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ABSTRACT

Two human breast carcinoma cell lines, EP and MW, were
established in culture from malignant pleural effusions. In addition
to producing tumors in antithymocyte serum-immunosuppressed

mice, both cell lines showed epithelial characteristics and an
chorage-independent growth in soft agar. EP and MW differed
in morphology (spindle-shaped versus round), chromosomal

mode (hyperdiploid versus near triploid), estrogen receptor con
tent (43.8 versus 5.1 fmol/mg protein), cloning efficiency (0.24
versus 15%), and activities (milliunits/106 cells) of creatine phos-

phokinase (25.7 versus 62.6) and lÃ¡clate dehydrogenase (346.7
versus 778.5). Electron microscopy revealed that MW cells had
more perinuclear filamentous material and more frequent intra-

cytoplasmic vacuole formation than did EP cells. While having
no effect on MW cells at the concentrations studied (1(T5 to
1CT11M), /3-estradiol (10~7 M) stimulated the growth of EP cells

by 106% over the hormone-depleted control.

In a variety of systems, EP was consistently the more drug
sensitive of the two lines. In vitro, EP was significantly (p <
0.001) more sensitive to methotrexate, vincristine, and 5-fluo-
rouracil, respectively. In antithymocyte serum-mouse xenografts,

EP displayed a greater response to three different dosages of a
combination of cyclophosphamide, methotrexate, and 5-fluo-

rouracil. One such dosage (cyclophosphamide, 32.0 mg/kg/day;
methotrexate, 13.0 mg/kg/day; 5-fluorouracil, 190.0 mg/kg/day;

for 1 day) reduced EP and MW tumor weights to 5.9 and 41%
of controls, respectively. These results correlated well with the
clinical responses.

was focused on differences in chromosomal mode, cloning effi
ciency, tumorigenicity, ER3 content, morphology (as revealed by

light and electron microscopy), estrogen responsiveness, and in
vitro and in vivo drug sensitivities.

In addition, we sought to determine the levels and isozyme
distributions of 2 important enzymes. The predominance of
certain LDH isozymes has long been associated with the neo-

plastic state in human breast tissue (16, 17, 38). This finding
prompted us to compare the LDH distributions of our 2 cultured
cell lines with those observed in the previous investigations.
Since little is known about the presence and distribution of its
isozymes in breast cancer (35), CPK was also chosen for study.

The drug sensitivities of EP and MW were observed at both
the experimental and clinical levels. ATS-immunosuppressed
mice are suitable xenogeneic hosts for human solid tumor cells
from monolayer culture (37, 40). Thus, for EP and MW, a directcomparison'of the in vitro and in vivo drug sensitivity results was

possible. Furthermore, we were able to compare these studies
with the clinical responses of the patients from whom the cells
were derived.

In recent years, there has been considerable investigation into
the possible correlation between the ER status of human breast
cancers and their response to nonhormonal chemotherapy. How
ever, with a few exceptions (14, 18), these studies have been
clinical in scope (19, 23, 32, 41). Therefore, we examined the
relationship between ER content and in vitro drug sensitivity.

MATERIALS AND METHODS

INTRODUCTION

In the past 2 decades, only a limited number of human breast
carcinoma cell lines have been established in continuous mono-

layer culture. Although several published reports describe the
initiation of breast cancer cell lines from solid, invasive ductal
carcinomas (14, 21, 30), the majority have been derived from
malignant pleural effusions (3, 4, 10, 11, 20, 42). Effusion sam
ples not only provide cancer cells of high viability (approximately
70%) but also yield cultures that are relatively free from contam
inating fibroblasts (4).

We have established 2 human breast cancer cell lines, EP and
MW, from the malignant pleural effusions of 2 postmenopausal
patients. In the characterization of these lines, special attention
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Materials

Drugs were purchased from the following sources: vincristine, Eli Lilly
and Co., Indianapolis, IN; 5-fluorouracil, Sigma Chemical Co., St. Louis,

MO; methotrexate for injection, Lederle Laboratories, Pearl River, NY;
cyclophosphamide, Mead Johnson Laboratories, Evansville, IN. Metho
trexate powder was a gift of Dr. E. Cantrall, Lederle Laboratories. Drugs
were dissolved according to the manufacturer's instructions.

The commercial sources of other materials are as follows: RPM11640,
FBS, HEPES buffer (1 M), trypsin:EDTA, Hanks' balanced salt solution,
Colcemid, trypan blue stain (4%), and Dulbecco's phosphate-buffered

saline (in g/liter: Cacl2,0.10; KCI, 0.20; KH2PO4, 0.20; MgCI2-6H2O, 0.10;
NaCI, 8.00; Na2HPO4-7H2O, 2.16) plus 1% D-glucose, Grand Island

Biological Co., Grand Island, NY; Hoechst stain and mounting medium,
Flow Laboratories, McLean, VA; dextran and activated charcoal, Sigma;
rabbit ATS, M. A. Bioproducts, Walkersville, MD; /3-estradiol valerate, E.

