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Abstract

Objectives: To investigate the prevalence and molecular characteristics of defective DNA mismatch repair
(dMMR) in small-bowel carcinoma (SBC) in a Japanese-hospital population.

Methods: Immunohistochemistry was performed to evaluate the expression of MMR proteins (MLHI,
MSH2, MSH6, and PMS2) in formalin-fixed paraffin-embedded sections prepared from surgically resected
primary SBCs from 30 patients during March 2002 to March 2017. Genetic testing for Lynch syndrome
was performed in patients who demonstrated MMR protein loss.

Results: Two of 30 patients (6.7%) demonstrated concomitant loss of MSH2/MSH6 protein expression.
Further genetic testing identified a pathogenic MSH2 variant in one of these patients.

Conclusions: The prevalence of dAMMR SBCs in a Japanese hospital-based population seems lower than
that reported in previous studies. To determine whether dAMMR SBCs might be strongly linked to Lynch
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syndrome, there is a need for further investigation with a larger sample size.
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Introduction

Defective mismatch repair (AIMMR) in tumors leads to ab-
normal functions of MMR proteins because of either ge-
netic[1] or epigenetic[2] events, resulting in the accumula-
tion of errors during DNA replication, especially in the re-
petitive sequences known as microsatellites. The hallmarks
of dMMR tumors are loss of MMR protein expression and/
or high-level (high-frequency) microsatellite instability
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(MSI-H)[3]. Pembrolizumab, an anti-PD-1 antibody, was
shown to improve overall survival in a subset of cancer pa-
tients with loss of MMR protein expression and/or MSI-H;
therefore, it was approved by the US Food and Drug Ad-
ministration in 2017, for the treatment of such tumors[4].
Thus, evaluation of MMR protein expression and/or MSI in
cancer patients is expected to be helpful to stratify them into
groups that will benefit from treatment with the anti-PD-1
antibody.
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Small-bowel carcinomas (SBCs) are relatively uncommon
neoplasms and account for < 2% of all gastrointestinal can-
cers[5]. As a chemotherapy regimen for patients with ad-
vanced SBC has not yet been established because of the rar-
ity of the disease, screening for MMR protein loss by im-
munohistochemistry (IHC) and/or MSI-H is indicated in pa-
tients with SBC, for the identification of patients who could
benefit from treatment with anti-PD-1 antibody agents. As
documented in the revised Amsterdam criteria[6] and revised
Bethesda guidelines[7], SBC is known to be associated with
the Lynch syndrome (LS), an inherited autosomal dominant
disease, caused by deleterious germline variants for one of
the MMR genes, namely, MLHI, MSH2, MSH6, and PMS2,
and the more recently identified, 3’ deletion of EPCAM lo-
cated upstream of MSH2[8].

Hypermethylation of the MLHI promoter region is one of
the three molecular mechanisms involved in tumors with
dMMR and is a well-known epigenetic mechanism underly-
ing dMMR function in various cancers, including SBCs[9].
In LS, somatic mutation or inactivation of the wild-type al-
lele of the causative MMR gene along with a pathogenic
germline variant results in a dysfunctional MMR system,
thereby promoting cancer development[10]. Recently, so-
matic variants in MMR genes in the absence of germline
variants have been revealed as a novel mechanism responsi-
ble for the development of tumors with dMMR in a subset
of patients initially considered as having LS[11-13]. This
condition is termed “Lynch-like syndrome (LLS)” or “LS
mimic.” Although the occurrence of this syndrome has been
extensively examined in colorectal cancers and endometrial
cancers, it has been investigated scarcely in other LS-
associated tumors; to the best of our knowledge, LLS has
not been investigated in patients with SBC. Therefore, this
study aimed to investigate the prevalence and molecular
characteristics of dMMR in SBCs among a Japanese
hospital-based population through a universal tumor screen-
ing approach with IHC for MMR protein expression.

