[CANCER RESEARCH 58. 1405-1407. April I. 1998!

Advances in Brief

Molecular Detection of Genetic Alterations in the Serum of Colorectal
Cancer Patients1
Kenji Hibi, C. Rahj Robinson, Susan Booker, Li Wu, Stanley R. Hamilton, David Sidransky, and Jin Jen2
Department of Otolaryngolvgy-Head and Neck Surgen: Divisimi of Head and Neck Cancer Research Â¡K.H., L W., D. S., J. J.Â¡,Departments
J. J.Â¡and Pathology Â¡C.R. R.. S. R. HJ. Johns Hopkins University School of Medicine. Baltimore. Maryland 2/205-2/96

Abstract

In the present study, we have examined 44 colorectal cancer pa
tients using microsatellite analysis and a more sensitive mutationspecific mismatch ligation assay for genetic alterations in primary
tumors and the paired serum samples. In the 25 cases with K-ra.v

We have searched for the presence of genetic alterations in serum DNA
obtained from 44 colorectal cancer patients. Microsatellite analysis using
highly polymorphic markers revealed loss of heterozygosity and/or microsat
ellite instability in 35 of 44 (80%) primary tumors. No alterations were
detected in the paired serum DNA. We next used an oligonucleotide-mediated

and/or p53 gene mutations in the tumor, 10 cases exhibited the same
alteration in the matched serum DNA using the mismatch ligation
assay. Additionally, early stage tumors with p53 mutations appeared
to be more likely to demonstrate the identical mutation in the paired
serum sample than those with a K-ra.s-mutation. These results indicate

mismatch ligatÃ-onassay to detect tumor specific gene mutations in the serum.
Among the 16 cases with a K-ras gene mutation in the tumor, the same
mutation was detected in three paired serum samples. In the 10 cases with a
p53 mutation in the tumor, the identical mutation was detected in seven
corresponding serum samples. Comparison of the molecular analysis with
clinical diagnosis of these patients revealed that none of the seven Dukes'
stage B patients with a K-ras mutation in their tumors demonstrated
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that genetic alterations present in the tumors of colorectal cancer
patients can be detected in the serum of the same patient, and that this
approach can be potentially used for cancer prognosis and cancer
monitoring for this deadly disease.

a

mutation in the serum. In contrast, five of seven stage B patients with a p53
mutation in the tumor demonstrated a mutation in the paired serum
(/' = 0.01, Fisher's exact test). Taken together, either a K-ras orpSS mutation

Materials and Methods

was detected in the serum in 40% of the 25 patients (95% confidence interval,
21-61%), whose primary tumors contained a mutation and in 23% of the 44
patients (95% confidence interval, 12-38%) with colorectal cancer. The

Sample Collection and DNA Preparation.

Forty-four primary tumors and

corresponding normal tissues were prepared from microdissected sections of
formalin-fixed, paraffin-embedded tissues obtained from surgical resection of

frequent detection of p53 mutation in the serum of patients with early stage
tumors suggests a possible use of this approach for clinical prognosis and
cancer monitoring of colorectal cancer patients.

colorectal cancer patients. All tumor specimens contained more than 70%
neoplastic cells. The pathological stagings at surgery for patients with either a
K-ras or p53 mutation are shown in Table 1. Serum samples were collected
from the same patients prior to tumor resection and stored at -80Â°C. Normal,

Introduction

tumor, and serum DNA were prepared as described previously (11).
Microsatellite Analysis. Dinucleotide markers used for microsatellite
analysis were D18S55, DÃŒ8S58.DÃŒ8S61,and DI8S69 on 18q (12), CHRNBl
and D17S786 on 17p (8), and D8S133 and D8S254 on 8p (13). These markers
were chosen because they are highly polymorphic and are located at regions
frequently lost in colorectal cancer. One of the two PCR primers for each
marker was end labeled with [y-^PIATP using T4 polynucleotide kinase. PCR

Colorectal cancer is one of the most common malignancies in the
world and can usually be cured if diagnosed at an early stage. Methods
to detect surgically resectable tumors could significantly reduce
deaths from this disease. Several genetic changes, such as the activa
tion of the K-ras oncogene, inactivation of APC, p53 genes, and loss
of other tumor suppressor genes on chromosome 18q are involved in
the pathogenesis of colorectal cancer. Assays based on the molecular
detection of these genetic changes have been shown as potential
diagnostic tools for colorectal cancer (1-4). Furthermore, the identi
fication of these genetic changes at sites away from the primary tumor
may help to assess the extent of disease and overall tumor burden at
initial diagnosis (5).
Previous studies have proposed that tumor DNA is released into the
circulation and is enriched in plasma and serum (6, 7). Radioimmu-

amplification was performed as described (12) using paired normal, tumor, and
serum DNA samples. The amplified products were separated in 8% denaturing
urea-polyacrylamide-formamide
gels followed by autoradiography (14). LOH'

noassays revealed that the serum of cancer patients contained approx
imately four times the amount of free DNA compared with normal
control (8). Based on these observations, studies have shown that it is
possible to detect tumor-specific DNA in the serum of head and neck
cancer patients and in the plasma of lung cancer patients using
microsatellite analysis (9, 10).

