
[CANCER RESEARCH 47. 4173-4177, August 1, 1987]

High Correlation between Molecular Alterations of the c-myc Oncogene and
Carcinoma of the Uterine Cervix1

Rodolfo Ocadiz, Rene Sauceda, Miguel Cruz, Ana M. Graef, and Patricio Ganglio2

Department of Genetics and Molecular Biology, CINVESTA V-IPN [R. O., R. S., P. G.], and Hospital de Especialidades, Centro Medico La Raza, IMSS [M. C.,
A. M. G.] Mexico, D.F. 07000

ABSTRACT

We have examined 35 human tumors of the uterine cervix (carcinoma
presenting the highest incidence in Mexico; about 34% of women's

malignant tumors) for alterations of the cellular myc (c-myc) protoonco
gene. Elevated amplification and/or rearrangement of the c-myc oncogene
were detected in most (approximately 90%) samples (48% showed am
plification and 43% presented both alterations). Most tumors were Stage
II cervical carcinomas and for some of them we detected up to 60-fold
amplification of c-myc. These results suggest an important role for c-myc
oncogene in the development of tumors of the uterine cervix.

INTRODUCTION

Cellular protooncogenes are a group of conserved nucleotide
sequences homologous to transforming genes of oncogenic
retroviruses (1,2). Even though their function is just beginning
to be understood, neoplastic transformation may be related to
protooncogene activation caused by point mutations, chromo
somal translocations, deletions, and gene amplification (1-4).
Amplification of several oncogenes has been reported in a high
number of human cancer cell lines (5-9) and in a few fresh
human tumors (10-15). The cellular myc (c-myc) protoonco
gene is the cellular homologue of v-myc, the transforming gene
from the MC29 retrovirus (16). The c-myc oncogene has been
found to be amplified in a wide variety of human cancer cell
lines, including a line (HL60) of cultured promyelocytic leuke
mia cells (10, 17), small cell lung carcinoma (8), neuroblastomas
(18, 19), COLO320 carcinoma (20), and one of five breast
carcinoma cell lines analyzed (7). In a recent study, c-myc
amplification was observed in about 10% of 71 epithelial car
cinomas studied (14). Since most of these analyses have been
performed on cultured cell lines, which exhibit varying degrees
of protooncogene amplification (5-8, 10, 21), it is not clear
how frequently alterations of these genes occur in vivo. Cancer
of the human uterine cervix is the most prevalent cancer in
several countries (22) including Mexico and affects primarily
women of low socioeconomic standards of living. In 35 fresh
cervical tumors (without radiation or chemotherapy) we have
analyzed c-myc alterations; surprisingly, in most of the samples
studied (about 90%) the c-myc gene was either amplified or
rearranged, or presented both alterations. Since lymphocytes
and normal uterine cervix samples from the same patients did
not present c-myc alterations, we suggest that this oncogene is
involved in at least some steps of uterine cervix tumorigenesis.

MATERIALS AND METHODS

Isolation of DNA. High molecular weight DNA was isolated from
normal human tissue and solid tumors obtained from untreated patients
(see Fig. 1); these tumors were provided by Centro Medico Nacional,
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IMSS; lymphocytes were fractionated in a Ficoll-Hypaque gradient.
The tissue was homogenized and washed twice in 160 mM NaCl-5 mM
Tris-HCl, pH 7.5, and then dissolved in lysis buffer (0.2% sodium
dodecyl sulfate-20 mM Tris-HCl, pH 7.5â€”1 mM EDTAâ€”300 mM
sodium acetate); the proteins were hydrolyzed with proteinase K (500
Mg/ml; Bethesda Research Laboratories) for 6 h at 37'C. The digested

mixture was extracted twice with an equal volume of phenol, twice with
an equal volume of phenol:chloroform (1:1), and twice with chloro-
form:isoamyl alcohol (24:1). Nucleic acids were precipitated with 2
volumes of ethanol and dried in a vacuum desiccator. The nucleic acids
were redissolved in 10 mM Tris-HCl, pH 8.0â€”1 mM EDTA buffer,
and RNA was hydrolyzed with pancreatic RNase A (100 Mg/ml; Sigma
Chemical Co.) at 37 Â°Cfor 1 h. Treatment with proteinase K (50 ^g/

ml), phenol extractions, and ethanol precipitation were repeated as
indicated above. The precipitated DNA was finally dissolved in 10 mM
Tris-HCl, pH 8.0â€”1 mM EDTA buffer and stored at 4"C.

