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ABSTRACT

The goal of this study was to isolate and expand tumor cells in culture
that closely resemble invasive cells in primary breast carcinoma tissue.
Based on the hypothesis that invasive tumor cells are released more

readily upon digestion with connective tissue-degrading enzymes because
they are not confined within a basement membrane, we have designed a
novel procedure for their isolation. Using this method, we have success
fully expanded In culture aneusomic tumor cells from several primary
breast tumors. Twenty nine of 44 (66%) specimens processed yielded
proliferative and passageable cultures of up to 2 x i07 celia. The original
tumor tissue and cultures derived therefrom were compared for aneu
somy and the abnormal expression of the erb-B2, p53, and bcl-2 gene
products. Remarkable similarities were observed. However, some intra
tumor heterogeneity In chromosome content was found between touch
preparations and cultured cells. Overexpression oferb-B2 was observed in
the vast majority of cases (16 of 20), suggesting that this phenotype may
be important for dysregulated proliferation in vitro.

The simple and rapid method described in this report could enable
routine expansion of primary breast tumors and provide adequate awn
hers of viable cells for studying and manipulating their functional char
acteristics.

INTRODUCTION

Difficulties in routine isolation and culture of primary breast tumor
cells have resulted in the lack of appropriate model systems for
studying the various stages of breast cancer progression. The common
misconception that malignant cells proliferate more rapidly than non
malignant cells has led to the adoption of dissociation procedures and
cell culture media that are optimized for the growth of nonmalignant
epithelium. Paradoxically, in the case of primary breast tumors known
to be relatively slow-growing in vivo (I), the use of conventional
procedures designed for normal breast epithelial cell culture results in
the rapid overgrowth of tumor cells by diploid epithelium (2). It is
possible that these diploid cells may represent nonmalignant epithe
hum interspersed within the tumor tissue. Alternately, as postulated
previously (3), the slow evolutionary process in breast cancer may
result in the coexistence of the originally diploid neoplastic cells and
various aneuploid subsets within the primary lesion.

Previously used approaches of breast tumor tissue dissociation have
included: (a) mechanical disaggregation; or (b) complete degradation
of connective tissue by enzymatic digestion. During mechanical minc
ing, large numbers of tumor cells â€œspilloutâ€•of the tissue. The vast
majority of such loosely aggregated cells that comprise the â€œspillageâ€•
are aneuploid; yet they are found to be nonviable and do not undergo
cell attachment or proliferation (4, 5).

Enzymatic dissociation is more widely used for the derivation of
pure epithelial cell populations from malignant and nonmalignant
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breast tissue. A mixture of connective tissue-degrading enzymes dis
rupts the stroma in which the breast epithelium lies embedded. Thus,
upon completion of stromal degradation, reduction mammoplasty
tissue can be separated into a mesenchymal fraction consisting mostly
of fibroblasts and epithelial cell clumps termed â€œorganoids.â€•These
organoids require additional protease digestion to yield individual
cells, presumably due to the presence of intercellular tight junctions
between epithelial cells. When digested in this manner, tumor tissue
also yields organoids that can provide rapidly proliferating epithelial
cultures, but these display a relatively normal chromosomal profile

(6).
We hypothesize that nests or sheets of invasive malignant cells are

more susceptible to conventional enzymatic dissociation because of
abnormal deposition of basement membrane proteins (7â€”9).Thus,
during long-term digestion (required for the isolation of organoids),
these populations may be lost to degradation. Consequently, epithelial
cells from the organoids cultured under routine conditions generally
do not display the malignant characteristics of the original tumor
tissue (10).

We have identified conditions that allow partial stromal degrada
tion and thus facilitate the separation of nests of invasive tumor cells
from nonmalignant epithelium. Furthermore, in each case, we have
directly compared the expression of a number of tumor phenotypes in
the original tissue with the cell populations that have emerged in
culture. We demonstrate here that proliferating epithelial cultures
derived in this manner from breast carcinoma tissue express several
characteristic phenotypes of the original tumor specimen.

