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comprising 2.2  % of the total colorectal cancer patients 
younger than 60 years of age.
Conclusion  The prevalence of Lynch syndrome among 
hospital-based diagnosed cancer patients may therefore 
be lower than expected in Japan compared with Western 
populations.
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Introduction

Lynch syndrome (LS) is the most common hereditary colo-
rectal cancer (CRC) syndrome with an autosomal dominant 
inheritance pattern. Screening for LS is usually performed 
using the Amsterdam criteria II (AC II) [1] and the revised 
Bethesda guidelines (rBG) [2], leading to secondary 
screening consisting of microsatellite instability (MSI) test-
ing or immunohistochemistry (IHC) to detect the inherited 
loss of function in DNA mismatch repair genes (MMRs), 
including MLH1, MSH2, MSH6, and PMS2. Patients with 
LS have an increased risk of developing colorectal, endo-
metrial, ovarian, gastric, and other cancers. Therefore, LS 
screening is a promising strategy to reduce the mortality 
rate. A recent report [3] described that the prevalence of 
LS was 2.8  % among CRC patients in the United States. 
According to this data, one can estimate that the popula-
tion-based prevalence of LS is approximately 1 in 370 
[4]. In Japan, the prevalence of LS remains unknown due 
to the lack of a national database. With the recent increase 
in CRC in Japan [5], patients with LS are likely to have 
been included among so-called “sporadic” cancer patients. 
Clinically, the hallmarks of LS-related CRC are an early 
onset, multiple lesions, right hemicolon predominance, 
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and histologically poorly differentiated adenocarcinoma 
compared with sporadic CRC. When a few of these clinical 
findings are recognized after surgical treatment, the possi-
bility of LS should be considered in clinical practice.

Recently, several reports [3, 6–8] have recommended 
the implementation of universal population screening 
for LS among all patients with newly diagnosed CRC. It 
is important to obtain a medical and family history from 
patients with suspected LS so that initial screening for AC 
II and rBG is performed. However, patients sometimes do 
not know the status of relatives within even three degrees 
of relationship, since the trend toward nuclear families 
has been increasing recently. Considering these situations, 
it might be acceptable to perform MSI testing or IHC as 
a supplementary confirmation of a diagnosis of LS in all 
CRC patients. In fact, half of the LS cases that were discov-
ered using universal screening did not fulfill the AC II and 
rBG criteria. Although IHC for the detection of MMR pro-
tein expression is not covered by health insurance in Japan, 
IHC is a more useful method in terms of cost effective-
ness and simplicity, compared with MSI testing. In addi-
tion, IHC is a diagnostically effective method, since IHC 
can narrow down the pathogenic gene candidates in cases 
where germ line alterations of MMRs have been identified 
and LS has been confirmed.

In this study, we investigated the prevalence of LS 
among Japanese patients under 60 years of age with surgi-
cally resected CRC at a single institution using MSI testing 
and IHC as a primary screening method and considered the 
optimal method for detecting LS in municipal hospitals.

Patients and methods

Patients

This study was performed in accordance with the ethi-
cal guidelines for clinical and genetic research with the 
approval of our institutional ethics committee. Genetic test-
ing was performed after obtaining the patient’s informed 
consent.

In this study, 138 unrelated colorectal cancer patients 
(82 males and 56 females) younger than 60 years of age, 
who underwent surgical resection in Saitama Medi-
cal Center between January 2005 and August 2010, were 
analyzed. Two female colorectal cancer patients younger 
than 60 years of age were excluded due to the diagnosis of 
familial adenomatous polyposis. A total of 616 colorectal 
cancer patients underwent surgical operation in our institu-
tion during the same period. The median age of the patients 
was 69 years (range 25–92 years). Of 138 patients exam-
ined, the localization of carcinoma was as follows: appen-
dix: 4 cases, cecum: 6, ascending colon: 16, transverse 

colon: 11, descending colon: 2, sigmoid colon: 41, and rec-
tum: 58. The histological diagnosis was well-differentiated 
adenocarcinoma: 53 cases, moderately: 73, poorly: 9, and 
others: 3. The carcinomas at the time of primary tumor 
resection were staged according to the UICC classification. 
These cases included stage I, 33 cases; stage II, 30 cases; 
stage III, 42 cases; and stage IV, 35 cases.

