
Histology of colorectal adenocarcinoma with double somatic 
mismatch-repair mutations is indistinguishable from those 
caused by Lynch syndrome

Jessica A. Hemminger, MDa, Rachel Pearlman, MS LGCb, Sigurdis Haraldsdottir, MD PhDc, 
Deborah Knight, MSa, Jon Gunnlaugur Jonasson, MDd, Colin C. Pritchard, MD, PhDe, 
Heather Hampel, MS LGCb, and Wendy L. Frankel, MDa,*

aDepartment of Pathology, The Ohio State University Wexner Medical Center, Columbus, OH 
43210, USA bDepartment of Internal Medicine, Division of Human Genetics, The Ohio State 
University Wexner Medical Center, Columbus, OH 43210, USA cDepartment of Medicine/
Oncology, Stanford University Medical Center, Stanford, CA 93405, USA dLandspitali University 
Hospital, Reykjavik 101, Iceland eDepartment of Laboratory Medicine, University of Washington, 
Seattle, WA 98195, USA

Summary

Lynch syndrome (LS) is the most common form of hereditary colon cancer. Germline mutations in 

the mismatch-repair (MMR) genes MLH1, MSH2 (EPCAM), MSH6, and PMS2, followed by a 

second hit to the remaining allele, lead to cancer development. Universal tumor screening for LS is 

routinely performed on colon cancer, and screening has identified patients with unexplained MMR 

deficiency that lack MLH1 methylation and a germline mutation. Tumor sequencing has since 

identified double somatic (DS) mutations in the MMR gene corresponding with the absent protein 

in 69% of these patients. We assessed whether histomorphology could distinguish patients with 

DS mutations from those with LS. Colorectal cancer patients with DS mutations were identified 

from population-based cohorts from Iceland (2000–2009); Columbus, Ohio (1999–2005); and the 

state of Ohio (2013–2016). Next-generation sequencing was performed on tumors with 

unexplained MMR deficiency. Patients with LS from Ohio cohorts were the comparison group. 

The histologic features associated with MMR deficiency (tumor-infiltrating lymphocytes, Crohn-

like reaction, histologic subtype, necrosis) were evaluated. We identified 43 tumors with DS 

mutations and 48 from patients with LS. There was no significant difference in histologic features 

between tumors in LS patients and tumors with DS mutations. Because histology of tumors with 

DS mutations is indistinguishable from those caused by LS, tumor sequencing for evaluation of 

DS mutations should be considered to help clarify sporadic versus hereditary causes of 

unexplained MMR deficiency.
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Introduction

Colorectal carcinoma (CRC) is a common cancer affecting both men and women with 

approximately 140 000 individuals diagnosed each year in the United States [1]. Lynch 

syndrome is an autosomal dominant cancer predisposition syndrome that accounts for 2% to 

4% of all CRCs [1,2]. Lynch syndrome is defined by the presence of an inactivating 

germline mutation in one of the DNA mismatch-repair (MMR) genes MLH1,MSH2, MSH6, 

or PMS2 or deletions in the EPCAM gene that leads to methylation and silencing of the 

adjacent MSH2 gene. Loss of the remaining functional allele results in defective MMR 

activity predisposing to tumor development [3–5]. The most common tumor in individuals 

with Lynch syndrome is CRC; however, there is also an increased risk of developing cancers 

of the endometrium, ovary, stomach, small bowel, pancreas, hepatobiliary, urinary tract, 

brain, and sebaceous neoplasms, among others [4,5].

Identifying individuals with Lynch syndrome is important because these patients and their 

affected family members are at high risk for developing Lynch syndrome–related neoplasms 

at young ages. These individuals can benefit from heightened cancer surveillance or 

prevention options, which enable cancer prevention or early cancer detection and 

intervention [6]. Universal screening of all CRCs and endometrial cancers to identify 

individuals with Lynch syndrome has been endorsed by multiple major professional medical 

organizations [7]. Studies have identified certain histopathologic features that are associated 

with defective MMR, namely, increased tumor-infiltrating lymphocytes (TILs), a Crohn-like 

peritumoral lymphocytic reaction (CLR), mucinous/signet ring cell differentiation, and 

medullary differentiation [7–10]. In addition, CRC in individuals with Lynch syndrome 

more frequently involves the right or transverse colon than the left colon and typically lacks 

dirty necrosis. Unfortunately, these features are not specific or sensitive enough to be used 

alone for screening purposes [10].