MATERIALS AND METHODS

Tissue Specimens. Fresh surgical discard tissue from 44 cases of patho
logically confirmed infiltrating primary breast carcinoma was obtained from
patients who had undergone surgery at the University of California, San
Francisco, and at the California Pacific Medical Center, San Francisco. Twenty

cases of breast tissue peripheral to carcinoma and 7 cases of reduction mam

moplasty with no known malignancy were also processed. In all cases, a
portion of the tissue was snap-frozen in liquid nitrogen for immunostaining.

Partial Enzymatic Degradation. An overall discussion of the method is
presented in â€œResults.â€•Details are as follows. Fresh tissue pieces in the
following categories: (a) primary breast tumor; (b) peripheral to carcinoma;

and (c) reduction mammoplasty, were first minced mechanically with scalpels
and scissors. For nonmalignant tissue in categories (b) and (c) above, adipose
material was scraped off prior to mincing. Minced tissue was suspended in
centrifuge tubes in a mixture consisting of collagenase type 1 at 200 units/mI
and hyaluronidase at 100 units/mI (Sigma Chemical Co., St. Louis, MO) in
F-12 medium supplemented with 10% FCS, penicillin, streptomycin, Fungi
zone, and gentamicin sulfate. The tubes were incubated at 37Â°Cand turned on
a tube rotator for 1â€”6h until the suspension medium became turbid. The
digested material was filtered through a 5 l-@m-pore nylon mesh. The filtrate

was centrifuged, and the cell pellet was plated in replicate dishes in low
calcium (0.06 mM) MCDB 170 medium containing 2% FCS (UCSF Cell
Culture Facility, San Francisco, CA) and supplemented with insulin, epidermal
growth factor, hydrocortisone (Sigma), and bovine pituitary extract (Hammond
Cell Technology, Alameda, CA). Contaminating fibroblasts were removed by
differential trypsinization, as described previously (6). Upon reaching subcon
fluence, cells were passaged by routine trypsinization procedures. Nonmalig
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Fig. 1. Partial enzymatic degradation of breast tissue. Tissue
dissociation procedure for enrichment of primary breast tumor
cells. The most important methodological modifications in this
scheme are: (a) optimal period of enzymatic digestion; and (b)
platingand expansionof the â€œfiltrateâ€•fractioninsteadof the
â€œorganoidâ€•fraction.
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Fig. 2. Growth and morphology of tumor culture derived by partial enzymatic degradation of primary breast tumor tissue. a, cells 7 days after seeding. Note the presence of both

fibroblastsandepithelialcellsin the culture.b, cultureof pureepithelialcellsat secondpassage.c, expressionof cytokeratin19in tumorcellsat secondpassage.

nant peripheral tissue was digested for the same duration as the accompanying
tumor, whereas all reduction mammoplasty tissue was digested for 4 h.

Immunofluorescence.Primaryculturedisheswere trypsinizedwhensuf
ficient cell numbers were achieved. An aliquot of the trypsinized culture was
plated on sterile microscope slides. Upon reaching subconfluence, slides were
fixed in Orthopermeafix (Ortho Diagnostics, Raritan, NJ) for 40 mm. Each
slide was divided into chambers using a PAP pen (The Binding Site, San
Diego, CA) for indirect immunolocalization with mouse monoclonal antibod
ies to the gene products of p53, erb-B2 (Santa Cruz Biotechnology, Inc., Santa

Cruz, CA), bcl-2 (Dako, Carpinteria, CA), or no primary antibody control.
Biotinylated antimouse secondary antibody (Vector Laboratories, Burlingame,

CA), followed by fluoresceinated-ultra avidin (Leinco, St. Louis, MO), were
used for signal amplification and detection. Cryostat sections of the original
tumor tissue were tested simultaneously with the cultured cells within the same
experiment. Nonmalignant epithelium within the section served as normal
baseline control. Breast cancer cell lines, BT474 and T47D, cultured in
DME + 10%FCS were used as positive controls for aberrant expression of the
cellular phenotypes mentioned above. Expression of luminal epithelium-asso

ciated cytokeratins 18 and 19 was examined with monospecific antibodies
(Progen, Heidelberg, Germany).

