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Abstract
Objective—To investigate the relationship between hMLH1 promoter methylation and changes
in chromatin composition. To study how the occupancy of methyl CpG binding domain proteins
(MBDs) and histone acetylation/methylation in hMLH1 promoter may participate in hMLH1
silencing.

Methods—64 endometrial cancer samples were screened for hMLH1 mRNA expression.
hMLH1 promoter methylation status was confirmed by methylation-specific PCR in cancers with
high and low levels of hMLH1 expression. Chromatin immunoprecipitation was performed to
compare the MBD occupancy and histone modifications between the methylated/silenced and
unmethylated/active hMLH1 genes in multiple primary endometrial cancers.

Results—We demonstrated that MeCP2, MBD1 and MBD2, but not MBD3 and MBD4,
specifically bind to methylated hMLH1 promoters. Hyperacetylated histones H3 and H4 were
found to be associated with the unmethylated and transcriptionally active hMLH1 promoters.
While H3 lysine-4 methylation was present in unmethylated hMLH1 promoters, H3 lysine-9
methylation was found exclusively in methylated promoters. Western blot analysis showed that
similar global levels of MBDs and histones were present in the two cancer groups with high and
low hMLH1 expression.

Conclusions—A distinct combination of MBDs and histone modification is associated with the
silencing of the hMLH1 gene. The changes in hMLH1 chromatin composition are closely related
to methylation status of hMLH1 promoters. These changes are not accounted by the global
expression levels of MBDs and histones in endometrial cancers.
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Introduction
Endometrial cancers occur with increased rates in women with hereditary nonpolyposis
colorectal cancer (HNPCC), an autosomal dominant disorder that is linked to germ line
mutations in one or more of the mismatch repair (MMR) genes including MLH1, MSH2 and
MSH6 [1]. A direct consequence of DNA repair deficiency is the accumulation of DNA
replication errors, or mutator phenotype, represented by high frequency of microsatellite
instability (MSI-H). In one study, 61% of patients with MSI-H colorectal–endometrial
double primary cancers were found carrying a mutation in at least one of the MMR genes
[1]. In sporadic endometrial cancers, MSI-H was found in 20–30% of cases [2,3]. However,
somatic mutation of MMR genes occurs in less than 10% of HNPCC-unrelated, MSI-H
endometrial cancers [4,5]. An accumulating body of evidence supports epigenetic silencing,
in particular hMLH1 silencing, as an alternative mechanism leading to the loss of the
mismatch repair functions in sporadic endometrial cancers [6]. Human MLH1 (hMLH1)
gene expression is controlled by a GC-rich promoter containing a classical CpG island [7,8].
DNA hypermethylation of this CpG island has been found to be closely associated with the
loss of hMLH1 expression and the development of the MSI-H phenotype [3,9,10].
Methylation of hMLH1 was observed in 92% of endometrioid adenocarcinomas with MSI-H
[2]. Consistent with this observation from clinical samples, in vitro studies have indicated
that reintroduction of hMLH1 into hMLH1-negative cells was able to rescue the DNA repair
function [11,12].

The hMLH1 hypermethylation appears to be an early event in the development of human
malignancies. An age-related hypermethylation of the 5′ region of hMLH1 was detected in
normal colonic mucosa of MSI-H colorectal cancers [13]. Esteller et al. reported an
abnormal methylation of hMLH1 in some cases of atypical hyperplasia that coexist with
endometrial carcinomas [14]. In an independent investigation, Horowitz et al. observed
hMLH1 promoter methylation in areas of atypical endometrial hyperplasia lacking
detectable MSI-H [15]. They concluded that hMLH1 hypermethylation represents an early
event of endometrial cancer preceding the occurrence of the apparent MSI-H phenotype
[15]. Recently, we demonstrated significant overexpression of DNMT3B and DNMT1, the
enzymes catalyzing cytosine methylation, in primary Type I endometrial cancers as well as
their corresponding cell lines [16]. Interestingly, the less well-differentiated grade III
cancers express higher DNMT levels than the well-differentiated grade I cancers. These
studies suggest that hMLH1 methylation/silencing may represent one of the critical events
leading to malignant transformation. Consequently, knowledge of this epigenetic mechanism
may hold the key for a better understanding of the pathogenesis of endometrial cancers.

