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Colorectal (CRCs) and endometrioid (EMCs) cancers in patients with Lynch syndrome exhibit micro-
satellite instability (MSI) detected by PCR or immunohistochemistry (IHC). While both assays are
equally sensitive for CRCs, some suggest that PCR has a higher false-negative rate than IHC in EMCs. We
assessed the MSI profiles of 91 EMC and 311 CRC specimens using five mononucleotide repeat markers:
BAT25, BAT26, NR21, NR24, and MONO27. EMCs with high MSI (MSI-H) showed a mean left shift of 3
nucleotides (nt), which was significantly different from 6 nt in CRCs. A shift of 1 nt was observed in
multiple markers in 76% of MSI-H EMCs, whereas only 12% of MSI-H CRCs displayed a 1-nt shift in one
of five markers. IHC against four mismatch repair proteins was performed in 78 EMCs. Loss of staining in
one or more proteins was detected in 18 of 19 tumors that were MSI-H by PCR. When EMC tumor cell
burden was diluted to <30%, MSI-H was no longer observed in two of three EMCs with a mean
nucleotide shift of 1 nt. These results indicate that EMC and CRC MSI profiles are different and that
caution should be exercised when interpreting the results, as subtle, 1-nt changes may be missed. These
findings provide a potential cause of previously reported discordant MSI and IHC results in EMCs.
(J Mol Diagn 2017, 19: 57e64; http://dx.doi.org/10.1016/j.jmoldx.2016.07.008)
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Lynch syndrome (LS) (Online Mendelian Inheritance in
Man no. 120435), also referred as hereditary nonpolyposis
colorectal cancer, is an autosomal dominant disorder with a
relatively common disease prevalence of 1 in 440.1,2 About
2% to 3% of colorectal cancers (CRCs) and 1% to 2% of
endometrioid cancers (EMCs; including endometrial cancer
and endometrioid cancer of the ovary) are due to LS.3 LS is
a heterogeneous disorder exhibiting reduced penetrance,
differences in age of onset, and variability in expression.

In LS patients, the lifetime risks are 50% to 70% for CRC
and 40% to 60% for EMC in women, and the overall risk for
other associated tumors is increased.4 LS is caused by
germline mutations in one of four mismatch repair (MMR)
stigative Pathology and the Association for M
genes or by a deletion in the EPCAM locus affecting the
adjacent MMR gene.5 These germline mutations result in
defective MMR machinery that leads to microsatellite insta-
bility (MSI) throughout the genome and gives rise to tumors.
Both Lynch-related and sporadic cancers can manifest MSI.
MSI tumors are associated with a better prognosis yet a poor
response to adjuvant 5-fluorouracil based chemotherapy.6
olecular Pathology. Published by Elsevier Inc. All rights reserved.
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Figure 1 Differences in microsatellite instability (MSI) profiles between
colorectal cancer (CRC) and endometrioid cancer (EMC). A: MSI profile of a
representative MSIehigh (MSI-H) CRC with its paired normal control. Shifts in
microsatellite repeat lengths are labeledat thebottom(eg, geneNR21/SLC7A8,
e7 nt). B: MSI profile of a representative MSI-H EMC compared with its paired
normal control. Shifts inmicrosatellite repeat lengths are labeled at the bottom
(eg, gene NR21/SLC7A8, e2 nt). Common names and Human Genome Orga-
nisation nomenclature of genes containing microsatellite markers are listed.
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Many institutions have adopted an algorithm for universal
screening for MSI in all newly diagnosed CRCs and EMCs to
identify patients with potential LS.

