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Abstract

Background: Lynch syndrome (LS), which is known as a hereditary cancer syndrome, is distinguished by microsatellite
instability, represented by the altered number of repetitive sequences in the coding and/or non-coding region.
Immunohistochemical staining (IHC) of DNA mismatch repair (MMR) proteins (e.g., MLH1, MSH2, MSH6, and PMS2) has
been recognized as an useful technique for screening of LS. Previous study has shown that the assessment of IHC,
however, requires specific caution due to variable staining patterns even without germline mutations in MMR genes.
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in MLH1/PMS2-deficient type of Turcot's syndrome type 1.

Case presentation: A 48-year-old man, who had been treated for anaplastic astrocytoma, was referred to our department
for the precise examination of progressing anemia. Whole-body examination revealed two advanced carcinomas in
descending colon and stomach. A hypo-vascular mass lesion was detected in liver as well. Pathological diagnosis (on
surgical specimens) was poorly differentiated adenocarcinoma in descending colon, moderately differentiated tubular
adenocarcinoma in stomach, and liver metastasis, which is possibly from colon. It was suspected that this case would be
Turcot's syndrome-type-1 due to its specific family history having two cases of colon cancer within the second relatives.
Pathogenic frameshift mutations in codon 618 of MLHT gene was identified. Immunohistochemical analyses (IHC)
demonstrated complete loss of MLH1 immuno-expression as well as of PMS2 except for those in brain tumor. Although
frameshift mutation was not found in MSH6 gene, histological expression of MSH6 was patchy in primary colon carcinoma
and was completely lost in the metastatic site in liver. MSH6 expression in gastric carcinoma, a coincidental cancer in this
case, was intact. An abnormal (C)8 region was identified by the cloned PCR of colon and liver tumors but not from gastric
cancer. Frameshift mutation in a (O)8 tract in exon 5 of the MSH6 gene was also detected in liver metastasis.

Conclusion: This case supports a plausible mechanism, proposed by a previous literature, for the reduced expression of
MSH6 in a somatic mutation manner, which might preferentially happen in colon cancer rather than in stomach carcinoma
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Background

Turcot’s syndrome type 1 is distinguished by brain
tumor with LS-associated colon carcinoma or polyps,
which is resulting from germline defects in mismatch re-
pair genes [1, 2]. Immunohistochemical staining for
DNA mismatch repair proteins, MLH1, MSH2, MSH6
and PMS2, has been reported as an useful method in
screening colorectal cancer patients for LS [3]. LS-
associated tumors arise as a result of inactivating muta-
tions in DNA mismatch repair (MMR) system [4]. This
system is essential in the repair of base mismatches, es-
pecially in repetitive base sequences known as microsa-
tellites [5]. Cellular malignant transformation occurs due
to the accumulation of these mutations [6].

Boland C et al. have shown that the coding region of
MSHG6 gene have repeat sequences which might be af-
fected by the defect of MMR genes [7].. In this case re-
port, Turcot’s syndrome type 1 harboring the germline
mutation of MLHI with loss of immunoexpression of
MSHS6 in colon cancer and liver metastasis due to sec-
ondary somatic mutation in coding mononucleotide
tract in MSH6 is presented. This phenomenon is com-
patible with the previous literature, that demonstrated
the reduced expression of MSH6 in a somatic mutation
manner, in colorectal carcinomas of MLH1/PMS2-defi-
cient type of LS [8].

Case presentation

A 48-year-old man, who had a treatment history for ana-
plastic astrocytoma twice at the age of 39 and 46, was re-
ferred to our department for the inspection of progressing
anemia. He was suspected as LS due to his specific family
history by having two cases of colon cancer within his sec-
ond relatives (Fig. 1). Whole-body examination revealed

two foci of advanced stage of carcinoma in descending
colon and stomach. A hypo-vascular mass in its size of 15
mm was also detected in S2 of liver. Pathological diagnosis
using the biopsied samples and surgically resected speci-
mens were poorly differentiated adenocarcinoma of de-
scending colon, moderately differentiated adenocarcinoma
of stomach, and poorly differentiated adenocarcinoma of
the liver, suggesting the liver tumor would be metastasis
from colon. 5-Fluorouracil-based adjuvant chemotherapy
with the combination of oxaliplatin was selected for this
case because this case was highly suspected as LS. During
postoperative surveillance, repetitive polypectomy for co-
lonic adenomas was performed, one of which was a 10 mm
tubular adenoma with severe atypia in the ascending colon.

