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The MRE11/RAD50/NBS1 complex destabilization in
Lynch-syndrome patients

Aster Alemayehu' and Ivana Fridrichova*!
'Laboratory of Cancer Genetics, Cancer Research Institute of Slovak Academy of Sciences, Bratislava, Slovakia

Lynch syndrome is an inherited disease leading to the development predominantly of colorectal cancer
(CRCQ). The crucial cause is malfunction of DNA mismatch repair that is characterized by high level of
microsatellite instability; however, new knowledge of two MSI modes (types A and B) suggests a more
complex molecular basis of this syndrome. To investigate, whether the extensive alterations in individual
MSI markers (type B) can indicate the potential deficiency of DNA double-strand break (DSB) repair in
Lynch-syndrome-related tumours, we evaluated the MSI type and alterations in the MRET1 and RAD50
repeats that are associated with the reduced protein expression and functional impairment of the MRE11-
RAD50-NBS1 (MRN) complex. Of 27 CRCs, 21 samples manifested type B in at least one MSI+ marker.
From type B tumours, the genetic alterations were identified in 16 (76%) samples; seven, one and eight
cases manifested mutations in MRET1, RAD50 and both genes, respectively. However, predominantly
biallelic MRET11 alterations with simultaneously developed RAD50 mutations impaired the protein
expressions with different intensity and location in tumour. Of six tumours presenting changes <6 bp
(type A), in four samples identical alterations and protein expressions were observed. Moreover, in two
patients with different MSI types germline insertions in the MRET1(T),;, were found. Overall, our findings
indicate the absence of significant association between type B MSI and MRET1 or RAD50 mutations in

tumours of Lynch-syndrome patients, but a subset of them manifested causal mutations for MRN
destabilization that could lead to the additional defect in DSB repair.
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Introduction

Lynch syndrome (hereditary non-polyposis colorectal
cancer — HNPCC) is an autosomal-dominant disease that
results in several types of cancer, predominantly those
located in the colon, rectum or endometrium. It is
generally accepted that tumour development is initiated
by DNA mismatch repair (MMR) malfunction that is
caused by germline mutations in MMR genes, mostly in
MLH1 and MSH2. The significant hallmark of MMR defects
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is the high level of instability in repetitive sequences,
microsatellites (MSI-H).

The introduction of a new fluorescent technique enables
the recognition of the two types of instability in dinucleo-
tide microsatellites of different origin. MSI marker of type
A was characterized by short insertions and deletions of up
to 6bp, as a direct consequence of MMR deficiency. Type B
is represented by more extensive changes of >8bp that are
caused by an additional molecular mechanism other than
MMR inactivation, probably by inappropriate recombina-
tional DNA repair. The former type was frequently
observed in mice, human cell lines and patients suffered
from rectal tumours with low levels of MSI (MSI-L),"? the
latter in various malignancies, including Lynch-syndrome
cancers.?



Maintenance of genomic integrity during the DNA
replication process is provided by a group of BRCAI-
associated proteins of the BASC supercomplex that is
considered to be a sensor for DNA damage.* The compo-
nents of this complex are MMR proteins and also a
heterotrimer MRE11-RADS0-NBS1 (MRN) which is essen-
tial for DNA double-strand break (DSB) repair performing
by homologous recombination (HR) or non-homologous
end joining (NHEJ).® Recent evidence indicates that multi-
ple activities of several proteins occur in different path-
ways, such as the role of MSH2 protein in signalling and
cell-cycle regulation of ATM and MRN complex® or direct
association of MRE11 and MLH1 proteins, which can result
in mutual cooperation during DNA-damage detection,
signalling and repair.”

