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Abstract
Objective—Lynch Syndrome (LS) is characterized by a high lifetime incidence of colorectal cancer
and gynecologic malignancies such as endometrial and ovarian cancer. Identification of LS families
is important as it allows for heightened cancer screening which decreases colorectal cancer mortality.
The original 1996 Bethesda guidelines included two gynecologic populations that should be further
evaluated for LS: those with endometrial cancer before the age of 45 and those with two LS-related
cancers (i.e. synchronous endometrial and ovarian cancer). Our study aims to estimate the prevalence
of LS in these two populations.

Methods—We utilized a diagnostic algorithm that included immunohistochemistry for mismatch
repair protein expression followed by selective evaluation for microsatellite instability and MLH1
gene promoter methylation.

Results—Among 72 eligible patients, 9 (12%) had molecular findings consistent with LS: 6/50
(12%) in the early-onset endometrial cancer group and 3/22 (14%) in the synchronous primary cancer
group. In an additional 3 cases, MLH1 silencing was due to promoter methylation: 1/50 (2%) in the
early-onset endometrial cancer group and 2/22 (9%) in the synchronous primary cancer group. Of
the 9 women with molecular criteria suggesting LS, only three had pedigrees meeting the Amsterdam
criteria.

Conclusions—A diagnostic algorithm can identify patients with LS and those who warrant further
genetic testing. Our findings reinforce the recommendation that women diagnosed with endometrial
cancer before age 45 and women with synchronous endometrial and ovarian cancer be screened for
LS, irrespective of family history.
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Introduction
Lynch Syndrome (LS), also known as Hereditary Nonpolyposis Colorectal Cancer (HNPCC),
results from the autosomal dominant inheritance of a mutated DNA mismatch repair (MMR)
gene. Clinically, LS families have up to an 80% risk of developing colorectal cancer, a 60%
risk of developing endometrial cancer and a 12% risk of developing ovarian cancer [1,2].
Cancers of the stomach, pancreas, upper urinary tract, biliary tract and small intestine are also
reported in LS families [3]. Identification of LS in affected individuals has important
implications for screening in individuals as well as family members, as close screening and
surveillance has been shown to reduce the mortality of colorectal cancer by over 60% [4].

The initial (1991) and revised (1998) Amsterdam criteria were developed to identify families
at high risk for LS [5,6]. These criteria required colorectal or other LS-associated cancers in
three first-degree relatives, occurring in at least two successive generations, and in one
individual under the age of 50. These criteria were recognized to have poor sensitivity in
identifying individuals carrying a LS gene mutation. Therefore, the Bethesda Guidelines were
introduced to broaden testing recommendations and to identify a greater proportion of affected
individuals. The original 1996 Bethesda Guidelines recommended molecular testing for LS in
six groups of patients, including two gynecologic cancer populations: those with endometrial
cancer diagnosed before 45 years of age and those with two LS-related cancers (i.e.
synchronous endometrial and ovarian cancers) [7]. The Bethesda guidelines were revised in
2002 to enhance the sensitivity and specificity of the original recommendations, but they failed
to specify which gynecologic cancers should undergo further testing [8].

The majority of LS results from an inherited germline mutation in one of three mismatch repair
(MMR) genes, MLH1, MSH2, or MSH6 [9,10]. Deficient MMR protein activity leads to DNA
microsatellite instability (MSI) and absent immunohistochemical protein expression in tumor
tissue [11]. The pattern of abnormal staining provides guidance as to which of the MMR genes
is likely to harbor a germline mutation [12]. However, epigenetic silencing of the MLH1 gene
by promoter methylation can also result in defective MMR protein activity [13]. This is a
somatic and non-heritable event, and does not warrant further evaluation for LS.

This study was designed to utilize a diagnostic algorithm to estimate the prevalence of LS in
two gynecologic populations for whom screening is recommended by the 1996 Bethesda
guidelines; women less than 45 years of age at diagnosis with endometrial cancer and women
with synchronous endometrial and ovarian cancers.

