Genetics and Molecular Biology
https://doi.org/10.1590/1678-4685-GMB-2020-0100

Supplementary Material to “First description of ultramutated endometrial
cancer caused by germline loss-of-function and somatic exonuclease domain

mutations in POLE gene”

Mat Met S1 - Detailed Material and Methods

Immunohistochemistry (IHC)

IHC staining of MLH1, MSH2, MSH6, PMS2, CD3, CD4, and CDS8 was performed on 4 um
sections of formalin-fixed and paraffin-embedded (FFPE) tumoral tissue according to standard
procedure. The primary antibodies were anti-MLH1 (dilution 1:100; clone 6168-728; BioSB, Santa
Barbara, CA), anti-MSH2 (dilution 1:250; clone 25D12; Leica Biosystems, Buffalo Grove, IL), anti-
MSH6 (dilution 1:75; clone 6TBP H-141; Santa Cruz Biotechnology, Santa Cruz, CA), anti-PMS2
(dilution 1: 25; clone MORA46; Leica Biosystems, Buffalo Grove, IL), anti-CD3(dilution 1:200; clone
PS1; Neomarkers, Fremont, CA), anti-CD4 (dilution 1:50; clone 4F12; Dako, Santa Clara, CA), and
anti-CD8 (dilution 1:200; Novocastra, Buffalo Grove, IL). The analysis was performed by two
independent pathologists (FC and ARS). For MMR protein evaluation, adjacent normal endometrium
or lymphocytes in the slides were used as an internal positive control and loss of MMR protein
expression was defined as the complete absence of nuclear staining in all tumor cells. For evaluation of
tumor-associated lymphocytes, the mean number of CD3+, CD4+, and CD8+ of intraepithelial T
lymphocytes, i.e., T lymphocytes located within the tumor epithelium, rather than in the peritumoral
stroma, was calculated from photomicrographs (40X objective) of 10 high-power fields (HPFs).
Peritumoral T lymphocytes (T lymphocytes in the stroma immediately adjacent to the tumor epithelium)
were scored using a semiquantitative method (none (0), mild (1+), moderate (2+), marked (3+)) as

described by Howitt et al. (2015).
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Microsatellite instability (MSI)

The pathologists (A.R.S., F.C., and M.O.B.) manually inspected the H&E slides in order to
delimitate tumor and non-tumor areas from each case. Non-neoplastic adjacent uterine areas were used
as normal tissue source. Genomic DNA from tumor and normal tissues were extracted from FFPE
sections using the Maxwell Rapid Sample Concentrator System (Promega, Madison — WI). MSI status
was performed using multiplexed polymerase chain reaction (PCR) for genotyping the monomorphic
repetitive markers: BAT26, BAT25, NR21, NR24, and NR27. Primer sequences and PCR conditions
were described elsewhere (Buhard ef al., 2004). Amplicon detection and analysis were performed using
an ABI Prism 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA) and GeneMarker v.1.85
(SoftGenetics, State College, PA), respectively. A diagnosis of MSI-high (MSI-H) was considered
positive when two or more markers showed an altered pattern; MSI-low (MSI-L) when one marker was

altered and microsatellite stable (MSS) when none of the markers showed alteration.

Targeted sequencing

For germline analysis, peripheral blood was extracted using QIAamp DNA Mini Kit (Qiagen,
Germantown, MD) following manufacturer's instructions and library preparation was performed using
the SureSelectQXT Kit (Agilent Technologies, Santa Clara, CA). For somatic analysis, genomic DNA
was extracted from a representative tumor area (at least 70% of tumor cells) from FFPE slides, and the
library was prepared using the SureSelectXT Kit (Agilent Technologies). For both germline and somatic
mutation analysis, the coding, canonical splice sites, and both 5’ and 3’ untranslated regions (UTRs) of
63 genes (Supplementary Table S1), including Lynch syndrome-associated genes and POLE, were
sequenced on an Illumina NextSeq 500/550 system (Illumina, San Diego, CA) on a 2 x 150 bp paired-
end mode.
Bioinformatics Analysis

The raw FASTQ files were aligned to the human reference genome GRCh37 with BWA (Li and
Durbin, 2010), sorted with Samtools (Li et al., 2009) and the resulted BAM files were further processed

with GATK v. 4.0.10.1 (McKenna et al., 2010) to remove duplicated read pairs and recalibrate read


https://doi.org/10.1590/1678-4685-GMB-2020-0100

Genetics and Molecular Biology
https://doi.org/10.1590/1678-4685-GMB-2020-0100

quality scores according to the GATK Best Practises protocol (Van der Auwera et al., 2013). The
germline variants were identified using HaplotypeCaller in the BAM file generated from the blood DNA
sample reads and then annotated using ANNOV AR software (Wang et al., 2010). Somatic variants were
called on the matching tumour — blood DNA samples with Mutect2 algorithm (Cibulskis et al., 2013).
After the annotation of somatic variants with Oncotator (Ramos et al., 2015) we left only variants with
“PASS” flag and Variant Allele Frequency (VAF) higher than 5% to reduce the number of false-positive
variants abundant in FFPE samples (Prentice et al., 2018). The final set of somatic variants was
additionally annotated using OncoKB (Chakravarty et al., 2017) database to identify known cancer-
driving events in the studied tumor. Copy-number alterations (CNV) in the tumor were assessed using
FACETS software (Shen ef al., 2017). VisCap was use for germline CNV investigation (Pugh ef al.,
2016).

Mutational signature analysis and Cosine similarity calculation were performed in R package
Mutational Patterns (Blokzijl ef al., 2018) using database of the known mutational signatures in human
cancers from Alexandrov et al. (2013).

To calculate the strand bias asymmetry between the leading and lagging strands, we used a map
of replication fork direction generated based on the Okazaki fragments sequencing and subsequent
model segmentation from Petryk et al. (2016). The probability of replication fork direction in each 1 kb
window was averaged between the HeLa and GM06990 cell lines, and only regions consistent between
them were left for the analysis.

To compare mutation rate and tumor mutational burden (TMB) between the studied tumor and
endometrial cancers with heterozygous POLE-exo* mutations we downloaded VCF files containing
preexisting somatic mutation calls from 25 exomes of endometrial carcinomas from ICGC portal
(https://dcc.icgc.org) with POLE-exo* heterozygous somatic mutations, POLD[-exo wild type, and
absence of MSI (Zhang et al. 2011). We analyzed the same genomic regions in both the targeted

sequencing and the WES data to compare mutational load between our EC case and ICGC data.

Sanger sequencing


https://doi.org/10.1590/1678-4685-GMB-2020-0100

Genetics and Molecular Biology
https://doi.org/10.1590/1678-4685-GMB-2020-0100

For orthogonal validation, POLE variants were confirmed by Sanger sequencing performed on
a 3500x1 sequencer using the BigDye 3.1 sequencing kit (Applied Biosystems, Carlsbad, CA, USA).

Primer sequences used were reported previously (Yoshida et al., 2011).
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