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Introduction: Lynch syndrome is caused by a germline mutation in mismatch repair (MMR) genes, leading to the
loss of expression of MMR heterodimers, either MLH1/PMS2 or MSH2/MSHS, or isolated loss of PMS2 or MSH6.
Concurrent loss of both heterodimers is uncommon, and patients carrying pathogenic variants affecting different
. . MMR genes are rare, leading to the lack of cancer screening recommendation for these patients.
DNA mismatch repair .
MLH1 Case presentation:
MSH6 Here, we reported a female with a family history of Lynch syndrome with MLHI ¢.676C > T mutation. She
developed endometrial cancer at 37 years old, with loss of MLH1/PMS2 expression. Immunohistochemical
staining on tumor samples incidentally detected the additional loss of MSH6 expression. Whole exome
sequencing on genomic DNA from peripheral blood revealed MSH6 ¢.2731C > T mutation, which was confirmed
to be inherited from her mother, who had an early-onset ascending colon cancer without cancer family history.
Conclusion: This is a rare case of the Lynch syndrome harboring germline mutations simultaneously in two
different MMR genes inherited from two families with Lynch syndrome. The diagnosis of endometrial cancer at
the age less than 40 years is uncommon for Lynch syndrome-related endometrial cancer. This suggests an earlier
cancer screening for patients carrying two MMR mutations.

Colorectal cancer

1. Introduction increased alterations in tandem repeat lengths within microsatellite

regions, referred to as microsatellite instability (MSI).

Lynch syndrome (LS), is an autosomal dominant disorder associated
with a spectrum of cancers, including colorectal cancer (CRC), endo-
metrial cancer, and other malignancies (Lynch et al., 2015). The syn-
drome results from germline mutations primarily in DNA mismatch
repair (MMR) genes, such as mutL homolog 1 (MLH1), mutS homolog 2
(MSH2), mutS homolog 6 (MSH6), and PMS1 homolog 2 (PMS2) (Lynch
et al., 2015). The pathogenesis involves a germline mutation in one of
the MMR genes, followed by a second hit in the remaining wild-type
allele, resulting in the inactivation of MMR proteins and mismatch
repair deficiency (dMMR). This deficiency triggers tumorigenesis as
base-base mismatches and insertions/deletions generated during repli-
cation remain unrepaired. Tumors with dMMR typically exhibit

Immunohistochemical (IHC) staining for MMR protein expression
and/or MSI testing is currently recommended by guidelines for all
endometrial cancer patients to maximize LS screening sensitivity
(Network, 2023). Confirmatory germline genetic testing follows to
establish the LS diagnosis. Risk for specific cancer types in LS varies with
specific MMR gene mutations (Bonadona et al., 2011; Mgller et al.,
2017). Tailored surveillance and prevention strategies, based on cancer
type risk and age of onset, are recommended (Network, 2023). For
instance, LS-associated endometrial cancer risk increases significantly
after age 40, with suggested screening starting at 30-35 years (Network,
2023; Dominguez-Valentin et al., 2023). However, LS with two MMR
gene mutations is rare, requiring more data to establish cancer risk and
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Fig. 1. Immunohistochemical staining for MMR proteins. Inmunohistochemical staining for MLH1, PMS2, MSH2, and MSH6 was performed on tumor samples of

the proband (a) and her parents (b and c). Scale bar is 20 pm.

screening recommendations. Here, we present a case of LS with germline
mutations in two different MMR genes inherited from two LS families.
Notably, endometrial cancer developed at 37, an unusual age for LS-
associated cases.

2. Case presentation

A 45-year-old female, previously in good health with a body mass
index of 23.6 and regular menstruation cycles, experienced progressive
menorrhagia and dizziness eight years ago. Initial assessment revealed
iron deficiency anemia. A transvaginal ultrasound identified a 5.5 x 4.8
x 4.6 cm endocervical mass, leading to a biopsy confirming endome-
trioid adenocarcinoma. Pelvic magnetic resonance imaging, performed
for staging, revealed a 5.5 x 5.0-cm tumor involving the endometrium
with invasion more than 50 % of the myometrial thickness and extension
to the endocervix (Supplementary Figure S1). Considering the cervical
involvement, modified radical hysterectomy was included in the staging
surgery, and histological analysis demonstrated grade 3 endometrial
endometrioid adenocarcinoma, stage II (pT2NOMO) per International
Federation of Gynecology and Obstetrics criteria. After recovery from
the surgery, she received adjuvant radiotherapy with a total dose of
4,500 cGy in 25 fractions. Two years after surgery, a recurrent 6.2 x 4.5-
cm tumor, located at the left pelvis involving the left ovary and sigmoid
colon, was detected by abdominal computed tomography. Complete
optimal debulking surgery, including excision of the recurrent tumor
and bilateral adnexa with segmental resection of involved sigmoid
colon, was performed, followed by six cycles of chemotherapy with
paclitaxel, doxorubicin, and cisplatin. However, disease progressed. A
peritoneal seeding tumor at the greater omentum and a metastatic
tumor at left pelvic wall with several enlarged nodules at mesentery
developed soon after completion of the chemotherapy. Considering the
young age, good performance status, limited metastases, and potential
survival benefit of complete cytoreduction, surgical treatment was
offered again. After understanding the potentially increased complexity
of surgery by prior radiotherapy, the patient underwent another
debulking surgery. The tumors at greater omentum and left pelvic wall
were completely resected, but the mesenteric nodules could not be
removed due to adhesion to superior mesenteric artery, leading to a
suboptimal debulking surgery. After recovery, the patient received six

