Downloaded from cancerres.aacrjournals.org on May 9, 2021. © 1988 American Association for Cancer Research.



PHENOTYPICAL CHANGES BY HUMAN BREAST EPITHELIAL CELLS

erour A

% OF SAMPLES WITH REACTIVE CELLS

100
80
60
40

201

D M

0.
HS C

arour B

HS C D M

GROUP C

HS C D M

Fig. 43. Percentage of reactive cells in their fourth passage after incubation with: B1:1, Con A, DBA, and SBA. Groups and notations as in Fig. 27. Avidin-biotin

technique, % 400.

whether the expression of colony formation and tumorigenesis
in xenogenic hosts are either independent of the transformed
state or a late phenomenon triggered by selection of cells
exhibiting greater genetic instability (60). Even though strict
qualitative differences are not definitive when an agar-methocel
assay is used, we agree with Smith (59) that quantitative differ-
ences between normal and transformed cells can be observed.
It has been shown that treatment of normal cells with CB
inhibits DNA synthesis and both nuclear and cytoplasmic di-
vision (61). In contrast CB treated DNA and RNA virus-
transformed cells and tumor cells exhibit continued DNA syn-
thesis and nuclear division in the absence of cytoplasmic divi-
sion, causing multinucleation (62-64). We observed increased
multinucleation after CB treatment in HBEC obtained from

undifferentiated glands (Groups A and B) treated with either
carcinogen, whereas cells from differentiated glands (Group C)
did not show increased multinucleation; however, the percent-
age of multinucleation observed in control Group C cells was
higher than in control Groups A and B cells. We do not have
an explanation for these differences, but it is possible to spec-
ulate that they are reflecting intrinsic differences in these cells
that could be regulating their behavior in vitro. Further studies
are necessary to evaluate the role of differentiation on CB-
induced multinucleation. The response of HBEC in Groups A
and B to CB-induced multinucleation correlated with their
ability to survive and to form colonies in agar-methocel, which
was also observed in MCF-7 cells. This observation has been
also reported in RNA virus partially transformed cells and in
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fully transformed tumorigenic CB-treated cells (63).

Many tumors and leukemias exhibit specific chromosomal
abnormalities, and human tumor derived cell lines that are
tumorigenic in nude mice are aneuploid (51, 65). Human cells
transformed in vitro also show aneuploidy and chromosomal
aberration, but since the latter, with rare exceptions (66, 67),
appears not to be specific, it is at present difficult to assign any
particular importance to them. Our study of the HBEC kary-
otype after carcinogen treatment did not reveal changes or
chromosomal aberrations. Flow cytometric studies (30) did not
show ploidy or differences between treated or control cells.
These observations, however, did not invalidate the possibility
that the cells might have been at least partially transformed,
since alterations in chromosome structure are not essential to
the initial change and transformation can take place in tissue
culture and certain tumors develop in vivo without such cyto-
genetic abnormalities (68). Although the cells obtained from
each donor have a normal diploid karyotype, it cannot be ruled
out that chromosome recombination or segregation or both
could have occurred as a consequence of carcinogen treatment.
It is possible that the carcinogen(s) activate(s) the donor’s
genetic material, modifying the expression of existing genetic
information, and that it contributes an additional trait to the
transformed cells (69), such as activation of an oncogene, since
oncogenes have been found to either immortalize the cells such
as has been described for the myc family (70-73), or to promote
anchorage independent growth, such as the c-ras family (70-
72, 74). We observed that the significant degree of survival and
growth in agar-methocel but the lack of immortalization after
DMBA or MNU treatment of HBEC is due to an activation of
c-Ha-ras protooncogene rather than a c-myc protooncogene
(44, 75). Interestingly enough, this amplification is manifested
as early as 24 h postcarcinogen treatment. However, we still
must demonstrate whether this amplified c-Ha-ras represents
an activated oncogene or an amplification of a normal protoon-
cogene sequence.

