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Abstract
Promoter methylation of tumor-suppressor genes is a frequent and early event in breast
carcinogenesis. Paired tumor tissue and serum samples from women with breast cancer show that
promoter methylation is detectable in both sample types, with good concordance. This suggests
the potential for these serum markers to be used for breast cancer detection.

The current study was a case-control study nested within the prospective New York University
Women’s Health Study cohort aimed to assess the ability of promoter methylation in serum to
detect pre-clinical disease. Cases were women with blood samples collected within the six months
preceding breast cancer diagnosis (n=50). Each case was matched to 2 healthy cancer-free controls
and 1 cancer-free control with a history of benign breast disease (BBD).

Promoter methylation analysis of four cancer-related genes: — RASSF1A, GSTP1, APC and
RARβ2, — was conducted using quantitative methylation specific PCR. Results showed that the
frequency of methylation was lower than expected among cases and higher than expected among
controls. Methylation was detected in the promoter region of: RASSF1A in 22.0%, 22.9% and
17.2% of cases, BBD controls and healthy controls respectively; GSTP1 in 4%, 10.4% and 7.1%
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respectively; APC in 2.0%, 4.4% and 4.2% respectively and RARβ2 in 6.7%, 2.3% and 1.1%
respectively.

Methylation status of the four genes included in this study was unable to distinguish between cases
and either control group. This study highlights some methodological issues to be addressed in
planning prospective studies to evaluate methylation markers as diagnostic biomarkers.
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Introduction
Routine screening with mammography has demonstrated that early detection leads to
reduced breast cancer mortality [1], and the majority of women in the U.S. over the age of
40 undergo annual or biannual mammography [2-3]. There are, however, subgroups of
women for whom mammography is less sensitive, e.g. women who are young, Asian, on
hormone replacement therapy, and/or have dense breasts. Sensitivity in these groups of
women has been estimated to be as low as 25% in women on hormone replacement therapy
[4-7]. Mammography is also less sensitive for the detection of invasive lobular carcinomas
(ILC) (sensitivity ranging between 57 and 81%) and small or diffuse tumors [8-9].
Specificity is also an issue, with one in two women who receive yearly mammograms
expected to have at least one false positive result in her lifetime, leading to unnecessary
biopsies and anxiety [10-11]. This indicates that a screening tool that could be used
alongside mammography in women for whom it is less effective, could lead to improved
screening practices. Such a tool would ideally be low cost and minimally invasive.

Silencing of tumor suppressor genes through the hypermethylation of their promoter regions
has been shown to be a frequent event in carcinogenesis [12]. A large number of studies
have shown the frequent methylation of genes involved in cell cycle regulation (p16INK4A,
p14ARF, p15, CCDN2, DAPK), DNA repair (MGMT, hMLH1), xenobiotic metabolism
(GSTP1), signal transduction (RARβ2, APC, ERβ) and adhesion and metastasis (CDH1,
CDH13) in breast cancer tumors [13-19]. These modifications are believed to occur early in
the development of cancer [12], suggesting that aberrant DNA methylation could be a useful
early biomarker of disease.

Tumor DNA is present in the circulation of people with cancer [20]. The mechanism of
DNA release into circulation is poorly understood, but it is believed that DNA is released
during tumor necrosis and apoptosis [21]. Hypermethylation of gene promoters has been
detected in the serum/plasma DNA of breast cancer cases [22-25]. Furthermore, results from
matched tumor and blood samples from the same patient have shown good concordance
[26-30]. Because the drawing of blood has the advantage of being a minimally invasive
procedure, it is of interest to assess the potential of hypermethylation of circulating DNA as
an early detection marker of breast cancer.

The objective of this study was to assess the ability of the promoter methylation of a four-
gene panel (RASSF1A, GSTP1, APC and RARβ2) in banked serum DNA to detect preclinical
disease. The four genes included in our study were selected because they have known
functions in carcinogenesis and have previously been shown to be frequently methylated in
the tumors and serum/plasma of women with breast cancer [13-15,18,31]. We conducted a
nested case-control study focusing on cases diagnosed shortly after blood donation (within 6
months) and matched controls from the same cohort of women.
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Study Design
The New York University Women’s Health Study (NYUWHS) Population

A cohort of 14 274 healthy women between the ages of 35 and 65 were enrolled in the
NYUWHS between 1985 and 1991 at a breast cancer screening clinic [32]. Eligibility was
restricted to those women who had not used hormonal medications or been pregnant in the
six months prior to recruitment. At the baseline recruitment visit, women completed a self-
administered questionnaire eliciting information about anthropometric variables,
demographics, medical and reproductive history and lifestyle factors as well as a semi-
quantitative food frequency questionnaire. Also at recruitment, 30 ml of non-fasting,
peripheral venous blood was collected (using red-cap Vacutainer tubes) from all study
participants. Serum was isolated and stored in 1 ml aliquots at −80°C until use.

