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Lynch syndrome (LS) is a tumor predisposing condition caused by constitutional defects in genes coding for
components of the mismatch repair (MMR) apparatus. While hypermethylation of the promoter of the MMR gene
MLHT occurs in about 15% of colorectal cancer samples, it has also been observed as a constitutional alteration, in
the absence of DNA sequence mutations, in a small number of LS patients. In order to obtain further insights on
the phenotypic characteristics of MLH1 epimutation carriers, we investigated the somatic and constitutional MLH1
methylation status of 14 unrelated subjects with a suspicion of LS who were negative for MMR gene constitutional
mutations and whose tumors did not express the MLH1 protein. A novel case of constitutional MLHT epimutation
was identified. This patient was affected with multiple primary tumors, including breast cancer, diagnosed starting
from the age of 55 y. Investigation of her offspring by allele specific expression revealed that the epimutation was
not stable across generations. We also found MLH1 hypermethylation in cancer samples from 4 additional patients
who did not have evidence of constitutional defects. These patients had some characteristics of LS, namely early
age at onset and/or positive family history, raising the possibility of genetic influences in the establishment of
somatic MLHT methylation.

Introduction

The molecular alterations of cancer genomes include genetic
and epigenetic changes. The best characterized epigenetic modifi-
cation is hypermethylation of CpG dinucleotides in promoter
regions, that typically affects tumor suppressor and DNA repair
genes. The causes underlying the development of somatic meth-
ylation are poorly understood. Environmental exposures, ageing,
inflammation, and genetic factors may variably contribute to the
appearance of progressive methylation." In addition, in a small
fraction of cancer patients, epigenetic changes are detected as
constitutional alterations that can be occasionally inherited.>?

MLH1I is the prototypic human cancer gene associated with
inactivating epimutations in colorectal cancer (CRC). Along
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with MSH2, MSHG and PMS?2, it is one of the 4 DNA mismatch
repair (MMR) genes involved in Lynch syndrome (LS), the most
common hereditary CRC condition accounting for approxi-
mately 1-3% of all CRCs. LS is an autosomal dominant cancer
susceptibility syndrome characterized by the early development
of CRC and other extracolonic malignancies, namely endome-
trial, urothelial and small bowel cancers.*®> Somatic inactivation
of the wild type allele encoded by the MMR locus that is consti-
tutionally mutated leads to MMR deficiency and increased muta-
tion rate, which can be demonstrated by the appearance of
microsatellite instability (MSI). In addition, since inactivating
defects, including promoter DNA methylation, often lead to
reduced/absent mRNA synthesis or to extreme mRNA or protein
instability, the protein encoded by the defective gene is not
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detectable by means of immunohistochemical analysis using spe-
cific antibodies.

MLH1 promoter methylation is a frequent somatic alteration
in CRCs, detected in approximately 15% of CRC samples.®
CRCs showing somatic MLH1 methylation tend to occur at rela-
tively advanced ages, are more common in women and often
located in the right colon, and usually also display the somatic
activating p.V600E BRAF mutation.”® MLHI promoter methyl-
ation also occurs in other sporadic tumors in the clinical spec-
trum of LS, including gastric, duodenal and endometrial
carcinomas.” !

More rarely, MLHI hypermethylation occurs as a constitu-
tional defect, detectable in normal cells, such as peripheral leuko-
cytes, in patients presenting with phenotypic characteristics of
LS. So far, approximately 60 unrelated patients with MLH1 con-
stitutional epimutations have been reported.”'? At variance with
purely somatic defects, CRCs from patients with LS or constitu-
tional MLH]I epigenetic silencing do not usually harbor somatic
BRAF mutations. MLH]I epimutations appear to be reversible in
the germline in most cases, but a few instances of intergenera-
tional transmission have been described.'®'* The latter are usu-
ally associated in ¢is with a rare MLH]I haplotype, and are thus
considered secondary epimutations, linked to an as yet undefined
primary DNA sequence change that induces the aberrant methyl-
ation pattern.”

Given their apparent rarity, the clinical characteristics associ-
ated with constitutional MLHI epimutations and their relative
frequency among patients with intestinal cancers, and with LS in
particular, have yet to be fully defined. In this study, we investi-
gated the somatic and constitutional MLHI methylation status
of 14 unrelated subjects with a suspicion of LS but no MMR
constitutional mutation detectable and whose tumors did not
express MLH1. A novel case of constitutional MLHI epimuta-
tion was identified. In addition, we found MLHI hypermethyla-
tion in cancer samples from 4 additional patients who did not
have evidence of constitutional defects, including 2 subjects with
early onset cancers.

