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Alterations

Shujing Zhang,' Sumio Endo,! Hisashi Koga,' Tomio Tchikawa,' Xuelian Feng,! Kiyoshi
Onda,” Kazuo Washiyama' and Toshiro Kumanishi®?

'Department of Molecular Neuropathology, Brain Research Institute, Niigata University, 1 Asahimachi-
doori, Niigata 951 and *Department of Neurosurgery, Brain Research Institute, Niigata University, 1
Asahimachi-doori, Niigata 951

A total of 10 glioma cell lines were examined for alterations of the p76, p15, p53 and p21 genes, which
are tumor suppressor genes or candidates with direct or indirect CDK-inhibitory functions. Genetic
alterations (deletions or mutations) were frequently seen in the p76, pI5 and p53 genes in these cell
lines, but not in the p21 gene. When the states of the pl6, pi5 and p53 genes were compared among
cell lines, all the cell lines showed abnormalities in at least 1 gene, often in 2 or 3 genes coincidentally,
suggesting that dysfunction of these genes is closely related to glioma cell growth. Although alteration
of all 3 genes was most frequent, there were cell lines having either p16/p15 or p53 or p16 and p53 gene
alterations, suggesting that the time order of these genetic alterations was variable depending on the
cell line. Among cell lines examined, one with homozygous p53 gene deletion seemed of particular
practical value, since such a cell line might be useful in various studies, including investigation of the
functions of various mutant p53 genes in the absence of heteromeric protein formation. On examina-
tion of the primary tumor tissues, the same alterations of the p16/p15 and p53 genes as detected in the
cell lines were demonstrated in all 6 cases examined: pI6/pI15 gene deletion in 1, pI6 gene mutation
in 1 and p53 gene mutations in 5 cases. This suggested that the p16/p15 and the p53 gene alterations
and their combinations in at least some glioma cell lines reflected those in the primary glioma tissues.
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The p33 tumor suppressor gene is located on chromo-
some 17p13.1, consists of 11 exons and encodes p53
protein."® The p53 protein regulates cell proliferation
through activation of transcription of the p21 (Wafl,
Cipl, 8dil, MDA®6, CA20) gene,” a CDK-inhibitor gene
_located on chromosome 6p21, the product of which binds
to and inactivates various CDKs and PCNA, and ulti-
mately suppresses cell proliferation.”” Various human
tumors contain p53 mutations, mainly in exons 5 through
8, which include the phylogenetically highly conserved
domains 2-5.¥ On the other hand, the more recently
isolated pl6 (MTS1, INK4, INK4A, CDKN2) gene, a
candidate tumor suppressor gene, is located on a different
chromosome, 9p21, consists of 3 exons and encoedes pl6
protein that suppresses cell proliferation during G1 by
inhibiting the activities of CDXs 4 and 6. pl6 gene
alteration (usually deletion) has also been detected com-
monly in various human malignancies,™ ' 2 often
associated with deletion of the pI5 (MTS2, INK4B)
gene, which is another candidate tumor suppressor gene
located in the vicinity of the structurally and functionally

* To whom correspondence should be addressed.
Abbreviations: CDK, cyclin-dependent kinase; GAPDH,
glyceraldehydephosphate dehydrogenase; PCNA, proliferating
cell nuclear antigen; PCR, polymerase chain reaction; SSCP,
single strand conformation polymorphism.
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similar pI6 gene.®'*'*2"2) Compared with many other
tumor-related genes, the p353 and the pI6 genes are al-
tered at high frequencies within a given type of tumor.
This suggested that inactivation of ecither gene is very
important and might play a major role in carcinogenesis
in many tumors. However, genetic alterations of these
genes in individual tumors have not been evaluated in
many tumors, including gliomas. Analysis from- this
viewpoint scems essential to gain insight into the mecha-
nism of multistep carcinogenesis, which may vary
depending on tumor type and individual tumor,

In this study, we examined and compared 10 glioma
cell lines for genetic alterations of the pl6, p15, p53 and
p21 genes. In some cases, primary glioma tissues from
which the cell lines had been derived were also examined
for pi16, pi15 and p53 gene alterations and the findings
were compared with those in the cell lines.