Currently, the most common approach to universal screening for Lynch syndrome uses 

immunohistochemistry (IHC) to assess for absent expression of MMR proteins [7,10]. 

Universal screening with IHC using antibodies directed against MLH1, MSH2, MSH6, and 

PMS2 has a high sensitivity (approximately 93%) for detecting defective MMR and for 

predicting MMR gene mutation [3,10–13]. Alternatively, because defective MMR activity is 

associated with microsatellite instability (MSI), polymerase chain reaction techniques 

detecting MSI can be used as an initial screening test for Lynch syndrome [7,10].

Although loss of MMR protein expression by IHC and/or a high level of MSI by PCR is 

concerning for Lynch syndrome, these findings are not diagnostic. Sporadic MMR 

deficiency is relatively common and most frequently involves loss of MLH1 and PMS2 

expression due to MLH1 promoter hypermethylation [7]. Even after excluding MLH1 

promoter hypermethylation, there remain cases of unexplained MMR deficiency that lack 
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detectable germline mutations in the MMR genes. The frequency of unexplained MMR 

deficiency is variable in the literature, ranging from 32% to 72% of patients with MMR 

deficiency or 2% to 5% of all screened patients [3,7,14–17]. More recent studies on tumors 

with unexplained MMR deficiency have reported that up to about 70% of these tumors 

harbor double somatic mutations in the affected MMR gene leading to loss of MMR protein 

expression and MSI [17–20]. A population-based study from Iceland found double somatic 

MMR mutations in 1.4% of all CRC cases diagnosed over a 10-year period [21].

We evaluated whether or not histologic features typically associated with MMR deficiency 

could be used to distinguish CRCs with acquired double somatic MMR mutations from 

CRCs in patients with Lynch syndrome.

Materials and Methods

Patients with CRC harboring double somatic mutations involving the MMR genes were 

previously identified [17]. These patients were enrolled in the previously published 

Columbus-Area HNPCC study (1999–2005) [3,13] and the statewide prospective Ohio 

Colorectal Cancer Prevention Initiative (2013–2016) [22,23]. In addition, a patient cohort 

with CRC was obtained from the Icelandic Cancer Registry (2000–2009) [21]. Institutional 

review board (IRB) approval for the Columbus-area HNPCC Study was obtained by Ohio 

State University (OSU) IRB (1999C0051) and the other 2 participating health systems’ IRBs 

(OhioHealth and Mount Carmel). IRB approval for the Ohio Colorectal Cancer Prevention 

Initiative was obtained by the individual participating hospitals, community oncology 

programs, or by ceding review to the OSU IRB (2012C0123). Regarding the Icelandic 

cohort, the study was approved by the Icelandic National Bioethics Committee 

(VSNb2013010033/03.15), the Icelandic Data Protection Authority (2013010109TS), and 

the OSU IRB (2013C0144). Essentially, all patients with MSI-high and/or abnormal IHC 

without detectable germline mutations or MLH1 hypermethylation were selected for somatic 

MMR gene mutation analysis using ColoSeq Tumor next-generation sequencing method 

(University of Washington), as described by Haraldsdottir et al [17,24]. Histologic features 

of CRC harboring double somatic mutations were then compared with CRC from patients 

with Lynch syndrome from the Ohio cohorts.

Histologic features associated with high-level MSI were evaluated for each CRC. The degree 

of TIL was scored as 0 (b1 per high-power field [HPF]), 1+ (1–2/HPF), and 2+ (≥3/HPF). 

The degree of CLR was also scored as 0 (none), 1+ (mild/moderate), and 2+ (marked). 

