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ABSTRACT

Biopsy tissues from a 68-year-old Japanese man with mÃ©tastasesto
axillary lymph nodes of a recurrent esophageal carcinoma were adapted
to cell culture conditions and a continuously growing tumor cell line was
developed. Immunohistochemical staining revealed that these cells con
tained keratinous material and the electron microscopic study revealed
the presence of tonofilaments. Thus, this line, designated the KSE-1 line,
was considered to have originated from metastatic squamous cell carci
noma of the esophagus. This line has a binding content of 4.2 fmol/mg
protein for the estrogen receptor and 2.2 fmol/mg protein for the testos
terone receptor. By measurement of cell number and thymidine incorpo
ration, the growth rate of this line was found to be moderately responsive
to these hormones, being inhibited by estrogen and enhanced by testos
terone at concentration levels between 10~13and IO"8and 10~13and I0~*

mg/ml, respectively.

INTRODUCTION

Esophageal carcinoma occurs more frequently in men, the
ratio being 2:1 to 20:1 (1, 2), and the postoperative course is
generally more favorable in women (3). Sugimachi et al. (4)
found that DNA distribution patterns measured in Feulgen-
stained sections, using the two-wavelength method, is a reliable
prognostic factor. They showed that biological differences be
tween esophageal carcinoma in males and females might be due
to differences in such DNA distribution patterns (5). These
findings suggested that growth of the esophageal cancer cells
and the prognosis of the patient might be influenced by hor
mones, such as testosterone and/or estrogen. Molteni et al. (6)
reported that several head and neck tumors, including squa
mous cell carcinoma of the maxilla, presented with high levels
of estrogen receptor protein. Although epithelial cell lines de
rived from a human esophageal cancer have been described (7,
8), there seems to be no report on the binding contents for sex
hormone receptors and characterization with regard to control
of growth by sex hormones. We established a human esophageal
cancer cell line and made use of this line to determine relative
biological and histological properties. Particular attention was
directed to the binding contents for both estrogen and testos
terone receptors.

MATERIALS AND METHODS
Chemicals. EM EM3 without phenol red was purchased from Nissui

Pharmaceutical Co., Ltd. PCS was obtained from GIBCO Oriental
Co., Ltd. Sodium piperacillin was purchased from Toyama Chemical
Co., Ltd., Japan. Gentamicin was from Schering Co. Amphotercin B
was from E. R. Squibb & Sons. Estradici and DHT were purchased
from Sigma Chemical Co. Estradici and DHT were dissolved in ethanol
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(final ethanol concentration, <0.1%) and then directly diluted with
fresh medium containing 10% PCS pretreated with dextran-coated
charcoal at the desired concentration (5% charcoal, 0.5% dextran).
Activated charcoal powder was obtained from Wako Pure Chemical
Industries, Ltd. Dextran T-70 was obtained from Pharmacia, Uppsala,
Sweden. [3H]dThd and [1,2,6,7-3H]DHT were purchased from Amer-
sham. 16a-'25I-17/3-estradiol was obtained from Otsuka Assay Labora

tories, Japan.
Source of Tumor Specimen. A 68-year-old Japanese man was diag

nosed as a case of carcinoma of the middle esophagus, and an esopha-
gectomy was done on September 17, 1979. In February 1985, there
was a recurrence in the axillary lymph nodes. A biopsy was performed
and a part of the specimen was used for the primary cultures.

Primary Culture and Establishment of KSE-1 Cells. The viable tissues
were minced with trimming blades into 1-mm3 cubes in a 50-mm tissue

culture dish (Palcon, No. 3002) after soaking in EMEM supplemented
with 20% heat-inactivated PCS, 100 Mg/ml of sodium piperacillin, 5
Mg/ml of gentamicin, and 5 Mg/ml of amphotercin B. After preparation
of a single cell suspension by mechanical pipeting in 20% EMEM
containing 5 Mg/m' of gentamicin, 1 x IO7cancer cells were seeded in
each of two 100-mm tissue culture dishes (Falcon No. 3003) with 10
ml of medium preincubated at 37Â°Cin a humidified 5% CO2/95% air

atmosphere. Part of the medium was replaced by fresh medium every
2 or 3 days. On the 36th day after initiation of the culture, the first
passage was performed. The trypsinized cells were replaced into a 100-
mm tissue culture dish containing 10% EMEM with a 1:4 split ratio,
and the remaining cells was frozen at each passage.