FISH? FISH analysis of tumor tissue was done on touch preparations
obtained by touching freshly sliced tissue to clean slides for capturing loosely
adherent tumor cells. Details of fixation, in situ hybridization, immunostaining,
and scoring of signals were described previously (11). Cultured cells were
directly analyzed as adherent monolayers on microscope slides after fixation
with Carnoys. Pericentromeric probes to chromosomes I, 3, and 17 (kindly
provided by Dr. Fred Waldman, University of California, San Francisco) were
used to detect numerical chromosome changes. Epithelial cultures expanded
from reduction mammoplasty-derived organoids served as normal, diploid

controls. Fluorescence was visualized and recorded using a Zeiss Axioskop
microscope and an Optronics CCD camera.

3 The abbreviation used is: FISH, fluorescence in situ hybridization.
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RESULTS

Tumor Dissociation Procedure

In contrast to methods of tissue dissociation reported in the litera
ture, in the protocol described here, most importantly, we have opti
mized overall time of exposure to stroma-degrading enzymes for each
tumor. In this procedure, referred to as â€œpartialenzymatic degrada
tion,â€•instead of a long duration (usually 24 h or more to yield
organoids), enzymatic dissociation was monitored closely after initi
ating digestion of minced tissue. Digestion was terminated when gross
macroscopic inspection displayed a relatively turbid suspension. Con
sequently, the time in enzyme mix ranged from 1â€”6h. The cell
suspension obtained upon filtration contained a dissociated fraction
that was reduced to small clusters or single cells by the partial
enzymatic degradation of the collagenous matrix of the connective
tissue.

Another important methodological modification was the use of
cells in the â€œfiltrateâ€•fraction for initiating cultures of tumor epithe
hum instead of the â€œorganoidâ€•fraction retained on the filter. The
protocol outlined in Fig. 1 was followed for processing and harvesting
a total of 44 primary breast tumors, 20 specimens of nonmalignant
tissue peripheral to carcinoma, and 7 reduction mammoplasty speci
mens.

Characteristics of Primary Breast Tumor Cells Isolated by
Partial Enzymatic Degradation

The primary tumor digest obtained by partial enzymatic degrada
tion generally displayed a high level of cellularity. In addition to
putative tumor cells, it was contaminated with lymphocytes and
fibroblasts to varying degrees. The lymphocytes remained in suspen
sion and rapidly degenerated and lysed. Upon attachment to the
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Table I Growth potential of breast epithelial cells isolated by partial enzymatic
degradation

Tumor tissue and peripheral tissue differ significantly at P 0.012, based on the t@
statistics.

Extent of growthTumor tissue (N)Peripheral tissue(N)No

epithelial cells18% (8)50%(10)Primary
culture, not passageable16% (7)15%(3)Two

passages36% ( 16)35%(7)Three
to seven passages30% (13)0%

Table 3 Aneusomy in cultures derivedfrom primary twnor tissue by partiaIenzymaticdegradation%

aneusomy (1 or 3 copies)â€•Chromosome1317

ChromosomeNo. ofcopiesTPCCTPCCI

3

171

2
3â€”6

1
2

3â€”b
1
2

3â€”61%

13%
86%

NDa

ND9%

42%
49%

>99%

>90%>90%

12%
58%
30%
5%
55%
40%>90%

>90%

28%
45%
27%65%

30%
5%

70%
30%

>90%75%

20%
5%

64%
5%

31%

>90%a

ND,notdone.
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resentative of the invasive cells in the original tumor, fixed cultures
and tumor tissue were compared: (a) for the presence of aneusomy by
FISH analysis with chromosome enumeration probes (summarized in
Tables 2 and 3); and (b) for the expression of the erb-B2, p53, and
bc!-2 gene products by indirect immunofluorescence (summarized in
Table 4). Similarly derived cultures from nonmalignant tissue periph
eral to carcinoma, as well as from routinely derived reduction mars
moplasty organoids were also included in the comparison.