Results

Constitutional methylation analysis

Constitutional MLHI hypermethylation was identified by
MS-MLPA in 1/14 (7.1%) cases analyzed (case M60; Fig. 1).
Patient M60 had developed multiple sporadic cancers: endome-
trial, urothelial, rectal and breast carcinoma, at the ages of 55,
62, 66 and 67 vy, respectively. Family history was negative for LS
related cancers (Fig. 2), and a normal MLHI methylation pattern
was detected, by both MS-MLPA and MS-PCR, in both
proband’s children. The rectal and the breast cancer from patient
MG60 were investigated for MSI and immunohistochemistry:
both were MSI-H and showed loss of MLH]1 protein expression
(data not shown). The presence of constitutional hypermethyla-
tion in case M60 was confirmed by MS-PCR for both the A and
the C region 5" MLH1 fragments tested (data not shown).
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Somatic methylation and BRAF analysis

The MMR gene methylation status was also investigated by
MS-MLPA on 11 tumor samples from 10 patients, 9 of which
did not show MLHI constitutional methylation. MLHI pro-
moter hypermethylation was detected in 5 cases, including
patient M60 (Table 1). Two tumor specimens from patient
MO0 were analyzed, the rectal and the breast cancer: both sam-
ples showed hypermethylated peaks for all 5 MLHI methylation
sensitive probes (Fig. 1). In M60 leukocytes aberrant methylation
was limited to the 5 MLHI probes, while in both tumors methyl-
ation was observed also for additional probes corresponding to
other genes (MGMT, MSHG, and MSH?2). A similar finding was
observed for all other tumors showing MLHI methylation, which
also displayed variable degrees of methylation of other genes
(data not shown).

Overall, the BRAF p.V600E mutation was investigated in
7 tumors, including 3 out of the 5 showing somatic hypermethy-
lation. A single CRC, M66, was found to be positive.

MLH] allele-specific expression assay by SNuPE

To evaluate the effect of MLH]I constitutional hypermethyla-
tion on mRNA expression, we performed SNuPE analysis in
peripheral blood leukocytes (PBLs) from patient M60 and from
a control individual with a normal MLHI methylation pattern.
To this purpose, the exon 8 ¢.655G>A (p.lle219Val) polymor-
phism, for which both the patient and the control were heterozy-
gous, was exploited for primer extension analysis. The calculated
ASE value for the control subject was in the normal range (0.83).
Unbalanced allelic mRNA expression was detected in M60
PBLs: only the G allele was significantly expressed, with an ASE
value of 0.3, indicative of a silencing effect of promoter methyla-
tion on the A allele (Fig. 3).

MLHI1 haplotype evaluation

Proband M60 was tested for the presence of the MLH1 single
nucleotide variants (c.-27C>A and ¢.85G>T) previously identi-
fied in some individuals with constitutional MLHI methylation.
None of the alleles previously associated with MLH1 hyperme-
thylation was detected.

Discussion

To our knowledge, this is the first systematic analysis of con-
stitutional MLHI methylation in a series of patients with sus-
pected LS collected at an Italian institution. Our results indicate
that MLH1 epimutations are a rare cause of LS also in Italy and
further contribute to the definition of the phenotypic characteris-
tics associated with these alterations.

A constitutional MLH] epigenetic defect was identified in a
female proband who presented as a sporadic case affected with
multiple primary tumors, which were all diagnosed beginning
from 55 y of age. In particular, her rectal carcinoma was detected
at 66 y. So far, 62 unrelated patients with confirmed or probable
MLH]I epimutations have been reported.3 While most of these
cases are sporadic and about 1/3 (22/62) have developed 2 or
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more tumors, age at diag-
nosis of the first cancer is
usually before 50 y, and,
so far, only 7 of the
reported probands had
their first cancer diagnosis
>55 y. In addition, the B
mean age at CRC diagno-
sis is 39 (£11) years.3 l l l l l

The spectrum of can-
cers occurring in patients i A " ” “
with MLH1 constitutional
methylation defects coin-
cides with that of LS. 3 of
the tumors (endometrial, l l l l l
urothelial and large bowel)
diagnosed in patient M60
are  typically associated -
with LS. The last tumor 5

that she developed is a
ductal breast carcinoma. L l l l l
Currenty, it is not yet
clear whether breast cancer

