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Whole-genome sequencing can uncover clinically significant noncoding variants missed by standard germline 

testing, as demonstrated in this report in a patient with Muir—Torre syndrome, a subtype of Lynch syndrome. In 

this case, despite a convincing clinical phenotype and immunohistochemical loss of MSH2/MSH6 in 1 of the 

patient’s tumors, conventional gene panel testing failed to detect a germline pathogenic variant. Whole- 

genome sequencing identified a deep intronic MSH2 variant, and tumor sequencing revealed somatic MSH2 

mutations (second hits) across multiple tumors, confirming mismatch repair deficiency and establishing a Muir- 

Torre syndrome diagnosis. This report underscores the limitations of routine genetic testing and highlights the 

clinical utility of whole-genome sequencing in identifying pathogenic variants in noncoding regions. It also 

emphasizes the role of dermatologists in recognizing cutaneous markers of hereditary cancer syndromes and 

the importance of interdisciplinary evaluation in guiding both patient care and familial risk assessment.
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INTRODUCTION

Muir—Torre syndrome (MTS) is a rare autosomal dominant 

disorder considered a phenotypic variant of Lynch syndrome 

(LS) (John and Schwartz, 2016). In addition to a predisposi

tion to internal malignancies associated with LS, such as 

colorectal and endometrial cancers, individuals with MTS 

develop characteristic sebaceous skin tumors, including 

sebaceous adenomas, epitheliomas, and carcinomas (Trehan 

et al, 2024).

MTS is caused by germline pathogenic variants (GPVs) in 

the mismatch repair (MMR) genes—MLH1, MSH2, MSH6, 

and PMS2—as well as EPCAM, with MSH2 GPVs being the 

most prevalent (Le et al, 2017). It accounts for an estimated 

10% of all LS cases (South et al, 2008). Germline disruption 

of an MMR gene, followed by second somatic hits in tumor 

tissues, results in MMR deficiency, which leads to a high 

mutation rate and tumorigenesis (John and Schwartz, 2016).

Clinical genetic testing is prompted in suspected cases on 

the basis of factors such as age at cancer onset, number of 

sebaceous neoplasms, and personal or family history of LS- 

associated cancers (Roberts et al, 2014). Testing starts with 

immunohistochemistry (IHC) for MMR proteins in tumor tis

sue. If IHC shows loss of protein expression, germline testing 

is performed using targeted sequencing panels of the MMR 

genes and EPCAM (Gay et al, 2023; Roberts et al, 2014).

However, in some patients, clinical and pathological fea

tures are strongly suggestive of MTS, yet routine germline 

testing fails to identify a GPV. In such cases, the causal variant 

may lie outside the regions typically interrogated by standard 

sequencing approaches.

In this report, we present a case of MTS in which clinical 

presentation and tumor IHC strongly indicated MMR deficiency, 

but standard germline testing was uninformative. Whole- 

genome sequencing (WGS) ultimately identified a deep 

intronic pathogenic variant in MSH2, underscoring the diag

nostic value of comprehensive genetic analysis in dermatology.

CASE PRESENTATION

The patient, a female aged 66 years, was first diagnosed with 

colon adenocarcinoma at age 43 years. Between the ages of 

58 and 64 years, she developed multiple cutaneous seba

ceous neoplasms, including sebaceous adenomas, sebaceous 

epithelioma, and sebaceous carcinoma, as well as basal cell 

carcinomas (BCCs) and squamous cell carcinoma (SCC). 

Most recently, at age 66 years, she presented with small 

bowel adenocarcinoma.

Family history includes 9 siblings with benign colonic 

neoplasia, including 1 sibling who reported 39 colorectal 

polyps. According to the proband, the affected family 

members had colorectal polyps and not colorectal cancer. 
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We acknowledge that this reported cancer history is not 

consistent with LS, but without pathology reports or genetic 

testing, it is difficult to assess its significance.

