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Abstract

Altered microsatellite DNA in the blood of cancer patients may provide a novel
means for tumor detection. Such alterations are a major characteristic of many types of
tumor especially those associated with head or neck cancer. Moreover, recent evidence
suggests that senescent tumor cells release DNA into the circulation, which is subsequently
carried by the blood and thus enriched in the serum and plasma. We tested 10 head and
neck cancer patients (5 with malignant melanomas (MM) and 5 with adenoid cystic
carcinomas (ACC)) by polymerase chain reaction (PCR)-based microsatellite analysis
of DNA from white blood cells and paired plasma samples. Our goal was to amplify
two microsatellite markers, D1S243 and D19S246, which sometimes show microsatellite
alterations in head and neck cancer patients. However amplification of fragments from
three loci in the plasma samples proved impossible, probably due to the small amounts of
DNA isolated. We used multiple displacement amplification (MDA) to amplify genomic
DNA from the plasma samples. Two microsatellite fragments were amplified from whole
genome amplified DNA. Among 5 heterozygote samples, 3 showed the same pattern in
DNA samples from both blood cells and plasma but 2 showed loss of heterozygosity
(LOH). Although further study is necessary to confirm whether the LOH found in this
study reflects alteration in circulating tumor cell DNA, application of whole genome
amplification may allow DNA analysis from limited amounts of such DNA and provide a
minimally invasive diagnostic procedure and useful aid in therapy.
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has been the development of a blood test
for cancer. Two articles in Nature Medicine
represent an important advance in this quest

Introduction

A holy grail for many clinical investigators
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that may lead to a refinement in the way
cancer patients are managed. Nawroz et al.18)

and Chen et al.5) reported that tumor DNA
from head and neck squamous cell carcino-
mas (HNSCC)18) and small cell lung cancers
(SCLC)5) was detectable in the plasma of
patients with these tumors, and suggested that
structural abnormalities in tumor DNA may
provide important prognostic information
for the treatment of cancer patients.

Because head and neck cancers, if unde-
tected, tend to metastasize to solitary lung
tumors, the development of an early, highly
sensitive detection method for metastasis is of
paramount importance in achieving success-
ful treatment in patients with head and neck
cancer. While reliable methods for the pre-
diction of cancer recurrence and metastasis
would be of the greatest clinical importance,
they are not available at present. The specific
clinical signs and symptoms indicative of
metastasis are not usually helpful for an early
diagnosis as they are usually associated with
the more advanced stages of the disease.
Nor are the results of diagnostic imaging or
imaging studies sufficiently reliable. More-
over, large-scale screening programs for this
particular patient population are not feasible
in practical terms and would at best only
result in the incidental discovery of small
tumors1). Therefore, development of a non-
invasive method for early detection of head
and neck cancer and the establishment of
more reliable criteria for deciding further
therapy would be a major advance in the clini-
cal management of this patient population.
Much interest has focused on the potential
use of nucleic acid markers in the blood of
patients with cancer as they offer material
that is easy to access by minimally invasive
procedures. Furthermore, microsatellite alter-
ations in the tumor and/or plasma could
offer a prognostic indicator. Microsatellite
analysis of circulating nucleic acids represents
a new approach in the search for tumor
markers. Their widespread application and
clinical relationship with malignant pheno-
type will likely give them an increasing clinical
importance in the future14).

Microsatellite analysis is a PCR-based tech-
nique that permits the detection of cancer-
specific DNA alterations, loss of heterozygosity
(LOH), and microsatellite instability (MSI) in
neoplastic tissue16,19). LOH and MSI have been
detected in the circulating DNA of patients
with a variety of malignancies such as non-
small cell lung cancer21), renal cell carci-
noma10), bladder cancer25), breast cancer20),
colon cancer7), malignant melanoma23), and
oral cancer11).

In the present study, we applied whole
genome amplification (WGA) by multiple
displacement amplification to detect micro-
satellite alteration in limited amounts of
tumor cell-derived DNA.

Materials and Methods

1. Patients
Patients consisted of 10 Japanese persons

with head and neck cancer (5 with malignant
melanomas and 5 with adenoid cystic carcino-
mas) who visited the Hospital of the Research
Center for Charged Particle Therapy, NIRS
over a 4-year period between 2001 and 2004
(Table 1). No patients underwent a blood
transfusion. Informed consent was obtained
from all patients and also from their families.
This study was also approved by the institu-
tional review board of Tokyo Dental College
and NIRS. Clinicopathologic staging was
determined by the TNM classification of the
International Union against Cancer. Of the
10 patients with head and neck cancer, 4 were
at stage III and 6 were in stage IV.