The following observations were made which demonstrate the
malignant characteristics of tumor-derived cultures.

Aneusomy FISH with pericentromericprobes to chromosomes I,
3, and 17 showed that numerical changes in these three chromosomes
were common in tumor-derived cultures but not in cells that grew out
of nonmalignant tissue (Table 2 and 3). A total of 18 cultures were
examined at second passage, which included all 13 cases that were
passageable three to seven times and 5 cases that were growth arrested
after two passages. Comparisons were made between the original
tumor and cultures derived from these tumors in three cases where
optimal touch preparations were available (Table 2). Overall, touch
preparations and cultures were similar, although some differences
were also detected. For example, in specimen G274T, the majority of
cultured cells contained one to three copies of chromosome 1, whereas
the touch preparations displayed a large number of cells with more
than or equal to four copies (Figs. 3 and 4). Similarly, in specimen
S162T, although the tissue contained a large population (30%) of cells
with greater than two copies of chromosome 3, this population was
not observed in culture. In contrast, for specimen S175T, the culture
was more abnormal than the touch preparations because a third of the
population displayed more than or equal to three copies of chromo
some 3, which was not present in the touch preparations (Table 2). It
is possible that these variations are due to the sampling of different
areas of the tumor for touch preparations and cell culture isolation.

culture dish, contaminating fibroblasts (Fig. 2a) were readily removed
by differential trypsinization to yield pure epithelial populations (Fig.
2b).

As summarized in Table 1, in 18% of the tumor specimens cultured,
there were no detectable epithelial cells; only fibroblasts grew out. In
another 16%, there was no appreciable growth of epithelial cells; only
small patches of <50 cells, which did not progress further, were
observed during the first week of culture. The majority (66%) of the
cultures displayed continuously proliferating colonies. The cells had a
characteristic epithelial morphology, although some heterogeneity in
shape and size was seen. Immunostaining for the luminal epithelium
associated cytokeratins I 8 and 19 demonstrated strong homogeneous
reactivity (Fig. 2C).

The proliferation rate of the tumor cultures was remarkably slow,
with doubling times ranging from 4 days to 2 to 3 weeks. Yet almost
one-half of the specimens were proliferative beyond second passage
and were subcultured three to seven times. These cases yielded a
range of 3 X lO@to 2 X l0@cells, which enabled the further in-depth
characterization described below.

In 10 of 20 cases of nonmalignant tissue peripheral to carcinoma
that were subjected to partial enzymatic degradation, no epithelial
cells grew out of the filtrate upon plating in culture. From the
remaining cases, the yield of epithelial cells was minimal. Thus, when
these cultures were initiated, the epithelial cells were at clonal density.
Rapid proliferation of these single cells in MCDB 170 medium,
known to support clonal growth, resulted in large colonies. However,
proliferation is known to be arrested in unselected, nontransformed
epithelial cultures after 50 population doublings. Therefore, unlike the
tumor-derived cells, nonmalignant cultures, as shown in Table 1,
could not be subcultured beyond passage 2 (approximately 50 popu
lation doublings). Tissue from 5 of 5 reduction mammoplasty speci
mens dissociated by the partial enzymatic degradation protocol only
yielded fibroblast cultures. When the same specimens were processed
by the routine long-term enzymatic dissociation method for isolating
organoids, rapidly proliferating epithelial mass cultures were obtained
from the plated organoids, which could be passaged four to five times.
As described below, fixed cultures of nonmalignant cells were used
for comparison with tumor-derived cultures.