MATERIALS AND METHODS

Glioma cell lines Ten glioma cell lines were used (Table
I). Nine {cases 1-6 and 8-10) had been established in our
institute,”*** and the other was U-25IMG (case 7).2”
DNA isolation DNA was isclated from glioma cell lines
and frozen primary glioma tissues by the method of Blin
and Stafford™” and from paraffin-embedded glioma tissue
sections by the method of Goelz et al 3V
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Table I. Summary of Genetic Alterations in Human Glioma Cell Lines
Case Primary tumors Genetic alterations in cell lines
o J ramor Pztil;;fog;iif’)l p16” pis? p33° P2
4 63/ M It F anaplastic del del 237 (Met-Tle)? — (C/C)
glioma
5 27/M rt. P anaplastic del®? del”” 273 (Arg-Cys)® — {C/A)
glioma
7 75/M P glioblastoma del del 273 (Arg-His) — (C/C)
8 62/M It. T anaplastic del del 273 (Arg-Cys) — (C/C)
glioma
9 51/M rt. T anaplastic del del - — (C/A)
glioma
10 58/M It. T anaplastic del del — — (C/C)
glioma
2 64/M I F anaplastic del — Intron 9 (Splice)? — (A/A)
glioma
1 38/F It. T anaplastic 83 (His-Tyr)® — del — {C/A)
glioma
3 64/F rt. P glioblastoma — - 245 (Gly-Ser)” — (C/A)
6 62/M It. P anaplastic — - 273 (Arg-Cys)®? — {A/A)
glioma

a) Age, years; M, male; F, female.

b) rt, right; 1It, left; F, frontal; P, parietal; T, temporal,

¢) Anaplastic gliomas belong to grade 3 and glioblastomas belong to grade 4 astrocytomas according to the
classification propesed by Kernohan et al.* Based on WHO ecriteria,” the former belong to grade 3 astro-
cytomas and the latter to grade 4 glioblastomas.

d) del, homozygous deletion; number, number of codon with missense mutation indicated; —, neither homo-
zygous deletion nor detectable mutation.

e) del, homozygous deletion; —, neither homozygous deletion nor detectable mutation.

/) del, homozygous deletion; numbers, numbers of codons with missense mutations indicated; intron 9 (splice),
splice mutation at the splice donor site (gt-tt) in intron 9; —, neither homozygous deletion nor detectable
mutation. In all the cell lines with mutation, hemizygosity was suggested from the absence of normal bands in
SSCP analysis. Data for some cases (cases 2-7) were from our previous study.®

g) —, neither homozygous deletion nor detectable mutation. In parentheses, polymorphic changes at codon 31
are shown by C/C (homozygous AGC), A/A (homozygous AGA) and C/A (heterozygous AGC and AGA),
h) The same genetic alteration was detected in the primary glioma tissues from which cell lines were derived,

though the state of the other allele was not clear due to possible contamination with normal cell elements.

Southern blot analysis For examination of the p/6 and
the pl15 gene deletions, 10 ug of EcoR I-digested DNA
was electrophoresed and transferred to nitrocellulose
membranes.””® The membranes were prehybridized,
hybridized with **P-labeled probes and autoradiographed
as described previously.®® The probes were PCR-ampli-
fied p16 gene exons 1, 2 and 3 which were prepared using
the primers described by Kamb et al. (2F and 1108R),”
Mori et al.*® and Nobori et al. (CDK4I3"),'” respec-
tively. The pl15 gene deletion was examined by the use of
the pi6 exon 2 probe which could detect the pIJ5 gene
exon 2 through cross-hybridization.” 3 8-1008 cDNA?®
was used as a control probe.