Materials and Methods
Patient Population

After Institutional Review Board approval, 72 patients were identified from a pathology
database at Cedars-Sinai Medical Center in Los Angeles, CA. Group 1 included 50 patients
with endometrial cancer diagnosed before 45 years of age and group 2 included 22 patients
with synchronous endometrial and ovarian cancers (no age restriction). Cases were selected
between March 1994 and August 2008 based on the availability of pathologic materials for
analysis. During that equivalent time period, there were 1197 total patients diagnosed with
endometrial carcinoma (all ages, all histologies); 100 (8.3%) cases occurred in women younger
than age of 45. Among these 100 cases, 75 (75%) contained a diagnosis of endometrial
carcinoma alone and 25 (25%) were associated with co-existing adnexal disease (synchronous
or metastatic). H&E stained slides of formalin-fixed paraffin embedded tissue were retrieved
from the surgical pathology files, reviewed, diagnoses confirmed, and appropriate tumor and
control tissue blocks selected for study by a gynecologic pathologist. Cases were not included
in this series if too little tumor tissue existed for analysis, if the original blocks were from an
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outside institution, or if tumor blocks could not be retrieved. Cases that contained both
endometrial and ovarian carcinomas were included if a diagnosis of synchronous rather than
metastatic disease was favored by the gynecologic pathologist. Retrospective chart reviews
were performed to collect demographic and clinical information.

Molecular Analysis for Lynch Syndrome
Serial sections of the selected paraffin embedded tumor and control tissue blocks from all 72
patients were immunostained for MMR proteins: MLH1, MSH2, and MSH6. The
immunostained slides were reviewed by a gynecologic pathologist and characterized as absent,
weak, or present based on the intensity of nuclear staining for MLH1, MSH2, and MSH6.
Figure 1A illustrates present (normal) and absent (abnormal) staining patterns.

Selected cases with absent or weak immunostaining for one or more of the MMR proteins were
tested for MSI (representative example in figure 1B). DNA from tumor and normal tissue were
extracted from paraffin-embedded tissues using the EX-WAX DNA extraction kit (Chemicon
International; Temecula, CA) DNA from matched tumor and normal tissue was amplified for
the five National Cancer Institute (NCI) recommended microsatellite markers, BAT25,
BAT26, D17S250, D2S123, and D5S346 using fluromer-labeled primers [18]. MSI was
determined by comparing each endometrial and ovarian cancer to paired normal DNA from
the same individual. A tumor was designated MSI-High (MSI-H) if ≥2 of the 5 MSI markers
demonstrated evidence of instability. Tumors with zero or one marker unstable were designated
as microsatellite stable (MSS) or MSI-low (MSI-L), respectively [18, 19].

Tumors with absent MLH1 immunohistochemistry were further evaluated for MLH1 promoter
methylation (representative examples in figure 1C). Tumor DNA was bisulfite treated using
the Qiagen Epitect Kit (Qiagen; Valencia, CA) allowing for the conversion of unmethylated
cytosines to uracil. For each tumor DNA sample, two separate PCR reactions were set up to
amplify for methylated and unmethylated MLH1 gene promoters. PCR products were run on
20% Tris-HCl polyacrylamide gels in 1× TAE at 80V for 2 hours and visualized under
ultraviolet light after staining and destaining with ethidium bromide.

Detailed descriptions of the laboratory protocols for immunohistochemistry, DNA extraction,
MSI testing and methylation specific PCR, including primer sequences and protocol
conditions, are provided as supplementary material (S1).

Diagnostic Algorithm
Figure 2 illustrates the diagnostic algorithm that we used to determine whether a tumor would
be classified as genetic (arising from LS), sporadic, or requiring further work-up. Two patterns
of molecular findings were considered to be diagnostic of Lynch syndrome: (1) absent MLH1
staining with an unmethylated MLH1 gene promoter and (2) absent MSH2 and/or MSH6
staining. Tumors with absent MLH1 staining and evidence of methylation of the MLH1 gene
promoter were classified as sporadic. Tumors with weak immunohistochemical staining were
triaged according to information from the literature. MLH1 staining by immunohistochemistry,
in particular, can be problematic in predicting the presence of a germline MLH1 mutation
[20,21]. Tumors from MLH1 mutation carriers demonstrate absent staining in only 2/3 of cases
and have been shown to exhibit weak positive MLH1 staining in 1/3 of cases [22]. Therefore,
we triaged tumors with weak MLH1 staining to further evaluation by MSI testing and those
with a pattern of MSI-H were considered appropriate for referral for genetic testing. In contrast,
tumors from individuals with MSH2 germline mutations demonstrate absent MSH2 staining
[22]. Therefore, we considered the finding of weak MSH2 staining to be clinically insignificant
and not warranting further work-up. Tumors from patients with germline MSH6 mutations
have been shown to demonstrate lower or absent levels of MSI [23]. Therefore, any abnormal
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MSH6 staining, irrespective of MSI status was considered appropriate for referral for genetic
testing.