DNA methylation-mediated gene silencing is a complicated process that relies on a
coordinated action by multiple factors. Studies have shown that methyl CpG binding domain
proteins (MBDs) are able to recruit histone deacetylase (HDAC) to local chromatin domains
[17–19]. HDAC will convert the surrounding histones to their deacetylated form.
Chromatins with deacetylated histones adopt a “closed” conformation that is associated with
inactivated gene transcription [20,21]. Fahrner et al. investigated the dependency of hMLH1
expression on histone modification and DNA methylation in RKO colon cancer cells and
found that deacetylation and methylation of lysine-9 in H3 were present in the methylated
hMLH1 promoter [22]. Inhibition of DNA methyltransferase, but not histone deacetylase,
led to an order of events that was initiated with DNA demethylation followed by gene re-
expression and histone code reversal [22]. This temporal order of changes suggested a
dominant role of DNA methylation in the control of hMLH1 transcription. Kondo et al.
studied multiple methylated/silenced genes including hMLH1 in three colon cancer cell lines
and found that reduced H3 lysine-4 methylation and increased lysine-9 acetylation and
methylation are critical for the maintenance of methylation-associated gene silencing [23].
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Since these studies concentrated on alterations in histone modification, the involvement of
MBDs remains unclear. More importantly, the previous studies were performed on a limited
number of cell lines, leaving uncertainties concerning the situation in primary cancers.
Therefore, in this study, we investigated the relationship between DNA methylation and
chromatin composition in primary endometrial cancers. Using a modified chromatin
immunoprecipitation protocol, we performed a comprehensive analysis on MBDs
occupancy as well as histone acetylation/methylation in two groups of endometrial cancers.
One group represents cases with high hMLH1 expression from unmethylated promoters and
the other with silenced hMLH1 expression from hypermethylated promoters. The
comparative studies have identified a specific combination of MBDs binding and histone
modification code associated with hMLH1 inactivation.

Materials and methods
Reagents

Antibodies against MeCP2, histone H3 and H4, acetyl-histone H3, acetyl-histone H4,
dimethyl-histone H3 (Lys4) and dimethyl-histone H3 (Lys9) were obtained from Upstate
Biotechnology Inc. (Lake Placid, NY). Rabbit antibody for β-actin and rabbit and goat
antibodies for MBD1, MBD2, MBD3 and MBD4 were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA).

Tissue preparation
The use of human tissues in this study was approved by the Institutional Review Board of
Mayo Foundation. In accordance with the Minnesota Statute for Use of Medical Information
in Research, only those patients who consented to the use of their medical records were
included in this analysis. Snap-frozen endometrial cancer specimens were obtained from 64
patients following hysterectomy and kept at −80°C. The histological grade of these cancers
is shown in Fig. 1. All specimens were reviewed by a single pathologist and confirmed to be
of endometrioid cancer histology. The endometrial cancer tissues were dissected to remove
normal tissues and cut into 10 µm sections for RNA isolation, protein extraction and ChIP
experiments.

Real-time PCR
RNA isolation, quantification and cDNA synthesis were performed as previously described
[16]. The hMLH1 and GAPDH (glyceraldehyde-3-phosphate dehydrogenase) mRNA levels
were measured by real-time PCR using primers: hMLH1-forward, 5′-
GAAAACTGAAAGCCCCTCCT; hMLH1-reverse, 5′-ACGGTTGAGGCATTGGGTAGT.
GAPDH-forward, 5′-GAAGGTGAAGGTCGGAGTC; GAPDH-reverse, 5′-
GAAGATGGTGATGGGATTTC. Real-time PCR was performed on the ABI Sequence
Detector-770 (Applied Biosystems, Foster City, CA) using CYBR Green PCR Master Mix
(Stratagene, Cedar Creek, TX) under the following conditions: initial denaturing: 95°C for
10 min followed by 40 cycles of denaturing at 95°C for 30 s, annealing at 56°C for 40 s and
extension at 72°C for 30 s. The threshold cycle number (CT) for hMLH1 was normalized
against GAPDH internal reference gene by the formula: ΔCT=CTMLH1−CTGAPDH. The
difference between hMLH1 and GAPDH was further converted to relative fold (F=2ΔCT).
Standardized hMLH1 mRNA levels were arbitrarily amplified by a factor of 10,000 for the
convenience of data presentation. Average hMLH1 levels and standard errors were
determined from three independent experiments.

Xiong et al. Page 3

Gynecol Oncol. Author manuscript; available in PMC 2012 February 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Methylation-specific PCR
Genomic DNA was subjected to sodium bisulfite conversion using the EZ DNA methylation
kit (Zymo Research, Orange, CA). The converted DNA was eluted with 10 µl of 1× TE
from DNA affinity columns and 2 µl used for methylation-specific PCR using published
primers [12]. The same PCR conditions as those for real-time PCR (see above) were
applied. PCR products were documented by agarose gel electrophoresis and ethidium
bromide staining.