2. Plasma sample collection and DNA
isolation
Peripheral venous blood samples (16ml)

were obtained from patients before radio-
therapy or at 4 weeks after radiotherapy in
vacutainer CPT tubes (Becton Dickinson,
Franklin Lakes, NJ). Plasma was immediately
separated from cells by centrifugation (500�g;
15 min), and plasma and white blood cells
were stored at �80°C until further use. Plasma
DNA was extracted using QIAamp Blood Kit
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(Qiagen, Hilden, Germany) according to the
manufacturer’s protocol. Control DNA was
extracted from white blood cells using Dr.
GenTLE™ Systems (TaKaRa, Tokyo, Japan).

3. WGA by multiple displacement
amplification (MDA)
WGA was performed with the REPLI-g kit

(Qiagen, Hilden, Germany) according to the
manufacturer’s protocol using plasma DNA.
Briefly, 2.5�l plasma DNA was mixed with
4�master mix (containing the reaction buffer,
dNTP mixtures and hexamer primers) and
phi29 DNA polymerase in 50�l final volume.
Reaction was completed after incubation for
16 hr at 30°C, followed by incubation at 65°C
for 3 min to inactivate the enzyme.

4. Microsatellite markers, PCR and LOH
analysis
LOH analysis of the plasma was performed

using two microsatellite markers on two
different chromosomes, D1S243 (1p-q) and
D19S246 (19q13.3). These were selected
based on previous studies on malignant
melanomas and adenoid cystic carcinomas9,26)

demonstrating LOH at each loci. All of the
primer sets were obtained from Research
Genetics (Huntsville, AL). DNA fragments
were amplified by polymerase chain reaction
(PCR) in a 10�l final volume containing 0.25

units HotStarTaq DNA polymerase (Qiagen,
Hilden, Germany) in 10�PCR buffer (50mM
KCL, 10 mM Tris-Cl [pH 8.0], 1.5mM MgCl2),
0.2 mM deoxynucleotide triphosphate, 0.2�M
of each primer, 2.5mM MgCl2 and 2.5ng
genomic DNA. The manufacturer’s amplifi-
cation protocol specified initial denaturation
for 15 min at 94°C, 40 cycles of 20 sec each at
94°C, 30 sec at 62°C, 30 sec at 72°C, followed
by a final extension step of 72°C for 6min.
PCR products were electrophoresed on 6%
polyacrylamid gel containing 7M urea at
100V for 2 hr, or 3% denaturing agarose gel
(SIGMA: A 6013 Type I: low EEO) containing
6.6% formaldehyde/MOPS at 50V for 2 hr.
After electrophoresis, allelic band intensity
was detected with GelStar Nucleic Acid Stain
(TaKaRa Bio, Tokyo, Japan), measured by
a Molecular Imager FX (Bio-Rad, Hercules,
CA, USA), and analyzed by Phoretix software
(Phoretix International, UK). This was fol-
lowed by calculation of allelic ratios in each of
the plasma samples (tumors) and white blood
cell samples (normal controls). Our goal was
to amplify plasma DNA in triplicate WGA and
amplify DNA fragments in triplicate PCR
reactions for each whole genome amplified
product. Finally, WGA products (plasma DNA)
and white blood cell samples were amplified
9 times each by PCR. Allelic ratios were
compared between white blood cell and

Plasma DNA in Head and Neck Cancer Patients

Table 1 Microsatellite analysis of plasma or serum tumor DNA and clinical data concerning in 10 head and neck
cancer patients

Patient Pathological Age Gender Site T N Stage Drawing F/U Microsatellite Clinical
diagnosis blood alteration outcome

1 MM 68 F Nasal 3 0 III Before 13 NI Survival

2 MM 63 M Nasal 3 0 IV After 39 LOH (�) Survival

3 MM 64 M Paranasal 4 0 IV After 38 LOH (�) Survival

4 MM 29 M Frontal sinus 4 0 IV After 10 LOH (�) Death

5 MM 68 F Nasal 3 0 III After 8 NI Death

6 ACC 49 F Maxillary sinus 3 0 III Before 21 NI Survival

7 ACC 55 M Ethmoidal sinus 4 0 IV After 24 LOH (�) Survival

8 ACC 60 M Nasopharynx 4 0 IV Before 18 NI Survival

9 ACC 69 M Parotid gland 4 0 IV After 15 LOH (�) Survival

10 ACC 79 M Maxillary sinus 4 0 IV After 21 NI Survival

MM: Malignant melanoma, ACC: Adenoid cystic carcinoma, M: Male, F: Female, Before: Before irradiation, After: After irradiation,
F/U: Follow-up in months, NI: Not informative, LOH: Loss of heterozygosity
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plasma DNA.

5. Assessment of LOH
Microsatellite regions for which hetero-

zygosity was detected from the white blood
cell samples were used for assessment of
LOH. Homozygotes were considered to be
not informative (NI). The data obtained in
the nine amplification runs from PCR were
assessed using the Wilcoxon signed-rank test.
The Wilcoxon signed-rank test was used to
compare the WBC and plasma allelic ratios
calculated with the Phoretix software. When
a significant difference was detected at a
confidence level of p�0.05 the result was

taken to represent a LOH (�) and when no
significant difference was detectable the result
was taken to represent LOH (�).

