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Serum DNA as a tool
for cancer patient management
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Abstract

Purpose: Genetic analysis has shown that cell-free
circulating DNA in plasma or serum of cancer patients
shares similar genetic alterations to those described in
the corresponding tumor. One of the most important
alterations involved in carcinogenesis is aberrant promoter
methylation. The interest in this field has grown due to the
implementation of the methylation-specific PCR (MSP)
assay. The main objective of this study is to analyze the
methylation status of different genes in tumor and serum
DNA obtained at the time of surgery in two different tumor
models (glioblastoma [GBM] and non-small-cell lung can-
cer [NSCLC]) and their relationship to clinico-pathological
characteristics and response to chemotherapy.

Material and methods: Using MSP assay, we assessed
the methylation status of MGMT, RASSF1A, p16, DAPK,
TMS-1 in tumor and serum DNA obtained at time of sur-
gery or stereotactic biopsy from 28 GBM patients and from
51 NSCLC patients.

Results: In GBM patients, the prevalence of MGMT,
pl6, DAPK, and RASSF1A promoter methylation was
38.1%, 66.7%, 52.4%, 57.1%, respectively, in glioma tissue,
and 39.3%, 53.6%, 34.3%, 50%, respectively, in serum.
A high correlation between methylation in tumor and
serum (Spearman test p=0.0001) was observed. In NSCLC
patients, RASSF1A, DAPK and TMS-1 were methylated in
34%, 45% and 35% tumors, respectively, and in 34%, 40%
and 34% serum, respectively. A good correlation was found
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between alterations found in tumor and serum (Spearman
test p=0.0001).

Conclusions: The study of serum or plasma DNA has
opened new roads for translational research and new
strategies for molecular diagnosis. Due to the similarities
of alterations found in serum DNA and primary tumor,
we can use this tool to calculate the risk of local or distant
recurrence and its relationship with survival and its value
in patient follow-up to evaluate response to therapy.

Key words: serum DNA, tumor DNA,
aberrant methylation, NSCLC, GBM.
Introduction

Free DNA can be detected in different body fluids, e.g.:
urine, synovial fluid, pancreatic duct secretions, sputum, and
serum/plasma. This DNA circulating in serum/plasma is found
in small amounts in healthy controls, but in cancer patients
higher concentrations of DNA are present. The presence of
nucleic acids (not only DNA but also RNA) in plasma or serum
of cancer patients has been recognized since the 1970s [1,2],
when Leon et al. reported the presence of DNA in the serum of
patients with diverse neoplastic diseases. In this study they cor-
related the amount of circulating DNA with stage and response
to treatment and they observed that the DNA levels in patients
with metastatic disease were higher compared to those with
non-metastatic disease. In 1989, Stroun et al., using a technique
based on decreased strand stability of cancer cell DNA, recog-
nized that part of the plasma DNA had the origin in cancer cells
[3]. Five years later, Sorensen et al. reported the detection of
tumor derived mutated k-ras DNA sequences in human blood
from pancreatic cancer patients [4], and in 1994 Vasioukhin et
al. reported N-ras mutations in plasma samples from patients
with myelodysplastic syndrome [5]. Recently, an analysis pub-
lished by Sozzi et al. [6] , they evaluated whether the amount
of circulating DNA in plasma could discriminate between lung
cancer patients and healthy individuals. In this work, they also
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determined the positive association between plasma levels and
clinical progression. Moreover to date, several studies have
reported the presence of free DNA concentrations in the
serum of cancer patients, and molecular studies have provided
evidence that this DNA has a tumoral origin. Thus, Chen et al.
[7] analyzed the presence of microsatellite instability and loss
of heterozygosity (LOH) in plasma DNA isolated from breast
cancer patients and they found identical alterations in the cor-
responding plasma samples and tumor specimens. Anker et al.
[8] commented in their review the detection of an increased
concentration of DNA in plasma of cancer patients and how
different molecular biological techniques, such as point muta-
tion of the ras gene and the analysis of microsatellite instability,
were used to establish the origin of this circulating tumoral
DNA. De Kok et al. [9] investigated the fact that increased
cell-free DNA in cancer patients was derived from tumor DNA
as they describe the same point mutation, corresponding to
the K-ras mutation in the primary tumor in the serum DNA.
Furthermore, microsatellite instability in cell-free DNA has
also been reported in lung cancer [10], breast carcinoma [11] in
melanoma [12] and in head and neck squamous cell carcinomas
[13]. All these studies suggest that tumor DNA is released into
the circulation and is enriched in plasma and serum, on aver-
age, 3-4 times the amount of free DNA, compared to normal
controls.