Relation between the malfunction of MMR and aberrant
recombinational DNA repair in animal and human cancer
cells has previously been observed. Mouse MSH2-deficient
cells have lost the dependence of complete identity
between interacting DNA sequences in the process of HR
repair.® Similarly, in mouse embryonic stem cells and
human tumour cell lines that have the MSH2 mutation, the
barrier to recombination between diverged substrates was
relaxed and DSBs were repaired predominantly by non-
reciprocal HR — gene conversion.”°

Mismatch-repair-deficient tumours are characterized by
widespread changes in the number of microsatellites
accumulating in both coding and non-coding sequences
of many human genes. Genetic alterations occurring in
coding repeats result in frameshift mutations and the
expression of inactive proteins. The changes in intronic
microsatellites can also lead to functional changes, if they
are located in regulatory regions of genes. In a series of
unstable gastric and colorectal cancers (CRCs), mono- or
biallelic deletions in the poly(T);; within MRE11 intron 4
were detected that cause aberrant splicing signals, skipping
of exon 5, introduction of a premature stop codon and
generation of a truncated protein. However, only larger
and biallelic shortening corresponds with the strong
reduction or absence of MRE11 protein expression.'!!?
Additionally, the results of two independent studies have
documented the high frequency of frameshift mutations in
the (A)o repeat that is located in RAD50 exon 13, but no
mutations were found in the (A); tract of the NBSI gene in
primary gastrointestinal carcinomas with the MSI-H phe-
notype.'*!* Furthermore, in several MMR-deficient cell
lines with MRE11 biallelic alterations and monoallelic
changes in RADSO0 repeat, the significant reduction of both
proteins and corresponding mRNAs were identified. In
addition, these cell lines showed an impaired NHEJ.'S
Moreover, the results of in vitro studies predict that the
MRE11 gene could be a functional component of MMR
pathway, as the presence of MRE11 mutations increased
MSI in both mono- and dinucleotide repeats. Disruption of
MLH1-MRE11 interactions might represent an alternative
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molecular basis of MLH1 mutations in a subset of Lynch-
syndrome patients.'®

Previously characterized MSI in cancers of Lynch-
syndrome patients manifested mainly type B MSI, as type
A MSI was not recognized by formerly utilized isotopic-
labelled PCR assay.17 However, more extensive alterations
of dinucleotide repeats described in MSI+ cancer cell lines
and unselected gastrointestinal tumours could reflect the
deficiency of recombinational DNA repair. To investigate,
whether or not type B MSI can indicate the potential
deficiency of DSB repair in tumours related to Lynch
syndrome, we evaluated the MSI type and alterations in
repetitive sequences of the MRE11 and RAD50 genes with
corresponding protein expressions in hereditary CRCs.

Patients and methods

In total, the samples from 33 patients were collected for
our study; of these, 27 MSI-H tumours developed in 25
Lynch-syndrome patients and single CRCs in eight patients
with MSI-L phenotype in an average age of 38.3+8.7 and
38.4+11 years, respectively. All persons fulfilled Amster-
dam criteria or Bethesda Guidelines. In most of the patients
with MSI-H phenotype, the MMR germline mutations were
detected by genomic sequencing.'®'? The identification of
inherited genetic alterations in the rest of patients by
sequencing or MLPA analysis for recognition of long
deletions is still in process.

The evaluation of MSI type was performed on matched
DNA samples (normal/tumour). The samples were analysed
by a high-resolution fluorescent-labelling method using
5-9 highly polymorphic dinucleotide markers: D2S378,
D2S123, D2S391, D3S1561, D3S1611, D3S3685, D5S346,
D178250 and D18S34, as described previously.?® Forward
primer for each MSI marker was labelled on the 5'-end by
fluorescent dye (FAM, HEX or NED). The PCR products
were analysed using ABI PRISM 310 Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA) and collected
data were evaluated by GeneScan software. Tumours were
classified as MSI-H if at least 30% of markers manifested an
instability, and as MSI-L if less than 30% positive MSI
markers were identified. The MSI+ markers were char-
acterized by length of alteration: type A manifested
changes of <6bp and type B with insertions or deletions
of >8bp. Tumours were classified as type B if at least one
MSI + marker manifested type B MSI.

