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1  |   CASE REPORT

A 9-year-old boy was admitted to the Department of 
Neurosurgery at Beijing Children’s Hospital, because of 
frequent headaches and intermittent blood in feces for 
more than half a year. A clinical routine blood examina-
tion showed low hemoglobin level (HGB 78 g/L) and 
high platelet count (PLT 557 × 109/L). Bone marrow 

examination showed active proliferation of granulocytes; 
polychromatic, target, and deformation erythrocytes 
were found (Figure 1A). Colonoscopy was performed 
and a 2.5 × 2 × 1.6 cm adenoma was detected at the sig-
moid colon, which was about 15 cm apart from the anus 
(Figure 1B). Brain contrast-enhanced magnetic resonance 
(MR) T1-weighted image (T1WI) of the cerebellar ver-
mis was displayed in Figure 1C,D. Biopsy pathology re-
sults illustrated medulloblastoma of the cerebellar vermis 
and hemorrhagic necrosis, and anaplastic tumor cells were 
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Key Clinical Message
Few studies reported patients who harbored three kinds of primary tumors simultane-
ously. Here, we present a 9-year-old boy with colon carcinoma, brain medulloblas-
toma, and lymphoma. Genetic mutation detection was explored with next-generation 
sequencing, and compound heterozygous mutations in gene MSH6 c.3103C>T 
p.Arg1035Ter and c.3261dupC p.Phe1088LeufsTer were discovered.
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found (WHO Grade-IV, Figure S1). Abnormal density of 
the right lobe of liver and kidney images was found with 
abdomen MR, which were primarily considered to be met-
astatic adenocarcinoma of the liver and renal cyst (Figure 
S2A-D, respectively). Candidate gene mutation detection 
(Table S1) with next-generation sequencing illustrated com-
pound heterozygous mutations in gene MSH6c.3103C>T 
p.Arg1035Ter and c.3261dupC p.Phe1088LeufsTer, 
and we validated the mutations used Sanger sequencing 
(Figure 2A,B). As the parental blood was unavailable, a 
2.7-kb PCR product contained the two heterozygous mu-
tations was transformed into the pMD18-T plasmid and 
sequenced with the Sanger method, and the allele with mu-
tation of MSH6 c.3261dupC was found with normal base 
of MSH6 c.3103C (Figure 2C,D). And we also validated 
the bi-allelic mutations with PacBio long-read amplicon 
sequencing (Figure S3).

2  |   DISCUSSION

We report a 9-year-old boy with hematologic malignancies, 
brain tumor, and colon carcinoma. The research was ap-
proved by duly constituted ethics committee of Peking Union 
Medical College Hospital. Candidate gene mutation detection 
illustrated compound heterozygous mutations in MMR gene 
of MSH6. This case was comprehensively diagnosed as con-
stitutional mismatch repair deficiency (CMMR-D) syndrome, 
which was rarely reported in the previous studies. CMMR-D 
syndrome was caused by homozygous or compound het-
erozygous mutations in the MMR genes MLH, MSH2, MSH6, 
or PMS2, and rather than monoallelic germline mutations in 
MMR genes, CMMR-D owing to a wide tumor spectrum, in-
cluding four main types of childhood tumors: central nerv-
ous system tumors, colorectal tumors and multiple intestinal 

F I G U R E   1   Three primary tumors in the patient. A, Cellular examination of bone marrow smears. B, Adenoma under colonoscopy detection. 
C&D, Enhanced MR images of cerebellum tumor in coronal and vertical planes

(A) (B) (C) (D)