Lectins, which are sugar binding proteins or glycoproteins of
nonimmune origin, agglutinate cells and/or precipitate glyco-
conjugates having saccharides of appropriate complementarity
(76). In malignant cells, there is deletion of some terminal sugar
residue, and the lectin receptor of subterminal sugar residues
are increasingly unmasked (77-79). It has been found that
several lectins, such as WGA and RCA react with both normal
breast tissue or with tissue showing different degrees of abnor-
malities (80). In our data, the normal breast epithelium in the
intact gland did not react with any of the lectins tested, whereas
the same epithelium reacted weakly positive when placed in
culture, and after DMBA or MNU treatment a 3-fold increase
in intensity of reaction was observed with Con A, SBA, and
DBA in cells derived from more undifferentiated glands, but
not in those from differentiated glands. This pattern of reactiv-
ity was coincident with the increased survival and colony effi-
ciency shown by these cells. Although peanut agglutinin reac-
tivity has been associated with colon carcinoma development
(81), and has been considered by Newman et al. (82) to be a
differentiation marker, this lectin did not show reactivity in our
treated cells. Con A mediated hemadsorption has been utilized
to identify patients who have high chances of an early recurrence
of cancer (83), and it has been shown that malignant mouse
mammary epithelial cells contain a larger number of Con A
binding sites than in the normal monolayer culture (84). SBA,
Con A, and peanut agglutinin binding have been reported in
breast carcinoma cells, independently of the degree of differ-
entiation of the tumor, but not in normal mammary gland (82,
85-87).

Of the TAAs studied, B1:1, the monoclonal antibody that
binds to an epitope of the M, 180,000 carcinoembryonic antigen
glycoprotein, exhibited correlation with survival in agar, colony
formation, and multinucleation. This TAA was weakly reactive
in control HBEC, exhibiting increased reactivity in cells treated
with carcinogens. It has been reported to be present in 68% of
breast carcinomas (88); however, this antigenic phenotype is
unstable and variations in its expression with successive pas-
sages is expected (89). The observation that carcinogen-treated
HBEC showed poor reactivity with the monoclonal antibodies
B6:2 and B72:3 coincided with observations of other authors
(89) who found weak expression of these antigens and only
after the fifteenth passage in vitro.

In summary, the phenotypical changes observed in our car-
cinogen-treated HBEC were not a random event but were
consistently expressed in cells obtained from donors having in
common poor glandular development and specific conditions
of the host, such as negative parity or clinical history that could
be indicative of an altered capacity of the breast to differentiate
normally. The significance of these phenotypical changes in the
process of cell transformation will be completely assessed when
definitive markers of malignant transformation, such as tumor-
igenicity, are expressed. Our data indicate that the status of the
host might be an important factor to be considered in the
transformation of human breast epithelial cells.

ACKNOWLEDGMENTS

The authors are grateful to S. Hammond and Dr. R. G. Ham for
their helpful suggestions on the use of the preparation of BPE and also
acknowledge the skillful secretarial assistance of Vivian Powell in the
tvoing of the manuscript.

REFERENCES

1. Higginson, J. Developing concepts on environmental cancer: the role of
geographical pathology. Environ. Mutagen., 5: 929-940, 1983.

2. Surgeon General’s Report. Smoking and Health, USPHS Publication No.
79-50066. Washington, DC: Government Printing Office, 1979.

3. Commoner, B., Vithayathil, A. J., Dolara, P., Sabhadra, N., Madyastha, P.,
and Cuca, G. C. Formation of mutagens in beef and beef extract during
cooking. Science (Wash. DC), 201: 913-916, 1978.

4. Grasso, P., and O’Hare, C. Carcinogens in food. In: C. E. Searles (ed.),
Chemical Carcinogens, pp. 701-728. Washington, DC: American Chemical
Society, 1976.

S. Petrakis, N. L. Genetic cerum type, breast secretory activity, and breast
cancer epidemiology. In: J. S. Mulvihill, R. W. Miller, and J. F. Fraumeni,
Jr., (eds.), Genetics of Human Cancer, pp. 297-300. New York: Raven Press,
1977.

6. Petrakis, N. L., Mason, L., Lee, R., Sugimoto, B., Pawson, S., and Catchpool,
F. Association of race, age, menopausal status, and cerum type with breast
fluid secretion in nonlactating women, as determined by the nipple aspiration.
J. Natl. Cancer Inst., 54: 829-833, 1975.