The combination of sebaceous tumors and LS-associated in

ternal malignancies raised strong clinical suspicion for MTS, 

prompting germline genetic testing. Germline sequencing was 

Figure 1. Aberrant splicing of MSH2 due to c.2459-954A>G causes pseudoexon inclusion and loss of protein expression in tumor tissue. (a) Histology and 

immunohistochemistry for MSH2, MSH6, and MLH1 proteins of the proband’s tumors. The neoplastic cells in all tumors show loss of nuclear staining for MSH2 

and MSH6, whereas the non-neoplastic stromal and inflammatory cells demonstrate retained nuclear staining (serving as internal controls). In contrast, the 

neoplastic cells in all tumors retain nuclear staining for MLH1. Brown nuclear staining was interpreted as positive protein expression, whereas absence of brown 

staining (blue only) indicated loss of expression. Normal adjacent tissue was used as a control. Of note, the BCC showed no evidence of sebaceous 

differentiation (Tsalis et al, 2006). The bars shown in the figure represents 200 μm. Ages at diagnosis are shown in parentheses in 5-year ranges. (b) Schematic 

representation of the pseudoexon formation and subsequent premature truncation (red dotted line) caused by the deep intronic MSH2 variant (on the basis of Te 

Paske et al [2022]). (c) Sanger sequencing chromatogram confirming the presence of the MSH2 intronic variant in the tumors. Shown is a representative 

chromatogram from the sebaceous epithelioma. BCC, basal cell carcinoma. 
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performed using a 84-gene panel, which identified a variant of 

uncertain significance in MSH3 (NM_002439.5:c.2075A>G, 

p.[Gln692Arg]) but no GPV in the main MMR genes. However, 

IHC analysis of 1 sebaceous adenoma demonstrated complete 

loss of MSH2 and MSH6 expression, indicating MMR deficiency 

and supporting the likelihood of biallelic inactivation of MSH2. 

Because MSH2 and MSH6 form a heterodimer involved in 

mismatch recognition, loss of MSH2 leads to the destabilization 

of MSH6 and consequent concurrent loss of both proteins, a 

pattern that is consistent with MSH2 dysfunction (Chen and 

Frankel, 2019). The discordance between the patient’s pheno

type, IHC results, and genetic findings warranted further 

investigation.

RESULTS

IHC analysis was performed on all available tumor speci

mens—colon adenocarcinoma, sebaceous adenoma, 

sebaceous epithelioma, sebaceous carcinoma, BCC, and 

SCC—which consistently showed loss of MSH2 and MSH6 

expression (Figure 1a). This uniform MMR deficiency across 

multiple tumors reinforced the suspicion of an underlying 

germline MMR defect.

With informed patient consent, WGS was then performed 

on peripheral blood—derived DNA. This comprehensive 

genomic assessment identified a deep intronic germline 

variant in MSH2 (NM_000251.3:c.2459-954A>G, 

p.[Gly820Glufs*44]). This variant is classified as pathogenic 

or likely pathogenic (ClinVar ID:1475009) and has been 

previously reported by Te Paske et al (2022) in multiple 

affected family members. The variant creates a pseudoexon 

between exons 14 and 15, leading to the introduction of a 

premature termination codon (Te Paske et al, 2022) 

(Figure 1b).

Germline variant validation and second-hit analysis were 

subsequently performed. Sanger sequencing confirmed the 

presence of the intronic MSH2 variant in the patient’s blood 

DNA and in all 7 tumors (Figure 1c). Targeted panel 

sequencing of the tumors revealed somatic MSH2 pathogenic 

mutations in 6 of the 7 tumors analyzed (Table 1), confirming 

the MTS diagnosis. The absence of a second hit in the seventh 

tumor may reflect an intronic variant not detected by panel 

sequencing.

DISCUSSION

This case highlights the limitations inherent in routine clinical 

genetic testing methods, particularly in detecting deep 

intronic variants. Although standard germline panel testing 

focuses on coding regions of known cancer susceptibility 

genes, it may fail to identify pathogenic variants outside these 

regions. In contrast, WGS offers a comprehensive genomic 

assessment capable of detecting deep intronic, regulatory, 

and structural variants missed by conventional methods 

(Horti-Oravecz et al, 2025). For example, previous WGS 

studies have identified GPVs in 18.8% and 21.4% of cases, 

respectively, that were previously undetected by targeted 

panel and Sanger sequencing (Pope et al, 2021; Te Paske 

et al, 2022).

