
SUPPLEMENTARY MATERIAL 

 

Supplementary Table 1 

List of tumors and number of samples for each histological type used for the mutational profile 

of MLK4 (GIST: Gastrointestinal Stromal tumors) 

 

Supplementary Table 2 

Primers used for PCR amplification and sequencing of the MLK4 exons in tumor samples.  

 

Supplementary Figure 1  

A) Tumors formed by A549 cancer cells expressing wild type or two MLK4 mutants in 

xenograft mouse models. Cells were injected in the side of nude mice and tumor growth was 

measured at the indicated time points. Error bars represent s.e.m. 

B) Upon sacrifice the lungs were labeled by airway perfusion with the India ink, and superficial 

metastases were counted as described in panel C.*p value ≤ 0.05; **p value ≤ 0.01; error 

bars represent s.e.m. 

 

Supplementary Figure 2 

A) Proliferation rates of HCT116 parental and MLK4 -/- cancer cells (two independent 

clones).*p value ≤ 0.05; **p value ≤ 0.01; error bars represent s.d; FC, fold change. 

B) Expression levels of the MLK4 protein were assessed by western blotting in control (ctrl) 

and MLK4 knock down LoVo cells (upper panel).  

C) Proliferation rates of ctrl and MLK4 knock down LoVo cells grown in plastic . *p value ≤ 

0.05; **p value ≤ 0.01; error bars represent s.d; FC, fold change. 



D) Proliferation rates of Ctrl and MLK4 knock down LoVo cells grown in low adherence 

conditions. *p value ≤ 0.05; **p value ≤ 0.01; error bars represent s.d; FC, fold change. 

E) Anchorage-independent growth (soft agar) assay performed on control and MLK4 knock 

down LoVo cells. ***p value ≤ 0.001; error bars represent s.d. 

 

 

Supplementary Figure 3 

A) Ctrl and MLK4 knock down (Sh1 and Sh2) Sw48 cells were stimulated with EGF (2nM-20 

nM) at 37 °C for 10 minutes. Cell lysates were subjected to western blotting with the indicated 

antibodies. 

B) Parental and MLK4 -/- HCT116 cells were stimulated with EGF (2nM-20 nM) at 37 °C for 

10 minutes. Cell lysates were subjected to western blotting with the indicated antibodies. 

 

Supplementary Figure 4 

Ctrl and MLK4 knock down DLD were seeded and allowed to grow for the indicated times in 

flasks with ultra-low attachment surface to prevent cell adhesion. Cells were harvested and 

protein lysates were subjected to western blotting with the indicated antibodies. 

  



Supplementary Materials and Methods  

Mutational Analysis  

PCR primers were designed using Primer 3 (http://frodo.wi.mit.edu/cgi-

bin/primer3/primer3_www.cgi), and synthesized by Invitrogen/Life Technologies, Inc. (Paisley, 

England). The PCR and sequencing primers are listed in Supplementary Table 2. PCR 

primers that amplify the selected exons and the flanking intronic sequences, including splicing 

donor and acceptor regions, were used and PCR products were on average 381 bps in 

length. PCRs were performed in both 384- and 96-well formats in 5- or 10-uL reaction 

volumes, respectively, containing 0.25 mmol/L deoxynucleotide triphosphates, 1 umol/L each 

of the forward and reverse primers, 6% DMSO, 1× PCR buffer, 1 ng/uL DNA, and 0.05 unit/uL 

Platinum Taq (Invitrogen/Life Technologies). A touchdown PCR program was used for PCR 

amplification (PeltierThermocycler, PTC-200, MJ Research, Bio-Rad Laboratories, Inc., 

Italy).PCR conditions were as follows: 94°C for 2 min; three cycles of 94°C for 15 s, 64°C for 

30 s, 70°C for 30 s; three cycles of 94°C for 15 s, 61°C for 30 s, 70°C for 30 s; three cycles of 