In cases without homozygous deletion of the pl6 gene,
the 5'CpG island of the pI6 gene was examined for

methylation according to Merlo ef af.*? Briefly, 10 1g of
DNA was doubly digested with EcoR I and a methyl-
ation-sensitive enzyme, Sma I or Sac 11, electrophoresed,
blotted, hybridized with **P-labeled p16 exon 1 probe and
examined for small DNA fragments generated by the
methylation-sensitive enzymes (0.65 and 0.4 kbp bands in
Sma I and 3.3 and 0.3 kbp bands in Sac II digestions).

For examination of the p27 gene, the same membranes
as those used for examination of the p/6 and the p15 gene
deletions were hybridized with a p2I exon 2 probe pre-
pared by PCR using the primers described.’®

For examination of p53 gene deletion in 1 case (case
1), DNA was digested with either BamI I or EcoR 1,
electrophoresed, blotted and examined with a p33 cDNA
probe which was prepared from wild-type p53 mRNA by
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RT-PCR and contained sequences corresponding to
exons 46,

PCR-SSCP analysis For examination of the pI6 gene,
two-step PCR was performed as described previously.*®
In the first PCR, the PCR mixture, 50 #l in volume,
containing 100 ng of high-molecular-weight DNA or 1
#g of DNA extracted from paraffin sections was sub-
jected to amplification. The primers for pf6 exons 1 and
3 were the same as those described in probe preparation
for Scuthern blot analysis. For examination of pl6 exon
2, regions corresponding roughly to the 5° half and the 3’
half were scparately amplified using the primers
described.*” The PCR products obtained were purified
and subjected to a second PCR amplification. In the
second PCR, the PCR mixture, 10 ¢l in volume, con-
tained the same concentrations of reagents as in the first
PCR, except that [¢-?P]dATP was added and the
amount of unlabeled dATP was decreased. Primers were
the same as those used in the first PCR. For SSCP
analysis, the second PCR producis were diluted,”
denatured at 95°C for 5 min, electrophoresed in 6%
non-denaturing polyacrylamide gel at 4°C and exposed to
X-ray film.

PCR-S8CP analyses of pi5 exons 1 and 2, p2] exon 2
and p53 exons 49 were performed under the same
experimental conditions as described above except for the
primers used. Primers for pI5 exons 1 and 2 were as
described by Okuda et al.®" and Kamb et al.,” respec-
tively. Primers for p21 exon 2 in the first PCR were as
described for probe preparation for Southern blot analy-
sis. In the second PCR, regions corresponding roughly to
the 5" half and the 3" half of p21 exon 2 were separately
amplified. For the former, the sense primer was the same
as that used in the first PCR and the antisense primer was
5-AGAGCTTGGGCAGGCCAAGG-3’, while for the
latter, the sense primer was 5 -CTTCGCCTGGGAGC-
GTGTGC-3’ and the antisense primer was the same as
that used in the first PCR. Primers for p33 exons 4-9
were those described in our previous report.”
Nucleotide analysis The first PCR products described
were ligated to the Sma I cloning site of pUC118 plasmid
vector. The recombinant plasmids were transfected into
competent JM 109 E, coli cells, propagated and purified.
The clones obtained were sequenced on both strands by
the dideoxy chain-termination method® using TaqTrack
Sequencing Systems (Promega, Madison, WI). In each
experiment, sequencing was performed on 4-8 recombi-
nant plasmids derived from different bacterial colonies.
To confirm the mutation, a second PCR and subsequent
nucleotide analyses were performed.

Northern blot analysis For Northern blot analysis of pI16
mRNA, 10 ug of total RNA was electrophoresed on a
1.3% agarose gel and transferred to nitrocellulose mem-
“branes as described by Thomas.*® The membranes were
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prehybridized and then hybridized with the **P-labeled
pl6 gene exon 1 probe by the same method as described
for Southern blot analysis. After hybridization, the mem-
branes were washed to a final stringency of 0.1 X SSC
and 0.1% sodium dodecyl sulfate for 30 min twice at
68°C and exposed to X-ray film.