DNA extraction

Formalin-fixed paraffin-embedded (FFPE) specimens were 
obtained from the 138 colorectal cancer patients. Repre-
sentative FFPE tumor and normal mucosa specimens were 
selected by a pathologist after examination of the hema-
toxylin and eosin-stained slides. Genomic DNA was then 
isolated using the QIAamp DNA FFPE Tissue Kit (Qiagen 
Inc, Valencia, CA, USA) following the manufacturer’s rec-
ommended protocols.

MSI testing

MSI testing was performed using extracted genomic DNA 
from cancer tissue and normal mucosa tissue embedded as 
FFPE specimens as described above. Five National Cancer 
Institute consensus microsatellite markers, including two 
mononucleotide (BAT-25 and BAT-26) and three dinucleo-
tide (D5S346, D2S123, and D17S250), were analyzed for 
the detection of MSI as described previously [9]. In brief, 
the PCR conditions were 55  °C for 10  s and 95  °C for 
10 min, followed by 42 cycles at 95 °C for 15 s and 60 °C 
for 1  min. The information of specific primer sequences 
and PCR conditions for BAT25, BAT26, D5S346, D2S123, 
and D17S250 is described in a previous report [9]. Cancer-
ous tissue was designated as having high-level MSI (MSI-
H) if novel PCR bands were identified in at least two of the 
five markers. Low-level MSI (MSI-L) was diagnosed when 
a single marker demonstrated novel PCR product bands. 
Cancerous tissue was considered to be microsatellite stable 
(MSS) if there was no evidence of MSI in any marker.

Immunohistochemistry for MMRs

Paraffin-embedded histological sections. (4 μm thick) were 
deparaffinized and washed with water, and then antigens 
were retrieved by autoclaving sections on slides in 0.01 M 
citrate buffer (pH 6.0) for 10 min. After endogenous perox-
idase activity was blocked with 0.3 % hydrogen peroxide in 
methanol for 15 min, the sections were incubated with each 
primary antibody overnight at 4 °C. The primary antibodies 
for detecting MMRs were anti-hMLH1 antibody (G168-15, 
BD Pharmingen, San Diego, CA, USA, 1:50), anti-hMSH2 
antibody (FE11, Calbiochem, La Jolla, CA, USA, 1:50), 
anti-hMSH6 antibody (44/MSH6, BD Pharmingen, 1:100), 
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and anti-hPMS2 antibody (A16-4, BD Pharmingen, 1:50). 
After use of the DAKO Envision kit (Agilent Technologies 
Dako, Glostrup, Denmark), staining was visualized with 
diaminobenzidine (DAB), followed by counterstaining with 
hematoxylin. The expression of these proteins was evalu-
ated as positive when the nuclei of the cancer cells were 
stained. Assessment of the staining was evaluated by two 
independent pathologists without knowledge of the clinical 
status of the patients.

Detection of MLH1 methylation and BRAF status

The combined bisulfite restriction analysis (COBRA) 
method was used to evaluate methylation of the MLH1 pro-
moter. In brief, tumor DNA was bisulfite converted using 
commercially available kits (MethylEasy XceedRapid 
DNA Bisulphite Modification Kit, Human Genetic Sig-
natures Pty Ltd, Australia) following the manufacturer’s 
recommended protocols. Target CpG-rich sequences in 
the MLH1 promoter region were amplified using TaKaRa 
EpiTaq™ HS (TAKARA BIO, Japan). A PCR reaction was 
performed using the following primers: forward primer: 
5′-GTAAGGGGAGAGGAGGAGT-3′ and reverse primer: 
5′-AAATACCTTCAACCAATCACCTC-3′. Restriction 
digest of the PCR products (384 bp) was then undertaken 
using TaqI enzymes that recognize sequences (T|CGA) 
potentially altered by methylation.