Follow-up was conducted through the screening clinic when subjects returned for
subsequent yearly visits (after baseline) until 1991. Since then, participants continue to be
followed-up with self-administered questionnaires mailed every 3-4 years to update
information on disease status, medical and reproductive histories and lifestyle factors.
Reported cancer cases are confirmed through examination of medical reports and active
follow-up is supplemented by linkage to the National Death Index and the state tumor
registries of New York, New Jersey and Florida, in which most of the women reside. A
capture-recapture analysis has indicated a breast cancer case ascertainment rate of 95% in
this cohort [33]. Tumor stage and receptor status were obtained by reviewing medical and
pathology reports. Histological subtypes were coded using the modified ICD-O codes
(International Classification of Diseases, 9th revision).

Nested Case-Control Study Design
A case-control study nested within the NYUWHS cohort was conducted. This study design
uses pre-diagnostic samples which is essential to assess the ability of any biomarker to
detect pre-clinical disease. Breast cancer cases in women for whom serum samples had been
collected within the 6 months prior to breast cancer diagnosis were included. For each case,
two sets of controls were selected. In the first set, two healthy controls for each case were
selected at random from matched sets of women who were alive and free of any cancer and
who had no history of benign breast disease (BBD). In the second set, one control subject
was randomly selected among matched sets of healthy cancer-free women with a history of
BBD. To ensure that controls were truly free of cancer at the time of blood donation, this
study required controls to be cancer-free for the duration of follow-up (median follow-up
time 20.1 years, range 11.0-22.6 years). Individual matching on age (± 6 months) at, and
date of, blood donation (± 6 months) was used to control for the potential effects of age and
duration of sample storage on DNA methylation patterns. All procedures were approved by
the New York University School of Medicine Institutional Review Board (IRB).

Methods
Quality Control Procedures

For all procedures, all four samples from a matched set (one case, two healthy controls and
one control with BBD) were always analyzed on the same day and in the same batch to
control for possible inter-batch measurement variation. The samples were blinded as to their
case or control status.

DNA Isolation and Sodium Bisulfite Treatment
DNA was isolated from 1 ml aliquots of serum (never previously thawed) using the QIAamp
DNA Blood Midi Kits (Qiagen, Valencia CA) as described by the manufacturer. Isolated
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DNA was stored in 45 μl aliquots (the amount required for sodium bisulfite treatment) at
−80°C to eliminate any unnecessary freeze-thaw cycles.

Chemical modification of isolated DNA with sodium bisulfite converts unmethylated
cytosine to uracil while leaving methylated cytosine unchanged. This leads to the generation
of detectable methylation-specific sequence variation. Sodium bisulfite conversion was
conducted using the Qiagen Epitect bisulfite conversion kit (Qiagen, Valencia CA) as
described by the manufacturer. Standards and samples to be included on the same PCR plate
on a given day were bisulfite-treated in the same batch. Usually, the methylation analysis
occurred on the same day as sodium bisulfite conversion to eliminate the effects of storage
on the bisulfite-converted DNA.

Quantitative Methylation Specific PCR (QMSP)
Bisulfite treated DNA was analyzed using quantitative fluorescence-based real-time PCR
(QMSP) as described by Eads et al [34]. Methylation-specific primers were designed to
recognize the sequence of the methylated, bisulfite-treated gene region of interest. A second
set of primers for β-actin (ACTB), were run in parallel and used as a control to normalize for
DNA input. Primer and probe sequences were obtained from previous publications
[23,35-36] and fluorescence was detected using the AB 7300 (Applied Biosystems, Foster
City CA).

Each assay included standard curves using fully methylated DNA (Millipore, Billerica,
MA), probing for the genes of interest and for the control gene (ACTB). Universally
unmethylated DNA (Millipore, Billerica MA) was used as a negative methylation control as
were several water blanks (containing no DNA template). The final composition of the
master mix for QMSP consisted of 1X TaqMan® Universal PCR Master Mix No
AmpErase® (Applied Biosystems, Foster City CA), 600 nM of each primer (forward and
reverse) and 200 nM MGB (minor groove binder) probe (Applied Biosystems, Foster City
CA), with a final reaction volume of 50 μl. Amplification conditions were as follows: 10
minutes at 95°C, followed by 95°C for 15 seconds and 60°C for 1 minute, for 50 cycles.

