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Abstract

Purpose—Traditional germline sequencing and deletion/duplication analysis does not detect
Lynch syndrome-causing mutations in all individuals whose colorectal or endometrial tumors
demonstrate mismatch repair (MMR) deficiency. Unique inversions and other rearrangements of
the MMR genes have been reported in families with Lynch syndrome. In 2014, a recurrent
inversion of MSHZexons 1-7 was identified in five families suspected to have Lynch syndrome.
We aimed to describe our clinical experience in identifying families with this specific inversion.

Methods—Four probands whose Lynch syndrome-associated tumors demonstrated absence of
MSH2/MSHB6 staining and who had negative MMR germline testing were evaluated for the MSH2
inversion of exons 1-7, offered during initial genetic workup or upon routine clinical follow-up.

Results—All four probands tested positive for the MSHZ inversion. Proband cancer diagnoses
included colon and endometrial adenocarcinoma and sebaceous adenoma. A variety of Lynch
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syndrome-associated cancers were reported in the family histories, although only one family met
Amsterdam Il criteria. Thirteen at-risk relatives underwent predictive testing.

Conclusion—MSHZ inversion of exons 1-7 was found in four probands previously suspected to
have Lynch syndrome based on family history and tumor testing. This testing should be offered
routinely to patients with tumors demonstrating loss of MSH2/MSH® staining.
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Introduction

Lynch syndrome (LS) is the most common hereditary predisposition to colorectal cancer
(CRC) and is associated with mutations in the mismatch repair (MMR) genes MLH1,
MSH2, MSH6, PMSZ, and EPCAM (OMIM 120435) [1, 2]. Immunohistochemistry (IHC)
for the MMR proteins in CRC or endometrial cancer is often used to drive genetic testing for
the gene corresponding with the pattern of protein loss. However, not all individuals with
MMR-deficient tumors will harbor a germline MMR mutation. This group of patients is
known as mutation-negative Lynch syndrome or Lynch-like syndrome [3, 4] and many are
due to biallelic somatic mutations in the MMR genes [5-7]. However, germline mutations
undetectable by traditional sequencing or MLPA deletion/duplication analyses are also a
potential cause. Deletions involving the EPCAM gene upstream of MSHZ gene were
described in 2009, providing an explanation for some such cases [8]. Inversions and other
rearrangements involving MMR genes have also been implicated [9-11].

More recently, a set of patients with MSH2/MSH6-deficient tumors were identified to have
the MSHZ inversion of exons 1-7, not detectable through traditional testing methods[12].
This testing methodology is now available at several commercial genetic testing laboratories;
however, this testing has not yet been described in a clinical setting. Here, we aim to
describe four families identified to have this MSHZ inversion via clinical genetic workup
and testing.

Patients and methods

All probands were evaluated by genetic counselors at our institution; tumor-based
immunohistochemistry and microsatellite instability testing were performed at our
institutional pathology laboratory. Germline genetic testing was performed at CLIA-
approved laboratories. Informed consent was obtained from all individual participants
included in the study.

Proband 1 is a male who presented to our institution at age 46 for treatment
recommendations for a recently diagnosed colon carcinoma. He had a colonoscopy
performed for intermittent abdominal pain and a large ulcerated mass was found in the
ascending colon, which was revealed to be an invasive moderately differentiated
adenocarcinoma with a mucinous component and loss of MSH2/MSHBG in the tumor cells.
The patient’s family history is positive for a father diagnosed with glioblastoma multiforme

Fam Cancer. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mork et al.

Page 3

at 26, and two of his father’s half-siblings and paternal grandfather with brain cancer. There
is no history of CRC in the family. Due to loss of MSH2/MSHG staining, MSHZ/EPCAM
germline testing was ordered and no mutations were identified. Subsequent MSHZ inversion
testing identified inversion of exons 1-7.

Proband 2 is a female who presented at age 55 with a previous history of endometrial cancer
at age 41 (status post-hysterectomy) and a recently diagnosed adenocarcinoma of the
ascending colon for which she underwent right hemicolectomy. The patient’s family history
is significant for a maternal grandmother diagnosed with CRC, uterine cancer, and breast
cancer in her 50s as well as a maternal aunt with breast and colon cancer. Tumor testing
revealed loss of MSH2/MSH6 protein expression with high levels of microsatellite
instability (MSI) with 6 of 7 alleles shifted. Comprehensive germline testing was performed
and did not reveal any mutations in MLH1, MSHZ2I EPCAM, MSH6, or PMSZ. One year
later she was diagnosed with adenocarcinoma of the transverse colon arising from a
tubulovillous adenoma with high-grade dysplasia. Given her history, she underwent subtotal
colectomy with ileorectal anastomosis. This new diagnosis prompted follow-up genetics
evaluation and MSH?Z inversion testing, which was positive.