Western blot analysis
Tissue extract preparations and SDS polyacrylamide gel electrophoresis were carried out as
previously described [16]. MeCP2, MBD1, MBD3, MBD4, total H3 and H4 and acetylated
H3 and H4 were detected using specific antibodies following the manufacturer’s
instructions. Chemiluminescence detection was performed with the ECLplus™ Western
Blotting Detection System (Amersham Corp, Arlington Heights, IL). The blots were re-
probed with β-actin antibody and the results provided controls for protein loading.

Chromatin immunoprecipitation (ChIP) assays
Critical technical parameters of ChIP assay for endometrial tissues, including the amount of
tissue, time of formaldehyde cross-linking and sonication conditions, were extensively
optimized in pilot studies. Tissue samples (300 mg) were cross-linked by addition of 1%
formaldehyde and incubated for 10 min at room temperature. After centrifugation (13,000 ×
g for 10 min), the supernatant was removed and pellets were washed twice with ice-cold
PBS supplemented by 1× protease inhibitor cocktail (1 mM PMSF, 1 µg/ml aprotinin and 1
µg/ml pepstatin A). Pellets were resuspended in 300 µl of SDS lysis buffer (1% SDS, 10
mM EDTA, 50 mM Tris, pH 8.1) and subjected to sonication. Ten-second pulses at 10-s
intervals for four times (Sonic Dismembrator, Model 500, Fisher Scientific) were used to
achieve chromatin fragmentation of 200 and 1000 bp.

Sonicated samples were centrifuged at 13,000 × g at 4°C for 10 min and supernatants
transferred to 15 ml tubes. The samples are diluted 10-fold in ChIP dilution buffer (0.01%
SDS, 1% Triton X-10, 2 mM EDTA, 16.7 mM Tris–Cl, pH 8.1, 150 mM NaCl), and 20 µl
of aliquots of each sample was removed to serve as the input controls. To reduce nonspecific
background, the DNA–protein complexes were pre-cleared by incubation with 75 µl of
Protein A agarose beads (50% slurry containing salmon sperm DNA). The pre-absorption
was carried out at 4°C with constant rotation for 2 h. Anti-MBDs or anti-histone antibodies
(20 µl) were added to the samples, and primary antibody binding performed at 4°C for
overnight with constant mixing. In negative controls, antiserum from non-immunized mouse
was used instead of specific antibodies. To collect immune complexes, 60 µl of Protein A
agarose-salmon sperm DNA (50% slurry) is added to each tube, and incubation continued
for 2 h at 4°C. Agarose beads were recovered by gentle centrifugation at 2000 rpm for 2
min. The beads are washed sequentially with 1 ml buffer for 5 min in the following order:
two times with low salt buffer (0.1% SDS, 1% Triton X-10, 2 mM EDTA, 20 mM Tris–Cl,
pH 8.1, 150 mM NaCl), two times with high salt buffer (0.1% SDS, 1% Triton X-10, 2 mM
EDTA, 20 mM Tris–Cl, pH 8.1, 500 mM NaCl), once with LiCl buffer (0.25 mM LiCl, 1%
deoxycholic acid, 1 mM EDTA, 10 mM Tris, pH 8.10) and once with 1× TE buffer. After
washing, 500 µl fresh 1% SDS and 0.1 M NaHCO3 were used to elute immune complexes.
Formaldehyde cross-links were reversed by adding 20 µl 5 M NaCl to 500 µl eluates and
heating at 65°C for 4 h. DNA fragments were recovered by ethanol precipitation following
proteinase K digestion and phenol/chloroform extraction.

PCR was performed with hMLH1 promoter-specific primers: MLH1-forward, 5′-
AACGCCTTGCAGGACGCTTA, and MLH1-reverse, 5′-
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TGAAGAGAGAGCTGCTGCTCG. PCR conditions were: 94°C for 5 min for initial
denature followed by 35 cycles of denature at 94°C for 45 s, annealing at 56°C for 45 s and
extension at 72°C for 1 min. PCR products were visualized by 2% agarose gels
electrophoresis and ethidium bromide staining. ChIP experiments were repeated three times
with positive and negative controls.