Gel Electrophoresis and Southern Transfer. Gel electrophoresis in
0.9% agarose containing l Mg/ml ct Indium bromide (Sigma) was carried
out with a buffer containing 80 mM Tris phosphate, pH 8.0â€”8 mM
EDTA. ///Â«/III-digested phage X-DNA (0.3 fig/lane; Bethesda Re
search Laboratories) was included on every gel as a molecular weight
marker. Normal and tumoral DNA samples were digested with /â€¢.'<â€¢Â«RI
or Hindlll restriction endonucleases (4 units/jig of DNA; 12 h at 37Â°C;

Amersham) and then subjected to electrophoresis in horizontal agarose
slab gels (10 fig of DNA/lane, unless stated otherwise). Gels were
photographed under UV to ensure that an equal amount of DNA was
loaded in each lane. Transfer of DNA from gels to nitrocellulose sheets
(Bio-Rad) was performed essentially as described by Southern (23).

Radioactive Labeling of Cloned DNA. Standard nick translation
reactions (24, 25) were carried out according to manufacturer's instruc
tions ([a-32P]dCTP; Amersham). Specific activities were 2 to 4 x 10*
cpm/Mg DNA template. The human c-myc probe consisted of a 3.5-
kilobase DNA fragment, containing the entire first exon and the 5'

regulatory region of the c-myc gene, cloned in the pBR322 plasmid (see
Fig. 2).

Prehybridization Conditions. The filters were prehybridized at 42Â°C

during 24 h in a solution containing 50% formamide (v/v), 5x Den-
hardt's solution, 0.75M sodium chloride, 50 mM sodium phosphate,

5mM EDTA (pH 8.0), 0.1% sodium dodecyl sulfate, and 100 ng/ml
denatured salmon sperm DNA.

Hybridization Conditions. After prehybridization, DNA on nitrocel
lulose sheets was incubated at 42' ( during 24 h with "P-labeled DNA

probe in prehybridization solution; in general, we used 0.25-0.5 Â¿ig/
filter (1-2 x 10*cpm). Filters were washed several times; the final wash
was with 0.1% sodium dodecyl sulfateâ€”0.1x standard saline citrate at
50Â°C.The filters were exposed at â€”70'Cusing a Cronex Lightening

Plus intensifying screen and Kodak X-Omat AR-5 film for varying
lengths of time, and the autoradiograms were scanned in a DU-7
Beckman spectrophotometer.

RESULTS

Cellular myc DNA Amplified in Uterine Cervix Tumoral Sam
ples. We studied the alterations of the c-myc protooncogene in
purified DNA from 35 tumors of the uterine cervix. Most
tumors were stage II epidermoid (squamous cell) carcinomas
(Fig. 1). We detected c-myc amplification in 17 DNA tumor
samples, extracted from solid tumors of the uterine cervix and
analyzed after hybridization with the radiolabeled plasmid,
containing a 3.5-kilobase pair Hind\ll-Xbal insert from the first
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Fig. I. Microscopic aspect of typical sections from normal and tumorous
uterine cervix tissue. Top, normal tissue; bottom. Stage II carcinoma. H & E. x
400.
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Fig. 2. Physical map of the human c-myc gene. The diagram shows a 13-

kilobase pairs (Kb) EcoRl and a 12-kilobase pair Â¡lindin fragment enclosing the
c-myc gene. Boxes within the segment, the three c-myc exons; mÂ§probe.

exon of human c-myc (Fig. 2), as described in "Materials and
Methods." An intense signal from characteristic 13 kilobase
pair (EcoRl) and 12-kilobase pair (Hindlll) c-myc fragments
was observed for DNA isolated from tumors Cl 1, CIS, and C9
(amplified 3-, 10-, and 60-fold, respectively; see Fig. 3A and
Table 1). In Fig. 35, we show the analysis of DNA samples
presenting an intermediate level of c-myc amplification, in
comparison with the control. In general, about one-half of the
samples presented c-myc amplification. The amplification de
gree was estimated by scanning of the autoradiograms (see
"Materials and Methods") and, as indicated in Table 1, for 18

uterine cervix tumor samples (those shown in the figures),
varied between 3- and 60-fold.

