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ABSTRACT

The inactivation of the tumor suppressor gene p53 has been demon
strated in a variety of human tumors. In this study, we present a p53
gene analysis of 13 uterine carcinoma cell lines. Sequencing analysis of
the entire coding region revealed mutations changing the p53 amino acid
composition in all six endometrial carcinoma cell lines tested (Ishikawa,
Hecl-A, Hecl-B, RLE, RL95-2, and AN-3). Of the seven cervical carci
noma cell lines, two (HT-3 and C-33A) contained p53 codon changes as
well. We were unable to detect human papillomavirus in these two cell
lines. By contrast, five human papillomavirus-positive cervical carcinoma
cell lines (HeLa S-3, Cask!, Sil la, (--II. and ME-180) contained wild-
type p53 gene sequences. We suggest that, in the human papillomavirus-
positive cervical tumors, p53 inactivation occurred via the known mech
anism of viral E6/cellular p53 protein association, whereas in all other
tumors p53 function was compromised by changes in the amino acid
sequence.

INTRODUCTION

Genetic analysis of human tumors strongly suggest that a
number of gene defects accumulate over time and cooperate to
bring about derailment of growth control that finally results in
malignancy (1). Among the genes affected, tumor suppressors
play a prominent role because their function as guardians of
euplasia appears to be impaired at key stages of oncogenesis
(2). One of these genes, p53, has been implicated in a wide
variety of human tumors including, but certainly not limited to,
cancer of the colon (3, 4), breast (5, 6), lung (7, 8), and brain
(9). Inactivation of p53 occurs by one or another of a variety of
mechanisms affecting one or both alÃelesof the gene or the
gene product itself. If both alÃelesare affected, no functional
p53 is produced at all (7, 10, 11). However, there are strong
indications that mutation of a single alÃelecan have a dominant
negative effect because simultaneous production of wild-type
and mutant protein chains can result in the assembly of non
functional p53 ( 12-14). Finally, certain viral regulatory proteins
can bind, and thereby functionally inactivate, the wild-type p53
protein (15-18).

The molecular genetics of uterine cancer has not yet been
thoroughly assessed despite the fact that this is a very prevalent
and often fatal disease worldwide (19, 20). Certain cervical
tumors have been shown to express HPV2 genes, and it has

been argued that these malignancies are caused, at least in part,
by the known association of p53 with HPV regulatory gene
products (18). By contrast, other forms of uterine cancer, no
tably the endometrial tumors, are not known to occur in the
wake of prevalent viral infections, suggesting that their p53
function, if affected at all, has been inactivated by a mechanism
other than association with a viral regulatory gene product. In
our p53 gene analysis, we compared cells derived from human
endometrial tumors with those derived from cervical cancers.
In endometrial cells and in those cervical cells that appear to
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be free of HPV sequences, we find p53 gene mutations at
positions known to affect p53 function. Conversely, cervical
cells that contain HPV sequences do not show p53 mutations.

MATERIALS AND METHODS

Cell Lines. Six endometrial carcinoma cell lines (Ishikawa, Hecl-A,
Hecl-B, RL95-2, RLE, and AN-3) and seven cervical carcinoma cell
lines (Caski, SiHa, HT-3, C33-A, C-4I, ME-180, and HeLa S-3) were
analyzed. We received the Ishikawa cells from Dr. M. Nishida (21),
and the other cell lines from the American Type Culture Collection
(Rockville, MD). All cell lines were maintained under conditions rec
ommended by the suppliers.

Southern Blot Analysis. High-molecular-weight genomic DNAs were
extracted using a published proteinase K/phenol protocol (22), and
human placenta! DNA was obtained from Oncor, Inc. DNA samples
were digested with restriction endonucleases as directed by the supplier,
BRL, Inc. Digested DNA samples (10 Â¿ig)were separated by electro-
phoresis on 0.8% agarose gels and transferred to a nylon membrane.
Membranes were hybridized with 32P-labeled p53 probes. The plasmid
php53c-l containing the/753 complementary DNA was kindly supplied
by Dr. M. Oren (23). The 1.9-kilobase fragment of php53c-l, including
the entire p53 coding region, was used as a probe. This fragment was
labeled with [a-"P]dCTP, using the Random Primer Kit (Stratagene,

Inc.).
RNA Isolation and Northern Blot Analysis. Total RNA was extracted

from cells by the guanidinium thiocyanate extraction procedure (24).
Total placenta! RNA was obtained from Clontechjnc. Samples (20 jig)
were denatured with 6.3% formaldehyde and 50% formamide, subjected
to electrophoresis on a 1% agarose gel, transferred to a nylon mem
brane, and hybridized with labeled p53 probes.