The two widely used methods of clinical screening for LS
are MSI detection by PCR with template DNA extracted
from tumor tissue, and immunohistochemistry (IHC) stain-
ing using antibodies directed against MMR proteins in
tumor tissue sections.7,8 MSI is characterized by the
expansion or contraction of DNA sequences through the
insertion or deletion of repeated DNA sequences. If MSI is
detected at �30% of the loci analyzed, the tumor is
considered to have a high frequency of MSI (MSI-H). If
MSI is detected at <30% of the loci studied, the tumor has a
low frequency of MSI (MSI-L). If MSI is not detected at any
locus, the tumor is considered to be microsatellite stable
(MSS). MSI-L or MSS status greatly reduces the likelihood
of LS in a patient. The absence of nuclear staining of one or
more proteins on IHC may detect an abnormal MMR pro-
tein and predict the likely mutant gene. In contrast, the MSI
PCR assay measures the function of the MMR system, and
may identify MSI-H cases caused by missense mutations
of MMR genes that may not result in the loss of immuno-
reactivity and thus could be missed by IHC.9 Both assays
have a reported sensitivity of 92% to 93%.3 Initially, MSI
testing was performed using two mono- and three dinucle-
otide polymorphic DNA markers, as presented at a National
Cancer Institute 1998 workshop.10 Currently, however, the
majority of diagnostic laboratories use a commercial kit
containing five mononucleotide markers (see Materials and
Methods for details).

While the algorithm for CRC screeningmay include IHC or
MSI or both, it is largely an institutional decision based on
cost, expertise, and resources. However, IHC is considered by
some to be the preferred method of screening for EMC
because of higher false-negative rates reported with MSI
testing in EMC tumors. Hampel et al11 reported that 50% of
mutS homolog 6 (MSH6) mutant EMCs do not show MSI-H
by MSI PCR. Another study documented that 21% of IHC-
deficient EMC tumors were MSS by the MSI PCR assay.12

However, a recent study by McConechy et al13 showed
93% concordance between the two methods, with 4%MSI-H
EMCs missed by IHC, yet only 1% of IHC-deficient EMCs
weremissed by theMSI assay. Furthermore, the correlation of
MSI status with pathologic features of EMCs is also con-
troversial.14e16 In the present two-part study, we compared
MSI PCR profile patterns between EMCs and CRCs to
identify a possible cause of the reported higher false-negative
rate with MSI testing in EMCs, and we examined the rela-
tionship of pathologic features of EMCs with MSI status.

Materials and Methods

Specimens and Patient Data Collection

Our retrospective study cohort consisted of banked DNA
samples from 311 CRCs and 91 EMCs submitted to the
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Molecular Diagnostics Laboratory, Vanderbilt University
Medical Center (Nashville, TN), for clinical MSI testing
between June 2012 and January 2015. Hematoxylin and
eosin stains from all EMCs were reviewed by the partici-
pating pathologist (C.S.) for tumor cellularity by calculating
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MSI in Endometrioid Cancers
the percentage of tumor nuclei over total nuclei in the tissue
section. Pathologic features were collected from pathologic
reports during the clinical testing for MSI status. Clinical
and follow-up data from the EMC patients were collected
from electronic medical records, with Institutional Review
Board approval (Vanderbilt University Medical Center
Institutional Review Board protocol 160099). All de-
mographic and clinicopathologic data were deidentified.
Clinical MSI testing results from EMC and CRC specimens
were retrospectively reanalyzed for this study.

DNA Preparation

Tumor and paired normal tissueDNAwas extracted from three
to five 10-mm curls or 5 to 10 unstained slides using the QIA-
quick PCR Purification Kit (catalog number 28104; Qiagen,
Hilden, Germany) and the Qiacube instrument (Qiagen), ac-
cording to the instructions supplied by the manufacturer.

MSI Testing by PCR and Capillary Electrophoresis

DNA extracted from paraffin-embedded tumor and paired
normal tissues was subjected to MSI testing by multiplex
PCR using the MSI Analysis System (catalog number
MD1641; Promega, Madison, WI). Briefly, this multiplex
PCR assay contains fluorescently labeled primers for five
mononucleotide repeat markers, BAT25 (SLC7A8), BAT26
(MSH2), NR21 (KIT), NR24 (ZNF2), and MONO27
(MAP4K3), and two pentanucleotide repeat markers,
PENTAC and PENTAD. After PCR, amplicons were
detected by capillary electrophoresis on the ABI 3130xl
Genetic Analyzer (Applied Biosystems, Foster City, CA) and
the results were analyzed using GeneMapper software
version 4.1 (Applied Biosystems). Allele peaks present in the
tumor sample that were not found in the corresponding
normal sample (referred to as left or right shift) indicated
instability of a marker. MSI status was determined as MSI-H,
MSI-L, or MSS, depending on the number of mono-
nucleotide markers demonstrating instability and corre-
sponding to two or more (�30%), one (<30% but >0%), or
zero markers, respectively.
Table 1 Antibodies Used for IHC Analysis

