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SUPPLEMENTARY FILE 

 

Supplementary Methods 

Study subjects: Kindreds with PMS2 c.2002A>G were identified through 

hereditary cancer clinics at hospitals affiliated to McGill University and the 

University of Manitoba. Probands were referred to medical genetics clinics by 

physicians. Signed informed consent was obtained from all study participants or 

their legal representatives. The local ethical committees of McGill University, the 

University of Manitoba and other collaborating centers approved this study. Bio-

specimens used in laboratory investigation consisted of patient derived biological 

material in the form of peripheral blood lymphocytes, colon or skin biopsies. 

Since not every type of material was available for every patient, the number of 

samples used in each experimental procedure was determined by availability. 

Additional information for PMS2 genotype-phenotype comparisons was retrieved 

from the Leiden Open Variation Database (http://www.lovd.nl/3.0/home) and 

Online Mendelian Inheritance in Man (http://omim.org/) and was further validated 

by reviewing relevant publications. 

DNA, RNA and cDNA preparation: DNA and RNA from peripheral blood 

lymphocytes were purified using the Gentra Puregene Blood Kit (Qiagen, Toronto, 

Canada) and PAXgene Blood RNA Kit IVD (Qiagen, Toronto, Canada), 

respectively, according to manufacturer protocols. DNA and RNA concentrations 

were quantified using a NanoDropÊ Spectrophotometer (Thermo Scientific, 

Ontario, Canada). cDNA synthesis was performed using the QuantiTect reverse 

http://www.lovd.nl/3.0/home
http://omim.org/
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transcription kit (Qiagen, Toronto, Canada) with 100 ng of total RNA as input 

template. cDNA was stored at -20°C for downstream applications.  

Mutation identification: Immunohistochemical staining of mismatch repair proteins 

MLH1, MSH2, MSH6 and PMS2 was done on formalin-fixed, paraffin-embedded 

tissues from affected individuals using standard protocols at treating hospitals. 

For the protein truncation test, cDNA fragments of the PMS2 transcript were 

amplified from lymphocyte RNA using reverse transcription and long-range PCR 

kits (Qiagen, Toronto, Canada), followed by in vitro translation using the TNT 

Quick Coupled Transcription / Translation System (Promega, Madison, United 

States) and 35S-methionine (Amersham Biosciences, Piscataway, United States). 

For cDNA sequencing, transcript derived from the functional PMS2 gene locus 

was amplified specifically with a forward primer located in exon 10. For gDNA 

sequencing, nested PCR was employed to avoid interference from pseudogenes. 

Briefly, the genomic region spanning exons 10, 11 and 12 was amplified using an 

Expand Long Template PCR System (Roche, Mississauga, Canada), the long-

range PCR product was then diluted to1:40, and 2 ɛl of the diluted product was 

used as a template for amplification with an internal set of primers. The mutation 

was identified by sequencing the final PCR products with a reverse primer 

derived from exon 12 using a 3730xl DNA Analyzer (Applied Biosystems, Foster 

City, United States). 

Prediction Algorithms used: The predicted effect of NM_000535.5:c.2002A>G on 

protein function was evaluated using Mutation Taster (http://mutation.taster.org/), 

PolyPhen-2 (Polymorphism Phenotyping V2, 

http://mutation.taster.org/
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http://genetics.bwh.harvard.edu/pph2/index.shtml) and PROVEAN (Protein 

Variation Effect Analyzer, http:/provean.jcvi.org/index.php).1-3 

Mutation age calculation: We genotyped 17 microsatellite markers spanning a 

region of 8.8 megabases around PMS2. We used methods previously described 

in Hamel et al.4 to perform the genotyping and to estimate the age of the 

PMS2:c.2002A>G mutation. 

Polony Assay: Polony assay relies on solid phase PCR performed with template 

molecules separated and immobilized in a thin film of acrylamide gel. Each 

individual template molecule is then amplified, forming a homogenous molecule 

colony. Polonies are visualized by probe hybridization and single base extension 

(SBE) using fluorescein labelled dideoxynucleotides. The primer set for the solid 

phase PCR producing the 960 bp product was designed to unbiasedly amplify 

both the functional PMS2 and pseudo PMS2CL loci (Figure 2A). The resulting 

polonies were identified by two rounds of probe hybridization coupled with SBE: 

one round was designed for differentiating the real/pseudo PMS2 transcripts and 

the other for detecting the intact/aberrant exon 11-12 junctions (probe/primer 

sequences are listed in Table S2). The probes were positioned immediately 

before a variant distinguishing each pair of transcripts so each transcript (cDNA) 

polony was colored with the fluorescein of the specific dideoxynucleotides added 

to the pre-hybridized probe by complementary base-pairing during SBE. 