Detection of MSI was performed by Biomedical Labora-
tories, Inc. (Saitama, Japan) using a National Cancer Insti-
tute—recommended panel of microsatellite markers
(BAT25, BAT26, D2S123, D55346, and D175250) and add-
itional markers (D2S136, D3S1067, TP53, D18S51). This
analysis showed a positive result for eight markers (except
D5S346), indicating a high frequency of MSI (MSI-high).
Immunohistochemistry (IHC) for MMR proteins of this pa-
tient’s tumors were also performed. Monoclonal antibodies
(MLH1: mouse monoclonal, clone ES05, MSH2: mouse
monoclonal, clone FE11, MSH6: rabbit monoclonal, clone
EP49, PMS2: rabbit monoclonal, clone EP51 {DAKO,
Denmark}) were used for the present study. The IHCs of
the descending colon cancer demonstrated abnormal nu-
clear staining of scanty MSH6, concurrent loss of MLH1
and PMS2, whereas the staining for MSH2 was positive.
On the other hand, IHCs of the liver metastasis showed
complete loss of MSH6, MLH1, PMS2 and the staining for
MSH?2 was positive. IHCs of the stomach cancer revealed
negative staining of MLH1 and PMS2, whereas the staining
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for MSH2 and MSH6 were positive. These results are sum-
marized in Fig. 2. Further investigation in IHCs of the colon
cancer specimens from his father and brother were per-
formed. Both of them showed the same staining pattern, as
of this patient’s stomach cancer (Fig. 3).

A gene mutation of MLHIwas suspected in this family
line, because all of the colon cancers demonstrated
complete defects of MLH1 and PMS2. Genetic analysis
for mismatch repair genes, MLHI, MSH2, MSH6, PMS?2,
MSH3, PMSI1, EPCAM, MLH3, APC, MUTYH, POLDI,
POLE, TP53, AXIN2 and BMPRIA was conducted. This
genetic testing revealed a frame shift mutation in codon
618 (c. 1852-1854delAAG / p.Lys618del) of MLHI. This
mutation is registered on the database of InSiGHT as class

5 and as pathogenic in Clin Var [9, 10]. To investigate the
mechanism of the scanty staining pattern of MSH6 in
colorectal carcinoma, analysis of the coding region micro-
satellite (C)g in exon 5 of MSH6 in this patient’s colon
cancer, stomach cancer, and liver metastasis was per-
formed. An intact (C)8 region was shown in a normal tis-
sue of the colon and stomach cancer. An abnormal (C)8
region was seen in the colon cancer and the liver metasta-
sis (Fig. 4). The distribution of the mutant alleles in the
(C)g tract was further analyzed by cloning and sequencing
analysis. Deletion mutation (-1wt) and insertion mutation
(wt + 1) were detected in the liver metastasis. Representa-
tive electropherograms of wild type, —1wt and wt+1
clones are shown in Supplementary Fig. 1.

MLH1

Fig. 2 Histological examination and immunohistochemical staining for mismatch repair proteins of this patient’s tumors. HE staining of a colon
tumor revealed a poorly differentiated adenocarcinoma with an increased intratumoral lymphocytes and neutrophils. By immunohistochemistry,
the tumor is negative for MLH1 and PMS2 . This tumor has intact expression of MSH2. These glands show scanty staining for MSH6. HE staining
of a stomach tumor revealed a moderately differentiated adenocarcinoma

MSH6

PMS2
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Fig. 3 Immunohistochemical staining for mismatch repair proteins of the colon tumors in this patient’s family. By immunohistochemistry, the
tumor of this patient’ s father; II-3 and brother; Ill-7 had an intact expression of MSH6. The rest of the mismatch repair proteins showed the same
staining pattern of this patient; negative for MLH1 and PMS2, positive for MSH2

.

a C8 region

C8 region

hl

Fig. 4 Electropherograms depicting the coding region microsatellite (C)8 in exon 5 of MSH6 from this patient’s tumors. An intact (C)8 region was
shown in a normal mucosa of the colon (a) and stomach cancer (b). An abnormal (C)8 region was detected in the colon cancer (c) and the liver

metastasis (d)
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Discussion and conclusions

The role of MMR protein during DNA replication is to re-
tain genomic stability by correcting the base mismatches
[11]. We have been investigating the molecular alterations
of the deficient MMR colon cancer and previously reported
about the subset of poorly differentiated colon carcinoma
with microsatellite instability harboring less expression of
CDX2 [12]. Although CDX2 has a microsatellite (G)7 se-
quence tract in its coding region, our previous analysis
showed that its marked reduction was a result of
dominant-negative pathways regulating CDX2 transcription
[13]. In contrast, in the present case, the reduced expression
of MSH6 with a microsatellite (C)8 region is likely due to a
somatic mutation caused by loss of an MMR component.

As shown in this case, this patient was preoperatively
suspected of Lynch syndrome from his family history.
Subsequent analysis of IHC for MMR proteins demon-
strated MLH1/MSH6 deficiency in colon cancer and
liver metastasis, and MLH1 deficiency in gastric cancer.
On the other hand, colon cancer specimens of his father
and brother showed only MLH1 deficiency. This family
line was indicated to have MLHI gene mutation and
genetic testing revealed a frame shift mutation in MLH1
gene. Therefore, the reduced expression of MSH6 in
colon cancer and liver metastasis was suspected as som-
atic mutation manner.