RESULTS

Analysis of pl16 and pI5 gene deletions Southern blot
analyses of the pI16 and the pI5 genes were performed on
EcoR I-digested DNA using the pI6 exon 1, 2 and 3
probes. In the control placenta, the pI6 exon 1 and the
pI6 exon 3 probes revealed a single band, 4.3 kbp and 4
kbp, respectively, and the p/6 exon 2 probe revealed two
bands, 4 kbp and 5.6 kbp, of which the 4 kbp band was
from the pl6 gene (Fig. la). In the examination of
glioma cell lines, 7-cell lines (cases 2, 4, 5 and 7-10)
showed no bands for the pI6 gene with any of the 3
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Fig. 1. Southern blot analysis of the pI6 and the pI5 genes.
a) Glioma cell lines, Southern blots of EcoR I-digested DNAs
were hybridized with either the pI6 exon 1 or the pI6 exon 2
probe. With either probe, the band for the pI6 gene is seen in
3-cell lines (cases 1, 3 and 6}, but not in the remaining 7-cell
lines (cases 2, 4, 5 and 7-10). A similar result was obtained
with the p/6 exon 3 probe (data not shown). On examination
with the pI6 exon 2 probe, the band representing the pl3
gene which resulted from cross-hybridization is seen distinctly
in 3-cell lines (cases 1, 3 and 6) and faintly in l-cell line
{case 2), but not in the remaining 6-ceil lines (cases 4, 5 and
7-10). 8-1008 gene used as an internal control was hybridized
in the same membrane, C, control placental DNA. b) Pri-
mary glioma tissue of case 5. Southern blot of EcoR I-di-
gested DNA was hybridized with the pl6 exon 2 probe. Com-
pared with the control, bands for the p76 and the pI5 genes
are fainter in the primary glioma tissue of case 5. The S-1008
gene used as an internal control was hybridized in the same
membrane.



probes mentioned above (Fig. 1a), indicating a homo-
zygous deletion of the pl6 gene inveolving all 3 exons in
these cases. The remaining 3-cell lines (cases 1, 3 and 6)
showed bands for the pl6 gene with these probes.
Among the 7-cell lines with homozygous deletion of
the pl6 gene, 6 (cases 4, 5 and 7-10) also revealed
homozygous deletion of the p15 gene, as could be seen in
the examination with the pI6 exon 2 probe (Fig. 1a).
While a 5.6 kbp band for the pI5 gene, which resulted
from cross-hybridization due to the structural similarity
of exons 2 of the pI6 and the pl5 genes,”*” was seen
distinctly (cases 1, 3 and 6) or faintly (case 2) in 4-cell
lines, it was not seen in these 6-cell lines. Thus, frequent
homozygous deletions of the pI6 and the pl5 genes,
which were often coincidental, were found in our glioma
cell lines. In Table 1, these findings are summarized along
with other data.
Analysis of pI6 and pI5 gene mufations PCR-SSCP
analysis of the pI6 and the pl15 genes was performed on
the 4-cell lines (cases 1-3 and 6} in which the pI6 and/or
the pl5 genes were detected in Southern blot analysis.
Among these 4-cell lines, 3-cell lines (cases 2, 3 and 6)
revealed no abnormality in SSCP and nucleotide analyses
of the pi6 gene (exons 1-3) and/or the plJ gene (exons
1 and 2). However, in the case of the remaining 1-cell
line (case 1), aberrant bands suggesting an intragenic
mutation were detected in SSCP analysis of exon 2 of the
pl16 gene (Fig. 2a). From the absence of distinct normal
bands, deletion of another allele was suggested. Subse-
guent nucleotide analysis demonstrated a missense muta-
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Fig. 2. Detection of pI6 gene mutation at codon 83 in 1-cell
line (case 1) and the primary glioma tissue from which it had
been derived. a) SSCP analysis of the 5" half of pI6 exon 2 in
3.cell lines without homozygous deletion of the pI6 gene.
Electrophoretic mobility shifis are seen in 1-cell line (case 1}.
Note that normal bands are not seen in this cell line. Control,
placental DNA. b) Nucleotide analysis of the pi6 gene exon
2 in l-cell line (case 1) and the primary glioma tissue from
which it had been derived. A missense mutation at codon 83
(CAC-TAC, His-Tyr) is seen in PCR clones from the cell
line and the primary glioma tissue. The same mutation was
detected in all 9 PCR clones from the cell line and in 2 of 4
PCR clones from the primary glioma tissue.