F I G U R E   2   Sanger sequencing validation of the compound heterozygous mutations of gene MSH6. A&B, Mutations of c.3103C>T and 
c.3261dupC were bidirectional sequenced with Sanger sequencing after PCR with patient genome DNA. C&D, The two heterozygous mutations 
were transformed into the pMD18-T plasmid and sequenced with Sanger method. The result showed that the allele with c.3261dupC mutation was 
normal in the site of c.3103C, which implied the two mutations were bi-allelic mutations
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polyps, hematologic malignancies, and other malignancies 
like embryonic tumors or rhabdomyosarcoma,1 and some of 
the patients also show signs of reminiscent of neurofibroma-
tosis type 1, particularly multiple cafe-au-lait macules.2 
CMMR-D is in autosomal recessive inheritance; however, 
both of the parents refused to donate their blood and stated 
no family history, so we could not identify the compound 
heterozygous mutations of MSH6 were de novo or inherited 
from the parents. However, both mutations were classified as 
“Pathogenic” in the ClinVar database. Single heterozygous 
stop gain mutation of MSH6 c.3103C>T p.Arg1035Ter was 
previously described in a family with endometrial cancer and 
rectal cancer,3 and also the Lynch syndrome,4 while single 
frameshift heterozygous mutation of MSH6 c.3261dupC 
p.Phe1088LeufsTer was previously reported in multiple 
kinds of tumors, including the Lynch syndrome,5-11 colorec-
tal cancer,12-15 prostate cancer,16 and endometrial cancer.17 In 
addition, c.3261dupC variant has been seen in the homozy-
gous state in several individuals from a consanguineous fam-
ily with CMMR-D syndrome, and in this family, the carriers 
parents had not presented any tumor, but should participate 
the preventive program for Lynch syndrome.18 Although 
there were multiple studies illustrated that both of the two 
mutations were pathogenic in different tumors, there was no 
study illustrated that what will exactly happen when these two 
known mutations exist in one patient simultaneously. The 
unique phenotypic presentation in our study further suggested 
the variable expressivity of CMMR-D syndrome.

MSH6 encodes protein of the DNA mismatch repair MutS 
family, and helps to recognize the mismatched nucleotides 
prior to their repair. MSH6 protein heterodimerizes with 
MSH2 to form a mismatch complex and functions as a bi-
directional molecular switch, which provokes ADP-to-ATP 
exchange.19 MSH6 gene deficiency during embryonic devel-
opment may influence the recognition of mismatched nucle-
otides, and random mismatching may cause multiple types 
of malignancies in different organs. The potential function 
of the MSH6 gene, particularly in the phase of embryonic 
development, needs to be further investigated in the future.

ACKNOWLEDGMENT

We thank the patient for the blood donation and the coop-
eration. Chinese Academy of Medical Sciences (CAMS) 
Initiative for Innovative Medicine (CAMS-I2M), (Grant / 
Award Number: ‘2017-I2M-1-001’) Central public welfare 
and Basic scientific research business expenses of Chinese 
Academy of Medical Sciences, (Grant / Award Number: 
‘2015PT320017’).

CONFLICT OF INTEREST

None declared.

AUTHOR CONTRIBUTIONS

CL: wrote the manuscript and performed sequencing data 
analysis. HS, WY, MG, and YJ: collected the clinical in-
formation and patient blood sample. SH: conducted the 
plasmid experiment. XZ and DZ: designed and managed 
the project.

ORCID

Chao Ling   http://orcid.org/0000-0001-5328-4906 

REFERENCES

	 1.	 Baas AF, Gabbett M, Rimac M, et al. Agenesis of the corpus cal-
losum and gray matter heterotopia in three patients with constitu-
tional mismatch repair deficiency syndrome. Eur J Hum Genet. 
2013;21:55‐61.

	 2.	 Wimmer K, Etzler J. Constitutional mismatch repair-deficiency 
syndrome: have we so far seen only the tip of an iceberg? Hum 
Genet. 2008;124:105‐122.

	 3.	 Planck M, Koul A, Fernebro E, et al. hMLH1, hMSH2 and hMSH6 
mutations in hereditary non-polyposis colorectal cancer families 
from southern Sweden. Int J Cancer. 1999;83:197‐202.

	 4.	 Nowak JA, Yurgelun MB, Bruce JL, et al. Detection of mismatch 
repair deficiency and microsatellite instability in colorectal adeno-
carcinoma by targeted next-generation sequencing. J Mol Diagn. 
2017;19:84‐91.

	 5.	 Akiyama Y, Sato H, Yamada T, et al. Germ-line mutation of the 
hMSH6/GTBP gene in an atypical hereditary nonpolyposis col-
orectal cancer kindred. Cancer Res. 1997;57:3920‐3923.