Simultaneous c-myc Amplification and Rearrangement. Pre
liminary studies were carried out with tumoral DNA digested
only with Hindlll restriction endonuclease; this treatment re-
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Fig. 3. Amplification of c-myc in solid tumors of the uterine cervix. DNA
from tumors and normal tissues was purified and digested with either Â£coRI(Â£)
or Hindltt (H) restriction endonuclease, subjected to electrophoresis, blotted to
nitrocellulose, and hybridized with the radiolabeled probe (see "Materials and
Methods"). Top, normal tissue ( V) and different tumors having low (Cll),
intermediate (CIS), and high (C9) degrees of i- wir sequence amplificai Â¡cm;
bottom, normal tissue (N) and five tumors (C26, C37, C39, C40, and C41) with
intermediate degrees of c-myc amplification. Kbp, kilobase pairs.

suited in a 12-kilobase pair c-myc band for the control, but not
for DNA purified from cervical carcinomas; in this particular
experiment we compared three tumors presenting a specific
(about 9-kilobase pair) rearrangement of both c-myc alÃelesand
several copies (between 3 and 25) of the oncogene, indicating
that c-myc is both amplified and specifically rearranged (Fig.
4A) in uterine cervix tumoral cells. Fig. 4B shows tumoral
DNAs with unspecific rearrangements of at least one c-myc
alÃele,presenting variable amplification degrees. The character
istic DNA fragments obtained for control samples, after EcoRl
or Hindlll digestion (see above), were, in general, not observed
for these carcinomas of the uterine cervix. The fragment size
of amplified and rearranged c-myc sequences varied between 2
and 23 kilobase pairs. Some of the rearranged fragments gave
intense signals showing amplification of the corresponding
fragments; a similar result was obtained with probe pRye 7.4
(containing translated sequences from c-myc exons 2 and 3,
data not shown). The degree of amplification of samples with
and without (C16) rearrangement is shown in Table 1. We have
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Table 1 Summary of c-myc alterations found in tumors of the uterine cervbf

Age of
patients HistolÃ³gica! Clinical DNA copy Rearrange

Tumor (yr) type stage no. menr

A.AmplificationC9CllCISC\6dC26C37C39C40C41625845596471623263ECECECECECECECECECIIBIIBIIBIIBIIBinnIBIIBIIB60x3xlOx7x6x12x6x6x6xâ€”â€”â€”â€”â€”â€”â€”â€”â€”B.

Amplification andrearrangementC4csC7CIOC12C13C27C28C34484967433351593258ECACECECECECECECECIIIBIIBIIIBIIBIIIBIIBIIBIBIIIB3x9x8x12x24X27X48x30x25x+++++;-pi+++

" Seventeen additional tumors analyzed had similar alteration values (not

shown).
* Samples with non-normal-sized c-myc fragments.
c EC, epidermoid carcinoma; AC, adenosquamous carcinoma.
d Used as a control in Fig. 4, bottom (c-myc DNA not rearranged); only 3.3 pg

of tumoral DNA (and 10 pg of normal DNA) were used in Fig. 4, bottom (tumors
C7, CIO, C12, C13, C16, C27, and C28).

also found the oncogene c-myc either amplified or presenting
both alterations in tumors belonging to clinical Stages I and III
(see Table 1).

DISCUSSION

We have provided here evidence of cellular myc (c-myc) gene
alteration (amplification and rearrangement with or without
amplification) in solid tumors of the uterine cervix. The almost
complete correlation found between c-myc alteration and pri
mary cervicouterine tumors has not been documented previ
ously in the same or any other tumors; since lymphocyte DNA
from patients is unaltered, we suggest that c-myc oncogene
alterations play an important role in uterine cervix tumor
development.