was scored if the ratio of one alÃ-elewas significantly decreased (>30%) in
tumor or serum DNA compared with normal DNA by independent visual
observation of at least two investigators. Microsatellite instability was identi
fied when novel band(s) were present in the tumor sample in addition to the
constitutive allele(s) observed in the normal control.
Mutation Analysis for the p53 Gene. The PCR amplification of tumor
DNA samples consisted of 40 cycles of 95Â°Cfor 30 s, 58Â°Cfor 1 min, and
70Â°Cfor 1 min for exons 5. 6. and 8, or 95Â°Cfor 30 s, 63Â°Cfor 1 min. and
70Â°Cfor I min for exon 7. The primers used were: exon 5. .V-AGGAATTCACTTGTGCCCTGACTT
and 5'-GAGGAATCAGAGGCCTGGG;
exon
6, 5'-TGCCCCAGGCCTCTGATTC
and 5'-CATCGAATTCCACTGACAACCACCCTT; exon 7, 5'-TGCTTGCCACAGGTCTCC
and 5'-ATCGGTAAGAGGTGGGCC; and exon 8.5'-GGACAGGTAGACCTGATTTCC
and
5'-CCTCCACCGCTTCTTGTC.
All PCR products were purified and se-
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Table 1 K-ras ana p53 gene mutations in the tumors and serum of colorectal cancer
patients

DNA from paired serum samples were examined to determine
whether tumor-specific LOH or instability was present in the paired
acid
serum of these patients. Although LOH or a microsatellite shift of at
stage''DDBBBBCCCCBBBCCCCBBBBCBBCBGene
Caseno."1471!151719252729313740414546561516202128333444Tumor
alterationK-rasK-rasK-rasK-rasK-rasK-rasK-rasK-rasK-rasK-rasK-rasK-rasK-rasK-rasK-rasK-rasp53p53p53p53fS3P53p53pS3p53p53Amino
substitutionGly
in serum-+â€”â€”â€”â€”â€”â€”â€”â€”â€”â€”â€”â€”++â€”+â€”+â€”+++++
least one locus was observed in 35 of 44 (80%) primary tumors, no
ValGly
12
loss of heterozygosity or microsatellite shifts were detected in the
AspGly
12
serum (Fig. 1). This negative outcome could be due to the following
AspGly
12
CysGly
12
two reasons: (a) colorectal tumor DNA in the serum would be filtered
AlaGly
12
by
the liver and diminished or diluted in peripheral blood, because
AlaGly
12
colorectal blood circulation passes through the portal vein before
AlaGly
12
ValGly
12
entering into the peripheral circulation; and (b) microsatellite analysis
AspGly
12
may not have enough sensitivity to detect small amounts of tumor
AspGly
12
AspGly
12
DNA in the serum of a colorectal cancer patient (16).
AspGly
12
To examine this second possibility, we proceeded with a more
AspGly
12
sensitive method to detect K-ras and p53 gene mutations in the serum
ValGly
12
SerGly
12
DNA. K-ras gene mutations are observed in about 50% of primary
ValArg12
colorectal tumors of all stages and represent an ideal target for such an
Ging 248
5)'Arg
to a (intron
approach. p53 mutations occur in up to 70% of advanced colorectal
TermArg
306
cancers and have been reported as a poor prognostic factor (17). K-ras
CysVal
273
status in all 44 tumors was determined using the ligation assay. Of the
Met250-253
272
delAsn
16 cases having K-ras gene mutations in their tumors, the ligation
SerArg200
assay
was repeated using the paired tumor and serum samples, and the
TermI 306
to c6)'176
(intron
same mutation was observed in the serum in 3 cases (19%; Fig. 2A).
delMutation
Thirty-three tumors with sufficient DNA were sequenced for p53
" All cases are listed by the mutations detected. The first 16 cases had K-raj gene
mutations in exons 5-8 of the gene. Of the 10 cases having a p53
mutation, whereas the latter 10 had p53 mutation.
' Dukes classification.
mutation in the tumor, the same mutation was found in the serum of
' These mutations are located at the indicated introns.
7 patients (Fig. 2B). In total, we identified either a K-ras or p53
mutation in the serum in 10 of 25 patients whose tumor had a
mutation. All alterations observed in the serum were confirmed at
Mismatch Ligation Assay. All possible alterations at K-ras codon posi
least once using independently extracted serum DNA samples. Fur
tions I2a, 12b, and 13b were determined using a modified allele-specific
thermore, in the case of K-ras, although oligomers for all three
ligation assay (15). The first exon of K-ras was amplified as described (4) and
possible mutations at a given codon position (i.e., 12a, 12b, or 13b)
used as the template tor three separate ligation assays (12a, 12b, and 13b) in
were present in the same ligation reaction, only the mutation identical
all tumor samples. For each ligation assay. 50 ng of PCR product were mixed
to the one present in the primary tumor was observed.
with 8 ng each of three mutation specific oligomers, 100 ng of blocking
oligomer, and 8 ng of a common '2P-labeled oligomer in a 20-/nl reaction
After completion of the mismatch ligation assay in all specimens,
containing 150 mM NaCl, 10 mM MgCU, 100 mM Tris-HCl (pH 7.5), 1 mM
clinical-pathological data were correlated with the molecular analysis.
spermidine, 1 mM DTT, 1 mM ATP, and 3 /ig of T4 gene 32 protein
The three patients with K-ras gene mutation in the serum had either
(Boehringer Mannheim). This mixture was denatured at 95Â°Cfor 5 min and
Dukes' C or D disease. None of the seven stage B patients with a
allowed to cool at room temperature for 15 min, at which time I unit of T4
ligase was added. The ligation was carried out at 37Â°Cfor l h and terminated
by heat inactivation at 68Â°Cfor 10 min. The [32P]phosphate on the unligated
3' oligomer was removed by the addition of 1 unit of alkaline phosphatase and
subsequent incubation at 37Â°Cfor 30 min. The ligation products were sepa
rated on 12% denaturing polyacrylamide gel. The presence and the nature of
mutations were determined based on the relative migration of the ligation
products formed in control experiments using templates with known K-ras
mutations. Oligonucleotide sequences used for the ligation assays were de
scribed previously (15).
The mutation-specific oligomers for the p53 gene were designed individu