It has been shown that the coding region of MSH6
gene have repeat sequences which might be target gene
for instability [14]. The coding region microsatellite (C)g
in exon 5 of MSHS6 in the colon cancer and liver metas-
tasis were analysed by DNA sequencing and showed mu-
tation. The rational story is that microsatellite unstable
colon cancer cell due to the MLHI gene mutated condi-
tion metastasized to the liver and occurred somatic mu-
tation into another type of allele in both tumor sites.
The origin of metastatic liver tumor had already been di-
agnosed by morphological analysis, however, the results
of DNA sequence also proved that the liver metastasis
was not derived from stomach cancer, because the (C)g
region in exon 5 of MSH6 was wild type in the stomach
cancer. We speculate that the reduced expression of
MSHS6 is a passenger mutation rather than a driver mu-
tation in carcinogenesis in this case. However, it is pos-
sible that MSH6 deficiency due to the MLHI gene
mutation played a partial role in metastatic disease for-
mation, which is consistent with the difference in MSH6
expression between the metastatic region and the pri-
mary site. Further investigations in similar cases compar-
ing the primary tumor site and metastatic regions might
provide a biological implication on whether secondary
mutations in MSH6 contribute to carcinogenesis.

There must be a possible change of recognition po-
tency of MSH6 antibody against MSH6 with the frame-
shift mutation in the repetitive mononucleotide tract. It
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has been reported that the truncated polypeptide due to
1 bp deletion or insertion at codon 1116 of MSH6 cod-
ing region was unstable and was not detected by the
in vitro protein expression analysis [15]. We presume
that the similar mechanism resulted in the loss of MSH6
immunoexpression. There have been some reports about
the frequency of somatic frameshift mutations of the
MSH6 gene induced by microsatellite instability. Duval
A. et al. reported in their review article that somatic
frameshift mutation of MSH6 was detected in more than
30% of colorectal cancers [14]. On the other hand, Shia
J. et al. have shown the frequency of scanty staining of
MSH6 was about 2% in colorectal carcinoma cases that
meet the Revised Bethesda Guidelines [8], and Rondell
et al. also showed the mutation ratio was less than 1% of
colorectal cancer from the immunohistochemical ana-
lysis in a larger population [16].

Although the interpretation of IHC patterns require
cooperation with pathologists, it has some advantages
such as its inexpensiveness and convenience for direct
detection of altered MMR genes, and its potency for vis-
ual evaluation by anyone [3]. However, there are some
pitfalls of the interpretation of the results of IHC. As
one of which was described in this case, the failure of
MLH1 function associated with the somatic mutation of
MSHS6 coding region. Various staining patterns of MMR
proteins, especially in MSH6, need to be recognized to
prevent misinterpretation of IHC results, which do not
necessarily represent the germline mutations.

This patient had been treated for anaplastic astrocytoma,
therefore, this case was appeared to be related to Turcot
syndrome type 1 which is characterized by glioblastoma
and colorectal cancer or polyps associated with LS [1, 2].
However, the IHCs of the specimen of brain tumor showed
intact staining of all MMR proteins (Supplementary Fig. 2).
The staining pattern was discrepant with the previous re-
port that the existence of germline mutation may influence
the carcinogenesis of glioblastoma and colorectal neoplasm
in Turcot’s syndrome patients [9]. It is also reported that
chromosomal instability play an important role in the
tumorigenesis of sporadic glioblastoma multiform [17], the
brain tumor of this patient was considered to be a sporadic
case or derived from another mechanism other than the de-
ficiency of MMR system.

MMR status is meaningful in selecting pharmacological
strategy, because deficient MMR cancers may be resistant
to 5-FU based chemotherapy [18, 19]. Adjuvant chemo-
therapy using oxaliplatin has been commonly recognized
as standard regimen for patients with node-positive colon
cancer and advanced stage of gastric cancer regardless of
the mismatch repair status. Some clinical trials showed
more beneficial outcomes of the postoperative adjuvant
FOLFOX treatment for patients with loss of MMR than
those without MMR deficiency [20, 21]. Additionally, a
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cohort study proved the preference of oxaliplatin-using
postoperative treatment for the prognosis of stage III
colon cancer with MSI-high status [11, 22]. Furthermore,
recent study has shown that MMR deficient carcinoma
patients were shown to have better prognosis by immune
checkpoint blockade [23].

This report indicates the underlying mechanism for
the patchy expression pattern of MSH6 and it was
proved by the frameshift mutation of the repetitive C8
region. This case supports a theoretical mechanism for
the reduced expression of MSH6 due to a somatic muta-
tion in the coding region that might arise in colon can-
cer of MLH1/PMS2-deficient type of LS.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512881-020-01079-x.

Additional file 1: Figure S1. Electropherograms of the cloned PCR
products from liver metastasis; the wild-type sequence (a); deletion of 1
C, —1wt (b); insertion of 1 C, wt+ 1 (c).

Additional file 2: Figure S2. Histological examination and
immunohistochemical staining for mismatch repair proteins of this
patient's brain tumors, at the age of 39 (a) and 46 (b) HE staining of the
brain tumors showed anaplastic astrocytoma. The tumors showed intact
staining for the MMR proteins.
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