R. Squibb and Sons, Princeton, NJ.

3The abbreviationsused are: ER, estrogen receptor; CPK, creatine phosphoki-

nase; LDH, lÃ¡clatedehydrogenase;ATS, antithymocyte serum; FBS, fetal bovine
serum; CMF, cyclophosphamide,methotrexate, and 5-fluorouracil; HEPES, 4-<2-
hydroxyethyl)-! -piperazineethanesulfonicacid.
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CHARACTERISTICS OF 2 HUMAN BREAST CARCINOMAS

Media

The growth medium consisted of RPM11640 supplemented with 10%
FBS and 0.02 M HEPES buffer. The establishment medium contained
RPMI 1640 with 0.02 M HEPES buffer, 15% FBS, and 30% special
conditioned medium (7).

Establishment in Culture

MW Breast Cancer Cell Line. The MW breast carcinoma cell line was
established from the pleural effusion of a 60-year-old female at Roger

Williams General Hospital, Providence, Rl. The pathological diagnosis
was infiltrating ductal and intraductal carcinoma. She underwent a mas
tectomy and adjuvant treatment with CMF.

After 6 months of chemotherapy, the patient developed a malignant
pleural effusion. Fluid was removed by thoracentesis and submitted for
culturing. The material was immediately placed in disposable tubes
(Coming 25335) and centrifuged (Sorvall GLC-2B) at 600 x g for 10 min.

The cells were washed twice with growth medium, resuspended in
establishment medium, and transferred to culture flasks (Falcon 3012).
Following a 7-day incubation (37Â°,non-CO2), the first trypsinization was

performed. Thereafter, the flasks underwent weekly passages and bi
weekly growth medium changes.

EP Breast Cancer Cell Line. The EP breast carcinoma cell line was
initiated from the malignant pleural effusion of a 76-year-old female with

metastatic infiltrating ductal carcinoma. The patient had been treated
with CMF and achieved a partial remission prior to removal of the effusion
sample.

EP was established in culture as follows. As described for MW, cells
from the 100-ml pleural effusion sample were centrifuged, washed, and

resuspended in establishment medium. Initially, the establishment me
dium was changed weekly. Biweekly changes were begun with fresh
growth medium after approximately 3 weeks. Eight weeks after the
incipient culturing, all fibroblasts were eliminated by differential trypsini
zation. Subsequently, the cells were subcultured weekly (1:2).

Freezing

Karyology and microscopy studies were performed on cells from
passages 2 to 3. At these passages, the cells were frozen at -120Â° in

growth medium containing 10% dimethyl sulfoxide. For all other studies,
cells were regularly withdrawn from storage and used at passages 3 to
5.

Mycop/asma and Viruses

At regular intervals, cultures were tested and shown to be free of
Mycop/asma contamination. After DNA fluorochrome staining (5), the
samples were observed at x400 under a Leitz-Wetzler fluorescence

microscope.
Viral assays were performed at the serological laboratory of Rhode

Island Hospital. Based on conventional procedures (12), these tests
yielded uniformly negative results.

Chromosomal Analysis

Cells in the exponential phase of growth were incubated with Colcemid
(1 Â¿jg/ml)for 3 hr. In accordance with the method of Deaven and Peterson
(8), hypotonie treatment, cell fixation, and Giemsa staining were per
formed. One hundred metaphases were analyzed for each cell line.

Electron Microscopy

Cells were recovered from culture, fixed (1.5% glutaraldehyde in
sodium cacodylate buffer), and embedded in Epon. Ultrasections were
prepared with a LKB ultramicrotome. After staining with 5.0% uranyl
acetate and Reynold's lead citrate, examinations were performed on an

RCA EMU 4c electron microscope.

Tumorigenicity

Ten female C57BL/6 x DBA/2 F, (hereafter called B6D2F,) mice (18
to 20 g; Simonsen Laboratories, Gilroy, CA) were immunosuppressed
with ATS and given injections of cells from low-passage monolayer

culture (40). On Day 10 of the experimental schedule, the mice were
sacrificed by cervical dislocation. Tumors were then removed and
weighed to the nearest 0.01 mg. For verification of malignancy, the
excised tumors were examined by histological staining and light micros
copy.

Soft Agar Cloning Studies

Cloning efficiency and in vitro chemosensitivity were determined with
the soft-agar method of Chu and Fischer (6). Using 16- x 125-mm Kimax

sterile glass tubes, treated and nontreated cells were diluted to the
appropriate cell number in growth medium containing 20% FBS and
0.12% Noble agar. Following a quick and gentle mixing, the tubes were
kept upright in ice until the gel began to form, placed in racks, and
incubated upright at 37Â°. After 21 and 28 days, colonies were twice

observed and counted (Darkfield Colony Counter, American Optical).

LDH and CPK Isozyme Determination

Exponentially growing cells were recovered from monolayer culture
by trypsinization and resuspended in 5.0 ml of phosphate-buffered saline.
The cell number was determined by trypan blue exclusion. After centrif-
ugation, the cell pellet was resuspended in 1.0 ml of phosphate-buffered

saline and sonicated over ice for 1 min in a Sonifier Cell Disruptor
(Ultrasonic Inc., Plainview, NY). The resultant sonicate was centrifuged
for 30 min (Sorvall RC-5 Superspeed) at 72,000 x g.