Molecule-specific PCR: Locus specificity was achieved by placing the forward 

primer in exon 10, which is unique to the functional PMS2 gene. Each transcript 

population was targeted by setting a specific nucleotide at the 3ô end of the 

http://genetics.bwh.harvard.edu/pph2/index.shtml
http://provean.jcvi.org/index.php
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reverse primer, complementary to either the intact or the aberrant exon 11-12 

junction (Figures 2A and S4A). We performed molecule-specific PCR using the 

same cDNA template from the Polony assay and used a touch-down protocol.5 

The PCR products were then visualized by fragment analysis, which validated 

the expression of both the aberrant and intact exon 11-12 junctions from the 

mutant allele (Figure 2C). 

Western blot and immunoprecipitation: Pierce IP Lysis Buffer (Thermal Scientific, 

Rockford, United States) was used for protein extraction and immunoprecipitation. 

Protease inhibitors (Roche, Laval, Canada) were added prior to harvesting the 

cells. Total cell lysates were obtained from 4 x 107 and 4 x 108 LCLs for protein 

analysis by direct western blot and immunoprecipitation of the MLH1-PMS2 

complex, respectively. Primary antibody incubation for western blot analysis was 

done at a 1:200 dilution for MLH1 (BD Biosciences, Mississauga, Canada, 

material # 550838) and 1:500 for PMS2 (BD Biosciences, Mississauga, Canada, 

material # 556415). The secondary antibody was horseradish peroxidase-

conjugated goat anti-mouse (Sigma Aldrich, Oakville, Canada) at a dilution of 

1:20,000. For each immunoprecipitation experiment, 2 ɛg MLH1 antibody (same 

as above), 30 ɛl protein A sepharose beads slurry (GE Healthcare, 

Buckinghamshire, United Kingdom) and 1 mg cell lysate were incubated in a total 

volume of 1 ml in IP lysis buffer. Protein electrophoresis and western blot were 

performed by following the protocols for the Mini-PROTEAN® system (Biorad, 

Mississauga, Canada) using a 7.5% acrylamide gel. The detection system used 

was the Super Signal West Femto kit (Thermo Scientific, Rockford, United States) 
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and Amersham HyperfilmTm ECL (GE Healthcare, Buckinghamshire, United 

Kingdom). The MLH1-PMS2 complex was collected from the lymphoblastoid 

lysate via immunoprecipitation with a primary antibody against MLH1. The 

protein complex was then detected by the inclusion of two monocloncal 

antibodies (anti-MLH1 at 1:500 dilution and anti-PMS2 at 1:200 dilution) during 

the primary incubation of western blot. 

Microsatellite Instability (MSI) Assay: A highly sensitive method is required to 

detect the rare variant alleles in normal tissues where MSI occurs as somatic 

events, a scenario quite different from detecting MSI in tumours where 

assessment is based upon the comparison between normal and cancer tissues.6 

Tetranucleotide microsatellite markers have been proven to have optimal 

sensitivity for DNA repair deficiency in the cellular context of PMS2 null 

compared to mononucleotide or dinucleotide markers.7 After pilot experiments 

with several markers, we chose D17S1307, a tetranucleotide marker located in 

the first intron of the Neurofibromatosis 1 (NF1) gene, to pursue quantitative MSI. 
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Figure S1. c.2002A>G is a coding mutation that interferes with RNA splicing. 

A. Representative images of immunohistochemical staining of mismatch repair 

proteins in the colorectal cancer from individual III-2 from Table S1, 400X 

magnification. Images show normal colon crypts (right) and invasive 

adenocarcinoma arising in the colon (left). Protein expression is identified as dark 

brown staining of the tumor cell nuclei. Counterstain of the nuclei with 

haematoxylin is blue. Note the complete absence of staining of both normal and 

tumour cells for PMS2. 

B. Electropherograms of Sanger sequencing with gDNA and cDNA from 

peripheral lymphocytes. Intronic sequences in gDNA are shown in small capital 

letters. "//" denotes the junction between exons 11 and 12 in cDNA. 

C. c.2002A>G is located at the boundary of exon 11 and intron 11, causing the 

substitution of Isoleucine to Valine (reference sequence NM_000535.5).  Sanger 

sequencing with cDNA from homozygotes detected a five base-pair deletion, 

GTAAG, at the exon 11-12 junction of PMS2.  The aberrant transcript results 

from RNA splicing at the de novo 5' ss generated by the "G" mutant allele. 



Li et al PMS2 founder mutation with attenuated phenotype ï Supplement  

7 

 

Figure S1  
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Figure S2. c.2002G>A is a founder mutation in the Inuit population. 

