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Interest in human breast carcinoma, as a 
possible model for virus-induced neoplasia, 
has been stimulated by several recent reports 
of possible virus-associated activities in hu- 
man breast tumor material. Virus-like parti- 
cles, similar in morphology to the mouse 
mammary tumor virus and to the virus re- 
cently observed in a rhesus monkey breast 
carcinoma ( 1 ) , have been observed in human 
milk ( 2 ,  3 ) .  In  addition, a DNA polymerase 
possibly associated with RNA tumor virus 
particles (4, 5) has been demonstrated in 
human milk samples (6 ) ,  as has 65-70s RNA 
(7). Recently, the presence in human breast 
tumors of RNA related to that of mouse 
mammary tumor virus has been proposed on 
the basis of molecular hybridization experi- 
ments (8). 

Many of the studies with human breast 
carcinoma have been carried out using tumor 
material derived directly from in vivo sources, 
a result, in part, of the paucity of well- 
characterized, rapidly growing human breast 
tumor cell lines. Human breast tumor cells 
grow with difficulty under ordinary culture 
conditions, and reports describing continuous 
cell lines obtained from primary breast tumor 
material are rare. Two such lines, one estab- 
lished by Lasfargues and Ozzello (9) from a 
duct cell carcinoma, and a second derived by 
Martorelli, Parshley and Moore ( 1 0 )  from a 
scirrhous carcinoma, have been reported. In 
addition, a few other cell lines have been 
established following cultivation of cells from 
metastatic tumors and pleural effusions ob- 
tained from patients with breast tumors. The 
need for additional cell culture material with 
which the virology, immunology, physiology 
and biochemistry of human breast carcinoma 

can be studied is apparent. 
We have investigated the effects of col- 

lagenase treatment, which has been shown to 
facilitate cultivation of epithelial tissue ( 1 1 ) ,  
in conjunction with the cloning of cells from 
tumor explants to prevent overgrowth with 
fibroblasts, on the growth of human breast 
tumor tissue in vitro. In this paper, we re- 
port the isolation of a continuous tumor cell 
line with a rapid rate of growth and an un- 
usually high cloning efficiency following culti- 
vation of a human breast adenocarcinoma. 

Materials and Methods. Cell line HBT-3 
was derived from a breast carcinoma occur- 
ring in a 50-yr-old woman with a history of 
three normal pregnancies. Histological exami- 
nation showed this tumor to be a mucus pro- 
ducing adenocarcinoma, a relatively uncom- 
mon form of breast cancer (Figs. 1 and 2 ) .  
No lymph node involvement was detected 
after histological examination of several axil- 
lary nodes. 

Tumor tissue was received in the laborato- 
ry approximately 24 hr after surgery. Fatty 
tissue was separated from the firmer part of 
the tumor material, which was then rinsed 
with Earle's balanced salt solution, minced 
with scissors and scalpels, suspended in 10 ml 
of 1 mg/ml collagenase (in Hanks' balanced 
salt solution), and incubated at  room tem- 
perature overnight. Digested tumor material 
was then centrifuged at  800 rpm for 30 min, 
and the resulting pellet was suspended in 
McCoy's 5a medium containing 15% fetal 
calf serum and plated in a 75 cm2 plastic 
flask (Falcon Plastics, Oxnard, CA) . After 
incubation for 7 days at 37", the culture was 
examined carefully for the presence of col- 
onies of epithelioid cells, and a single colony 
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FIG. 1. Low power view of the original tumor 
from which cell line HBT-3 was derived showing 
irregular acinar and tubular epithelial structures 
scattered through prominent mucus lakes. 48X. 

was picked from the flask using a Pasteur 
pipette. The cells from this colony, contained 
in approximately 1 ml of medium, were 
plated in microplates (Falcon Plastics, Mi- 
crotest I1 plates, capacity 0.2 ml/well) to- 
gether with fresh medium. After 3 wk addi- 
tional incubation, colonies of epithelioid cells 
were observed in 3 of the 12 wells seeded. 
These cells were removed and s?eded in 
flasks. The resulting cell line, designated as 
HRT-3, has been in continuous culture since 
that time, covering a period of approximately 
10 mo and over 50 passages at  cell dilutions 
ranging from 1 : 10 to 1 : 50. 

Media, sera and other tissue culture re- 
agents were obtained from Grand Island Bio- 
logical Co., Grand Island, NU. Collagenase 
was supplied by Worthington Biochemical 
Corporation (Freehold, NJ)  as a crude 
preparation with an activity of 197 units/mg. 

For cell doubling time experiments, 50,000 
HBT-3 cells were plated in 75  cm2 Falcon 
flasks. A t  48, 72 ,  and 96 hr after plating, 
duplicate flasks were examined microscopical- 
ly. The total number of cells per flask was 
calculated after determining the average 
number of cells in each of 50 randomly 
placed fields. 

