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Pitfalls in the diagnosis of biallelic PMS2 mutations
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Abstract Constitutional Mismatch Repair Deficiency
(CMMR-D) syndrome is an inherited childhood cancer

syndrome due to bi-allelic mutations in one of the four

DNA mismatch repair genes involved in Lynch syndrome.
The tumor spectrum of this syndrome includes hemato-

logical, brain and Lynch syndrome associated malignan-

cies, with an increased risk of synchronous and
metachronous cancers, and signs of Neurofibromatosis

type-1 syndrome such as café-au-lait macules during the

first three decades of life. Here, we report the first Ar-
gentinian patient with CMMR-D syndrome, focusing on

her history of cancer and gastrointestinal manifestations,

and the challenging molecular algorithm to finally reach
her diagnosis.
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Introduction

Lynch syndrome is an autosomal dominant condition caused

by heterozygous germline mutations in one of the four DNA
mismatch repair genes (MMRg). It presents a 20–70 % risk of

developing colorectal and endometrial tumors and a sig-

nificant risk for other extracolonic neoplasias. Early onset of
cancer is frequently seen, but affected patients under 20 years

are very rare [1]. Recently, several case reports of children and

adolescents presenting with some of the Lynch associated
tumors have been published [2–5], and were found to carry a

bi-allelic mutation in one of the DNA MMRg. This uncom-

mon variant of Lynch syndrome is now defined as the Con-
stitutional Mismatch Repair Deficiency Syndrome (CMMR-

D) [6, 7]. To our knowledge, up to May 2013 there were 114

patients reported worldwide with CMMR-D [8].

Case report and results

Here we report a woman that was diagnosed with a colon

adenocarcinoma at age 15. During 7 years of follow up, at
least fifteen colonic adenomas were removed. The upper

gastrointestinal endoscopies performed during that time
revealed six duodenal adenomas. A clinical diagnosis of

Familial Adenomatous Polyposis was made, but germline

mutational analysis for the APC gene was negative. Her
physical examination revealed six café au lait macules

(CALMs) and multiple Lisch nodules at her ocular ex-

amination. However, germline mutational analysis of the
NF1 gene turned out negative. At the age of 24, the patient

was referred for evaluation to our High-Risk Colorectal

Cancer Clinic. A renal ultrasound revealed a high-grade
urothelial bladder carcinoma (T1), for which she received

local chemotherapy. In her last colonoscopy, at age 25, a
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rectal adenocarcinoma was diagnosed. While planning

surgical treatment, she was hospitalized for a superior vena
cava syndrome with a diagnosis of mediastinal granulocytic

sarcoma. She died at age 25 during chemotherapy. Except

for her maternal grand-mother with pancreatic cancer at
72 years-old, there was no other history of tumors in her

family, nor known consanguinity. Immunohistochemistry

staining for MLH1, MSH2, MSH6 and PMS2 proteins in her
colorectal cancer tissue revealed absence of PMS2 expres-

sion both in tumor cells and in normal colonic surrounding
tissue. MSI analysis was performed using five mononu-

cleotides MSI markers and surprisingly, microsatellite sta-

bility (MSS) was observed. With the suspicion of CMMR-D
due to PMS2 biallelic mutations, we performed germline

PMS2 mutational analysis. As a first approach, we attempted

to amplify PCR of exons 6, 7, 8, 10 and 11 of the PMS2 gene
using primers and conditions previously established in our

laboratory. No amplification product was observed from the

patient’s DNA. Additionally, long PCR was attempted using
the primers described by Clendenning et al. [9] and no

product was observed. To verify that the failed amplification

was not due to DNA quality, PCR of exon 5 of MSH2 was
conducted. Amplification was successful, thus suggesting

that the failed amplification was specific to PMS2. Multiplex

ligation-dependent amplification (MLPA) was performed
following the manufacturer’s protocol (MRC-Holland,

