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Generation of mouse model of colon tumorigenesis expressing mutant K-ras oncogene.  The 

conditional Lox–Stop–Lox (LSL)- K-ras+/ G12D strain,1 which carries a latent point-mutant allele 

of K-ras oncogene (G->A transition in codon 12) on mixed B6.129 background, was obtained 

through the Mouse Repository (NCI Frederick, strain number 01XJ6).  The strain was 

backcrossed on C57BL/6J background for more than 10 generations.  Vil-Cre-ERT2 transgenic 

mice, which express Cre-recombinase in the digestive epithelium, under control of the inducible 

murine villin gene promoter activated by treatment with 4-hydroxytamoxifen (4-OHT), were 

generously provided to us by Dr. Sylvia Robin, Institute Curie-CNRS, Paris, France.2  Both 

strains were maintained on C57BL/6J background.  The conditional LSL K-Ras+/ G12D strain was 

bred with Vil-Cre-ERT2 transgenic mice to generate a compound Vil-Cre-ERT2 K-ras G12D 

genotype.  Animals were genotyped by polymerase chain reaction (PCR) analysis of tail DNA 

obtained at weaning using the protocols and primers described in above mentioned references for 

the interbreeding mouse strains.1,2  The compound Vil-Cre-ERT2 K-ras G12D animals were treated 

with 4-OHT (100 ug, i.p. for 5 consecutive days, starting at 5 weeks of age as previously 

described2) to initiate the conditional colon-specific Cre-recombinase expression.  Excision of 

the silencing cassette allowed for expression of the heterozygous mutant K-rasG12D allele and the 

K-RAS oncogenic protein.  Immunofluorescence techniques confirmed that the Cre-recombinase 

expression is uniform and robust throughout the intestinal tract and colon and is detectable 

beyond 15 weeks after the last injection (Suppl. Fig. 1A).  For verification of Cre-mediated 

recombination in the colon, PCR was performed from paraffin-embedded colon tissues with 

primers flanking the LSL cassette according to the protocol described by Dr. Taylor Jacks: 

https://jacks-lab.mit.edu/protocols/genotyping/kras_cond, yielding a 622-bp product for the wild-

http://mouse.ncifcrf.gov/available_details.asp?ID=01XJ6
https://jacks-lab.mit.edu/protocols/genotyping/kras_cond


type allele, 650 bp for the recombined allele and a 500-bp product for LSL cassette.  The K-ras 

alleles were visualized using 2% agarose gel (Suppl. Fig.1B).   

Analysis of downstream signaling in K-rasG12D mouse model. 

To characterize the molecular features of conditional expression of mutant K-ras in the colon, we 

performed Western blot analyses of selected targets of K-ras oncogene in 18 week old mice of 

K-rasG12D, K-ras wt and Vil-Cre negative K-rasG12D) genotypes from Control and AOM-induced 

groups.  Mutant K-ras-mediated induction of the mitogenic Raf-MEK-ERK signaling pathway 

has been reported during experimental carcinogénesis and in human tumors. 3,4  Therefore, we 

evaluated ERK and phospho-ERK (p-ERK) levels in the mouse colonic epithelium   We 

observed a ~3 fold increase in p-ERK level in the AOM-induced K-rasG12D mice compared to K-

ras wt mice, when normalized to total ERK.  No significant changes were observed in the p-ERK 

level in Control groups. (Supplemental Fig. 2A, Total ERK and p-ERK).  The c-MYC protein, 

which controls the variety of cellular  functions ranging from transcription to metabolism, was 

induced 2-fold in the colon of the mutant K-ras expressing mice from the Control and AOM-

induced groups, as well as in AOM-induced K-ras wt mice (Supplemental Fig. 2A, C-MYC).  