94°C for 15 s, 58°C for 30 s, 70°C for 30 s; and 35 cycles of 94°C for 15 s, 57°C for 30 s, and 

70°C for 30 s, followed by 70°C for 5 min and 12°C thereafter. PCR products were purified 

using AMPure (Agencourt Bioscience Corp., Beckman Coulter S.p.A, Milan, Italy). Cycle 

sequencing was carried out using BigDye Terminator v3.1 Cycle Sequencing kit (Applied 

Biosystems, Foster City, CA) with an initial denaturation at 97°C for 3 min, followed by 28 

cycles of 97°C for 10 s, 50°C for 20 s, and 60°C for 2 min. Sequencing products were purified 

using CleanSeq (Agencourt Bioscience, Beckman Coulter) and analyzed on a 3730 DNA 

Analyzer, ABI capillary electrophoresis system (Applied Biosystems). Sequence traces were 

analyzed using the Mutation Surveyor software package (SoftGenetics, State College, 



PA).For samples in which mutations were found, matching between germline and tumor DNA 

was verified ascertained that mutations found were somatic.  

 

MSI/MSS analysis 

MSI status analysis of CRC samples was performed using MSI Analysis System, Version 1.2 

(Promega). In detail MSI analysis involves comparison of allelic profiles of microsatellite 

markers generated from matching normal and tumor samples. A total of 7 markers were 

amplified in multiplex (including five mononucleotide repeat markers and two pentanucleotide 

repeat markers) according to the manufacturer’s protocol.  The products were then processed 

by capillary electophoresis in a single injection with 3730 DNA Analyzer, ABI capillary 

electrophoresis system (Applied Biosystems). The results were analyzed using GeneMarker 

v2.2.0 software. 

 

Antibodies 

MLK4 specific antibodies were developed using a standard immunization protocol (two rabbits 

immunized for each epitope), we generated polyclonal antisera and antibodies directed 

against either the N- or the C-terminus of MLK4 (Biogenes). The primary antibodies used for 

immunoblotting were: anti-Vinculin (Sigma-Aldrich),anti-GST, anti-P-MEK1/2 (Ser217/221), 

anti-MEK1/2, anti-P-ERK1/2 (Thr202/Tyr204), anti-ERK1/2, anti-P-SAPK/JNK 

(Thr183/Tyr185), anti-SAPK/JNK, anti-P-AKT (Ser473), anti-AKT, anti-P-EGFR (Y845), anti-

P-EGFR (Y1068) and anti-EGFR, (Cell Signaling), anti-E-cadherin (R&D). 

 

Cell culture 



A-549, 293T, SW48, NIH3T3 and LoVo were obtained in 2005 from American Type Culture 

Collection (ATCC; Manassas, VA) which performs routine cell line authentication testing by 

SNP and STR analysis. HCT116, Colo205 and DLD1 were obtained in 2005 from NCI60 cell 

line panel (Wellcome Trust Sanger Institute). DiFi were provided in 2005 by Prof. Baselga 

(Vall d’Hebron University Hospital, Barcelona). All the cell lines were tested by SNP and STR 

analysis (Cell IDTM System from Promega) to confirm their authenticity once yearly. 

A-549, Colo205 and HCT116 were cultured in RPMI-1640 medium (Invitrogen); 293T, SW48, 

NIH3T3 and DLD1 were grown in DMEM (Invitrogen); DiFi and LoVo were cultured in F12 

medium (Invitrogen). 

 

Transfection and transformation assays 

NIH3T3 fibroblasts were seeded at 2 x 105 cells in 100mm plate and grown for 24 h before 

transfection using high-efficiency liposome transfection method (Lipofectamine 2000 and Plus 

Reagent; Invitrogen). Each plate was transfected with 4 µg of the pCEV29.1 vector containing 

either no insert or a cDNA encoding for a MLK4 protein (wild-type or mutant). For co-

operation experiments, cells were transiently co-transfected with 0.1µg of RasV12 plasmid 

and 4µg of pCEV containing the different MLK4 wt and mutants. Foci were scored two weeks 

after transfection following fixation with glutharaldeyde 11% and Giemsa staining.  