Is a component tumor of

Ls,'e although the most

recent studies indicate that Figure 1. MS-MLPA analysis of samples from patient M60 and an unmethylated control sample. (A) Control (peripheral
MMR gene mutation car- leukocytes); (B) M60, peripheral leukocytes; (C) M60, rectal cancer; (D) M60, breast cancer. Arrows indicate the 5 MLH1
peaks corresponding to methylated sites. The intensities of these peaks are higher in (C) and (D) compared to (B). In
both tumor samples additional peaks appear which are not present or are just barely visible in leukocytes; these corre-
spond to methylated areas in other MMR genes analyzed by the kit.

riers, may indeed be at
increased risk, especially
when MLHI is involved,
beginning after the age of
40 y.'”" There is also evidence that a substantial fraction of range of values from 0.01 to 0.13.**% This confirms the rarity
breast cancers associated with LS display the characteristic hall-  of this type of alterations as a cause of LS. However, the estimates
marks of MMR deficiency, that is, MSI-H status and immunohis-  obtained in the studies so far conducted may not be representa-
tochemical loss of MMR proteins.”>*' This points to a prominent  tive of the real frequency due to small sample numbers and
role of MMR inactivation in the pathogene-

sis of at least a fraction of the breast carcino-

mas that arise in LS patients. The only other @
. . . Stomach

known breast cancer associated with a consti- et

tutional MLHI epimutation was diagnosed
at 63 y, was MSI-H and showed loss of @

MLH1 protein staining as well as MLHI

loss of heterozygosity in tumor DNA.*
These findings, along with those obtained on J% %
patient M60 in this series indicate that breast e )
cancer is likely a manifestation of constitu- ancer
tional MLHI epimutations. While both cases é) él [I:I é)

[

were diagnosed in the seventh decade, unbi-
ased studies are needed to define age specific N
risks for breast as well as other tumors in this
subset of LS patients.

The 0.07 frequency of MLHI constitu-
tional epimutations among cases showing
MLH1 protein loss in tumors without Figure 2. Pedigree of the family of patient M60. The arrow indicates the proband. Asterisks indi-

cate individuals tested for MLH1 methylation. M = MLH1 methylated; NM = MLHT not
methylated.

detectable MLH]I pathogenic variants is in

line with previous studies, which observed a
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Table 1. Relative methylation levels in samples showing MLH1 hypermethylation

MLH1 fragment’
Sample ID Sample type? 166 (—13; D) 196 (—246; C) 238 (—659; A) 265 (—383; B) 292 (206)
M60 PBLs 0.57 0.56 0.57 0.67 0.56
M60 Ka CRC 0.55 0.61 0.69 0.73 0.63
M60 Kb BC 0.67 0.63 0.65 0.57 0.65
M49 K CRC 0.24 0.18 0.33 0.34 0.33
M56 K CRC 0.31 0.37 0.64 0.57 0.28
M57 K DC 0.32 0.34 0.49 042 0.49
M66 K CRC 0.57 0.81 0.70 0.37 0.57

"Fragments are indicated according to their size in nucleotides; distance in nucleotides from the transcription start site is shown in parentheses, along with
the letter indicating the corresponding MLHT promoter region according to Deng et al.'® The fraction of methylated DNA for each site analyzed was

calculated as detailed in the text.

2PBLs: peripheral blood leukocytes; CRC: colorectal carcinoma; BC: breast carcinoma; DC: duodenal carcinoma.

ascertainment bias. Further investigations on large series of unse-
lected CRCs as well as other LS related tumors will be necessary
to define the population frequency of MLH1 epimutations.

The absence of the 5" MLH1 variants previously identified in
patients with heritable MLHI epimutations indicates that the
establishment of methylation in patient M60 is unlikely to be
related to the presence of linked genetic variants.#?>2¢ There-
fore M60 belongs to the subgroup of primary epimutations,
which are not transmitted through generations. While, based on
current knowledge, this implies a low recurrence risk for the off-
spring of primary epimutation carriers, the mechanisms

underlying the establishment of MLHI hypermethylation in
these subjects have yet to be defined, and the possibility of tissue
specific mosaicism cannot be excluded.