In addition to the molecular genetic alterations described
above, transcriptional silencing of tumor suppressor genes by
aberrant promoter methylation is a common feature in human
cancer [14] and can contribute to oncogenesis. Hypermeth-
ylation of normally unmethylated CpG islands in the promoter
region of many genes, including p16, p15, E-Cadherin, VHL,
and hMLHI, correlate with loss of transcription in human
tumors [15,16]. One interesting case that shows the importance
of the analysis of aberrant methylation is the study performed
by Tang et al. where they analyzed the hypermethylation of
DAPK in patients with pathological stage I NSCLC who had
undergone curative surgery. They found that patients whose
tumors showed hypermethylation had significantly poorer over-
all survival compared to those without any alteration [17]. In
cancer patients, aberrant promoter DNA methylation has been
observed in a number of genes including several well-charac-
terized candidate tumor suppressor genes including p16 [18]
involved in cell cycle regulation, RAR-beta [19] involved in cell
differentiation, RASSF1A [20] involved in signal transduction,
FHIT [21], APC [22] also involved in aberrant signal transduc-
tion and TMS-1 gene [23] involved in apoptosis. Esteller et al.
[24] reported a study in lung cancer patients that combined the
analysis of aberrant promoter methylation of tumor suppressor
genes in serum DNA comparing to tumor paired DNA. They
found that aberrant promoter methylation of at least one of
the genes pl16, MGMT, GSTP1, and DAPK was identified in
68% of NSCLC patients [24]. The same alterations were found
in serum/plasma of 71% of patients who presented methylated
DNA in primary tumor [24]. These experiments were carried
out using MSP, which is a sensitive and specific technique
for methylation analysis. In this technique, DNA was ampli-
fied using primer pair sets in order to distinguish between
methylated and non-methylated DNA by taking advantage
of sequence differences resulting from sodium-bisulfite treat-

ment, where unmethylated Cytosine are converted to Uracil,
and methylated Cytosine remains as a cytosine [25].

However, one interesting conclusion from most of these
studies is the fact that it is possible to find alterations in serum/
plasma in the vast majority of cancer patients. This finding
opened a lot of possibilities for the use of this serum/plasma as
a tool for the detection of potential molecular markers to avoid
invasive tools in order to obtain tumoral tissue [24,26]. To date,
most of the studies published in the literature have analyzed
the pattern of methylation only in serum/plasma or tissue, but
in general they don’t correlate gene promoter methylation
status between serum and tumor DNA obtained at the time of
surgery or biopsy. For this reason, the goal of our study is to
try to answer two important questions. Firstly, are the altera-
tions that appear in tumor DNA the same as the ones found
in serum/plasma DNA? Secondly, do these alterations have
a good correlation between tumor and serum DNA? To answer
these questions, in the present study we examine the presence
of genetic abnormalities in primary tumor and paired serum
DNA (obtained at time of surgery) in two different tumor
models (GBM and NSCLC), and their relationship with
clinico-pathological characteristics and response to chemo-
therapy.

Using the sensitive MSP technique, we analyzed the
methylation patterns of genes involved in apoptotic signalling
molecules and cell cytoskeleton (TMS-1, DAPK) and in DNA
repair and cell cycle control (RASSF1A), in non-microdisected
tumor specimens and matching serum DNA from 51 resected
NSCLC [27]. Our objective was to correlate the methylation
status in paired tumor and serum samples, and to examine
the impact of their aberrant methylation on survival. We also
collected tumor and serum from 28 GBM patients treated
prospectively with surgery, radiotherapy, and chemotherapy
with BCNU or Temozolamide plus cisplatin [28]. Our objective
was to confirm the presence of circulating serum DNA in these
patients; to examine the concordance between methylation of
MGMT (related with DNA repair capacity), pl6 (cell cycle
control), DAPK (apoptosis) and RASSF1A (ras signalling) in
tumor and serum DNA; and finally, to correlate the methyla-
tion status of these genes with response and time to progression
in GBM patients.

The study of serum or plasma DNA has opened up numer-
ous areas of investigation and new possibilities for molecular
diagnosis. It is very important to understand the study of these
new areas of analysis due to the similarities of alterations found
in serum DNA and primary tumor, the value as a prognosis
tool to calculate the risk of local or distant recurrence and
its relationship with survival; its value for patient follow-up or
to evaluate response to therapy, and finally the possibility to
use it as an early diagnostic tool in an asymptomatic high-risk
population [29].

Material and methods

Patients. In this study we have analyzed methylation status
in four different genes in tumor and paired serum DNA sam-
ples from 28 GBM patients and 51 NSCLC patients treated at
the University Hospital Germans Trias i Pujol.
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Table 1. PCR primer sequences, annealing temperatures and PCR length products.

Gene/ Forward primer Reverse primer MT  Size

Marker (C) (Bp)
MGMTM  5°-TTT CGA CGT TCG TAG GTT TTCGC-3"  5°-GCA CTC TTC CGA AAA CGA AAC G-3° 65 81
moMTy S/TTTGIGTITTGATGITIGTAGGIT 5 AACTCCACA CTCTICCAA AAA CAA AAC a0
P16 M SrL e TTAGAGGET GGG GEGGATCGE 5. scc cGA COC CGA ACC GCG ACC GTA A3 65 150
P16 U 5°-TTA TTA GAG GGT GGG GTG GAT TGT:3"  5°-CAA CCC CAA ACC ACA ACC ATA A-3° 62 151
RASSF-1M 5°-CGC GTT TAG TTT CGT TTT CG-3" 5°-AAC TTT AAA CGC TAA CAA ACG C-3° 63 165
RASSF-1U  5°-TTT GTG AGA GTG TGT TTA GTTTTG-3"  5°-CCC AAT TAA ACC CAT ACT TCA-3” 55 200
TMS-IM  5°TTG TAG CGG GGT GAG CGG C”-3° 5°-AAC GTC CAT AAA CAA CAA CGC G-3° 65 9
TMS-1U  5°-GGT TGT AGT GGG GTG AGT GGT:3"  5°-CAA AAC ATC CAT AAA CAA CAA CAC A-3° 65 98
pAPKM O OOGATAGTCGGATCOAGITAACGIC 5 cccmec caa caG cGe a3’ 64 98
DAPKU 2 OUACGATAGTIG GATTGAGITAAT 5. can aTC CCT CCC AAA CACCA A3 60 108