A. Geographical distribution of the c.2002A>G mutation. Communities with 

cancer patients homozygous for this mutation are marked with a red star. In total, 

eight communities were found to harbor this mutation, all located around Hudson 

Bay. No homo- or heterozygote individual was identified in a tested series of non-

Nunavik residents (n = 6938), comprising 6435 newborns from Quebec City, 500 

unselected individuals from the communities in Inuvialuit (including McKenzie 

inlets) and three colon cancer patients from Greenland (data not shown).  

B. Shared chromosomal fragment in all c.2002A>G carriers. Genotyping of 17 

short tandem repeat markers was done for 5 families where DNA was available 

for both heterozygous and homozygous members of the family. Numbers 

represent alleles. Each column of numbers represents one haplotype observed in 

that family. When two numbers are listed (e.g. 4/1), it indicates inconclusive 

status for which allele is linked to the mutation, so both alleles remain 

possibilities. X means no genotype information was available for this locus. 

Alleles in red are located within the PMS2 gene region. The minimum conserved 

region is identified to be Ḑ581 kilobases and is highlighted using a transparent 

box. The maximum conserved region is 1.8 megabases (alleles in bold face). 

The age of the mutation was estimated to be approximately 46 generations (95% 

CI, 24-80 generations). Assuming a generation time of 18 years for this 

population, we estimate the mutation first appeared late in the 11th century, 

Common Era. 
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Figure S2  
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Figure S3. The age of cancer onset in CMMRD patients inversely correlates 

with PMS2 expression status 

Group I consists of 43 patients carrying bi-allelic PMS2 truncating mutations. 

Group II consists of 16 patients carrying bi-allelic PMS2 mutations with laboratory 

evidence of residual gene expression. Patients are of various ethnic backgrounds.  

The X-axis indicates age and the Y-axis lists the PMS2 genotypes of each 

individual. The age at diagnosis of primary (red), secondary (orange) and 

additional cancers (dark yellow) for each individual is plotted along the X-axis, 

with multiple cancers in the same person being connected by lines. Darkness 

indicates death. The difference in age at primary cancer onset between group I 

(median = 8, range = 1ï16 years) and Group II (median = 20, range = 3ï38 

years) was statistically significant according to a Mann-Whitney test: U = 591.5, 

N1 = 43, N2 = 16, two-tailed P = 2.4 x 10-5. The observation that the age for 

primary cancer onset in Group II is significantly delayed compared to Group I, 

supports that residual PMS2 expression (shown in Group II homozygotes) 

contributes to genome-guarding function thus delays disease onset.  
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Figure S3  
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Figure S4. Molecule-specific PCR of the exon 11-12 junction of PMS2 

A. Graphical representation of the molecule-specific PCR designed to 

differentiate the intact (wild type) and aberrant exon 11-12 junction. A common 

forward primer is placed in exon 10 to ensure PMS2-specific amplification; the 

reverse primer is located at the exon junction, with the 3ô nucleotide priming for 

either the intact (W for wild type) or the aberrant (M for mutant) transcript-

population. W: 1016 bp amplicon with an intact exon 11-12 junction. M: 1011 bp 

amplicon with the aberrant exon 11-12 junction of a five-bp deletion. The PCR 

products are resolved in an agarose gel after 34 cycles of amplification for M and 

48 cycles for W.  

B. Validation of the specificity of molecule-specific PCR using cells homozygous 

for different PMS2 genotypes. R802X: c.2404C>T, is a truncating mutation 

located at exon 14, only W junction is present in the cDNA. p.N412DfsX6 

contains a deletion of exons 11-14, both W and M junctions are absent from the 

cDNA. These controls demonstrate that the junction anchored, molecule-specific 

PCR is highly specific. c.2002A>G, the mutation reported in this study, is a 

missense mutation interfering with RNA splicing, both W and M junctions are 

present in the cDNA. 

C. W-PCR was performed with RNA from subjects homozygous for c.2002A>G 

and affected by cancer in their twenties. Lanes 1ï4: PCR product with the RNA 

of lymphocytes from four patients. Lanes 5ï6:  PCR product with the RNA of 

primary fibroblasts derived from two patients. Lane 7: PCR product with the RNA 

of colon biopsy from the same patient as lane 4.  
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Figure S4 
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Figure S5. Detection of low level PMS2 by Western Blot Analysis 

Full-length PMS2 protein is detected in the total lysate from lymphocytes and 

fibroblasts. HET: cell line established from a c.2002A>G heterozygote. HOM: cell 

line derived from a c.2002A>G homozygotes. The cell lines are derived from two 

female patients with cancer diagnosed at the age of 21 and 26 years old, 

respectively. CT: cell line from a healthy individual as a control of PMS2 wild type. 

TFIIH: Transcription factor II Human. Actin and TFIIH serve as loading controls. 

  