Cervicouterine cancer is the most common form of tumor
found not only in Mexican women but also in the female
population of many countries (22); a study of 1760 cases of
female Mexican cancer patients revealed that 34% had carci
nomas of the uterine cervix; second in incidence were both
breast cancer (11%) and bronchogenic carcinomas (11%) (26).
It is more frequent in the fourth and fifth decades of life and
tends to be more common in females of low standard of living
who begin sexual intercourse early. Practically all tumors of the
uterine cervix studied by us were stage II squamous cell (epi
dermoid) carcinomas. Further studies on a larger number of
samples of diverse histological types, and in particular for
earlier stages of epidermoid carcinomas, are required to draw
definite conclusions on the correlation between c-myc altera
tions and the clinical stage.

It is desirable to use primary tumor material in studies linking
changes in protooncogene structure and expression with cancer;
only then can one be confident that results are not due to
alterations occurring after explantation. There are several ex
amples indicating that heterogeneity found in cellular lines may
not reflect the in vivo situation, e.g., the demonstration that a
c-myc rearrangement in Burkitt's lymphoma cell line P3HR1

is not present in earlier passages of that line (27). Furthermore
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Fig. 4. Simultaneous amplification and rearrangement of c-myc gene in solid
tumors. Blot analysis of cellular DNA from cervical tumors, digested with Hindlll
(top) or fcoRI and Hindlll (bottom). Lanes V, normal controls; top, tumor samples
C4, C5, and C34; bottom, tumor DNA (3.3 Mg/'ane) samples C7, CIO, C12, C13,
C16, C27, and C28. DNA from lymphocytes derived from Patients 5 (C5) and
16 (C16), respectively, were used as a control. Kbp, kilobase pair.

sublines of MCF-7 (human breast carcinoma cell line), serially
passaged in different laboratories, have markedly high variation
in the degree of the N-raj oncogene amplification (28). Consid
erable data have been reported with respect to differences in
antigenic phenotype, hormone responsiveness, and karyology
of in vitro grown tumoral sublines (29-33); cellular oncogene
amplification occurring through laboratory passage is another
example of this heterogeneity (28) and may not have general
relevance for certain types of cancer.

About one-half of the cervicouterine carcinomas we have
analyzed in this study presented different degrees of c-myc
amplification (Fig. 3; Table 1A); we are currently investigating
a possible correlation between the degree of this genomic alter
ation, the concentration of the product (c-myc protein), and the
clinical manifestations. It would be of interest to find a similar
correlation for tumoral samples presenting c-myc rearrange
ment (data not shown) and both amplification and rearrange
ment of the gene (about one-half of cervicouterine carcinomas).
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The size of c-myc-containing fragments can be altered by 9-

several mechanisms, such as point mutations, small deletions,
insertions, or major rearrangements (translocations, etc.); the
rearranged fragments we have observed (either amplified or
not) could be due to any of these molecular mechanisms. Some
of these fragments could also be either pseudogenes (34) or c- n
wye-related genes such as L-myc ( 12) or N-myc (11), producing
EcoRl fragments 10.0, 6.6, or 2.0 kilobase pairs long, respec- 12.
lively, rather than tumor-specific somatic c-myc rearrangement;
however, this possibility is unlikely since it has been reported
that probes very similar to the one used in our study do not 13-
cross-hydridize with amplified N-myc genes found in neuro
blastoma cells.

The c-myc gene is apparently set up to be rapidly modulated l4-

since both the corresponding mRNA and protein have a short
half-life (35-37). Thus, a decrease in c-myc mRNA concentra
tion would be followed rapidly by a loss of c-myc protein. l5-
Overproduction of c-myc mRNA can clearly result from gene
amplification (5, 8); however, it is unlikely that the c-myc gene
activation is achieved only through this mechanism. Recently,
it has been suggested that c-myc exon I sequences play a role
either in transcriptional control (27, 38, 39) or in posttranscrip- l7-
tional mRNA degradation (Refs. 37, 40, and 41; for review, see
Ref. 42). Therefore, c-myc rearrangement might also lead to
accumulation oÃc-myc transcripts. While in normal cells it may '"â€¢

be necessary to provide external growth stimulation to induce
c-myc mRNA appearance after each round of cell division, the 19.
accumulation of c-myc mRNA (and subsequently the c-myc
protein) by the above mentioned mechanisms may effectively 20.
stimulate tumor cells for continuous growth.

