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Abstract
Mutations of CDKN2 have been found recently in melanoma and many
other tumor types. Neuroblastoma shares with melanoma a neuroectodermal origin and a high incidence of deletions of the short arm of chromo
some 1. Therefore, we analyzed 18 primary neuroblastomas and 9 tumorderived cell lines for mutations in CDKN2. We used PCR-single-strand
conformation polymorphism to examine exons 1 and 2 of the CDKN2 gene
for mutations, but none were detected. Furthermore, no homozygous
deletions were detected and there was no loss of heterozygosity at the
closely linked II \\ locus. We conclude that disruption of the CDKN2
gene is not required for malignant transformation of human neuroblas
tomas.

neural crest. Because of these similarities, as well as the frequent
involvement of CDKN2 mutations in many other cancers, we exam
ined the CDKN2 gene in a series of neuroblastoma cell lines and
primary tumors. However, no homozygous deletions or mutations
were detected in the coding region, and no LOH was found at the
adjacent IFNA locus, suggesting that CDK.N2 is not involved in
the pathogenesis of neuroblastomas.
Materials and Methods
Tumors and Cell Lines. Nine neuroblastoma cell lines were analyzed, six
of which had amplification of the MYCN oncogene as well as Ip deletions or
rearrangements (NGP, NLF, NAB. SMS-KAN, SMS-KCN, and LA-N-5).

Introduction

Three cell lines had neither MYCN amplification nor abnormalities of Ip
(NBL-S, SK-NSH, and LHN). Eighteen primary tumor samples were selected

The CDKN2 (MTSÃŒ)
gene encodes piÃ², a protein which inhibits the
CDK43/cyclin D complex. Inhibition by pl6 decreases the phospho-

to represent the distribution of stage and MYCN copy number typically found
in neuroblastoma. One of six selected stage I-II tumors and 4 of 10 selected
stage 1II-IV tumors had MYCN amplification. Two tumors were stage IV-S

rylation state of the retinoblastoma gene product (pRb), and this cell
cycle checkpoint limits the G,-S transition and ultimately inhibits
cell growth (1-3).
The CDKN2 gene maps to 9p21, a site of frequent deletion in
melanoma and other tumor types. Interestingly, mutations and ho
mozygous deletions of CDKN2 were found initially in cell lines from
many different tumor types (4, 5). However, the overall incidence of
mutations or homozygous deletions is generally less in primary tu
mors compared to cell lines (6). In primary tumors, homozygous
deletions and intragenic mutations are frequently seen in pancreatic
adenocarcinoma, glioblastoma, anaplastic astrocytoma (but not lowgrade astrocytoma), esophageal squamous cell carcinoma, non-small
cell lung cancer, bladder carcinoma, acute lymphocytic leukemia, and
non-Hodgkin's lymphoma (4, 7-12). Intragenic alterations of CDKN2
have been detected rarely, if at all, in primary breast cancer (12),
primary renal cancer (11), and primary sporadic melanoma (13),
although cell lines derived from these tumors often contain homozy
gous deletions (5). Although cell lines of osteosarcoma, ovarian
tumor, and mesothelioma frequently show homozygous deletions of
CDKN2, no data concerning primary tumors have been published yet
for these cancers (4).
Homozygous deletions of CDKN2 occur in 60% of melanoma cell
lines (4, 5), and disease-specific germ line mutations are found in
many 9p21-linked melanoma families (14, 15). Melanomas frequently
contain deletions of the short arm of chromosome 1 (16), a region that
also shows genetic linkage in several familial melanomas (15). Inter
estingly, deletion of the short arm of chromosome 1 is the most
common genetic abnormality in human neuroblastomas (17, 18).
Furthermore, melanocytes and neuroblasts are both derived from the

and not amplified. For LOH studies, constitutional DNA corresponding to the
neuroblastoma samples was extracted and processed as described previously
(17). DNA samples from unrelated probands of 31 Centre d'Ã©tudedu poly
morphisme

humain pedigrees were provided by H. Donis-Keller.

