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ABSTRACT

Objectives: Lynch syndrome (LS) predisposes individuals to

developing synchronous and metachronous LS-associated

neoplasms (LSANs). Mismatch repair protein (MMRP)

immunohistochemistry (IHC) is widely used to identify LS,

but its utility in patients with synchronous/metachronous

lesions has not been studied. We studied MMRP IHC in

patients with LS with more than one LSAN to provide

screening recommendations in patients with synchronous/

metachronous neoplasms.

Methods: All patients with LS diagnosed at The Ohio State

University Wexner Medical Center from 2009 through 2014

with more than one LSAN and available tumor tissue for

immunostaining were identified. Tumors were stained for

MLH1, MSH2, MSH6, and PMS-2 proteins, and immunor-

eactivity was scored as intact or lost.

Results: Thirteen patients with LS with 29 synchronous

and/or metachronous primary LSANs were identified.

Neoplasms involved large and small intestine (n¼ 19),

ampulla (n¼ 1), endometrium (n¼ 1), and skin (sebaceous

neoplasms, n¼ 8). Nine (69%) of 13 patients showed

concordant MMRP results in all tumors, and four (31%)

showed discordant MMRP results.

Conclusions: LS diagnosis could have been missed in 31%

of the study cases if only the LSAN exhibiting intact MMRP

expression was screened. Accordingly, our findings support

the recommendation to perform LS screening in all primary,

synchronous, and metachronous intestinal and endometrial

cancers if a previous tumor screened intact.

Colorectal carcinoma (CRC) is the third most common

cancer in the United States,1 and endometrial carcinoma

(EC) is the most common gynecologic cancer in developed

countries.2 Approximately 2% to 5% of all patients with

CRC3,4 and 2% to 5% of all patients with EC will have

Lynch syndrome (LS).5,6 LS is autosomal dominant and

characterized by a germline defect in one or more of the

DNA mismatch repair genes, leading to microsatellite in-

stability. Such patients inherit a predisposition for CRC and

EC and also for ovarian, stomach, small intestinal, ureteral,

renal pelvis, transitional cell, pancreas, brain, and sebaceous

tumors.7-9 Muir-Torre syndrome is considered a phenotypic

subtype of LS, characterized by sebaceous skin tumors as

well as CRC and EC.10,11

Early diagnosis of LS is imperative for surveillance and

therapy for patients and their relatives.12,13 A LS diagnosis

can affect surgical management,14 and family members

need genetic testing with intensive cancer surveillance for

those affected. In addition, patients with LS have a higher

risk for developing synchronous and metachronous primary

neoplasms, especially of colorectal origin.15 Up to 25% of

patients with LS develop a metachronous primary CRC after

partial colectomy.16 For these reasons, it is important to ana-

lyze all primary CRCs and ECs for defective mismatch re-

pair genes. It is well known that LS screening can be

effectively performed using immunohistochemistry (IHC)

for the mismatch repair proteins (MMRPs) MLH1, MSH2,

MSH6, and PMS2.17 However, the protocol for LS screen-

ing in patients with multiple primary synchronous/meta-

chronous neoplasms is less clear. Our objective was to

evaluate MMRP concordance patterns in patients with
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known LS to provide LS screening recommendations for pa-

tients with synchronous and metachronous neoplasms.

Materials and Methods

Hospital records for patients diagnosed with LS from 2009

through 2014 at The Ohio State University (OSU) Wexner

Medical Center were reviewed. This study was approved by

the Institutional Review Board. Those with synchronous and/or

metachronous primary LSANs with tissue available at OSU

were included in this study. LSANs were considered CRCs,

ECs, gastric and sebaceous neoplasms, and carcinomas of ovar-

ian, small intestinal, transitional cell, or pancreatic origin aris-

ing in patients with known LS.8,9 Synchronous primary

neoplasms were defined as two or more malignancies arising in

different anatomic locations diagnosed either preoperatively or

intraoperatively within a 6-month period, located at least 4 cm

apart and not consisting of satellite lesions or submucosal neo-

plasm extension.18 Metachronous primary neoplasms were

defined as a neoplasm diagnosed more than 6 months before or

following the operation for a neoplasm that brought the patient

to the attention of the Genetics Clinic and located in a different

part of the same organ or a different organ.18 For patients with

multiple (more than two) synchronous and/or metachronous

primary sebaceous tumors, only the two most recent tumors

were included in this study.