Genetic analysis

BRAF V600E mutation was analyzed by the direct 
sequencing method by LSI Medience Corporation (Tokyo, 

Japan). The full sequence analysis of MLH1, MSH2, and 
MSH6 was performed using the direct sequencing method 
by FALCO biosystems (Kyoto, Japan). When pathogenic 
mutations were not detected in the patients’ samples, mul-
tiplex ligation-dependent probe amplification (MLPA) was 
performed using the Salsa® MLPA® kit (MRC-Holland, 
Amsterdam, The Netherlands) by the Research Center for 
Genomic Medicine at our institution.

Results

MSI testing and IHC detection

Of 138 patients, 6 patients (4.3  %) showed MSI-H 
(Table 1). MSI-L was observed in 2 patients (1.4 %).

In the IHC evaluation, the loss of any MMR expres-
sion was observed in 7 patients (5.1 %) (Table 2). The loss 
of both MLH1 and PMS2 expression was observed in 4 
patients (Nos. 19, 24, 77, and 113). Both MSH2 and MSH6 
were not expressed in 2 patients (Nos. 5 and 62). Only one 
patient had undetectable MSH6 expression (No. 137). Rep-
resentative staining is shown in Fig. 1.

All patients with MSI-H had a complete overlap with 
patients with any loss of MMR expression.

MLH1 promoter methylation and BRAF mutation

Of 4 patients with the loss of MLH1 expression, MLH1 
methylation was detected in one patient (No. 24) (Fig. 2). 
No BRAF mutation was found in the remaining three 
patients.

Table 1   Bethesda marker 
expression in 6 MSI-H cases

Case no. Age (years) Gender Tumor location BAT25 BAT26 D2S123 D5S346 D17S250

5 59 M S + + + + −
19 55 M Rb + + + + +
24 51 F A + + − + −
62 37 M T + + + + +
113 59 F A + + + + +
137 24 F T + + + + −

Table 2   Loss of MMR 
expression on an 
immunohistochemical analysis

Case no. Age (years) Gender Tumor location MLH1 MSH2 MSH6 PMS2 Estimated MMR

5 59 M S + − − + MSH2

19 55 M Rb − + + − MLH1

24 51 F A − + + − MLH1

62 37 M T + − − + MSH2

77 47 F S − + + − MLH1

113 59 F A − + + − MLH1

137 24 F T + + − + MSH6
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Genetic analysis for confirming LS

A genetic analysis was performed for 6 patients with both 
the loss of MMR expression and MSI-H, except one patient 
(No. 24) where the loss of MLH1 expression was impli-
cated by the methylation analysis (Fig.  3). Of 6 patients, 
pathogenic mutations were identified in three patients 
(Nos. 19, 62 and 137) (Table 3). The patient with the loss 
of MLH1 expression (No. 77) had a missense mutation, 
which has not been shown to affect MLH1 function. There 

was no mutation in the MLH1 gene of another patient (No. 
113). The patient with the loss of MSH2 expression (No. 
62) had two mutations in the MSH2 gene. However, these 
mutations have also not been shown to be pathogenic muta-
tions. As a candidate of a pathogenic mutation, the duplica-
tion of exon 1 was observed using the MLPA method (No. 
62). Unfortunately, PCR amplification was not seen in the 
patient (No. 5) due to DNA degradation.

Discussion

The number of CRC patients has increased in parallel with 
the increasing number of elderly individuals in Japan, and 
CRC is now the leading cause of death from cancer among 
Japanese women and the third leading cause among Japa-
nese men. In clinical practice, hereditary CRC is usually 
considered when a younger patient develops CRC. How-
ever, the exact number of LS patients with CRC in Japan 
is unknown. Recently, several reports [3, 6–8] have recom-
mended the implementation of universal population screen-
ing for LS among all patients with newly diagnosed CRC. 
Therefore, we retrospectively conducted LS screening 
using MSI testing and IHC in CRC patients younger than 
60 years of age. At our institution, approximately 20 % of 
all CRC patients were younger than 60 years of age. Among 
138 CRC patients, 3 patients (2.2  %) were identified as 

MLH1 MSH2 MSH6 PMS2

Positive 
control

No. 19

No. 62

No. 137

Fig. 1   Typical staining of MMRs in colorectal cancerous tissue. The 
loss of both MLH1 and PMS2 expression was observed in cancer-
ous tissue from patient No. 19. The loss of both MSH2 and MSH6 

was observed in cancerous tissue from patient No. 62. Only MSH6 
expression was deleted in cancerous tissue from patient No. 137