To ascertain that the epithelial cells cultured from primary tumor
tissue by the cell isolation protocol described above are indeed rep

Case no.
S174T 5 47 28
Sl8lT 5 5 84
SI89T NDâ€• 5 30
S213T 30 ND 45
G3O1T ND ND 47
S22lT 58 ND ND
G312T ND 42 25
G302T 65 ND ND
G325T ND ND 30
G344T ND 6 27

aA@ of 100cellswasexaminedforeveryvalue.Aneusomyl6%issignificantly
different from diploid control cells derived from one reduction mammoplasty specimen
and one case of tissue peripheral to carcinoma, G3OIP (5% aneusomy for all three
chromosomes) by Fisher's Exact test at P < 0.01.

b ND, not done, due to inavailability of optimal preparations.

Table 2 Numerical changes in chromosome 1. 3, and 17 in primary breast tumor touch preparations (TP) and tumor-derived cell cultures (CC), analyzed by FISH

G274T SI62T S175T

TP CC
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Table 4 Expression of malignant phenotype in primary breast tumor tissueandcultures
derived by partial enzymaticdegradationPhenotype

in tumortissueâ€•No.

of cases erb-B2 p53bcl-2Primary

tumor
Concordantcasesâ€• 18/205

+ â€”â€”4
+ ++3
â€” â€”â€”2
â€” â€”+2
+ +â€”1
+ â€”+I
â€” +â€”Discordant

casesc 2/201
+(-) â€”-1
+(â€”) +(â€”) +(â€”)

PRIMARY BREAST TUMOR CELL CULTURE

positive (Table 4). Concordant expression of the erb-B2 protein in the
original tumor and in the tumor-derived culture was seen in I2 of 14
cases. Erb-B2-positive tumor tissue displayed a combination of punc
tate cytoplasmic and membrane localization of the staining, and
rarely, membrane-associated reactivity was seen (Fig. Sb). Cultures
derived from nonmalignant breast tissue were negative for the expres
sion of erb-B2 protein (Fig. Sc).

In one case, discordant expression of erb-B2 was seen, where the
tumor was positive although the culture was negative. However, FISH
data for this culture (S 174T) showed the presence of aneusomy for
chromosomes 3 and 17 in a large population of cells (Table 3). In
addition, another specimen was found to be positive in the original
tumor but negative in culture. Because this specimen was weakly
positive in vivo, it is possible that such low levels of expression may
be undetectable in cultured cells because of changes in antigen density
per unit area.

As summarized in Table 4, 40% (8 of 20) primary tumors displayed
positive cellular immunostaining for the p53 gene product. In six
cases, >50% of the tumor cells in the tissue were positively stained,
whereas in two cases, a smaller proportion of positive cells was seen.
Immunofluorescence was predominantly nuclear in seven of eight
positive tumors (Fig. Se), whereas cytoplasmic reactivity was seen in
one case. As illustrated in Fig. Sf in seven of eight cases, tumor
derived cultures displayed the same pattern of immunostaining as the
original tumor tissue. T47D breast carcinoma cells, included as pos
itive controls in every assay, showed a strong nuclear pattern of p53
immunostaining in over 75% of the culture (Fig. 5h). In contrast, in
cultures from eight of eight specimens of peripheral tissue and seven
of seven derived from reduction mammoplasty tissue, a low basal
level of cytoplasmic staining was observed in the majority of cells
(Fig. Sg), whereas nuclear staining was sporadic (< 10%). One case
described above (S174T) for discordant expression of erb-B2 protein
was also found to be discordant for p53 expression.

aImmunofluorescenceresultswererecordedaspositiveif 10%tumorcellswere
stained in tissue sections and cell cultures.

b Identical immunostaining results were obtained for both original tumor tissue and

cultured cells.
C Immunostaining on tumor tissue and derived culture did not match. Results shown in

parentheses represent cultured cells.