For chromosomal analysis, HBT-3 cultures 
from several different passage levels and a 
fibroblastic culture also derived from the 
same breast tumor tissues (see below) were 
employed. Colcemid (0.5 yg/ml of culture 
fluid) was added to the cultures, which had 
been fluid changed 24 hr previously. After 
colcemid treatment for 2-3 hr the culture 
medium was removed, and 8 ml of a hypo- 
tonic solution (0.5%) of KC1 was added. The 
samples were incubated for an additional 30 
min, after which a portion of the cells was 
detached from the monolayers following vigo- 
rous shaking of the culture flasks. These cells 
were lightly centrifuged and fixed in 3:l 
methanol-acetic acid. After 3 washes in fresh 
fixative the cells were dropped on wet slides, 
stained with Giemsa, and photographed. 

Results. Characteristics of human breast 
carcinoma cell line HBT-3. Following the es- 
tablishment in culture of cells from human 
breast tumor HBT-3 (see above), a variety 
of procedures was employed in an effort to 
characterize the resulting cell line. HBT-3 
cells are epithelioid in appearance (Fig. 3 ) ,  
and when plated very sparsely the cells are 
capable of forming multilayered colonies 

FIG. 2. High power view of the tumor showing 
epithelioid elcmcnts with nuclei exhibiting moderate 
pleomorphism and hyperchromatism. Note the gener- 
al resemblance to breast ductal epithelium. 240X. 
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FIG. 3 .  Actively growing culture of HBT-3 breast turnor cells. Phase contrast. 16QX. 

(Fig. 4), indicating a lack of contact inhibi- 
tion of cell growth. While HBT-3 cells can be 
maintained successfully in several different 
culture media, they seem to grow best in 
RPMI 1640 (Grand Island Biological Co.) 
supplemented wi'th 15-20% heat-inactivated 
fetal calf serum and 1 m1/100 ml of 200 mM 
I-glutamine. Under these conditions HBT-3 
cells grow quite rapidly and can be subcul- 
tured at  a 1:20 dilution approximately every 
5 days. Cell doubling time for this line is 
approximately 18 hr. 

The original HBT-3 tumor was also cul- 
tured by methods similar to the procedures 
described above, but without the use of col- 
lagenase. Under these conditions, no epitheli- 
oid cells were seen, but fibroblastic cells 
could be recovered (Fig. 5 ) .  These fibroblas- 
tic cells grew comparatively slowly, showed 
no evidence of loss of contact inhibition, and 
could not be cultured for more than 10 to 12 
passages. 

Immunofluorescent procedures using spe- 
cies specific typing sera ( 1 2 )  as well as lactic 
acid dehydrogenase isoenzyme patterns both 
showed HBT-3 cells to be of human origin. 

Starch gel electrophoresis (TEB buffer, pH 
8.6), performed through the courtesy of Dr. 
P. R. McCurdy (Georgetown Medical Divi- 

sion, D. C. General Hospital, Washington), 
indicated that HBT-3 cells contain glucose-6- 
phosphate dehydrogenase of type A variant 
mobility. Peripheral leukocytes and hemo- 
lysate obtained from the original patient are 
heterozygous for this enzyme, containing var- 
iants of both A and B mobility. 

The HBT-3 cell line exhibits many of the 
properties usually associated with continuous 
tumor cell lines. HBT-3 cells multiply rapid- 
ly, can be cultured for prolonged periods 
without any apparent decrease in their 
growth rate, and can multiply well even when 
plated at  extremely low cell densities. The 
cloning efficiency of HBT-3 cells was esti- 
mated by plating single cells from each of 
several different passage levels in individual 
wells using Falcon Microtest I1 plates with a 
capacity of 0.2 ml/well. Seven to 10 days 
after plating, wells were scored for the 
presence of colonies of HBT-3 cells. Under 
these conditions 70% of the cells were able to 
give rise to viable colonies. Colonies could be 
readily picked and grown in mass cultures as 
clonal lines of HBT-3 cells. 

In  separate experiments, a high cloning 
efficiency was observed following plating of 
the HBT-3 breast tumor line in 7 5  cm2 
flasks. Two hundred cells per flask were 
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FIG. 4. Multilayered colony of HBT-3 cells arising from a single cell, 9 days after plating. Phase 
contrast. 160X. 

plated and left undisturbed for 9 days, at with either mucicarmine or periodic acid 
which time the cells were stained (May- Schiff, indicating a lack of mucin production. 
Grunwald), and the colonies were counted of HBT-3 cells. HBT-3 cells 
macroscopically. An average of 68% of the from 3 passages, the 23rd, 27th and 43rd, 
cells plated formed visible colonies in each of representing cells which had been in culture 
several replicate experiments. for 21, 25, and 45 wk, respectively, were 