Antibody Clone Vendor
Working
concentration An

MHL1 M1 Ventana Medical Systems
(Tucson, AZ)

1.4 mg/mL 64

MSH6 SP93 Cell Marque (Rocklin, CA) 1:50 dilution 52

MSH2 FE11 Dako (Carpinteria, CA) 1:10 dilution 60

PMS2 A16-4 BD Biosciences
(San Jose, CA)

1:50 dilution 40

MLH1, mutL homolog 1; MSH2, mutS homolog 2; MSH6, mutS homolog 6; PMS

The Journal of Molecular Diagnostics - jmd.amjpathol.org
Tumor Cellularity Dilution Study

Representative EMC and CRC tumors with mean absolute
nucleotide shifts of 1, 2, 3, 4 and 5 nt(s), sufficient remaining
tumor, normal paired DNA, and tumor cellularity ranging
from 30% to 80% were used for the tumor cellularity dilution
study. Briefly, based on the concentration and the tumor
cellularity, banked DNA extracted from paraffin-embedded
tumor tissue was diluted using the respective paired normal
control DNA from paraffin-embedded tissue to achieve
template DNA aliquots with relative tumor cellularity values
of 30%, 20% and 10%. MSI profiles of diluted tumor DNA
were compared to those of undiluted tumor DNA as well as to
MSI profiles of each patient’s normal control DNA.

Quantification of MSI Repeat Number Changes

MSI PCR patterns were retrospectively reanalyzed in all tested
CRCs and EMCs. Changes in PCR fragment lengths repre-
senting changes in mononucleotide repeat numbers were
determined in each individual marker by two participating
molecular geneticists (Y.W. andC.L.V.-J.) without knowledge
of the IHC results.Using the electropherogram from the normal
control DNA from each patient, the peak with the highest
relative fluorescent intensity value was identified. Subse-
quently, the leftmost and rightmost peaks with heights of at
least 5% that of the highest peak in the normal specimen were
identified in each marker and considered as position zero
(Figure 1). The difference in peak size (in base pairs) between
the leftmost and the rightmost peaks also with a peak height of
at least 5% that of the highest peak in tumorDNAspecimenand
position zero in the normal DNA was defined as the absolute
nucleotide shift (Figure 1). The absolute nucleotide shift rep-
resents the change in the length of mononucleotide repeats of
the tumor DNA compared with that in normal tissue DNA.

IHC Analysis

Archived tumor specimens were available for IHC analysis
in 78 of 91 EMCs. Five-micron, unstained sections were
prepared from formalin-fixed, paraffin-embedded tissue
tigen retrieval condition
Antibody incubation
condition

Minutes at 95�C; Ultra Cell Conditioning
Solution 1 (Ventana Medical Systems)

36 minutes at 37�C

Minutes at 95�C; Ultra Cell Conditioning
Solution 1 (Ventana Medical Systems)

1 hour at 37�C

Minutes at 95�C; Retrieval Bond Epitope
Retrieval Solution 2 (Leica Microsystems,
Buffalo Grove, IL)

15 minutes at room
temperature

Minutes at 95�C; Retrieval Bond Epitope
Retrieval Solution 2 (Leica Microsystems)

15 minutes at room
temperature

2, PMS1 homolog 2.
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Table 2 Patient Characteristics

Characteristic

Cancer type

CRC EMC

Age, years
Min 23 30
Max 91 86
Median 60 61

Sex, n (%)
Female 135 (43) 91
Male 176 (57) N/A

MSI status, %
MSI-H 14.8 22
MSI-L 0.3 1.1
MSS 84.9 76.9

CRC, colorectal cancer; EMC, endometrioid cancer; MSI-H, microsatellite
instabilityehigh; MSI-L, microsatellite instabilityelow; MSS, microsatellite
stable.