We also evaluated the status of another important oncogenic signaling molecules downstream of 

RAS, the small G proteins Ras-like Ral A and Ral B GTPases.5  Ral GTPases can be  activated 

by Ral Guanine Exchange factors (GEFs) and can influence cell growth, survival and motility 

and tumor progression.6  We found that expression of RalB, but not RalA, was induced 2-fold by 

mutant K-ras and by AOM in K-ras wild type mice (Fig. 2B).  Furthermore, we found the mutant 

K-ras dependent 3.7 fold increase in the expression of a membrane-associated protein caveolin-1 

(CAV-1), which is a putative regulator of cell transformation, protein trafficking, and invasion 



(Supplemental Fig. 2C, CAV-1).7  At the same time, the AKT signaling was not altered upon 

induction of mutant K-ras expression (Supplemental Fig. 1C, Total AKT and P-AKT). 

Thus, our analysis of selected downstream targets of mutant K-ras oncogene in K-rasG12D mice 

and control genotypes (Vil-Cre negative K-rasG12D and K-ras wt) showed that activation of the 

ERK signaling and increase in levels of proteins involved in tumorigenesis in the colon, such as 

RalB GTPase, c-MYC and CAV-1 was observed only in the presence of mutant K-ras 

expression (after the Cre-recombinase expression has been initiated, when applicable).  This 

indicates that our animal model successfully recapitulates the main features of activated K-RAS 

signaling reported in humans. 

 

SUPPLEMENTAL TABLES. 

 
Supplemental Table 1.  Statistical analysis of endpoints derived from histology.  Number of animals in 
different groups is listed in Figure 1B 
 
 
Supp.Table 1a.  Summary for total number of adenomas, % of mice with ≥1 adenoma and total tumor 
burden, deriving from histology. 
Group Total # of adenomas Total tumor burden 

Mean±SD Range % (>0) Mean±SD Range 
Vil-Cre negative  K-rasG12D      

AOM-induced No Sulindac 0.13±0.35 0-1 13.33 0.32±1.19 0-4.60 
Control No Sulindac 0±0 0 0.0 0±0 0 

AOM-induced Sulindac 0±0 0 0.0 0±0 0 
Control Sulindac 0±0 0 0.0 0±0 0 

K-ras wt      
AOM-induced No Sulindac 0.75±1.22 0-4 41.67 10.99±20.25 0-58.23 

Control No Sulindac 0±0 0 0.0 0±0 0 
AOM-induced Sulindac 0±0 0 0.0 0±0 0 

Control Sulindac 0±0 0 0.0 0±0 0 
K-rasG12D      

AOM-induced No Sulindac 8.00±6.81 1-24 100.0 62.88±58.24 2.36-180.63 
Control No Sulindac 0±0 0 0.0 0±0 0 

AOM-induced Sulindac 2.00±2.80 0-10 61.54 5.96±11.66 0-43.27 
Control Sulindac 0.11±0.33 0-1 11.11 0.06±0.18 0-0.54 

 
Table 1b: Summary of p-values for the analysis of the total number of adenomas, total tumor burden and 
for % of mice with ≥ 1 adenoma between genotypes.  



 
Group Number of 

adenomas, 
p-valuea 

Tumor 
burden, 
p-valuea 

% of mice with  
≥1 adenoma, 

p-valueb 
AOM-induced    

No Sulindac <0.0001 <0.0001 <0.0001 
Sulindac <0.0001 <0.0001 <0.0001 

Control    
No Sulindac 1.00 1.00 NA 

Sulindac 0.26 0.26 0.27 
Sulindac    

Control 0.26 0.26 0.27 
AOM-induced <0.0001 <0.0001 <0.0001 

No Sulindac    
Control 1.00 1.00 NA 

AOM-induced <0.0001 <0.0001 <0.0001 
 
aFor the comparison between the 3 genotypes within each group derived from Kruskal-Wallis test 
bFor the comparison between genotypes within each group derived from Fisher’s exact test 
 
 
 
 
 
Table 1c:Summary of p-valuesa for the comparison between groups within each genotype  

 
Group Vil-Cre 

negative  K-
rasG12D 

K-ras wt K-rasG12D Interaction effectb 

AOM-induced No Sulindac vs Sulindac  
Total number of adenomas  0.19 0.02 <0.01 <0.001 

Total tumor burden  0.19  0.02 <0.01 <0.0001 
% of mice with ≥1 adenoma         0.48 0.01 0.04 NAc 
Control No Sulindac vs Sulindac  
Total number of adenomas 1.00  1.00  0.33  0.17 