PCR and Primers. Complementary DNA was generated from total
RNA using 200 units of the Moloney strain of murine leukemia virus
reverse transcriptase (Bethesda Research Laboratories, Inc.) with oligo
(dT) as a primer. A 1.3-kilobase fragment including the entire p53
coding region was generated from the complementary DNA by PCR.
Assays (100 /il) contained 400 ng of primers, 1.5 mM MgCl2, 50 mM
KC1,0.2 mM deoxyribonucleoside triphosphate, 2.5 units of Tag polym
erase (Perkin-Elmer Cetus), and 10 mM Tris-HCl (pH 8.3). For ampli
fication, we used 35 cycles of 94Â°Cdenaturation (1.5 min), 65Â°C
annealing (1.5 min), and 72Â°Cextension (2 min) in an automated
Perkin-Elmer Cetus thermal cycler. The 5' primer was AAG CTT CCA
CGA CGC TGA CAC GCT TC, and the 3' primer was GAA TTC
CGC ACÃ• CCT ATT GCA AGC AAG G. The 5' primer was fitted
with Hind\\\ sites and the 3' primer with Â£coRI sites to facilitate

cloning. Primers were synthesized in a Biosearch Series 8000 DNA
synthesizer.

Cloning and Dideoxy Sequencing of Amplified DNA. The PCR prod
ucts were digested with HindlU and Â£coRI,purified from 1% agarose
using the Gene Clean kit (BIO 101), and ligated to HindlU-, EcoRl-
digested PGEM-3Z plasmid. A mixture of more than 100 subcloned
plasmid clones was pooled and used as templates in the sequencing
reaction (a) to confirm that sequence variations were not due to
amplification (9) and (b) to exclude the possibility that the individual
cell lines contained mixtures of mutant and wild-type p53 transcripts.
Sequencing was performed by the dideoxy chain termination method
using a Sequenase 2.0 kit (United States Biochemical, Inc.), with
primers derived from the p53 coding sequence.

RESULTS

Our study began with an assessment of the p53 gene locus in
all 13 tumor cell lines. High-molecular-weight DNA prepared
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from each of the cell lines was digested with either Hindlll,
PvuH, or Xbal and subjected to Southern blot analysis, using
UK 1.9-kilobase p53 gene probe. There were no detectable
deviations from the pattern obtained with a wild-type control
(data not shown), suggesting that no gross rearrangement of
thep55 gene locus exists in any of the 13 cell lines.

Expression of the p53 gene in the various tumor cell lines
was examined by Northern blot analysis of total RNA. As
shown in Fig. 1, all cell lines contain readily detectable levels
of a 2.6-kilobase />53-specific mRNA, corresponding in size to
the known wild-type moiety (11). A human -y-actin probe served

as an internal control for possible variations in the amount of
RNA loaded from each sample. The cervical carcinoma cell
lines HT-3, C-33A, ME- 180, SiHa, and Caski all had elevated
levels of p53-specific RNA, compared with the human placenta
control. Elevated levels of p53 RNA were also noted in the
endometrial tumor cell lines Hecl-B, Hecl-A, RL95-2, and

KLE.
The p53 gene is found mutated in a wide variety of human

tumors. The most common types of mutation are small dele
tions and point mutations that alter the genetic code and, hence,
the amino acid sequence of the p53 peptide chain (25). Such
subtle gene alterations may well escape detection by Southern
blot analysis. In order to assess the prevalence of such gene

A T C
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18S
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Fig. I. RNA blot analysis of p53 transcripts in human uterine carcinoma cell
lines. Each lane contains 20 ^g of total RNA. The 1.9-kilobase fragment of
plasmid php53c-l was hybridized with a 2.6-kilobase, p5J-specific mRNA. A 7-
actin probe was used as a control. The positions of 28S and 18S rRNA are
indicated.

Table 1 p53 gene mutations in endometrial tumor cell lines

CelllineIshikawa

Hecl-A
Hecl-B
RL95-2
KLE
AN-3Mutation

(nuclcotide)ATGâ€”

GTG
CGGâ€”CAG
CGCâ€”CAG652-654

deleted
CGCâ€”CAC
CGAâ€”CAACodon246

248
248
218
175
213Amino

acid
changeMetâ€”Val

Argâ€”Gin
Argâ€”¿�Â»Gin
Valâ€”Â»deleted
Argâ€”His
Argâ€”Gin

G-J deletion
G

RL95-2

GATC

C
A
A

AN-3

C
G
A

Fig. 2. Examples of p53 gene sequence analysis of human endometrial carci
noma cell lines. The templates used for the sequencing reactions consisted of a
mixture of more than 100 plasmid clones generated from PCR products. Sequenc
ing was performed by the dideoxy chain termination method. Upper left, deletion
of 3 bases at position 652 to 654 causing the deletion of codon 218 in the RL95-
2 cell line; upper right, wild-type sequence; lower left, the AN-3 cell line showing
a CGA to CAA (arginine to glutamine) mutation at codon 213 in exon 6; lower
right, wild-type sequence. The arrows indicate the positions of mutations or
deletions.

alterations in uterine carcinomas, we sequenced the entire cod
ing region of p53 present in transcripts of all 13 tumor cell
lines.