Methods

Patient selection

Between March 2002 and March 2017, a total of 38 con-
secutive patients with primary SBC who underwent surgical
resection of the primary tumor at the Saitama Medical Cen-
ter, Saitama Medical University, Japan were enrolled in this
study. The demographic/clinicopathologic data and personal/
family histories of the patients were obtained from their
medical records. This research was approved by the Institu-
tional Review Board at the Saitama Medical Center, Saitama
Medical University (Nos. 924, 925, and 926), and by the
Ethics Committee at the Saitama Medical University and
was conducted according to the guidelines put forth in the
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Declaration of Helsinki. Informed consent was obtained
from each patient for the genetic testing of MMR genes. For
deceased cases, consent was obtained from the next-of-kin
(family members).

IHC for MMR proteins

The experimental protocol for performing IHC for MMR
proteins and the primary antibodies used for the detection of
MMR proteins (MLH1, MSH2, MSH6, and PMS2) have
been described previously[14]. Briefly, 4-um-thick sections
prepared from formalin-fixed paraffin-embedded (FFPE)
specimens of SBC samples were stained for the detection of
four MMR proteins, as per the manufacturer’s protocol. The
normal staining pattern for MMR proteins is nuclear. Com-
plete loss of nuclear staining in tumor cells with the pres-
ence of nuclear staining in non-neoplastic cells, such as nor-
mal small-bowel epithelial cells, lymphocytes, or stromal
cells was considered to represent an abnormal pattern.

MSI testing

The MSI was tested using the MSI Analysis System, Ver-
sion 1.2 (Promega Corporation, Madison, WI, US), as de-
scribed previously[15]. The analytical system evaluated the
MSI status of five mononucleotide microsatellite markers
recommended by the revised Bethesda guidelines[7] and in-
cluded BAT25, BAT26, NR21, NR22, and NR24. When two
or more markers derived from the tumor DNA showed al-
tered numbers of repeats compared to the markers derived
from normal tissue or blood DNA, the tumor was consid-
ered to be showing MSI-H, and the MSI test was selectively
performed in SBCs by evaluating the loss of MMR protein
expression in THC.

Detection of germline variants and copy number variations

Direct sequencing was used to perform the full-sequence
analysis of the germline MMR genes in DNA extracted
from the blood or FFPE specimens of normal mucosa, as
described previously[14,16]. Pathogenic variants were de-
tected by multi-gene panel analysis including 26 genes[16],
and the identified variants were assessed using the InSiGHT
classification criteria (http://insight-group.org/variants/classifi
cations/). When no germline MMR variant was detected in
the DNA samples, the samples were subjected to RNA se-
quencing to identify structural alterations of the MMR genes
as essentially described previously[17].

Results

Patient background data

Thirty-eight patients were screened during the study pe-
riod; of these, patients with SBCs associated with apparently
cancer-predisposing diseases such as familial adenomatous
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Table 1. Demographic and Clinicopathologic Characteristics of Patients with Small Bowel Carcinoma.
Number of patients (%) n =30
Mean Age (range) (years) 64 (17-87)
Sex Male 16 (53.3%)
Female 14 (46.7%)
Location of tumor Duodenum 11 (36.7%)
Jejunum 14 (46.7%)
Tleum 5(16.7%)
Stage I 5(16.7%)
II 9 (30.0%)
1IA 7 (23.3%)
1IB 2 (6.7%)
11 6 (20.0%)
1A 5(16.7%)
111B 1(3.3%)
v 10 (33.3%)
Histology Well-differentiated adenocarcinoma 10 (33.3%)
Moderately differentiated adenocarcinoma 17 (56.7%)
Poorly differentiated adenocarcinoma 1 (3.3%)
Mucinous adenocarcinoma 1 (3.3%)
Squamous cell carcinoma 1 (3.3%)

polyposis (n = 7) or Crohn’s disease (n = 1) were excluded.
Therefore, 30 patients were evaluated in this study. The
demographic and clinicopathologic characteristics of these
30 patients with SBC are shown in Table 1. The median age
of the patients (16 males and 14 females) was 64 years
(range: 17-87 years). The tumor location varied between
duodenal (n = 11), jejunal (n = 14), and ileal (n = 5).
AJCC-TNM staging of tumors[18] revealed that five patients
had stage I, nine patients had stage II, six patients had stage
III, and 10 patients had stage IV tumors. Histological ex-
amination revealed well-differentiated adenocarcinoma in 10
patients, moderately differentiated adenocarcinoma in 17 pa-
tients, poorly differentiated adenocarcinoma in one patient,
mucinous patient,
adenosquamous cell carcinoma in one patient.