7. Stampfer, M. R., and Bartley, J. C. Induction of transformation and cell
lines from normal human mammary epithelial cells after exposure to
benzo(a)pyrene. Proc. Natl. Acad. Sci. USA, 82: 2394-2398, 1985.

8. Huggins, C., Grand, L. C., and Brillantes, F. P. Critical significance of breast
structure in the induction of mammary cancer in the rat. Proc. Natl. Acad.
Sci. USA, 45: 1294-1300, 1959.

9. Russo, J., Tay, L. K., and Russo, 1. H. Differentiation of the mammary gland
and susceptibility to carcinogenesis. Breast Cancer Res. Treat., 2: 5-73, 1982.

10. Dao, T. L., Bock, F. G., and Greiner, M. J. Mammary carcinogenesis by 3-
methylcholanthrene. I1. Inhibitory effect of pregnancy and lactation on tumor
induction. J. Natl. Cancer Inst., 25: 991-1003, 1960.

11. Gullino, P. M., Pettigrew, H. M., and Grantham, F. H. N-Nitrosomethylurea
a; mammary gland carcinogen in rats. J. Natl. Cancer Inst., 45: 401-404,
1975.

12. Allaben, W. T., Weeks, C. E., Treps, N. C., Lovie, S. C., Lazear, E. J., and
King, C. M. Mammary tumor induction in the rat by N-acyl-N-2-fluorenyl
hydroxylamines: structure activity relationship. Fed. Proc., 37: 1543, 1978.

13. Shirai, T., Fysh, J. M., Lee, M. S., Vaught, J. B., and King, C. M. Relation-
ship of metabolic activation of N-hydroxy-N-acyl arylamines to biological
response in the liver and mammary gland of the female CD rat. Cancer Res.,
41: 4346-4353, 1981.

14. Ito, N. In vivo carcinogenesis of 4 nitroquinoline 1-oxide and related com-
pounds. In: T. Sugimura (ed.), The Nitroquinolines, Carcinogenesis, Vol. 6,
pp. 260-271. New York: Raven Press, 1981.

2855

Downloaded from cancerres.aacrjournals.org on May 9, 2021. © 1988 American Association for Cancer Research.


http://cancerres.aacrjournals.org/

15.
16.

17.
18.
19.
20.
21.
22,

23.
24.

25.

26.

27.

28.

29.

31
32.

33.

3s.

3.

38.

39.

41.

42.

PHENOTYPICAL CHANGES BY HUMAN BREAST EPITHELIAL CELLS

Stampfer, M., Hallowes, R. C., and Hackett, A. J. Growth of normal human
mammary cells in culture. In Vitro (Rockville), /6: 415-425, 1980.
Hammond, S., Ham, R. G., and Stampfer, M. R. Serum-free growth of
human mammary epithelial cells: rapid clonal growth in defined medium
extended serial passage with pituitary extract. Proc. Natl. Acad. Sci. USA,
81: 5435-5439, 1984.

Chang, S. E. In vitro transformation of human epithelial cells. Biochem.
Biophys. Acta, 823: 161-194, 1986.

Russo, I. H., and Russo, J. Developmental stage of the rat mammary gland
as determinant of its susceptibility to 7,12-dimethylbenz(a)anthracene. J.
Natl. Cancer Inst., 61: 1439-1449, 1978.

Russo, J., and Russo, I. H. DNA-labeling index and structure of the rat
mammary gland as determinants of its susceptibility to carcinogenesis. J.
Natl. Cancer Inst., 61: 1451-1459, 1978.

Russo, J., and Russo, 1. H. Influence of differentiation and cell kinetics on
the susceptibility of the rat mammary gland to carcinogenesis. Cancer Res.,
40: 2677-2687, 1980.

Russo, J., Saby, J., Isenberg, W., and Russo, 1. H. Pathogenesis of mammary
carcinomas induced in rats by 7,12-dimethylbenz(a)anthracene. J. Natl. Can-
cer Inst., 49: 435-445, 1977.

Russo, J., Tait, L., and Russo, I. H. Susceptibility of the mammary gland to
carcinogenesis. I11. The cell of origin of mammary carcinoma. Am. J. Pathol.,
113: 50-66, 1983.

Russo, J., and Russo, 1. H. Is differentiation the answer in breast cancer
prevention? IRCS J. Med. Sci., 10: 931-941, 1982.