described previously (15). One primer pair covered exon 1. Three primer pairs
spanning overlapping regions designated as A, B, and C covered exon 2. SSCP
was performed as described (15), with the following modifications. Samples
were electrophoresed at 25Â°Con a 4.5% polyacrylamide gel in IX TBE (90
mm Tris-borate, 2 IHMEDTA) at 25 W for 4 h. Duplicates were run at 25Â°Con
a 0.5X MDE gel (AT Biochem, Malvern. PA) with 5% glycerol in 0.6X TBE
at 6 W for 12 h. Variant bands were cut from the gel and used directly as a
template for a second PCR reaction under the same conditions as described
above. The PCR product was then sequenced in both directions with the same
primers using methods described previously (19).
LOH Analysis. A microsatellite repeat within IFNA, which also maps to
9p21 and is adjacent to CDKN2, was PCR amplified from 17 paired normal
and tumor DNA samples using primers derived from the Genome Data Base.
One primer was end labeled with y-'2P using T4 polynucleotide kinase. PCR
was performed in 20-/il volumes containing 2 Â¡u10X PCR buffer II (Perkin
Elmer/Cetus, Branchburg, NJ), 0.4 mM each primer, 0.1 mM each dNTP, 0.2
units AmpliTaq DNA polymerase (Perkin Elmer/Cetus), 1.5 mM MgCK, and
20 ng DNA. Reactions were amplified for one cycle at 95Â°C(3 min); for 16
cycles at 95Â°C(45 s) with the annealing/extension temperature starting at 70Â°C
and decreasing by 0.7Â°Ceach cycle (1 min); 25 cycles at 95Â°C(45 s), 55Â°C(30
s), and 72Â°C(1 min); and for one cycle at 72Â°C(5 min). LOH analysis was
performed as described (16).

Results
To first confirm the sensitivity of our PCR-SSCP
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Constitu

tional DNA samples of eight patients with germ line CDKN2 substitutions (one
substitution in exon 1 and seven substitutions in exon 2) were a gift from
N. Dracopoli (15).
PCR-SSCP and DNA Sequencing. PCR of CDKN2 was performed as

method, we

examined exons 1 and 2 of CDKN2 in the constitutional DNA of eight
melanoma patients with known germ line CDKN2 substitutions. In
each case, a variant band was clearly detectable by PCR-SSCP. Fig.
1 shows the three germ line samples with substitutions in exon 2
(region C) used as controls (Lanes 6-9). While not all mutations were
seen on the polyacrylamide gels without glycerol, glycerol-supple-

mented MDE gels detected all substitutions.
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Fig. 1. PCR-SSCP analysis of CDKN2 exon 2 region C in neuroblastomas. Radiolabeled primers were used to amplify region C of exon 2 by PCR. The amplified product
was denatured and run on a 0.5X MDE gel containing 5% glycerol in 0.6X TBE at 25Â°C
and detected by autoradiography. A. five representative neuroblasloma cell lines (Lanes
7-5): three different known germ line substitutions of melanoma patients serving as
positive controls (Lanes 6-8) and genomic DNA of a healthy person serving as a negative
control (Lane 9). No variant bands are seen in the neuroblastoma cell lines while all germ
line substitutions of the controls are detected. B. five representative neuroblastoma tumors
(Lanes 1-5), positive controls (Lanes 6-8), and negative control (Ltme 9). Lanes 3 and 6
have been substituted with longer exposures to normalize for unequal signal intensity.
Only one tumor shows an abnormal SSCP pattern (Lane j), subsequently shown to be a
polymorphism, while all of the positive controls are detected.