Enzyme determinations were performed on the supernatant cytosol
fraction. For the quantitation of total LDH activity, the Kinetic AM Blue
610 reagent system was used on a KDA biochemical analyzer (American
Monitor Corporation, Indianapolis, IN). The total CPK activity was mea
sured with this analyzer and the American Monitor Durazyme CPK
reagent system. The qualitative and quantitative analysis of individual
isoenzymes was carried out with the Helena LDH and CPK isoenzyme
electrophoresis procedures (Helena Laboratories, Beaumont, TX).

Estrogen Receptor Analysis

ER analysis was kindly performed by Dr. Christopher Longcope,
University of Massachusetts Medical Center, Worcester, MA. The num
ber of estradiol-binding sites per mg protein was determined by the
dextran-coated charcoal assay (26, 31) and Scatchard analysis (34).

Estrogen Response

Plastic tissue culture tubes (Coming 25200) were each inoculated with
4.9 ml of 3.5 x 104 cells/ml in growth medium containing estrogen-

depleted serum (1). /3-Estradiol (0.1 ml) was added to duplicate tubes for
final concentrations of 10~5 to 10"" M. After a 4-day incubation at 37Â°,

cells from control and experimental tubes were counted by trypan blue
exclusion. To obtain the percentage of change of control growth, the
number of estrogen-treated cells minus that of the control was divided

by the control cell number and multiplied by 100.

In Vivo Drug Sensitivity Studies

Immunosuppression, cell injection, and tumor recovery procedures
are described in the section on tumorigenicity. Eight to 10 mice, weighed
daily to the nearest 0.1 g, were used for each drug-treated and control

group. On Day 1, CMF was administered in a single i.p. injection. The
concentrations (cyclophosphamide, 8 mg/kg; methotrexate, 3.25 mg/kg;
and 5-fluorouracil, 47.5 mg/kg) were derived from clinical doses of 25,

10 and 150 mg/sq m, respectively. To obtain the percentage of control
tumor weight, the mean tumor weight of each drug-treated group was
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CHARACTERISTICS OF 2 HUMAN BREAST CARCINOMAS

divided by the mean weight of the control tumors.
A group of 15 non-tumor-bearing mice was used for the assessment

of toxicity. These animals were given the highest dosage of CMF
(cyclophosphamide, 32 mg/kg; methotrexate, 13 mg/kg; and 5-fluorour-

acil, 190 mg/kg). In addition, ATS was administered in the regular
schedule.

Statistical Analysis

Student's f-2 test was used for statistical analysis of the cloning

efficiency, estrogen response, and drug sensitivity data. For the tumori-

genicity, cloning efficiency, estrogen response, and in vitro drug sensitiv
ity studies, each value is the mean Â±S.E. of at least 4 determinations.

RESULTS

Chromosomal Analysis. These 2 cancer cell lines differ in
chromosomal mode. MW cells have a modal chromosome com
plement of 67 (near triploid). EP cells show a hyperdiploid modal
chromosome number of 53 (Charts 1 and 2).

The karyotypes of the EP and MW breast carcinoma cell lines
are displayed in Figs. 1 and 2. Both cell lines are of human origin.
Each line, possessing its own set of markers, has a genetic

IO

so 40 TO

NUMBER OF CHROMOSOMES

Chart 1. Chromosome number distribution of EP breast carcinoma, revealing a
chromosomal mode of 54. The diptoid human chromosome number is represented
by 2n.

signature distinct from that of HeLa cells (27-29).
Light Microscopy. Taken in monolayer culture, phase-contrast

photomicrographs demonstrate the differences in gross mor
phology between the 2 cell lines (Fig. 3). EP cells spread out in
a flattened fashion. MW cells, in contrast, are more rounded and
tend to clump together in small colonies.

The light microscopic appearance of EP and MW is seen in
Fig. 4, A and B. The cells of both lines, which are rather
pleomorpnic, have high nuclearcytoplasmic ratios and generally
round nuclei. The nuclei of EP are somewhat smaller and have
nuclear contours more irregular than those of MW. Nucleoli are
large in both cell lines. The cytoplasm of EP and MW is finely
granular or vesicular, and there are frequently large, clear cyto-
plasmic vacuoles.

Electron Microscopy. Electron micrographs of EP and MW
are presented in Fig. 4, C and D. The cells of both lines have a
high nuclearcytoplasmic ratio, prominent nucleoli, mostly dis
persed chromatin, and variable irregularities of the nuclear mem
branes. Villous surface differentiation is present and particularly
well developed in EP. Each line has organelle-rich cytoplasm
with abundant mitochondria, free ribosomes, endoplasmic retic-

ulum, and filaments.
Growth, Cloning Efficiency, and Tumorigenicity. Growth,

cloning efficiency, and tumorigenicity data are shown in Table 1.

Table 1

Differential characteristics of EP and MW breast carcinoma cell lines
ER content was measured by the dextran-coated charcoal assay (26, 31).