Results
Patient characteristics are summarized in Table 1. Results of the molecular analysis for group
1 (50 early onset endometrial cancers) and group 2 (22 synchronous endometrial and ovarian
cancers) are detailed in table 2 and table 3, respectively. Absence of staining for MLH1 or
MSH2 was found in 7 (14%) tumors in group 1 and in 5 (23%) tumors in group 2. A strong
correlation existed between negative IHC staining and MSI of tumor in both groups.

Those tumors with absent MLH1 immunohistochemistry were further evaluated for
methylation of the MLH1 gene promoter. In group 1, among six cases with absent MLH1
immunostaining, five (83%) were unmethylated, providing strong support for an underlying
etiology of LS in these early onset endometrial cancer cases. In contrast, in group 2, among
three synchronous endometrial/ovarian cancer cases, two (67%) were methylated and
determined to be of sporadic origin (Supplemental table S2).

Supplemental table S3 details the molecular findings in four cases with synchronous
endometrial and ovarian cancers with absent MMR protein staining (group 2). The two tumor
sites tend to show similar molecular characteristics. In each of the four patients, the same MMR
protein was affected in both of their tumors; and in two of the patients, methylation of the
MLH1 promoter was demonstrated in both tumors. Cases 1 and 2 are consistent with possible
LS, while cases 3 and 4 demonstrate evidence of epigenetic MLH1 silencing through promoter
methylation. A fifth case (not included in the table) underwent staining only for the endometrial
cancer, which demonstrated absent MSH2 and MSH6 staining. Based on this finding, the
patient was referred to genetic testing and was found to have a deleterious mutation in
MSH2.

Table 4 summarizes our findings. When considering the entire diagnostic algorithm that
includes immunohistochemistry, MSI testing, and evaluation for MLH1 promoter methylation,
molecular criteria supporting a genetic etiology of LS were found in 12% (6/50) of early onset
endometrial cancer patients (group 1) and in 14% (3/22) of synchronous endometrial/ovarian
cancer patients (group 2). Epigenetic silencing of MLH1 by promoter methylation was a more
prominent feature of synchronous cases (9%) than early endometrial cases (2%). Suspicious,
but non-diagnostic molecular abnormalities were found in an additional 10% of early
endometrial (group 1) and 4% of synchronous cases (group 2), warranting further evaluation
and genetic work-up.

Among the nine patients with molecular criteria for LS, only three met the Amsterdam II criteria
based on family history and only one additional patient had a first degree relative with a history
of a LS-associated tumor (Supplemental table S4). Three of the nine patients have undergone
commercial genetic testing, and all were found to carry deleterious germline LS mutations:
patient 1 carries the MSH2 IVS5 +3A>T mutation, patient 5 carries the MLH1 K416X mutation,
and patient 8 has a deletion of exons 1 to 6 in the MSH2 gene.

Discussion
Among two populations of gynecologic oncology patients that are recommended to undergo
genetic testing by the 1996 Bethesda guidelines, we found 12% (6/50) of the early-onset
endometrial cancer group and 14% (3/22) of the synchronous endometrial and ovarian cancer
group to have tumors with molecular characteristics suggestive of LS. Only three of these nine
patients had a pedigree pattern that met the revised Amsterdam criteria for LS.
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Screening by IHC for MMR proteins followed by selective MSI testing and evaluation for
MLH1 promoter methylation may provide a useful algorithm for triage of patient samples
toward genetic testing to identify a deleterious mutation in a MMR gene. We demonstrate a
high concordance between absent MMR protein IHC and the MSI-H phenotype and conclude
that further MSI testing is not necessary in these cases.