Bacterial Cloning and Bisulfite Sequencing
To confirm the results seen with QMSP, a small subset of samples was selected (blinded to
case-control status) and bisulfite-sequenced (n=12 for RASSF1A and n=7 for GSTP1). DNA
samples were sodium bisulfite treated and PCR was conducted using a final reaction volume
of 25 μl. This included 1 × PCR Buffer (Qiagen, Valencia CA), 200μM dNTPs, 60nM of
each (forward and reverse) primer (Applied Biosystems, Foster City CA) and 1 U Hotstart
Taq Polymerase (Qiagen, Valencia CA). Conditions were 95°C for 15 minutes followed by
45 cycles of 94°C for 20 seconds, 57°C for 30 seconds and 72°C for 30 seconds, and a hold
at 4°C. Product was visualized by 10% TBE polyacrylamide gel electrophoresis. Bacterial
cloning reactions were carried out using the TOPO® TA Cloning Kit for sequencing
(Invitrogen, Carlsbad CA) as described by the manufacturer and using One Shot TOP10F’
competent cells (Invitrogen, Carlsbad CA).

Once transformed, bacteria were plated on LB (lysogeny broth) agar plates containing 0.1
mM Isopropyl β-D-1-thiogalactopyroanoside (IPTG), 0.004% galactose in dimethylfluoride
and 100 μg/μl ampicillin. 100 μl of SOC (super optimal broth with catabolite repression)
medium was first added to each plate, followed by 80 μl from each transformation vial (50
μl for the pUC19 transformation control). Plates were then inverted and incubated overnight
at 37°C.

The next morning four colonies (1 blue and 3 white) were selected from each plate and
placed in culture tubes containing 2 ml of LB medium with 100 μg/μl ampicillin. Tubes

Brooks et al. Page 4

Cancer Epidemiol. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



were then incubated overnight at 37°C on a rotary shaker (225 rpm). Plasmid DNA was
isolated using the PureLink Quick Plasmid Mini-prep Kit Protocol (Invitrogen, Carlsbad
CA) as directed by the manufacturer. Purified plasmid DNA was stored at 4°C until use later
that day or stored at −20°C if to be used the next day.

Sequencing of isolated plasmid DNA was conducted by capillary gel electrophoresis
(CEQ-8000) using a Dye Terminator Cycle Sequencing (DTCS) kit (Beckman Coulter,
Fullerton CA).

DNA Fragmentation Assay
To ensure that the quality of DNA obtained from the NYUWHS samples was good, fresh
blood samples were collected from 6 healthy individuals by a trained phlebotomist. Serum
was separated according to the protocol detailed by the NYUWHS [37] and stored at −80°C.
Samples were handled in the same manner as those from the NYUWHS so that the only
variable factor would be storage time. DNA was isolated using the QIAamp DNA Blood
Midi Kits and stored in aliquots of 45 μl at −80°C until the time of analysis.

DNA quality was assessed using a PCR based fragment assay as described by van Beers et
al [38]. For this experiment isolated DNA (10 μl) from freshly collected normal samples and
study sample DNA were amplified in a multiplex PCR reaction that included 4 sets of
primers specific for fragment sizes of 100, 200, 300 and 400 bps for the GAPDH gene.
Primer sequences were obtained from van Beers et al [38] and were as follows: 100F - GTT
CCA ATA TGA TTC CAC CC, 100R - CTC CTG GAA GAT GGT GAT GG, 200F – AGG
TGG AGC GAG GCT AGC, 200R – TTT TGC GGT GGA AAT GTC CT, 300F – AGG
TGA GAC ATT CTT GCT GG, 300R – TCC ACT AAC CAG TCA GCG TC, 400F – ACA
GTC CAT GCC ATC ACT GC and 400R – GCT TGA CAA AGT GGT CGT TG.

PCR reactions for this analysis included 1 × PCR Buffer (Qiagen, Valencia CA), 200μM
dNTPs, 132nM of each primer (forward and reverse) (Applied Biosystems, Foster City CA)
for each fragment size and 1 U Hotstart Taq Polymerase (Qiagen, Valencia CA). Samples
were then run for 15 minutes at 95°C and then 1 minute at 94°C, 1 minute at 56°C and 3
minutes at 72°C for 40 cycles followed by 7 minutes at 72°C. Reactions were then
visualized on 10% TBE polyacrylamide gel electrophoresis.