Data analysis
The results of Western blot and ChIP experiments were documented with an HP Q3190A
scanner and analyzed by densitometry measurement using the NIH Image program. The
signals were standardized against the input controls, and their relative levels were compared
using Student's t tests with the assumption of two-tail distribution and two samples with
equal variance. The statistical significance (P<0.05) is marked by asterisk in the figures.
Average values and standard errors were calculated from at least three repeated ChIP
experiments.

Results
Measurement of hMLH1 expression in endometrial cancers

In order to investigate the relationship between hMLH1 hypermethylation and chromatin
composition, we needed to know the hMLH1 expression levels in individual cancers. Using
the quantitative real-time PCR technique, we examined 64 endometrial cancer tissues. As
shown in Fig. 1, endometrial cancers contain varied hMLH1 mRNA levels. No statistically
significant difference of hMLH1 levels was found between grade I and grade III cancers.
Based on the hMLH1 expression pattern, these primary cancers were considered to be
associated with relatively high, low, and intermediate levels of hMLH1 mRNA. The samples
with high hMLH1 expression were considered to likely contain unmethylated hMLH1
promoters, whereas those with low level expression may possess methylated promoters. The
samples with intermediate hMLH1 levels were not subsequently examined as they may
indicate heterogeneity of the tissue containing significant amounts of normal endometrial or
stromal cells. Potential contamination by normal cells in the “intermediate” group may
complicate downstream analysis. Therefore, we elected to focus on comparison of the two
extreme groups with the highest and lowest hMLH1 levels, and the tissues with intermediate
hMLH1 levels were excluded for further analysis.

Confirmation of hMLH1 DNA methylation
We examined the hMLH1 promoter methylation status by methylation-specific PCR (MSP).
Of the 14 cancers with relatively low hMLH1 expression, 11 samples provided sufficient
tissue for DNA isolation, chemical conversion, and methylation-specific PCR analysis.
Among these samples, 7 were found to contain completely methylated hMLH1 promoter by
MSP criteria (Fig. 2). The rest of the samples contained partially methylated or
unmethylated DNA. Of the 8 samples containing relatively high hMLH1 mRNA levels, 7
samples provided sufficient DNA for methylation studies. We found that all of these
samples contain unmethylated hMLH1 promoters. These results were consistent with
previous observations [2,3,9,10] and provided further support for a close association
between hMLH1 silencing and promoter hypermethylation.

ChIP analysis of chromatin composition
The MBDs occupancy and histone acetylation/methylation at hMLH1 promoter region were
compared between the seven hMLH1-unmethylated and seven hMLH1-methylated samples.
Fig. 3 shows the results of ChIP experiments using MBDs isoform-specific antibodies.
Results from input positive control and non-antibody negative controls indicated the
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specificity of the ChIP experiments. High levels of promoter occupancy by MECP2, MBD1
and MBD2 were present in cancer samples containing methylated hMLH1 promoters, but
absent in the unmethylated promoters. A diminished binding by MBD3 and MBD4 in both
methylated and unmethylated promoters was observed. These results indicate that MECP2,
MBD1 and MBD2, but not MBD3 and MBD4, are directly involved in the inactivation of
methylated hMLH1 promoters in primary endometrial cancers. Potential implications of the
differential MBD occupancy observed in the two groups of cancers were described in
Discussion.

In addition to MBDs occupancy, we examined the histone H3 and H4 acetylation and
methylation code of hMLH1 promoters in the two groups (Fig. 4). While
immunoprecipitation with total H3 and H4 antibodies produced equally strong PCR signals
in the two groups, antibodies against acetylated H3 and H4 detected much stronger signals
in the hMLH1-unmethylated than -methylated cancers. Densitometry analysis indicated a
highly significant difference in H3 and H4 acetylation levels between the two groups. H3
methylation at lysine-4 (K4M H3) was mostly observed in the unmethylated group. Very
low levels of H3 K4M were detected in the hMLH1-methylated group. In a sharp contrast,
the lysine-9 methylation (K9M H3) was only found in hMLH1-methylated, but not
unmethylated, cancer samples. These results demonstrated an intimate correlation between
DNA methylation and histone covalent modification in endometrial cancers.

Cellular levels of MBDs and histones
We wanted to know if the differential MBD binding and histone modification of the two
groups were caused by alterations on the cellular levels of the corresponding proteins.
Western blot analyses were performed on cancer samples used for ChIP studies (Fig. 5). The
hMLH1-methylated and -unmethylated groups were found to contain similar concentrations
of MBDs and histones. Thus, the changes in hMLH1 chromatin composition are not likely
caused by global alterations in the protein expression. These results suggested that hMLH1
silencing is mostly controlled at the local chromatin level by gene-specific mechanisms.

