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Objective
To examine the efficacy of MSH6 and PMS2 immunohistochemistry (IHC) as a screening method for Lynch syndrome in
endometrial cancer patients.

Methods

Through multidisciplinary discussions, an institutional MSH6 and PMS2 IHC-initiated cascade test (MSH6, PMS2
IHC—microsatellite instability [MSI] assay—germline mismatch repair [MMR] gene sequencing) was developed to
screen for Lynch syndrome in endometrial cancer patients. Testing was performed on a consecutive cohort of 218
newly diagnosed endometrial cancer patients who underwent surgery at a tertiary hospital in the Republic of Korea
between August 2018 and December 2020. The number of MMR deficiencies (MSH6 or PMS2 loss in IHC) and results
of subsequent tests (MSI assay and germline MMR gene sequencing) were examined.

Results

MMR deficiency was detected in 52 of the 218 patients (24.0%). Among these 52 patients, 34 (65.0%) underwent
MSI testing, of which 31 (91.0%) exhibited high MSI. Of the 31 patients with MSI-high status, 15 (48.0%) underwent
germline MMR gene sequencing. Subsequently, Lynch syndrome was diagnosed in five patients (33.0%).

Conclusion

Lynch syndrome screening using MSH6 and PMS2 IHC-initiated cascade testing is a viable strategy in the management
of endometrial cancer. A simplified strategy (MSH6 and PMS2 IHC—germline MMR gene sequencing) was proposed
because most women with MMR deficiencies exhibited high MSI.
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Introduction

Lynch syndrome (LS) is a cancer-prone syndrome associ-
ated with a mutation in one of four mismatch repair (MMR)
genes: MLH1, MSH2, MSH6, or PMS2 [1]. MMR deficiency
(MMRd) results in microsatellite instability (MSI), hypermu-
tated phenotypes, and an increased cancer risk [2]. Women
with LS are at an increased risk of colorectal, endometrial,
ovarian, renal, pelvic, and ureteral cancers [1] and most com-
monly develop colorectal and endometrial cancers (EC) [3,4].

EC is often the sentinel cancer in women with LS [5].
Therefore, the diagnosis of LS in EC patients could enable
early cancer surveillance and provide significant survival ben-
efits. The diagnosis of LS in EC patients is an essential step in
clinical management, as it allows cascade testing to identify
family members who may also have the disease [6]. There-
fore, it is essential to screen EC patients for LS.

Various strategies have been suggested to identify individu-
als with LS. These typically include a combination of clinical/
family history-based criteria, such as Amsterdam I/l criteria
[7], Revised Bethesda guidelines [8], tumor tissue testing (im-
munohistochemistry [IHC], MSI), algorithm-based prediction
models, or universal germline genetic testing. Each of these
strategies has certain advantages and disadvantages. Screen-
ing using clinical/family history criteria or algorithm-based
prediction models is inexpensive but strongly relies on the
availability of accurate risk information [9]. Moreover, univer-
sal screening requires more resources than clinical or family
history-based approaches. Nonetheless, universal screening
offers additional clinical insights, including MSI status or spe-
cific protein expression absence, and enhances accessibility
to germline genetic testing among individuals at risk [10,11].

The National Comprehensive Cancer Network 2018 guide-
lines recommend universal screening of endometrial tumors
for loss of MMR protein expression [12] because aberrant
MMR protein expression is a hallmark of LS. IHC screening is
an excellent technique for determining LS risk by detecting
the functional protein products of MLH1, MSH2, MSH6, and
PMS2 in tumor tissues [13]. However, resource limitations
have hindered the adoption of universal screening tests. For
example, in Korea, universal screening using IHC for four
MMR markers or MSI assays is not widely adopted because
the health insurance policy does not cover this screening test.

Therefore, it is necessary to develop a feasible LS screening
strategy for EC patients through a multidisciplinary discus-
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sion. This study examines the feasibility and performance of
the developed LS screening strategy.

Materials and methods

1. Study design and variables

This study was approved by the Institutional Review Board (B-
2104-681-103). Women with EC who underwent MSH6 and
PMS2 IHC-initiated cascade testing for LS between August
2018 and December 2020 were included. Pathological diag-
nosis, treatment, and follow-up of all the included women
were performed at an academic hospital in the Republic of
Korea.