Statistical Analysis
Subject characteristics were compared between the case group and each control group
(controls with a history of BBD, and healthy controls) using conditional logistic regression
to take into account the matched study design. To further examine the relationship between
these variables and case-control status, an analysis was also conducted comparing cases to
the two control groups combined as one group. In addition, a multinomial unconditional
logistic regression adjusting for age was conducted to simultaneously compare all three
groups.

Methylation was examined as a dichotomous variable (0 = negative/1 = positive, if there
was any amplification above the threshold). The percent of fully methylated DNA
(percentage of methylated reference (PMR)) was also calculated by taking the amount of
DNA found to be methylated for the gene of interest, divided by the amount of ACTB
present for that same sample, multiplied by 100. Pair-wise comparisons of the frequency of
methylation were conducted using exact conditional logistic regression to take into account
the low frequency of methylation and the matched design of the study. ACTB copy number
and concentration were log2-transformed and compared between the case group and each
control group also using conditional logistic regression. No additional adjustments for breast
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cancer risk factors were included in the model because the objective of the study was to
assess the diagnostic ability of the marker rather than assess whether it is an independent
risk factor. All statistical analyses were conducted using SAS 9.1 (SAS Institute Inc., Cary
NC).

Results
Nested Case-Control Study Subject Characteristics

A total of 113 cases had donated blood within the 6 months prior to diagnosis. However, due
to the precious nature of these prospectively collected samples, it was decided a priori that
DNA methylation analysis would be completed in two stages, with the first stage limited to
the 50 cases who had the highest number of serum aliquots in storage. Because the results in
these first 50 cases and their matched controls did not support our initial hypothesis,
methylation analysis was not extended to the remaining cases.

Table 1 shows that cases and controls were comparable. No significant differences were
seen for any variable between any case-control group, thus for simplicity, the odds ratios are
not presented. The median age at index date (the date of diagnosis for cases and the
corresponding date for their matched controls) was 52.0 years for cases, 51.5 years for BBD
controls and 51.8 years for healthy controls. The majority of women were postmenopausal at
baseline, and these proportions were similar in all three subject groups (56% of cases, 57%
of healthy controls and 58% of BBD controls). The median number of days between the date
of blood donation and the date of diagnosis was 40.5 days with a range of 5 – 175 days.
Sixty-eight percent of cases were invasive ductal carcinomas, 75% were estrogen receptor-
positive and 47% of cases were diagnosed with stage I disease (Table 1).

Methylation Analysis (QMSP)
ACTB copy number was used to determine the amount of DNA in each sample. The median
ACTB copy number was 6,375 copies/ml of serum for healthy controls, 5,404 copies/ml for
BBD controls and 5,978 copies/ml for cases (Table 2). This corresponds to an overall
median (in all subjects) of approximately 20ng of DNA per ml of serum. No statistical
differences in ACTB amount were observed between cases and either control group. The
ACTB copy number was higher in subjects who were later diagnosed with stage II tumors
(median = 7,201 copies/ml; 10th-90th percentiles, 251- 18,551) compared to those with stage
I tumors (median = 4,242 copies/ml, 10th-90th percentiles, 1,068-16,683), although this
difference was not statistically significant ( p=0.98, Student t-test of log2 transformed ACTB
copy number/ml).

Table 3 shows the frequency (95% confidence interval (CI)) of methylation in cases and
controls, as determined by amplification above the threshold (PMR>0). The methylation
frequencies of the four genes analyzed were low among all three subject groups. Further,
these frequencies did not differ between cases, controls with a history of BBD and controls
without a history of BBD.

Because no significant differences between the two control groups were observed, the
control groups were combined and the analysis repeated. Again, no significant differences in
the frequency of methylation were observed between cases and controls. Only for RASSF1A
and RARβ2 was the frequency higher (non-significantly) in cases than controls (RASSF1A:
22% of cases, 19% of controls; RARβ2: 6.7% of cases and 1.5% or controls). Among those
women with a PMR>0, PMR values did not differ between cases and the combined control
group for any gene (results not shown), though the interpretation of these comparisons is
limited by the small number of subjects with a PMR>0 (n=39 for RASSF1A, n=14 for

Brooks et al. Page 6

Cancer Epidemiol. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



GSTP1, n=5 for RARβ2 and n=7 for APC). Overall, 31.8% of cases and 28.8% of controls
(BBD and healthy controls combined) had methylation in at least one gene.