The fact that c-myc has been found rearranged and amplified
in most tumors but not in normal tissues (lymphocytes of the
same patient) suggests that alterations of this gene may be 21

important in the genesis or progression of carcinomas of the
uterine cervix.

ACKNOWLEDGMENTS

REFERENCES

22.

23.We thank Dr. R. LÃ³pez-Revilla (Department of Cell Biology, CIN-
VESTA V, MÃ©xico)and Dr. A. Lazcano (Department of Microbiology,
ENCB, MÃ©xico)for critical reading of the manuscript and Dr. D.
Stehelin (Pasteur Institute, Lille, France) for providing plasmiti 111M
Xba for c-myc analyses. We wish to acknowledge Dr. C. Gordillo from
the Hospital de Especialidades del Centro MÃ©dicoNacional, IMSS, for
providing normal and tumor samples. We thank also M. Salcedo and 26
V. Ortega for excellent technical assistance and A. E. Martinez for
bibliographical assistance.

24.

25.

27.

28.

1. Bishop, J. M. Cellular oncogenes and retroviruses. Ann. Rev. Biochem., 52: 29.
301-354, 1983.

2. Varmus, H. E. Viruses, genes, and cancer. Cancer (Phila.), 55: 2324-2328,
1985.

3. Klein, G., and Klein, E. Evolution of tumours and the impact of molecular 30.
oncology. Nature (Lond.), 315: 190-195, 1985.

4. Varmus, H. E. The molecular genetics of cellular oncogenes. Annu. Rev.
Genet., 18: 553-612, 1984.

5. Alitalo, K., Winqvits, R., Lin, C. C, de la Chapelle, A., Schwab, M., and 31.
Bishop, J. M. Aberrant expression of an amplified c-myb oncogene in two
cell lines from a colon carcinoma. Proc. Nati. Acad. Sci. USA, SJ: 4534-
4538, 1984.

6. Collins, S., and Groudine, M. Amplification of endogenous m>>c-relatedDNA
sequences in a human myeloid leukaemia cell line. Nature (Lond.), 29S: 679- 32.
681, 1982.

7. Kozbor, D., and Croce, M. Amplification of the c-myc oncogene in one of
five human breast carcinoma cell lines. Cancer Res., 44:438-441, 1984.

8. Little, C. D., Nau, M. M., Carney. D. N., Gazdar, A. F., and Minna, J. D. 33.
Amplification and expression of the c-myc oncogene in human lung cancer
cell lines. Nature (Lond.), 306: 194-196. 1983.