Saturation density values represent the maximum number of cells recoverable from
Falcon 3012 plastic culture flasks at confluence. For the determination of cloning
efficiency, cells (5 x K^/tube) were grown in medium containing 20% FBS and
0.12% Noble agar. After 21 and 28 days, colonies were twice observed and
counted. The cloning efficiency was expressed as the number of colonies divided
by the number of cells added to each tube. In the tumorigenicity studies, mice were
given ATS on Days -1,0,1,3, and 6 of a 10-day experimental schedule. On Day
0, 2.5 x 10* cells/mouse were injected s.c. Tumors were excised and weighed on

Day 10.

Saturation
density
(million

Cell line

ER
content

(fmol/mg Doubling cells/25 Cloning
protein) time (hr) sq cm) efficiency

Tumori
genicity (mg
tumor wt/

ATS mouse)

EP
MW

43.8
5.1

27
31

1.2
1.7

0.24 Â±0.03a
15 Â±0.9

24.8 Â±1.9
8.2 Â±2.4

" Mean Â±S.E.

30r

60 70 80
NUMBER OF CHROMOSOMES

Chart 2. Chromosome number distribution of MW breast carcinoma shows a
mode of 67. The tetraptoid human chromosome number is represented by 4n.

5200

IOO

n
L, L2 L3 L4 L5

LDH ISOZYMES

Chart 3. LDH (L) distributions of the EP and MW breast carcinoma cell lines,
representing the activities of individual isozymes. To derive this value, the percent
age of total LDH corresponding to each isozyme (as obtained from the integrated
profiles) was multiplied by the total LDH activity and divided by the number of cells
assayed (in millions). D, EP; H. MW. Procedural details are described in "Materials
and Methods."
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Chart 4. Response to 0-estradtol in EP breast carcinoma. Maximal stimulation
occurs at 10~7M.The percentage change of control growth is derived as detailed
in "Materials and Methods." Bars, S.E.

Table 2
Enzymeactivities in cultured EP and MW breast carcinoma cells

Exponentially growing cells were recovered from monolayer culture, washed,
and resuspended in 1 ml of phosphate-buffered saline. A cell-free extract was
prepared by sonication(over ice)and centrifugaron. The total activities of LDH and
CPK were measuredwith a KDA BiochemicalAnalyzer and reagent systems from
the American Monitor Corporation.

Milli-lnternationalUnits/10Â«cells

Cell line CPK LDH

EP
MW

25.7
62.2

346.7
778.5

In comparison to EP, MW has a higher saturation density (1.7
versus 1.2 x 106 cells/25 sq cm) and a longer doubling time (31

versus 27 hr). EP and MW cells display anchorage-independent

growth in soft agar, with respective cloning efficiencies of 0.24
and 15%. In the ATS xenograft model, EP is more tumorigenic
than is MW (24.8 versus 8.2 mg tumor weight/2.5 x 106 cells).

Tumor formation was confirmed by light microscopy and ob
served in all mice that had received cell injections.

Isozyme Determinations. The activities and isozyme distri
butions of LDH were determined. As seen in Table 2, the 2 lines
display a significant difference in total LDH activities. MW, with
778.5 milliunits/106 cells, exhibits a 2.25-fold higher activity than
does EP (346.7 milliunits/106 cells). Individual isozyme activities

are shown in Chart 3. For both cell lines, the different isozymes
are present in the same order of predominance: LDH4 > LDH3 >
LDH5 > LDH2. LDH,, undetectable in EP breast carcinoma cells,
comprises only 1.5% of total LDH activity in MW cells.

CPK was also examined (Table 2). EP and MW have respective
total CPK activities of 25.7 and 62.6 milliunits/106 cells. Each

isozyme profile consists of MM and mitochondria! bands.
ERs. In vitro, the EP and MW breast carcinoma cell lines have

ER contents of 43.8 and 5.1 fmol/mg protein, respectively (Table
1).

Estrogen Response. Chart 4 illustrates the effects of ÃŸ-

estradiol on the growth of EP cells. Proliferation was stimulated
in the 10~6 to 10~10 M range, with 10~7 M eliciting a maximal

response of 106% (p < 0.001) beyond control levels. At a
concentration of 10~5 M, a growth inhibition of 29% was ob

served. Under the same conditions, MW did not respond to 0-

estradiol (data not shown).
Characteristics of Long-Term Cultures. The characteristics

of both cell lines remained constant through the first 20 pas

sages. Cells of passage 20 display virtually the same ER content,
doubling time, LDH and CPK activity, cloning efficiency, and
saturation density as do their low-passage counterparts (data

not shown). As demonstrated by electron microscopy (Fig. 5, A
and B), the ultrastructural features of low-passage EP and MW

cells are retained at the later passage.
Marked differences in tumorigenicity at higher passages are

observed between EP and MW. Although EP cells (passage 20)
retain the capacity to form s.c. tumors in nude mice (Fig. 5C),
this ability is lost for MW. Such cases, in which s.c.-injected

human breast cancer lines are nontumorigenic in the absence of
hormonal manipulation, are well documented (10, 15, 23, 33).
However, high-passage MW cells grow well intracranially (Fig.