The prediction of MLH1 mutations by IHC has been problematic in the past, due to the
occurrence of MLH1 missense mutations that result in a deficient, but antigenically-active
protein [20]. We approached this problem by using MSI testing as a triage tool for further work-
up of tumors with weak MLH1 protein staining [22]. An alternative approach would be to add
the PMS2 antibody to the IHC panel. Addition of PMS2 increases the sensitivity of IHC in
predicting MLH1 mutation to 92%; up from 85% with the three-antibody panel composed of
MLH1, MSH2 and MSH6 [21]. MLH1 dimerizes with PMS2 and mutations of MLH1 will
often cause a concurrent loss of the two proteins [24]. Our study potentially underestimates
the prevalence of LS by the omission of this fourth antibody in our screening panel.

We chose to use IHC as the primary screening tool based on studies that suggest similar
effectiveness of this method when compared to screening by MSI [25,26]. Addition of an IHC
panel of MMR proteins to the pathological evaluation of a tumor is relatively easy for the
clinical pathologist and the pattern of MMR protein staining abnormalities can direct genetic
testing towards the gene most likely to be affected [21]. Furthermore, IHC is more likely than
MSI testing to detect a MSH6 deficient tumor that may be characterized by low or absent MSI
[23]. However, IHC can miss cases resulting from a deleterious missense mutation that encodes
a functionally-deficient but antigenically-intact protein [27]. Furthermore, while most cases of
LS are due to mutations in MLH1, MSH2, MSH6, or PMS2; cases arising from an as of yet
undefined mutated gene would not be detected by the IHC antibody panel [28]. Notably, the
concordance rate between IHC and MSI testing is only 92%, with both tests missing some
cases that would be detected by the other [29,30].

The relatively high rate of MLH1 promoter methylation found in the synchronous primary
cancer group suggests the benefit of adding MLH1 methylation analysis to the diagnostic
algorithm. Those cases found to have MLH1 promoter methylation would not require additional
genetic testing for LS. Studies in colorectal cancer have demonstrated the utility of adding
BRAF V600E mutation analysis to determine the sporadic nature of tumors with decreased
MLH1 expression [31–33]. Sparse data are available to this approach to the work-up of
endometrial cancer. However, one recent report suggests the BRAF V600E mutation is not
found in sporadic endometrial carcinomas [34].

In our diagnostic algorithm, we classified two patterns of abnormalities to be virtually
diagnostic of LS: (1) absent MLH1 staining and non-methylated MLH1 gene promoter and (2)
absent MSH2 and/or MSH6 staining [35,36]. Three of the nine patients classified as LS based
on these patterns of molecular abnormalities underwent commercial genetic testing and all
three (100%) were confirmed to carry a deleterious mutation. The highly predictive nature of
these molecular findings raises the issue that IHC for MMR proteins could be interpreted as a
genetic test. As such, the clinician should consider whether appropriate informed consent
protocols should be in place before immunohistochemical testing is performed.

We did not perform germline testing on all patients in this study, nor did we study a population-
based sample. Both of these limitations could result in either overestimation or underestimation
of LS among our two study populations. Nevertheless, using our diagnostic algorithm, we
found 12% of patients with endometrial cancers before the age of 45 to have molecular findings
consistent with LS, which aligns with findings from prior studies. In patients diagnosed with
endometrial cancer before 50 years of age, three studies utilizing germline gene sequencing
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reported LS in 4.9%[37], 8.6% [38], and 9% [39]. We found 14% of patients with synchronous
endometrial and ovarian cancers to have molecular findings suggestive of LS. Our results are
slightly higher than the those of two retrospective studies (also based on tumor molecular
profiling) that suggested LS incidence rates of 3 – 7% [40,41]. However, in a study utilizing
germline mutation analysis in early-onset endometrial cancer patients less than 50 years of age,
one of nine (11%) patients with a synchronous primary ovarian cancer had a LS mutation
[39]. Our study also demonstrates a substantial proportion of MMR and MSI abnormalities in
synchronous cases to result from MLH1 promoter methylation.

Among patients with synchronous endometrial and ovarian cancers, the tumors at both sites
often showed similar IHC staining patterns and/or similar patterns of MLH1 promoter
methylation, possibly reflecting either a still undefined genetic or environmental field effect
that impacts tumor development at both sites. We included only tumors where the clinical
impression of synchronous malignancies was favored, but the possibility that the two tumor
sites represent a metastasis from one site to the other must also be considered. Nevertheless,
the concordance of molecular findings in tumor pairs raises the feasibility of restricting
molecular testing to the endometrial cancer in these patients.