M: methylated-specific primers; U: unmethylated-specific primers; MT: melting temperature

In GBM, DNA was obtained from 21 tumors and 28 serum
samples that were collected at time of surgery. After pathologic
review, 27 patients had confirmed GBM and one had gliosar-
coma. The median age was 59 years (range, 30 to 76 years), 16
were men and 12 were women, Karnofsky performance status
was over 70% in 16 patients and 70% in 12 patients. Twenty one
patients underwent partial resection with measurable residual
disease observed in post-operative brain magnetic resonance
imaging (MRI), 2 patients had radical surgery and the remain-
ing 5 patients, stereotactic biopsy. Frozen glioma tissue was
available only for 21/28 patients. Sixteen patients were treated
with Temozolamide 200 mg/m?*day for 5 consecutive days plus
cisplatin 100 mg/m? on day 1, every 28 days for 3 cycles before
radiotherapy 60 Gy over the primary tumor and edema; 8
patients were treated with BCNU 200-250 mg/m?*every 6 weeks
and radiotherapy. One patient received only Temozolamide
plus radiotherapy, and 3 patients received no treatment due to
early progression.

In NSCLC, DNA was obtained from 51 tumors and the cor-
responding paired serum samples in patients who had under-
gone curative surgery between October 1998 and September
1999. Seven patients were stage I tumors (T1-2, NO), 14 patients
had stage II (T1-2, N1), 24 patients had stage IIIA (T1-3, N2),
and 6 patients had stage IV. According to histological criteria,
26 patients were classified as squamous cell carcinoma, 15 as
adenocarcinoma and 10 as large cell undifferentiated carci-
noma. Patients were enrolled on the basis of the availability of
fresh-frozen stored tissue.

All these studies were approved by the Clinical Research
Ethics Committee, and all patients gave informed consent

for obtaining the blood and tumor samples and for the gene
methylation assays.

Sample collection and DNA extraction from tumor

and serum DNA

We collected freshly resected surgical specimens and biop-
sies and paired peripheral venous blood drawn in the operat-
ing theater. Tumor samples were immediately snap-frozen in
liquid nitrogen, and stored at -80°C until DNA extraction was
performed. Serum samples were collected before surgery or at
the same time of surgery.

Five to ten mL of venous blood from each patient was
withdrawn into vacutainer tubes containing SST gel and clot
activator (Becton Dickinson, Plymouth, United Kingdom).
Serum was isolated after centrifugation at 2500 rpm for 10
min and stored at -20°C until use. Genomic DNA was obtained
from 25 mg of each tissue sample, using DNAeasy Tissue kit
(Qiagen, Hilden, Germany) following the manufacturer’s
instructions. Serum DNA was extracted using the QIAmp
Blood Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions.

MSP. DNA methylation patterns in the CpG islands
of MGMT (GenBank accession No X_61657), p16 (Gen-
Bank accession No X_94154), RASSFla (GenBank No.
XM_011780), TMS-1 (GenBank accession no AF184072),
and DAPK (GenBank accession No NM_004938) were deter-
mined by MSP. Primers are described in Zab. 1. Briefly, up to
1ug of genomic DNA was denatured by NaOH and modified
by sodium bisulfite. DNA samples were purified using
Wizard DNA purification resin (Promega), again treated with



Serum DNA as a tool for cancer patient management

Figure 1 A) Methylation-specific PCR of RASSF1A, TMS-1 and DAPK in primary resected NSCLC and paired serum DNA. B) MSP of
MGMT, p16, DAPK and RASSF1A in Glioblastoma patients (GBM) comparing tumoral tissue vs. serum. Five 1p of bisulfite-modified DNA
was amplified by PCR using primers that were specific for methylated or unmethylated sequences of each of these genes. Pt: patient sample;
T: tumor; S: serum; M: methylated; U: unmethylated; Unm C: unmethylated control (lymphocytes); Met C: methylated control (SW-48 for
MGMT gene, modified placental for DAPK gene, HT-29 for p16 gene, MOLT-4 for RASSF1A gene and SKBR-3 for TMS-1 gene).

Fig. 1 A) Case 1 Case 2 Case 3

T S T S T S  UmC MetC
M U M UM UM UMUMUMUMU

200 b
p—> MGMT
100 bp —>» <

Case 1 Case 2 Case 3
T S T S T S

UmC  MetC

M U M UMUMUMUMUMUMU

200bp——»
100 bp ——»

DAPK
e R N ) ek . -5 B o

Case 1 Case 2 Case 3

T S T S T S  UmmC MetC
M U M UM UMUMUMUMUMU

200 bp —» p16
P «—
100 bp ——»

Case | Case 2 Case 3

T S T S T S  UmC MetC
M U M UMUMUMUMUMUMU

RASSFIA
200 bp ——» <«
100 bp ——>»

Fig. 1 B) Case 1 Case 2 Case 3
T S T S T S
M U M UM UM UM UM U

UmC MetC
M U M U

TMS-1
200 —>

100 —>

Case | Case 2 Case 3

T S T S T S  UmC MetC
M U M U M U M UM UM UM UM U

DAPK
200 —> ¢
100 —>
Case 1 Case 2 Case 3

T S T S T S  UmC MetC
M U M UM UMUMUMUMUMU

RASSF-1
s e el
100 —>»

NaOH, precipitated with ethanol, and resuspend in water.