50).
Maintained in continuous monolayer culture for over 18

months, EP and MW have each survived over 100 subcultiva-

tions.
In Vitro Drug Studies. Soft-agar cloning studies were used to

assess the cytocidal efficacy of 3 commonly used antineoplastic
agents (Table 3). Under the conditions studied, none of the
compounds was active against MW. For EP cells treated with
methotrexate, 5-fluorouracil, or vincristine (each at 10~5 M), the

respective cell survival values were 43.0,10.9, or 28.7%.
In Vivo Drug Studies. At all levels tested, combination CMF

was more effective against EP than against MW (Table 4). While

Tables
Cytocidal activity of methotrexate,fluorouracil, and vincristine against human

breast carcinomasEPand MW
Cells were incubated (37Â°)with 10 pu concentrationseach of methotrexate, 5-

fluorouracil, or vincristine for 2 hr and cloned in soft agar. Nontreated cells were
recovered identically, cloned, and used as controls. Colonies were counted after
21 and 28 days of incubation.The degreeof survivalwas expressed as the fraction
of cells that formed colonies (i.e., the number of coloniesdivided by the number of
cells added) relative to the control. The value for each treated EP group differs
significantlyfrom the control value (p < 0.001) and from that of the corresponding
treated MW cells (p < 0.001).

% of survival

Cell line Control Methotrexate 5-Fluorouracil Vincristine

EP
MW100

Â±4.5*

100 Â±6.143.0
Â±3.5

100 Â±10.310.9
Â±1.1

100 Â±8.028.7
Â±4.5

100 Â±12.2
â€¢Mean Â±S.E.

Table4
Differentialantitumor activity of CMFcombination chemotherapyagainst human

breast carcinomas EPand MW in ATS-mousexenografts

Female B6D2F, mice were immunosuppressedwith s.c. injections of ATS on
Days -1, 0,1, 3, and 6 of a 10-day experimental schedule.On Day 0, cells were
harvested from monolayerculture and injected (2.5x10*/mouse) into the areajust
above the sternum. On Day 1, each mouse in the drug-treated group was given a
single i.p. injectionof CMF (1 x, 2 x, or 4 x). 2 x and 4 x represent 2 and 4 times
the original dosage of cyclophosphamide(8 mg/kg), methotrexate (3.25 mg/kg),
and 5-fluorouracil (47.5 mg/kg), respectively. Tumors were excised and weighed
on Day 10.

Breast
carcinomaEPMWCMFday)01

X2x4X01

x2x4xInhibition039.5

Â±1.0"53.5

Â±13.194.1
Â±0.720016.7

Â±6.459.0
Â±2.8Mean

wt
change

(g/mouse)+3.0+2.7+1.8-2.0+2.8+3.4+2.5-2.7P<0.5<0.1<0.02<0.1<0.05

Mean Â±S.E.
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having no measurable effect on MW, a single injection of cyclo-
phosphamide (8.0 mg/kg), methotrexate (3.25 mg/kg), and 5-

fluorouracil (47.5 mg/kg) inhibited EP tumors by 39.5%. When
this dosage was doubled, inhibitions of 53.5 and 16.7% were
observed for EP and MW, respectively. Even at toxic levels (4
times the original dose), EP was the more sensitive of the 2
tumors (with 94.1 versus 59.0% inhibition, p < 0.02 and 0.05,
respectively). By the standards of the National Cancer Institute
Drug Evauation Branch, a meaningful antineoplastic efficacy was
observed only with this highest dosage.

The highest dosage of CMF is not lethal to female B6D2F,
mice. In these drug sensitivity studies, the 4-fold dose did not
produce any animal fatality. When a group of 15 non-tumor-

bearing mice was immunosuppressed with ATS and given CMF
at 4 times the original dose, similar results were obtained.
Although a 1.8-g average weight loss was observed, all animals

survived.

DISCUSSION

The newly established EP and MW differ with respect to G-

banded karyotype, cell morphology, growth rate, saturation den
sity, cloning efficiency, tumorigenicity, ER content, total activities
of LDH and CPK, estrogen responsiveness, and in vitro and in
vivo drug sensitivities. Such differences are quite noteworthy,
for they demonstrate a striking variability in character among
human breast carcinoma cell lines.

The present study supports the contention that EP and MW
are derived from mammary duct epithelium. In both cell lines,
functional differentiation is demonstrated by the presence of
ERs. As shown by light and electron microscopy, the morphology
of the cultured cells is identical to that seen in biopsy material
from the respective patients. In each line, a mammary epithelial
origin is evidenced by the finding of intracytoplasmic lumina,
desmosomes, and tonofibril-like cytoplasmic filaments (2, 15,

36). In this respect, MW shows a generally greater morphological
differentiation than does EP.

As has been observed for thymidine incorporation in MCF-7

(24), the EP breast carcinoma cell line demonstrates a biphasic
response to /S-estradiol. From 10~10to 10~7 M, cellular prolifera

tion increases as a function of concentration. However, at levels
greater than 10 7 M, this stimulation falls off dramatically. At
10~5M,^-estradici becomes inhibitory.