Discussion
The most important finding of this study is a clear correlation between MBD binding and
hMLH1 expression. Previous studies have demonstrated both direct and indirect inhibitory
effects of DNA methylation on gene transcription. Methyl groups can directly affect DNA
structure and interfere with DNA-binding activities of transcription factors [24,25]. Using
gel shift and ChIP assays, Chang et al. have shown that methylation modification of the
IGFBP promoter resulted in reduced Sp-1/Sp-3 binding to their cognate sites and decreased
IGFBP transcription [26]. Overexpression of MeCP2 further suppressed the IGFBP
promoter activity by competition between MeCP2 and Sp-1/Sp-3 [26]. It has been shown
that unmethylated hMLH1 promoter is controlled by coordinated actions of an enhancer and
consensus CCAAT sites located at nucleotides −282 to −151 relative to the transcription
start site [8]. The CCAAT box is a well-characterized positive cis element recognized by a
ubiquitously expressed transcription factor NF-Y (CBF) [27,28]. Interestingly, methylation
of CpG in this region was found to be invariably correlated with the absence of hMLH1
expression in colon cancer cells [29]. Although the core sequences of the CCAAT sites do
not contain CpG dinucleotides, interference of NF-Y with CCAAT element by MBD-
binding could not be excluded. MeCP2, MBD1 and MBD2 may also induce hMLH1
silencing by actively recruiting HDAC to the promoter region [17–19]. This mechanism is
supported by the fact that all the three MBDs that we identified on methylated hMLH1
promoters are capable of forming complexes with HDAC [17,29]. Furthermore, a
simultaneous increase in MBDs occupancy (Fig. 3) and histone deacetylation (Fig. 4) were
observed in methylated hMLH1 promoters. It is important to point out that mechanisms
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unrelated to DNA methylation may participate in hMLH1 transcription regulation. Indeed,
in this study, we found that one cancer (sample 59, Figs. 1 and 2) expresses relatively low
level of hMLH1 but contains completely unmethylated promoter. In addition, monoallelic
hMLH1 DNA methylation has been reported in some cases of colon cancers [30]. These
situations, however, are not covered by the current study that focused on cancers with
biallelically methylated hMLH1 genes.

MeCP2, MBD1, MBD2, MBD3 and MBD4 all contain the 70 amino acid methyl CpG-
binding domain capable of interacting with methylated CpG sites. Limited sequence
divergences in the methyl CpG-binding domain, however, result in rather striking changes in
DNA-binding functions [31]. Variations in the DNA ligand such as spacing between methyl
CpG as well as flanking sequences may also influence MBD–DNA interactions [31].
Indeed, previous studies have suggested gene-specific actions of MBDs. For example,
MBD2, but not MBD1 or MeCP2, was found to interact with methylated P16/Ink4A, P14/
ARF [32] and GSTP1 [33]. MBD3 is part of the NuRD complex involved in control of gene
expression in early development [34]. The current study demonstrated that MeCP2, MBD1
and MBD2, but not MBD3 and MBD4, bind to methylated hMLH1 promoters. Therefore,
we provided additional support for different function of MBDs in gene-specific silencing. At
this time, it is not clear if MeCP2, MBD1 and MBD2 coexist in a single hMLH1 promoter
or whether these MBDs bind to the hMLH1 promoter in a cell-cycle-specific manner.

A strong association of methyl-H3 K9 with methylated hMLH1 has been observed in colon
cancer cell lines [21,22]. Interestingly, this change was accompanied by decreased H3 K4
methylation in methylated hMLH1 promoters. But unlike histone acetylation, the
relationship between histone methylation alterations and MBD binding to methylated DNA
is less characterized, and many aspects of the mechanism remain unclear. Different models
have been proposed for the cross-talk between histone methylation and DNA methylation.
Tamara et al. demonstrated that replacement of H3 lysine-9 with leucine or arginine led to
marked reduction in DNA methylation levels in Neurospora crassa, suggesting that histone
methylation may affect DNA methylation [35]. Recent studies indicating recruitment of
DNMT by HP1 (heterochromatin protein) and SUV39h (histone methyl transferase) in
mouse embryonic cells provided a mechanism for histone methylation-mediated DNA
methylation in mammalian cells [36]. In contrast, studies in human colon cancer cell lines
showed that treatment by DNMT inhibitors rapidly reduced the H3 K9 methylation at
multiple methylated loci including that of hMLH1, suggesting a dominant role of DNA
methylation [21]. Further studies will be required to determine the primary epigenetic events
leading to the silencing of hMLH1 in endometrial cancers.