Tay, L. K., and Russo, J. 7,12-Dimethylbenz(a)anthracene-induced DNA
binding and repair synthesis in susceptible and nonsusceptible mammary
epithelial cells in culture. J. Natl. Cancer Inst., 67: 155-161, 1981.

Tay, L. K., Russo, 1. H., Miller, J., and Russo, J. Influence of gland
differentiation on binding 7,12-dimethylbenz(a)anthracene (DMBA) to DNA
of human breast epithelial cells in primary culture. In Vitro (Rockville), /7:
201a, 1981.

Russo, J., Tay. L. K., Ciocca, D. R., and Russo, 1. H. Molecular and cellular
basis of the mammary gland susceptibility to carcinogenesis. Environ. Health
Perspect., 49: 185-199, 1983.

Russo, J., and Russo, I. H. Development of the human mammary gland. In:
M. C. Neville and C. Daniel (eds.), The Mammary Gland Development,
Regulation and Function, pp. 67-93. New York: Plenum Publishing Corp.,
1987.

Hallowes, R. C., Bone, E. J., and Jones, W. A new dimension in the culture
of human breast. /n: R. J. Richards and K. T. Rajan (eds.), Tissue Culture in
Medical Research, pp. 213-220. London: Pergamon Press, 1980.

Crowe, R., Ozer, H., and Rifkin, D. (eds). Experiments with normal and
transformed cells, pp. 22-24. Cold Spring Harbor, New York: Cold Spring
Harbor Laboratory, 1978.

. Russo, J., and Russo, I. H. Early phenotypical changes in human breast

epithelial cells (HBEC) treated with 7,12-dimethylbenz(a)anthracene. Proc.
Am. Assoc. Cancer Res., 25: 529a, 1984.

Asch, B. B., Medina, D., Kretzer, F., Connaly, J. L., and Brenkley, B. R.
Comparative responses of normal and malignant mouse mammary cells to
modulation of surface properties. Cancer Res., 40: 2383-2389, 1980.
Moorhead, P. S., Nowell, P. C., Mellman, W. J., Battips, D. M., and
Hungerford, D. A. Chromosome preparations of leukocytes cultured from
human peripheral blood. Exp. Cell Res., 20: 613-616, 1960.

Sternberger, L. A., Hardy, P. H., Cuculis, J. J., and Meyer, H. G. The
unlabeled antibody enzyme method of immunohistochemistry. Preparation
and properties of soluble antigen-antibody complex (horseradish peroxidase-
antihorseradish peroxidase) and its use as identification of spirochettes. J.
Histochem. Cytochem., /8: 315-333.

. Hsu, S. M., Raine, L., and Fanger, H. Use of avidin-biotin-peroxidase

complex (ABC) in immunoperoxidase techniques: a comparison between
ABC and unlabeled antibody (PAP procedures). J. Histochem. Cytochem.,
29: 577-589, 1981.

Nuti, M., Teramoto, Y. A., Mariani-Constatine, R., Horan-Hand, P.,
Colcher, O., and Schiom, J. A monoclonal antibody (B72:3) defines pattern
of distribution of a novel tumor associated antigen in human mammary
carcinomas cell population. Int. J. Cancer, 29: 539-545, 1982.

. Arnold, J., Soule, H. D., and Russo, J. Fine structure of murine mammary

carcinoma cell line. In Vitro (Rockville), 12: 57-64, 1976.

Kinel, F. A., Benagiano, G., and Angee, 1. Sustained release hormonal
preparations I. Diffusion of various steroids through polymer membranes.
Steroids, /1: 673-680, 1968.

Russo, J., McGrath, C. M., Russo, I. H., and Rich, M. A. Tumoral growth
of a human breast cancer cell line (MCF-7) in athymic mice. IIl. H. E.
Nieburgs (ed.), International Symposium on Detection and Prevention of
Cancer, pp. 617-626. New York: Marcel Dekker, Inc. 1977.

Kleinbaum, D. G., and Kupper, L. L. Applied Regression Analysis and Other
Multivariable Methods, pp. 362-364. North Scituate, MA: Duxbury Press,
1978.