100bp 
marker

Positive 
control

MLH1 negative cases

19 24 77 113

Fig. 2   An analysis of MLH1 methylation in 4 patients with the loss 
of MLH1 expression. Of 4 patients, MLH1 methylation was detected 
in one patient (No. 24)
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having LS in the present study. The ages of these patients at 
the time of the primary diagnosis of CRC were 24, 37, and 
55  years of age. The 24-year-old female patient fulfilled 
only the criterion of “diagnosed under the age of 50 years,” 
as she did not have a family history of CRC or other LS-
related cancers. The 37-year-old male patient had a family 
history of endometrial cancer in his mother and relatives. 
Only the 55-year-old male patient did not meet any of the 
clinical criteria. These three LS patients, who were selected 
from among CRC patients younger than 60  years of age, 
accounted for only 0.5  % of all the CRC patients treated 
during the same period. Even if screening was extended to 
patients older than 60  years of age, the prevalence of LS 
might be lower than expected in Japan, compared with 
a reported prevalence of LS of 0.5–13  % among CRC 

patients in Western countries [3, 10, 11]. In Japan, Furu-
kawa et al. [12] reported that mutations in MLH1 or MSH2 
were identified in 8 LS patients (1.7 %) among 452 CRC 
patients. Among these 8 patients, 7 patients (87.5 %) had an 
age of onset of younger than 50 years of age. Chang et al. 
[13] demonstrated that the prevalence of LS was 13 patients 
(2.3 %) among 561 CRC patients in Taiwan. Among these 
13 patients, 5 patients (38.5 %) were diagnosed at younger 
than 50 years of age. Hampel et al. [3] performed universal 
screening and identified 18 patients (3.6 %) with LS among 
500 CRC patients in a United States cohort. Among these 
18 patients, 8 patients (44.4 %) were diagnosed at younger 
than 50  years of age. Consequently, 44 patients (2.8  %) 
were identified as having LS among 1,566 CRC patients 
when previously reported data were added to the current 

Colorectal cancer patients (N=661)

Colorectal cancer patients (N=140)

<60 years old

Excluded two patients with FAP

Colorectal cancer patients (N=138)

Immunohistochemistry MSI testing

MLH1/PMS2
(N=4)

MSH2/MSH6
(N=2)

MSH6
(N=1)

MMRs (+)  (N=131) MMRs ( )  (N=7) MSI-H
(N=6)

MSI-L/MSS
(N=132)

MLH1 methylation

(+) (N=1) ( ) (N=3)

BRAF mutation

(+) (N=0) ( ) (N=3) Genetic confirmation (N=3)

Fig. 3   Flowchart for the systematic evaluation of LS in this study

Table 3   Genetic confirmation for MMRs

Case no. Estimated MMR Methylation BRAF mutation Mutation analysis of MMR

19 MLH1 - N.D. IVS9 + 2delT

77 MLH1 - N.D. p.V384D (GTT>GAT)

113 MLH1 - N.D. N.D.

5 MSH2 N.A. N.A. -

62 MSH2 N.A. N.A. Duplication of exon 1, p.T8 M (ACG>ATG), p.Q314H(CAG>CAT)

137 MSH6 N.A. N.A. c.3261dupC
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data. Musulén et al. [14] also performed universal screen-
ing for LS among 1624 CRC patients in Spain. A genetic 
analysis detected pathogenic mutations in the MMR genes 
in 18 patients (1.1 %). Among these 18 patients, 7 patients 
(38.9 %) were diagnosed at younger than 50 years of age. 
These results suggested that the prevalence of LS dif-
fers depending on the country, or even the region within 
the country. Further investigation of the prevalence of LS 
according to the region will be important. Therefore, our 
current results are clinically significant as an example of a 
regional cohort in Japan.