Age at first cancer diagnosis was <50 y in 9 of the total
14 cases with MLH1-negative tumors investigated in the present
study, including 2 (M56 and M57) of the 4 cases with methyla-
tion confined to tumor DNA. In addition, one of the methyla-
tion positive samples with early age at onset, M57, was shown to
have a complex phenotype related to the presence of the PTEN
mutation ¢.510T>A (p.Ser170Arg). Although this case had been
referred with a suspicion of LS based on the occurrence of duode-

nal cancer at 37 y, and the

CBiiE] results of initial MSI and
immunohistochemical test-
ing had supported this
hypothesis, MLHI

mutation was detected and

no

further clinical investiga-
tions led to the diagnosis of
PTEN hamartoma tumor
syndrome (PHTS).?” The
latter finding indicates that
somatic MLH1I inactivation

gDNA

through promoter methyla-

event contributing to the

T pathogenesis ~ of

tion may be a molecular
occurring in the context of

T
inherited syndromes other

C than LS and is not limited
to sporadic late onset

tumors. The occurrence of

MLHI  hypermethylation

in CRCs from cases M49

____ cDNA @ and Mo66, diagnosed at 68

cancers

and 57 vy, respectively, is

probably an age related

M60
T
C
6
gDNA
C
/\ :
Vg cDNA
Figure 3. SNUPE analysis of the MLH1 c.655A>G polymorphism (rs1799977) in patient M60 and in a control sample.
The complementary sequence is shown, as the experiment was performed using a reverse primer. The T peak (corre-
sponding to the A allele) is clearly underrepresented in cDNA compared to genomic DNA (gDNA) from patient M60.
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event, since the majority of
MSI-H CRCs are detected
in elderly subjects.

Volume 9 Issue 10



Consistent with this hypothesis, the CRC sample of patient M66
was found to harbor the BRAF p.V600E mutation, which is com-
monly, although not exclusively, associated with somatic MLHI
methylation and CpG island methylator phenotype (CIMP).'
However, case M56 had been diagnosed with a BRAF p.V600E
negative CRC at 43 y and had a positive family history for CRC.
A few other cases of CRC diagnosed <50 y showing MLHI
hypermethylation in tumor samples in the absence of BRAF p.
VG00E have been reported.”*>° Due to small numbers and lack
of sufficient clinical details, no inference on specific phenotypic
characteristics for this category of CRCs can be drawn at the cur-
rent stage. Interestingly, 3/4 patients with somatic MLH1 hyper-
methylation had a positive family history. It has been postulated
that genetic factors may contribute to the establishment of
somatic MLHI methylation, especially in the context of serrated
polyposis®’ and, possibly, in a subset of early onset familial
cases.”® However, there is currently no clue on the possible iden-
tity of the loci influencing MLHI promoter methylation, and
this hypothesis has yet to be proven. Actually, discordance in
somatic methylation patterns has been observed in individuals
with familial CRC or endometrial cancer not related to constitu-
tional MMR gene mutations.””

The variability in methylation levels as determined by MLPA
(e.g., ranging from 0.18 to 0.81 for the 196 nt fragment in the C
across samples) could correspond to real differences in the frac-
tion of methylated alleles, with the maximum values indicating
biallelic methylation/inactivation (Table 1). The methylated frac-
tion for the 3 samples from patient M60 varied between 0.55 and
0.67 for the C region fragments, with a tendency toward a higher
degree of methylation in the breast cancer sample. However, dif-
ferences were too small to allow any inference. In addition it
should be considered that MLPA is a semiquantitative method.

No apparent cause could be identified for the lack of MLH]1
staining in tumor cells from 5/10 patients for which methylation
analysis in tumor and normal dissue did not reveal any abnormal-
ity. A possible explanation, at least for some cases, is the presence
of undetected constitutional or somatic MLH1 mutations. It has
been shown that somatic biallelic mutations might be induced by
an inherited base-excision repair defect in patients with biallelic
MUTYH germline mutations.®*>*

In conclusion, the investigation of a group of Italian patients
with clinical characteristics of LS, MLH1 negative tumors and
lack of detectable MLH1 gene mutations has allowed us to iden-
tify an additional sporadic case of constitutional MLHI primary
epimutation. This patient displayed some clinical characteristics
that are not frequent among MLH1 epimutation carriers, namely
relatively late age at tumor diagnosis and occurrence of a breast
carcinoma not expressing the MLH1 protein. Further studies are
needed in order to define more accurately the clinical spectrum
and cancer risks associated with this subset of LS, as well as its fre-
quency in the population. We also found that 36% of the cases
had abnormal MLHI methylation, which was confined to the
tumor in the large majority (4/5). The observation that these
patients had some characteristics of LS, namely early age at onset
and/or positive family history, raises the possibility of genetic
influences in the establishment of somatic MLHI methylation.