Data, including age, histological type, cancer staging, MMR
IHC expression profiles, and subsequent tests (MSI assay and
MMR gene sequencing), were retrieved from the medical
records. Patients characteristics of those with LS were col-
lected.

2. IHC-initiated cascade testing for MSH6 and PMS2

In August 2018, IHC-initiated cascade testing for MSH6 and
PMS2 for LS screening in EC patients was conducted through
multidisciplinary discussions with gynecologic oncologists,
colorectal surgeons, pathologists, and laboratory medicine
doctors (Fig. 1). Universal screening was adopted for its high-
er sensitivity [14,15], considering the challenges of acquiring
detailed family histories. Accordingly, all women diagnosed
with any type of EC underwent IHC testing for LS.

The decision to use IHC for MMR markers as the primary
test, instead of the MSI assay, was based on both cost-
effectiveness and comparable sensitivity [15,16]. Staining
for MMR proteins was performed using primary monoclonal
antibodies.

Antibodies against MSH6 (GRBP.P1/2. D4, 1:200; Sero-
tec Inc., Raleigh, NC, USA) and PMS2 (A16-4, 1:200; BD
PharMingen, Franklin Lakes, NJ, USA) were used according
to the manufacturer’s instructions. Assessment of MMR pro-
tein expression involved nuclear staining of tumor cells and
subsequent comparison with the nuclear staining of internal
positive control cells, such as non-neoplastic epithelial cells,
stromal cells, and lymphocytes. Expression was defined as ab-
normal if one or more of the MMR proteins were completely
absent from all tumor cell nuclei [17] (Fig. 2). The selection
of these markers was based on previously reported data in-
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MMR gene mutated
\/

Lynch syndrome
(n=5)

IHC (MSH6, PMS2) for all endometrial cancer No loss (n=166)
> No further study
(n=218)
Any loss (n=52)
\/
MSI assay MSS or MSI-L (n=3) _
(n=34) > No further study
MSI-H (n=31)
\J
Germline MMR gene sequencing MMRgenewild Not lynch syndrome
(n=15) o (n=10)

Fig. 1. Lynch syndrome screening guideline for endometrial cancer patients. IHC, immunohistochemistry; MSI, microsatellite instability;
MSS, microsatellite stable; MSI-L, microsatellite instability-low; MSI-H, microsatellite instability-high; MMR, mismatc repair gene.
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Fig. 2. Representative immunohistochemical images of MSH6 and PMS2 protein expression. (A) Intact MSH6 expression. Complete loss

of MSH6 (B) and PMS2 (C) expression (x 100 magnification).

dicating comparable sensitivity between IHC for MSH6 and
PMS2 and the traditional four-marker tests (MLH1, MSH2,
MSH6, and PMS2) [18]. These findings indicate that MSH6
and PMS2 can effectively serve as standalone markers for the
detection of LS. Notably, our decision to screen for MSH6
and PMS2 was supported by a recent prospective study that
investigated and compared LS screening methods with clini-
cal diagnostic criteria, such as the Amsterdam Il criteria and
revised Bethesda guidelines. This study included the assess-
ment of MSI and IHC of MMR proteins in tumor tissues [15],
and the results of this study further validate the use of MSH6
and PMS2 as reliable markers for LS screening.

For patients showing MSH6 or PMS2 loss on IHC, a poly-
merase chain reaction (PCR)-based MSI assay was conducted
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to validate the IHC test results, considering the potential
subjectivity of IHC. Further, macrodissection and DNA extrac-
tion (InstaGene Matrix; Bio-Rad, Hercules, CA, USA) were
performed on tumor and non-neoplastic normal tissues,
respectively. DNA samples were subjected to PCR using a Na-
tional Cancer Institute (NCI) panel of five markers, including
two mononucleotide markers (BAT-26 and BAT-25) and three
dinucleotide markers (D55346, D175250, and D25123). PCR
products were analyzed using an automated sequencer (ABI
3731 Genetic Analyzer; Applied Biosystems, Foster City, CA,
USA). Microsatellite status was assessed to determine chang-
es in the allele profiles of tumor cells compared to those of
the corresponding non-neoplastic normal tissues. MSI-high
status was defined as two or more NCI markers with un-
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stable peaks, while MSI-low/microsatellite stable status was
defined as one or no NCI markers with unstable peaks [8].