Results

DNA fragments were amplified by PCR
using 1.0�l isolated DNA (2.5ng as DNA).
It was possible to detect PCR products from
white blood cell DNA, but not from plasma
DNA. PCR amplification was therefore per-
formed after WGA in plasma. When WGA
was performed using 2.5�l plasma DNA it
became possible to detect PCR products.

Fig. 1 Comparison of allelic ratios between white blood cell and plasma DNA, from three patients (2, 3, and 4)
diagnosed with malignant melanoma on D1S243, and two patients (7 and 9) diagnosed with adenoid cystic
carcinoma on D19S246
patient 2: LOH (�), patient 3: LOH (�), patient 4: LOH (�) (p�0.01), patient 7: LOH (�) (p�0.01), and
patient 9: LOH (�)
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Heterozygote genotypes were obtained in 3
out of 5 malignant melanomas at the D1S243
locus and 2 out of 5 adenoid cystic carcinomas
at the D19S246 locus and LOH was confirmed
in one of the former and in two of the latter
(Fig. 1).

In this study, plasma and serum DNA alter-
ations showed no correlation with clinical
parameters such as age, TNM stage, or lymph
node status. Typical examples of the results
of microsatellite analysis are shown in Fig. 2.

Discussion

Clinical trials of carbon ion radiotherapy
for various cancers were initiated in June 1994
at the Hospital of the Research Center for
Charged Particle Therapy, NIRS in Chiba,
Japan, using the world’s first Heavy Ion
Medical Accelerator in Chiba (HIMAC) dedi-
cated to medical purposes24). Heavy charged
particles such as carbon and neon ions excel
in their physical dose distribution and high
biological effectiveness. Preliminary results of

phase II clinical trials have shown extremely
favorable therapeutic results in the treatment
of tumors otherwise intractable with conven-
tional photon radiation15,17). Malignant mela-
noma and adenoid cystic carcinoma are two
malignant tumors with the poorest prognosis
even today.

Identifying free DNA from tumor cells
would provide a very effective means of
diagnosing early metastasis and assessing the
outcome of therapy. The presence of tumor
DNA in the bloodstream may be due to lysis
of circulating cancer cells or micrometastatic
cells, because of DNA leakage resulting from
tumor necrosis or apoptosis2,4,5,8,18). In this
study measurement of DNA concentrations
after extracting plasma DNA showed that it
was undetectable spectrophotometrically in
samples and PCR amplification of micro-
satellites was unsuccessful. Recently, multiple
displacement amplification (MDA) has been
developed as a technique for WGA from
very small amounts of DNA and has been
reported to yield large quantities of high
quality DNA6,13). We performed microsatellite

Fig. 2 Typical examples of the microsatellite analysis of plasma or serum (T), and white blood cell (N) DNA
of head and neck cancer patients. Patients numbers are shown above, and microsatellite markers are
designated below each block.
Paired normal (N) and tumor (T) samples suggesting loss of the upper allele (LOH (�), patient 7),
showing no evidence of LOH (LOH (�), patient 2), and not informative (NI, patient 1).
N: Normal DNA (white blood cell), T: Tumor DNA (plasma), LOH: Loss of heterozygosity, NI: Not
informative

Plasma DNA in Head and Neck Cancer Patients
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analysis using plasma DNA amplified by MDA.
Research on LOH in various head and neck
cancers has shown evidence of tissue type-
specific microsatellite alterations.

Analysis of DNA isolated from plasma
revealed that 2 of the 10 patients had LOHs in
one of two loci. It has already been reported
that the LOH at the D1S243 locus occurred in
malignant melanoma patients, and that LOH
at the D19S246 locus occurred in adenoid
cystic carcinoma patients9,26). Although we
could not confirm whether the LOH found
in this study could also be detected in tumor
tissues, it is possible it was derived from tumor
DNA considering the aforementioned reports.
In one LOH (�) patient, LOH was detected
4 weeks after carbon ion radiotherapy. If
detection of such LOH from plasma suggests
incomplete removal or destruction of tumor
tissues by surgery or other treatment then
determination of LOH would provide an
important indicator for prognosis.

Bergen et al.3), Hanson and Ballantyne12),
and Sun et al.22) reported that use of small
amounts of DNA as starting materials for
WGA sometimes resulted in allelic imbalance
or allele drop following PCR amplification.
Therefore, we can not exclude the possibility
at the moment that the LOH found in this
study was induced by WGA.

In order to apply WGA to the clinical
diagnosis and therapy of cancer patients it is
necessary to prove that LOH in microsatellite
markers detected using whole genome ampli-
fied DNA from plasma always reflects the
status of the tumor. Further studies investi-
gating more microsatellite markers will be
required to clarify the usefulness of this
procedure in the noninvasive screening of
cancer.
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