The methylation assays were shown to have good sensitivity using a series of standards
(dilutions of fully methylated DNA), able to detect down to one genome copy. Standards
were shown to have a high level of reproducibility between plates, as indicated by low inter-
plate coefficients of variability (CV) for each gene: RASSF1A: 11%; GSTP1: 3%; APC: 2%;
RARβ2: 1%. Because ACTB was the only gene for which multiple measurements were
available for each study subject on different plates the reproducibility of these repeat
measures were examined. As was seen with the standards included in each plate, the inter-
plate CV for Ct values (the Ct value is the point at which amplification crosses the detection
threshold) for ACTB was 3%. The CV did not differ between cases and either control group.
Though the inter-plate CV for the Ct values was low, the CV for the corresponding copy
number was 53.2%. This increase in variability is seen because a small difference in Ct
translates into a large difference in copy number once the copy number is log transformed
and made linear.

Bisulfite Sequencing
Twelve samples that amplified for RASSF1A using QMSP were re-analyzed using bisulfite
sequencing. Of these, ten were found to have methylated RASSF1A promoters by the
sequencing method. Of the seven samples that amplified for GSTP1 using QMSP that were
re-analyzed using bisulfate sequencing, none were found to be methylated.

Fragmentation Analysis
Results of the fragment analysis showed that, though the fresh samples and the NYUWHS
samples looked somewhat different (i.e. the NYUWHS samples had a greater amount of
DNA), the NYUWHS samples were not more fragmented than the fresh DNA samples
(Figure 1). Analysis was repeated with the same outcome.

Discussion
We conducted a nested case-control study to examine the potential of promoter methylation
of four cancer-related genes (RASSF1A, GSTP1 RARβ2 and APC) in serum DNA as a
marker for the early detection of breast cancer. Cases were women who donated blood in the
6 months preceding their diagnosis of breast cancer. We found that promoter methylation of
these four genes, as determined by a PMR > 0 (i.e. any amplification beyond the threshold)
[24], was unable to distinguish between cases and controls. We therefore discontinued our
study after analysis of the first 50 cases and their matched controls, so as not to waste
valuable prospectively collected samples.

Most previous studies of methylation in serum/plasma DNA used samples collected at or
after breast cancer diagnosis [22-30]. Prospective cohort studies, such as the NYUWHS, are
needed to assess the ability of promoter methylation to detect pre-clinical disease [39-40].
While one study showed that RASSF1A methylation (assessed by methylation-specific PCR)
was detectable in plasma as early as 7 years prior to breast cancer diagnosis [41], our study
is, to our knowledge, the first to assess promoter methylation of several genes in serum
samples collected prior to diagnosis of breast cancer.

The serum samples used in this study were collected in 1985-1991 and thus had been stored
for approximately 20 years at −80°C at the time the assays were performed. We considered
whether the long-term storage could have affected the methylation results. A high proportion
of smaller DNA fragments (high degree of DNA fragmentation) can disrupt the detection of
promoter methylation if it occurs at the site of primer/probe binding. One measure used to
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avoid this possibility in this study was to use QMSP primers that have been designed to
create a PCR product that is usually less than 100bp. Still, if the NYUWHS samples have a
higher degree of fragmentation, this could lead to the generation of false-negative results
and a lower than expected frequency of methylation. The fragment analysis however
indicated that the NYUWHS samples were not more fragmented than the fresh DNA
samples, suggesting that the quality of the DNA in the NYUWHS samples was good and not
responsible for the results observed.