. Russo, J., Furmanski, P., Bradley, R., Wells, P., and Rich, M. A. Differen-

tiation of normal human mammary epithelial cells in culture: an ultrastruc-
tural study. Am. J. Anat., /145: 57-78, 1976.

Stutman, V., Lattime, E. C., and Figarella, E. F. Natural cytotoxic cells
against solid tumors in mice: a comparison with natural killer cells. Fed.
Proc., 40: 2699-2704, 1981.

Habu, S., Fukui, M., Shimamura, K., Kasai, M., Nagai, Y., Okumura, K.,
and Tamaoki, N. /n vivo effects of antisialo GM1-1 reduction of NK activity
and enhancement of transplanted tumor growth in nude mice. J. Immunol.,

43.

44.

45.

46.

47.

48.

49.

50.
S1.
52.

53.

SS.

56.

57.

58.

59.

61.

62.

63.

64.

65.

66.

67.

68.
69.
70.

71.

72.

2856

127: 34-38, 1981.

Russo, J., Calaf, G., Roi, L., and Russo, J. Influence of age and reproductive
history on cell kinetics of normal human breast tissue in vitro. J. Natl. Cancer
Inst., 78: 413-418, 1987.

Russo, J., and Russo, I. H. Biological and molecular basis of mammary
carcinogenesis. Lab. Invest., 57: 112-137, 1987.

Chang, S. E., Keen, J., Lane, E. B., and Taylor-Papadimitrou, J. Establish-
ment and characterization of SV40-transformed human breast epithelial cell
lines. Cancer Res., 42: 2040-2053, 1982.

Yoakum, G. H., Lechner, J. F., Gabrielson, E., Korba, B. E., Malan-Shibley,
L., Willey, J. C., Valerio, M. G., Shamasuddin, A. K. M., Trump, B. F., and
Harris, C. C. Transformation of human bronchial epithelial cells transfected
with Harvey ras oncogene. Science (Wash. DC), 227: 1174-1179, 198S.
Parsa, 1., Marsh, W. M., Sutton, A. L., and Butt, K. M. H. Effects of
dimethylnitrosamine on organ-cultured adult human pancreas. Am. J. Pa-
thol., 72: 403411, 1981.

Parsa, 1., Bloomfield, R. D., Faye, C. A., and Sutton, A. L. Methylnitrosou-
rea-induced carcinoma in organ cultured fetal human pancreas. Cancer Res.,
44: 3530-3538, 1984.

Rhim, J. S., Fujita, J., Arnstein, P., and Aaronson, S. A. Neoplastic conver-
sion of human keratinocytes by adenovirus 12-SV40 and chemical carcino-
gens. Science (Wash. DC), 232: 385-388, 1986.

Harris, C. C. Human tissue and cells in carcinogenesis research. Cancer Res.,
47: 1-10, 1987.

DiPaolo, J. A. Relative difficulties in transforming human and animal cells
in vitro. J. Natl. Cancer Inst., 70: 3-8, 1983.

Shin, S. 1., Freedman, V. H., Risner, R., and Pollack, R. Tumorigenicity of
virus-transformed cells in nude mice is correlated specifically with anchorage
independent growth in vitro. Proc. Natl. Acad. Sci. USA, 72: 4435-4439,
1975.

Stever, A. F., Rhim, J. S., Hentosh, P. M., and Ting, R. C. Survival of human
cells in the aggregate form: potential index of in vitro transformation. J.
Natl. Cancer Inst., 58: 917-921, 1977.

. Putman, D. L., Park, D. K., Rhim, J. S., Stever, A. F., and Ting, R. C.

Correlation of cellular aggregation of transformed cells with their growth in
soft agar and tumorigenic potential. Proc. Soc. Exp. Biol. Med., 155: 487~
494, 1977.

Traul, K. A., Takayama, K., Kachevsky, V., Hink, R. J., and Wolff, J. S. A
rapid in vitro assay for carcinogenicity of chemical substances in mammalian
cells utilizing an attachment independence endpoint 2—assay validation. J.
Appl. Toxicol., 1: 190-195, 1981.

Lechner, J. F., Haugen, A., Trump, B. F., Tokiwa, T., and Harris, C. C.
Effects of asbestos and carcinogenic metals on cultured human bronchial
epithelium. In: C. C. Harris and H. Autrup (eds.), Human Carcinogenesis,
pp. 561-588. New York: Academic Press, Inc., 1983.