In recent years, the relationship between ER status and non-

hormonal drug sensitivity in human breast carcinoma has been
the subject of some debate. A study by LJppman et al. (25)
showed a 75% objective response in ER-negative versus 12%
in ER-positive patients (with the clinical terms "ER positive" and
"ER negative" representing values of above and below 10 fmol/

mg protein, respectively). In contrast, Kiang and others suggest
that ER-rich tumors tend to be more sensitive to chemotherapy
than are their ER-poor counterparts (19, 32, 41).

Although a much larger sampling of cell lines would obviously
be necessary to suggest a general trend, our data support this
latter position. The EP breast carcinoma cell line (43.8 fmol/mg
protein) was consistently more drug sensitive than was MW (5.1
fmol/mg protein). In vitro, EP was more responsive to the single
agents methotrexate, 5-fluorouracil, and vincristine. In ATS-

mouse xenografts, EP showed a markedly higher sensitivity to
3 different levels of combination CMF.

Another significant finding is that the in vitro and in vivo drug
sensitivities correlate well with the responses of the 2 patients
from whom the cells were derived. Patient EP obtained a partial
remission in response to CMF. In comparison, Patient MW
developed disseminated metastasis while being treated with this
regimen.

For both cell lines, it is interesting to see the prevalence of
LDH isozymes LDH3^. Upon encountering a general predomi
nance of LDH3 in neoplasia, early investigators (9,39) suggested
a relationship between this disease and the expression of em
bryonic LDH patterns (13). The relatively high activities of LDH4
and LDH5 are consistent with the assertion that the cancerous
state is accompanied by increases in the LDH isozymes associ
ated with normal muscle. This phenomenon has been well doc
umented in human breast carcinoma (16,17, 38).

Importantly, the EP and MW breast carcinoma cell lines are
appropriate for use in a wide range of biochemical and biological
investigations. Because of its insensitivity to conventional chem
otherapy, MW should be useful not only for the ongoing evalua
tion of new antineoplastic agents but also for the study of drug
resistance as it occurs in nature. Since few human breast cancer
cell lines have shown a proliferative response to estrogen in vitro
(22,24), EP is a particularly valuable model system for the study
of hormonal effects.

ACKNOWLEDGMENTS

The authors are indebted to Linda B. Zuckerman for her invaluable help in all
phases of this study. We would also like to thank Grant Jolly, Kim Cnsfield. and
Jane Temple for their technical assistance.

REFERENCES

1. Armelin, H. A., Wishikawa, K., and Sato, G. H. Control of mammalian cell
growth in culture: the action of protein and steroid hormones as effector
substances. In: B. Clarkson and R. Baserga (eds.). Control of Proliferation in
Animal Cells, pp. 97-104. Cold Spring Harbor, NY: Cold Spring Harbor
Laboratory, 1974.

2. Buehring, G. C., and Hackett. A. J. Human breast tumor cell lines: identity
evaluation by ultrastructure. J. Nati. Cancer Inst., 53:621-629,1974.

3. Cailleau, R., Mackay, B., Young, R. K., and Reeves, W. J., Jr. Tissue culture
studies on pleural effusions from breast cancer patients. Cancer Res., 34:
801-609,1974.

4. Cailleau, R., Young, R., Olive, M., and Reeves, W. J., Jr. Breast tumor ceH
lines from pleural effusions. J. Nati. Cancer Inst., 53: 661-674,1974.

5. Chen, T. In situ detection of Mycoplasma contamination in cell cultures by
fluorescent Hoechst stain. Exp. Cell Res.. 104:255-262,1977.

6. Chu, M. Y., and Fischer, G. A. The incorporation of 3H-cytosme arabinoside

and its effects on murine teukemic cells (L5178Y). Biochem. Pharmacol.. 17:
741-753,1968.

7. Chu, M. Y., and Hoovis, M. L. The sensitivity of human leukemic cells to
anticancer agents in culture. Biochem. Pharmacol., 23: 503-511,1974.

8. Deaven, L. L, and Peterson, D. F. Measurements of mammalian cellular DNA
and its localization in chromosomes. Methods Cell Biol., 8:179-204,1974.

9. Dioguardi, N., Agostani, A., and Fiorelli, G. Lactic dehydrogenase (LDH):
molecular form of myeloblasts, myelocytes and granulocytes. In: Protides and
Biological Fluids, 12th Colloquium, BrÃ¼gges,P. 278. Amsterdam, Elsevier,
Publishing Co., 1964.

10. Engel, L. W., and Young, N. A. Human breast carcinoma cells in continuous
culture: a review. Cancer Res., 38: 4327-4339,1978.

11. Engel, L. W., Young, N. A., Tralka, T. S., Lippman, M. E., O'Brien, S. J., and

Joyce, M. J. Establishment and characterization of three new continuous cell
lines derived from human breast carcinomas. Cancer Res., 38: 3352-3364,
1978.