The optimal population of endometrial cancer patients for referral to genetic testing has yet to
be defined. In this study, we evaluated patients diagnosed with endometrial cancer before the
age of 45 as recommended by the 1996 Bethesda guidelines. However, evidence suggests that
a cutoff age of 45 will miss a large proportion of LS patients. In a population-based study, the
median age of diagnosis among ten LS mutation carriers was 54.6 years (range 39–69), with
six of the ten probands more than 50 years of age at the time of endometrial cancer diagnosis
[37]. The use of family history as a triage tool may also miss LS cases. Berends et al [38]
reported that among early-onset endometrial cancer patients (before the age of 50), 23% were
found to have a germline LS mutation if they had a first-degree relative with a LS-associated
cancer. In a population-based study of unselected endometrial cancer patients, seven of ten LS
mutation carriers did not fulfill either the Amsterdam criteria or the Bethesda guidelines for
screening [37].

Identification of LS individuals and families is important because it has been shown to decrease
colorectal cancer mortality with the institution of heightened cancer screening protocols [4].
The use of immunohistochemistry followed by selective MSI and MLH1 promoter methylation
studies may represent a useful algorithm for the identification of patients who should undergo
analysis for a germline MMR gene mutation. We did not find family history to be a useful
triage tool. Based on our findings, we would recommend screening for both gynecologic cancer
populations identified by the original Bethesda guidelines, irrespective of family history.
However, the optimal age cut-off for LS screening has not yet been defined and remains to be
determined with future study.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A. Immunohistochemistry results for MLH1, MSH2, and MSH6 The top row demonstrates
normal nuclear staining for each mismatch repair protein. The bottom row demonstrates absent
staining which is consistent with abnormal mismatch repair protein function. B. Representative
example of microsatellite instability in endometrial cancer DNA (bottom) compared to
matched normal DNA (top) in one of the NCI-recommended microsatellite markers. In this
case, there is a shift in the peaks, representing an error in the DNA replication process and
contraction of this microsatellite region. C. Methylation specific PCR results. Lane 1 contains
the methylated control. For each case, two PCR reactions were performed with primers specific
for the methylated MLH1 promoter (loaded on the left) and with primers specific for the
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unmethylated MLH1 promoter (loaded on the right). Cases 1 and 2 demonstrate tumors with
MLH1 silencing due to MLH1 gene promoter methylation, while case 3 represents and case
that may be due to an inherited germline MLH1 gene mutation.

Walsh et al. Page 11

Gynecol Oncol. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Diagnostic algorithm used in our study. Dark blue boxes represent molecular findings
consistent with Lynch Syndrome. Light blue boxes represent abnormal molecular findings that
warrant further genetic testing for Lynch Syndrome.
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Table 1

Patient Characteristics

Group 1:
Early-onset Endometrial

CA
(age< 45 yrs)

N=50

Group 2:
Synchronous

Endometrial/Ovarian CA
N=22

Median age (range) 39 (29–44) 42 (31–52)

Median BMI (range) 26.9 (18–62) 26 (18–44)

Race/Ethnicity

  Caucasian 34 (68%) 17 (77%)

  Asian 11 (22%) 3 (14%)

  Other 5 (10%) 2 (9%)

Endometrial CA Histology

  Endometrioid 45 (90%) 19 (86%)

  Adenosquamous 1 (2%) 1 (5%)

  Mixed 4 (8%) 2 (9%)

Endometrial CA Stage

  I 37 (74%) 18 (81%)

  II 1 (2%) 1 (5%)

  III 5 (10%) 2 (9%)

  IV 1 (2%) 1 (5%)

  Unknown 6 (12%)
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Table 4

Summary results based on our diagnostic algorithm

Group 1:
Early onset
endometrial

cancer

Group 2:
Synchronous

endometrial and
ovarian cancer

Genetic, suggests LS 6/50 (12%) 3/22 (14%)

  Absent MLH1, unmethylated

  Absent MSH2/MSH6

Sporadic 1/50 (2%) 2/22 (9%)

  Absent MLH1, methylated

Needs further evaluation 5/50 (10%) 1/22 (4%)

  Weak MLH1, MSI-H or
unknown

  Weak MSH6, any MSI status

LS = Lynch Syndrome; MSI = microsatellite instability; MSI-H = MSI-high
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