An additional 15 cases of tumor-derived cultures were examined, of
which 10 were aneusomic (summarized in Table 3). In these tumor
cultures, a maximum of 27â€”84%of the population displayed aneu
somy for one of the three probes examined. In contrast, five different
reduction mammoplasty cultures were 95% diploid for each chro
mosome. The differences between tumor-derived and reduction mam
moplasty cultures were statistically significant by Fisher's Exact test
(P < 0.01). Five of 18 tumor cultures showed no aneusomy for
chromosomes 1, 3, and 17. However, each one of these cultures
displayed other phenotypes of the tumor tissue (described below).

Expression of erb-B2, p53, and bcl-2. Immunofluorescent cell

preparations that were optimal for microscopic evaluation were avail
able for 20 of 29 specimens that yielded passageable cultures. Seventy
%of thecasesin thisgroupof primarybreasttumorswereerb-B2

Fig. 3. FISH analysis of breast carcinoma touch preparations and
tumor-derived cultures at second passage with pericentromeric probe to
chromosome I . a, touch preparation of original tumor tissue. Note the
presence of multiple signals. b, nuclei in a counterstained with 4,6-
diamidino-2-phenylindole. c, trisomic nuclei from a second passage cul
tare derived from tumor shown in a. d@nuclei in c counterstained with
4',6-diamidino-2-phenylindole.
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Fig. 4. Distribution of diploid versus aneusomic cells in touch prep
arations and cells cultured from a primary tumor specimen. Among the
cultured population, note increased numbers of cells with one to three
copies of chromosome I and a concomitant decrease in the number of
cells with higher chromosome I copy number.
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Expression of the bcl-2 gene product was observed in 40% of the
frozen tumor specimens examined. In seven of eight cases, tumor
tissue and tumor-derived cultures were concordant (Table 4). Staining
of bcl-2 protein was cytoplasmic in tissue sections of bcl-2-positive
tumors and in BT474 breast carcinoma cells, used as positive controls
(Fig. 5, i and 1,respectively). The tumor cultures generally stained less
intensely than BT474 cells but showed similar cytoplasmic localiza
tion of bcl-2 protein (Fig. Sf). With the exception of mitotic figures,
cultures derived from nonmalignant tissue were uniformly negative
(Fig. 5k). In one case, the tumor tissue was positive but the derived
culture was negative. This result may reflect tumor heterogeneity for
this phenotype, because as shown in Table 3, this culture was found
to be aneusomic (S174T).

The 3 of 20 specimens that were noninformative, i.e., simulta
neously negative for erb-B2, bcl-2, and p53 expression (Table 4),
were found to be aneusomic for at least one of three chromosome
enumerator probes (Table 2, S162T; and Table 3, S221T and G302T).

Is a Specific Malignant Phenotype Important for Growth in
Culture?

To determine whether primary tumors, which could be appreciably
expanded in culture, represented a unique population of tumor cells or
if this was a random occurrence, we compared expression of erb-B2,

PS3,andbcl-2 in these tumorswith those thatwere nonproliferativeor
showed minimal growth. All 15 cases that did not yield passageable
cultures (Table 1) were compared with the 20 cases of proliferative
tumors shown in Table 4. As summarized in Table 5, there was no
significant difference between the two populations in the expression
of p53 and bcl-2. However, the frequency of erb-B2 overexpression
among those tumors that were able to yield passageable cultures was
significantly higher (P < 0.016). This finding suggests an important
role for the erb-B2 protein in the maintenance of tumor cell growth in
vitro.

1594

DISCUSSION

We have demonstrated here that partial enzymatic degradation of
primary tumor tissue enables the isolation of tumor cells that are more
aberrant than those obtained from tumor-derived organoids by con
ventional enzymatic dissociation procedures. The factors that simul
taneously contribute toward the effectiveness of this improved proce
dure are: (a) the elimination of contaminating nonmalignant
epithelium; and (b) the maintenance of tumor cell viability, which is
found to be lacking in mechanically dissociated tissue (4). Thus,
breast tumor cells, known to be slow-growing (1), are provided a
competitive edge over rapidly dividing nonmalignant breast epithe
hum for proliferation in culture.