12. Gardner, P. S., and McQuillin, J. Rapid Virus Diagnosis: Application of Immu-
nofluorescence. London: Butterworth's, 1980.

13. Gerhardt, W., Ovlisen. B., Clausen, L., and Anderson. H. Differentiation of LDH
isozymes during fetal development. Protides and Biological Fluids, 12th Col
loquium, BrÃ¼gges,p., 203. Amsterdam: Elsevier Publishing Co., 1964.

14. Goldenberg, G. I., and Froese, E. K. Drug and hormone sensitivity of estrogen
receptor-positive and -negative human breast cancer cells in vitro. Cancer

CANCER RESEARCH VOL. 45 MARCH 1985

1361

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2421678/cr0450031357.pdf by guest on 19 M

ay 2023



CHARACTERISTICS OF 2 HUMAN BREAST CARCINOMAS

Res.. 42/5147-5151,1982.
15. Hackett, A. J., Smith, H. S., Springer, E. J., Owens, R. B., Nelson-Rees,W.

A., Riggs, J. L, and Gardner, M. B. Two syngeneic cell lines from human
breast tissue: the aneuploid mammary epithelial (Hs578T) and the diploid
myoepithelial (Hs578Bst) cell lines. J. Nati. Cancer. Inst., 58: 1795-1806,
1977.

16. Hawrylewicz, E. J., Blair, W. H., and Giltnu, L. W. Differentiation of human
breast tumors with LDH isozyme patterns. In: P. Bucalossi, V. Veronesi, and
N. Cascinelli (eds.). Proceedings of the Eleventh International Cancer Con
gress, Florence, Italy, October 20 to 26, 1974, Vol. 4, p. 624. Amsterdam:
Excerpta Medica, 1975.

17. Hilf, Râ€žRector, W. D., and Orlando, R. A. Multiple molecular forms of lÃ¡clate
dehydrogenase and glucose-6-phosphate dehydrogenase in normal and ab
normal human breast tissue. Cancer (Phila.),37:1825-1830,1976.

18. Kaufman,M., Klinga, L., Runnebaum,B., and Kubli, F. Hormone receptors in
breast cancer and response to chemotherapy. N. Engl. J. Med., 300: 1052,
1979.

19. Kiang, D. T., Frenning, D. H., Goldman, A. I., Ascensao, V. F., and Kennedy,
B. J. Estrogen receptors and responses to chemotherapy and hormonal
therapy in advanced breast cancer. N. Engl. J. Med., 299:1330-1334,1978.

20. Langlois, A. J., Holder, W. D., Inglehart, J. D.. Nelson-Rees,W. A., Wells, S.
A., Jr., and Bolognesi, D. P. Morphological and biochemical properties of a
new human breast cancer cell line. Cancer Res., 39: 2604-2613,1979.

21. Lasfargues,E. Y., Coutinho, W. G., and Redfield,E. S. Isolationof two human
tumor epithelial cell lines from solid breast carcinomas. J. Nati. Cancer Inst.,
67:967-978,1978.

22. Leung, B. S., Qureshi, S., and Leung, J. S. Response to estrogen by the
human mammary carcinoma cell line CAMA-1. Cancer Res., 42: 5060-5066,
1982.

23. Leung,C. K., and Shiu, R. P. Requiredpresenceof both estrogen and pituitary
factors for the growth of human breast cancer cells in athymic nude mice.
Cancer Res., 41: 546-551,1981.

24. Lippman, M., BolÃ¡n,G., and Huff, K. The effects of estrogens and anti-
estrogens on hormone-responsive human breast cancer in long-term tissue
culture. Cancer Res., 36: 4595-4601,1976.

25. Ljppman,M. E., Allegra,J. C., Thompson, E. B., Simon, R., Bartock,A., Green,
P., Huff, K. K., Do, H. M., Aitken, S. C., and Warren, R. The relation between
estrogen receptors and resonse rate to cytotoxic chemotherapy in metastatic
breast cancer. N. Engl. J. Med., 298: 1223-1228,1978.

26. McGuire,W. L., and De La Garza, M. Improvedsensitivity in the measurement
of estrogen receptor in human breast cancer. J. Clin. Endocrmol.Metab., 36:
548-552,1973.

27. Nelson-Rees,W. A., and Flandermeyer,R. R. Inter- and intraspeciescontam
ination of human breast tumor cell lines HBC and BRCaS and other cell
cultures. Science(Wash. DC), J95:1343-1344,1977.

28. Nelson-Rees, W. A., Flandermeyer, R. R., and Hawthorne, P. K. Banded
marker chromosomes as indicators of intraspecies cellular contamination.
Science(Wash. DC), 184: 1093-1096,1974.

29. Nelson-Rees,W. A., Flandermeyer, R. R., and Hawthorne, P. K. Distinctive
banded marker chromosomes of human tumor cell lines. Int. J. Cancer, 16:
74-82,1975.

30. Nordquist, R. E., Ishmael, D. R., Lovig, C. A., Hyder, D. M., and Hoge, A. F.
The tissue culture and morphology of human breast tumor cell line BOT-2.
Cancer Res., 35: 3100-3105,1975.