adenocarcinoma in one and

IHC for MMR proteins and MSI testing

Of the 30 patients with SBC, two (6.7%) patients showed
concomitant loss of MSH2 and MSH6 expression in their
tumor samples (Figure 1A, 2A). Further, MSI-H was ob-
served in both cases. No other patient showed MMR protein
loss.

Clinicopathologic/molecular characteristics of patients with
dMMR SBC

The clinicopathologic/molecular characteristics of the two
patients with dMMR SBC are summarized in Table 2. As
both of these patients showed concomitant loss of MSH?2
and MSH6 expression, we performed genetic testing for

MSH? in them (Figure 1A, 1B, 1C, 2A, and 2B). As a result
of genetic testing, we identified a pathogenic germline vari-
ant, ¢.2038C>T/p.Arg 680 Ter in MSH2 (NMO000251.2) in
the 51-year-old man (case 1) with stage II A jejunal carci-
noma. He had synchronously associated stage Il transverse
colon cancer and stage II sigmoid colon cancer, both of
which were resected with curative intent. In case 2 (a 57-
year-old man with stage IIIB ileal carcinoma synchronously
associated with stage 0 ascending colon carcinoma, which
had been endoscopically removed preoperatively), no germ-
line MSH?2 variant including copy number variants could be
identified using the panel sequencing analysis of 26 genes
related to hereditary gastrointestinal cancer / polyposis. Due
to severe fragmentation of DNA extracted from the FFPE
specimen of the SBC tissue, the somatic events leading to
the inactivation of MSH?2 in case 2 could not be analyzed.
Further, ITHC for MMR proteins was performed in colon
cancer specimens from these two patients. All three tumors
showed concomitant expression loss of MSH2 and MSH6.
These two patients did not fulfill the revised Amsterdam cri-
teria but met at least one item of the revised Bethesda
guidelines. Notably, the elder brother of the case 2 had died
of upper urothelial carcinoma, one of the LS-associated rare
neoplasms, at the age of 45 years; however, MMR protein
expression could not be evaluated by IHC in his case.

Discussion

Immunohistochemistry-based analysis of MMR protein
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Figure 1. (A) Immunohistochemistry for mismatch repair pro-
teins in the jejunal carcinoma specimen of case 1, demonstrating
concomitant loss of MSH2 and MSHG6 expression. (B) Immunohis-
tochemistry for mismatch repair proteins in the transverse colon
carcinoma of case 1, demonstrating concomitant loss of MSH2 and
MSHG6 expression. (C) Immunohistochemistry for mismatch repair
proteins in the sigmoid colon carcinoma specimen of case 1, dem-
onstrating concomitant loss of MSH2 and MSH6 expression.
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Figure 2. (A) Immunohistochemistry for mismatch repair proteins in the ileal carcinoma
specimens of case 2 demonstrating concomitant loss of MSH2 and MSH6 expression. (B)
Immunohistochemistry for mismatch repair proteins in the ascending colon carcinoma of
case 2 demonstrating concomitant loss of MSH2 and MSHG6 expression.

expression is increasingly replacing MSI testing as a pre-
ferred screening method for identifying MMR status in col-
orectal cancer[19], as well as in other LS-associated tumors.
The concordance rate of the IHC and MSI testing results is
more than 90% in cases of colorectal[20] and endometrial

cancers[21], whereas such information is not yet available
for SBCs. Michel et al.[22] reported a perfect concordance
in the results from MSI-H and loss of MMR protein expres-
sion identified by IHC in 56 cases of SBC. Compared to
MSI testing, IHC offers the distinct advantages of being
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Table 2. Clinicopathologic Characteristics and Evaluation of Germline Alterations in the MMR Genes of Two Patients with MMR Deficiency.