Proband 3 is a male who presented at age 37 for screening regarding a family history
consistent with Lynch syndrome. At presentation the patient had no personal history of
cancer and had not yet undergone colonoscopy. His family history was significant for his
father with two primary colon cancers at age 48 and ileal adenocarcinoma at age 64 who was
also evaluated in the institution by the genetics program; IHC performed on the ileal
adenocarcinoma revealed loss of MSH2/MSH®6 protein expression, but subsequent germline
testing was negative for mutations. Other family history included the patient’s paternal
grandmother with CRC at age 54, paternal aunt with CRC at age 41, and this aunt’s son
diagnosed with synchronous CRCs at age 39 whose tumors also showed loss of MSH2/
MSHBG6 protein expression but tested negative for germline mutations. The patient underwent
colonoscopy based on the family history; colonoscopy revealed an obstructing large
polypoid mass in the transverse colon. The patient underwent a subtotal colectomy and
pathology revealed a well differentiated mucinous adenocarcinoma with loss of MSH2/
MSHB6 protein expression. No germline testing was pursued due to the previous
uninformative testing in other relatives. He was seen with routine clinical follow-up and
offered MSHZ inversion testing; he tested positive.

Proband 4 is a male who was referred to this institution at age 54 to be evaluated for a
suspicion of Lynch syndrome, Muir-Torre variant, given a history of two lesions in the left
axilla and left upper lip diagnosed as sebaceous adenomas. He had no prior personal cancer
history and had undergone colonoscopy in the past with no abnormalities. Family history
was significant for father with an unknown primary cancer with liver metastasis and paternal
grandfather with CRC diagnosed at age 43. Tumor-based testing was performed on one
sebaceous adenoma from the proband; this demonstrated absence of MSH2/MSH® staining.
MSI analysis was not performed due to insufficient tissue. MSHZ2 comprehensive testing was
performed and included inversion analysis; he tested positive.
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This report describes four probands and their families, with clinical histories summarized in
Table 1 and pedigrees in Figure 1. They had varied clinical presentations and only one of the
families met Amsterdam I or 11 criteria. To the best of our knowledge based on analysis of
three-generation pedigrees, the probands were unrelated to each other and were also
unrelated to the families previously reported with this inversion [12]. All probands’ tumors
had absence of MSH2/MSHS6 protein expression with intact staining of MLH1/PMS2 on
tumor-based testing immunohistochemistry (Figure 2). The single proband tested for
microsatellite instability was MSI-high. The average age at onset of the first Lynch-
syndrome associated cancer in the combined report was 45 years.

All probands underwent testing for inversion of exons 1-7 in MSHZ on a clinical basis after
standard testing did not identify a causative mutation. Probands 1 and 4 were tested during
initial genetic workup and were found to be positive for this inversion. Probands 2 and 3
whose germline testing resulted negative 9 months and 4.5 years before, respectively, were
seen with clinical follow-up to offer this new testing method and they both had positive
results for inversion of exons 1-7 in MSH2 gene, confirming our suspicions of Lynch
syndrome. Additionally, a total of 13 family members were tested. Seven of them were
found to be positive for the inversion and 6 of them had negative results (Figure 1).

Discussion

This case series represents, to the best of our knowledge, the first description of families
identified to have the recently-described inversion of exons 1-7 in MSHZ via clinical genetic
testing after the initial description of this new inversion [12]. Four unrelated probands who
presented with a diverse personal and family history of cancer but whose tumors all
demonstrated absence of MSH2 and MSH®6 protein staining tested positive for this MSH2
inversion. The variable clinical presentations and family histories are similar to the cancers
seen in families with previously-reported MSHZ pathogenic mutations and are consistent
with the wide variety of cancers reported in the patients previously identified to have this
specific inversion [12].

The identification of this mutation in our families provided confirmation of the high clinical
suspicion of LS and importantly, allowed for predictive genetic testing in at-risk family
members and initiation of surveillance in those individuals who tested positive. At the time
of publication, 7 relatives tested positive and were recommended to undergo LS-directed
surveillance, while 6 others tested true negative and were recommended to have population-
level surveillance. Family 3 had been suspected to have LS for many years and at-risk
relatives were previously undergoing LS-based surveillance without informative genetic
testing; one of these relatives tested true negative for the inversion and ended years of
surveillance.

Our series represents two probands whose MSHZ inversion was identified via initial genetic
workup and two whose inversion was identified 9 months to 4.5 years after initial genetic
workup. This highlights the importance of including inversion analysis in clinical genetic
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testing of patients being evaluated for LS, especially those whose tumors demonstrate
absence of MSH2 and MSH6 protein staining. In addition, the latter two probands
demonstrate the importance of recontacting patients suspected to have LS whose germline
genetic testing was uninformative, especially with MSH2/MSH#6-deficient tumors. A
systematic research effort at the population level is needed to determine the prevalence of
this inversion, for example if it is similar to EPCAM deletions, and to confirm that the tumor
spectrum and cancer risks are similar to other described MSHZ mutations. Finally, this
inversion has only been described in populations from the state of Texas and study in other
populations is warranted.
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Fig. 2.
Immunohistochemical staining results for sebaceous adenoma in proband 4 (A, MLH1; B,

MSH2; C, MSH6; and D, PMS2). There is loss of expression of MSH2 and MSH6 in the
neoplastic cells. The tumor cells retain nuclear expression of MLH1 and PMS2; although
staining intensity is stronger for MLHZ1 Normal tissue (hyperplastic squamous epithelium
and lymphocytes in upper left and lower right corners) shows preserved nuclear expression
of all four proteins (internal positive control). (MLH1 Cell Marque G168-728 clong, dilution
1:300; MSH2 Calbiochem clone FE11, dilution 1:100; MSH6 BD Biosciences clone 44,
dilution 1:300; PMS2 BD Biosciences clone A16-4, dilution 1:125; magnification x100)
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