The impairment of the MRE11 and RADS50 gene expres-
sions was evaluated by genetic analyses of mononucleotide
intronic repeats (T);; within the polypyrimidine stretch/
accessory splicing signal and exonic (A)e tract, respectively,
together with immunohistochemical (IHC) analyses of
relevant protein expressions. Insertions or deletions were
examined by two methods: fragment analysis and genomic
sequencing. For fragment analysis, the multiplex PCRs
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were carried out in a 30 ul reaction mixture that contained
100ng purified DNA, 1 x QIAGEN Multiplex PCR Master
Mix and 0.2 uM of each primer for the MREI11 and RADS0
genes. The PCR program was performed as described in the
MSI cycling protocol, with annealing temperature of
59°C.?! PCRs for genomic sequencing were carried out in
a 30 ul reaction mixture, containing 100 ng purified DNA,
0.33 uM of each forward and reverse primer, 200 uM dNTP,
1.5mM MgCl,, 1 x DynaZyme EXT buffer and 1U Dyna-
Zyme EXT DNA Polymerase (Finnzymes, Espoo, Finland).
The PCR program consisted of an initial denaturation at
94°C for 2 min, followed by 35 cycles of 94°C for 30s, 59°C
for 30s and 72°C for 1 min. The modification of five cycles
of 94°C for 1 min, 59°C for 2 min and 72°C for 3 min with a
following 25 cycles of 94°C for 30s, 59°C for 2min and
72°C for 90s was used for paraffin blocks. The final
extension was performed at 72°C for 10 min. The primers
used in both methods are summarized in Table 1.2* The
sequencing reactions were performed according to the
standard protocols.

Expressions of MRE11 and RADSO0 proteins were analysed
by IHC assay. Briefly, formalin-fixed, paraffin-embedded
tissues (4 um sections) were mounted on silanized slides,
deparaffinized and rehydrated. Antigen retrieval was
accomplished by heating the sections in a pressure cooker
at 120°C for 2min in 10 mM citrate-buffered solution (pH
6.0). Dako peroxidase blocking reagent and goat serum
were sequentially used to suppress nonspecific staining due
to endogenous peroxidase activity and unspecific binding
of antibodies, respectively. The incubation of sections was
performed at 4°C for 24 h with 1:3000 and 1:500 dilutions
of the MRE11 and RADSO antibodies (Novus Biological,
Littleton, CO, USA), respectively. After washing, anti-rabbit
secondary antibodies conjugated to peroxidase-labelled
polymer (DAKO EnVision + kit, DakoCytomation, Glostr-
up, Denmark) were applied for 30min at RT, and the
peroxidase activity was developed by incubation with 3,3'-
diaminobenzidine chromogen solution (Dako). The sec-
tions were then counterstained with haematoxylin. The
protein expression in tumour tissue was classified as
negative if the nuclear staining was weak or none in
contrast with normal stained colonocytes and stroma cells
in the samples of the same patient.

Results

Two types of MSI in Lynch-syndrome patients

All 27 MSI-H colorectal carcinomas showed MSI in more
than 38% of evaluated markers. Of 21 tumour samples
manifesting MSI+ markers of both A and B types
simultaneously, type B in more than 50% of repeats was
found in seven cases only. The incidence of type B varied
from 14.3 to 100%. Regardless of the frequency, all 21
tumours were classified as type B. The tumour samples
from six individuals manifested exclusively type A markers
and were assigned as type A MSI. Two of the patients
developed synchronous and metachronous CRCs with a
similar high frequency of type B MSI (57 and 62.5%), and
with different MSI type (exclusively markers of type B or A),
respectively. The frequencies of MSI types in tumours with
an MSI-H phenotype are summarized in Table 2. Cancers of
A and B type were predominantly located in the left-sided
(5/6) and right-sided (15/21) colon, respectively. Similarly,
the left location of CRCs was found in five out of seven
patients with MSI-L phenotype who manifested subtle
microsatellite alterations (type A) in one or two MSI+
markers. One person in this group exhibited a single
marker with type B MSI in a colorectal tumour at an
unknown location.