(lymphocytes) and methylated PCR reaction (placenta).

Controls without DNA were performed for each set of PCR.
Each PCR products (15uL) was loaded onto a 2% agarose
gel, stained with ethidium bromide, and visualized under UV
illumination. DNA from peripheral blood lymphocytes and
placenta treated with SssI Methyltransferase (New England
Biolabs) was used as a positive control for unmethylated

In addition, all of the amplification assays included positive
control for methylated form; thus the MOLT-4 cell line as
a methylated control for RASSF1A, the SW-48 cell line is
used as a positive control for MGMT methylation and finally,
the cell line SKBR3 is used for TMS-1 methylated control

(Fig. 1).
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Results

The results obtained for GBM and NSCLC patients were
analyzed separately and are described in 7ab. 2.

Epigenetic alterations in Serum DNA and Tumor DNA

in GBM patients

Methylation status for patients was studied in DNA
extracted from 28 serum samples and 21 available paired
glioma samples. Methylation status did not differ according to
age, gender or treatment approach.

The prevalence of MGMT, p16, DAPK, and RASSF1A
promoter methylation was 8/21 (38.1%), 14/21 (66.7%), 11/21
(52.4%), 12/21 (57.1%), respectively, in glioma tissue, and
11/28 (39.3%), 15/27 (53.6%), 9/26 (34.3%), 13/26 (50%),
respectively, in serum.

We found that the concordance between alterations in
tumor versus serum DNA was 17/21 (80%) for MGMT, 17/20
(85%) for pl6, 17/21 (80%) for DAPK and 16/21 (76%) for
RASSF1A. Tab. 3 summarizes the concordance between meth-
ylation status of these genes in tumor and serum. All correla-
tion coefficients were highly significant (Spearman correlation
<0.05).

We only found 1 patient without any alteration in the four
genes analyzed. The rest of the populations have at least one
alteration in either tumor or serum DNA. We observed that
methylation status did not differ according to age, gender, or
treatment approach.

Overall, complete or partial response, or stable disease
was observed in 15 patients (60%) whereas 10 patients had
progressive disease. When patients were divided into those
with MGMT methylation (either in tumor or serum) and those
without MGMT methylation, response defined as no progres-
sion was noted in 10 of 11 (90,9%) of methylated patients as
opposed to 5 of 14 (35, 7%) unmethylated patients (Fisher’s
exact test P=0.01). In addition, when response was broken
down by methylation status in serum only, response plus stable
disease was seen in 8 of 8 (100%) patients with methylated
bands (Fisher’s exact test p=0.008), but for tumor tissue alone,
the differences in response were not significant.

When patients were broken down by treatment group, in
the 16 patients treated with Temozolamide plus Cisplatin, no
significant correlation between MGMT methylation status and
response was observed, whereas in BCNU-treated patients,
a significant difference was observed in favour of those with
methylated MGMT. No correlation was observed between
response and p16, DAPK or RASSF1A methylation in tumor
and serum (data not shown).

Finally, for the analysis of methylation status and time to
progression we observed that for patients who present aber-
rant methylation in MGMT in either tumor or serum, time
to progression was 29.9 weeks (95% CI, 24.3 to 35.4). Time to
progression for patients without MGMT methylation was 15.7
weeks (95% CI, 14.3 to 17.2) (log-rank test P=0.006) (Fig. 2).
Neither p16, DAPK nor RASSF1A methylation correlated with
time to progression.

Table 2. A) Summary of methylation patterns in matching tumor
and serum DNA in NSCLC

Tumor DNA/Serum DNA
Patient His-
No RASSFIA DAPK TMS-1 Stage(TNM) tol-
ogy
Pt#1 M/M u/u u/u IB (T2NOMO) AC
Pt#2 U/u UM u/u IA (TINOMO) SCC
Pt#3 M/M u/u M/M IIB (T3NOM0O) AC
Pt#4 u/u M/M M/M IIIA (TIN2MO) LCC
Pt#5 MM M/U U/u IA (TINOMO) AC
Pt#6 U/u Uu/u M/M IIIA (T2N2M0) SCC
Pt#7 U/u M/M U/u ITA (T2N1IMO)  SCC
Pt#8 u/u M/M U/U IIB (T3NOMO) AC
Pt#9 u/u M/U UM 1B (T2NOMO) SCC
Pt#10 U/U Uu/u U/u IIB (T2N1M0O)  SCC
Pt#11 M/M u/u M/M IV (T3NOMO) AC
Pt#12 M/M u/u M/M IIIA (T3N2MO) LCC
Pt#13 U/U U/U U/u IIIA (T3N2MO) LCC
Pt#14 U/U Uu/u M/U IIB (T3NOMO)  SCC
Pt#15 M/U M/M M/M IITA (T3N2M0) ACC
Pt#16 U/U u/u U/U IV (T3N2M1) SCC
Pt#17 U/U UM UM  MIA (TIN2M0) SCC
Pt#18 M/U M/U u/u IIIA (T2N2M0) SCC
Pt#19 U/U M/U M/M IB (T2NOMO) SCC
Pt#20 U/U M/U M/M IA (TINOMO) SCC
Pt#22 M/M M/U M/U IB (T2NOMO) AC
Pt#23 U/U M/U UM IIB(T2N1MO) SCC
Pt#24 U/U M/U M/M IB (T2NOMO) SCC
Pt#25 U/U u/u U/u IIB (T2N1IM0O) LC
Pt#26 U/U M/U UM IIIA (T3NIMO) SCC
Pt#27 U/U Uu/u u/u 1B (T2NOMO) LC
Pt#28 UM M/M U/u IB (T2NOMO) AC
Pt#29 M/M M/U u/u IB (T2NOMO) LC
Pt#30 U/U U/u U/u IIIA (T3NIMO) SCC
Pt#31 U/U U/u M/U IV (T2N1MO) SCC
Pt#32 U/U Uu/u U/u IITA (T2N2M0)  AC
Pt#33 UM u/u u/u IIIA (T2N2M0) SCC
Pt#34 UM U/U M/U IB (T2NOMO) AC
Pt#35 M/M UM M/M IIIA (T2N2M0) AC
Pt#36 M/U Uu/u M/U IB (T2NOMO) SCC
Pt#37 UM UM u/u IIB (T3NOMO) LCC
Pt#38 U/U M/M M/M IIIA (T3N1IMO) LCC
Pt#39 U/U M/U U/U IV (T2NOM1) SCC
Pt#40 U/U Uu/u U/u IA (TINOMO) LCC
Pt#41 M/M UM U/u IB (T2NOMO) SCC
Pt#42 UM M/M U/U IV (TIN1IM1) AC
Pt#43 U/U U/u U/U IIIA (T3NIMO) SCC
Pt#44 M/M M/M UM 1B (T2NOMO) SCC
Pt#45 M/U M/M u/u IV (T3NOM1) LCC
Pt#46 M/M M/M U/u IIIA (T2N2M0) SCC
Pt#47 U/U U/u U/u IIA (TINIMO) AC
Pt#48 U/U Uu/u UM IIIA (T2N2M0) AC
Pt#49 U/U UM M/M IITA (T3N2M0)  AC
Pt#50 M/U M/M U/u IIA (TINIMO)  SCC
Pt#51 M/M UM U/u IITA (T2N2M0) LCC

