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DNA fingerprinting using arbitrarily primed PCR
(AP-PCR) is useful for detecting cancer-specific DNA
aberrations without targeting any particular genes or
knowing any nucleotide sequences in advance. AP-
PCR fingerprinting is an efficient method for finding
loss of anonymous chromosomal regions in cancers.
We analyzed DNA from 44 human non-small cell lung
cancers by fingerprinting using a single primer and
found a loss of signal intensity in a DNA fragment
amplified from chromosome 10 (fragment F) in 15 tu-
mors. The detailed location of the fragment F locus on
chromosome 10q was determined by PCR-based anal-
ysis of radiation hybrid panels using a sequence-
tagged site established for the fragment. In 12 of the 15
tumors, loss of the signal detected by AP-PCR finger-
printing was in agreement with the results obtained
by analysis of allelic imbalances using 7 polymorphic
CA-microsatellite DNA markers for loci around the
fragment F locus (p50.0009). We conclude that a hith-
erto unknown suppressor gene for lung cancer resides
at 10q in the vicinity of fragment F. © 1998 Academic Press

Neoplasms are caused by the accumulation of abnor-
malities of oncogenes and tumor suppressor genes due to
multistep DNA alterations. Among the DNA abnormali-
ties involving relatively large regions of the chromo-
somes, amplifications or rearrangement of genes often
activate protooncogenes to become oncogenes (1, 2). Inac-
tivation of tumor suppressor genes is also associated with
aberrations of large DNA regions, such as loss of an
entire chromosome or a segment of the chromosome that

contains the normal counterpart of the gene (3). Thus
gain or loss of chromosomal regions may reflect aberra-
tions of the genes involved in cancer genesis.

AP-PCR was designed to amplify multiple DNA frag-
ments from anonymous regions of a complex genome
without knowledge of the nucleotide sequences in ad-
vance (4). Amplification is semi-quantitative, and com-
parison of the AP-PCR products from normal and tumor
DNAs in a fingerprint obtained by polyacrylamide gel
electrophoresis reveals gains and losses of several chro-
mosomal regions (5-8). We developed a method for the
chromosomal assignment of most of the AP-PCR frag-
ments by the simultaneous hybridization of AP-PCR
products (SHARP) from human genomic DNA (9). Com-
bined use of SHARP and AP-PCR provides a convenient
method for molecular karyotyping of tumors (10).

We applied the SHARP and AP-PCR methods for
detection of DNA aberrations in non-small cell lung
carcinomas (NSCLCs) and found a DNA fragment as-
signed to chromosome 10 whose intensity decreased
frequently in the carcinomas. Analysis of radiation hy-
brid panels (11, 12) using an established sequence-
tagged-site (STS) based on the nucleotide sequence of
the fragment revealed a more precise chromosomal
location at 10q. Analysis of allelic imbalance at loci
around the locus of the fragment using microsatellite
polymorphic markers confirmed the allelic losses at
chromosome 10q in NSCLCs and further revealed the
location of a region of common loss in lung cancer.

MATERIAL AND METHODS

DNA samples. Paired DNA samples from normal and cancer
tissues of 44 patients with NSCLC who underwent surgery at the
National Cancer Center Hospital (Tokyo, Japan) were analyzed. The
cancers included 23 adenocarcinomas, 14 squamous cell carcinomas
and 7 large cell carcinomas. High-molecular-weight DNAs were iso-
lated from these tissues (13).
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AP-PCR fingerprinting and SHARP analysis. The mixture for
AP-PCR (50 ml) contained 20 ng of template DNA, 125 mM each of
4 deoxynucleoside triphosphates, 0.15 ml of [a-32P]dCTP (Amersham,
3000 Ci/mmol/ml), 10 mM Tris-HCl (pH 8.2), 50 mM KCl, 4.5 mM
MgCl2, 0.01% gelatin, 0.6 units of Taq polymerase (Perkin Elmer
Cetus, Branchburg) and 10 mM of an arbitrary primer (Blue, 59-
CCGAATTCGCAAAGCTCTGA-39) (9). The reaction was started by
heating at 94°C for 5 min to denature the DNA template and then
followed by 5 cycles of incubation in a low-stringent condition (94°C
for 30 sec, 50°C for 1 min and 72°C for 1.5 min), then 25 cycles of
incubation in a high-stringent condition (94°C for 15 sec, 60°C for 15
sec and 72°C for 1 min) and finally by incubation at 72°C for 5 min.
A fingerprint was obtained by electrophoresis of the AP-PCR prod-
ucts in a 5 % polyacrylamide gel containing 7 M urea, followed by
exposure of the dried gel to an X-ray film for 12-24 h. SHARP
analysis was performed as described previously (9)