Serum/plasma methylation frequencies observed in breast cancer cases in previous studies
were 23-80% for RASSF1A, 26% for GSTP1, 0-26% for RAR•2 and 17-80% for APC
(reviewed in [42]), compared to 22.0% for RASSF1A, 4.0% for GSTP1, 6.7% for RAR•2 and
2.0% for APC in our study. The lower frequencies seen in cases in our study as compared to
other studies could be due to false negative results (i.e. truly methylated samples classified
as non-methylated). False negative results could be attributed to the low amount of DNA
template used in the assay. The absolute sensitivity of an assay is the minimum quantity of
target DNA required for successful amplification and detection [43]. Under ideal conditions
the sensitivity of QMSP has been estimated to be 1 methylated copy within 10,000 copies of
unmethylated normal DNA [34]. This suggests that a minimum of 10,000 copies of DNA
template in each PCR reaction (in practice 30,000 copies) is required to achieve optimal
sensitivity. This corresponds to 99 ng of DNA per PCR reaction (30,000 genome copies ×
3.3 pg [(the weight of one haploid genome copy]). In our study, one milliliter of serum
yielded a median amount of DNA of 5,978 ACTB copies, corresponding to approximately 20
ng/ml of DNA (the actual amount of circulating DNA in these subjects is likely more than
this since some will be lost during the bisulfite treatment procedure). Though this is in the
range of DNA concentrations (10-1000 ng/ml) found in serum in other studies [26,43-45], it
is about 5 times less than the amount hypothetically required to achieve optimal sensitivity,
supporting the potential for false-negative results in our study.

Studies have typically included only small numbers of often convenience based controls and
reported methylation frequencies of 0-10% for RASSF1A, 0% for GSTP1, 8% for RAR•2 and
0% for APC (reviewed in [42]). Methylation frequencies observed in the controls in our
study were 17.2% for RASSF1A, 7.1% for GSTP1, 4.2% for APC and 1.1% for RAR•2 in
healthy controls and 22.9% for RASSF1A, 10.4% for GSTP1, 4.4 for APC and 2.3 for RAR•2
in controls with a history of BBD. The somewhat higher frequencies of methylation
observed in controls in our study, as compared to other studies, suggested the possibility that
some samples were erroneously classified as methylated (false positives). This could be due
to non-specific amplification after a high number of PCR cycles (i.e. QMSP was run for 50
cycles). Our re-analyses of some samples by bisulfite sequencing, the gold standard for
methylation analysis, confirmed this hypothesis. For RASSF1A, the percent of samples
misclassified as methylated was 17% (2 out of 12) and for GSTP1, it was 100% (7 out of 7).
These results confirmed the potential for non-specific amplification after a high number of
cycles (generating false-positives), though the rate of occurrence appears to be variable
depending on the gene being investigated.

We used QMSP, rather than bisulfite sequencing, as the primary method of analysis because
bisulfite sequencing is labor-intensive and expensive and also because of the limited amount
of biological material available. In addition to the indication of the presence of both false-
negative and false-positive results, a lack of reproducibility in repeat ACTB measurements
was observed with this method. Few studies have documented the reproducibility of
methylation measurements by QMSP. One study designed to specifically examine the
reproducibility of the PMR, was based on QMSP analysis of DNA from paraffin-embedded
colon cancer samples. This study found the PMR to have high inter-assay CVs with an
average of 21% (range 10-38%) [46]. To our knowledge, this study is the first to report CVs
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for repeat QMSP analysis using samples containing small amounts of DNA template
obtained from serum. The high variability seen in these measurements indicate that QMSP
may not be the ideal method for methylation analysis when there is only a small amount of
DNA template available (e.g., analysis of prediagnostic serum samples).

Because studies have generally included only small numbers of controls ‘normal’ patterns of
DNA methylation are poorly characterized. Studies of high-risk asymptomatic women have
found relatively frequent methylation of some tumor suppressor and other cancer-related
genes [47-48]. For example, a study including fine-needle aspiration biopsies from 55
healthy women at a high risk of developing breast cancer (as determined by the Gail model),
detected promoter methylation of RARβ2 (9%), APC (26%), H-cadherin (17%) and
RASSF1A (37%) [48]. Little data, though, are available for average-risk individuals. Age
related changes in methylation have been shown and a strong environmental component
identified [49-50]. A prospective design, such as the one used, may contribute knowledge on
the frequency of methylation in “healthy” individuals, in addition to ensuring that cases and
controls are comparable with respect to demographic and socio-economic characteristics and
that controls do not have subclinical cancer. The estimates obtained from our study should
be interpreted with caution, due to the possibility for false-positive results discussed above.

Finally, the genes included in this study were selected based on their known role in
carcinogenesis and because they have previously been shown to be methylated in a
substantial proportion of breast cancers [13-15,18,31]. However, only four genes were
included and it is possible that other genes might have led to better differentiation between
cases and controls. The inclusion of a larger number of genes in future studies would be
helpful. However, each additional gene will increase the amount of DNA required,
underscoring the need for assay methods applicable to small amounts of DNA.