The results obtained with the endometrial carcinoma cell
lines are summarized in Table 1. The A â€”¿�Â»G point mutation
at nucleotide 736 found in the Ishikawa cell line results in a
methionine to valine change of codon 246. The Hecl-A and the
Hecl-B cell lines both had a G â€”¿�Â»A mutation at nucleotide 524,
resulting in an arginine to glutamine change of codon 213. This
is remarkable in view of the fact that the tumors from which
these two cell lines were derived, although present in the same
patient, had quite distinct characteristics (26). In cell line RL95-
2, the entire valine codon 218 was found deleted, whereas the
remaining two cell lines contained missense mutations caused
by G â€”¿�Â»A substitutions (Fig. 2). Thus, p53 gene mutations were
detected in all endometrial tumor cell lines tested.

In the cervical carcinoma cell lines, point mutations in the
p53 transcripts were found in only two of the seven lines tested
(Table 2). The HT-3 cell line contained a G â€”¿�Â»T mutation at
nucleotide 734, resulting in a glycine to valine change of codon
245 (Fig. 3). In cell line C-33A, a C â€”¿�Â»T mutation at nucleotide
817 resulted in an arginine to cysteine change at codon 273
(Fig. 3). These two cell lines do not contain detectable levels of
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Table 2 p53 gene mutations in cervical Iunior lines

CelllineHeLa

S-3
Caski
SiHa
C-4I
ME-180
HT-3
C-33AMutation

HPV(nucleotide)+

None
+ None
+ None
+ None
-I- None

GGCâ€”GTC
CGTWTGTCodon245273Amino

acid
changeGly-Â»Val

Argâ€”>Cys

GATC GATC

-
C
T
G

C
G
G

HT-3 Wt.

domains of the p53 peptide that are known targets of mutation
(25). Interestingly, five of the cervical tumor lines did not
contain p53 gene mutations.

Considering first the endometrial tumors, there is no appar
ent correlation between their histology and the mechanism of
p53 inactivation. The Ishikawa cell line is derived from a well-
differentiated adenocarcinoma (21), Hecl-A, Hecl-B (26) and
RL95-2 (32) are from moderately differentiated adenocarcino-
mas, and KLE (33) and AN-3 (34) are from poorly differen
tiated adenocarcinomas. Thus, irrespective of which gene prod
ucts may have triggered the initiation and influenced the path
way of oncogenesis in these various tumors, p53 mutation is
clearly their common denominator.

This is not so in the cervical tumor lines. Those two that
contained mutations lacked HPV sequences and, vice versa, the
five cervical tumor lines that contained integrated HPV se
quences lacked p53 mutations. The viral gene regulator E6 has
been shown to bind p53, and this association is thought to
impair p53 action in vivo (18). Our findings support this view,
and they confirm a study of cervical tumor lines that was
published recently, after our experiments had been completed
(35). While inactivation ofp53 appears to be an obligatory step
in uterine cancer, our studies suggest that p53 gene mutations
and HPV-mediated functional p53 inactivation serve the same
goal, depriving the uterine cell of a chief guardian of euplasia.

GATC GATC
â€”¿�I

G-T
G

G
C
G

C-33A
Fig. 3. Examples of p53 gene sequence analysis of human cervical carcinoma

cell lines. Upper left, the G to T point mutation at codon 245 of exon 7 resulting
in an amino acid change of glycine to valine in the HT-3 cell line; upper right.
wild-type sequence; lower left, the C to T point mutation at codon 273 of exon 8
resulting in an amino acid change of arginine to cysteine in the C-33A cell line:
lower right, wild-type sequence.

integrated HPV sequences. The remaining five cells lines did
not contain p53 gene mutations. Each of these cell lines (HeLa
S-3, Caski, SiHa, C-4I, and ME-180) contains integrated HVP
DNA (27-29).

DISCUSSION

Our study reveals mutations or small deletions of the p53
gene that lead to codon changes in 8 of the 13 uterine carcinoma
cell lines tested. The point mutations of five cell lines that we
detected involve G:C to A:T transitions at CpG sites that are
known hot spots for p53 gene mutations in human tumors,
attributed to deamination of methylcytosine (for review, see
Refs. 30 and 31). The point mutations reported here are clus
tered in well-conserved regions of the p53 sequence, affecting
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