Mutations in the MRE11 and RADS50 genes and protein
expressions

Two crucial genes for the cellular response to DNA damage
and the maintenance of chromosomal integrity, MRE11
and RADS0, were chosen for investigation of potential
malfunction of DSB repair in CRCs of Lynch-syndrome
patients. Both genes contain the splicing-site region or
exonic mononucleotide repeats, the changes of which lead
to impaired protein function. The numeric alterations of
the MREI11 (T);; and RADS50 (A)y tracts were analysed by
two methods: fragment analysis and genomic sequencing.
In 96% of all examined tumour samples, the identical
results obtained by these assays were found. However, the
presence of changes in microsatellites was more demon-
strative by using the fragment analysis than genomic
sequencing in many cases.

From 21 CRCs with type B MSI, the genetic alterations
were identified in 16 (76%) samples; seven, one and eight

Table 1 Oligonucleotide sequences of the primers

Primer name Oligonucleotide sequence (5'-3') References
FA-MRET1 - F FAM-TGGAGGAGAATCTTAGGGAAAA Present study
FA-MRETT - R AATTGAAATGTTGAGGTTGCC Giannini et al”?
FA-RAD50 - F HEX-TGCGACTTGCTCCAGATAAA Present study
FA-RAD50 - R GCTACATGTACAGTGAAGGTAAATCC Present study
GS-MRETT - F TTGAAATGAATTGTCGCCTATG Present study
GS-MRE11 - R AATTGAAATGTTGAGGTTGCC Giannini et af
GS-RAD50 - F CCCCGTTTGTCAGAGAGTTT Present study
GS-RAD50 - R GGCATGAGATGGGTACCTTTT Present study

FA, fragment analysis; GS, genomic sequencing.
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Table 2 Frequency of types A and B in MSI-H tumours
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Microsatellite markers

Pat. code D2S378 D2S5123 D25391 D3S1561 D3S1611 D353685 D5S346 D175250 D18534 No. of MSI markers B/MSI+ (%)
1 A A — — — — B 7 1/3 (33.3)
2 A A A B B 5 2/5 (40)
3 - - A A — A A 7 0/5 (0)
4 A B — A A A 7 1/5 (20)
5 — A A — — — A A — 9 0/4 (0)
6 — A — A A B A 7 1/5 (20)
7 B B A B — — 6 3/4 (75)
8 B A A — A A 6 1/5 (20)
9 A A A B A - — — 8 1/5 (20)
11 A B A A A 5 1/5 (20)
12 A A — A A A A 7 0/6 (0)
13 B A B — A 5 2/4 (50)
14 A A — B B A B B B 9 5/8 (62.5)
15 A B — A B A 6 2/5 (40)
16 B A — A B A 6 2/5 (40)
17a A B A B — B — A B 9 4/7 (57)
17b B A B B - A A B B 9 5/8 (62.5)
18 A A A B — A A B A 9 2/8 (25)
19 — B A — — — — B 8 2/3 (66.6)
20 A B — A A A A 7 1/6 (16.6)
21 A A A A A — A B 8 1/7 (14.3)
22 — A A A A A A A 8 0/7 (0)
23 B A B — A B - - — 9 3/5 (60)
26 A A — B A B 6 2/5 (40)
27a — B — B - — - B 8 3/3 (100)
27b A A A A — A — A 8 0/6 (0)
28 A A A A A A 6 0/6 (0)

17a, b and 27a, b — codes of patients with synchronous and metachronous colorectal cancers, respectively.

cases manifested mutations in MREI11, RAD50 and both
genes, respectively. Out of six tumours with type A MSI, in
four samples mutations in both evaluated genes were
observed. No changes in both repeats were seen in five and
two carcinomas with type B and A MSI, respectively.

In the MREI1 (T);; repeats of type B tumours, the
shortening and expansions from 1-3 units were observed.
Biallelic mutations and monoallelic deletions were found
in eight and seven tumour samples, respectively. Expres-
sion of MRE11 protein was immunohistochemically ana-
lysed in 14 MSI-H tumours. The reduction or absence of
MRE11 protein expression was identified with variable
distribution from several tumour glands to the whole
sample in the most of evaluated tumour tissues with both
affected alleles. Examples of IHC results in two cancers
with biallelic MREI1 mutations are shown in Figure 1.
However, the monoallelic MRE11 changes influenced the
stability of the protein only in one case.