While no GPV was identified through panel testing in the 

patient described in this report, WGS revealed a known likely 

pathogenic deep intronic variant in MSH2. Across multiple 

tumors, skin and visceral lesions, IHC consistently demon

strated loss of MSH2 and MSH6, and somatic second-hit 

mutations in MSH2 were identified, confirming biallelic 

MSH2 inactivation, MMR deficiency, and establishing the 

diagnosis of MTS.

Although sebaceous tumors are the hallmark cutaneous 

manifestation of MTS, other skin malignancies, including 

SCC and BCC, have also been reported in association with 

LS/MTS (Grob et al, 2016). In a limited number of cases, 

SCCs and BCCs in patients with confirmed germline MMR 

GPVs have shown loss of MMR protein expression (Adan 

et al, 2019; Amjad et al, 2014; Grob et al, 2016; Kientz 

et al, 2017; Sorscher, 2015). In 1 reported SCC, the patient 

carried a germline MLH1 deletion, and tumor sequencing 

identified a somatic second hit in MLH1 (Khaddour et al, 

2020). However, second-hit mutations in MSH2 in MTS- 

related SCCs/BCCs have not been reported previously but 

would be expected on the basis of IHC results (Adan et al, 

2019; Amjad et al, 2014; Kientz et al, 2017). The consis

tent MMR deficiency and somatic MSH2 alteration observed 

Table 1. Summary of Sequencing Results (WGS and Panel) 

Tumor samples IHC Germline (WGS) Somatic (Panel Data)

Colon adenocarcinoma Loss of MSH2/6 MSH2: NM_000251.3: c.2459- 

954A>G, p.(Gly820Glufs*44) 

(71.4% in blood)

MSH2: NM_000251.3:c.2377C>T, p.(Gln793*) (20.1%) 

APC: NM_000038.6:c.694C>T, p.(Arg232*) (19.2%) 

APC: NM_000038.6:c.4666dupA, p.(Thr1556Asnfs*3) 

(22.6%)

Sebaceous adenoma, upper back Loss of MSH2/6 MSH2: NM_000251.3: c.1861C>T, p.(Arg621*) (20.5%)

Basal cell carcinoma, left alar rim (nose) Loss of MSH2/6 MSH2: NM_000251.3: c.1277-1_1277delGGinsAA 

(22.8%)

Squamous cell carcinoma, right alar rim 

(nose)

Loss of MSH2/6 No MSH2 variant in coding region 

MUTYH: NM_001048174.2:c.214G>A, p.(Val72Met) 

(32.2%)

Sebaceous epithelioma, left arm Loss of MSH2/6 MSH2 deletion encompassing exons 9 and 10

Sebaceous carcinoma, back Loss of MSH2/6 MSH2: NM_000251.3: c.2524G>T, p.(Glu842*) (34.1%) 

MSH6: NM_000179.3:c.3261dupC, p.(Phe1088Leufs*5) 

(28.0%)

Small bowel adenocarcinoma N/A MSH2: NM_000251.3: c.1705_1705delGA, 

p.(Glu569Ilefs*2) (25.1%)

Abbreviations: IHC, immunohistochemistry; N/A, not available; WGS, whole-genome sequencing.
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in the BCC in our patient provide additional molecular evi

dence that this tumor type falls within the clinical spectrum 

of MTS.

The identification of a deep intronic MSH2 GPV provided 

definitive confirmation of a MTS diagnosis, directly informing 

patient care, clinical management, and surveillance strate

gies. Beyond the individual diagnosis, recognizing MTS has 

significant implications for family members because the 

autosomal dominant inheritance pattern means that first- 

degree relatives may also carry the variant. However, given 

the absence of LS-associated cancers among her siblings and 

the lack of genetic testing in family members, the proband’s 

pathogenic variant remains a possible de novo variant. This 

underscores the importance of genetic counseling and 

cascade genetic testing for family members, which are 

essential not only to clarify whether the variant arose de novo 

but also to enable early identification and proactive man

agement of at-risk relatives (Syngal et al, 2015).