www.landesbioscience.com
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Patients and Methods

Patients

The study was performed on 14 subjects with a clinical suspi-
cion of LS in whom previous testing had not identified clearly
pathogenetic germline sequence mutations in MMR genes. All
probands had been tested by direct sequencing and multiplex
ligation dependent probe amplification (MLPA) for the detection
of point mutations and large genomic rearrangements, respec-
tively, in MLHI1, MSH2 and MSHG. Three of these individuals
carried sequence alterations of no or little clinical significance in
MLHI (2 cases) or MSH2 (1 case), corresponding to Class 1
according to the International Agency for Cancer Research
(IARC) classification system.’as’36 Two other subjects were het-
erozygous for so far unreported MLHI gene variants: a silent
coding single nucleotide substitution, ¢.1743G>A (p.Pro581-
Pro), and a missense change, c.1814A>C (p.Glu605Ala). Both
variants should be currently considered of uncertain significance
(IARC Class 3), although, based on its nature, c.1743G>A is
unlikely to be disease causing. In addition, a P7EN mutation was
identified in a patient (M57) who was found to have characteris-
tics of PHTS.”

Patients were selected based on personal and family positive
history of LS related cancers, and on absent/reduced MLH1 pro-
tein expression in tumor samples (Table 2). In particular, all
patients fulfilled the revised Bethesda Criteria.”” Eight probands
had a family history of LS related cancers in 1st degree relatives,
and 2 were sporadic cases with multiple tumors of the LS spec-
trum. MSI analysis was performed in tumors from 13 cases.

DNA was isolated from PBLs using a standard phenol-chloro-
form protocol, while DNA from formalin-fixed paraffin-embedded
microdissected tumor specimens was extracted by QlAamp DNA
FFPE Tissue Kit (QIAGEN, Cat. No. 56404). Informed consent
for molecular analyses was obtained from all subjects according to
institutional procedures.

Molecular analyses

Methylation-specific MLPA (MS-MLPA)

The epigenetic pattern was investigated on PBLs from all
patients and on tumor tissues, when available. The MS-MLPA
MEO011 kit (MRC-Holland) was employed to detect aberrant
CpG Island methylation in the promoter regions of MMR genes.
The probemix is comprised of 38 probe sequences, 22 of which
correspond to MMR genes, containing one or 2 digestion sites
for the methylation sensitive Hhal enzyme. In particular, the
MEO11 kit includes 5 test probes for MLHI. The MLHI probes
that show the best correlation with mRNA expression levels are
located at -246 and -13 nt from the transcription initiation site,
and correspond to the so called C and D regions, respectively.'
The assay was carried out in duplicate, according to the man-
ufacturer’s instructions. Control leukocyte DNA specimens were
included in every assay. PCR products were run onto an ABI 310
capillary sequencer and analyzed using GeneMapper v. 4.0 analy-
sis software (Applied Biosystems).

Data were analyzed using the software Coffalyser. NET
(MRC-Holland). A dosage ratio of 0.15 or higher between

1435



Table 2. Clinical and molecular characteristics of the patients tested for MLH1 epimutations

Family history of LS

MLH1

Case cancers (years at Type of cancers and age MSI  BRAF p. methylation
ID Sex diagnosis) at diagnosis (yrs) status V600E**  in tumor MMR gene variants
M40 M Father: colon (63y) CRC33 MSI-H nt - —
M45 M — 1) CRC 33; 2) CRC 40 MSI-H WT — —
M46 M Brother: colon (61y) CRC 43 nt nt nt —
M47 M Mother: stomach (71y); CRC 48 MSI-H WT — —
maternal uncle:
unspecified (35y)
M49  F  Daughter: rectum (40y); CRC68 MSI-H nt + MLHT c.1217G>A; p.Ser406Asn (Class 1)
mother: colon (79y)
M50 F Father: colon 74y; CRC 52 MSI-H nt nt —
paternal 1st cousin:
colon (70y); other
paternal relatives with
LS-related tumors (>70y)
M55 M Brother: colon (60y) 1) CRC 43; 2) CRC 63 MSI-H nt nt MLH1 c.1039-8T>A (Class 1)
M56 F Father: colon (81y); CRC 43 MSI-H WT + —
paternal uncle: bladder
(52y)
M57* M — DC 37 MSI-H WT + —
M58 F — DC 34 MSI-H WT nt —
M60  F — 1) EC 55; 2) UC 62; 3) CRC 66; 4) BC 76 MSI-H nt + MSH2 c1511-9A>T (Class 1)
M66 F Father: colon (51y) 1) BC 56; 2) CRC 57 MSI-H Mut + MLH1 c.1743G>A; p.Pro581Pro (NR; Class 3)
M69 F — CRC35 MSI-H nt — MLH1 c.1814A>C; p.Glu605Ala (NR; Class 3)
M70 M — CRC 41 MSI-H WT — —