Heterotransplantation. The cell suspension containing 1.6 x IO7cells
in 1 ml of 10% EMEM was transplanted into the subcutis of BALB/c-
nu/nu mice (4-week-old females; Kurea Co., Ltd., Tokyo, Japan). When
the tumor reached about 1 cm in diameter, it was excised and examined
histologically.

Cytological Studies. For light microscopy, KSE-1 cells were cultured
on double-chamber Lab-Tek slides (Catalogue No. 4802; Miles Labo
ratories). The cells were then stained with hematoxylin and eosin.

For transmission electron microscopy, a single cell suspension of
untreated cells, heterotransplanted tissue, and a biopsy specimen of the
lymph node tumor were fixed with 2% glutaraldehyde (TAAB Labora
tories Equipment Ltd.) in 0.1 M cacodylic acid buffer solution and
postfixed with 1% osmium tetroxide in the same buffer solution at 4Â°C

for 2 h. Materials were dehydrated in a graded series of ethanol (50-
100%) and then embedded in Epon 812 (TAAB Laboratories Equip
ment Ltd.). Ultrathin sections were prepared with a JEOL 100CX
electron microscope, after double staining with uranyl acetate and lead
tartrate.

Immunohistochemical Staining for Detection of Keratin. The avidin-
biotin complex method (9) was used to detect keratin and hence confirm
the squamous cell origin of the KSE-1 line. The KSE-1 cells were grown
on double-chamber Lab-Tek slides, rinsed with PBS, and fixed in 100%
ethanol for 10 min. The 5-Mfn sections of esophageal tissues were
treated with 0.3% H2O2 in methanol for 30 min. The cultured cells and
the sections of esophageal tissues were incubated with 3% normal swine
serum for 30 min and then with rabbit anti-keratin serum (DAKO-
immunoglobulins, Ltd., Denmark), 1/400, for 30 min at room temper
ature. The preparations were incubated with biol in labeled secondary
antibody for 30 min and then with avidin-biotin-peroxidase complex
for 30 min (Vectastain ABC Kit). Finally, they were incubated in 0.01 %
hydrogen peroxidase and 0.05% diaminobenzidine tetrahydrochloride
in 0.05 M Tris buffer, pH 7.2, for 5 min and counterstained with 1%
methyl green.

Chromosome Analysis. For confirmation of the human origin of the
KSE-1 cells, chromosome analysis was done, using a modification of
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the G-banding technique (10). The cultured cells at the 50th passage
were treated with Colcemid at a final concentration of 0.2 Mg/ml for 7
h before the harvest, after which they were dispersed with 0.25% trypsin
solution and washed in PBS. The washed cells were resuspended in a
hypotonie solution containing 0.075 M KC1 and were incubated for 10
min. After centrifugation, the pellet was fixed three times with the
fixing fluid (methanol/acetic acid, 3/1) and the thus prepared cells were
placed on clean slides and then were flame-dried. The chosen prepara
tion was treated with 0.0125% trypsin solution in isotonic saline for
10-15 s at room temperature and was then stained for 10 min with
Giemsa solution. Histograms of chromosome distribution and the
karyotypic features were investigated by analyzing 90 metaphases.