Formalin-fixed, paraffin-embedded tissue sections

were stained using the following antibodies: MLH1 (1:10;

BD Biosciences PharMingen, San Diego, CA), MSH2

(1:200; EMD Biosciences, La Jolla, CA), MSH6 (1:300; BD

Biosciences PharMingen, Franklin Lakes, NJ), and PMS2

(C20, 1:50; BD Biosciences PharMingen, Franklin Lakes,

NJ). Any definite nuclear staining (>1%) with antibody was

considered intact, if positive and negative controls both

stained appropriately.19

Statistical Analysis

Descriptive statistics (mean with ranges for age and fre-

quency for categorical variables) were provided to summar-

ize the patient population.

Results

Of 129 patients with LS diagnosed from 2009 through

2014, 15 (12%) had synchronous or metachronous LSAN,

13 of whom had tissue available for MMRP testing. Five

(38%) patients had three synchronous primary tumors. All

other patients each had two synchronous or metachronous

primary tumors. One patient with LS with three

synchronous primary LSANs also had high-grade dysplasia

in the gallbladder diagnosed at cholecystectomy.

The mean patient age was 50 years (range, 16-84

years) at the time of diagnosis of the first neoplasm. Six pa-

tients were male, and seven were female. The site of origin

for the 29 synchronous or metachronous primary LSANs

from 13 patients with LS included 19 colorectum or small

bowel, one ampullary, one uterus, and eight sebaceous neo-

plasms. Table 1 depicts the MMRP expression in the dif-

ferent tumors as well as germline mutations. Nine (69%) of

13 patients showed concordant staining of all tumors, while

four (31%) of 13 showed discordant staining. Of the 20

LSANs (from nine patients) showing concordant MMRP

results, 14 (70%) LSANs showed loss of MSH2 and MSH6,

and four (20%) showed loss of MLH1 and PMS2. Two

(10%) cases showed loss of MSH6 only. Germline muta-

tions for all patients tested were consistent with the MMRP

results.

Table 2 shows the results for the four patients (nine

LSANs) with discordant MMRP results between tumors.

Discordant patient 3 (germline mutation in MSH2) had three

synchronous CRCs, with loss of MSH2 only in two (cecum

and hepatic flexure) and loss of MSH2 and MSH6 in the

transverse colon tumor Image 1 . Discordant patient 6 had a

distal left CRC with loss of MLH1 and PMS2 and intact

MMRP in the synchronous proximal left CRC Image 2 .

Discordant patient 8 (germline mutation in PMS2) had an

EC showing loss of PMS2 and a synchronous sigmoid CRC

with intact MMRP. Discordant patient 11 (germline muta-

tion in MLH1) had a left arm sebaceous neoplasm with loss

of MLH1 and PMS2 and a right arm sebaceous neoplasm

with intact MMRP.

Discussion

To our knowledge, this is the first study to assess

MMRP staining patterns in synchronous and metachronous

primary LSANs. Interestingly, we found that while nine

(69%) of 13 patients had concordant MMRP expression in

all primary LSANs, four (31%) of 13 individuals showed

discordant MMRP staining. This finding highlights the need

to consider screening primary LSANs in individuals with

synchronous/metachronous tumors if a concurrent or previ-

ous tumor was MMRP intact.

The diagnosis of LS is vital for proper surveillance

and therapy for patients and their relatives.12,13 The

Evaluation of Genomic Applications in Practice and

Prevention, the National Comprehensive Cancer Network,

and the US Multi-Society Task Force recommended uni-

versal tumor screening for MMRP in all CRC tumors in

2009 and 2014.20-22 Similarly, LS screening
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recommendations for newly diagnosed EC are well

defined.5,23,24 However, none of the current guidelines

comments on LS screening in patients with synchronous or

metachronous neoplasms.

In each of the discordant cases, we considered possible

reasons for the different patterns of MMRP expression. The

germline mutations responsible for LS are documented in

three of the four individuals (patients 3, 8, and 11; Table 2).