HBT-3 cells were negative when stained selected for chromosomal study. One hundred 

Karyology 

FIG, 5. Fihoblastic cells from breast tumor HBT-3. Phase contrast. 160X. 
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TABLE I. Chromosomal Analysis of HBT-3 Cells. 
~ ___________ 

A. Passage 23 (21 wk in  culture) 
No.chromosomes: 62 64 65 66 67 68 69 74 124 136 Total 

Frequency 5 1 0  20 30 20 8 4 1 1 1 100 

Cells with 1 marker 16 Minutes 6 
Cells with 2 markers 22 Dicentrics 4 

Total cells with markers 100 

FTequency (%) of markera chromosomes Other abnormal chromosomes (‘36) 

Cells with 3 markers 62 Rings 4 

B. Passage 27 (25 wk in culture) 
No.chromosomes: 52 55 60 64 65 66 67 68 69 70 72 134 Total 

Frequency 2 1 2  3 5 6 5 2 7 3 9 6  3 1 100 

Cells with 1 marker 30 Minutes 2 
Cells with 2 markers 36 Dicentrics 6 

Total cells with markers 75 

Frequency (%)  of marker chromosomes Other abnormal chromosomes (%) 

Cells with 3 markers 9 Rings 2 

C. Passage 43 (45 wk in culture) 
No.chromosomes: 53 60 66 67 68 69 70 71 76 80 Total 

Frequency 2 4 5 9 10 54 28 5 2 1 100 

Cells with 1 marker 20 Minutes 2 
Cells with 2 markers 24 Dicentrics 6 
Cells with 3 markers 0 Rings 0 
Total cells with markers 44 

Frequency ( 5 % )  of marker chromosomes Other abnormal chromosomes (%) 

=See Figs. 6 and 7. 

cells with discrete metaphase plates from 
each passage were examined. The results are 
summarized in Table I. The modal chromo- 
some number of HBT-3 cells varied from 66 
to 69, shifting slightly in the direction of a 
higher modal number with continued passage 
(Table I). 

Three different markers were noted (Figs. 
6 and 7 ) :  (a) A large submetacentric chro- 
mosome ; (b) a medium-sized submetacentric 
chromiosorne with a secondary constriction 
below the centromleric region; and (c) a 
smaller submetacentric chromosome with a 
similar secondary constriction. These markers 
were seen either singly or in various combi- 
nations. All cells of passage 23 showed at  least 
one marker, and 62% showed all 3 markers. 
As has been noted with other human tumor 
cell lines, the proportion of marker- 
containing cells decreased with continued 
passage in culture (Table I). Other abnormal 
chromosomes such as dicentrics, rings, min- 
utes and breaks were noted in a relatively 

small porportion of the HBT-3 cells exam- 
ined. 

Fibroblastic cultures derived from the 
same tumor tissues which gave rise to cell 
line HBT-3 (see above) were also processed 
for karyotypic analysis. The karyotype was 
that of a normal human female with a modal 
chromosome number of 46 and no markers. 

Frequency of successful cultivation of hu- 
man breast tumors. Procedures similar to 
those employed in the isolation and establish- 
ment in culture of cell line HBT-3 have been 
used in attempts to establish continuous cell 
lines from a series of approximately 100 hu- 
man breast tumors of varying histological 
types. Some evidence of cell multiplication 
was observed in 26 of 32 benign and 59 of 68 
malignant tumors. Primary cultures and as 
many as 5 passages were screened specifically 
for colonies of refractile epithelioid cells re- 
sembling those seen in the HBT-3 line. Colo- 
nies meeting these criteria were rare, and 
when observed they were isolated as de- 
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FIG. 6.  Karyotype of HBT-3 cell with 61 chromosomes showing 3 markers. 

scribed previously. In  addition to the HBT-3 
cell line, 3 epithelioid cell lines currently at  
passage levels ranging from 5 to 40 have been 
isolated and are under investigation. 

Cells not meeting the morphological cri- 
teria described above were frequently ob- 
served. These cells, which almost always re- 
sembled the fibroblastic cells seen in Fig. 5 ,  
could be subcultured for up to 20 passages, 
but never gave rise to continuous cell lines. 

Discussion. Several lines of evidence indi- 
cate that HBT-3 cells are derived from tumor 
cells present in the original breast carcinoma 
from which the culture was established. Their 
epithelioid appearance, their rapid rate of 
growth continuing over an apparently in- 
definite number of cell passages, their high 
cloning efficiency, their karyotype, and thzir 
loss of contact inhibittion all serve to distin- 

guish HBT-3 cells from other normal cellular 
elements present in breast tissue and in par- 
ticular from normal fibroblasts. In addition, i t  
is not likely that HBT-3 cells arose as a 
L ‘ ~ p ~ n t a n ~ ~ ~ ’ 7  transformant of a normal cell 
present in the original breast tumor culture, 
since the original epithelioid colony which 
gave rise to the HBT-3 cell line was first seen 
within 7 days after plating of the original 
tumor tissue. Moreover, this colony was 
immediately able to give rise to secondary 
colonies of noncontact-inhibited epithelioid 
cells when plated under cloning conditions in 
small chambers. 