o
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tion at codon 83 (CAC-TAC, His-Tyr) in exon 2 of the
pl6 gene (Fig. 2b) in all 9 plasmid clones derived from
two independent PCR products. Although the same mu-
tation has been found only rarely in some tumor tis-
sues,'®*" it causes severe functional inactivation as found
in in vitro assay systems.*?

Thus, pI6 and pl5 gene inactivations were demon-

strated in 8 (7 homozygous deletions and 1 mutation)
and 6 (6 homozygous deletions) of the 10 glioma cell
lines, respectively (Table I).
Analysis of the 5'CpG island of the pI6 gene with respect
to methylation In 3-cell lines (cases 1, 3 and 6) without
homozygous pl6é gene deletion, which included 2-cell
lines without mutation (cases 3 and 6) and 1-cell line
with a mutation (case 1), the 5°CpG island was examined
for methylation by Southern blot analysis using
methylation-sensitive enzymes, Sma I and Sac 11, accord-
ing to Merlo et al.*” In each cell line, the EcoR I-digested
fragment containing the 5'CpG island was further di-
gested to smaller fragments by these methylation-sensi-
tive enzymes, indicating that the sites for these restriction
enzymes in the 5'CpG island were not methylated (Fig.
3a). In agreement with this finding, Northern blot analy-
sis with the use of the pI6 exon 1 probe revealed bands
for pI6 mRNA™ in these 3 cases (Fig. 3b).
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Fig. 3. Analysis of 5'CpG island methylation of the pl4
gene in 3-cell lines without homozygous pI6§ gene deletion. a)
Southern blots of DNAs doubly digested with EcoR T and a
methylation-sensitive enzyme, Sma I, were hybridized with
the pI16 gene exon 1 probe. Each cell line shows only doubly
digested small DNA fragments. A band of about 1 kbp in
case 6 might be due to insufficient Sma I digestion, since the
signal density of this band was variable from experiment to
experiment. Double digestion with EcoR I and Sac II also
revealed only small DNA fragments (data not shown). E,
digested with EcoR [ alone. E/S, digested with EcoR I and
Sma I. b) Northern blot analysis with the pI6 exon 1 probe
shows bands representing pIl6 mRNA in these 3-cell lines
{cases 1, 3 and 6), but not in 1-cell line (case 7) with homo-
zygous plé gene deletion. GAPDH mRNA used as an inter-
nal control was hybridized in the same membrane.
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Fig. 4. Southern blot analysis of the p53 gene in l-cell line
(case 1). The Southern blot of BamII I-digested DNA shows
no band hybridized with the p53 c¢cDNA probe, indicating
homozygous p53 gene deletion. The Southern blot of EcoR
I-digested DNA. gave similar results (data not shown). Con-
trol, placental DNA,

Analysis of p53 gene mutations and deletion Using
PCR-SSCP and nucleotide analyses, we detected mis-
sense mutations in 6-cell lines (cases 3—-8) and a splicing
mutation in 1-cell line (case 2). Some of these data have
been reported previously.? All of the missense mutations
were located in the comserved domains, in previously
proposed hot spot codons or in their vicinity,® suggesting
that they were likely to affect the function of the p53
protein. The splicing mutation in 1-cell line was shown to
result in abnormal splicing.” In another cell line (case 1),
our previous study showed no PCR amplification in any
of the exons 4-9,% suggesting severe alieration of the p53
gene. In the present study, we performed Southern blot
analysis on this cell line using a p53 cDNA probe which
contained a sequence corresponding to exons 4-6. As can
be seen in Fig. 4, no hybridized band was detected after
either BamH 1 or EcoR I digestion. This finding strongly
suggested homozygous deletion of the p53 gene, which
has been described only rarely in cell lines of some
tumors,™ but not in gliomas or glioma cell lines. Thus,
p33 gene alteration with presumed functional inactiva-
tion was observed in 8 of the 10 glioma cell lines. In
Table I, the states of the p53 gene in these cell lines
detected in the previous® and present studies are shown
together.

