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Supplemental Methods 8 

In Vitro Comparison of Doubling Time between A549 and A549/SRFres Cells 9 

Parental A549 and A549/SRFres cells in exponential growth were harvested and 10 

seeded in 96-well plates with 5 × 10^3 cells in 100 L of complete culture medium per 11 

well and incubated at 37oC in 5% CO2-air. Twenty-four hours after cell inoculation, cell 12 

growth curves were established by daily sampling from randomly selected wells (N = 13 

3~4 wells per time point per cell line per experiment) for 3 consecutive days. A single 14 

cell suspension was obtained by harvesting cells with 0.05% trypsin and 1 mM EDTA 15 

(Mediatech Inc. Herndon, VA). The number of viable cells excluding trypan blue was 16 

counted on a hemocytometer under an inverted microscope (EVOS® XL Cell Imaging 17 

System, Life Technologies). Cell doubling times were calculated using the formula: 18 

𝐷𝑜𝑢𝑏𝑙𝑒𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 = 𝑙𝑛2
𝐺𝑅⁄ , where GR is the growth rate constant, which was estimated 19 

using the following exponential model (Tannock, 1992): [𝐶𝑒𝑙𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑎𝑡 𝑇𝑖𝑚𝑒 𝑡] =20 

[𝐶𝑒𝑙𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑎𝑡 𝑇𝑖𝑚𝑒 0] × 𝑒(𝐺𝑅×𝑡).  21 

Wound-Healing Assay 22 

Wound-healing assay was used to determine cell migration as described previously with 23 

little modification (Xu and Deng, 2006). Briefly, parental A549 and A549/SRFres cells 24 

were grown in complete medium in 96-well plates to confluence. The cell monolayer 25 

was scratched with sterilized p-10 pipette tips, washed three times with PBS, and 26 

incubated in serum-free DMEM/F12 medium at 37oC in 5% CO2-air. The recovery of the 27 

wounded monolayers due to cell migration into denuded areas was evaluated at 0, 24, 28 

and 48 hours using an EVOS® XL cell imaging system (10× objective). The area of 29 
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wound was quantified by the ImageJ software (http://rsb.info.nih.gov). Wound healing at 30 

each indicated time point was expressed as percent wound closure, which was 31 

calculated as: % 𝑊𝑜𝑢𝑛𝑑 𝐶𝑙𝑜𝑠𝑢𝑟𝑒 = (1 −
𝐴𝑟𝑒𝑎𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡

𝐴𝑟𝑒𝑎0ℎ
) × 100% 32 

Cell Invasion Assay 33 

To assess the invasive ability of parental A549 and A549/SRFres cells, a Matrigel 34 

invasion assay was carried out in 24-well modified Boyden chambers with 8-μm pore 35 

polycarbonate filters (Corning Costar, Cambridge, MA) that were pre-coated with 36 

(invasion) or without (migration) 300 g/ml of Growth Factor Reduced Corning® 37 

Matrigel® Matrix (Cat. No. 354230. Corning). A549 and A549/SRFres cells (2.5 × 10^4 38 

cells per filter insert) in serum-free DMEM/F12 medium were loaded into the upper 39 

chamber with DMEM/F12 culture medium with 10% FBS in the lower chamber as a 40 

chemoattractant. After 14 hour incubation, noninvasive or non-migratory cells on the 41 

upper surface of the filter membrane were wiped out with a cotton swab, while the 42 

invaded or migratory cells on the lower surface of the filter membrane were fixed with 43 

4% paraformaldehyde (PFA) for 10 min, stained with 0.1% crystal violet (Thermo Fisher 44 

Scientific) for 30 min and counted at 20× magnification in 5 randomly selected fields per 45 

insert. Invasiveness was determined based on percent invasion, which was calculated 46 

as: % 𝐼𝑛𝑣𝑎𝑠𝑖𝑜𝑛 =
𝑀𝑒𝑎𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑖𝑛𝑣𝑎𝑑𝑖𝑛𝑔 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 𝑀𝑎𝑡𝑟𝑖𝑔𝑒𝑙−𝑐𝑜𝑎𝑡𝑒𝑑 𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒

𝑀𝑒𝑎𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑚𝑖𝑔𝑟𝑎𝑡𝑖𝑛𝑔 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 𝑢𝑛𝑐𝑜𝑎𝑡𝑒𝑑 𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒
 47 

In Vivo Evaluation of Antitumor Activity of Sorafenib and Dasatinib as Single 48 

Agent at the Dose Level of 20 mg/kg 49 
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Three weeks after individual athymic nude mice were injected subcutaneously with 50 

A549 and A549/SRFres cells (5  106) on the left and right franks, respectively, those 51 

tumor-bearing animals were randomly divided into three groups: (1) vehicle control (N = 52 

4), (2) 20 mg/kg/d sorafenib (N = 7) and (3) 20 mg/kg/d dasatinib (N = 8) groups. 53 

Individual animals were given once daily oral administration of either vehicle or 54 

therapeutic agents for 28 consecutive days. Body weight and tumor volume were 55 

measured twice a week throughout the treatment period. On the last day of the 56 

treatment period, animals were euthanized and the tumor mass was immediately 57 

excised, snap frozen on dry ice, and stored at –80oC before subjected to Western blot 58 

analysis.  59 
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Supplemental Tables 67 