Altered MBDs expression has been observed in non-small-cell lung cancers [37]. We tested
the possibility of whether global alterations in MBD expression and/or histone modification
in cancer cells may contribute to the different chromatin composition observed in the two
groups. Their similar levels of MBDs and histone modifications suggested that hMLH1
chromatin composition is not caused by differences in the expression or availability of the
various proteins. It is interesting to observe that, while MeCP2 and histones showed
relatively small inter-group differences, MBD1, MBD2, MBD3 and MBD4 exhibit
divergent protein levels among individual cancers. Nevertheless, no direct connection
between the cellular concentration and hMLH1 promoter binding could be found in either
group. For example, L4 and L7 showed similarly low levels of MBD1 occupancy, but the
two cancers contained quite different levels of MBD1 proteins. In fact, the MBD1 level in
L7 is among the highest. Overall, our data showed no evidence that global levels of MBDs
and histones were limiting parameters that could decide the chromatin composition of the
hMLH1 promoter.
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In summary, we have characterized alterations of chromatin composition in multiple
primary endometrial cancers and identified characteristic changes of MBDs occupancy and
histone modifications in methylated hMLH1 genes. These data provided important
information on epigenetic mechanisms leading to the MSI-H phenotype in endometrial
cancers. Given the potentially reversible nature of epigenetic changes [38–40], these
findings may be useful for designing novel therapeutic strategies targeting the restoration of
hMLH1 expression and associated DNA repair function in endometrial cancers.
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Fig. 1.
hMLH1 levels in endometrial cancers. Sixty four endometrial cancer samples were screened
for hMLH1 mRNA expression. The histological grade of the cancers was indicated for each
sample. Real-time PCR was performed on hMLH1 and GAPDH as described in Materials
and methods. Cancer samples with the highest (H) and lowest (L) hMLH1 mRNA levels
were selected for further analysis. Note that samples marked by “*” failed to provide
sufficient tissues and were excluded for further analysis.
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Fig. 2.
Confirmation of hMLH1 methylation. DNA methylation in the selected samples was
examined by methylation-specific PCR. All the 7 cancers (H1–H7) expressing the highest
levels of hMLH1 contain an unmethylated hMLH1 gene. Cancers with the lowest hMLH1
mRNA were found to contain completely methylated (L1–L7), partially methylated (marked
by “*”) or unmethylated (marked by “**”) promoters.
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Fig. 3.
MBDs occupancy of the hMLH1 promoters. Chromatin immunoprecipitation experiments
were performed on the cancer samples with unmethylated (H1–H7) or methylated (L1–L7)
hMLH1 promoters. The left panels present typical ChIP results of three or more repeated
experiments. The right panels show the results from densitometry analysis on average levels
of MDB binding signals from multiple cancer samples. Significantly higher (P ≤ 0.05 as
indicated by asterisk) average levels of occupancy by MeCP2, MBD1 and MBD2 were
found in hMLH1-methylated cancers. Minimal binding of MDB3 and MBD4 was observed
in both groups of cancer samples.
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Fig. 4.
ChIP studies on covalent histone modification in hMLH1 promoters. The left images are
example results of three or more repeated experiments. The results of densitometry analysis
on multiple patient samples are shown in the right panels. Statistical analysis indicates that
similar levels of hMLH1 promoter DNA were recovered by antibodies against total histone
H3 or H4 from the two cancer groups containing either unmethylated or methylated hMLH1
promoters. However, significantly higher (P ≤ 0.05 as indicted by asterisks) levels of
acetylated histone H3 (Ac H3) and H4 (Ac H4), and K4 methylation in H3 (K4M H3), were
found in unmethylated hMLH1 promoters. In contrast, decreased levels of K9 methylation
(K9M H3) were found to be associated with the methylated hMLH1 promoters.
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Fig. 5.
Total cellular levels of MBD and histone proteins. Western blot analysis was performed on
MBDs, total histone H3 and H4 and acetylated H3 and H4. The left panels are some
example results representing at least three repeated Western blot experiments. The right
panels show the result of densitometry analysis on multiple cancer samples. No statistically
significant difference in average concentrations of MBDs and histones was found between
cancer groups containing unmethylated and methylated MLH1 genes. For each blot, the β-
actin protein levels were also measured for loading controls.
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