31. Rice, R. H., and Means, G. E. Radioactive labelingof proteins in vitro. J. Biol.
Chem., 246: 831-832,1971.

32. Rosenbaum,C., Marsland,T. S., Stolbach, L. L., Raam, S., and Cohen,J. L.
Estrogen receptor status and response to chemotherapy in advanced breast
cancer: the Tufts-Shattuck-Pondvilte experience. Cancer (Phila.),46: 2919-
2921,1980.

33. Russo, J., McGrath, C., Russo, I. H., and Rich, M. A. Tumoral growth of
human breast cancer cell line (MCF-7) in athymic mice. In: International
Symposium on Detection and Prevention of Cancer, New York, Vol. 1, pp.
617-626,1976.

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

35. Shatton, J. B., Morris, H. P., and Weinhouse, S. Creatine kinase activity and
isozymecompositionin normaltissues andneoplasmsof rats and mice.Cancer
Res., 39: 492-501,1979.

36. Sherwin, R. P., and Richters, A. The documentation of human breast cancer
in tissue culture. Cancer (Phila.),34:1943-1955,1974.

37. Stanbridge, E. J., Bougler, S. R., Franks, C. R., Garrett, J. A., Reeson, D. E.,
Bishop, D., and Perkins, F. T. Optimal conditions for the growth of malignant
human and animal cell populations in immunosuppressedmice. Cancer Res.,
35:2203-2212, 1975.

38. Stanislawski-Birencwajg,M., and Loisillier, F. Distribution of LDH isozyme in
mastitis fibroadenoma and carcinoma of the human mammary gland. Eur. J.
Cancer, 1: 221-224,1965.

39. Starkweather, W. H., and Schock, H. K. Some observations on the lÃ¡clate
dehydrogenaseof human neoplastialissue. Biochim. Biophys. Acia, 62: 440,
1962.

40. Tibbetls, L. M., Chu, M. Y., Hager, J. C., Dexter, D. L., and Calabresi. P.
Chemotherapy of cell-line-derivedhuman colon carcinomas in mice immune-
suppressed with antithymocyte serum. Cancer (Phila.),40:2651-2659,1977.

41. Young, P. C., Ehrlich,C. E., and Einhorn, L. E. Relationshipbetween steroid
receptors and response to endocrine therapy and cytotoxic chemotherapy in
metastatic breast cancer. Cancer (Phila.),46: 2961-2962,1980.

42. Young, R. K., Cailteau,R. M., Mackay,B., and Reeves,W. J.. Jr. Establishment
of epithelial cell line MDA-MB-157 from metastatic pleural effusion of human
breast carcinoma. In Vitro (Rockvilte),9: 239-245,1974.

Fig. 1. Giemsa-bandedkaryotypes of the EP breast carcinoma cell line. Chromosome preparationand slaining are described in "Materials and Methods."

Fig. 2. Giemsa-bandedkaryotypes of the MW breast carcinoma cell line. Chromosome preparationand staining are described in "Materials and Methods."

Fig. 3. Phase-contrasl photomicrographsof EP (A)and MW (B) breast carcinoma cells in monolayer culture, x 100.

Fig.4. Light micrographsof EP (A)and MW (B) breast carcinoma cells from culture; x 750. Cell preparationswere embedded in paraffinand stained with hematoxylin
and eosin. EP cells are pleomorphic and display irregular nuclei, frequent cytoplasmic droplets, and cytoplasmic vacuoles. MW cells, which are also pteomorphic,
demonstrate round nuclei, prominent nucleoli,multinucleatedforms, and cytoplasmic vacuoles. Electron micrographsof EP (C) and MW (D) breast carcinoma cells from
culture; x 10,500. The EP micrograph shows irregular nuclear convolutions, prominent surface villi, and organelle-richcytoplasm with lipid-like granules. That of MW
reveals prominent Golgi zones, endoplasmi reticulum, intracytoplasmic lumina,and filamentous material.

Fig. 5. Light micrographsof tumors produced in nude mice by injection of high-passageEP <A)and MW (B). EP (x312) grows s.c., producing a tabulatedtumor with
smaller basophiliccells on the periphery. Seen in central areas of the tabulatedtumor are larger, pleomorphic,occasionallymultinucleatedcells with distinct cell borders.
The clear cytoplasm is very similar in appearanceto that seen in the patient's primary tumor. MW (x 200), which was injected intracranially, is shown growing as fairly

solid, compact, rounded masses within the ventricles of the nude mouse brain. These cells have moderate amounts of cytoplasm with intracytoplasmic vacuoles and
occasionalglandular lumin formation. Electron micrographsof EP (C) and MW (D) breast carcinomacells from late passageculture; x 15,000. The EP micrographshows
prominent nucleoli, surface villi, desmosomes, and lipid droplets. The MW micrograph shows abundant cytoplasm containing intermediatefilament bundles, surface villi,
and desmosomes.These and other electron micrographsshow essentially unchangedfeatures compared to the low-passageelectron micrographs (Fig. 4, C and D).
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