4176

McCarthy, D. M., Rassool, F. V., Goldman, J. M., Graham, S. V., and
Bimie, G. D. Genomic alterations involving the c-myc proto-oncogene locus
during the evolution of a case of chronic granulocytic leukaemia. Lancet, -.':
1362-1365, 1984.
Dalla Favera, R., Wong-Staal. F., and Gallo, R. C. one gene amplification in
promyelocytic leukaemia cell line III 60 and primary leukaemia cells of the
same patient. Nature (Lond.), 299:61-63, 1982.
Lee, VV.H., Murphree, A. L., and Benedict, W. F. Expression and amplifi
cation of the N-nyc gene in primary retinoblastoma. Nature (Lond.), 309:
458-460, 1984.
Nau, M. M., Brooks, B. J., Battey, J., Sausville, E., Gazdar. A. F., Kirsch, 1.
R., NUÂ»ride,O. W., Bertness, V., Mollis, G. F., and Minna, J. D. L-myc, a
new ff/iv-n-latcd gene amplified and expressed in human small cell lung
cancer. Nature (Lond.), 3IS: 69-73, 1985.
Rothberg, P. G., Erisman, M. D., Diehl, R. E., Rovigatti, U. G., and Astrin,
S. M. Structure and expression of the oncogene c-myc in fresh tumor material
from patients with hematopoietic malignancies. Mol. Cell. Bini.. 4: 1096-
1103, 1984.
Yokota, J., Tsunetsugu-Yokota, Y., Battifora, H., Le-Fevre, C., and Cline,
M. J. Alterations of myc, myb, and Ha-ras proto-oncogenes in cancers are
frequent and show clinical correlation. Science (Wash. DC), 231: 261-265,
1986.
Nakasato, F., Sakamoto, H., Mori, M., Hayashi, K., Shimosato, Y., Nishi,
M., Takao, S., Nakatani, K., Terada, M., and Sugimura, T. Amplification of
the c-ffi.rr oncogene in human stomach cancers. Jpn. J. Cancer Res., 75:
737-742, 1984.
Sheiness, D., and Bishop, J. M. DNA and RNA from uninfected vertebrate
cells contain nucleotide sequences related to the putative transforming gene
of avian myelocytomatosis virus. J. Virol., 31: 514-521, 1979.
Chang, E. H., Furth, M. E., Scolnick, E. M., and Lowy, D. R. Tumorigenic
transformation of mammalian cells induced by a normal human gene ho
mologous to the oncogene of Harvey murine sarcoma virus. Nature (Lond.),
297:479-483,1982.
Brodeur, G., Seeger, C., Schwab, M., Varmus, H. E., and Bishop, J. M.
Amplification of N m IT in untreated human neuroblastomas correlates with
advanced disease stage. Science (Wash. DC), 22* 1121-1124, 1984.
Kohl, N. E., Kanda, N., Schreck, R. R., Burns, G., Latt, S. A., Gilbert, F.,
and Alt, F. W. Transposition and amplification of oncogene-related se
quences in human neuroblastomas. Cell 35: 359-367, 1983.
Alitalo, K.. Schwab, M., Lin, C. C., Varmus, H. E., and Bishop, J. M.
Homogeneously staining chromosomal regions contain amplified copies of
an abundantly expressed cellular oncogene (c-myc) in malignant neuroendo-
crine cells from a human colon carcinoma. Proc. Nati. Acad. Sci. USA, 80:
1707-1711, 1983.
Nowell, P. C., Finan, J., Dalia-Pavera, R., Gallo, R. C., ar-Rushdi, A.,
Romanczuk. H., Seiden, J. R., Emanuel, B. S., Rovera, G., and Croce, C.
M. Association of amplified oncogene c-myc with an abnormally banded
chromosome 8 in a human leukaemia cell line. Nature (Lond.), 306: 494-
497, 1983.
Waterhouse, J., Muir, C., Correa, P., and Powell, J. Cancer Incidence in
Five Continents, Vol. 3. Lyon, France; International Agency for Research
on Cancer, 1976.
Southern, E. M. Detection of specific sequences among DNA fragments
separated by gel electrophoresis. J. Mol. BioL, 98: 503-517, 1975.
Maniatis, T., Fritsch, E. F., and Sambrook, J. Molecular Cloning. A Labo
ratory Manual. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory,
1982.
Rigby. P. J. Labeling deoxyribonucleic acid to high specific activity in vitro
by nick translation with DNA polymerase I. J. Mol. Biol., 113: 237-251,
1977.
Rodriguez Peral, J. Carcinoma cervicouterino en el Noroeste de Mexico.
Aspectos clÃnicos.Rev. Med. IMSS (Mex.), 21: 183-189, 1983.
Rabbitts, T. H., Forster, A., Hamlyn, P., and Baer, R. Effect of somatic
mutation within translocated c-imv genes in Burkitt's lymphoma. Nature
(Lond.), 309: 592-597, 1984.
Graham, K. A., Richardson, C. L., Minden, M. D., Trent, J. M., and Buick,
R. N. Varying degrees of amplification of the N-ras oncogene in the human
breast cancer cell line MCF-7. Cancer Res., 45: 2201-2205, 1985.
Hand, P. H., Nuti, M., Colcher, D., and Schlom, J. Definition of antigenic
heterogeneity and modulation among human mammary carcinoma cell pop
ulation using monoclonal antibodies to tumor-associated antigens. Cancer
Res., 43: 728-735, 1983.
Katzenellenbogen, B. S., Norman, M. J., Eckert, R. L., Peltz, S., W., and
Mangel, W. F. Bioactivities, estrogen receptor interactions, and plasminogen
activator-inducing activities of tamoxifen and hydroxytamoxifen isomers in
MCF-7 human breast cancer cells. Cancer Res., 44: 112-119, 1984.
Reiner, G. C. A., Nardulli, A., Norman, M. J., Mangel, W. F., and Katze-
nellenbogen, B. S. Relationships between cell proliferation, plasminogen
activator activity, and progesterone receptor stimulation evaluated with a
series of estrogens in MCF-7 breast cancer cell. Proc. Am. Assoc. Cancer
Res. 25:204, 1984.
Seibert. K., Shafie, S. M., Triche, T. J., Whang-Peng, J. J., O'Brien, S. J.,
Toney, J. H., Huff, K. K., and Lippman, M. E. Clonal variation of MCF-7
breast cancer cells in vitro and in athymic nude mice. Cancer Res., 43: 2223-
2329, 1983.
Whang-Peng, J. J., Lee, E. C., Kao-Shan, C. S., Seibert, K., and Lippman,
M. Cytogenetic studies of human breast cancer lines: MCF-7 and derived
variant sublines. J. Nati. Cancer Inst., 71: 687-695, 1983.