Monoallelic mutation in RADS50 (A)y sequence was
observed in eight samples with B type MSI, on the other
hand biallelic alteration was found only in one case. The
RADSO protein expressions were decreased simultaneously
with MRE11 reduction in six cases regardless of a number
of affected alleles of RAD50 gene. Similar relation between
alterations in both microsatellites and decreasing of
protein expressions were evidenced in cancers with type

A MSI. The results of microsatellite alterations and protein
expressions are summarized in Table 3.

In patient 20 with type B MSI cancer one allele with 1bp
deletion, together with 1bp insertion in the other allele
simultaneously in MRE11 and RADS50 repeats were identi-
fied. However, the identical biallelic alteration, but only in
the MRE11 gene, was observed in individual (code 28)
suffered from CRC with type A MSI. Monoallelic insertions
in the MRE11 gene, described above, are confirmed to be
inherited, because the same findings were seen in their
blood samples. Electrophoretograms of fragment analysis
and genomic sequencing of patients affected by micro-
satellite changes in both genes (codes 2 and 20) are shown
in Figure 2; later patient is also a carrier of the MRE11
germline mutation.

Type MSI and MRN complex destabilization

The DSB repair efficiency depends on the formation of the
functional MRN protein complex. The impairment of HR
or NHE]J pathways, in which the MRN protein complex
plays a crucial role, can be caused by mutations in any of
the three components of this complex. In MMR-defective
cells, the numeric alterations of repetitive sequences as a
consequence of DNA-repair malfunction have been pre-
dominantly accumulated. Deletions and very probably also
insertions in the MRE11 (T);; and RADSO0 (A)e, as seen in
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Figure 1 IHC staining with anti-MRE11 antibody. (a) Tumour tissue displaying biallelic MRETT (T);; deletion (code 11) showed a loss of nuclear
expression of MRE11 approximately in 50% of analysed section. The tumour areas with negative and positive MRE11 staining are evident in presented
slot. (b) The very weak nuclear staining of MRE11 protein only in several tumour glands (indicated by arrows) was found in sample 20 manifesting one
allele with 1 bp shortening, together with 1 bp expansion of the other allele in (T);; repeat (magnification x 100 on both pictures).

Table 3 Microsatellite changes in MRET1 and RAD50 genes and expression of relevant proteins in MSI-H tumours

Pat. code MSI type Fragment analysis Genomic sequencing Microsatellite changes® Protein expressionb
MRET1 RADS50 MRET1 RAD50 MRETT (T)14 RADS50 (A)s MRET1 RAD50
1 B - - — — wt wt
2 B + + + + Tdel/2del Tdel NI +
3 A - - — — wt wt
4 B + + + + 1del 1del —¢ —d
5 A + + + + 1del Tins +€ +
6 B - - — — wt wt
7 B + + - + Tdel/2del Tins +f +9
8 B — + ND + wt Tdel
9 B - — — — wt wt + +
11 B + - + - 1del/3del wt +f +9
12 A — — — — wt wt + +
13 B + + + + Tdel Tdel NI +
14 B + ND ND + Tdel/2del Tdel + +
15 B + — + — Tdel wt +
16 B - - ND — wt wt
17a B + + + + Tdel Tdel
17b B + — + — Tdel wt
18 B + - + — Tdel wt +
19 B + - + - Tdel/2del wt
20 B + + + + 1del/Tins" 1del/Tins +€ +<9
21 B + - + — Tdel wt
22 A - + — + wt Tins
23 B - — — — wt wt
26 B + - + — Tdel/2del wt
27a B + - + - 1del/2del 1 del —c —d
27b A + - + - 1del/2del wt —c —d
28 A + - + — 1del/Tins" wt

+ or —, presence or absence of changes in MREI1 (T)1; or RAD50 (A)s repeats in tumour samples; ND, not detected results for DNA sample
degradation in fragment analysis and genomic sequencing.

Numeric changes in microsatellites in tumour samples evaluated by fragment analysis; wt, wild-type; 1del, 1 bp deletion; 2del, 2 bp deletion; Tins,
1 bp insertion; del/del or del/ins, biallelic deletion or combination of deletion and insertion.