Germline MMR gene sequencing was performed in pa-
tients with high MSI. Targeted panel sequencing of inherited
cancer-related genes, including MLH1, MSH2, MSH6, and
PMS2, was performed using an lon S5 XL system (Thermo
Fisher Scientific, Cambridge, MA, USA). A methylation test
for MLH1 was not performed owing to the unavailability of
an in-house test. IHC-initiated cascade testing for MSH6 and
PMS2 was performed at our institute in August 2018.

3. Analysis

The number of negative IHC results for MSH6 and PMS2
and subsequent tests was determined. The proportion of pa-
tients with MSI-high status among those with negative IHC
expression of MSH6 and PMS2 was examined to evaluate
the requirement for the MSI assay as a subsequent test. Ad-
ditionally, the characteristics of the diagnosed LS cases were
summarized.

Results

1. Baseline characteristics and number of patients in
each step of cascade testing

In total, 218 women with EC (mean age, 55 years) under-
went our screening protocol. Of these EC cases, 213 (88.0%)
were classified as endometrioid and 12 (4.9%) as serous.
Stage | and Il EC were diagnosed in 196 women (81.0%),
with histological grade 1-2 observed in 171 women (70.7%)
(Table 1).

MSH6 and PMS2 were not expressed in 52 patients. Of
these 52 women, 34 underwent MSI testing, resulting in
31 cases being identified as MSI-high. Of these 31 patients
with MSI-high status, 15 underwent germline MMR gene se-
quencing, leading to the diagnosis of LS in five cases (Fig. 1).

2. MSI assay

Of the 34 women who underwent the MSI assay, 31 showed
MSI-high status (91.2%), while three exhibited MSI-low and
microsatellite-stable results.

3. Characteristics of LS patients

The clinical, pathological, and genetic characteristics of LS
patients are summarized in Table 2. Of the five patients di-
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Table 1. Baseline data and pathological characteristics of women
with endometrial cancer who underwent our screening protocol

Characteristic (n=218) Value
Age (yr) 55.0+10.9
Height (cm) 156.25+6.69
Weight (kg) 59.10+11.45
BMI (kg/m?) 24.26+4.29
FIGO stage
Stage | 189 (78.1)
Stage Il 7(2.9)
Stage lll 33(13.6)
Stage IV 13(5.4)
Histologic grade
Grade 1 136 (56.2)
Grade 2 35(14.5)
Grade 3 71(29.3)
Histology
Endometrioid 213 (88.0)
Serous 12 (4.9)
Clear cell 4(1.7)
Carcinosarcoma 7(2.9)
Others 6(2.5)

Values are presented as meanzstandard deviation or number (%).
BMI, body mass index; FIGO, The International Federation of Gyne-
cology and Obstetrics.

agnosed with LS, four were older than 50 years. All patients
were histologically diagnosed with endometrioid cancer. The
identified mutated gene was MLH1 in one patient, MSH2 in
two patients, MSH6 in one patient, and PMS2 in one patient.

Discussion

The appropriate methods and strategies for LS screening in
patients with EC remain debatable [1]. However, recent re-
ports and guidelines support universal molecular screening
rather than clinical criteria [15,19,20] because approximately
70.0% of LS patients do not meet the Bethesda guidelines
or Amsterdam Il criteria [21].

However, universal screening requires additional resources
and is not cost-effective in some populations, limiting its
implementation. For example, the cost of IHC for MMR pro-
teins, MSI testing, and germline sequencing has been report-
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Table 2. Characteristics of women diagnosed with Lynch syndrome

Characteristic Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Age (yr) 54 55 45 78 51

Stage 1A 3C2 2 1B 1A
Histology Endometrioid Endometrioid Endometrioid Endometrioid Endometrioid
Grade 3 3 2 3 3

Lost gene MLH1 MSH6 MSH2 PMS2 MSH2

IHC MMRd type PMS2, MLH1 MSH6 MSH6, PMS2, MSH2 PMS2 MSH6, MSH2
MSI MSI-H MSI-H MSI-H MSI-H MSI-H

DNA mutation c.1367delC c.4001G>A €.2213_2214del c.1687C>T €.633delG
Amino acid change p. Ser456* p. Arg1334GIn p. Ser738Cysfs* 11 p. Arg563* p. Lys212Asnfs*2

IHC, immunohistochemistry; MMRd, mismatch repair gene deficiency; MSI, microsatellite instability; MSI-H, microsatellite instability-high; DNA,

Deoxyribonucleic acid.

ed to be approximately 143, 214, and 500 USD per patient,
respectively, in China [15]. In our institute, the approximate
cost for IHC testing of MMR proteins (two markers), MSI
test, and germline sequencing is 70, 180, and 700 USD, re-
spectively. These costs may be even higher in other countries.

