
Europ. 7. Cancer, Vol. 16, pp. 553-559 0014-2964/80/0401-0553502.00/0 
© Pergamon Press Ltd. 1980. Printed in Great Britain 

Behavior of Tumors Produced by 
Transplantation of Human Mammary 
Lines in Athymic Nude Mice* 

Cell 

LUCIANO OZZELLO and MARTINE SORDAT 

Department of Pathology, University of Lausanne, Medical School, 1011 Lausanne, Switzerland 

Abs t rac t - -The  behavior of malignant tumors produced by subcutaneous injections of 
4 human mammary cell lines ( B T  20, MCF-7, CaMa 15, MaNo 4) in athymic nude 
mice was studied over several serial passages. B T  20 and MCF-7 tumors became 
manifest after latency periods of variable length. They displayed a slow infiltrative 
growth, had metastatic rates of 9% and 15% respectively, and seldom recurred after 
surgical excision. Active growth of CaMa 15 and MaNo 4 tumors began a few hours 
after grafting; they were very aggressive undifferentiated carcinomas which recurred 

frequently (69% and 70%) and metastasized in 50% and 37% of the cases 
respectively. The commonest sites of metastases were the regional lymph nodes, lungs 
and mediastinum. Thoracic metastases were more frequent in CaMa 15 and in MaNo 
4 tumors than in the 2 other groups. Whether and to what extent these tumors were 
influenced by uncontrolled host factors was not determined. Therefore, their behavior 
should be evaluated on the basis of the present experimental conditions rather than as 
fixed characteristics particular to each cell population. 

I N T R O D U C T I O N  

ALTHOUGH neoplasms are frequently produced 
by transplantation of human mammary  car- 
cinoma cell lines into nude thymus-deficient 
mice [1], very little is known about their 
behavior. Indeed, in some studies the hetero- 
transplantation has been carried out only to 
determine the tumorigenicity of cultured cells 
and no follow-up has been mentioned [2-4]. 
In other studies with a follow-up limited to 
the original graft [5-7] or to the first 7 serial 
passages [8], no metastases have been obser- 
ved grossly or microscopically. Metastases 
from tumors produced by injected mammary  
cell lines have only been reported in lymph 
nodes of 3 out of a nonspecified number of 
mice bearing tumors of 11 lines followed for 
unknown periods of time [9] and in the lungs of 2 
out of 6 newborn mice with original trans- 
plants [10]. Furthermore, no data have 
been published concerning the evolution of 
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these tumors after they have been surgically 
excised. Therefore, it appeared important to 
study the long term behavior of neoplasms 
resulting from the transplantation of cultured 
human mammary cells into nude mice and to 
determine their potential to recur and to 
metastasize over numerous serial passages. 
Detailed information on the evolution of these 
tumors appeared all the more interesting in 
view of the usefulness of this model in exp- 
erimental studies of human breast cancers. 

MATERIALS AND M E T H O D S  

Cell lines 

O f  the 4 lines used in this study, the BT 20 
and the MCF-7 have been extensively charac- 
terized [1]. Two other lines were kindly pro- 
vided by Dr. G. Fossati (Istituto Nazionale 
Tumori, Milan, Italy) who started them from 
a primary infiltrating ductal carcinoma of the 
breast (CaMa 15) and from non-neoplastic 
mammary tissue next to a medullary car- 
cinoma of the breast (MaNo 4). Originally, 
both of these lines were typically epithelial by 
light and electron microscopic criteria, but in 
time their cells became elongated and no 
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longer arranged themselves in mosaic-like col- 
onies (G. Fossati: personal communication). 
Although these 2 lines have not been fully 
characterized as yet, their mammary epi- 
thelial origin was corroborated by the dem- 
onstration of c~-lactalbumin in the tumors 
they produced in nude mice (see below). 

Prior to transplantation all 4 lines had 
human karyotypes. HeLa  cell contamination 
was excluded by glucose-6-phosphate dehy- 
drogenase mobility. 

Nude mice 

Adult inbred BALB/c nu/nu mice raised in 
our laboratory were used throughout this 
study. Both breeders and experimental ani- 
mals were uninterruptedly kept under 
pathogen-limited conditions without antibiotic 
coverage. They were fed a pelleted diet steri- 
lized by irradiation (4 MR,  U.A.R.,  
Villemoisson-sur-Orge, France). Drinking wa- 
ter and all material coming in contact with 
the animals were autoclaved. Under  these 
conditions the mice survived in good health 
for about 1 year, individual mice surviving up 
to 19 months. 

Transplantations 

For the original transplants 5-7 x 106 tryp- 
sinized cells were suspended in 0.3 ml of med- 
ium R P M I  1640 and injected unilaterally or 
bilaterally in the subcutaneous tissue (s.c.) of 
the dorso-lateral region of the mice next to 
the thoracic mammary glands. Subsequent. 
passages were carried out by mincing 2-  
3ram 3 of tumor tissue in R P M I  1640 and 
implanting it s.c. in the dorso-lateral region of 
1 or more mice by means of a trocar. Cells 
and tumors of the BT 20, CaMa 15 and 

MaNo 4 lines were transplanted into male or 
female mice without any additional manipu- 
lation. Cells and tumors of the MCF-7 line 
were injected into virgin females to whom 
pellets of 1.25 mg 17-fl-estradiol in cholesterol 
were implanted s.c. The estrogen effect was 
monitored by weekly vaginal smears. A de- 
tailed study of the hormonal dependence of 
MCF-7 xenografts will be reported elsewhere. 