AC: Adenocarcinoma; SCC: Squamous Cell Carcinoma; LCC: Large
Cell Carcinoma
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Table 2. B) Summary of methylation patterns in matching tumor

and serum DNA in Glioblastoma Multiforme

Tumor DNA/Serum DNA

iﬁfem MGMT PI6  RASSFIA  DAPK
PL#1 M/U MM U/u M/U
PL#2 MM MM MU ulu
Pi#3 U MM U MM
Pi#4 M M M U
PL#5 M U U U
PL#6 /U MM uu MM
P#7 U M U U
P#8 U MM UM u/u
PL#9 ulu MM MM MM
P#10 /U u/u MM ulu
P#11 M U ) U
P#12 u/u ulu u/u u/u
P#13 0 MM MM U
PL#14 M M M U
P#15 U MM MM MM
P#16 UM ulu MM u/u
PL#17 MM -M 0 MM
P#18 M/U MM uu ulu
PL#19 MM u/u MU MM
PL#20 M U -M UM
P#21 MM MM MM MM
PL#22 ulu MU MM unu
P#23 M/U uu uu M/U
PL#24 U U U U
PL#25 ulu M/U UM M/U
PL#26 Ul MM U ulu
PL#27 MM uM MM MM
PL#28 ulu MM M/U M/U

Theses tables represent alterations in tumoral tissue DNA vs.
serum DNA, (T/S). U for Unmethylated gene and M for Methyl-

ated gene. —/S indicates Tumor DNA not available.

Table 3. Concordance between methylation of MGMT, pl6,
DAPK and RASSF1A in tumor and serum DNA from glioblas-

toma patients.

Assessment
in SERUM Spearm:
Assessment peanlndn
Markers in TISSUE Unmeth- Methyl- (;orre a-
ylated ated tion
No (%) No (%)
Unmethylated 12 (57.1) 3(14.3)
MGMT 0.005
Methylated 1(4.8) 5(23.8)
U thylated 10 (47.6) 3 (14.3
DAPK nmetyate @#7.6) 3143 s0001
Methylated - 8(38.1)
Unmethylated 6 (28.6) 2 (9.5)
pl6 0.00001
Methylated 1(4.8) 12 (57.1)
thylated 1 2(9.
RAssFia  Unmethvlated 8 G8.1) - 2(03) 1 0000
Methylated 1(4.8) 10 (47.6)

Figure 2. Time to progression according to MGMT methylation
pattern in serum or tissue.
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Table 4. Methylation patterns of RASSF1A, DAPK, and TMS-1
found in tumor and serum DNA from NSCLC patients.

Assessment
in SERUM Spearman
Assessment
Markers in TISSUE Unmeth- Methyl- (;orrela-
ylated ated tion

No (%) No (%)
TMS1 Unmethylated 27 (54) 6 (12) 0.0001
Methylated 5(10) 12 (24)
Unmethylated 19 (39.6) 9 (18.7)
Methylated 8(16.7) 12 (25)
Unmethylated 28 (56) 5(10)
Methylated 5(10) 12 (24)

DAPK 0.05

RASSF1A 0.0001

Gene promoter Hypermethylation Profiles in NSCLC

patients

The analysis for methylation status in NSCLC was devel-
oped in DNA extracted from 51 patients (49 male smokers and
two female non-smokers). Neither gender, age nor stages were
associated with the promoter methylation status of the genes.

The prevalence of RASSF1A, DAPK and TMS-1 methyla-
tion was 17/51 (34%), 23/51 (45%) and 18/51 (35%), respec-
tively, in tumor tissue, and 17/51 (34%), 20/51 (40%) and 17/51
(34%), respectively, in serum (7ab. 4).