K-ras mutation in the tumor had a detectable mutation in the serum.
In contrast, five of seven stage B patients with p53 mutations dem
onstrated the identical p53 mutation in the serum. In our study, only
case 15 had both K-ras and p53 gene alterations in the same tumor,
but neither of these changes was detected in the serum. The results of
the mutation-specific ligation assay for all 25 patients with a K-ras or
p53 mutation in the tumor are summarized in Table 1.
Recent evidence suggests that microsatellite shifts (low level instabil
ity) or LOH can be detected in the circulating tumor DNA from the serum

ally according to each p53 mutation and used in the ligation assay. For
example, tumor 5 had a mutation in codon 248 (5'-CATGAACCGGAGGCCCAT to 5'-CATGAACCAGAGGCCCAT).
To detect this alteration in the
serum, the mutation-specific oligomer (5'-CATGAACCA),
the adjacent 32Plabeled oligomer (5'-GAGGCCCAT),
and the blocking oligomer (5'TGAACGGAGGC)
were synthesized, and the mismatch ligation assay was
performed exactly as described for the K-ras gene mutations. When a serum
sample was found positive, the DNA extraction and PCR reaction were
repeated at least once from the original serum sample to confirm the presence
of the mutant alÃ-ele.In all cases, the presence and the percentage of mutant
DNA in the serum remained unchanged.

Results and Discussion
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We tested the serum of 44 colorÃ©ela!cancer patients for the pres
ence of various types of genetic alterations. We first examined the
allelic status of 18q, 17p, and 8p in the primary tumor samples
because of their frequent loss in colorectal cancers. Subsequently,
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Fig. 1. Microsatellite analysis of paired tumor and serum samples. DNA was extracted
from the tumor (T) and paired serum (5) of 44 colorectal cancer patients and analyzed as
described in "Materials and Methods." Case numbers are indicated at the top. Left.
microsatellite markers and their chromosomal location. Open box. retention; closed box.
LOH; S. microsatellite shift (instability!; N. not informative.
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Fig. 2. Representative auto radiograph s of the mismatch ligation assay. Examples of
ligation assays detecting K-ras (A) and p53 (B) mutations in the paired serum (5) and
tumor (T) DNA samples from patients with colorectal cancers.
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alterations in the serum of 23% colorectal cancer patients (10 of 44)
by using either K-ras or p53 mutation as a target. The clinical
sensitivity of this assay can be potentially improved by incorporating
other common genetic targets such as APC. Advances in technologies
to permit rapid detection of an array of specific mutations would
enhance the utility of this approach. Previous studies in cancer pa
tients have suggested that those with genetic alterations in serum or
plasma are more likely to develop mÃ©tastasesand die of their disease
(9, 18). Further studies are needed to determine the clinical relevance
of identifying specific genetic alterations in the serum of colorectal
cancer patients for the prognosis and monitoring of the disease.
Acknowledgments

Table 2 Genetic markers for the detection of colorectal tumor in the serum
alterationLOH
Genetic

tumor31/44(70%)
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Microsatellite instability
15/44(34%)
K-ras mutation
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patients diagnosed of colorectal cancers. In such patients, mutations of
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then used as targets for the mismatch ligation assay.
Colorectal cancer is among the most common and fatal cancers in
the world. Thus far, the only noninvasive test for this disease is the
testing of fecal occult blood. However, the appearance of hemoglobin
in stool is not specific for neoplasia. It has been shown that DNA
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