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Supplemental Materials and Methods 

 

Cell culture and drug treatment 

Human colorectal cancer cell lines, including HCT116, RKO, LoVo, DLD1, and HT29 were 

obtained from American Type Culture Collection (Manassas, VA, USA). The isogenic cell lines, 

including PUMA-KO (1), p53-KO (2), and p53 binding site -KO (BSKO) (3) HCT116 cells, 

PUMA-KO DLD1 cells (3), and p53-KO RKO cells (4) have been described.  Cell lines were last 

tested and authenticated for the absence of mycoplasma, genotypes, drug response, and 

morphology in our laboratory in April, 2012.  All cell lines were cultured in McCoy’s 5A 

modified medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% defined fetal bovine 

serum (Hyclone, Logan, UT, USA), 100 units/mL penicillin, and 100µg/mL streptomycin 

(Invitrogen). Cells were maintained in a 37 °C incubator at 5% CO2.  

 

For drug treatment, cells were plated in 12-well plates at 20% to 30% density 24 hours before 

treatment. The DMSO (cat# D2650, Sigma, St Louis, MO, USA) stocks of agents used, 

including PF02341066 (cat# A-1031; Active Biochem, Maplewood, NJ, USA), gefitinib (cat# 

G4408), erlotinib (cat# E-4007), and sorafenib (cat# S8502, LC Laboratories, Woburn, MA, 

USA) were diluted to appropriate concentrations with the cell culture medium. 

 

Western blotting 

Western blotting was carried out as previous described (5).  The antibodies used included Puma 

(1), and those from Cell Signaling (Danvers, MA, USA): p-MET (T1234/1235, cat#3126), total 

MET (cat#3127), p-AKT(S473, cat# 4058), total AKT(cat#9272), p-ERK(T202/Y204,cat#4376), 
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total ERK(cat#9102), Bad (cat#9292), Bid (cat#2002), activecaspase -3(cat#9661), caspase -8 

(cat#9746), caspase -9 (cat#9502), p-p53 (S15, cat#9284), p65(cat#3034), p-p65(S536, 

cat#3033), and p-FoxO3a (T32, cat#9464) .  Other antibodies include β-Actin (cat#A5441; 

Sigma), Bim(cat# 202000), Noxa (cat#OP180), Bcl-2 (cat#OP60), Tubulin (cat# CP06;EMD 

Biosciences, Philadelphia, PA, USA), Cytochrome c (cat#556433), Bcl-xL (cat# 610212; BD 

Transduction, San Jose, CA, USA), Bcl-w (cat#AAP-05; Stressgen Bioreagents), Mcl-

1(cat#S12756), p53(cat#S126; Santa Cruz, CA,USA), cytochrome oxidase subunit IV 

(cat#A21348; Invitrogen), phospho-γH2AX (S139, cat#07-164), and FoxO3a(cat#07702; 

Millipore, Bellerica, MA, USA). 

 

Transfection and small-interfering RNA  

The gene-specific siRNA, including MET siRNA (GCCCAACUACAGAAAUGGUdTdT) (6), 

PUMA siRNA (ACGTGTGACCACTGGCATTdTdT, and 

ACCTCAACGCACAGTACGAdTdT) (7), and Bim (GACCGAGAAGGUAGACAAUdTdT) (8) 

were synthesized by Dharmacon (Lafayette, CO, USA) and transfected into cells with 

Lipofectamine 2000 (Invitrogen) according to the manufacturer’s instructions.  After 24 hours of 

transfection, cells were treated with PF02341066 for further analysis. 

 

Analysis of apoptosis, growth, and mitochondria-associated events 

Apoptosis was analyzed by counting cells with condensed chromatin and micronucleation 

following nuclear staining with Hoechst 33258 (Invitrogen) (3).  At least 300 cells were analyzed 

for each sample.  Annexin V /Propidium iodide (PI) staining was carried out using Annexin 

Alexa 488 (Invitrogen) and PI as previously described (3).  
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For colony formation, the same numbers of HCT116 WT and PUMA -KO cells were plated in 

12-well plates and treated with PF02341066 for 30 hours. After treatment, cells were digested 

and plated in 6-well plates at appropriate dilutions and allowed to grow for 10-14 days before 

staining with crystal violet (Sigma). 