Total tumor burden 1.00 1.00 0.33 0.20 
% of mice with ≥1 adenoma NA NA 0.45 NA 

Sulindac Control vs AOM-induced  
Total number of adenomas 1.00 1.00 0.03 <0.001 

Total tumor burden 1.00 1.00 0.02 0.07 
% of mice with ≥1 adenoma NA NA 0.03 NA 

No Sulindac Control vs AOM-induced  
Total number of adenomas 0.23 <0.01 <0.001 <0.0001 

Total tumor burden 0.23 <0.01 <0.001 <0.0001 
% of mice with ≥1 adenoma 0.49 <0.01 <0.0001 NA 

ap-value for the comparison between groups within each genotype derived from Wilcoxon rank sum test  
bp-value for the interaction effects between Group and Genotype derived from a linear regression model 
for the square root transformed total number of adenomas 
cp-value for the interaction effects between groups and genotypes derived from a logistic regression 
model 
 



 
 
Supplemental Table 2.  Statistical analysis of adenoma grade by genotypes in the subset of 
AOM-induced mice, 34 weeks of age, from Table 1B.  Number of slides analysed is presented in 
parentheses. 
 
Genotype No Sulindac Sulindac* 
Vil-Cre negative  K-
rasG12D 

0.14±0.38a (Nb=21) 0±0 (N=20) 

K-ras wt   0.38±0.50 (N=21) 0±0 (N=27) 
K-rasG12D 6.39±1.99 (N=23)** 0.50±0.76 (N=26) 
amean±standard deviation 
bnumber of slides 
*p<0.0001, all genotypes No Sulindac vs Sulindac 
**p<0.0001, K-rasG12D   genotype vs others 
 
 
 
 
 
Supplemental Table 3.  Analysis of colon ACF by genotypes and treatment. 
Supp. Table 3a. Study groups and number of animals per group (in parentheses) used for ACF 
analysis  
K-ras wt K-rasG12D 
Control No Sulindac (4) Control, No Sulindac (2) 
AOM-induced No Sulindac (6) AOM-induced, No Sulindac (4) 
AOM-induced Sulindac (3) AOM-induced, Sulindac (4) 
 
Supp. Table 3b.  Number of adenomas in the proximal (Prox) middle (Mid) and distal (Dis) 
portions of the small intestine, total number of adenomas in the small intestine (Total) and the 
number of tumors (Colon) and the aberrant crypt foci (ACF) in the colon in different treatment 
groups. 
 
Genotype Prox Midd Distal Total Colon ACF 
K-ras wt       
Control No Sulindac 0±0 0±0 0±0 0±0 0±0 1.25±1.26 
AOM-induced No 
Sulindac  

0±0 0±0 0±0 0±0 1.00±1.00 3.00±1.26* 

AOM-induced Sulindac 0±0 0±0 0±0 0±0 0±0 2.00±1.00 
K-rasG12D       
Control No Sulindac  0±0 0±0 0.50±0.71 0.50±0.71 0±0 1.00±1.41 
AOM-induced No 
Sulindac  

1.00±1.1
5 

0.25±0.2
0 

1.25±1.50 2.50±2.08 3.75±5.68 1.00±1.15 

AOM-induced Sulindac  0±0 0±0 0±0 0±0 1.00±1.41 5.50±2.38** 
amean±standard deviation; 
*p≤0.02, K-ras wt AOM-induced No Sulindac vs Control No Sulindac and AOM-induced Sulindac 
**p=0.01, K-rasG12D AOM-induced Sulindac vs AOM-induced No Sulindac  
 
 



Supplemental Table 4.  Summary of IHC resultsa by genotype.  Staining was analyzed in three 
fields per slide for each animal. Number of animals per group analysed is presented in 
parentheses. 
 