Histologic subtypes associated with MSI (mucinous, signet ring, poorly differentiated, and 

medullary) as well as the presence and extent of necrosis were also evaluated. The histologic 

features were evaluated on at least one whole representative section and were scored by 2 

pathologists (J. A. H. and W. F.) who were blinded to germline MMR mutational status 

(Lynch syndrome versus double somatic mutations). The mutated MMR gene was noted for 

each CRC within the 2 groups.
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Results

From the 3 population-based cohorts, we included 91 cases of CRC with MMR deficiency 

that had available slides for histologic evaluation. Forty-three CRCs were negative for 

germline mutations in MMR genes but had somatic mutations involving both copies of the 

defective MMR gene, referred to as double somatic tumors. Sixteen double somatic tumors 

were from the Iceland cohort and 27 were from the Ohio cohorts. For comparison, 48 CRCs 

from patients with Lynch syndrome were identified from the Ohio cohorts.

CRC harboring double somatic mutations and those from patients with Lynch syndrome 

were evaluated for histologic features typically associated with MMR deficiency (Table 1). 

No significant difference was identified regarding the presence of necrosis between groups. 

Necrosis was more frequently focal than extensive in both double somatic and Lynch 

syndrome tumors. Histologic features associated with MSI, such as TIL, CLR, and 

histologic subtypes (mucinous, signet ring, poorly differentiated, and medullary), were 

common in both double somatic and Lynch syndrome tumors (Fig. 1). TIL and CLR were 

present in 81% (35/43) and 88% (37/42) of double somatic tumors and 75% (36/48) and 

73% (30/41) of Lynch syndrome tumors, respectively. The presence or degree of TIL and 

CLR did not significantly differ between Lynch syndrome and double somatic tumors. 

Mucinous and/or signet ring histology was noted in 53% (23/43) of double somatic and 48% 

(23/48) of Lynch syndrome tumors, and poorly differentiated and/or medullary histology 

was seen in 19% (8/43) of double somatic and 15% (7/48) of Lynch syndrome tumors. One 

tumor in each group had both mucinous/signet ring and poorly differentiated components.

The most common MMR gene mutated in double somatic tumors was MLH1 (n = 25; 58%) 

followed by MSH2 (n =15; 35%) (Table 2). In Lynch syndrome tumors, the most commonly 

mutated MMR gene was MSH2 (n = 24; 50%) followed by MLH1 (n = 10; 21%). MSH6 

and PMS2 mutations were more commonly seen in Lynch syndrome tumors than in double 

somatic tumors. Fig. 2 shows MMR IHC in representative cases of MSH2-deficient Lynch 

syndrome and double somatic CRC.

Discussion

Universal screening of CRC has identified patients with MMR defects that lack identifiable 

germline mutations in MMR genes and lack acquired hypermethylation of the MLH1 gene. 

Some groups have labeled these cases of unexplained MMR deficiency as “Lynch-like.” 

This term is misleading because Lynch-like tumors actually have a variety of underlying 

genetic abnormalities that result in defective MMR. Furthermore, it seems that most of these 

cases represent sporadic CRC (ie, nonsyndromic); thus, the clinical course and 

predisposition to additional neoplasms also differ from Lynch syndrome. The 2 most 

common explanations for “unexplained” MMR deficiency, which together account for up to 

90% of cases, are acquired double somatic mutations in an MMR gene and erroneous 

interpretation of MMR protein IHC resulting in a false positive for MMR deficiency [7,17]. 

It is important to identify these patients because they do not require intensive cancer 

surveillance among the patients or their at-risk relatives that is typically performed in 

patients with Lynch syndrome. The remaining cases of unexplained MMR deficiency may 
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be related to a heritable defect such as germline MMR gene mutations or translocations that 

are not detectable by current testing methods, somatic MMR gene mutations that are not 

detectable by current testing methods, other germline gene defects such as biallelic MUTYH 

mutations, or somatic mosaicism (although very unlikely with next-generation sequencing 

methodologies) [7]. Of note, rarely MMR-deficient tumors with double somatic MMR 

mutations may also have germline mutations in other DNA repair genes, such as germline 

biallelic MUTYH mutations [23,25].

We evaluated histologic features that are associated with MSI and Lynch syndrome to 

determine whether or not such features could be used to distinguish MMR-deficient CRC 

due to underlying double somatic mutations from those in patients with Lynch syndrome. 