For RASSF1A gene we found that 41/51 (80%) of patients
had the same alteration in tumor and serum DNA; for DAPK
was 33/51 (65%); and for TMS-1 was 40/51 (78%). In other
words, a good correlation was found between alterations found
in tumor and serum (Spearman correlation <0.05).
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Overall, 74.5 % of patients had at least one genetic altera-
tion in tumor, and 76.5 % had at least one in serum. Eighty-two
percent of patients had at least one alteration in either tumor
or serum. Stage I NSCLC patients had at least two genetic
alterations in either tumor or serum in 87.5 % of cases.

We observed no relationship between the number of
genetic alterations and tumor size. We found no correlation
between methylation status of RASSF1A, TMS-1 or DAPK,
either in tumor or serum, and survival.

Discussion

The most important of the studies published in the litera-
ture that analyze aberrant methylation have been performed in
DNA isolated from tumor tissue, and few studies on aberrant
DNA methylation have been done in cell free circulating serum
DNA [24,26]. In addition, these studies do not analyze the
correlation of gene promoter methylation between serum and
tumor DNA at time of surgery or biopsy. For these reasons,
we have assessed methylation of MGMT, pl6, DAPK and
RASSF1A, TMS-1 in tumor and matching serum of GBM
patients and NSCLC patients, and we have found that the
concordance between methylation of these genes in tumor and
serum DNA is highly significant.

Furthermore, we demonstrate, for the first time, that
in GBM patients it is possible to detect aberrant promoter
hypermethylation in serum DNA and that these alterations
have the origin in the tumoral tissue. As we know, when malig-
nant gliomas are transplanted into subcutaneous tissues, the
glioma cells grow locally but do not metastasize, indicating that
primary brain tumors are fundamentally different from tumors
originating elsewhere [30]. This was one of the reasons that it is
particularly intriguing to screen methylation in serum of GBM
patients. The only previous research along these lines was the
seminal work by Leon et al. [1] examining the concentration
of free serum DNA in several tumors including four gliomas.
Another reason for analyzing MGMT status was the study per-
formed by Esteller et al. [31], where they found an increased
responsiveness to BCNU and cisplatin in MGMT-deficient
anaplastic astrocytomas and GBM. In our study, MGMT meth-
ylation, especially in serum DNA, was significantly associated
with response and time to progression in all patients, as had
previously been suggested [32,33]. However, when patients
were broken down by treatment group, no significant correla-
tion between MGMT methylation and response was observed
in patients treated with Temozolamide plus Cisplatin, suggest-
ing a role for Cisplatin, as previous in vitro experience suggests
that Cisplatin may enhance the activity of Temozolamide
by the inhibition of MGMT [34]. Although there are other
DNA repair pathways that are important in chemoresistance,
the examination of these factors involved in these pathways
requires primary tumor tissue, whereas the MSP assay of
MGMT methylation in serum DNA can be easily performed
in samples obtained by non-invasive tools. The importance of
this study lies in the findings that serum MGMT methylation
predicted response and time to progression in BCNU-treated
GBM patients and that, moreover, serum DNA is a feasible
alternative source for testing methylation.

We also analyzed aberrant promoter methylation in
tumoral and serum DNA from NSCLC patients, obtained at
the time of surgery. The prevalence of RASSF1A and DAPK
methylation found in the study was along the same lines as
that previously reported [17,10,35]. In this study, we have
detected a similar frequency of methylation of all three genes
in the paired serum DNA and a good correlation was found
between alterations found in tumor and serum (Spearman test
P=0.0001) (7ab. 4).

For DAPK gene there are previous studies that also
detected this gene methylated in serum DNA from NSCLC
patients [14]. Although DAPK methylation was found in 59/135
(44%) of resected NSCLC patients and correlated significantly
with worse survival [35], in another study, DAPK methylation
was not significantly associated with worse survival [17]. In our
study, no differences in survival were observed according to
DAPK methylation status. A growing list of reports indicates
that methylation in serum DNA correlates with methylation in
primary tumors, including DAPK in gastric carcinoma [36].

For the first time, TMS-1 has been examined in lung cancer
and found in 18/50 (35%) primary tumors, which concurs with
the frequency described in breast cancer [23] .We have found
TMS-1 methylated in 35% of primary tumors and 34% of serum
samples, similar to the 40% found in breast cancer [23]. The good
correlation between tumor and serum methylation status makes
the examination of TMS-1 in serum DNA particularly interesting
since it has been postulated that methylation-mediated silencing
of TMS-1 could confer resistance to cytotoxic drugs [23].

Finally, RASSF1A methylation in either tumor or serum
did not correlate with survival. The importance in this study is
the fact that the high concordance of methylation patterns in
tumor and serum DNA makes it particularly attractive to use
peripheral blood for methylation assessment.

In summary, in this report we demonstrate the feasibility of
finding the presence of alterations in tumor DNA and in serum
DNA and the possible origin of these free circulating DNA.
This evidence is supported by the fact that a good correlation
exists between methylation in serum and primary tumor tissue.
Moreover, the molecular techniques most commonly used to
detect the neoplastic DNA in serum/plasma DNA are based on
PCR assays. These PCR techniques can detect very few copies
in tumor DNA containing a specific alteration among an excess
background of normal DNA,; for this reason, we decided to use
the MSP protocol, which is a highly sensitive technique that
allows approaching 1 methylated gene copy in 1000 unmethyl-
ated copies in dilution experiments [25]. The results obtained
in different cancers open a new research area indicating that
serum/plasma DNA could be used for the development of
non-invasive tests for cancer patients in diagnosis, prognosis
and follow-up. Since promoter methylation of different genes
has been shown to be related to chemotherapy response or
survival, the analysis in serum or plasma might be a useful tool
for tailoring chemotherapy.