*This patient also had multiple intestinal polyps (mostly hamartomas) and was later found to be heterozygous for the pathogenic PTEN mutation

p.Ser170Arg.%”
**nt: not tested; WT: wild-type.

digested (methylated) and undigested (methylated + unmethy-
lated) areas corresponding to the same methylation sensitive site,

was assumed to indicate hypermethylation.*®

Methylation-specific PCR (MS-PCR)

DNA from PBLs was converted with sodium bisulphite using
the EpiTect Bisulphite Kit (Qiagen, Cat. No. 59104) and sub-
jected to PCR amplification with primers specific for methylated
(M) and unmethylated (U) sequences.39 2 different fragments of
the MLHI promoter were investigated, encompassing nt —273
to —173 and —711 to —576, which correspond to the C and A
regions, respectively.'”

MS-PCR was performed using HotStarTaq DNA polymerase
(Qiagen, Cat. No. 203203) in a final reaction volume of 20 pl
containing 100 ng of bisulphite modified DNA. The PCR reac-
tion consisted of 35 cycles, and the annealing temperature was
50°C and 52°C for the methylated (M) and unmethylated (U)
C-region reactions, respectively, while for the M and U A-region
reactions the annealing temperature was 59°C and 61°C, respec-
tively. All PCR reactions were performed with positive (M) and
negative (U) control DNAs (EpiTect Control DNA, Cat. No.
59655 and 59665, respectively). PCR products were visualized
on ethidium bromide stained 2% agarose gels.

Microsatellite instability (MSI), immunohistochemistry and
BRAF mutation analysis

MSI analysis was performed using a standard panel of 5
mononucleotides and expression of the MLH1, MSH2 and
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MSHG6 proteins was tested by immunohistochemistry, as previ-
ously described. !

DNA extracted from formalin-fixed paraffin-embedded
tumor specimens was tested for the presence of the p.V600E
BRAF variant by direct sequencing of exon 15. BRAF analysis
was conducted overall on 7 tumors from which sufficient DNA

was available.

Allele—specific expression assay

A semi-quantitative SNuPE assay exploiting the c.655A>G
polymorphism in exon 8 of the MLHI gene (rs1799977) was
used for allele-specific expression (ASE) analysis. The assay was
performed using the ABI Prism SNaPshot Multiplex Kit (Life
Technologies, Cat. No. 4323159). RNA was isolated from blood
drawn in PAXgeneTM Blood RNA Tubes (BD, Cat. No.
762165) and reverse transcribed. Single nucleotide primer exten-
sion-based (SNuPE) analysis was performed on cDNA and geno-
mic DNA (gDNA) samples obtained from PBLs of the same
individual. Fragments of gDNA and ¢cDNA encompassing the
polymorphic site were PCR-amplified and used as templates for
primer extensions. The extension reaction was performed in
10 pL containing 3 pL of template DNA, 5 pnL of SNaPshot
multiplex ready reaction mix and 0.2 pL of reverse primer. Dif-
ferent length products were obtained for the 2 alleles (A or G).

The products were analyzed on an ABI-PRISM 310 Genetic
Analyzer (Life Technologies). ASE was quantified with the Gene-
Mapper Software (Life Technologies) and the allelic ratio was cal-
culated as: (peak area of allele A:peak area of allele G) in cDNA /
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(peak area of allele A:peak area of allele G) in gDNA.** The
range of balanced allelic ratio was comprised between 0.8 and

1.2, and values below or above the indicated thresholds, respec-

tively, were considered indicative of allelic unbalance.

ated with constitutional MLHI promoter hypermethylation was
investigated by direct sequencing of the 5" MLHI region in PBL

genomic DNA.
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