Tumor histology was not significantly different between patients with double somatic 

tumors and patients with Lynch syndrome. This is probably due to similar underlying 

oncogenesis involving defective MMR function that is present in both Lynch syndrome and 

double somatic tumors. Haraldsdottir et al [17] reported that tumors with double somatic 

MMR mutations have a hypermutated phenotype, which is characteristic of microsatellite-

unstable, MMR-deficient tumors, supporting the hypothesis that double somatic MMR 

mutations result in loss of MMR function. It is likely that tumors with double somatic 

mutations develop through the conventional adenoma pathway and not the serrated pathway 

[7,26]. Thus, these CRCs likely arise from conventional tubular or tubulovillous adenomas 

that acquire biallelic somatic MMR gene mutations.

Our study results are similar to a prior study that compared clinicopathological features of 

CRC and endometrial carcinoma in patients with Lynch-like tumors and Lynch syndrome 

[26]. Of note, this study did not specifically evaluate for the presence of double somatic 

mutations in the Lynch-like tumors; however, their Lynch-like group likely included tumors 

with double somatic MMR mutations. In this study, Mas-Moya et al [26] noted a 

predilection of Lynch-like tumors to involve the right colon, and conversely, tumors in the 

left colon/rectum were more likely to be in patients with Lynch syndrome. They also noted 

that synchronous or metachronous carcinomas were more frequently identified in patients 

with Lynch syndrome compared with patients with Lynch-like tumors. This was also 

reported by Haraldsdottir et al [17]. Mas-Moya et al noted that isolated loss of MSH6 

expression was more likely in carcinomas associated with Lynch syndrome. They found no 

significant difference between Lynch syndrome and Lynch-like cases with regard to tumor 

stage, tumor grade, tumor size, TIL, CLR, mucinous differentiation, signet ring cell 

differentiation, or medullary differentiation. Approximately 80% of their Lynch-like CRC 

had histopathology suggestive of high-level MSI, which is similar to the tumors with 

confirmed double somatic mutations in our study. Of note, studies evaluating Lynch-like 

endometrial cancers also indicate that histomorphology is likely of little value in 

distinguishing Lynch syndrome cases from Lynch-like tumors [26,27].

In conclusion, many of the unexplained MMR-deficient tumors are caused by acquired 

double somatic mutations within the tumor. There are no reliable histologic features that can 

be used to distinguish CRC harboring double somatic mutations from those in patients with 

Lynch syndrome. Thus, tumor sequencing for evaluation of double somatic mutations should 
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be considered in patients with unexplained MMR deficiency to clarify sporadic versus 

hereditary CRC allowing for proper genetic counseling and screening.

Acknowledgments

Funding/Support: The data reported here were derived from the Ohio Colorectal Cancer Prevention Initiative, which 
is supported by a grant from Pelotonia, an annual cycling event in Columbus, Ohio, that supports cancer research at 
The Ohio State University Comprehensive Cancer Center – James Cancer Hospital and Solove Research Institute. 
This study was supported in part by a grant from National Cancer Institute, Bethesda, MD (P30 CA016058).

References

[1]. U.S. Cancer Statistics Working Group. United States Cancer Statistics: 1999–2014 incidence and 
mortality web-based report Colorectal Cancer Statistics Atlanta: U.S. Department of Health and 
Human Services, Centersfor Disease Control and Prevention and National Cancer Institute; 2017 
[https://www.cdc.gov/cancer/colorectal/statistics/index.htm, accessed August 2, 2017].

[2]. Barrow E, Hill J, Evans DG. Cancer risk in Lynch syndrome. Familial Cancer 2013;12:229–40. 
[PubMed: 23604856] 

[3]. Hampel H, Frankel WL, Martin E, et al. Screening for the Lynch syndrome (hereditary 
nonpolyposis colorectal cancer). N Engl J Med 2005;352:1851–60. [PubMed: 15872200] 

[4]. Bhattacharya P, McHugh TW. Lynch syndrome Last updated October 6 2017, StatPearls [Internet]. 
Treasure Island FL: StatPearls Publishing; 2018 [https://www.ncbi.nlm.nih.gov/books/
NBK431096/, accessed March 22, 2018].