Patient 6 was a 49-year-old man with synchronous tumors

in the proximal and distal colon with discordant MLH1/

PMS2 stains. This patient did not undergo germline muta-

tion testing; however, we suspect LS based on his young

age, tumor multiplicity, lack of MLH1/PMS2, and lack of

BRAF mutation and MLH1 hypermethylation. The possibil-

ity that this patient had double somatic mutations instead of

LS cannot be excluded but is less likely.25

Three of the four patients with discordant staining pat-

terns showed one tumor with MMRP expression loss of at

least one protein, while another tumor showed intact

MMRP. Two tumors with intact MMRP were CRC, while

Table 1
Lynch Syndrome–Associated Neoplasms in All Study Patients

Patient No.

No. of

Neoplasms Location MMRP Results Germline Molecular Analysis

1 1 Right colon Loss of MSH2/MSH6 MSH2 deleterious mutation at nucleotide c.942þ3A>T

2 Sigmoid colon Loss of MSH2/MSH6

2 1 Cecum Loss of MLH1/PMS2 MLH1 deleterious mutation at exon 4, nucleotide IVS4-1G>A

2 Rectosigmoid colon Loss of MLH1/PMS2

3 1 Cecum Loss of MSH2 MSH2 deleterious mutation (1251_1268del18insAGTT)

2 Hepatic flexure colon Loss of MSH2

3 Transverse colon Loss of MSH2/MSH6

4 1 Cecum Loss of MSH2/MSH6 MSH2 deleterious mutation at exon 8

2 Transverse colon Loss of MSH2/MSH6

3 Jejunum Loss of MSH2/MSH6

5 1 Cecum Loss of MSH2/MSH6 MSH2 deleterious mutation at nucleotide IVS5þ3A>T

2 Rectum Loss of MSH2/MSH6

3 Duodenum Loss of MSH2/MSH6

6 1 Proximal left colon MMRP intact Did not follow through with genetic testing; BRAF mutation

negative; MLH1 hypermethylation negative2 Distal left colon Loss of MLH1/PMS2

7 1 Right colon Loss of MSH2/MSH6 MSH2 deleterious mutation at exons 1-6

2 Ampulla of Vater Loss of MSH2/MSH6

8 1 Sigmoid colon MMRP intact PMS2 deleterious mutation at exons 5-15

2 Uterus Loss of PMS2

9 1 Left neck skina Loss of MSH6 MSH6 missense mutation at exon 4 and deleterious mutation

at exon 52 Right nasal ala skina Loss of MSH6

10 1 Left arm skina Loss of MSH2/MSH6 MSH2 deleterious intronic mutation at nucleotide 5-1 G>A

2 Chest wall skina Loss of MSH2/MSH6

11 1 Left upper arm skina Loss of MLH1/PMS2 MLH1 deleterious mutation (1489delC)

2 Right upper arm skina MMRP intact

12 1 Cecum Loss of MLH1/PMS2 MLH1 deleterious mutation at nucleotide 1664 T>G

2 Sigmoid colon Loss of MLH1/PMS2

13 1 Left malar area skina Loss of MSH2/MSH6 Suspected MSH2 deleterious mutation at c.997T>C

2 Left nostril skina Loss of MSH2/MSH6

MMRP, mismatch repair protein.
aSebaceous neoplasm.

Table 2
Immunoreactivity in Discordant Lynch Syndrome–Associated Neoplasms

Patient

No. Age, y Tumor 1 Tumor 2 Tumor 3 Germline Mutation

3 61 Cecum; loss of MSH2 Hepatic flexure; loss of MSH2 Transverse colon;

loss of MSH2/6

MSH2, 1251_1268 del18insAGTT

6 49 Proximal left colon;

MMRP intact

Distal left colon; loss of

MLH1/PMS2

No sequencing; mutation and

MLH1 hypermethylation negative

8 51 Sigmoid colon; MMRP intact Endometrium; loss of PMS2 PMS2, deletion of exons 5-15

11 50 Left upper arm skin;

loss of MLH1/PMS2

Right upper arm skin; MMRP intact MLH1, 1489delC

MMRP, mismatch repair protein.
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Image 1 Patient 3 with H&E and mismatch repair protein immunohistochemical staining of three synchronous primary intestinal