	 6.	 Wagner A, Barrows A, Wijnen JT, et al. Molecular analysis of he-
reditary nonpolyposis colorectal cancer in the United States: high 
mutation detection rate among clinically selected families and char-
acterization of an American founder genomic deletion of the MSH2 
gene. Am J Hum Genet. 2003;72:1088‐1100.

	 7.	 Plaschke J, Engel C, Kruger S, et al. Lower incidence of colorectal 
cancer and later age of disease onset in 27 families with patho-
genic MSH6 germline mutations compared with families with 
MLH1 or MSH2 mutations: the German Hereditary Nonpolyposis 
Colorectal Cancer Consortium. J Clin Oncol. 2004;22:4486‐4494.

	 8.	 Kets CM, van Krieken JH, Hebeda KM, et  al. Very low 
prevalence of germline MSH6 mutations in hereditary 
non-polyposis colorectal cancer suspected patients with col-
orectal cancer without microsatellite instability. Br J Cancer. 
2006;95:1678‐1682.

	 9.	 Overbeek LI, Kets CM, Hebeda KM, et al. Patients with an unex-
plained microsatellite instable tumour have a low risk of familial 
cancer. Br J Cancer. 2007;96:1605‐1612.

10.	 Steinke V, Rahner N, Morak M, et  al. No association between 
MUTYH and MSH6 germline mutations in 64 HNPCC patients. 
Eur J Hum Genet. 2008;16:587‐592.

11.	 Lavoine N, Colas C, Muleris M, et al. Constitutional mismatch re-
pair deficiency syndrome: clinical description in a French cohort. J 
Med Genet. 2015;52:770‐778.

12.	 Shin KH, Ku JL, Park JG. Germline mutations in a polycytosine 
repeat of the hMSH6 gene in Korean hereditary nonpolyposis col-
orectal cancer. J Hum Genet. 1999;44:18‐21.

http://orcid.org/0000-0001-5328-4906
http://orcid.org/0000-0001-5328-4906


      |  1451LING et al.

13.	 Barnetson RA, Tenesa A, Farrington SM, et al. Identification and 
survival of carriers of mutations in DNA mismatch-repair genes in 
colon cancer. N Engl J Med. 2006;354:2751‐2763.

14.	 Terui H, Tachikawa T, Kakuta M, et al. Molecular and clinical char-
acteristics of MSH6 germline variants detected in colorectal cancer 
patients. Oncol Rep. 2013;30:2909‐2916.

15.	 Hansen MF, Neckmann U, Lavik LA, et  al. A massive par-
allel sequencing workflow for diagnostic genetic testing of 
mismatch repair genes. Mol Genet Genomic Med. 2014;2: 
186‐200.

16.	 Rosty C, Walsh MD, Lindor NM, et al. High prevalence of mis-
match repair deficiency in prostate cancers diagnosed in mismatch 
repair gene mutation carriers from the colon cancer family registry. 
Fam Cancer. 2014;13:573‐582.

17.	 Ollikainen M, Abdel-Rahman WM, Moisio AL, et  al. Molecular 
analysis of familial endometrial carcinoma: a manifestation of he-
reditary nonpolyposis colorectal cancer or a separate syndrome? J 
Clin Oncol. 2005;23:4609‐4616.

18.	 Ilencikova D, Sejnova D, Jindrova J, Babal P. High-grade brain 
tumors in siblings with biallelic MSH6 mutations. Pediatr Blood 
Cancer. 2011;57:1067‐1070.

19.	 Gradia S, Acharya S, Fishel R. The human mismatch recognition 
complex hMSH2-hMSH6 functions as a novel molecular switch. 
Cell. 1997;91:995‐1005.

SUPPORTING INFORMATION

Additional supporting information may be found online in 
the Supporting Information section at the end of the article.    

How to cite this article: Ling C, Yang W, Sun H, et al. 
Rare compound heterozygous mutations in gene MSH6 
cause constitutive mismatch repair deficiency syndrome. 
Clin Case Rep. 2018;6:1448–1451.  
https://doi.org/10.1002/ccr3.1564

https://doi.org/10.1002/ccr3.1564