Wang et al
blocks, and immunolabeled for mutL homolog 1 (MLH1),
mutS homolog 2 (MSH2), mutS homolog 6 (MSH6), PMS1
homolog 2 (PMS2) after antigen retrieval. Details about
antibodies used are listed in Table 1. Stains were indepen-
dently reviewed by two participating pathologists (C.S. and
R.E.) without knowledge of the MSI status from the PCR
assay. The absence of nuclear staining in the tumor cells
with the presence of a positive internal control in the adja-
cent morphologically normal cells in one or more of the
MMR proteins is consistent with MMR deficiency.

Statistical Analysis

The data were analyzed using GraphPad Prism software
version 5.01 (GraphPad Software, Inc., La Jolla, CA). The
t-test was used for assessing the significance of mean alter-
ations in repeat length (absolute nucleotide shift) in the five
mononucleotide markers. The c2 test was used for assessing
the correlation of MSI status with clinicopathologic features.
P < 0.05 was considered statistically significant.

Results

Patient Characteristics and MSI Status

Tumor specimens obtained from 311 CRC and 91 EMC
patients referred for MSI testing between June 2012 and
Table 3 Prevalence of Unstable Markers in MSI-H CRC and EMC

Cancer type

# of unstable markers

2 3 4 5

CRC 0 2 11 87
EMC 0 5 10 85

Data are expressed as % of patients.
CRC, colorectal cancer; EMC, endometrioid cancer; MSI-H, microsatellite

instabilityehigh.
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January 2015 (Table 2) were used for analysis. In the CRC
patients, MSI-H, MSI-L, and MSS accounted for 14.8%
(46), 0.3% (1), and 84.9% (264) cases, respectively
(Table 2). In the EMC patients, MSI-H, MSI-L, and MSS
accounted for 22% (20), 1.1% (1), and 76.9% (70) cases,
respectively (Table 2). The majority of the MSI-H tumors
were unstable at all five mononucleotide loci (Table 3),
regardless of tumor type (CRC, 87%; EMC, 85%). Only
11% of CRCs and 10% of EMCs were unstable at four
mononucleotide loci. All tumors were unstable at three or
more mononucleotide loci. The most frequently unstable
markers in CRCs and EMCs were BAT26 and MONO27,
respectively (Table 4).

EMCs Exhibited Smaller Repeat Number Changes than
CRCs

A visible and quantifiable difference in the MSI profiles
between CRC and EMC was observed. In CRC tumors,
mononucleotide markers exhibited a significant left shift
compared with the subtle left shift often observed in MSI-H
EMCs (Figure 1). In both CRCs and EMCs, the majority of
mononucleotide markers displayed a left shift, indicating a
deletion of microsatellite repeats. For example, e7 in the
CRC from Figure 1 refers to a left shift of 7 nt, which
represents deletion of seven mononucleotide repeats. Only
rare tumors have markers with a right shift of 1 or 2 nt,
indicated by a positive value (Figure 2A). Absolute nucle-
otide shifts in all five markers in all MSI-H cases were
quantified and are shown in Figure 2A. CRCs demonstrated
more left shift (means � SD, �6.3 � 2.8 nt) than did EMCs
(means � SD, �2.9 � 2.2 nt). All five makers exhibited
similar changes in repeat numbers within the same tumor
type (Figure 2B).
The mean changes in repeat number in all five markers in

each tumor were calculated and plotted as the mean absolute
shift (Figure 2C). There was a significant difference in the
distributions of mean absolute shift between CRCs and
EMCs (P < 0.0001). Approximately 43% of EMCs had a
mean absolute shift of 2 nt. Collectively, there were 53% of
EMC tumors with a mean absolute shift of 1 or 2 nt. In
contrast, almost 80% of CRC tumors had a mean absolute
shift of 6 nt or more. These results suggest that the change in
repeat number in MSI-H EMCs is significantly smaller and
may be missed if not examined carefully.
Table 4 Frequency of Instability of Five Mononucleotide Markers
in MSI-H CRC and EMC

Cancer type

Mononucleotide marker

NR21 BAT26 BAT25 NR24 MONO27

CRC 93 98 96 89 96
EMC 95 90 85 86 100

Data are expressed as % of patients.
CRC, colorectal cancer; EMC, endometrioid cancer; MSI-H, microsatellite

instabilityehigh.
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Figure 2 Differences in colorectal cancer (CRC) and endometrioid cancer (EMC) nucleotide shifts observed in microsatellite instability (MSI) profiles. A:
Alterations in repeat length for all loci in all MSI-high CRC (cyan; nZ 46) and EMC (magenta; nZ 20) are plotted in the graph. B: Alterations in repeat length
in five individual mononucleotide markers are plotted in the graph. C: The distribution of mean absolute shifts in repeat lengths of five markers per tumor
differs significantly between CRC (cyan) and EMC (magenta). The mean nucleotide shifts in EMC (magenta) are significantly smaller than those of CRC (cyan) in
all markers. P < 0.0001.