Lynch syndrome–associated neoplasms (�20). Tumor 1 ¼ cecal neoplasm (H&E); MLH1 is intact, MSH2 is lost, MSH6 is intact,

and PMS2 is intact. Tumor 2 ¼ hepatic flexure colon neoplasm (H&E); MLH1 is intact 2, MSH2 is lost, MSH6 is intact, and PMS2

is intact. Tumor 3 ¼ transverse colon neoplasm (H&E); MLH1 is intact, MSH2 is lost 3, MSH6 is lost 3, and PMS2 is intact.
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Image 2 Patient 6 with H&E and mismatch repair protein immunohistochemical staining of two synchronous primary

intestinal Lynch syndrome–associated neoplasms (�20). Tumor 1¼ proximal left colon neoplasm (H&E); MLH1 is intact, MSH2

is intact, MSH6 is intact, and PMS2 is intact. Tumor 2¼ distal left colon neoplasm (H&E); MLH1 is lost, MSH2 is intact, MSH6

is intact, and PMS2 is lost.
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one was a sebaceous gland tumor. To explain the occurrence

of MMRP intact tumors in individuals with LS, it is possible

that patients with LS can also develop sporadic tumors

through the chromosomal instability pathway. The inci-

dence of this is not well known. This may occur more com-

monly in patients with MSH6 and PMS2 germline mutations

since they have a lower lifetime risk of developing cancer

than patients with MLH1 or MSH2 mutations. We had only

one MSH6 mutation and one PMS2 mutation in our study;

the latter was one of the four discordant cases. Two of the

discordant patients showed loss of MLH1 and PMS2 expres-

sion in one tumor (CRC and sebaceous gland tumor, re-

spectively) with intact MMRP expression in the other

LSAN (patients 6 and 11; Table 2). A third patient showed

loss of PMS2 in an EC and intact MMRP expression in a

sigmoid CRC (patient 8; Table 2). In all three cases, the

MMRP loss in one tumor is explained by the known LS mu-

tation (or suspected mutation in patient 6), while the other

tumor appears to be sporadic and MMRP intact. These cases

are the most clinically concerning because LS screening on

the neoplasm with intact MMRP expression would have re-

sulted in a missed diagnosis of LS.

The final discordant patient (patient 3) showed loss of at

least one MMRP expression in all tumors tested. Two CRCs

showed loss of MSH2, while the third showed loss of MSH2

and MSH6 (see Table 2). This patient was found to have a

germline mutation in MSH2 upon subsequent molecular ana-

lysis. Loss of MSH2 and MSH6 expression with a mutation

in MSH2 is a well-recognized phenomenon.3 Since MSH2

forms a heterodimer with MSH6, and MSH2 is the obligatory

partner in the pair, a MSH2 mutation usually results in the

degradation of the MSH6 partner protein.26 It is unclear why

all three CRCs did not show the expected loss of expression

of both MSH2 and MSH6. In the tumors with intact MSH6, it

is possible that the second MSH2 hit impaired MSH2 function

but retained its ability to bind and stabilize MSH6. It is un-

likely that MSH6 could have paired with another protein for

stabilization and thus expression. In any case, this patient

with LS would have been detected even if only one of the

tumors underwent screening for LS. The most notable consid-

eration from this case is that centers performing LS screening

by only MSH6 and PMS2, a validated LS screening meth-

od,27 would have missed the LS diagnosis in the two tumors

with selective MSH2 IHC loss.

In summary, most patients had concordant MMRP re-

sults in all LSANs, but a significant number of patients (four

of 13 [31%]) showed discordant MMRP. In three of the four

discordant cases, a diagnosis of LS would have been

delayed or missed if LS screening was performed on only

the LSAN with intact MMRP expression. Therefore, the pa-

tient and family members may have been at risk of other

malignancies due to lack of appropriate surveillance and/or

counseling. Our findings support the recommendation to

perform LS screening on synchronous and metachronous

primary intestinal and endometrial cancers if prior tumor(s)

showed intact MMRP.

Corresponding author: Wendy L. Frankel, MD, Dept of

Pathology, The Ohio State University Medical Center, 129
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wendy.frankel@osumc.edu.
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