Examination of Epstein-Barr Virus. Epstein-Barr virus antigen in the
KSE-1 cell line was examined by anti-complement immunofluorescence
antibody (Reedman and Klein) (11), and EBV DNA was examined by
in situ hybridization with EBV Bio-Probeâ„¢Sequences (ENZO Bio

chemical Co., Ltd.) (12).
Detection of Mycoplasma. For detection of Mycoplasma in the KSE-

1 cell line, a Hoechst Stain Kit (Catalogue No. 30-100-00) was used.
Cell Growth Responsive to Estradici and Testosterone. The cell

growth response to estradici and testosterone was evaluated by mea
suring the cell number and thymidine incorporation. KSE-1 cells at the
logarithmic growth phase were seeded into a 50-mm tissue culture dish
at a density of 1 x IO5cells/dish. After incubation at 37Â°Cin 5% CO2/

95% air atmosphere for 48 h, the cells were washed five times with
serum-free medium and 5 ml of fresh EMEM containing 10% PCS/

DCC were added, with or without various concentrations of estradici
and DHT.

The cell number was counted daily, after removal from the plates
with 0.25% trypsin solution. The percentage of cell growth was deter
mined after hormone treatment for 48 h.

The effect of hormones on [3H]dThd incorporation was determined
after hormone treatment for 24 h. [3H]dThd (specific activity, 25 Ci/

mtnol) was added to each culture dish at a concentration of 1 /iCi/ml
and the preparation incubated for 2 h at 37Â°C.The cells were washed
eight times with PBS and then incubated at 37Â°Cfor 3 min with 1 ml

0.05% trypsin solution. The trypsinized cells were removed from the
plates by repeated pipeting and were sonically disrupted and treated
with trichloroacetic acid at 3000 x g for 20 min. The pellets were
dissolved in 0.3 N KOH and maintained at 37Â°Cfor 20 h. Using the

scintillator (ACS-II, Amersham), the radioactivity was determined.
Hormone Receptor Assay. Approximately 1 x 10s trypsinized KSE-

1 cells were sonically disrupted in 2 ml of TESH-glycerol buffer at 4Â°C,
followed by centrifugation at 105,000 x g for 60 min at 4Â°C.The

supernatant served as the hormone receptor fraction.
Estrogen receptor assay was performed by a modification of the

method of Tominaga et al. (13), in which the incubation mixture for
the total binding study was composed of 50 ^1 of TESH-glycerol buffer
containing various concentrations of 16a-'25I-17/3-estradiol (7.5, 15.0,

30.0, 60.0, and 120.0 fmol/25 >i\)and 50 n\ of cytosol. The incubation
mixture for the nonspecific binding study was composed of 50 Â¡Aof 2
MMdiethylstilbestrol containing 16a-125I-17/3-estradiol and 50 n\ of

Fig. 1. I, biopsy specimen of the esophageal tumor showing proliferation of spindle-shaped cancer cells arranged in nests and with focal keratinization. //. biopsy
material of the lymph node tumor revealing dense proliferation of anaplastic spindle-shaped cells. C, spindle-shaped anaplastic KSE-1 cells growing in nude mice
after transplantation into the subcutis. I). KSE-1 cells at 50th passage, growing as a mono laver. H & E, x 200.
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cytosol. After incubation for 18 h at 4Â°C,0.5 ml of DCC was added
and the preparation was further incubated for 30 min at 4"C, followed

by centrifugation at 3000 x g for 20 min. The supernatant was directly
assayed for 125Iradioactivity, using an Aloka Auto-Gamma counter.

Testosterone receptor assay was done by the method of Shimazaki
et al. (14), with some modification. The cytosol was incubated in 500
ta of TESH-glycerol buffer containing various concentrations of
[1,2,6,7-3H]DHT and 10 mM Na2MoO4 at 4Â°Cfor 20 h. After incuba

tion, 0.5 ml of TESH-glycerol buffer containing DCC was added and
the preparation centrifuged. Radioactivity of the supernatant was de
termined in 5 ml of toluene (1 Iiter)/PPO (4 g)/POPOP (0.1 g) in a
liquid scintillation counter. In parallel incubations, a 1000-fold molar
excess of unlabeled ligand was added. Nonspecific binding not displaced
under these conditions was subtracted.