MSI in Endometrioid Cancers
MSI PCR and IHC Correlation

IHC against the four MMR proteins MLH1, MSH2, MSH6,
and PMS2 was performed on 78 available endometrial
tumors (Table 5). Sixty tumors (77%) exhibited a normal
staining pattern, indicating MSS. Eighteen tumors (23%)
showed loss of immunoreactivity in one (Supplemental
Figure S1) or two MMR proteins, with the majority dis-
playing dual loss of MLH1 and PMS2 (Figure 3). All 18
tumors with loss of MMR protein(s) exhibited MSI-H by
PCR, whereas 1 MSI-H tumor by PCR retained immunore-
activity of all four MMR proteins, but with some tumor cells
showing weaker expressions of MLH1 and PMS2 compared
with those of MSH2 and MSH6 (Supplemental Figure S2).
Overall, the sensitivity values were 95% (18/19) with IHC
and 100% (19/19) with the PCR assay (Table 6).
Efficiency of MSI Detection Based on Tumor Cellularity

MSI testing on DNA of tumor tissue requires comparison of
DNA extracted from adjacent normal tissue or peripheral
blood. The proportion of tumor nuclei to total nuclei
(percent tumor cell burden) in the DNA extracted from
tumor tissue can affect the ability to detect a small nucleo-
tide shift and thereby compromise the sensitivity of the MSI
PCR assay. We therefore selected representative tumors
from CRC and EMC groups with a mean absolute shift of 1,
Table 5 IHC Staining Pattern Results

Staining pattern Cases, n Cases, %

MLH1�/PMS2� 15 19.2
MSH2�/MSH6� 1 1.3
MSH6� 1 1.3
PMS2� 1 1.3
All retained 60 76.9
Total 78 100

IHC, immunohistochemistry analysis; MLH1, mutL homolog 1; MSH2,
mutS homolog 2; MSH6 mutS homolog 6; PMS2, PMS1 homolog 2.

The Journal of Molecular Diagnostics - jmd.amjpathol.org
2, 3, 4 or 5 nt. Tumor DNA was diluted with paired normal
DNA to reach relative tumor cellularity values of 30%,
20%, and 10%. Only the tumors with a mean absolute shift
of 1 nt showed a change in MSI status when tumor cellu-
larity was 20% or less (Figure 4A).

In our study, 10% of MSI-H EMCs had a mean absolute
shift of 1 nt, which could potentially be missed if the tumor
cellularity is <30% (Figure 2C). In contrast, there were only
2% CRCs with a mean absolute shift of 1 nt (Figure 2C).
Thus, the detection of MSI by PCR in EMCs is dependent on
accurate assessment of tumor cellularity to prevent false-
negative results. When the tumor cellularity was <30% in
both tumor types, although up to 75% cases exhibited smaller
shifts of 2 to 5 nt (Figure 4, B and C), most of these changes
did not affect their reported MSI status. Taken together, these
Figure 3 Representative immunohistochemistry analysis images of
microsatellite instabilityehigh in endometrioid cancer tumor tissue with
loss of mutL homolog 1 (MLH1) and PMS1 homolog 2 (PMS2), but with
retained immunoreactivity for mutS homolog 2 (MSH2) and mutS homolog
6 (MSH6).
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Table 6 Sensitivity of IHC and MSI PCR

Screening method True MSI-H True MSS

IHC
IHC-deficient 18 0
IHC-intact 1 59
IHC sensitivity 18/(18 þ 1) Z 95%

MSI PCR
MSI PCR positive 19 0
MSI PCR negative 0 59
MSI PCR sensitivity 19/19 (100%)

IHC, immunohistochemistry analysis; MSI-H, microsatellite instabilitye
high; MSS, microsatellite stable.