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/15/4173/2429188/cr0470154173.pdf by guest on 19 M

ay 2023



ALTERATION OF c-myc IN UTERINE CERVIX

34. Dalla-Pavera, R., Gelman, E. P., Martinotti, S., Franchini, G., Papas, T. S.,
Gallo, R. C., and Wong-Staal, F. Cloning and characterization of different
human sequences related to the one gene (\-myc) of avian myelocytomatosis
virus (MC29). Proc. Nati. Acad. Sci. USA, 79:6497-6501, 1982.

35. Dani, C., Blanchard, J. M., Piechaczyk, M., El Sabouty, S., Marty, L., and
Jeanteur, P. Extreme instability of myc mRNA in normal and transformed
human cells. Proc. Nati. Acad. Sci. USA, 81: 7046-7050, 1984.

36. Hann, S. R., and Eisenman, R. N. Proteins encoded by the human c-myc
oncogene: differential expression in neoplastic cells. Mol. Cell. Biol., 4:
2486-2497, 1984.

37. Rabbitts, P. H., Forster, A., Stinson, M. A., and Rabbitts, T. H. Truncation
of exon 1 from the c-myc gene results in prolonged c-myc mRNA stability.
EMBO J., 4: 3727-3733, 1985.

38. Dunnick, W., Shell, B. E., and Dery, C. DNA sequences near the site of
reciprocal recombination between a c-myc oncogene and an immunoglobulin

switch region. Proc. Nati. Acad. Sci. USA, 80: 7269-7273, 1983.
39. Leder, P., Battey, J., Lenoir, G., Moulding, C., Murphy, W., Potter, H.,

Stewart, T., and Taub, R. Translocations among antibody genes in human
cancer. Science (Wash. DC), 222: 765-771, 1983.

40. Piechaczyk, M., Yang, J. Q., Blanchard, J. M., Jeanteur, P., and Marcu, K.
B. Post transcription;*! mechanisms are responsible for accumulation of
truncated c-myc RNAs in murine plasma cell tumors. Cell, 42: 589-597,
1985.

41. Eick, D., Piechaczyk, M., Henglein, B., Blanchard, J. M., Traub, B., Kotier.
E., Wiest, S., Lenoir, G. M., and Bornkamm, W. Aberrant c-myc RNAs of
Burkitt's lymphoma cells have longer half-lives. EMBO J., 4: 3717-3725,

1985.
42. Ganglio, P., Del Angel, R., Herrera, A., and Bonilla, M. Theoretical model

for the post-transcriptional regulation of the human i mir gene expression,
involving double-stranded RNA processing. J. Theor. Biol., 125: 83-92,
1987.

4177

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/15/4173/2429188/cr0470154173.pdf by guest on 19 M

ay 2023