Table 1
Cancer history and status of DNA mismatch repair.
Family Subject Sex  Cancer type Lossof  MSI Germline
members number (age at MMR mutation
diagnosis)
Proband 111-6 F Endometrial MLH1 High MLH]1 (p.
cancer (36) PMS2 R226X)
MSH6 MSH6 (p.
RI11X)
Father 1I-7 M CRC (63) MLH1 High MLH]1 (p.
PMS2 R226X)
Mother 11-8 F CRC (40) MSH6 Stable  MSHS6 (p.
RI11X)
Grandfather  I-1 M CRC N/A N/A N/A
(paternal)
Aunt 1I-1 F Pancreatic N/A N/A N/A
(paternal) cancer
Aunt 1I-2 F Pancreatic N/A N/A N/A
(paternal) cancer
Uncle 1I-3 M CRC (72) N/A N/A MLH]1 (p.
(paternal) R226X)
Cousin 11-3 F CRC (46) MLH1 High MLH1 (p.
(paternal) PMS2 R226X)

CRGC, colorectal cancer; F, female; M, male; MMR, mismatch repair protein; MSI,
microsatellite instability; NA, not available.

cycles of chemotherapy with ifosfamide and carboplatin. The abdominal
computed tomography performed following 6 months of ifosfamide and
carboplatin showed progressive disease with a new peritoneal seeding
tumor at greater omentum and mildly enlarged mesenteric nodules
(Supplementary Figure S2). IHC staining of the most recent resected
tumor specimen revealed preserved MSH2 but loss of MLH1, PMS2, and
MSHS6 (Fig. 1a). Four out of the five microsatellite markers—BAT-25,
BAT-26, NR-21, and NR-27—showed instability, indicating MSI-H
(Table 1). Subsequently, the patient was referred to a medical oncolo-
gist and enrolled in a phase 1 clinical trial investigating the safety and
efficacy of a new anti-PD-L1 antibody (LY3300054) for advanced solid
tumors. The tumor responded well to the anti-PD-L1 antibody. The
seeding tumor at greater omentum could not be identified at 1st
response evaluation, which was four cycles (8 weeks) after treatment,
and the size of mesenteric nodule decreased from 2.1 cm to 0.7 cm
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Fig. 2. Pedigree of the family. The proband (III-6) is indicated by an arrow. Individuals I-1, II-3, II7 (proband’s father), and II-8 (proband’s mother) had colon
cancer, and individuals II-1 and II-2 had pancreatic cancer. The diagonal line indicates that the individual is now deceased.

(Supplementary Figure S2). After 46 months, a near-complete response
was achieved. At present, the treatment has been discontinued due to
the termination of drug development, and the patient is under active
surveillance.

After the referral, the detailed family history was obtained (Fig. 2
and Table 1). The patient’s father (II-7) and mother (II-8) had ascending
colon cancer at the age of 63 and 40, respectively. Her mother reported
no family history of cancer, while multiple family members of her father
do. Her father’s brother had colon cancer at the age of 72 (II-3), and two
sisters (II-1 and II-2) had pancreatic cancer. Her grandfather (I-1) and
cousin from her father’s side (III-3) also had colon cancer. This pattern
fulfills the Amsterdam diagnostic criteria for Lynch syndrome. The
newer guidelines from the Society of Gynecologic Oncology (SGO) and
National Comprehensive Cancer Network (NCCN) also indicate the
diagnosis of endometrial cancer at age of 37 meets the criteria for testing
of Lynch syndrome. Exome sequencing (ES) was performed on the
genomic DNA extracted from the patient’s peripheral blood, and the
results showed a pathologic variant in MLH1 (c.676C > T, p.R226X) and
MSHG6 (c.2731C > T, p.R911X) (Supplementary Figure S3). Both muta-
tions are reported as pathogenic in the ClinVar database. When the
primary tumor sample of her father was analyzed, IHC staining showed
loss of MLH1 and PMS2 with preserved MSH2 and MSH6 (Fig. 1b), and
only the MLHI ¢.676C > T (p.R226X) was detected by ES without any
MSH6 mutations (Supplement S3). To determine whether the MSH6
¢.2731C > T is a de novo or inherited mutation, the status of MMR and
MSI in the tumor sample of her mother was examined. Although none of
the five microsatellite markers showed instability (Table 1), loss of
MSH6 was found by IHC staining, with preserved MLH1, PMS2, and
MSH2 (Fig. 1c). Subsequently, ES on germline DNA revealed a trun-
cating mutation in MSH6 (Supplementary Figure S3), which is the same
MSH6 mutation detected in the patient. Therefore, this patient was
conclusively diagnosed with Lynch syndrome, harboring germline mu-
tations in both MLHI1 and MSH6, of paternal and maternal origin
respectively.