Wang et al
data suggest that the cutoff for tumor cellularity should be
�30% of tumor nuclei in both EMCs and CRCs.

MSI Status Associates with International Federation of
Gynecology and Obstetrics Grade in EMCs

MSI status was significantly associated with International
Federation of Gynecology and Obstetrics grade (Figure 5A).
MSS EMCs were most often grade 1, whereas MSI-H
EMCs were typically grade 2. However, MSI status did
not correlate with age at diagnosis or other pathologic
characteristics, such as American Joint Committee on
Cancer stage (Figure 5B), tumor site, histologic type, cervix
involvement, lymph-vascular invasion, tumor margin, or
myometrial invasion.
Discussion

It is important to identify EMC patients with LS because
they have significantly elevated lifetime risks for additional
malignancies, including 40% to 60% for CRC and 9% to
12% for ovarian cancers.14 With a diagnosis of LS
confirmed by MMR germline mutation analysis, an appro-
priate surveillance plan for the patient can be developed. In
Figure 4 Nucleotide shift in repeat lengths and microsatellite instability (MS
mean absolute nucleotide shift of 1 nt lose their MSI-high status when the tumor
repeat length are plotted based on original mean absolute nucleotide shifts. C:
reduction in mean nucleotide shift when tumor cellularity is �20%. T, tumor.
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addition, the establishment of LS in the proband coupled
with germline MMR mutation identification enables muta-
tion testing for at-risk family members and appropriate
clinical management in mutation-positive carriers. The Na-
tional Comprehensive Cancer Network guideline Uterine
Neoplasm recommends that physicians “consider screening
with IHC and MSI for inherited MMR gene mutations in
patients <50 years and those with a significant family his-
tory of endometrial and/or colorectal cancers.”15,pp.UN-1

Thus, screening for LS in EMC patients has become the
standard of practice, and accurate identification of these
patients is important for their clinical management and that
of other members in the family. Regarding initial testing for
MSI in EMCs, the Society for Gynecologic Oncology
clinical practice statement on EMC LS screening states,
“IHC is the most cost-effective of the tumor studies and is
widely available in most pathology laboratories.” [Society
of Gynecologic Oncology. SGO Clinical Practice State-
ment: Screening for Lynch syndrome in endometrial cancer
2014. Available at https://www.sgo.org/clinical-practice/
guidelines/screening-for-lynchsyndrome-in-endometrial-
cancer (accessed July 2016).] Whether the PCR or the IHC
assay or both are used for identifying LS in patients is
dependent on costs, sensitivity of the assay, and the
collaboration between the clinical and laboratory teams at
the treating institution.
In 2002, it was reported that EMCs in LS patients showed

false-negative results on radioactive PCR amplification of
microsatellite repeats followed by gel electrophoresis.16 The
same phenomenon was observed on fluorescent PCR
amplification of two mono- and three dinucleotide markers
and capillary electrophoresis.17,18 With MSI testing avail-
able at our institution and IHC testing recently implemented,
we sought to optimize our screening algorithm, which relied
on determining whether these previously reported findings
were applicable to the five mononucleotide markerebased
MSI commercial kit in use by our laboratory and in most
clinical laboratories for CRC and EMC testing.16e18 In this
I) status are sensitive to tumor cellularity. A: Only tumors with an original
cellularity is �20%. B: Percentages of cases retaining original alterations in
Both colorectal cancers (CRCs) and endometrioid cancers (EMCs) show a
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Figure 5 Microsatellite instability (MSI) status in endometrioid cancer
(EMC) correlates to some clinicopathologic features. A: MSI status corre-
lates with the International Federation of Gynecology and Obstetrics (FIGO)
grade of EMC with microsatellite-stable (MSS) tumors more often grade 1
and MSI-high (MSI-H) tumors more often grade 2 (c2 P Z 0.0394). B: MSI
status does not correlate with the American Joint Committee on Cancer
(AJCC) stage of EMC. P Z 0.9297 (c2).