Amsterdam, the Netherlands; probemix 007). Multiple

peaks were completely absent from the patient’s profile,
including peaks representing exons 2, 5–11, intron 12 and

exons 13–15 of the PMS2 gene (data not shown). Products

were observed for exons 1, 3 and 4 of PMS2, as well as for
probes specifically targeting PMS2CL pseudogene and

probes that amplify both PMS2 and PMS2CL. The MLPA

profile of both parents and one of two sibling revealed that
all three were heterozygous carriers of the same PMS2 re-

arrangement, with deletions of multiple exons. MRC-Hol-

land was contacted for assistance in data analysis and
interpretation. The most likely explanation was that the

unusual profile could be due to a homozygous deletion of

exons 2–15, and the observed amplification of probes for
exons 3 and 4 was due to nonspecific amplification of PMS2

pseudogenes. In line with this hypothesis, MRC-Holland

modified the assay (probemix P008 version C) that tested
sufficiently specific for the PMS2 exons 3 and 4 in healthy

subjects, displaying a pattern compatible with a large dele-

tion of exons 2–15 in our patient (Fig. 1).

Discussion

This is the first case report of an Argentinian patient with a

CMMR-D syndrome and a proven PMS2 bi-allelic muta-
tion. She presented a wide history of tumors, which

included colorectal cancers, multiples colonic adenomas,

an urothelial carcinoma and a granulocytic sarcoma. This
type of presentation is comparable to that reported by

Herkert el al [9], in which 84 % of the families with bi-

allelic PMS2 mutations had gastrointestinal manifestations,
and in which one-third of carriers had gastrointestinal

cancer as the first manifestation of the CMMR-D syn-

drome. On the other hand, urothelial cancer is infrequent in
bi-allelic MMR genes mutation carriers; we found only two

case reports of urothelial cancer in the context of this
syndrome, being our proband the third report worldwide [3,

10]. As far as we know, this patient represents the first

reported case of a bi-allelic MMR gene mutation carrier
with a granulocytic sarcoma.

The cornerstone for Lynch syndrome diagnosis relies on

tumor MSI testing and IHC for the MMR proteins. Leenen
et al. [4] reported the results of molecular analyses of 21

patients with biallelic MMR mutations with gastrointesti-

nal malignancies and MSI was demonstrated in all patients.
Interestingly, brain tumors seem to behave differently, and

MSS has been reported in CMMR-D patients, suggesting

that PMS2 deficiency could lead to tumorigenesis through a
different mechanism. Surprisingly, in our case, colorectal

cancer displayed MSS. An explanation for this finding re-

mains elusive. In any case, our results suggest that both
IHC and MSI testing should be performed when a

CMMRD syndrome is suspected.

Detection of germline mutations in the PMS2 gene is
complicated by the existence of numerous pseudogenes.

PCR and sequencing of PMS2 requires a nested PCR ap-

proach for multiple exons, and detection of deletions by
MLPA requires a complicated analysis that includes mea-

surement of exon copy numbers of both the PMS2 gene and

the PMS2CL pseudogenes. This has been the case, and
deletions in exons 3 and 4 were the most difficult to be

analyzed. As a result of this testing, MRC-Holland issued

an electronic warning [11] to all users to address the dif-
ficulty of the current MLPA kit to identify large rear-

rangements in exons 3 and 4 of the PMS2 gene.

In the absence of a known consanguinity in the reported
family, it is surprising that the patient carried an ho-

mozygous mutation. Since the penetrance of the phenotype

of Lynch syndrome due to PMS2 germline mutations is

cFig. 1 Multiplex Ligation-dependent Probe Amplification (MLPA)
results for PMS2. Capillary electrophoresis pattern from a heatlhy
subject (a), proband (b) and sibling (c) Chromosomal position of the
most relevant peaks are detailed [*probes that are shared by PMS2 and
PMS2CL (pseudo gene); #probes that amplify only PMS2CL].
Multiple peaks were completely absent from the patient’s profile
(b), compatible with a large deletion of exons 2–15 (only normal
intensity for exon 1 peaks was observed). The pattern observed in the
sibling (c) was compatible with a heterozygous carrier of the same
PMS2 rearrangement
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known to be lower than for MLH1 of MSH2 [12], the large

rearrangement found in this family could represent a
founder mutation in the Argentinian population. Further

studies are needed to clarify this issue.

In conclusion, in the absence of proven APC germline
mutations, CMMR-D syndrome should be suspected in

patients with childhood CRC or colonic polyposis, espe-

cially when they have NF1 features. Further characteriza-
tion of this rare and lethal syndrome, with almost 100 %

mortality by age 35, is needed to establish potential ben-
efits of surveillance, and to develop evidence-based

screening guidelines.
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