 

 

Protein analysis 

Total cellular proteins were extracted by solubilizing the cells in boiling SDS buffer (50 

mMTris-HCl, pH 7.5, 150 mM NaCl, and 1% SDS). Western blot detection was done by 

enhanced chemiluminescence (GE Healthcare). For immunoprecipitation, cells were lysed at 



4°C with a buffer containing 20 mM Tris-HCl [pH 7.4], 150mM NaCl, 10% glycerol, and 1% 

Triton X-100 in the presence of protease and phosphatase inhibitors (1 mM Na3VO4, 100 mM 

NaF, 1 mM PMSF, 10 µg/ml leupeptin, 10 µg/ml aprotinin, and 1 µg/ml pepstatin). Extracts 

were incubated with primary antibody overnight at +4°C. 

 

Kinase assays 

Immunoprecipitated MLK4 (using anti-N end MLK4 Ab) was washed in kinase buffer (Hepes-

NaOH, pH 7.5 60mM, MgCl2 3 mM, MnCl23 mM, Na-orthovanadate3 uM, DTT 1.2 mM, 

PEG8000 100 ug/ml) and resuspended in 30 μl of kinase buffer. Kinase reaction was 

performed at RT adding 1μM cold ATP and 100 ng of Myelin Basic Protein (MBP) (Sigma 

Aldrich). Activity was assessed by ATP content using the CellTiter-Glo® Luminescent Assay 

(Promega). Luminescence was recorded using DTX880 Multimode Detector (Beckman 

Coulter, Milano). For the MEK kinase assay, 100 ng of recombinant MLK4 (Proqinase) were 

incubated with 1 ug of MEK1 K97M (Proqinase) or ERK2 K54R (Proqinase) in kinase buffer. 

Kinase reaction was performed at 22°C RT adding 1μM ultra-pure ATP (Promega). Activity 

was assessed by ATP content using the ADP-Glo® Luminescent Assay (Promega) and 

recorded using DTX880 Multimode Detector (Beckman Coulter, Milano).  

 

Suppression of gene expression by RNAi 

MLK4 expression was suppressed in tumor cells by lentiviral-mediated expression of shRNAs 

(Sigma) specifically targeting the MLK4 transcript. To rule out the variability of biological 

responses, we used four different shRNA directed against MLK4 sequence. All sequences 

were able to suppress MLK4 expression, albeit at variable levels, whilst the control Sh (CTRL) 



did not suppress expression. The two most efficient shRNAs among the different recipient cell 

lines, were then selected for subsequent experiments. 

 

Anchorage-independent growth assays 

Cells were diluted to a concentration of 500-1000 cells/ml in appropriate medium containing 

5% FBS, 0.5% Seaplaque agar. Cells were seeded in 24-well plates (1 ml/well) containing a 1 

% agar underlay and supplemented three times a week with corresponding medium. Colonies 

were scanned and scored two weeks after seeding. 

 

Proliferation assays 

Parental and knockout or knockdown cells were seeded in 200 µl of 5% FBS growth medium 

at appropriate density in 96-well plastic culture or ultra-low attachment plates. Plates were 

incubated at 37 °C in 5% CO2 for a total of 7 days. Cell viability was assessed every 24h by 

ATP content using the CellTiter-Glo Luminescent Assay (Promega). All luminescence 

measurements were recorded by the DTX 880-Multimode plate reader (Beckman–Coulter). 

 

Statistical analysis 

The two-sided Student’s t test was used to evaluate the statistical significance of the results. 

*p value ≤ 0.05, **p value ≤ 0.01 and ***p value ≤ 0.001 were considered significant. 

Statistical association between MLK4 mutations and metastatic status of CRC samples was 

evaluated by two-sided Fisher’s Exact test. 

 

 