The dissociation constant (KA)and binding capacity were determined
by Scatchard analysis (15). In the above method, the KÂ¿on the high
affinity of estrogen receptor was 10~"-10~'Â°M.

RESULTS
Primary Culture and Establishment of the KSE-1 Cell Line.

The epithelial-like cells grew gradually, forming a few clusters
within 5 days of culture. Fibroblasts originating from the resid
ual connective tissue grew slowly. The first successful subculture
was accomplished on the 36th day and the second one was
accomplished 10 days later. Thereafter, the cells were succes
sively transferred at a split ratio of 1/4 every 7-10 days. With
every subculture, the fibroblasts gradually decreased in number
and in the 20th subculture, were absent. This KSE-1 subcultured
cell line has gone through over 80 passages (July 1986) at 17
months after initiation.

Heterotransplantation. At 14 days after inoculation, all the
heterotransplantations into the nude mice led to the formation
of a tumor with an average diameter of 5.5 mm. At approxi
mately 30 days, the tumors had reached an average diameter of
1 cm and then grew slowly for the next 38 weeks until all the
mice died of tumor.

Morphology. Biopsy specimen of the esophageal tumor ob
tained at endoscopy before the initial surgery on our patient
showed proliferation of spindle-shaped cancer cells arranged in
a nest formation with focal keratinization, indicative of poorly
differentiated squamous cell carcinoma (Fig. \A). Light micro
scopic studies of lymph node tumor (Fig. IB), KSE-1 cells
transplanted into nude mice (Fig. 1C), and cultured cells on
double-chamber Lab-Tek slides (Fig. ID) revealed anaplastic
spindle-shaped cell proliferation, with no differentiation.

Immunohistochemical studies using the avidin-biotin com
plex method revealed that lymph node tumor (Fig. 2A), KSE-1
cells transplanted into the nude mice (Fig. 2B) and the cultured
cells (Fig. 2Q were all positive for keratin, thereby suggesting
a squamous cell origin.

Transmission electron microscopy of the biopsy specimen of
the lymph node revealed that these cells possessed a number of
tonofilaments, lysosomes, ribosomes, microvilli, and a few mi
tochondria (Fig. 3). The heterotransplanted KSE-1 cells also
exhibited bundles of tonofilaments within the cytoplasm (Fig.
4). The cultured KSE-1 cells had an abundant Golgi apparatus,
mitochondria, rough endoplasmic reticuli, free and membrane-
bound ribosomes, and inclusions (16) as well as microvilli-like
projections on the cell surface (Fig. 5). Some of the inclusions
were electron dense and others were distinctly lamellar-like.

Chromosome Analysis. Chromosomes varied within a com
paratively narrow hyperdiploid range from 61 to 72, with a
modal number for the distribution of 67. As shown in Fig. 6,
the clonal abnormalities, including nollisomy of chromosomes
4, 5, 6, and 14; monosomy of the X chromosome; 9pâ€”,12q+,
and three distinct unidentified marker chromosomes were ob-

2A

;
2B

Fig. 2. Keratin staining of the metastatic cells in the lymph node (A, x 200),
the cultured cells (H, x 200), and the cells transplanted in nude mice (C, x 400)
are positive.

served in all 90 cells. The KSE-1 line was confirmed to be of
human origin from the banding pattern and the above-men
tioned karyotypic features.

Examination of EBV and Mycoplasma. EBV antigen and EBV
DNA in the KSE-1 line was not detected and the Mycoplasma
test was negative.