In a previous study, we have reported on modifications in the
cellular microenvironment that enable the selective isolation of pri
mary tumor cells from the organoid fraction of the enzymatic digest
(12). However, the yield of proliferating tumor cells per gram of
tumor tissue was substantially lower than reported here. In this study,
we have demonstrated that relatively small pieces of tumor tissue
(<0.5 g/specimen) upon expansion in culture yield up to 2 X lO@
cells. Most importantly, the cultured cells closely resemble the tumor
cells in vivo for a variety of aberrant, dysregulated cellular pheno
types. In some cultures, the vast majority of cells were aneusomic. In
others, although some aneuploidy was seen, a large percentage of
diploid cells were also present. It is possible that these apparently
diploid cells harbored deletions of specific chromosomal bands as
reported by Teixeira et a!. ( 13). Alternately, the cells that were diploid
for the specific probes used may be aneusomic for other chromosomes
not examined in this study and may indeed represent bonafide tumor
cells. This possibility is supported by the presence of other malignant
characteristics in these cultures also observed in the tumor tissue, such
as the aberrant expression of erb-B2, p53, and bcl-2 gene products.

Although, in rare instances (< 1%), mechanically dispersed primary
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Table 5 Comparison of malignant phenotype in primary breast tumors
proliferative or nonproliferative in culturethat

wereNo.

of positivespecimensPassageable

in culture erb-B2p53bcl-2Yes

14/20 8/20
No 4/15 5/15
pa 0.013 0.358/20

6/15
0.64a

Fisher's Exact test.
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Fig. 5. Indirect immunolocalization in primary breast tumor tissue and tumor cultures at passage 2. aâ€”d,anti-erbB2 immunofluorescence on: a, tumor section; b, tumor culture; c,
nonmalignant culture; and d, BT474-positive control. Note membrane localization of antibody in tumor cells in vivo. Cultured tumor cells display a punctate cytoplasmic pattem also
seen in the majority of erbB2-overexpressing BT474 cells, whereas some cells show membrane localization similar to the tumor tissue. Nonmalignant cells are unstained. eâ€”h,anti-p53
immunofluorescence on: e, tumor section;f tumor culture; g. nonmalignant culture; and h, T47D-positive control. Note strong nuclear fluorescence in tumor tissue as well as cultured
primary tumor cells and T47D cells, whereas nonmalignant cells show weak cytoplasmic staining. iâ€”I,anti-bcl-2 immunostaining on: i, tumor section;j, tumor culture; k, nonmalignant
culture; and I, BT474-positive control. Note strong cytoplasmic fluorescence of several large nests of tumor cells in the tissue. Cultured primary tumor cells and BT474 cells also show
strong cytoplasmic fluorescence, whereas in the nonmalignant culture, only mitotic figures are positive. Tumor-tissue shown in i was photographed at X200. Cells in all other panels
shown were photographed at X400.

tumor tissue can give rise to aneuploid established cell lines (14â€”19),
yet in the vast majority of cases, it consists of cells that are neither
viable nor proliferative (4, 5). In most cases, at the time of derivation
of these cell lines, characteristics of the original tumor tissue that may
be relevant to the ability for in vitro growth were not reported
(14â€”16).Thus, specific properties that distinguish those tumor pop
ulations that maintain growth in culture from those that do not remain
to be determined, and their identification may require the approaches
described in this study on several large series of primary tumors. In
this regard, we have observed here that 70% of the tumor specimens
that proliferated in culture overexpressed erb-B2. A higher incidence
of erb-B2 overexpression has been reported in established breast
cancer cell lines and xenografts than seen in primary breast tumors in
vivo (19, 20). Because the erb-B2 gene product is a putative growth
factor receptor, it is often speculated that its overexpression may
provide some growth advantage to the tumor. This possibility is
supported by the correlation between large tumor size and erb-B2
gene amplification (21) and overexpression in breast cancer (22).
Furthermore, such tumors are generally more aggressive and result in
a poor prognosis for the patient (21). Our findings here provide
evidence for the role of erb-B2 overexpression as an important pa

rameter for tumor growth under a variety of conditions, including
growth in culture.