PProtein expression in tumour samples analysed by immunohistochemistry; NI, not informative for weak staining in the normal and tumour epithelial
cells.

“Very weak staining in some tumour glands, but always less than in normal cells.

dCytoplasmic staining maintained.

€One region is clearly negative.

fSome regions are positive, some are negative.

9The nuclear expression is markedly lost in the same regions where MRE11 is not expressed.

PMonoallelic insertion of 1 bp was presented also in blood sample.
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Figure 2 Numeric changes in the MRETT (T);; and RAD50 (A)s microsatellites. (a) Fragment analysis of the MRETT (left) and RAD50 (right);
genomic sequencing of MRET1 (b) and RAD50 (c). In the upper two rows, the results of normal and tumour samples of case 2 are presented. Biallelic
change in MRET1 (deletion of 1 and 2bp) and monoallelic change in RAD50 (deletion of 1bp) are clearly visible from fragment analysis (a). The
shortening of 1 and 2 bp in (T); repeat (b) and 1 bp in (A), repeat (c) is detectable by sequencing that corresponds to the results of fragment analysis.
In the bottom two rows, the results of normal and tumour samples of case 20 are presented. Insertion of 1 bp in MRET 1 is detectable in both normal
and tumour samples, 1 bp shortening only in later one (a, b). Deletion in first allele and insertion in second one are presented in RAD50 gene of the
tumour sample (a); that was recognized very weakly by sequencing (c); therefore, the changes were developed only in small part of analysed cells.

tumour samples of Lynch-syndrome patients in present
study, can result in aberrant splicing signals and premature
stop codons of the MREI1 and RAD50 genes, respectively.
However, the incidence of these microsatellite changes
which lead to the reduction of MRE11 or RADSO protein
expressions is not specific for particular type of MSI. We
concluded that our results did not confirm the relevant
connection between type B MSI and destabilization of
MRN complex in Lynch-syndrome cancers, but a subset of
patients unambiguously presented causal mutations for
possible additional defect in DSB repair.

Discussion

It is generally accepted that the malfunction of DNA MMR
induced by germline mutations is the causal defect in
patients suffering from HNPCC, which was recently re-
named according to the historical name of the disease as
Lynch syndrome.?* New knowledge in the two different
modes of microsatellite changes indicates that the mole-
cular basis of this syndrome seems to be more complex.
The subtle microsatellite alterations in numerous repeats
(type A) were considered to be a direct consequence of
defective MMR as was found in previous studies in mouse
and human cell lines with identified MMR mutations.'**

In tumour samples with more extensive changes in MSI
markers (type B) apart from MMR deficiency, DNA
recombinational repair could also be inhibited.?

Here, we showed four Lynch-syndrome patients with
exclusively type A MSI who manifested also the changes in
MRE11 and RADSO0 genes predisposing to additional repair
defect. On the other hand, in most patients suffered from
CRCs with MSI-L phenotype, type A MSI was found in
present study as well as in other laboratories.> However, the
origin of type A in these cancers seems to be independent
of MMR defects, because it has been accepted that MSI-L
CRCs are developed by a distinct carcinogenetic pathway.*
Additionally, the microsatellite repeat slippage was also
observed in normal cells with a frequency of about every
1000-10000 cell divisions and the clonal nature of
cancers would make this slippage detectable during
tumorigenesis that probably occurred in CRCs with the
MSI-L phenotype.?®

The present study documented the relationship between
MSI type and tumour location in Lynch-syndrome pa-
tients. Carcinomas with A and B type were found
predominantly in the left and right side of the colon,
respectively, as was published previously.” However, this
phenotypical characterization was the only difference that
we observed between cancers with A or B type changes in
microsatellites.
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Our results showed that in unstable markers predomi-
nantly type B MSI was observed in 78% Lynch-syndrome-
related cancers, while the presence of alterations in MRE11
and RADS0 repeats was not specific for those samples. This
conclusion was significantly confirmed by findings in two
patients with synchronous or metachronous cancers, in
which the different and identical changes in the MRE11
(T)11 and RADS50 (A)o repeats were found in two carcinomas
with the same and different MSI type, respectively (codes
17 and 27).