Analysis of radiation hybrid panels. A small piece of the dried gel
of a fingerprint was excised at the position of a normal sample
corresponding to fragment F. DNA was eluted from the gel piece by
putting it into 100 ml of deionized water. The eluted DNA was
amplified by PCR using the same single primer as in the high-
stringency condition. The PCR product was cloned using the pCR2.1
vector (Invitrogen, San Diego). Six independent clones were se-
quenced by cycle sequencing. Based on the nucleotide sequence of
fragment F, we designed a PCR primer set specific for amplification
of the fragment. Two publicly available radiation hybrid panels,
GeneBridge 4 radiation hybrid (GeneBridge 4) panel and Stanford
Human Genome Center G3 radiation hybrid (Stanford G3) panel
(Research Genetics, Huntsville, Alabama, USA) were analyzed by
PCR using the primer set.

CA-microsatellite analysis of chromosome 10q. PCR primer sets
for 7 CA-microsatellite polymorphic markers of the D10S187,
D10S221, D10S542, D10S209, D10S216, D10S575 and D10S214
loci were obtained from Research Genetics (Huntsville, Alabama,
USA). The allelic status at these loci of DNA samples from 44
patients was analyzed. PCR products using radioisotope-labeled
primer sets were separated by electrophoresis in 5 % denaturing
polyacrylamide gel. Dried gels were exposed to X-ray films for 4
hours.

RESULTS

Analysis of DNA from NSCLCs by AP-PCR
Fingerprinting

Paired DNA samples from the normal and tumor
tissues of patients with NSCLC were analyzed by AP-
PCR fingerprinting using an arbitrary primer, Blue (9).
Fig. 1 shows typical fingerprints. Comparison of the
fingerprints from normal and tumor DNAs revealed
tumor specific gain or loss of signal intensities in sev-
eral DNA fragments. As observed in cases 46, 48 and
53, a tumor specific loss of signal intensity of fragment
F was found in 15 of 44 cases analyzed (34 %). By
SHARP analysis, fragment F was shown to be derived
from chromosome 10 (9).

FIG. 1. AP-PCR fingerprinting analysis of DNA samples from patients with NSCLC using Blue primer. N and T indicate normal and
cancer samples, respectively. The letters on the left side of the gel indicate the name of the DNA fragments. Numbers on the right side of
the gel indicate the chromosome from which the DNA fragments are amplified, determined by the SHARP method. (ND: not determined)
Losses of signals of DNA fragments are indicated by downward arrowheads. The experiment was performed in duplicate, with two DNA
samples from normal and tumor tissue.
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Mapping of Fragment F on Chromosome 10

DNA fragment F was cloned and its nucleotide se-
quence was determined. No homology of the nucleotide
sequence to any known ones was detected by a BLAST
search (14). On the basis of the nucleotide sequence, a
STS specific for the fragment was established. Using
the STS, PCR-based analyses of the two radiation hy-
brid panels, the GeneBridge 4 and the Stanford G3
panels, were performed. The results revealed that the
fragment F locus was 1.5 centiRays-7000 telomeric
from the AFM338ZC9 locus (the GeneBridge 4 panel)
and 17.5 centiRays-10000 telomeric from the
D10S2143 locus (the Stanford G3 panel) on chromo-
some 10q (Fig. 2). Around the fragment F locus, at least
two loci, the D10S221 and D10S216 loci, were charac-
terized on both radiation hybrid maps and the two loci
flanked the region containing the AFM338ZC9,
D10S2143 and fragment F loci (Fig. 2). These results
localize fragment F at 10q 24-q25.

Allelic Losses of Loci around the Fragment F Locus

To verify the alterations in DNA copy number de-
tected by AP-PCR fingerprinting, the allelic status of
the region giving the reduced signal intensities of frag-
ment F was analyzed using 7 STSs carrying CA-
microsatellites for D10S187, D10S221, D10S542,
D10S209, D10S216, D10S575 and D10S214 loci (Fig.
2). Representative results with the STSs for the
D10S209 and D10S216 loci are shown in Fig. 3, to-
gether with a part of the AP-PCR fingerprints contain-
ing fragment F. In tumors 57, 113, 138 and 204 that
showed a loss of signal intensity of fragment F, allelic
loss at both or either one of the two loci was observed.
However, in tumor 60 loss of the fragment F signal was
not accompanied by allelic losses at any of the two
adjacent loci. On the other hand, in tumors 56 and 180

with allelic losses at the adjacent loci, loss of the frag-
ment F signal was not observed.

Of 44 tumor samples analyzed, 26 (62%) showed
DNA aberrations with both AP-PCR fingerprinting and
allelic imbalance analysis or either one of these anal-
yses (Fig. 4). AP-PCR fingerprinting revealed reduced
signal intensities of fragment F in 15 tumors, of which
12 were accompanied with allelic loss at least at one of
the flanking loci analyzed. These are therefore defined
as positives. On the other hand, the remaining 3 tu-
mors 53, 60 (Fig. 3) and 149 did not exhibit allelic
losses at the loci flanking the fragment F locus by
microallelotyping.