Cancer family

History of LS- as-

Germline
MSI alterations of

Pattern of
mismatch repair

Class*

history

sociated tumor

MMR genes

status

protein loss

Fulfillment
Tumor
. Stage
location

Number of
rBG criteria

Histology

of the

rAMC

fulfilled

Age Sex

(years)

Case

No.

Unknown

Synchronous T/C

MSH2 5

¢.2038C>T

Well-differen- ITA MSH2/MSH6 High
(5/5)
High
(5/5)

Jejunum

No

51

and S/C Ca.
Synchronous A/C

tiated
Moderately

Elder brother:
Upper urothelial
carcinoma (45 y.o.)

ND

ND

MSH2/MSH6

111B

Tleum

No

57

Ca.

differentiated

*Pathogenicity of the identified variants was confirmed based on the InSiGHT and ClinVar databases

MMR: Mismatch repair; LS: Lynch syndrome; Ca: carcinoma; A/C: Ascending colon; T/C: Transverse colon; S/C: Sigmoid colon; rBG: revised Bethesda guidelines; rAMC: revised Amsterdam criteria; y.o.: years old
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cost-effective and widely available. In addition, it can also
identify the genetic/epigenetic alterations in MMR
genes[23]. Thus, in the present study, we selected IHC for
analyzing the expression of MMR proteins in dAMMR SBCs,
where the frequency of MMR expression loss in SBCs is re-
ported to vary widely (8.5%-33.3%)[9,24-26]. This could be
partially explained by ethnic differences, use of different an-
tibody clones, or different cutoffs for defining the loss of
MMR expression. For example, Overmann et al.[26] consid-
ered immunoreactivity in <10% of tumor cells as loss of
MMR expression and reported its frequency at 33.3% in
SBCs. In contrast, the majority of recent studies, including
the present one, define complete loss of nuclear staining as
an indicator of the loss of MMR expression[14,23,27,28].
Furthermore, most of the earlier studies included patient cri-
teria being based on cancer-related and/or a family history
of LS, thereby potentially biasing their conclusions. We be-
lieve that the present study shows the prevalence of dAMMR
tumors among unselected SBCs more accurately than previ-
ous studies[9,24-26].

There is a scarcity of scientific data[9,24] examining
dMMR status in SBCs. Xia et al.[24] analyzed a consecutive
series of 71 surgically resected SBCs in six hospitals within
the University of Pittsburgh Medical Center system over a
period of eight years. The overall prevalence of SBCs was
increased from 8.5% to 10.7% (6/56) after patients with
known cancer-predisposing conditions such as Crohn’s dis-
ease (n = 11), familial adenomatous polyposis (n = 3), and
celiac disease (n = 1) were excluded from the study. Loss of
MMR expression was concomitant with the loss of MSH2
and MSH6 (n = 3), followed by loss of MLH1 and PMS2,
and isolated loss of MSH6 (n = 1). However, they did not
analyze the germline MMR and therefore, the molecular
mechanisms involved in dMMR in SBCs were not ex-
plained. In another study, Jun et al.[9] from the Korean
Small Intestinal Cancer Center group analyzed LS-related
SBCs in 195 consecutive cases of surgically resected SBCs
collected from 22 Korean institutions. Although they re-
ported the loss of MMR expression in 26% (51/195) of the
SBC cases, they did not show the pattern of MMR loss in
their samples. Their study focused on 40 patients with SBCs
associated with synchronous or metachronous LS-related tu-
mors (suspected LS group). Loss of MMR expression, both
in SBCs and the matched synchronous or metachronous LS-
related tumors, was identified in 15 cases. They excluded
seven cases with MLHI promoter methylation and analyzed
germline MMR in the remaining eight cases. Loss of MMR
expression was concomitant with the loss of MSH2 and
MSH6 (n = 5), followed by the loss of PMS2, MSH2, and
MSH6 (n = 2), and loss of MLH1 and PMS2 (n = 1). As
they did not perform the germline MMR analysis in 35
dMMR SBC patients without suspected LS, the exact pro-
portion of dAMMR SBCs remains unclear. Our results based
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on the universal tumor screening of SBCs show a lower
prevalence of dMMR SBCs compared to the earlier two re-
ports[9,24]. However, due to severe degradation of tumor
tissue DNA from case 2, we were unable to analyze the so-
matic inactivation of MSH2, and we thus regarded it as a
case of LLS.