Supplemental Table S1.  Mean combination index (CI) values of sorafenib and 68 

dasatinib used in combination. 69 

Molar ratio of 

sorafenib:dasatinib 

Mean CI values 

A549 Cells A549/SRFres Cells 

IC50 IC75 IC90 IC50 IC75 IC90 

1:1 0.85 0.95 1.30 0.70 0.70 0.71 

3:1 0.47 0.25 0.17 0.30 0.27 0.24 

1:3 0.54 0.15 0.05 0.84 0.53 0.34 

  70 
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Supplemental Figures 71 

Visual Abstract 72 

  73 
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 74 

 75 

Supplemental Figure S1. Comparison of mean tumor volume values among vehicle- 76 

and sorafenib-treated A549 and A549/SRFres tumors. No significant difference was 77 

found in the mean tumor volume values among individual study groups at the start of 78 

the treatment.  Data are presented as mean  standard error of mean (SEM). *P < 0.05 79 
and **P < 0.01 compared with the vehicle control animals using the independent sample 80 
t test. +P < 0.05 compared with the counterpart A549 xenografts using the paired 81 

sample t test.  82 
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Supplemental Figure S2. Comparison of mean tumor volume values of A549 and 83 
A549/SRFres xenografts among the following study groups: vehicle control, sorafenib 84 
40 mg/kg/d sorafenib, 40mg/kg/d dasatinib, and half-dose sorafenib-dasatinib 85 

combination groups. No significant difference was found in the mean tumor volume 86 
values among individual study groups at the start of the treatment.  Values indicate 87 
mean ± SEM. *P < 0.05 and **P < 0.01 compared with the vehicle treated (control) 88 
animals, and #P < 0.05 and ##P < 0.01 compared with the dasatinib-treated animals 89 

using Kruskal-Wallis one-way analysis of variance on ranks followed by the post-hoc 90 
Kruskal-Wallis multiple comparison z-value test. +P < 0.05 and ++P < 0.01 compared 91 
with the counterpart A549 xenografts using the paired sample t test.  92 
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 93 

Supplemental Figure S3. Evaluation of antitumor activity of sorafenib and dasatinib, as 94 

single agents at the dose level of 20 mg/kg/d, in A549 (A) and A549/SRFres (B) 95 
xenografts. Mice bearing subcutaneous A549 and A549/SRFres tumors were treated 96 

with oral administration of 20 mg/kg of sorafenib or 20 mg/kg of dasatinib for 4 weeks. 97 
Values indicate mean ± SEM. *P < 0.05 and **P < 0.01 compared with the vehicle 98 
treated (control) animals using Kruskal-Wallis one-way analysis of variance on ranks 99 

followed by the post-hoc Kruskal-Wallis multiple comparison z-value test. +P < 0.05 and 100 
++ P < 0.01 compared with the counterpart A549 xenografts using the paired sample t 101 

test.  102 
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 103 

Supplemental Figure S4. Comparison of growth inhibition of A549 (A) and 104 

A549/SRFres (B) xenografts, expressed as percent of control tumor volume, among all 105 

treatment groups. The in-vivo anti-tumor effect of half-dose sorafenib-dasatinib 106 

combination therapy was inferior to that of the 40 mg/kg/d sorafenib treatment but 107 

superior to that of 20 mg/kg/d sorafenib, 20 mg/kg/d and 40 mg/kg/d dasatinib treatment 108 

regardless of tumor types. *P < 0.05 and **P < 0.01 using Kruskal-Wallis one-way 109 

analysis of variance on ranks followed by the post-hoc Kruskal-Wallis multiple 110 

comparison z-value test.    111 
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 112 

Supplemental Figure S5. Immunofluorescence microscopy of Ki-67, E-cadherin, 113 

collagen IV and -SMA expression in cultured A549 parental and A549/SRFres cells.  114 
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 115 

Supplemental Figure S6. Representative H&E-stained sections from vehicle- and 116 
sorafenib-, dasatinib- and sorafenib-dasatinib-combination-treated A549 and 117 

A549/SRFres tumors. All tumors showed signs of necrosis. 118 
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 119 

Supplemental Figure S7. Western blot analyses were performed to determine the 120 

expression levels of selected proteins involved in the signaling pathways targeted by 121 
sorafenib and dasatinib, or indicating the EMT activity and tumor cell invasive potential. 122 

Representative Western blot images reflect the differential expression of indicated 123 
proteins in A549 and A549/SRFres tumors treated with vehicle control, or 40 mg/kg/d 124 
sorafenib, or 40 mg/kg/d dasatinib, or half-dose sorafenib-dasatinib combination. 125 

Comparison of protein expression levels was made (A) among individual treatment 126 

groups of the same tumor type (either A549 or A549/SRFres tumors), and (B) between 127 

matched pairs of A549 and A549/SRFres tumors.   128 
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 129 

Supplemental Figure S8. (A), (B), (C) and (D) Quantification of Western blot images 130 

using the densitometric analysis shows that 20 mg/kg/d sorafenib treatment induces 131 

MMP9 and vimentin expression and phosphorylation of Src, while 20 mg/kg/d dasatinib 132 
treatment decreases the phosphorylation of SRC but increase the Y397 phosphorylation 133 
of FAK and induces vimentin expression in A549/SRFres xenografts. Both 20 mg/kg/d 134 

sorafenib and dasatinib treatments significantly decrease the phosphorylation of GSK3 135 
regardless of tumor types. (E) and (F) Comparison between the matched pairs of A549 136 

and A549/SRFres tumors reveals significant increase in MMP9 expression in sorafenib-137 
treated A549/SRFres tumors, and in the phosphorylation of SRC in dasatinib-treated 138 
A549/SRFres tumors. Error bars are SD. *P < 0.05 and **P < 0.01 using Kruskal-Wallis 139 
one-way analysis of variance on ranks followed by the post-hoc Kruskal-Wallis multiple 140 

comparison z-value test. +P < 0.05 compared with the counterpart A549 xenografts 141 
using the paired sample t test. 142 