 

For the detection of changes in mitochondrial membrane potential, harvested cells were stained 

by Mito Tracker Red CMXRos (Invitrogen) for 15 minutes at 37°Cand then analyzed by flow 

cytometry (1).  For analysis of cytochrome c release, mitochondrial and cytosolic fractions were 

isolated from untreated or treated cells by differential centrifugation as previously described (9), 

followed by western blot analysis of cytochrome c.   

 

Xenograft studies 

All animal experiments were approved by the University of Pittsburgh Institutional Animal Care 

and Use Committee.  Female 5- to 6-week-old Nu/Nu mice (Charles River, Wilmington, MA, 

USA) were housed in a sterile environment with micro-isolator cages and allowed access to 

water and chow ad libitum.  Mice were injected subcutaneously in both flanks with 4 million WT 

or PUMA-KO HCT116 cells. Following tumor growth for 7 days, mice were treated daily by oral 

gavage for 9 consecutive days with 35 mg/kg PF02341066in 10% ethanol or 10% ethanol 

without PF02341066 (control buffer), the total volume being approximately 100 μl/mouse.  

Tumor growth was measured with calipers every other day, and tumor volumes were calculated 

according to the formula 0.5 × length × width2.Mice were sacrificed when tumors reached ~1.0 

cm3 in size. Tumors were dissected and fixed in 10% formalin and embedded in paraffin. 
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Tumor growth was measured with calipers every other day, and tumor volumes were calculated 

according to the formula0.5 × length × width2.Mice were sacrificed when tumors reached ~1.0 

cm3 in size. Tumors were dissected and fixed in 10% formalin and embedded in paraffin. 

 

For apoptosis and western blot analysis, mice with WT and PUMA-KO HCT116 xenograft 

tumors were treated with 35 mg/kg PF02341066 or the control buffer as mentioned above for 

five consecutive days.  Tumors were harvested on day 6 for analysis.  Terminal deoxynucleotidyl 

transferase dUTP nick -end labeling (TUNEL) and active caspase -3 immunostaining were 

performed on 5 µM paraffin -embedded tumor sections as previously described (10-12) with an 

Alexa Fluor488-conjugated secondary antibody (Invitrogen) for signal detection.  Histological 

analysis was performed by hematoxylin and eosin staining. 
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Supplemental Figure Legends 

 

Figure S1. Expression of Bcl-2 family proteins before and after crizotinib treatment.  (A) 

The expression of indicated Bcl-2 family members was analyzed by western blotting in HCT116 

cells treated with 12μM PF02340166 for 24 hours or 48 hours.  (B) Western blot analysis of 

indicated proteins in HCT116 cells transfected with a scrambled siRNA or MET siRNA for 48 

hours. β-Actin was used as a loading control for western blots.    

 

Figure S2.  Crizotinib induces PUMA-dependent apoptosis.  (A) WT and PUMA-KO 

HCT116 cells were treated with 12 μM PF02341066 for 48 hours, harvested and stained with 

annexin V(X)/PI (Y) and analyzed by flow cytometry.  The fractions of Annexin V-positive cells 

are shown in the two right quadrants. (B) Western blot analysis of caspase-3 and -9activation in 

HCT116 cells and BAX-KO cells treated with 12μM PF02341066 for 48 hours. (C) HCT116 

cells were transfected with either a scrambled siRNA or PUMA siRNA (si-PUMA) for 24 hours 

and then treated with 12 μM PF02341066 for 48hours. **, P< 0.001, “si-PUMA” vs. Scramble”.  