Acknowledgments

We thank Renée O’Brate, Elizabeth Bredlove, and Lour-
des Franquet for assistance with the manuscript.



Serum DNA as a tool for cancer patient management

References

1. Leon SA, Shapiro B, Sklaroff DM, Yaros MJ. Free DNA in
the serum of cancer patients and the effect of therapy. Cancer Res,
1977; 37: 646-50.

2. Shapiro B, Chakrabarty M, Cohn EM, Leon SA. Determina-
tion of circulating DNA levels in patients with benign or malignant
gastrointestinal disease. Cancer, 1983; 51: 2116-20.

3. Stroun M, Ander P, Maurice P, Lyautey J, Lederrey C, Bel-
janski M. Neoplastic characteristics of the DNA found in the plasma
of cancer patients. Oncology, 1989; 46: 318-22.

4. Sorenson GD, Pribish DM, Valone FH, Memoli VA, Bzik
DJ, Yao SL. Soluble normal and mutated DNA sequences form sin-
gle-copy genes in human blood. Cancer Epidemiol Biom Prev 1994;
3:67-71.

5. Vasiokhin V, Anker P, Maurice P, Lyautey J, Lederrey C,
Stroun M. Point mutations of the N-ras gene in the blood plasma
DNA of patients with myelodysplastic syndrome or acute myelog-
enous leukemia. Br J Haematol, 1994; 86: 774-9.

6. Sozzi G, Conte D, Mariani L, Lo Vullo S, Roz L, Lombardo
C, Pierotti MA, Tavecchio L. Analysis of circulating tumor DNA in
plasma at diagnosis and during follow-up of lung cancer patients.
Cancer Res, 2001; 61: 4675-8.

7. Chen X, Bonnefoi H, Diebold-Berger S, Lyautey J, Lederrey
C, Faltin-Traub E. et al. Detecting tumor-related alterations in plasma
or serum DNA of patients diagnosed with breast cancer. Clin Cancer
Res, 1999; 5: 2297-3.

8. Anker P, Mulcahy H, Chen XQ and Stroun M. Detection
of circulating tumour DNA in the blood (plasma/serum) of cancer
patients. Cancer Metastasis Rev, 1999; 18: 65-73.

9. de Kok JB, van Solinge WW, Ruers TJ, Roelofs RW, van
Muijen GN, Willems JL et al. Detection of tumour DNA in serum of
colorectal cancer patients. Scand J Clin Lab Invest, 1997; 57: 601-4.

10. Allan JM, Hardie L, Briggs JA., Davidson LA, Watson JP,
Pearson SB et al. Genetic alterations in bronchial mucosa and plasma
DNA from individuals at high risk of lung cancer. Int J Cancer, 2001;
91: 359-365.

11. Bruhn N, Beinert T, Oechm C, Jandrig B, Petersen I, Chen
XQ et al., Detection of microsatellite alterations in the DNA isolated
from tumor cells and from plasma DNA of patients with lung cancer.
Ann N. Y. Acad Sci, 2000; 906: 72-82.

12. Nakayama T, Taback B, Nguyen DH, Chi DD, Morton DL,
Fujiwara Y. et al. Clinical significance of circulating DNA microsatel-
lite markers in plasma of melanoma patients. Ann N. Y. Acad Sci,
2000; 906: 87-98.

13. Nawroz H, Koch W, Anker P, Stroun M, Sidransky D. Micro-
satellite alterations in serum DNA of head and neck cancer patients.
Nat Med, 1996; 2: 972-4.

14. Baylin SB, Herman JG, Graff JR, Vertino PM, Issa JP.
Alterations in DNA methylation: a fundamental aspect of neoplasia.
Adv Cancer Res, 1998; 72: 141-96.

15. Herman JG, Umar A, Polyak K, Graff JR, Ahuja N, Issa
JP, Markowitz S, Willson JK, Hamilton SR, Kinzler KW, Kane MF,
Kolodner RD, Vogelstein B, Kunkel TA, Baylin SB. Incidence and
functional consequences of hMLH1 promoter hypermethylation in
colorectal carcinoma. Proc Natl Acad Sci USA, 1998; 95: 6870-5.

16. Esteller M, Levine R, Baylin SB, Hedrick-Ellenson L, Her-
man JG. hMLH1 promoter hypermethylation is associated with the
microsatellite instability phenotype in sporadic endometrial carcino-
mas. Oncogene, 1998; 16: 2413-7.

17. Tang X, Khuri FR, Lee JJ, Kemp BL, Liu D, Hong K, Mao
L. Hypermethylation of the Death-Associated Protein (DAP) Kinase
Promoter and Agressiveness in Stage I Non-Small-Cell Lung Cancer.
J Natl Cancer Inst, 2000; 92: 511-6

18. Nuovo GJ, Plaia TW, Belinsky SA, Baylin SB, Herman JG.
In situ detection of the hypermethylation-induced inactivation of the
pl6 gene as an early event in oncogenesis. Proc Natl Acad Sci USA,
1996; 12754-59.