[5]. Lynch HT, de la Chapelle A. Hereditary colorectal cancer. N Engl J Med 2003;348:919–32. 
[PubMed: 12621137] 

[6]. Renkonen-Sinisalo L, Aarnio M, Mecklin JP, Jarvinen HJ. Surveillance improves survival of 
colorectal cancer in patients with hereditary nonpolyposis colorectal cancer. Cancer Detect Prev 
2000;24:137–42. [PubMed: 10917133] 

[7]. Pai RK, Pai RK. A practical approach to the evaluation of gastrointestinal tract carcinomas for 
Lynch syndrome. Am J Surg Pathol 2016;40: e17–34. [PubMed: 26974895] 

[8]. Shia J, Ellis NA, Paty PB, et al. Value of histopathology in predicting microsatellite instability in 
hereditary nonpolyposis colorectal cancer and sporadic colorectal cancer. Am J Surg Pathol 
2003;27:1407–17. [PubMed: 14576473] 

[9]. Greenson JK, Bonner JD, Ben-Yzhak O, et al. Phenotype of microsatellite unstable colorectal 
carcinomas: well-differentiated and focally mucinous tumors and the absence of dirty necrosis 
correlate with microsatellite instability. Am J Surg Pathol 2003;27:563–70. [PubMed: 12717242] 

[10]. Shia J Evolving approach and clinical significance of detecting DNA mismatch repair deficiency 
in colorectal carcinoma. Semin Diagn Pathol 2015;32:352–61. [PubMed: 25716099] 

[11]. de Jong AE, van Puijenbroek M, Hendriks Y, et al. Microsatellite instability, 
immunohistochemistry, and additional PMS2 staining in suspected hereditary nonpolyposis 
colorectal cancer. Clin Cancer Res 2004;10: 972–80. [PubMed: 14871975] 

[12]. Southey MC, Jenkins MA, Mead L, et al. Use of molecular tumor characteristics to prioritize 
mismatch repair gene testing in early-onset colorectal cancer. J Clin Oncol 2005;23:6524–32. 
[PubMed: 16116158] 

[13]. Hampel H, Frankel WL, Martin E, et al. Feasibility of screening for Lynch syndrome among 
patients with colorectal cancer. J Clin Oncol 2008;26:5783–8. [PubMed: 18809606] 

[14]. Rodriguez-Soler M, Perez-Carbonell L, Guarinos C, et al. Risk of cancer in cases of suspected 
Lynch syndrome without germline mutation. Gastroenterology 2013;144:926–32. [PubMed: 
23354017] 

[15]. Buchanan DD, Rosty C, Clendenning M, Spurdle AB, Win AK. Clinical problems of colorectal 
cancer and endometrial cancer cases with unknown cause of tumor mismatch repair deficiency 
(suspected Lynch syndrome). Appl Clin Genet 2014;7:183–93. [PubMed: 25328415] 

Hemminger et al. Page 6

Hum Pathol. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/cancer/colorectal/statistics/index.htm
https://www.ncbi.nlm.nih.gov/books/NBK431096/
https://www.ncbi.nlm.nih.gov/books/NBK431096/


[16]. Win AK, Buchanan DD, Rosty C, et al. Role of tumour molecular and pathology features to 
estimate colorectal cancer risk for first-degree relatives. Gut 2015;64:101–10. [PubMed: 
24615377] 

[17]. Haraldsdottir S, Hampel H, Tomsic J, et al. Colon and endometrial cancers with mismatch repair 
deficiency can arise from somatic, rather than germline, mutations. Gastroenterology 
2014;147:1308–16 [e1301]. [PubMed: 25194673] 

[18]. Mensenkamp AR, Vogelaar IP, van Zelst-Stams WA, et al. Somatic mutations in MLH1 and 
MSH2 are a frequent cause of mismatch-repair deficiency in Lynch syndrome-like tumors. 
Gastroenterology 2014;146:643–646.e8. [PubMed: 24333619] 