Having confirmed the sensitivity of our PCR-SSCP method, we
then examined the CDKN2 coding region of nine neuroblastoma cell
lines by PCR-SSCP. PCR amplification produced specific bands in all
cell lines, indicating the absence of homozygous deletions. No aber
rant bands were detected by SSCP, indicating the absence of muta
tions in the coding region. Fig. IA depicts five representative samples
(Lanes 1-5).
Subsequently, we investigated 18 primary tumor samples for the
presence of CDKN2 mutations. Specific bands were amplified in all
tumors, again suggesting the absence of homozygous deletions. Only
one tumor showed aberrant bands by SSCP, in region 2C of exon 2
(Fig. IB, Lane 3). This variant appeared to be a polymorphism,
because the SSCP pattern was identical to a genomic sample contain
ing a known polymorphism in exon 2C (Fig. IÃŸ,Lane 7). Further
more, identical variant bands were also present in constitutional DNA
from this patient as well as in 3 of 31 unrelated normal control DNAs
(data not shown). This suspected polymorphism was confirmed by
sequencing the variant bands of both tumor and constitutional DNA,
both of which showed a G to A transversion at nucleotide position 436
in codon 140 as the only nucleotide change (data not shown). This
transversion causes an alanine to threonine change and is a previously
described, rare polymorphism (14, 15). The reported frequency of this
polymorphism is similar to that which we observed in 64 chromo
somes (hÃ©tÃ©rozygote
frequency of 6%).
To determine whether allelic loss occurs at 9p21 in neuroblastomas,
we looked for loss of heterozygosity using a PCR-based polymor
phism at the IFNA locus, which is closely linked to CDKN2 (5). Nine
of 16 examined tumors were informative for this microsatellite repeat
at IFNA. However, no tumor showed evidence of LOH (data not
shown).
Discussion
We did not detect homozygous deletion of CDKN2 in any of the
neuroblastoma cell lines, confirming preliminary data of Kamb et al.
(5). Furthermore, we found no homozygous deletion of CDKN2 in

primary tumors, regardless of disease stage or the MYCNamplifica
tion status. The incidence of homozygous deletion in primary tumor
samples might be underestimated by PCR because amplification of
wild-type CDKN2 from contaminating normal cells could occur
within the tumors. However, amplification of a contaminating wildtype alÃ-elewould not be expected in the clonal, homogeneous cell
lines. The incidence of homozygous deletions for CDKN2 is usually
higher in cell lines compared to tumors, and the reverse has not been
described. Thus, the absence of homozygous deletion in neuroblas
toma cell lines makes it highly unlikely that the failure to detect deletions
in primary tumors was an artifactof the PCR technique.This is supported
by the absence of allelic loss at 9p21 in the vicinity of CDKN2, as
determined by the absence of LOH for IFNA. Therefore, we conclude
that CDKN2 is not homozygously deleted in neuroblastoma.
We did not find mutations in the coding region of CDKN2 in either
neuroblastoma cell lines or primary tumors. Because the primers used
span the intron-exon boundaries of exons 1 and 2, splice junction
mutations should have been detected. In general, the sensitivity of
SSCP analysis for intragenic mutations is less than 100%, and our
SSCP assay was not designed to detect mutations in promoter regions
and within introns, which might impair the expression of CDKN2.
Furthermore, exon 3 of CDKN2 was not examined, because no mu
tations have been described previously in the few base pairs of exon
3 that contribute to the coding region of CDKN2. Therefore, it is
remotely possible that undetected mutations exist. However, the de
tection rate of 100% for eight known germ line CDKN2 substitutions
suggests a high sensitivity of the SSCP technique used. In addition, it
also detected the most common reported CDKN2 polymorphism in the
tumor samples, with the expected frequency. Taken together, we
conclude that the likelihood of undetected mutations is low and
that the coding region of CDKN2 is not commonly mutated in
neuroblastoma.
Several studies have shown an inverse relationship between pl6
and pRb expression (20-22), supporting the evidence of a negative
feedback loop between pRb and pi6 (20). Furthermore, these findings
suggest that altering the activity of only one of the molecules involved
in the control of the G,-S transition, such as piÃ³,CDK4, cyclin D, or
pRb, might be sufficient to contribute to a malignant phenotype. This
view is further supported by evidence that CDK4 amplification with
overexpression is found in 20% of glioblastomas not containing
homozygous CDKN2 deletions, thus increasing the rate of glioblas
tomas with aberrations in either gene to 75% (8). Since RBI expres
sion is readily detectable in most neuroblastomas,4 homozygous de
letion of RBI or point mutations leading to abrogation of RBI gene
expression must be rare in neuroblastoma. Since we have not inves
tigated the other components that regulate G,-S transition, it is con
ceivable that alterations of CDK4, cyclin D, or p21 exist in neuro
blastomas, which could lead to the same phenotype as mutations of
CDKN2. Alternatively, alterations in the CDK4-mediated G,-S check
point might not be important in neuroblastoma. In any case, disruption
of the CDKN2 gene apparently is not required for malignant trans
formation of neuroblastoma.
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