Analysis of p21 gene In Southern blot analysis with the
p21 exon 2 probe, each cell line revealed a single 9 kbp
band in EecoR 1 digestion, suggesting the absence of
major rearrangement (data not shown). PCR-SSCP and
nucleotide analyses of the p2! gene were performed on
exon 2 which contains about 909% of the coding se-
quence. No abnormality was detected in any of the 10-
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cell lines including 2-cell lines without detectable p53
gene alteration (Table I). However, a polymorphism™ *
was seen at codon 31, which was homozygous AGC in 4,
homozygous AGA in 2 and heterozygous AGC and
AGA in 4-cell lines (Table I).

Examination of primary glioma tissues In some cases,
the p16 and p53 genes in the primary glioma tissues from
which the cell lines had been derived were also examined.
The p16 gene was examined in 2 cases (cases 1 and 5), in
which the cell lines showed homozygous pl6 and pi5
gene deletions (case 5) or a missense mutation at ¢odon
83 of the pI6 gene (case 1). In the former case (case 5),
Southern blot analysis of the primary tumor revealed
only faint bands of the p16 and the pI5 genes in examina-
tion with the pl6 exon 2 probe (Fig. 1b, Table I). In the
latter case (case 1), the same missense mutation (CAC-
TAC, His-Tyr) at codon 83 of the plI6 gene as in its cell
line was detected in 2 of 4 PCR clones from paraffin-
embedded tumor tissue (Fig. 2b, Table I). Examination
of the p53 gene in the primary tumor tissues was
performed in our previous study,” in which we detected
in 5 cases (cases 2-6) the same missense (cases 3—6) or
splicing (case 2) mutations as in the cell lines (Table I).
Thus, in all cases examined, the same genetic alterations
as in the cell lines were detected in the pI6 and the p53
genes in the primary gliomas, although the states of other
alleles were not clear due to possible contamination of
normal cell elements in the tumor tissues. These findings
strongly suggested that these gene alterations detected in
the cell lines had oecurred in the primary tumors.

DISCUSSION

In this study, we examined the states of the pI6, p15,
p33 and p21 genes in 10 human glioma cell lines which
had been derived from grade 3 or 4 malignant gliomas.?®
On examination of the pl6, pI5 and p53 genes, we
detected frequent alterations in each gene in our glioma
cell lines. In addition, when the states of the pI6, pI15 and
P33 genes were compared among cell lines, all the cell
lines showed abnormalities in at least 1 gene, and often in
2 or 3 genes coincidentally (Table I). Although ceinci-
dent p16 and p15 gene alterations were often observed in
various cell lines and tumors,” > %223 their coincidence
with p53 gene alterations seemed less common.'* * Thus,
the frequent alteration of each of these genes and the
frequent coincidence of alterations seemed to be a feature
of glioma cell lines, suggesting that alterations of these 3
genes are closely related with glioma cell growth. Arap et
al ™ obtained similar findings in pI6 and p53 genes in
their glioma cell lines. Although coincidental alteration
of all 3 genes was most frequent in our cell lines, some
showed either pl6/pl5 or p53 or pl6 and p33 gene
alterations (Table I). Thus, it was also suggested that the



time order of genetic alteration of these genes was varia-
ble from case to case.