1. Main findings and previous studies

This study investigated the performance of a new and
cheaper universal screening test for LS, which involves test-
ing for only two MMR proteins (MSH6 and PMS2) in a group
of women with EC. These two proteins were chosen based
on previously reported data showing comparable sensitivity
between IHC for these MMR markers (MSH6 and PMS2) and
the four-marker tests (MLH1, MSH2, MSH6, and PMS2) [18].

This decision to screen for MSH6 and PMS2 was supported
by a recent prospective study that explored LS screening
methods and compared the clinical diagnostic criteria (Am-
sterdam |l criteria and the revised Bethesda guidelines), MSI
tests, and IHC for MMR proteins in tumor tissues [15].

IHC was performed on 102 patients in the above study,
which revealed that 28 patients (27.5%) were MMR protein-
deficient, including 14 with both MLH1 and PMS2 protein
deletion, five with both MSH2 and MSH6 deletion, three
with MSH6 deletion, three with PMS2 deletions, and one
each with MLH1, MSH2, and MLH1 and MSH®6 deletions [15];
26 of the 28 patients (92.8%) had at least one MSH6 or
PMS2 deletion.

Previous studies have shown that testing for the loss of
MMR function via IHC or MSI is a cost-effective screening
test with high sensitivity and specificity [19,20]. Additionally,
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the concordance between the four- and two-MMR protein
(MSH6 and PMS2) tests was high, along with the same sen-
sitivity and specificity for LS screening [18], all of which sup-
port our theory and screening protocol (i.e., testing only for
PMS2 and MSH®6).

In our cohort, MMR gene sequencing confirmed LS in five
women (2.0%) with EC after screening. The prevalence of LS
in EC patients is consistent with the reported range of 2.1-
3.9% [19,20]. However, other studies have reported a higher
prevalence of 5.9-6.6% [15,22]; the different screening
protocols and study populations most likely drive these varia-
tions.

Our findings suggest a high concordance between high
MSI and two protein MMRd, in which 31 of 34 patients
(91.0%) with two protein MMRd exhibited MSI-high status,
which is consistent with the results of another prospective
study (94.8%) [15]. These findings support the accuracy of
the screening protocol.

MMRd was observed in 52 women in our cohort; ultimate-
ly, five (9.6%) were diagnosed with LS. In another study [15]
of 28 cases of MMRd, six women (21.4%) were diagnosed
with LS; however, in that study [15], the rate of LS was
higher than that in our cohort (5.4% vs. 2.0%), which can
explain this difference.

Our model excludes the family history-based screening step
from the screening strategy because of its low accuracy and
changes in the current social environment. Small family size
and incomplete knowledge of family cancer history can limit
screening accuracy and lead to incorrect clinical decisions [23].
These data indirectly support the sensitivity, specificity, cost-
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effectiveness, and availability of the screening model.

These results highlight several key findings. Implementa-
tion of a cascade testing strategy based on MSH6 and PMS2
IHC for LS screening in EC patients revealed a subset of cases
with loss of MSH6 or PMS2 expression. A subsequent MSI
assay confirmed a high MSI status in most of these cases,
validating the utility of MSI testing as a follow-up step.
Furthermore, germline MMR gene sequencing in MSI-high
patients identified a subset of LS patients, demonstrating the
clinical relevance of this approach.

However, the study also observed discordance between
MMR IHC and gene sequencing in some cases. Despite
showing MSH6 and PMS2 loss in IHC testing, not all cases
exhibited mutations in these genes upon sequencing. This
discordance could arise from various factors such as technical
limitations of the methods, somatic mutations not detected
by sequencing, or the involvement of other MMR genes.

2. Strengths and limitations

The strength of this study is that the screening strategy was
devised through multidisciplinary discussions with experts.
This screening test was performed in our institute over the
last 2 years, and the LS diagnosis rate was compatible with
other research results.

Notably, to ensure the validity and reliability of the experi-
mental results, controls are vital in IHC studies as they serve
as reference points for comparing the experimental samples,
thus allowing the assessment of staining specificity and accu-
racy. We used non-neoplastic normal tissues expressing MMR
proteins as the internal controls.