Kakunaga, T., Crow, J. D., Hamada, H., Kirakowa, T., and Leavitt, J.
Mechanisms of neoplastic transformation on human cells. /n: C. C. Harris
and H. Autrup (eds.), Human Carcinogenesis, pp. 371-400. New York:
Academic Press, Inc., 1983.

Soule, H. D., Vasques, J., and Long, D. A human cell line from a pleural
effusion derived from a breast carcinoma. J. Natl. Cancer Inst., 5/: 1409-
1416, 1973.

Smith, H. S. In vitro properties of epithelial cell lines established from human
carcinomas and nonmalignant tissue. J. Natl. Cancer Inst., 62: 225-230,
1979.

. Nowell, P. The clonal evolution of tumor cell population. Science (Wash.

DC), 194: 23-28, 1976.

O'Neill, F. Differential effects of cytochalasin B and caffeine on control of

DNA synthesis in normal transformed cells. J. Cell Physiol., 101: 201-218,

1979.

O’Neill, F. J., Miller, T. H., Hoen, J., Itradley, B., and Devlahovich, V.

Differential response to cytochalasin B among cells transformed by DNA

and RNA tumor virus. J. Natl. Cancer Inst., 55: 951-955, 1975.

Somers, K. D., and Murphey, M. M. Multinucleation in the presence of

cytochalasin B by RNA tumor virus-transformed cells. Cancer Res., 40:

4410-4414, 1980.

Carter, S. B. Effect of cytochalasins on mammalian cells. Nature (Lond.),

213: 261-264, 1967.

Tjio, J. H., and Nichols, N. W. History and present status of human

chromosome studies. In vitro (Rockville), 21: 305-313, 1985.

Rodgers, C. S., Hill, S. M., Hultén, M. A, Chang, S. E., Keen, J., and

Taylor-Papadimitriou, J. Cytogenetic analysis of SV40-transformed human

breast epithelial cells. Cancer Genet. Cytogenet., 8: 213-221, 1983.

Namba, M., Nishitani, K., Hyodoh, F., Fukushima, F., ‘and Kimoto, T.

Neoplastic transformation of human diploid fibroblasts (KMST-6) by treat-

ment with “Co gamma rays. Int. J. Cancer, 35: 275-280, 1985.

Sandberg, A. A. The chromosomes in Human Cancer and Leukemia. Am-

sterdam: Elsevier/North-Holland Biomedical Press, 1980.

Casto, B. C., and DiPaolo, J. A. Viruses, chemicals and cancer. Prog. Med.

Virol., 16: 1-47, 1973.

Land, H., Parada, L. F., and Weinberg, R. A. Tumorigenic conversion of

primary embryo fibroblasts requires at least two cooperating oncogenes.

Nature (Lond.), 304: 596-602, 1983.

Cooper, G. M., Okenguist, S., and Silverman, L. Transforming activity of

?ZNA (;f chemically transformed and normal cells. Nature (Lond.), 284: 218~
1, 1980.

Cooper, G. M., and Neiman, P. E. Transforming genes of neoplasms induced

by avian lymphoid leukosis viruses. Nature (Lond.), 287: 656-659, 1980.

Downloaded from cancerres.aacrjournals.org on May 9, 2021. © 1988 American Association for Cancer Research.


http://cancerres.aacrjournals.org/

73.

74.
75.

76.
71.

78.

79.

81.
82.

PHENOTYPICAL CHANGES BY HUMAN BREAST EPITHELIAL CELLS

Chiaho, S., Ben-Zion, S., Goldfarb, M. P., Dannenber, A., and Weinberg, R.
A. Passage of phenotypes of chemically transformed cells via transfection of
DNA and chromatin. Proc. Natl. Acad. Sci. USA, 76: 5714-5718, 1979.
Weinberg, R. A. The action of oncogenes in the cytoplasm and nucleus.
Science (Wash. DC), 230: 770-776, 1985.

Russo, J., Moussalli, M., Koszalka, M., and Russo, 1. H. Amplification of c-
Ha-ras proto-oncogene in human breast epithelial cells (HBEC) treated with
chemical carcinogens. Proc. Am. Assoc. Cancer Res., 28: 119, 1987.
Goldstein, L. J., Hughes, R. C., Monsigny, M., Osawa, T., and Sharon, N.
What should be called a lectin. Nature (Lond.), 286: 66, 1980.