19. Virmani AK, Rathi A, Zochbauer-Muller S, Sacchi N,
Fukuyama Y, Bryant D, Maitra A, Heda S, Fong KM, Thunnissen
F, Minna JD, Gazdar AF. Promoter methylation and silencing of the

retinoic acid receptor-beta gene in lung carcinomas. J Natl Cancer
Inst, 2000; 92: 1303-7.

20. Dammann R, Takahashi T, Pfeifer GP. The CpG island of
the novel tumor suppressor gene RASSFI1A is intensely methylated
in primary small cell lung carcinomas. Oncogene, 2001; 20: 3563-7.

21. Zochbauer-Muller S, Fong KM, Maitra A, Lam S, Geradts J,
Ashfaq R, Virmani AK, Milchgrub S, Gazdar AF, Minna JD. 5’ CpG
island methylation of the FHIT gene is correlated with loss of gene
expression in lung and breast cancer. Cancer Res, 2001; 61: 3581-5.

22. Usadel H, Brabender J, Danenberg KD, Jer6nimo C,
Harden S, Engles J, Danenberg PV, Yang S, Sidransky D. Quantita-
tive Adenomatous Polyposis Coli Promoter methylation analysis in
tumor, tissue, serum and plasma DNA of patients with lung cancer.
Cancer Res, 2002; 62: 371-5.

23. Conway KE, McConell BB, Bowring CE, Donald CD, War-
ren ST, Vertino PM. TMS-1, a Novel Proapoptotic Caspase Recruit-
ment Domain Protein, Is a Target of Methylation-induced Gene
Silencing in Human Breast Cancers. Cancer Res, 2000; 60: 6236-42.

24. Esteller M, Sanchez-Cespedes M, Rosell M, Sidransky D,
Baylin SB, Herman JG. Detection of aberrant promoter hypermeth-
ylation of tumor suppressor genes in serum DNA from non-small cell
lung cancer patients. Cancer Res, 1999; 59: 67-70.

25. Herman JG., Graff JR., Myohanen S, Nellin BD.
Baylin SB. Methylation-specific PCR: a novel PCR assay for meth-
ylation status of CpG islands. Proc Natl Acad Sci USA, 1996; 93:
9821-6.

26. Sanchez-Cespedes M, Esteller M, Wu. L Homaira N-D, Yoo
GH, Koch WM, Jen J, Herman JG, Sidransky D. Gene promoter
hypermethylation in Tumors and Serum of Head and Neck Cancer
Patients. Cancer Res, 2000; 60: 892-5.

27. Ramirez JL, Sarries C, Lopez de Castro P, Roig B, Queralt
C, Escuin D et al. Methylation patterns and K-ras mutation in tumor
and paired serum of resected non-small-cell lung cancer patients.
Cancer Letters, 2003; 193: 207-16.

28. Balana C, Ramirez JL, Taron M, Roussos Y, Ariza A,
Ballester R, Sarries C, Mendez P, Sanchez JJ, Rosell R. O-6-methyl-
guanine-DNA methyltransferase methylation in serum and tumor
predicts Response to 1,3-Bis(2-Chloroethyl)-1-Nitrosourea but not
Temozolamide plus Cisplatin in Glioblastoma multiforme. Clin Can-
cer Res, 2003; 9: 1461-8.

29. Balana C, Ramirez JL, Mendez P, Taron M, Rosell R. Circu-
lating tumor DNA and its clinical applications. J of Oncology, 2003;
53:126-33.

30. Crotty LE, Sampson JH, Archer GE, Bigner DD. Models
for CNS malignancies. In: Alison MR, ed. The Cancer Handbbok.
London: Nature Publishing Group, 2002; 1123-38.

31. Esteller M, Garcia-Foncillas J, Andion E, Goodman SN,
Hidalgo OF, Vanaclocha V, Baylin SB, Herman JG. Inactivation of
the DNA repair gene MGMT and the clinical response of gliomas to
alkylating agents. N Engl J Med, 2002; 343: 1530-4.

32. Rolhion C, Penault-Llorca F, Kemeny J-L, Kwiatkowski F,
Lemaire J-J, Chllet P, Finat-Duclos F, Verrelle P. O-6-methylguanine-
DNA methyltransferase gene (MGMT) expression in human glio-
blastomas in relation to patient characteristics and p5S3 accumulation.
Int J Cancer, 1999; 416: 416-20.

33. Buckner JC, Moynihan TJ. The DNA-repair gene MGMT
and the clinical response of gliomas to alkylating agents. N Engl J
Med, 2001; 344: 686-9.

34. D’Atri S, Graziani G, Lacal PM, Nistico V, Gilberti S,
Faraoni I, Watson AJ, Bonmassar E, Margison GP. Attenuation of
O-6-methylguanine-DNA a meta analysis. J Clin Oncology, 1999;
125: 481-6.

35. Kim D-H, Nelson H-H, Wiencke JK, Christiani DC, Wain
JC, Mark EJ, Kelsey KT. Promoter methylation of DAP-Kinase: asso-
ciation with advanced stage in non-small cell lung cancer. Oncogene,
2001; 20: 1765-71.

36. Lee T-L, Leung WK, Chan MWY, Ng EKW, Tong JHM,
Lo K-W, Chung SCS, Sung JJY, To K-F. Detection of gene promoter
hypermethylation in the tumor and serum of patients with gastric
carcinoma. Clin Cancer Res, 2002; 8: 1761-6.

7