[19]. Geurts-Giele WR, Leenen CH, Dubbink HJ, et al. Somatic aberrations of mismatch repair genes 
as a cause of microsatellite-unstable cancers. J Pathol 2014;234:548–59. [PubMed: 25111426] 

[20]. Sourrouille I, Coulet F, Lefevre JH, et al. Somatic mosaicism and double somatic hits can lead to 
MSI colorectal tumors. Familial Cancer 2013;12:27–33. [PubMed: 22987205] 

[21]. Haraldsdottir S, Rafnar T, Frankel WL, et al. Comprehensive population-wide analysis of Lynch 
syndrome in Iceland reveals founder mutations in MSH6 and PMS2. Nat Commun 
2017;8:14755. [PubMed: 28466842] 

[22]. ClinicalTrials.gov. Ohio Colorectal Cancer Prevention Initiative (OCCPI). Last updated October 
10, 2017. https://clinicaltrials.gov/ct2/show/NCT01850654. Accessed date: 22 March 2017.

[23]. Pearlman R, Frankel WL, Swanson B, et al. Prevalence and spectrum of germline cancer 
susceptibility gene mutations among patients with early-onset colorectal cancer. JAMA Oncol 
2017;3:464–71. [PubMed: 27978560] 

[24]. Pritchard CC, Smith C, Salipante SJ, et al. ColoSeq provides comprehensive Lynch and polyposis 
syndrome mutational analysis using massively parallel sequencing. J Mol Diagn 2012;14:357–
66. [PubMed: 22658618] 

[25]. Morak M, Heidenreich B, Keller G, et al. Biallelic MUTYH mutations can mimic Lynch 
syndrome. Eur J Hum Genet 2014;22:1334–7. [PubMed: 24518836] 

[26]. Mas-Moya J, Dudley B, Brand RE, et al. Clinicopathological comparison of colorectal and 
endometrial carcinomas in patients with Lynch-like syndrome versus patients with Lynch 
syndrome. HUM PATHOL 2015;46:1616–25. [PubMed: 26319271] 

[27]. Mills AM, Sloan EA, Thomas M, et al. Clinicopathologic comparison of Lynch syndrome–
associated and “Lynch-like” endometrial carcinomas identified on universal screening using 
mismatch repair protein immunohistochemistry. Am J Surg Pathol 2016;40:155–65. [PubMed: 
26523542] 

Hemminger et al. Page 7

Hum Pathol. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT01850654


Figure 1. 
Morphologic features in double somatic (DS) and Lynch syndrome (LS) tumors. Tumors 

from DS: (A) TILs (original magnification x400), (B) Crohn-like reaction (CLR; x20), and 

(C) signet ring (x200). Tumors from LS: (D) TIL (x400), (E) CLR (x20), and (F) signet ring 

(x200). Hematoxylin and eosin.
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Figure 2. 
IHC of representative cases of double somatic (DS) and Lynch syndrome (LS) tumors with 

defective MSH2. DS tumor: MLH1 (A) and PMS2 (B) present with loss of MSH2 (C) and 

MSH6 (D; original magnification x200). LS tumor: MLH1 (E) and PMS2 (F) present with 

loss of MSH2 (G) and MSH6 (H; x200).
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Table 1.

Histologic comparison of double somatic and Lynch syndrome colorectal carcinomas

Double Somatic (n=43) Lynch Syndrome (n=48) p value

TIL (%) 0.6956

1+ 26% 17%

2+ 56% 58%

CLR (%) 0.2641

1+ 43% 32%

2+ 45% 41%

Necrosis 37% 33% 0.7029

MSI Histology* 70% 60% 0.3565

TIL = Tumor Infiltrating Lymphocytes

CRL = Crohn’s-like Reaction

MSI = Microsatellite Instability

*
MSI histology defined as mucinous, signet ring, poorly differentiated, or medullary histology
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Table 2.

Comparison of MMR gene mutations in double somatic and Lynch syndrome colorectal carcinomas

MLHI MSH2 MSH6 PM52

Double Somatic (n=43) 25 (58%) 15 (35%) 1 (2%) 2 (5%)

Lynch Syndrome (n=48) 10 (21%) 24 (50%) 7 (15%) 7 (15%)
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