Genotype Cox-2 Caspase-3 Ki-67 
Vil-Cre negative  K-rasG12D (G0)    

AOM-induced No sulindac 65 (N=1) 1.67 (N=1) 649.33 (N=1) 
Control No Sulindac 8 (N=1) 3.67 (N=1) 447.67 (N=1) 

AOM-induced Sulindac 147.50±55.39b (N=2) 24.33 (N=1) 679.67±69.30 (N=2) 
Control Sulindac 75.83±15.32 (N=2) 13.17±10.14 (N=2) 532.44±96.95 (N=3) 

K-ras wt  (G1)    
AOM-induced No sulindac 70 (N=1) 14 (N=1) 442 (N=1) 

Control No Sulindac 78.33±35.36 (N=2) 5 (N=1) 277.33 (N=1) 
AOM-induced Sulindac 56.33 (N=1) 34.33 (N=1) 651 (N=1) 

Control Sulindac 96.67 (N=1) 2 (N=1) 587.67 (N=1) 
K-rasG12D (G2)    

AOM-induced No sulindac 167.5±5.89 (N=2) 5.67±0.94 (N=2) 854.5±88.39 (N=2) 
Control No Sulindac 35.50±17.21 (N=2) 3.67±0.47 (N=2) 659.33 (N=1) 

AOM-induced Sulindac 208.33±2.36 (N=2) 10.67±0 (N=2) 706.33±14.61 (N=2) 
Control Sulindac 33.33 (N=1) 4 (N=1) 659 (N=1) 

Comparisonsc 

G2 vs. G1 32.92±29.64; p=0.27 -7.54±4.41; p=0.10 227.69±62.71; p<0.001 
G2 vs. G0 38.86±21.50; p=0.08 -4.90±3.51; p=0.17 138.79±39.51; p<0.01 
G1 vs. G0 5.95±28.71; p=0.84 2.64±5.48; p=0.63 -88.90±60.00; p=0.15 

Sulindac 35.14±20.80; p=0.10 8.05±3.14; p=0.02 48.89±41.70; p=0.25 
AOM-induced 72.51±20.38; p<0.01 7.95±3.24; p=0.02 136.88±37.55; p<0.001 

abased on the aggregated data since each mouse had 3 fields for each IHC staining. 
baggregated mean±standard deviation 
clinear mixed effects models with random intercept were fitted to account for within mouse correlation 
and compare between groups (genotype, sulindac and AOM).  

 
SUPPLEMINTAL FIGURES 
Supplemental Figure 1. Comformation of colon-specific expression of mutant K-Ras allele in 
the compound Vil-Cre-ERT2K-rasG12D mouse.  (A) Cre-recombinase expression was performed in 
the proximal and distal areas of the colon of Vil-Cre-ERT2 positive mice by immunofluorescence 
as previously described 8 at 3 and 15 weeks after the last 4-OHT injection.  (B) Conformation of 
Cre-mediated recombination and mutant K-Ras allele expression in the colon epithelium.   
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Supplemental Figure 2.  Characterization downstream targets of mutant K-RAS in Vil-Cre-
ERT2K-rasG12D mouse model by Western blot analysis in the colon tissue of Control and AOM-
treated mice of different genotypes at 26 weeks of age (18 weeks after the last AOM injection 
when applicable). A. Expression of ERK and c-Myc B. Expression of RalA and Ral B. C 
expression levels of CAV-1 and total and phosphorylated AKT.  Protein bands quantitation was 
done using Image J software and presented as Relative Intensity Units (RIU), which were 
calculated as protein/β-actin ratio normalized to Vil-Cre-negative K-rasG12D sample. Figures are 
representative of Western blot analyses of the colon tissues of three animals per each 
experimental group.   
A. 

 
  
B. 
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SUPPLEMENTAL PROCEDURES 
 
Immunofluorescent staining for Cre recombinase.  The proximal, middle and distal areas of 

the colon were opened and their luminal contents were removed by washing the tissues in 

phosphate-buffered saline (PBS). 1 cm portions of each area were embedded in a Tissue-Tek 

OCT compound, snap frozen in isopropyl alcohol and processed as described previously 8.  