Alroy, J., Gavris, V., Heaney, J., Szoka, F., and Ucci, A. Alterations in
specific carbohydrate residues in neoplastic transitional epithelium (i.e.,
urothelium of human urinary bladder). Lab. Invest., 46: 3A, 1982.

Orgad, U., Alroy, J., Ucci, A. A., and Bavris, V. Distribution of carbohydrate
residues in neoplastic, metaplastic, and atrophic canine prostatic epithelium.
Lab. Invest., 48: 65A, 1983.

Coon, J. S., Weinstein, R. S., and Summers, J. L. Blood group precursor T-
antigen expression in human urinary bladder carcinoma. Am. J. Clin. Pathol.,
77: 693-699, 1983.

. Franklin, W. A. Tissue binding of lectins in disorders of the breast. Cancer

(Phila.), 51: 295-300, 1983.

Moyer, M. P., and Aust, J. B. Human colon cells: culture and in vitro
transformation. Science (Wash. DC), 224: 1445-1446, 1984.

Newman, R. A, Kelin, P. J., and Rudland, P. S. Binding of peanut lectin to
breast epithelium, human carcinomas and cultured rat mammary stem cell:

83.

85.

87.

89.

2857

use of the lectin as a marker of mammary differentiation. J. Natl. Cancer
Inst., 62: 1339-1346, 1979.

Furmanski, P., Kirland, N. L., Gargala, T., Rich, M. A,, and the Breast
Cancer Prognostic Study Clinical Associates. Prognostic values of concana-
valin A reactivity of primary human breast cancer cells. Cancer Res., 41:
4087-4092, 1981.

. Mitani, H., Murokmai, A., and Tanaka, H. Different concanavalin A binding

patterns of malignant and nonmalignant mouse mammary epithelia in mono-
layer culture. Cancer Res., 44: 674-680, 1984.

Cooper, H. S. Lectins as probes in histochemistry and immunohistochemis-
try. The peanut (4rachis hypogacia) lectin. Hum. Pathol., 15: 904-906, 1984.

. Calafat, J., and Jansson, H. Ultrastructural study on the presence of receptors

for several lectins in human breast cancer. In: T. C. Bog-Hanson, and G. A.
Spangler (eds.), Lectin, Vol. 3, pp. 119-129. Berlin: Walter do Greyster and
Co., 1983.

Seitz, R. C., Fischer, K., Stegner, H. E., and Poschmann, A. Detection of
metastatic breast carcinoma cells by immunofluorescent demonstration of
Thomasen-Friedenrich antigen. Cancer (Phila.), 54: 830-836, 1984.

. Russo, J. Immunocytochemical markers in breast cancer. In: J. Russo (ed.),
Imm

istry in Tumor Diagnosis, pp. 207-232. Boston: M. Nijhoff
Publishing, 1985.
Horan Hand, P., Nuti, M., Colcher, D., and Schlom, J. Definition of
antigenic heterogeneity among human mammary carcinoma cell populations
using monoclonal antibodies to tumor associated antigens. Cancer Res., 43:
728-735, 1983.

Downloaded from cancerres.aacrjournals.org on May 9, 2021. © 1988 American Association for Cancer Research.


http://cancerres.aacrjournals.org/

AAC American Association
for Cancer Research

Cancer Research

The Journal of Cancer Research (1916-1930) | The American Journal of Cancer (1931-1940)

Expression of Phenotypical Changes by Human Breast
Epithelial Cells Treated with Carcinogens in Vitro

Jose Russo, Donna Reina, James Frederick, et al.

Cancer Res 1988;48:2837-2857.

Updated version  Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/48/10/2837

E-mail alerts  Sign up to receive free email-alerts related to this article or journal.

Reprints and  To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Subscriptions Department at pubs@aacr.org.

Permissions  To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/48/10/2837.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on May 9, 2021. © 1988 American Association for Cancer Research.


http://cancerres.aacrjournals.org/content/48/10/2837
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/48/10/2837
http://cancerres.aacrjournals.org/