MSI in Endometrioid Cancers
process, we identified and quantified distinct differences in
MSI profiles between cohorts of CRC and EMC patients
referred for clinical MSI testing (Table 2). Interestingly,
unstable microsatellite markers in CRCs showed a statisti-
cally larger shift and thus a larger number of deleted
mononucleotides compared with the nucleotide shift
changes and deleted mononucleotide numbers in EMCs
(Figures 1 and 2). Furthermore, these subtle 1-nt differences
can be missed if the tumor cellularity within the specimen is
<30%, resulting in false-negative results in the subset of
EMCs exhibiting small nucleotide shifts (Figure 4). The
findings from our study emphasize the critical need for ac-
curate tumor cellularity assessment before the initiation of
MSI testing, and demonstrate the potential of inaccurate
assessment of this task. Furthermore, while most clinical
laboratories are accustomed to looking at clearly obvious,
large nucleotide shifts in CRCs, small and subtle changes
observed in some EMCs may be overlooked. Similarly, if
The Journal of Molecular Diagnostics - jmd.amjpathol.org
robust PCR amplification with high relative fluorescence
intensity is not observed, small, subtle, 1-nt shifts may also
not be observed. With knowledge of these findings and the
confirmation that MSI detection by PCR is as sensitive as
that by IHC, laboratories should consider the use of this
technology as an alternative to IHC when developing their
testing algorithms and be assured that the sensitivity of this
assay is not any less than that of IHC.

While MSI testing is at least as sensitive to IHC testing,
there are limitations to this assay. If paired normal tissue is
not available for comparison or the tumor cellularity is
insufficient (<30%), IHC testing should be the preferred
method. In addition, IHC allows for the specific identifica-
tion of the defective MMR protein(s). However, IHC can be
intact in MSI-H tumors with germline mutations when the
specific mutation(s) does not disrupt antibody-reactive
epitope,19 and IHC might not be the ideal method for
detecting EMC in treated patients, as chemoradiation can
reduce MMR protein expression in otherwise MSS
tumors.20

There are several possible mechanisms underlying the
difference in MSI profiles seen in MSI-H EMCs and CRCs
that, in part, may be attributable to differences in the
biology of the two different types of epithelium.21,22 First,
like normal colonic and endometrial epithelium, MSI-H
CRCs may have more rapid turnover and more rounds of
DNA replication compared with those of EMCs, conse-
quently leading to a larger nucleotide shift compared with
that in MSI-H EMCs. Second, almost 80% of EMCs in
this cohort were American Joint Committee on Cancer
stage 1 and early-stage tumors; as such, they may have
undergone fewer rounds of DNA replication and therefore
may have exhibited a smaller nucleotide shift. However,
we did not see a significant correlation between tumor
stage and the number of nucleotide shifts in MSI-H EMCs,
but that finding could have been due to our small sample
size. Finally, complete loss of two functional MMR alleles
may occur in a later stage of cancer development in EMCs
than in CRCs. Alternatively, differences in MMR ma-
chinery during DNA replication in EMCs and CRCs may
exist. Further studies using MMR-deficient cell lines and a
larger cohort of cases representing different stages of
disease are needed to clarify the mechanisms of these
differences.

MSI-H CRCs have a well-documented association with
a number of pathologic features, such as mucinous
differentiation, signet ring cell morphology, medullary
features, Crohn-like lymphoid reaction, and abundant
tumor-infiltrating lymphocytes.23 In contrast, there have
been limited and controversial studies regarding the cor-
relation of MSI status with clinicopathologic features in
EMC. Two studies from 2006 in a relatively large-scale
cohort of EMC patients showed significant associations
between tumor MSI-H and advanced tumor stage, myo-
metrial invasion, and improved survival.24,25 However, a
later study, in 2014, showed no associations of MSI status
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with survival, tumor grade, tumor stage, or histologic ex-
amination findings in 109 patients.26 In our study, a cor-
relation between International Federation of Gynecology
and Obstetrics grade and MSI status was observed. How-
ever, MSI status did not correlate with age at diagnosis or
other pathologic characteristics, such as American Joint
Committee on Cancer stage, tumor site, histologic type,
cervix involvement, lymph-vascular invasion, tumor
margin, or myometrial invasion, potentially due to our
limited study cohort. Therefore, additional, larger-scale
studies are needed to support these associations.

Supplemental Data

Supplemental material for this article can be found at
http://dx.doi.org/10.1016/j.jmoldx.2016.07.008.
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