This case demonstrates how WGS can uncover a deep 

intronic MSH2 GPV in a patient with MTS when standard 

panel testing is negative. It highlights the essential role of 

dermatologists in recognizing sebaceous neoplasms as 

sentinel lesions for LS/MTS and emphasizes the importance 

of comprehensive genomic analysis when clinical suspicion 

is strong, but standard testing is inconclusive. Implementing 

such advanced diagnostic approaches can significantly 

improve outcomes for patients and inform risk assessment 

and management for their families.

MATERIALS AND METHODS

Patient samples

A blood sample and formalin-fixed, paraffin-embedded tumor 

blocks for the patient’s colon adenocarcinoma, sebaceous adenoma, 

BCC, SCC, sebaceous epithelioma, sebaceous carcinoma, and small 

bowel adenocarcinoma were collected. All tumors except the small 

bowel adenocarcinoma were available for both IHC and DNA 

extraction for sequencing. The small bowel tumor block was 

returned to the referring hospital before IHC could be performed; 

however, DNA was successfully extracted and used for sequencing 

analysis.

Immunohistochemical staining

The patient’s tumors were stained by IHC using the following ready- 

to-use antibodies from Dako Agilent (Agilent Technologies, Santa 

Clara, CA) on the Dako Omnis platform: MLH1 (clone ES05, mouse 

monoclonal, incubation time of 25 minutes), MSH2 (clone FE11, 

mouse monoclonal, incubation time of 20 minutes), MSH6 (clone 

EP49, mouse monoclonal, incubation time of 25 minutes), and 

PMS2 (clone EP51, mouse monoclonal, incubation time of 30 mi

nutes). Brown nuclear staining was interpreted as positive protein 

expression, whereas absence of brown staining (blue only) indicated 

loss of expression. Normal adjacent tissue was used as a control.

DNA extraction

Blood DNA was extracted using the Gentra PureGene Blood Kit 

(Qiagen, Hilden, Germany), and the formalin-fixed, paraffin- 

embedded tumors were extracted using the QIAmp DNA FFPE Tis

sue Kit (Qiagen), according to the manufacturer’s instructions.

WGS

WGS was performed on the blood sample using the NovaSeq plat

form (Illumina, San Diego, CA), generating 150 bp paired-end reads. 

The sequencing yielded an average alignment coverage of 32.4×

across the human genome. Primary data processing, including base 

calling, demultiplexing, and quality control, was conducted using 

Illumina’s DRAGEN pipeline (Illumina). Reads were aligned to the 

human reference genome (GRCh38/hg38), and duplicate reads were 

marked. Variant calling for single nucleotide variants and small in

sertions/deletions was performed following GATK best practices.

Secondary analysis and variant interpretation were carried out 

using Illumina Connected Insights — Germline (Illumina). Variants 

were annotated, filtered, and prioritized on the basis of pathoge

nicity, population frequency, inheritance patterns, and clinical 

relevance.

Panel sequencing

DNA from the proband’s blood and tumors were enriched for tar

geted regions using a hybrid capture-based protocol and sequenced 

on an Illumina MiSeq (Illumina). The following transcripts were used 

in the analysis: APC (NM_00038.4), MUTYH (NM_001128425.1), 

MLH1 (NM_000249.3), MSH2 (NM_000251.2), MSH6 

(NM_000179.2), PMS2 (NM_000535.5), and EPCAM 

(NM_002354.2). Variants were analyzed using NextGENe v2.4.2.3 

(Soft Genetics, LLC, State College, PA) with alignment performed 

against the hg19 reference genome. Variants were annotated and 

subsequently filtered on the basis of the following criteria: (i) ≥3 

reads supporting the variant, (ii) ≥6× coverage at the genomic locus, 

(iii) variant allele frequency ≥5%, (iv) population allele frequency 

≤1% across multiple databases (1000 Genomes, ExAC, ESP6500), 

(v) variants located within coding or splice-site regions (missense, 

nonsense, no-stop, and insertions/deletions), and (vi) passing strand 

bias filters (strand balance ratio >0.10 and frequency ≤80%). Syn

onymous and variants outside target regions were excluded.

Sanger sequencing

The MSH2 GPV was validated in the patient’s tumors and blood 

DNA by Sanger sequencing using the following primer set: forward 

5′ GGAACTTTTAGTAGATCTGGCAGC 3′ and reverse 5′ ACAGCTG 

TTTTTGCCACAAT 3′.
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