In the specimens processed thus far, we have not observed cell
immortalization, a phenotype exemplified by cell lines established
from specimens at late stages of widespread tumor dissemination and
metastasis. On the other hand, primary tumor cultures are slow
growing and display a steady attrition rate, possibly by a variety of
mechanisms similar to those observed in histological sections. Thus,
it is conceivable that some of the specimens in this study that did not
develop into passageable cultures upon partial enzymatic degradation
initially had a low level of viable tumor cells. Those specimens that
were proliferative in culture did not display the ability for indefinite
growth or immortalization because this may require additional genetic
instability and selection within the tumor tissue. In this regard, our
data suggest that overexpression of erb-B2 may be a phenotype that is
necessary but not sufficient for immortalization of primary breast
tumor epithelium. Additional studies on erb-B2-overexpressing pri
mary tumor cultures may identify key ligands and factors in the signal
transduction pathway mediated by erb-B2, the autocrine expression of
which may be necessary for immortalization in culture. Such infor
mation will indeed be useful in defining new approaches for blocking
growth-promoting signals mediated through such factors.

Unlike the statistically significant correlation observed between
erb-B2 overexpression and proliferation of tumor cells in culture,
aberrant expression of the p53 and bcl-2 gene products did not appear
to be associated with growth in vitro in this series of primary breast
tumors. The p53 protein, a mediator of 0@ arrest, functions as a
checkpoint for DNA repair, thereby directing unrepaired cells toward
an apoptotic pathway. Because the wild-type protein has a short
half-life, the nuclear accumulation of high levels of protein, reflecting
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its stability, has been frequently correlated with the presence of a
functionally aberrant protein (23â€”25).Surprisingly, however, nuclear
localization of the p53 protein in cultures of nonmalignant breast
epithelium has been reported previously (26, 27). In our study, inch
rect immunolocalization data have demonstrated that under identical
conditions of growth, nonmalignant cultures displayed sporadic nu
clear positivity, as also observed by Gudas et a!. (28). In contrast, like
established tumor cell lines, primary tumor cultures derived from
p53-positive tumors were relatively homogeneous and consistent in
the expression of nuclear p53. As the ability to routinely expand
primary breast tumor cells to greater numbers is improved, it will be
possible to confirm these observations with additional techniques.
Similarly, overexpression of the antiapoptotic bcl-2 protein, which
localizes to the outer mitochondrial membrane, nuclear envelope, and
endoplasmic reticulum, is widely reported among primary breast
cancers (29â€”31). In the normal breast in vivo, cyclical variation in
protein expression has been observed (32). Consistent with other
reports on cultured breast cells (33), we have found that the bcl-2
protein is detectable only in mitotic nuclei of cultured normal breast
epithelium. To our knowledge, this is the first report demonstrating
the maintenance of homogeneous bcl-2 expression in cultures derived
from bcl-2-positive primary breast tumors.

The development of methods that routinely and reliably allow the
derivation of viable, proliferative cultures from primary tumors can
have a rapid and significant impact toward understanding tumor
biology. These cultures: (a) could provide representation of a much
wider spectrum of tumors, particularly in view of the widespread
heterogeneity of primary breast cancer; and (b) could enable in-depth
analyses of those critical stages in tumor progression that precede
metastatic dissemination. Furthermore, these viable cell populations
could serve in a more meaningful way toward studying the regulation
of aberrant cell function directly related to tumorigenesis instead of
characteristics acquired through the genetic instability generated by
years of cell culture and passaging.
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