As mentioned above, several reports [3, 13, 14] have 
shown that patients 50 years of age and older were included 
among patients with confirmed LS, similar to our results. 
In clinical practice, patients are screened for LS using the 
AC II and rBG criteria. We previously evaluated the use-
fulness of these clinical criteria for LS screening in 890 
CRC patients between 2005 and 2012 [15]. Approximately 
25  % of the patients were selected as candidates for LS 
using the rBG criteria, while less than 1 % of the patients 
remained after applying the AC II criteria. The reason why 
only a few LS candidates met the AC II criteria is that most 
of the patients did not know the accurate age at diagnosis 
of their relatives with LS-related cancers. We concluded 
that the rBG criteria were suitable for LS screening. How-
ever, the application of only the rBG criteria is not suffi-
cient for the selection of LS candidates. Several reports 
[16–18] have suggested that the problem with the rBG cri-
teria is that candidates are limited to an age of younger than 
50 years. Recent guidelines for LS screening, including the 
US Multi-Society Task Force on colorectal cancer [19], the 
ESMO Clinical Practice Guidelines [20], and the National 
Comprehensive Cancer Network [21], may overcome these 
problems and select suitable candidates using MSI test-
ing or IHC prior to genetic testing. These guidelines rec-
ommend that universal screening be performed for LS in 
patients younger than 70 years of age who have CRC and in 
CRC patients older than 70 years of age who fulfill the rBG 
criteria. Sie et  al. [22] reported that testing CRC patients 
younger than 70  years of age resulted in a cost-effective 
outcome, compared with only testing patients younger than 
50  years of age. These concepts regarding effective LS 
screening are certainly favorable, including medical econ-
omy. However, the prevalence of LS must be high for these 
benefits to be realized. In this study, we found that the prev-
alence of LS might be lower than expected among Japanese 
patients younger than 60 years of age, although our results 
were analyzed in a limited regional population. Our CRC 
series included 206 CRC patients between 60 and 70 years 
of age. If screening is extended to patients younger than 
70 years of age, as the guidelines suggest, the cost of the 
analysis might be out of proportion to the benefit. Regard-
ing CRC patients older than 60 years of age, only patients 

with a family history would be investigated for LS screen-
ing. Thus, we believe that universal screening should be 
applied to Japanese CRC patients younger than 60 years of 
age, as others have suggested [13, 16, 17, 23].

MSI testing is considered to be essential for the selec-
tion of LS candidates. Previous reports have demonstrated 
that mononucleotide markers, including BAT25 and 
BAT26, were sufficient to determine the MSI status [24, 
25]. In this study, both BAT25 and BAT26 were positive in 
all the patients with MSI-H. Therefore, regarding MSI test-
ing, the examination of BAT25 and BAT26 might be suf-
ficient to determine the MSI status as a minimum method 
for primary screening of LS. Moreover, IHC is also a use-
ful method for selecting LS candidates in terms of cost and 
time. The expression of target MMRs can be estimated 
based on the MMR staining pattern as shown in Table  2. 
Although we examined all MMR protein expressions in 
this study, Shia et  al. [26] suggested that the examination 
of both MSH6 and PMS2 expression could be as predic-
tive as that of all MMRs using IHC. Since MSH6 and 
PMS2 are obligate binding partners of MSH2 and MLH1, 
respectively, they are not expressed at the protein level in 
the absence of their partner proteins. Therefore, the loss 
of MSH6 expression can detect both defects in MSH6 and 
MSH2, whereas the loss of PMS2 may indicate defects 
of both PMS2 and MLH1. This approach might be more 
effective in terms of time and cost. In the present study, the 
LS candidates were selected based on both MSI testing and 
IHC methods. Several reports have concluded that the IHC 
results are concordant with the MSI status [27–29]. Regau 
et  al. [28] summarized the relationship between the IHC 
results for MMR expression and the MSI status in 3,494 
CRC cases. The sensitivity, specificity, positive predictive 
value, and negative predictive value of the IHC results for 
the MSI status were 92.4, 99.6, 98.5, and 97.8 %, respec-
tively. Lindor et  al. [29] also reported that the predictive 
value of normal IHC for an MSS/MSI-L phenotype was 
96.7  %, and the predictive value of abnormal IHC was 
100  % for an MSI-H phenotype in 1,144 CRC patients. 
The disadvantage of MSI testing was that patients with 
an MSH6 deficiency were occasionally not detected [30], 
while the IHC method was able to resolve this issue. IHC 
is a more useful method in terms of its cost effectiveness 
and simplicity compared with MSI testing. In addition, 
IHC is a diagnostically effective method, since IHC can 
narrow down pathogenic gene candidates when the germ 
line alteration of MMRs has been used to confirm a diag-
nosis of LS. However, one potential disadvantage of IHC 
is that cases with positive MMR expression are observed 
when patients have rare MLH1 or MSH6 mutations despite 
MSI [30, 31]. In these cases, MSI testing is still required. 
MSI testing for BAT25 and BAT26 and IHC for MSH6 and 
PMS2 may be sufficient for primary LS screening without 
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clinical criteria. Moreover, an MLH1 promoter methylation 
analysis and a BRAF (V600E) mutation analysis can distin-
guish a sporadic CRC from CRC associated with LS when 
MLH1 is thought to exhibit a pathogenic mutation [32]. 
We observed MLH1 promoter methylation in a 51-year-old 
female patient. When we checked to confirm that she had a 
germ line mutation in the MLH1 gene, no mutations were 
detected.