The frequency of biallelic deletions in the MRE11 (T)1;
repeats varied from 25.9 to 38.8% in unselected gastric or
CRCs with the MSI-H phenotype, but in familial colorectal
cases, 55.6% was shown in their cancers.'"'? From our set
of tumours that were related to Lynch syndrome, regardless
of MSI type, 37% of cases presented the biallelic changes,
including insertions. In contrast to other investigators, we
were first, who described the germline insertions in the
repeated unit of MRE11 gene.

In other studies, the frameshift mutations in the (A)o
repeat of RAD50 gene in 31-46% of microsatellite-unstable
gastric and colon carcinomas were found'*!* that corre-
sponded to our results including mono- and biallelic
alterations (40.7%).

The IHC analyses showed the variable distribution of
cells with reduced MRE11 protein expression. Very weak
MRE11 staining in the most of samples with biallelic
mutations was located in some tumour glands or in one
region or in approximately half of evaluated section of
tumour sample. It is widely known that the development
of MSI phenotype is a process originating with MMR
inhibition. Therefore, the gradual accumulation of MSI
alterations in several parts of heterogeneous tumour tissue
can be the reason of variable findings of protein expres-
sions. The RADS0 expression was simultaneously reduced
in cells or regions with aberrant MRE11 expression,
regardless of the character of microsatellite changes.
Similar reciprocal influence of MRE11 and RADSO proteins
stability was observed in CRC cell lines and urothelial cell
carcinomas with MSI phenotype.'>?” Recent studies con-
firmed the necessity of all MRN components in response to
DSBs with findings that they stimulates ATM after its
binding to broken DNA strands,?® while the stability of
complex is provided with MRE11 protein.?® Taking into
account the determining role of MRE11, the lack of RADS0
protein expression in case 27b without any MSI changes
can be a consequence of MRE11 decreasing. Overall, the
microsatellite changes in MREI1 and RADS0 genes with
following reduction of protein expression result in MRN
destabilization and impairment of DSB repair. However,
cooperation between MMR and DSB repair is realized by
multiple functions of MSH2, MLHI and MRE11 genes.®~1%1¢
Moreover, in MLH1 gene an interacting domain (region
495-756 codons) with MRE11 gene was identified,'® and in
present study two patients (codes 2 and 11) manifested
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germline deletions in this region of MLHI gene.'®' It is
possible that weak staining of MRE11 protein in patient 2,
in both normal and tumour tissues, was affected by the
absence of MLH1-MRE11 interaction.

For MSI evaluation in the MRE11 and RADS50 genes, we
used two different assays. In heterogeneous tumour tissues,
the changes of microsatellites can be developed only in a
part of the cancer cells. Fragment analyses allowed the
recognition of DNA fragments with a resolution of 1bp
difference in length in a minority of the analysed cell
population. On the other hand, sequencing results showed
a weak signal from some alleles with various numbers of
mononucleotide repeats that were often unrecognized
from the background. This observation can be included
in the evaluation of patient 7, in which the opposite results
from sequencing in comparison with fragment analysis
were seen. Therefore, we consider fragment analysis to be
more suitable for MSI evaluations in contrast to several
investigators, who have studied the same repeats of the
MRE11 or RAD50 genes by sequencing.

In conclusion, our results showed the absence of
significant relation between the presence of more extensive
alterations of microsatellites, type B MSI, and MRE11 (T)q;
or RAD50 (A) mutations in tumour tissues of Lynch-
syndrome patients, as the identical biallelic or monoallelic
alterations were found equally in type A and B MSI cancers.
However, our data indicate that apart from mutation in
MMR genes also alterations in key players of DSB repair,
MRE11 and RADS50 genes, can be involved in tumorigenesis
of Lynch-syndrome-related cancers. Additionally, a subset
of patients manifested germline mutations for MRN
complex destabilization that might increase a risk for
additional DSB repair deficiency and acceleration of
genome instability. Moreover, the new knowledge of
molecular basis of Lynch syndrome might influence the
strategy of therapy.
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