Effects of Hormones on the Growth of KSE-1 Cells. Fig. 7
shows that the doubling time of KSE-1 cells cultured in 10%
EMEM was approximately 19.5 h, as calculated by the growth
rate at the logarithmic phase. This cell line lacks the density-
dependent inhibition of cell growth; hence, there is a piling up
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3B
Fig. 3. Electron micrographs of lymph node specimen. In ,I, numerous tono-

fÃ¬brilsare evident, x 617,000. In B, there are numerous microvilli in the peripheral
area, x 2,620,000.

phenomenon over approximately 2 x 10* cells/dish. On the

2nd day after treatment with various media, the cell number
was 1.6 x IO6 with 10% PCS, 7.8 x 10s with 10% FCS/DCC,
3.5 x IO5 with FCS/DCC plus 10~9 mg/ml estradici, and 1.2
x IO6with 10% FCS/DCC plus 10~7mg/ml DHT, respectively.

Growth rate of the cells was highest on medium not treated
with DCC. The growth rate after treatment with FCS/DCC
was higher than that with FCS/DCC plus estradiol and lower
than that with FCS/DCC plus DHT. There were statistical

Fig. 4. Electron micrograph of heterotransplanted KSE-I cell line, l'orniti la

ments are present in the cytoplasm, x 402,000.

Cell Growth Responsive to Estradiol and Testosterone. Fig. 8
shows the percentage of cell growth after treatment with various
doses of estradiol and of DHT relative to cell growth after
incubation in control medium. The cell number of the control
value in this experiment was 7.8 Â±0.2 (SD) x 105/rnl. The

percentage of cell growth in case of treatment with estradiol at
concentrations between 10~14and 10~8 mg/ml fell in a dose-

dependent manner (Fig. 8/1), becoming 45% of the control
value at an estradiol concentration of 10~9 mg/ml. The per

centage of cell growth in case of treatment with DHT at
concentrations between 10~" and 10~6mg/ml exceeded that of

the control value (Fig. 8Ã„)and again was found to be dose
dependent, becoming 145% at a DHT concentration of 10~7

mg/ml.
Fig. 9 shows the percentage of the [3H]dThd incorporation

by cells treated with various doses of estradiol or DHT relative
to the [3H]dThd incorporation by cells incubated in control
medium. [3H]dThd incorporation in cells treated with estradiol

was consistently lower than that in the absence of estradiol
treatment (Fig. 9/1). The percentage of the ['H]dThd incorpo
ration by the cells treated with 10~9 mg/ml estradiol was re
duced to approximately 76% of the control value. ['HJdThd

incorporation by cells treated with DHT at concentrations
between 10"u and 10~6mg/ml exceeded that in the untreated
controls (Fig. 9B). The percentage of the ['HJdThd incorpora
tion in cells treated with 10~7 mg/ml DHT was 120% of the

control value.
Scatchard analysis (Fig. 10) revealed that KSE-1 cells had a

Kt of 0.35 x 10~'Â°M and a binding content of 4.2 fmol/mg
protein for the estradiol receptor, and a KAof 0.69 x 10"" M

and a binding content of 2.2 fmol/mg protein for the DHT
receptor. The specific bindings of both estradiol and DHT
yielded a single straight line, indicating that a single class of
receptor sites was present, in the range of concentrations stud
ied. Saturation was reached when the estradiol concentration
was 2.4 x 10~15M and the DHT concentration was 2.9 x 10~"

M. Both receptors were of high affinity, of low capacity, and
saturable.
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Fig. 5. A, electron micrograph of a trypsin-
ized k Si: I cell. The electron-dense and la
mellar-like inclusions and tnicrovilli are
shown. X 926,000. B, electron micrograph of
the cytoplasm of a trypsinized KSE-1 cell.
Abundant Golgi apparatus, mitochondria,
rough endoplasmic reticuli, free and mem
brane-bound ribosomes, inclusions resembling
myelin, and a centriole are observed, x
1,220,000.

DISCUSSION

We established a new cell line (KSE-1) from squamous cell
carcinoma derived from a human esophageal cancer. Although
histolÃ³gica! study of the metastasized axillary lymph node
tumor, cultured cells, and transplanted tumor cells revealed no
evidence of differentiation, immunohistochemical staining for
detection of keratin and transmission electron microscopic
studies revealed that these cells were of squamous cell origin.
Thus, we concluded that these cells were derived from meta-
static esophageal squamous cell carcinoma. We confirmed that

these cells were of human origin by doing a chromosome
analysis.