We found an MSH6 mutation in a younger patient in 
this study. Seventeen CRC patients with MSH6 muta-
tions were recently reported in a Japanese population 
[33]. The mean age at diagnosis was 53.6  years (range 
36–86 years), leading to the suggestion that the late onset 
of CRC was compatible with reports from Western coun-
ties [31]. The 24-year-old female patient in whom we 
identified as having a MSH6 mutation exhibited a rela-
tively early onset of CRC compared with other reported 
patients with MSH6 mutations. In experimental murine 
studies, a deficiency of both MSH6 and MSH3 increased 
the incidence of intestinal cancer compared with that in 
single nullizygous mice [34]. This experimental data sug-
gested that the above-mentioned patient might have had 
an MSH3 mutation. We analyzed the MSH3 gene in this 
patient; however, a pathogenic mutation in MSH3 was not 
detected. Terui et al. [33] reported that the mean age at the 
onset of endometrial cancer was 49.2  years in 8 female 
patients, while it was 56.5 years in patients from Western 
countries. Thus, further follow-up of the above-mentioned 
patient for LS-related cancer, especially endometrial can-
cer, is needed.

In the present study, we could not confirm the presence 
of pathogenic mutations in two patients with MSI-H and/
or the loss of MMR expression as LS. There are two sub-
sets of disease that should be distinguished from LS. CRC 
with MSI-H and/or a loss of MMR expression, but with-
out a detectable germ line mutation or hypermethylation in 
the MMR genes can be classified as Lynch-like syndrome 
(LLS) [35, 36]. Patients who met the Amsterdam criteria I 
but lacked MMR mutations were diagnosed as having famil-
ial colorectal cancer type X [37]. According to the defini-
tion, these patients can be categorized as having LLS. The 
mutation of p.V384D (GTT>GAT) in MLH1, which was 
recognized in one of our patients (No. 77), was classified as 
class 1 in the database of the International Society for Gas-
trointestinal Hereditary Tumours Incorporated (InSiGHT) 
(http://insight-group.org/variants/database/) [38]. Ohsawa 
et al. reported that this mutation was detected in 39 (5.8 %) 
of 670 CRC patients, suggesting tumor susceptibility [39]. 
Rodríguez-Soler et al. [36] reported that the risk of cancer 
in families with LLS was lower than that of families with 
LS but higher than that of families with sporadic CRC. 
Therefore, special screening and surveillance strategies for 
these patients and their relatives are needed.

We speculated that the prevalence of LS would be less 
than or comparable to 1 % among all CRC patients in a Jap-
anese hospital-based population, since the prevalence of LS 
was 0.5 % among CRC patients younger than 60 years of 
age at our institution. This finding suggests that the guide-
lines used in the US and Europe do not necessarily apply to 
CRC patients in Japan, since the prevalence of LS in Japan 
might be lower than that in the US and Europe. Although 
our analysis was limited in that only a regional population 
was analyzed, the present results might be useful for deter-
mining the management of younger patients with CRC. We 
recommend that CRC patients younger than 60 years of age 
undergo universal screening for LS using MSI testing for 
BAT25 and BAT26 and IHC for MSH6 and PMS2.
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