Top, apoptosis was determined by nuclear fragmentation analysis.  Bottom, western blotting 

confirmed PUMA depletion by siRNA.  (D) LoVo cells were transfected with either a scrambled 

siRNA or PUMA siRNA for 24 hours and then treated with 10 or 12 μM PF02341066 for 48 

hours.  **, P< 0.001, “si PUMA” vs. “Scrambled”.  Top, apoptosis was determined by nuclear 

fragmentation analysis.  Bottom, western blotting confirmed PUMA depletion by siRNA.  (E) 

HCT116 cells were transfected with a scrambled siRNA or a Bim siRNA for 24 hours and then 

treated with 12μM PF02341066 for 48 hours.  Apoptosis was determined by nuclear 
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fragmentation assay (left) and Annexin V/PI staining (middle).  Right, western blotting 

confirmed Bim depletion by siRNA.  β-Actin was used as a loading control for western blots. 

 

Figure S3.  Crizotinib induces p53-dependent induction of PUMA and apoptosis in colon 

cancer cells.  (A) LoVo or RKO cells were treated with 12μM PF02340166 for 24 hours. The 

levels of p-H2AX, p-p53, total p53, and PUMA were analyzed by western blotting.  (B) Western 

blot analysis of caspase -3 and caspase -9 activation in WT and p53-KO HCT116 cells following 

12 μM PF02341066 treatment for 48 hours.  (C) WT and p53-KO RKO cells were treated with 

12 μM PF02340166 and harvested at the indicated time points.  Apoptosis was analyzed by a 

nuclear fragmentation assay.  **, P< 0.001, “KO”vs. “WT”.  (D) Expression of PUMA and Bim, 

and activation of caspase -3 and caspase -9 in WT and p53-KO RKO cells treated with 12μM 

PF02341066 for 48hours was analyzed by western blotting.  β-Actin was used as a loading 

control for western blots. 

 

Figure S4.  p65 or Foxo3a siRNA did not affect PUMA induction by crizotinib.  (A) 

HCT116 cells were subjected to 12 μM PF02340166 treatment for 24 hours, and the indicated 

proteins were analyzed by western blotting.  (B) HCT116 cells were transfected with a 

scrambled siRNA or a p65 siRNA for 24 hours and were then subjected to 12 μM PF02340166 

treatment for 24 hours.  PUMA induction and p65 depletion were analyzed by Western blotting.  

(C)  HCT116 cells were transfected with a scrambled siRNA or a FoxO3a siRNA for 24 hours 

and then subjected to 12 μM PF02340166 treatment for 24 hours. PUMA induction and FoxO3a 

depletion were analyzed by western blotting.  β-Actin was used as a loading control for western 

blots.  
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Figure S5.  Crizotinib and sorafenib synergize to induce PUMA-dependent apoptosis in 

colon cancer cells.  (A) WT and PUMA-KO HCT116 cells were treated with 6 μM PF02341066, 

15 μM sorafenib, or their combination for 48 hours.  Apoptosis was determined by a nuclear 

fragmentation assay.  **, P< 0.001, “combination” vs. “single” in WT cells, and “KO” vs. “WT” 

in combination.  Right, chemical structure of sorafinib.  (B) Caspase -3 activation was analyzed 

by western blotting in WT and PUMA -KO HCT116 cells treated as in A.  (C) HCT116 cells 

were treated with 6μM PF02341066, 15 μM sorafenib, or their combination for 24 hours. The 

expression levels of p-AKT, total AKT, p-ERK, total ERK, PUMA, and Bim were analyzed by 

western blotting.  (D) WT and PUMA-KO HCT116 cells were treated with 6μM PF02341066, 15 

μM sorafenib, or their combination for 30 hours and then subjected to colony formation assay as 

described in the materials and methods.  Colony numbers were scored 14 days after plating.  

Representative pictures of colonies (top) and relative clonogenic survival of WT and PUMA-KO 

HCT116 cells (bottom) are shown.  **, P< 0.001, “combination” vs. “single agent” in WT cells, 

and “KO” vs. “WT” in combination.  β-Actin was used as a loading control for western blots. 

 

 

 