The fingerprinting also showed gain of the signal
intensities of fragment F in 2 tumors, 180 and 202,
although the significance of these results is not clear.
In particular, in tumor 180 the allelic imbalances ob-
served at two loci adjacent to the fragment F locus
suggest that the result on fragment F in the finger-
printing could be an example of a false negative for
allelic loss. Similarly, in other 9 of the 24 tumors, no
aberration of fragment F was observed in the finger-
prints. However, in 6 of the 9 tumors, 51, 56, 131, 171,
208 and 130, allelic loss at both or one of the two loci
adjacent to the fragment F was detected. We assumed
that some of these tumors were false negatives regard-
ing loss of the fragment F signals. False negatives for
loss in AP-PCR fingerprinting are frequently due to the
loss of one allele and reduplication of the other (10). In
the remaining 3 tumors, 196, 163 and 178, the allelic
imbalances detected by microallelotyping were at 10q
loci located in regions farther away from the fragment
F locus and might not be related to the allelic status of

FIG. 3. Allelic status of loci adjacent to the fragment F locus. The
heterozygosity of the D10S209 and D10S216 loci was analyzed using
microsatellite DNA markers. The results are compared with those of
AP-PCR analysis in which an arrow indicates the position of frag-
ment F. N and T indicate DNA from normal and cancer samples from
patients with NSCLC, respectively. Allelic losses and loss of signal
are indicated by arrowheads.

FIG. 2. Radiation hybrid mapping of fragment F using a Stan-
ford Human Genome Center G3 panel (Stanford G3) and GeneBridge
4 panel provided by Whitehead Institute Center for Genome Re-
search (GeneBridge 4).
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the fragment F locus. Thus in spite of the presence of
possible false negatives and positives, the positive re-
sults obtained by the AP-PCR fingerprinting were in
good agreement with those from the allelic imbalance
analysis (p50.0009, Fisher’s exact test).

DISCUSSION

AP-PCR fingerprinting has previously been applied
to the analysis of genetic aberrations in human cancers
(5, 6, 8, 10, 15, 16) and semi-quantitative amplification
of DNA fragments by AP-PCR can detect tumor specific
changes of copy numbers of anonymous regions of the
genome. The SHARP method can easily assign chro-
mosomal origins to the AP-PCR products from human
DNA without cloning and sequencing (9). Determina-
tion of the chromosomal origin of DNA fragments in
AP-PCR fingerprints by this simple method is thus
helpful for evaluating the significance of the abnormal-
ities detected and for making decisions of further anal-
ysis of the corresponding regions.

Radiation hybrid mapping systems established by
the Whitehead-MIT Center for Genome Research (11)
(http://www.genome.wi.mit.edu) and the Stanford Hu-
man Genome Center (http://www-shgc.stanford.edu)
can be used for further characterizing the chromo-
somal regions containing the cloned AP-PCR frag-
ments which show abnormalities in human cancers. In
this study, fragment F indicating loss of signal inten-
sities in lung tumor DNA was detected by AP-PCR
fingerprinting and assigned to chromosome 10 by the
SHARP method and 10q by radiation hybrid mapping.

The low copy number of fragment F detected by
AP-PCR fingerprinting was in good accordance with
allelic imbalances of chromosome 10q detected using

polymorphic dinucleotide DNA markers around the
fragment F locus. A few tumors were found to show
reduced signal intensities of fragment F but without
allelic imbalances at the adjacent loci. These could be
false positive results, or tumors with a very localized
region of loss. Tumors with allelic imbalances at the
loci adjacent to the fragment F locus but without loss of
the signal intensities of fragment F might bring about
underestimation of the real frequency of loss. In con-
cert with microallelotyping, however, AP-PCR finger-
printing may reveal the existence of novel regions of
frequent chromosomal loss in defined cancers.

There have been a few reports on allelic imbalances
of chromosome 10q in NSCLC showing relatively fre-
quent losses of chromosome 10q in squamous cell car-
cinomas and less frequent losses in adenocarcinomas
(17-21). Allelic losses of loci on 10q have also been
reported in malignant gliomas (22-24), prostate can-
cers (25-27) and melanomas (28-30). A candidate tumor
suppressor gene on 10q23.1, PTEN, has been cloned
(31, 32) and its mutations have been observed in about
20% of these tumors. Although the fragment F locus is
included in the regions deleted in these tumors, the
locus might not coincide with the PTEN locus. Our
results of the frequent loss of fragment F locus on
10q24-q25 in NSCLC with similar frequency either in
squamous cell carcinomas or in adenocarcinomas sug-
gest the presence of other tumor suppressor gene(s)
involved in NSCLC at this chromosomal region.
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