It has been reported that cell proliferation in tissues derived
from breast cancer cells (17), prostatic cell carcinoma (18), and
other human solid carcinomas (19) is regulated by sex hor
mones. However, there is little documentation on the influence
of sex hormones on squamous cell carcinoma (6) and no reports
on the response to such hormones on human squamous cell
carcinoma derived from esophageal cancer.

The KSE-1 cell line has a binding content of 4.2 fmol/mg
protein for the estrogen receptor and 2.2 fmol/mg protein for
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Fig. 6. Karyotype of KSE-1 cells: 67, XO, +1, +1, +3, -4, -4, -5, -5, -6, -6, +7, +10, +11, +11, +12, +12, -13, -14, -14, +17, +20, +20, +21, +21, +22,
+12, -13, -14, -14, +17, +20, +20, +21, +21, +22, and 16 unidentified marker chromosome (U-markers).
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Fig. 7. Growth curve of KSE-1 cells at the 50th passage, after exposure to
various media. On the 2nd day after seeding 1 x 10* KSE-1 cells into a SO-mm
culture dish with 5 ml EMEM containing 10% FCS, cells were treated with
EMEM supplemented with 10% FCS (â€¢),with 10% FCS/DCC (O), with 10%
FCS/DCC plus 10-Â»mg/ml estradiol (â€¢),and with 10% FCS/DCC plus 10-'

mg/ml DHT (A), which were replaced every 2 days (arrows). Each point represents
the mean of 4 dishes. Bars, SD.

the testosterone receptor in the cytosol. Growth of this cell line
is moderately responsive to both estrogen and testosterone at
these concentrations up to 10~13mg/ml and including a con

fluent layer of cells. Beyond this concentration, response to
hormones is masked by other factors including nutrition, O2
diffusion, etc. Furthermore, the absolute response to estrogen
is higher than in human mammary carcinoma cells and lower
than in normal human mammary epithelial cells, as reported
by Hankim (20). Realizing the negative nature of this response
for estrogen (20, 21), it is tempting to consider that estrogen
inhibits growth of the KSE-1 line in a dose-dependent manner
up to a maximum concentration of 10~12 mg/ml estradiol.

150

100

o 60

B

-14 -12 -10 -8
Ã•2log (mg/ml)

-14 -12 -10 -8 -6
DHT log (mg/ml)

Fig. 8. Percentage of cell growth on various doses of estradiol (A) and DHT
(//). Each point represents the mean of 4 dishes. Bars, SD.

Beyond this, cell growth, although still inhibited, becomes
independent of a further increase in estrogen concentration.
We believe that this probably reflects hormone receptor satu
ration at the cellular level. Likewise, testosterone was found to
enhance cell growth up to a maximum concentration of 10~8

mg/ml DHT at which point saturation occurred and no further
enhancement was noted for higher doses.

The DHT receptor content of our KSE-1 line, 2.2 fmol/mg
protein, is of the same magnitude as the estrogen receptor
content noted by McGuire (22) for breast carcinoma, i.e., under
3.0 fmol/mg. Since their study indicated a response to endo
crine therapy of approximately 9%, it is reasonable to assume
that similar therapy would yield a comparable result when
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Fig. 9. Percentage nl ['l IMIlul incorporation per cell in the cells treated with

various doses of estradici (A1.)and DHT. Each point represents the mean of 4

dishes. Bars, SD.
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Fig. 10. Scatchard plots of binding of 16a-'"I-17/3-estradioI (AM (â€¢)and
[3H]DHT (O) to a cytosol prepared from KSE-1 cells.

applied to cells from our KSE-1 line.
Also of interest is the differential effect seen between estrogen

and testosterone with regard to the growth of the KSE-1 cell
line. Proliferation of this line is inhibited by estrogen but
enhanced by testosterone, below the serum hormones levels
seen in healthy Japanese (estradiol level, 1-4 x 10~8 mg/ml;
testosterone levels, 4-8 x 10~6mg/ml).