Promoter methylation in circulating DNA remains a candidate marker for early detection of
breast cancer. As outlined by Pepe et al [39], one of the steps in the evaluation of biomarkers
for early diagnosis of disease is to determine the optimal method for measuring the
biomarker and to characterize those factors, environmental, lifestyle and genetic that are
associated with biomarker status. The results of the current study show that QMSP may not
be the optimal method of methylation analysis of prospectively collected samples, where
only small amounts of biological material are available. Validation of methods of analysis
for the very small amounts of DNA usually available in prospective studies is needed, as
well as further characterization of the methylation profile in the serum DNA of healthy
individuals.
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Figure 1. Fragment Analysis of Freshly Collected and NYUWHS DNAa
aResults of the fragment analysis for GAPDH in NYUWHS and freshly collected samples as
described by van Beers et al [38]. The fragment analysis indicated that the NYUWHS
samples were not more fragmented than the fresh DNA samples, suggesting that the quality
of the DNA in the NYUWHS samples was good and not responsible for the results
observed.
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Table 1

Subject Characteristicsa

Variable Cases
(n=50)

BBD Control
(n=50)

Healthy Control
(n=100)

Age at Index Date (years)

Median (10th, 90th percentile) 52.0 (40.5, 65.9) 51.5 (40.4, 66.0) 51.8 (40.4, 65.8)

Menopausal Status, n (%)

Premenopausal 22 (44) 21 (42) 43 (43)

Postmenopausal 28 (56) 29 (58) 57 (57)

BMI (kg/m2)

Median (10th, 90th percentile)

≤52 years 23.4 (20.4, 29.0) 21.8 (19.1, 27.3) 25.5 (19.8, 32.8)

>52 years 25.8 (22.7, 31.0) 23.2 (21.4, 28.3) 24.4 (21.5, 31.2)

Height (cm)

Median (10th, 90th percentile) 162.6
(154.9, 170.2)

162.6
(152.4, 170.2)

162.6
(154.9, 172.7)

Ethnicity, n (%)

Caucasian 37 (74.0) 37 (80.4) 74 (78.7)

Black 8 (16.0) 4 (8.7) 13 (13.8)

Other (incl. Hispanic and Asian) 5 (10.0) 5 (10.9) 7 (7.5)

Unknown 0 4 6

Family History, n (%)

None 42 (84.0) 40 (80.0) 77 (77.0)

1 affected relative, >45 yrs 4 (8.0) 10 (20.0) 15 (15.0)

>1 affected relative, or 1 age <45 yrs 4 (8.0) 0 (0.0) 8 (8.0)

Age at First Term Pregnancy, n (%)

<25 16 (32.0) 24 (48.0) 34 (34.0)

25-29 12 (24.0) 6 (12.0) 22 (22.0)

Nulliparous 12 (24.0) 15 (30.0) 33 (33.0)

30+ 10 (20.0) 5 (10.0) 11 (11.0)

Oophorectomy, n (%)

Yes 1 (2.0) 3 (6.0) 9 (9.1)

Smoking, n (%)

Never 19 (45.2) 25 (53.2) 49 (51.6)

Current 8 (19.1) 9 (19.2) 19 (20.0)

Past 15 (35.7) 13 (27.6) 27 (28.4)

Unknown 8 3 5

OC Use, n (%)

Ever 16 (43.2) 19 (38.8) 37 (41.1)

HRT Use, n (%)

Ever 4 (8.0) 8 (16.0) 8 (8.0)

Histology

Invasive ductal carcinoma 34 (68.0)
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Variable Cases
(n=50)

BBD Control
(n=50)

Healthy Control
(n=100)

Invasive lobular carcinoma 6 (12.0)

Invasive mucinous carcinoma 1 (2.0)

Invasive medullary carcinoma 3 (6.0)

Paget’s disease of the breast/nipple 1 (2.0)

Non-specified invasive histology 5 (10.0)

Stage

1 20 (47.6)

2A 17 (40.5)

2B 3 (7.1)

3A 1 (2.4)

Unknown 8

ER Status

Postivie 24 (75.0)

Negative 8 (25.0)

Unknown 18

PR Status

Postivie 19 (66.0)

Negative 10 (34.0)

Unknown 21

a
No statistical differences between any case-control groups were observed (conditional logistic regression).
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Table 2

Median Copy Number and Concentration of ACTB by Case-Control Status*

Median ACTB Copy
Number/ml

(10th, 90th percentile)

Median ACTB (ng/ml)
(10th, 90th percentile)

Healthy Controls 6,375 (1,075 - 28,751) 21.0 (3.6 - 94.9)

BBD Controls 5,404 (268 - 45,002) 17.8 (0.9 - 148.5)

Cases 5,978 (444 - 23,823) 19.7 (1.5 - 78.6)

*
No significant differences were observed between any case-control group (conditional logistic regression).