Relatively new and with the understanding of its patho-
genesis still evolving, the term LLS in association with CRC
was first coined in 2013[29] and, where it has not been de-
scribed in patients with SBC, the term has come to be used
for patients with LS-associated tumors such as CRC[14],
epithelial ovarian cancer[30], sebaceous tumors[31], and up-
per urothelial cancer[32]. LLS may account for as many as
70% of all cases with suspected LS[29]. Analysis of col-
orectal cancers (CRCs) suggested that the LLS was a hetero-
geneous group including sporadic (non-hereditary) colorectal
cancers and undetected LS, and was the intermediate risk
for CRC[33]. Some investigators have reported that 50%-
60% of LLS-associated CRCs exhibit biallelic somatic inac-
tivation of MMR genes[11,12,33-35] through somatic muta-
tions (nonsense, missense, frameshift, or splicing site dele-
tions or loss of heterozygosity) and double somatic MMR
pathogenic variants in their tumors. Although bi-allelic
MMR gene inactivation has not been convincingly proven in
these tumors, tumor phenotypes such as MSI-H and/or
MMR expression loss detected by IHC support this notion.
We could not exactly explain the mechanisms involved in
the same loss (MSH2/MSH6) of MMR protein expression in
both SBC and colon cancer in case 2, of which DNA ex-
tracted from FFPE tumor tissue showed a severe degrada-
tion. Because we conducted both DNA and RNA next-
generation sequencing analysis of the MMR genes using pe-
ripheral blood cells of case 2, we could exclude the possibil-
ity of LS, even for rare cases with mosaic mutations, patho-
genic variant within the deep intron region, or structural al-
terations such as inversion and translocation. However, con-
sidering the development of synchronous cancers in these
organs with deficiency of MSH2 and MSH6 proteins, we
speculate a possible involvement of some genetic back-
ground other than the MMR genes in the development of
these cancers in case 2. In fact, several studies have already
reported germline variants of candidate genes including
BUBI, SETD2, FANI, BARDI, WRN, MCPHI, and REV3L
in the confirmed LLS cases[36,37].

Universal screening for LS using IHC for MMR proteins
and/or the MSI test is a cost-effective method for CRC and
endometrial cancer assessment[38,39]. It is difficult to esti-
mate the efficacy of universal screening for LS in patients
with SBCs, primarily because of their rarity and lack of suf-
ficient scientific literature. Furthermore, in contrast with
82%-87.2% of dMMR colorectal and 77.%-93.5% of en-
dometrial cancers that are caused by MLHI hypermethyla-
tion[14,40-43], results of earlier studies and those of the
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present study have shown that the molecular mechanisms in-
volved in the majority of dMMR SBCs are not epigenetic
but rather suggest germline or somatic MMR gene inactiva-
tion[23,25]. Thus, routine IHC for MMR proteins may ef-
fectively screen LS (and occasionally LLS) and stratify the
potential candidates for effective anti-PD-I-based therapy.
Although this study presents some interesting and con-
vincing results, it has some limitations. For instance, these
results are from a single institution, derived from the retro-
spective data of a relatively small sample size. Nevertheless,
this study adds to the scant scientific literature describing
the prevalence and molecular mechanisms involved in
dMMR in SBCs. Given its clinical implications, the efficacy
of universal screening for LS in patients with SBCs and the
molecular mechanisms involved in dMMR in SBCs should
be validated in further investigations with a larger sample.
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