It is tempting to consider that in vivo esophageal carcino-
matous tissue contains cells similarly influenced by sex hor
mones as are cells in the KSE-1 line. This may occur directly
as has been observed in vitro or indirectly, possibly mediated
by intermediate polypeptide growth factors, the production of
which is directly influenced by sex steroids (23, 24). However,
if our hypothesis is true then the results of our studies might
bear clinical relevance in the treatment of esophageal cancer.
To test the validity of this assumption further work is needed,
eventually culminating in clinical studies. At present, our im
mediate goals are to further substantiate and broaden our
understanding of the in vitro growth effects of sex steroids on
esophageal cancer cells. Our investigations into this matter thus
far suffer in that only a single cell line derived from a single
male subject has been looked at. To rectify this deficiency we
are currently investigating the effects of such steroids on the
growth of other malignant cell lines derived from both female
and male subjects. We also intend to investigate the growth
effects of sex hormones on normal esophageal cells to see how
this differs from that noted with tumor cells. Furthermore

comparative studies with low passage normal and tumor cells
are currently under way with female mice.

ACKNOWLEDGMENTS

We thank Dr. Shuhei Imayama (Department of Dermatology, Kyu
shu University) for taking the electron micrographs. Dr. Atsumichi
Urabe (Department of Pathology II, Kyushu University) for Â¡mimmo
histochemical staining, and Dr. Vasilios Karabinis (Hahnemann Uni
versity, Philadelphia, PA) and Mariko Ohara (Kyushu University) for
comments on the manuscript.

REFERENCES

1. Gatei, D. G., Odhiambo, P. A., Orinda. D. A. O.. Muruka. F. J.. and
Wasunna. A. Retrospective study of carcinoma of the esophagus in Kenya.
Cancer Res.. 38: 303-307. 1978.

2. Postlethwait, R. W. Surgery of the Esophagus. New York: Appleton-Century-
Crofts, 1979.

3. Van Andel, J. G.. Dees, J., Dijkhuis, C. M., Fokkens. W., van Houten, H.,
de Jong, P. C., and van Woerkom-Eykenboom, W. M. H. Carcinoma of the
esophagus. Ann. Surg., 190:684-689, 1979.

4. Sugimachi, K., Ide. H.. Okamura, T., Matsuura. H.. Endo, M.. and Inokuchi,
K Cytophotometric DNA analysis of mucosa! and submucosal carcinoma of
the esophagus. Cancer (Phila.), 55: 2683-2687, 1984.

5. Sugimachi. K.. Matsuoka. H., Matsufuji. H.. Maekawa. S.. Kai. H., and
Okudaira. Y. Survival rates in women with esophageal cancer exceed those
of men. Surg. Gynecol. Obstet., in press, 1987.

6. Molteni. A., Warpeha, R. L., Brizio-Molteni, L.. and Fors. E. M. Estradiol
receptor-binding protein in head and neck neoplastic and normal tissue.
Arch. Surg.. 116: 207-210. 1981.

7. Bey, E.. Alexander. J., Whitcutt. J. M.. Hunt. J. A., and Gear, J. H. S.
Carcinoma of the esophagus in Africans. In Vitro (Rockville), 12: 107-114,
1976.

8. Robinson, K. M.. and Maistry, L. Tumorigenicity and other properties of
cells from ten continuous human esophageal carcinoma cell lines in nude
mice. J. Nati. Cancer Inst., 70: 89-93, 1983.

9. Hsu, S. M., Raine. L., and Fanger, H. A comparative study of the peroxidase-
antiperoxidase method and an avidin-biotin complex method for studying
polypeptide hormones with radioimmunoassay antibodies. Am. J. Clin, l'a
thol.. 75: 734-738. 1981.