During examination of the pl6 gene, we detected
homozygous deletion at a high frequency, in agreement
with previous results on glioma cell lines®'®'%3 and
primary™ 2" 4% and xenografted'” malignant glioma
tissues. In addition, we detected a missense mutation
(CAC-TAC, His-Tyr) at codon 83 of the pI6 gene in 1-
cell line {case 1), in which the lack of another allele was
suggested by SSCP and sequence analyses. Morcover, the
same mutation was found in the primary glioma from
which this cell line had been derived. Except for some
types of tumors,'®***-*Y mutation of the pI6 gene is
uncommon in many malignancies and, to our knowledge,
it has not been reported in gliomas. Although at present
the functional effect of individual mutations of the pIé
gene is largely unknown, some mutations have been
examined with respect to their effect on CDK-inhibitory
activity, using in vitro assay systems.*”*” Yang et al.*?
examined several mutations, including the same mutation
(His-Tyr) at codon 83 as in our cell line (case 1). They
showed that the mutational effect was variable, from
negligible to severe, depending on the mutation; and it
was rather severe in the case of the mutation (His-Tyr)
at codon 83, which reduced the CDK-inhibitory activity
to about 8% of the wild-type level. A decreased half-life
of the pl6 protein with this mutation has also been
reported.’” Thus, it was strongly suggested that the pI6
gene was severely inactivated in our mutant cell line and
that the inactivated gene was derived from the primary
glioma.

In 3-cell lines without homozygous plé gene deletion,
5'CpG island methylation was also examined. 5'CpG
island methylation was shown to be an important alterna-
tive mechanism of pI6 gene inactivation in recent stud-
ies.*%2 Merlo et al.*” reported that transcription of the
pl6 gene was blocked when the 5'CpG islands of this

‘gene were methylated. They found methylated 5'CpG
islands associated with blocked pf6 mRNA expression in
about 40-80% of carcinoma cell lines. Though it was less
frequent, about 20-30% of cases examined also showed
5°CpG island methylation in primary tumors, including
glioma tissues. However, in our 3 glioma cell lines with-
out homozygous deletion which included 2-cell lines
without mutation (cases 3 and 6) and 1-cell line with a
mutation {case 1), dysfunction of the pI6 gene due to
5'CpG island methylation was not suggested in Southern
and Northern blot analyses.

So far, p33 gene alterations in a variety of human
malignancies have been reported and the most frequent
alteration has been shown to be intragenic mutations
with or without hemizygosity. In accordance with this,
our glioma cell lines also revealed frequent mutations
with hemizygosity. In addition, we observed homozygous
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deletion of the p53 gene in 1-cell line (case 1). From the
present Southern blot and the previous PCR analyses,?
the deleted region was suggested to be extensive. Homo-
zygous deletion involving an extensive region of the p53
gene is extremely rare in various tumors* and, to our
knowledge, it has not been reported in gliomas or glioma
cell lines. By introducing a mutant p53 gene in such a cell
line, it should be possible to analyze in detail the function
of the expressed p53 in the absence of heteromeric p33
proteins.

Since cell growth control by the p53 gene is mediated
by the p21 gene,” genetic alteration of the p21 gene might
have the same effect as that of the p33 gene. However,
except for a polymorphic change at codon 31, we de-
tected no p2I gene alterations in our cell lines, including
2-cell lines without p53 gene alteration. Similar findings
have been reported in various tumors.* *»

In this study, we also examined pl6, pl5 and p53 gene
alterations in some of the primary tumor tissues from
which cell lines had been derived. In the cases of the pl6
and p1J genes, we examined 2 primary glioma tissues
{cases 1 and 5). Consistent with the observations in the
cell lines, pI6 and p15 gene deletions were presumed to
have occurred in one primary tumor (case 5) and the
same missense mutation of the pI6 gene was detected in
another (case 1). Regarding the p33 gene, we examined 5
primary tumors and demonstrated the same mutations as
those detected in the cell lines in all of these cases.” Thus,
although the states of other alleles in the primary tumors
were not clear due to possible contamination with normal
cell elements, it seemed likely that the p16, pI5 and p53
gene alterations and their combinations in at least some
of the glioma cell lines reflected those in the primary
tumors. Therefore, further detailed analyses of glioma
cell lines, including correlation of pI6, pI5 and p53 gene
inactivation with abnormalities of other tumor-related
genes,” through which we might gain insight into the
details of multistep carcinogenesis or progression of pri-
mary gliomas, are warranted.
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