By including non-neoplastic normal tissues, we established
a reliable baseline for MMR protein expression analysis. These
tissues inherently express MMR proteins and show consistent
staining patterns. Comparison of the staining intensity and
pattern in neoplastic tissues with these internal controls en-
abled us to accurately determine the presence or absence of
MMR proteins. The use of non-neoplastic normal tissues as
internal controls eliminates the need for additional external
controls. This streamlined approach enhanced the internal
validity of our results, allowing us to confidently assess the
complete loss of MMR proteins in neoplastic tissues, without
introducing potential confounding factors associated with
external controls.

Overall, the inclusion of non-neoplastic normal tissues ex-
pressing MMR proteins as an internal control strengthened
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the reliability and accuracy of our IHC analysis. These internal
controls provided a reliable reference for MMR protein ex-
pression, simplifying the experimental design without com-
promising the integrity of our findings.

Currently, there are no common national screening strate-
gies for LS in South Korea. Other researchers have launched
testing strategies for LS; however, these strategies are not
necessarily suitable for different populations, as they do
not have the same healthcare system, insurance coverage,
and genetic features. Therefore, it is necessary to develop a
straightforward and cost-effective strategy for LS screening.
The LS screening algorithm used in this study may be valu-
able for this purpose. Further prospective studies are required
to confirm these hypotheses.

The current study had some limitations. The investigation
into the potential link between EC risk and family history,
while accounting for the proband’s MMR status and exclud-
ing probands with pathogenic MMR mutations, indicated
that MMR genes may not adequately explain the familial EC
risk [24]. In addition, polygenic interactions have been pro-
posed as the most likely cause of cancer in LS patients [25].
Therefore, additional studies on familial EC are required [26].

Moreover, the limited generalizability of our findings is at-
tributed to the retrospective design and small sample size of
the current study, as well as the limited number of women
whose MMR genes were evaluated. To confirm the sensitivity
and specificity of this screening test, it would be ideal to in-
clude a control group of patients who underwent MMR pro-
tein IHC testing along with MSI and gene sequence testing
for LS. Furthermore, evaluating the MMR genes in women
with negative IHC results would provide valuable insights.
Instead, we used data from other studies to compare and
confirm the effectiveness of the screening tests.

Moreover, the high numbers of missing values in the
screening tests is a limitation of our study; as mentioned,
this test was not covered by insurance, and some patients
refused to complete the screening tests (MSI and gene se-
quence test). Finally, this study presents a comprehensive cas-
cade testing strategy for LS screening in EC patients based
on MSH6 and PMS2 IHC. While this approach offers simpli-
fication and efficiency, the observed discordance between
MMR IHC and gene sequencing in some cases highlights the
need for continued research and refinement of strategies to
enhance the accuracy and clinical utility of LS screening in
EC.

www.ogscience.org
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IHC (MSH6, PMS2) for all No loss

. No further study
endometrial cancer

\/

Any loss

Y

Germline MMR gene
sequencing

Fig. 3. Updated guideline for Lynch syndrome screening. IHC, im-
munohistochemistry; MMR, mismatch repair gene.

3. Impact of this study

Based on these results, we updated the LS screening guide-
lines (Fig. 3). As mentioned, a family history-based screening
strategy is inefficient. Hence, we initiated IHC testing for
two minor markers, MSH6 and PMS2. MSI testing was not
included in the updated version owing to the high accuracy
achieved through MSI testing using MMR protein IHC. MMR
gene sequencing was chosen as the second test for the final
diagnosis, considering the patient’s economic status. Accord-
ing to the Korean National Healthcare Insurance, a patient
with a suspected hereditary disease can be compensated for
50.0% of the cost of a genetic panel test.

Along with the cost issue, among the five patients with
LS, three showed discordance between MMR IHC and next-
generation sequencing. Therefore, the LS gene panel test
appeared to be more viable than individual genetic tests. The
outcomes of this retrospective investigation can serve as a
foundation for future prospective studies that incorporate
follow-up assessments.

To identify LS in women presenting with EC, IHC screen-
ing for two MMR proteins was proposed. According to our
results, LS gene sequencing is a sensitive and cost-effective
screening test. The MSI and IHC results for the two MMR
proteins were highly concordant in the EC screening.
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