3. Discussion and conclusions

Deficient MMR tumors typically exhibit loss of expression in one of
the MMR heterodimers, either MLH1/PMS2 or MSH2/MSHS®6, or isolated
loss of PMS2 or MSH6. Concurrent loss of expression in proteins from
both MMR heterodimers is uncommon (Wang et al., 2018; Moreno et al.,
2020; de Freitas et al., 2023). In this case, we present an endometrial
cancer patient from a LS family with a MLHI ¢.676C > T mutation. In
addition to the expected loss of MLH1/PMS2 expression, IHC staining on
the tumor sample incidentally revealed an additional loss of expression
in MSHS6. ES on genomic DNA from blood identified an MSH6 ¢.2731C
> T mutation. Subsequent confirmation showed that this mutation was
inherited from her mother, who had early-onset ascending colon cancer
despite no cancer family history. The unusual pattern of MMR loss un-
derscores the importance of routine assessment of MMR protein
expression in patients with endometrial cancer. Moreover, diagnosing
LS in a case without a cancer family history, such as the patient’s
mother, emphasizes the necessity of genomic testing for patients when
dMMR is detected, because the negative family history could be caused
by the small families, lack of knowledge of the family history, and the
death of relatives at a relatively young age from non-cancer causes.
Additionally, the diagnosis of endometrial cancer before the age of 40 is
uncommon for LS-related endometrial cancer, suggesting that earlier
cancer screening may be warranted for patients carrying two MMR
mutations.

Cases with concurrent loss of expression in proteins from both MMR
heterodimers have been reported in various studies (Wang et al., 2018;
Moreno et al., 2020; de Freitas et al., 2023; Stelloo et al., 2017). This
uncommon MMR protein expression pattern, observed in less than 5 %
of all AMMR tumors, is mostly documented in gastrointestinal tract tu-
mors (Wang et al., 2018; Moreno et al., 2020). A recent study by Freitas
et al (Stelloo et al., 2017) reported a relatively high incidence of con-
current loss of MMR heterodimers in endometrial carcinoma. Out of 116
cases, 15 (12.9 %) showed loss of both MLH1/PMS2 and MSH2/MSH6.
However, this elevated occurrence of unusual MMR protein expression
in endometrial cancer contrasts with findings from prior studies (Wang
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et al., 2018; de Freitas et al., 2023). Therefore, further research is
necessary to clarify the frequency of concurrent loss of MMR hetero-
dimers in endometrial cancer.

The loss of MMR protein expression can result from either germline
mutations in one of the MMR genes or acquired inactivation of MMR
protein expression. Previous studies have indicated that most cases with
concurrent loss of expression in proteins from both MMR heterodimers
were caused by the epigenetic silencing of the MLH1 gene and somatic
mutations in the other MMR gene (Wang et al., 2018). In some instances,
germline mutation in one MMR gene was followed by somatic mutations
affecting the second MMR gene (Moreno et al., 2020). While Yilmaz et al
(Yilmaz et al., 2020) reported the presence of germline mutations in two
different MMR genes leading to the concurrent loss of proteins in MMR
heterodimers, it remained unclear whether the germline mutation was
inherited from the maternal, paternal, or was a de novo mutation. In our
case, germline sequencing analysis identified a well-known pathogenic
variant in MLH1 and MSHB6, respectively. The patient is a member of LS
family with an MLH1 mutation. Further genomic analysis of blood from
her mother, who did not have any family history of cancer, confirmed
the diagnosis of LS and the origin of the MSH6 mutation. To our
knowledge, this is the first case demonstrating LS with germline muta-
tions in two different MMR genes simultaneously, inherited from two LS
families.

Cancer risks linked to germline mutations in the four MMR genes
exhibit notable differences. The cumulative incidence of any cancer by
age 70 is higher for MLH1 (72 %) and MSH2 (72 %) mutation carriers,
while it is lower for those with PMS2 (18 %) and MSH6 (54 %) mutations
(Mgller et al., 2017). Specifically, the cumulative incidence of endo-
metrial cancer by age 70 is 34 %, 24 %, 51 %, and 49 % for carriers of
MLH1, PMS2, MSH2, and MSH6 mutations, respectively (Mgller et al.,
2017). Although lifetime risks for endometrial cancer associated with
MMR gene mutations are high, the risks do not see a significant increase
until after the age of 40. Cumulative risks in MLHI and MSH6 mutation
carriers at age 40 are relatively low, standing at 3 % and 2 %, respec-
tively (Bonadona et al., 2011; Mgller et al., 2017; Dominguez-Valentin
et al., 2023). In our case, germline mutations in both MLH1 and MSH6
genes were detected, and endometrial cancer manifested at the age of
37, which is younger than the median age at diagnosis for LS-related
endometrial cancer. The co-occurrence of MLHI and MSH6 mutations
may contribute to this earlier onset of endometrial cancer, suggesting
that earlier screening should be considered for patients with concurrent
germline mutations in different MMR genes.
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