10. Marina. S. A rapid banding technique for human chromosomes. Lancet, 2:
971-972, 1971.

11. Reedman. B. M.. and Klein. G. Cellular localization of an Epstein-Barr virus
(EBV) associated complement-fixing antigen in producer and non-producer
lymphoblastoid cell lines. Int. J. Cancer, //: 499-520, 1973.

12. Berry, A. J., and Peter, J. B. DNA probes for infectious disease. In: N. J.
Oradell (ed.). Diagnostic Medicine. Vol. 1. pp. 1-8. Los Angeles: Medical
Economic Company. Inc.. 1984.

13. Tominaga. T.. Nomura. Y.. Kobayashi, S., Yayoi, E., Wada, T.. Enomoto.
K.. lino, Y., and Mori, I. Estrogen receptor assay in human breast cancer
tissue using 16cr-'"I-estradiol-17/3. Prog. Med., 3: 399-404. 1983.

14. Shimazaki. J.. Hikage, T.. Sato. R.. Kodama. T., and Ito, H. Measurement
of androgen receptor in cytosols from normal, benign hypertrophie and
cancerous human prostates. Endocrino!. Jpn., 28: 725-734. 1981.

15. Scatchard. G. The attraction of proteins for small molecules and ions. Ann.
NY Acad. Sci., 51:660-672, 1949.

16. Rae, A., Lee, J. C., and Hopper, J. Clinical and electron microscopic studies
of a case of glycolipid lipoidosis (Fabry's disease). J. Clin, l'alimi.. 20: 21-

27. 1967.
17. Lippman. M. E., and Aitken. S. C. Estrogen and antiestrogen effects on

thymidine utilization by MCF-7 human breast cancer cells in tissue culture.
In: S. lacobelli. R. J. B. King. H. R. Lindner, and M. E. Lippman Ms.).
Progress in Cancer Research and Therapy, Vol. 14, pp. 3-19. New York:
Raven Press, Ltd.. 1980.

18. Wang, T. Y., and Loor. R. M. Testosterone-activated RNA synthesis in
isolated prostate nuclei. J. Steroid Biochem., 10: 299-304. 1979.

19. Leake, R. E., Laing. L., Caiman, K. C., and Macbeth, F. R. Estrogen receptors
and antiestrogen therapy in selected human solid tumors. Cancer Treat. Rep.,
64: 797-799, 1980.

20. Hankim, A. A. Estradiol-induced biochemical changes in human neoplastic
cells. Cancer Biochem. Biophys.. 4: 173-182. 1980.

21. Rochefort, H.. Coezy, E.. Joly, E.. Westley. B.. and Vignon. F. Hormonal
control of breast cancer in cell culture. In: S. lacobelli. R. J. B. King, H. R.
Lindner, and M. E. Lippman (eds.). Progress in Cancer Research and
Therapy, Vol. 14, pp. 21-29. New York: Raven Press, Ltd., 1980.

22. McGuire. W. L. An update on estrogen and progesterone receptors in
prognosis for primary and advanced breast cancer. In: S. lacobelli, R. J. B.
King. H. R. Lindner, and M. E. Lippman (eds.). Progress in Cancer Research
and Therapy, Vol. 14. pp. 337-343. New York: Raven Press, Ltd., 1980.

23. Richards, J. E., Edery, M., Osborn. R. C., Larson, L. N., and Nandi, S.
Effect of hormones and epidermal growth factor on the growth of the
hormone-responsive 13762NF rat mammary tumor in collagen gel culture.
J. Nati. Cancer Inst.. 76:669-682. 1986.

24. Segaloff. A. Hormones and breast cancer. Recent. Prog. Horm. Res., 22:
351-379, 1966.

4140

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/15/4134/2429274/cr0470154134.pdf by guest on 19 M

ay 2023