Cancer Epidemiol. Author manuscript; available in PMC 2011 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Brooks et al. Page 17

Ta
bl

e 
3

Fr
eq

ue
nc

y 
of

 P
ro

m
ot

er
 M

et
hy

la
tio

n 
by

 C
as

e-
C

on
tro

l S
ta

tu
sA,

 B

R
A

SS
F1

A
G

ST
P1

A
PC

R
A

R
β2

A
t l

ea
st

 O
ne

G
en

e
M

et
hy

la
te

dC

Fr
eq

ue
nc

y 
%

 (n
)

95
%

 C
I

Fr
eq

ue
nc

y 
%

 (n
)

95
%

 C
I

Fr
eq

ue
nc

y 
%

 (n
)

95
%

 C
I

Fr
eq

ue
nc

y 
%

 (n
)

95
%

 C
I

Fr
eq

ue
nc

y 
%

 (n
)

95
%

 C
I

C
as

es
22

.0
 (1

1/
50

)
4.

0 
(2

/5
0)

2.
0 

(1
/4

9)
6.

7 
(3

/4
5)

31
.8

 (1
4/

44
)

10
.5

, 3
3.

5
−
1.

4,
 9

.4
−
1.

9,
 5

.9
−
0.

6,
 1

4.
0

18
.0

, 4
5.

6

B
B

D
22

.9
 (1

1/
48

)
10

.4
 (5

/4
8)

4.
4 

(2
/4

6)
2.

3 
(1

/4
3)

38
.4

 (1
5/

39
)

C
on

tro
ls

11
.0

, 3
4.

8
1.

8,
 1

9.
0

−
1.

5,
 1

0.
3

−
2.

2,
 6

.8
24

.5
, 5

2.
3

H
ea

lth
y

17
.2

 (1
7/

99
)

7.
1 

(7
/9

9)
4.

2 
(4

/9
6)

1.
1 

(1
/8

8)
24

.4
 (2

1/
86

)

C
on

tro
ls

9.
8,

 2
4.

6
2.

0,
 1

2.
2

0.
2,

 8
.2

−
1.

1,
 3

.3
15

.3
, 3

3.
5

A M
et

hy
la

tio
n 

Fr
eq

ue
nc

ie
s (

PM
R

>0
) b

y 
ca

se
-c

on
tro

l s
ta

tu
s, 

no
 st

at
is

tic
al

 d
iff

er
en

ce
s w

er
e 

fo
un

d 
(C

on
di

tio
na

l l
og

is
tic

 re
gr

es
si

on
).

B 7 
su

bj
ec

ts
 w

er
e 

ex
cl

ud
ed

 d
ue

 to
 u

nd
et

ec
ta

bl
e 

A
C

TB
 le

ve
ls

 in
 a

t l
ea

st
 o

ne
 o

f t
he

 a
ss

ay
s (

4 
B

B
D

 c
on

tro
ls

 a
nd

 3
 h

ea
lth

y 
co

nt
ro

ls
). 

In
 th

e 
ca

se
 o

f R
A

R
β2

 a
dd

iti
on

al
 sa

m
pl

es
 d

id
 n

ot
 a

m
pl

ify
 in

 th
e 

fir
st

 ro
un

d
of

 a
na

ly
si

s a
nd

 w
er

e 
no

t r
ep

ea
te

d 
du

e 
to

 th
e 

pr
ec

io
us

 n
at

ur
e 

of
 th

e 
sa

m
pl

es
 a

nd
 th

e 
re

su
lts

 o
f t

he
 c

om
pl

et
ed

 g
en

es
 in

di
ca

tin
g 

th
at

 th
e 

fr
eq

ue
nc

y 
of

 m
et

hy
la

tio
n 

di
d 

no
t d

iff
er

 b
et

w
ee

n 
ca

se
s a

nd
 c

on
tro

ls
.

C
In

cl
ud

es
 th

os
e 

w
om

en
 w

ho
 h

ad
 m

et
hy

la
tio

n 
m

ea
su

re
m

en
ts

 fo
r a

ll 
fo

ur
 g

en
es

Cancer Epidemiol. Author manuscript; available in PMC 2011 December 1.


