

and immediate interaction between XN and luciferase substrate - luciferin; thus, for two control dishes, 

we added XN (to have a final concentration of 5 µM) and luciferin at the same time, mixed, and 

visualized. After imaging, cells were washed twice with PBS (Sigma-Aldrich, St Louis, MO, USA) and 

lysed using the RIPA buffer (Sigma-Aldrich, St Louis, MO, USA) at 4°C for 30 min. The protein 

concentration was measured using a BCA assay (ThermoFisher, Waltham, MA, USA) according to the 

manufacturer’s protocol. Bovine albumin (ThermoFisher, Waltham, MA, USA) was used as a standard. 

Data are presented as a mean value ± SD from two independent experiments and expressed as photon 

counts per mg of cell protein. 
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Figure S1. The effect of xanthohumol on the luminescence signal using in vitro luciferase-luciferin assay.  

Panel A presents the quantification of luminescence signal in the cells expressed as total photon counts 

normalized to total cellular protein; panel B presents the representative images from the BLI 

experiment. PSN-1 cells transfected with luciferase vector encoding the luciferase reporter gene luc2 

(Photinus pyralis) were seeded at a density of 25 × 103 cells and incubated with 5 µM for 24h. The direct 

and immediate interaction between the substrate (luciferin), and XN was evaluated by adding XN with 

luciferin simultaneously for selected dishes (on a graph defined as control+XN). Luminescence signal 

was measured using PhotonImager. Data are presented as a mean ± SD from two experiments. Statistical 

analysis was performed using one-way ANOVA, followed by Dunnett's multiple comparisons test. 

Asterisks indicate the statistical significance, *** p < 0.0001. 

 

 

Results 

The activation of the MAPK and PI3K signaling pathways 

 
ERK phosphorylation is the marker of an active state of the MAPK pathway, while 

phosphorylation of Akt kinase represents PI3K signaling activation. The Muse®  MAPK Activation Dual 

Detection Kit as well as the Muse®  PI3K Activation Dual Detection Kit (Merck, Darmstadt, Germany) 

were used according to the manufacturer’s instructions. PMA (0.2 μg/mL) treated cells served as a 

positive control of the MAPK pathway activation and small molecule compound HS-173 was used as a 

reference of PI3K signaling attenuation. After 24 h incubation with tested compounds, cells were 

trypsinized and washed with PBS buffer. After fixation procedure and exposure to permeabilization 

buffer, cells were incubated for 30 min at room temperature in the dark with a solution of two directly 

conjugated antibodies against ERK or Akt, targeting phospho-specific and total ERK/Akt-positive cells. 

Analyses were performed by flow cytometry on Muse®  Cell Analyzer, and data were evaluated using 

Muse®  1.5 Analysis Software. 
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Figure S2. The effect of XN, PEITC, and their combination on the MAPK and PI3K signaling pathways. 
The effect of XN, PEITC, and their mixture on the activation of MAPK (panel A), in terms of ERK 

phosphorylation as the marker of an active state of MAPK signaling, and PI3K (panel B), in terms of 

Akt kinase phosphorylation as a marker of PI3K signaling in PSN-1 cells. The values are shown as the 

mean ± SD calculated from three independent experiments (a fold of control). Significance of changes 

was determined by one-way ANOVA, post-hoc Dunnett’s test (* p < 0.05). 
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