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PMS2 is one of several genes involved in DNA mismatch repair 
(MMR). Mismatch repair (MMR) status by immunohistochemistry and 
microsatellite instability (MSI) by molecular testing are essential in 
identifying candidates for immunotherapy and/or patients at risk for 
Lynch Syndrome. Molecular analysis of tumors that includes 
detection of frameshift and truncating mutations (anticipated loss 
of function, mLOF) in MMR genes can serve as a useful datapoint in 
characterizing such tumors. PMS2 mutation status is challenged by 
the fact that PMS2CL and at least 14 other pseudogenes share high 
homology with PMS2. In particular, regions of PMS2CL are nearly 
identical to exons 12-15 of PMS2. PMS2 and PMS2CL are known to 
undergo gene conversion events, further confounding 
disambiguation. This can lead to erroneous mapping and 
misattribution of deleterious alterations to PMS2. We analyzed how 
variants identified in PMS2 exons 12-15 have been evaluated in NGS 
testing at our institution to develop a unified reporting strategy.

Results

Conclusions

• Given the apparent high level allele frequencies in Gnomad for PMS2 c.2186_2187del, p.L729Qfs*6 
further investigation is warranted to understand whether this variant is being appropriately 
disambiguated by submitters.

• We are looking into employing masking strategies for other known pseudogenes such as PTENP1, a 
highly conserved pseudogene related to PTEN.

• We are exploring the use of more advanced computational methods 
to dynamically integrate published/known data to actively apply to our curation efforts, rather than 
reactively instituting pseudogene considerations on a case-by-case basis.
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Table 2: Gnomad allele populations for PMS2 variant 
(c.2186_2187del, p.L729Qfs*6), the primary variant assessed in this 
study are surprisingly high for a suspected autosomal dominant 
disease. The overall population frequency of Lynch Syndrome is 
0.05 – 0.27% (Abu-Ghazaleh et al).

Future directions

Retrospective PMS2 evaluation strategy & results

Table 1: PMS2 [NM_001322014.2] mLOF variants extracted from NGS data. All calls from the time we began 
evaluating PMS2 to present (1.5 years) were included. Data were filtered for only variants occurring in exons 12-
15 at variant allele frequencies (VAFs) ≥ 0.06. Of 12 samples with potential PMS2 mLOF mutations, 1 was from a 
patient with Lynch syndrome and corresponded to their known germline mutation (c.2155C>T, p.Q719*). 11 
harbored the same variant (c.2186_2187del, p.L729Qfs*6) ranging from 7 - 99% VAF.  This variant is a known 
PMS2CL polymorphism (Pan et al) that, due to high homology with PMS2, can lead to misattribution as a PMS2 
mLOF.  In 6 instances of PMS2 p.L729Qfs*6, the variant was interpreted as pseudogene interference and not 
annotated.  In 2 instances, the variant was reported as a variant of uncertain significance (VUS), and in 2 it was 
reported as likely pathogenic. Discordance with clinical, immunohistochemical, and/or MSI data indicates all 
pathogenic and VUS PMS2 p.L729Qfs*6 calls were likely PMS2CL events.

“Variants in exons 12-15 of PMS2 cannot be reliably 
disambiguated from regions of PMS2CL 
pseudogene with short read NGS; therefore, this 
region of PMS2 is not routinely evaluated by this 
assay. Data regarding potential variants in this 
region can provided up request and may require 
additional testing to confirm."

Standard PMS2 disclaimer

Figure 5: Language regarding PMS2 pseudogenes 
Added to the Methods and Assay Limitations sections of 
our NGS reports.

NGS data filter options

Figure 4:  NGS filter options include masking PMS2 exons 12-15. 
To ensure unified reporting of this complex region with potential 
germline implications, our NGS data review interface was 
altered to mask exons 12-15 of PMS2. This filter is "on" by default 
and can be removed at the discretion of the attending. 
Variants called in this region can be unmasked and assessed if 
clinically relevant but are otherwise not evaluated for somatic 
reporting.

Gnomad allele populations for PMS2 
variant c.2186_2187del/p.L729Qfs*6

Genetic Ancestry Allele 
count

Allele 
Number

Number of 
homozygotes

Allele 
Frequency

African/African 
American

2140 70328 45 0.03043

Middle Eastern 17 5996 0 0.002835

Admixed 
American

149 59586 0 0.002501

Remaining 116 61476 1 0.001887

Ashkenazi Jewish 7 29406 0 0.0002380

European (non-
Finnish)

125 1161618 1 0.0001076

South Asian 5 90234 0 0.0000554
1

East Asian 0 44396 0 0.000

European 
(Finnish)

0 63228 0 0.000

Amish 0 908 0 0.000

Possible solutions/Discussion

Allelic balance as method to flag 
potential pseudogene interference

Figure 3: Allelic balance graphs of a SNP in a gene with no known pseudogenes 
(FGFR2, top) versus a SNP in PMS2, a gene with known pseudogenes (PMS2, 
bottom). The graph on the top shows a normal distribution for the allelic balance 
as an example of a true SNP. The graph on the bottom is Left-skewed, as 
heterozygous calls are not actual germline events. Left skewing occurs in the 
setting of polyploidy and mosaicism. It can also be observed when somatic 
events are plotted as germline events and when pseudogene events are 
erroneously attributed to a gene with a functional protein product. Pairing allele 
balance data with NGS results can help flag potentially erroneous calls. Credit to 
Jeffrey Gagan MD PhD (email correspondence).