It seems unlikely that HBT-3 cells arose 
as a laboratory “contaminant” of the original 
breast tumor culture with a previously es- 
tablished human tumor cell line such as 
HeLa. In addition to the Tigorous procedures 
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FIG. 7. Metaphase plate flrom HBT-3 cell with 67 chromosomes. Structural details of 3 marker 
chromosomes are evident. 

routinely employed to eliminate cross contam- 
ination of any of our cell lines, HBT-3 cells 
were isolated and established in a tissue 
culture laboratory where no human tumor 
cells were grown except primary breast tumor 
tissue isollates. Furthermore, this laboratory 
is part of the Emergency Virus Isolation Fa- 
cility of the National Cancer Institute, and 
the probability of contamination from outside 
sources would be minimized by the carefully 
controlled air flow patterns and other isola- 
tion procedures employed in this building. 
While it cannot be excluded that the breast 
adenocarcinoma which gave rise to cell line 
HBT-3 was not itself a primary tumor, the 
histological appearance of the tumor cells 
(Fig. 2 )  and the fact that the patient has 
remained free from any other detectable 
malignancy for a period of over 14 mo since 
the olriginal tumor was removed both tend to 

rule out this possibility. 
Although the HBT-3 h e  was established 

in culture with comparative ease, repeated 
attempts to culture other breast tumors in 
this laboratory using either the same or diff- 
erent techniques have not been very success- 
ful. flhe growth of continuous lines such as 
HBT-3 may be fortuitous, but two of the 
techniques employed might have been instru- 
mental in developing this cell line when so 
many other attempts failed. First, the useful- 
ness of collagenase has been reponted by 
Lasfargues and Moore ( 1  1). Secondly? the 
early cloning of suspected tumor cells to 
separate them from normal tissue cells, which 
may be present in great excess in most tu- 
mors, may have prevented the eventual over- 
growth with normal fibroblasts so often seen 
in other breast tumor cultures. If HBT-3 
cells do represent human breast tumor cells in 
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culture, they might be expected to exhibit 
many of the virus-associated properties re- 
cently demonstrated using in vivo derived 
breast tumor material ( 3 ,  6-8). Experiments 
along these lines are in progress. 

Summary. A continuous line of human 
breast carcinoma cells, HBT-3, was estab- 
lished in culture following collagenase treat- 
ment of a mucus producing adenocarcinoma. 
The cells are epithelioid in appearance, mul- 
tiply rapidly, have a cloning efficiency of 
approximately 70%, and exhibit an abnormal 
karyotype with a mode of 66-69 chromo- 
somes/cell and 3 markers. 
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Fischinger and Tadao Aoki of the National Cancer 

Institute for their advice and many helpful discus- 
sions. 

1. Chopra, H. C., and Mason, M. M., Cancer Res. 
30, 2081 (1970). 

2. Chopra, H. C., and Feller, W. F., Tex. Rep. 
Biol. Med. 27, 945 (1969). 
3. Mloore, D. H., Charney, J., Kramarsky, B., 

Lasfargues, E. Y., Sarkar, N. H., Brennan, M. J., 
Burrows, J. H., Sirsat, S. M., Paymsaster, J. C., and 
Vaidya, A. B., Nature (London) 229,611 (1971). 
4. Baltimore, D., Nature (London) 226, 1209 

(1970). 
5 .  Temin, H. M., and Mizutmi, S., Nature (Lon- 

6. Schlom, J., Spiegelman, S., and Moore, D., 

7. Scholm, J., Spiegelman, S., and Moore, D. H., 

8. Axel, R., Schlom, J., and Spiegelman, S., Nature 

9. Lasfargues, E. Y., and Ozzello, L., J. Nat. 

10. Martorelli, B., Parshley, M. S., and Moore, J. 

11. Lasfargues, E. Y., and Moore, D. H., in Vitro 

12. Simpson, W. F., and Stulberg, C. S., Nature 

don) 226,1211 (1970). 

Nature (London) 231, 97 (1971). 

Science 175, 542 (1972). 

(London) U5,32 (1972). 

Cancer Inst. 21, 1131 (1958). 

G., Surg. Gynecol. Obstet. 128, ,1001 (1969). 

7, 21 (1971). 

(London) 199, 616 (1963). 

Received June 9, 1972. P.S.E.B.M., 1972, Vol. 141. 