Western blotting. Colon tissues were lysed on ice in radioimmunoprecipitation assay (RIPA) 

buffer (PBS, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 30 µg/ml aprotinin, 100 mM 

sodium orthovanidate, and a 10 mg/ml phenylmethylsulfonyl fluoride). Samples were kept on ice 

for 30 minutes, followed by centrifugation at 13,000×g for 10 minutes. Supernatants were 

collected and protein concentration was determined using the Bio-Rad DC protein assay.  Fifty 

micrograms of cell lysate was loaded per lane and run on Any-kd™ precast gels (Criterion TGX 

Stain-free, Cat.#5678123, Bio-Rad Laboratories, Inc., CA) using Bio-Rad Criterion Cell gel 

apparatus (Cat.#165-6001, Bio-Rad Laboratories, Inc, CA).  The proteins were transferred 

electrophoretically to Hybon-C nitrocellulose membrane (Amersham, Arlington Heights, IL) 



using Bio-Rad Trans-Blot® SD Semi-dry electrophoretic transfer cell (Bio-Rad Laboratories, 

Inc., CA). Membranes were blocked in BlottoA (5% w/v nonfat dry milk, 0.1% Tween 20, and 

Tris-buffered saline (TBS) consisting of 10 mM Tris-HCl, pH 8.0, 150 mM NaCl) for 1 hour at 

room temperature.  The primary and secondary antibodies used in this study and blotting 

conditions are presented in Supplemental Procedure Table.  The primary antibodies were 

incubated with the blots overnight at 4oC with rotation. The blots were washed in TBS/0.05% 

Tween-20 for 5 min three times. Proteins were detected with enhanced chemiluminescence 

detection reagent (ThermoFisher Scientific Super Signal® West Pico Chemiluminescent 

Substrate, Cat#340077).  All western blots were repeated at least two times.  Image processing 

program, ImageJ (NIH) was used for evaluation of western blot bands intensity where specified 

(Image J, http://rsb.info.nih.gov/ij/docs/menus/analyze.html#gels). 

Immunochistochemistry staining conditions and antibodies dilution. Tissue was cut to 6 

micron thickness and baked at 65oC for 30 minutes before staining. For Ki-67, a rabbit 

monoclonal primary antibody (Leica Biosystems) was used at a dilution of 1:100, with a 

secondary antibody (biotinylated IgG mouse anti-rabbit from Vector Labs) at a dilution of 1:100; 

both antibodies were incubated for 30 minutes.  Cleaved Caspase-3 (Cell Signaling), a rabbit 

monoclonal antibody, was used at a dilution of 1:8000 and incubated for 60 minutes, with a 

mouse anti-rabbit IgG secondary antibody used at a dilution of 1:100 (Vector Labs) incubated for 

30 minutes.  The COX-2 antibody was purchased from VMS in a prediluted form and used 

directly on the tissue, with a mouse anti-rabbit IgG secondary (Vector Labs) used at a dilution of 

1:100 and incubated for 30 minutes. The appropriate positive control tissue was used for each 

antibody assay. 

 

 

http://rsb.info.nih.gov/ij/docs/menus/analyze.html#gels


 

Supplemental Procedure Table.  List of antibodies used for Western blotting.  
Protein  1o antibody  dilution 2o antibody  dilution Source 
C-MYC 1:400 in Blotto A 1:3000-R sc-764 

Caveolin-1 1:1000 in BlottoA 1:2000-R CS#3238 

Phospho ERK 1:2000 in 5% BSA 1:3000-R CS#4370 

ERK 1:1000 in BlottoA 1:3000-R CS#9102 

Phospho AKT 1:500 in 5% BSA 1:2000-R CS#4058 

AKT 1:1000 in 5%BSA 1:2000-R CS#9272 

RalA 1:1000 in Blotto A 1:2000-R CS#3526 

RalB 1:1000 in BlottoA 1:2000-R CS#3523 

B-Actin 1:5000 in 1.5% BSA 1:10000-M Sigma A5441 

 

BlottoA –5% non-fat dry milk in TBST 

M- anti-mouse secondary antibody 

R-anti-rabbit secondary antibody 

CS-Cell Signaling Inc., sc-Santa Cruz Biotechnology Inc. 
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