Possible solutions to reporting variants in PMS2

Figure 2: Three options for reporting PMS2 variants in somatic tumor testing. In Option 1, adapted from Gould et al, specimens with 
calls within PMS2 exons harboring high homology with pseudogenes are subjected to additional sequencing via an LR-PCR 
protocol. FFPE tissue is suboptimal for LR-PCR and a fresh specimen may need to be procured. In Option 2, all PMS2 variants are 
omitted independent of the exonic location of the call. In Option 3,  PMS2 exons 12-15 are masked. Clinical, 
immunohistochemical, and MSI PCR correlation can dictate unmasking and additional investigation, as needed.

Homology of PMS2 and PMS2CL

Figure 1: PMS2 and PMS2CL share a high degree of homology. PMS2 exons 12-15 are identical 
to regions of PMS2CL, challenging definitive disambiguation using short read NGS (Image 
source: Jansen et al).

Option 1 Option 2 Option 3

Methods

Our institution’s internal NGS database was used to identify all 
solid tumor NGS results with frameshift or truncating PMS2 variants 
over 1.5 years (n=1441). This data was filtered to only variants 
present within exons 12 to 15 (n=175), and to only those with a 
variant allele frequency (VAF) ≥ 0.06 (n=36). This value is below 
the validated  limit of detection of 10%. Poor quality variants (e.g. 
due to low depth or strand bias) were excluded. Each entry was 
evaluated for sequencing quality in Integrated Genome Viewer, 
resulting in a total of 12 samples with plausible mLOF.

Interpretation Tumor Ontology Variant ​ MMR IHC ​ Additional Info VAF Depth ​ Exon ​ Orthogonal 
Concordance

Likely Pathogenic COAD ​
c.2186_2187del 
(p.Leu729GlnfsTer6)

Intact​ MSI PCR Stable 0.230 ​ 337 ​ 13 ​ Discordant

Likely Pathogenic LUAD ​
c.2186_2187del 
(p.Leu729GlnfsTer6) ​ Not performed ​ N/A 0.203 ​ 978 ​ 13 ​ Discordant

VUS UCS​
c.2186_2187del 
(p.Leu729GlnfsTer6)

Intact​ N/A 0.260 ​ 1499 ​ 13 ​ Discordant

VUS COAD ​
c.2186_2187del 
(p.Leu729GlnfsTer6) ​ Intact​ MSI PCR Stable 0.996 ​ 367 ​ 13 ​ Discordant

Excluded COAD ​
c.2186_2187del 
(p.Leu729GlnfsTer6)

Intact​ MSI PCR Stable 0.349 ​ 126 ​ 13 ​ N/A

Excluded UCEC ​
c.2186_2187del 
(p.Leu729GlnfsTer6) ​ Loss of MLH1 /PMS2 ​

Positive​ for MLH1 
Hypermethylation

0.232 ​ 510 ​ 13 ​ N/A

Excluded LUAD ​
c.2186_2187del 
(p.Leu729GlnfsTer6)

Not performed ​ N/A 0.127 ​ 938 ​ 13 ​ N/A

Excluded COADREAD ​
c.2186_2187del 
(p.Leu729GlnfsTer6) ​ Intact​ MSI PCR Stable 0.234 ​ 1119 ​ 13 ​ N/A

Excluded ECHC ​
c.2186_2187del 
(p.Leu729GlnfsTer6)

Intact​ MSI PCR Stable 0.238 ​ 375 ​ 13 ​ N/A

Excluded UCEC ​
c.2186_2187del 
(p.Leu729GlnfsTer6) ​ Loss of MLH1 /PMS2 ​

Positive​ for MLH1 
Hypermethylation

0.130 ​ 1888 ​ 13 ​ N/A

Excluded CUP​
c.2186_2187del 
(p.Leu729GlnfsTer6)

Not performed ​ N/A 0.450 ​ 997 ​ 13 ​ N/A

Excluded USC ​
c.2155C>T 
(p.Gln719Ter) ​ Loss of PMS2 N/A 0.761 ​ 360 ​ 12 ​

Known Lynch 
Syndrome

AMP Abstract ID: 1874745

FGFR2 
c.109+10T>G
(no known 

pseudogenes)

PMS2
p.L729Qfs*6

(known 
pseudogenes)
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