Tumors 

After variable periods of time (depending 
upon the rapidity of growth of each neo- 
plasm) the tumors were excised under general 
anesthesia, the surgical wounds closed with 
silk sutures, and the mice allowed to survive. 
The regional lymph nodes were not removed 
except for a few cases in which they were 
adherent to the tumors. The tumors removed 
surgically were used for grafting into other 
animals and for various examinations. 
Inoperable tumors were allowed to grow until 
the animals died naturally or were sacrificed. 
A complete autopsy was then performed. 
Recurrent tumors were handled in the same 
manner. 

All tumors and autopsy specimens were 
examined histologically using conventional 
techniques. The presence of c~-lactalbumin was 
checked by Dr. J. Hurlimann (Department of 
Pathology, University of Lausanne) using in- 
direct immunofluorescence on tumor tissue 
fixed in alcohol. The antigens and antisera 
were prepared according to Hurliman and 
Dayal [11]. Selected tumors of each group 
were re-explanted in vitro by seeding finely 
minced neoplastic tissue in plastic flasks and 
using the original media. 

Table 1. Tumors produced by transplantation of human mammary cell lines 

Cell line 

Tumors 
Latency Age of 

Transpl./  Serial period Volume tumors 
takes passages (days) (cm3) * (days) GI+ 

BT 20 53/46 28 7 79 2.344-0.53 21 183 5.62+1.23 
MCF-7 74/70 13 7 18 0.44-}-0.07 21 182 0.76+0.08 
CaMa 15 76/76 36 0 2.654-0.27 10 32 16.52+1.36 
MaNo 4 70/70 34 0 2.88 -t-0.35 11~12 16.43 ± 1.39 

*In cm 3 according to the formula V=(n/6)--x(d 1 .d2.d3) where dl,2, 3 represent the 3 
largest diameters. Mean _ standard error (S.E.). 

"~Growth Index as an estimation of the daily increase in size. 
Tumor  volume 

G I =  × 100. M e a n + S . E .  
Duration of tumor in days 



H u m a n  Tumor  Cell Behavior in ,,,Vude Mice  5 5 5  

~ .  5. 

Fig. 1. B T  20 tumor with involvement (ff'a dermal (~'mphatic. H & E. x 160. 

Fig,. 2. Small B T  20 pulmona O, metasla.~es next to bronehiolar lining. H & E. x 230. 

Fig. 3. MCF-7 tumor shou,in~ a trabecular pattern. H & E. x 400. 

Fzg. 4. Perineural invasion by MCF-7 tumor cells. H & E. x 520. 

31etasta~i,~ o/ MCF-7 tumor cells in the peripheral ~inus o/'an axillar~, lymph node, H & E. x 230. 
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Fig. 6. CaMa 15 tumor showing undiJJbrentiated cells invading .skeletal muscle, H & E. x 400. 

Fig. 7. Pulmonary metastasis of a CaMa 15 tumor surrounding a bronchiole and blood vessel.s. H & E. x 130. 

Fig. 8. Living culture oj'a CaMa 15 tumor al the 22nd passage in the mouse. 5 days in vitro, x 500. 

Fig. 9. AIaNo 4 tumor composed of poorly differentiated cells invading striated mu.~cle. H & E. x 400. 

Fig. 10. Living vulture of a MaNo 4 tumor at the 49th passage in the mouse. 8 days in vitro, x 500. 
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Table 2. Follow-up* 
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Surgical excisions 

Total No. of Mice with recurrences 
Total No. mice with No. of With Without 

Cell line of mice metastases mice metastases metastases 

Mice without recurrences 

With Without 
metastases metastasest 

BT 20 44 4 14 2 2 2 8 
MCF-7 38 6 8 1 0 1 6 
CaMa 15 63 32 52 24 12 5 11 
MaNo 4 61 23 46 20 16 0 10 

*To death (14-487 days after transplantation) or to a minimum of 25 post-operative days. 
1"Tumor-free survivals in days: BT 20, 49-179; MCF-7, 25-118; CaMa 15, 53-294; MaNo 4, 61-280. 

Table 3. Location of metastases 

Upper 
Regional mediastinal 

Cell line lymph nodes lymph nodes Mediastinum Lungs Others 

BT 20 2 2 0 1 0 
MCF-7 5 0 2 1 0 
CaMa 15 9 5 13 22 11 * 
MaNo 4 2 4 14 12 51- 

*Pleura, pericardium, myocardium, chest wall and spine, peritoneum, retroperi- 
toneum, retroperitoneal lymph nodes and sub-cutaneous tissue. 

1"Pleura, peritoneum and retroperitoneum. 

R E S U L T S  

T h e  ma in  features of  the tumors  and  
their  fol low-up are s u m m a r i z e d  in Tab le s  1-3 
and  in Figs. 1=10. In  addi t ion,  a few points 
need clarification. 

Histology 

BT 2I) and  M C F - 7  tumors  were  composed  
of  ca r c inoma  cells a r r anged  in cords separa ted  
by scanty s t roma  (Figs. 1 and  3) and  were 
c o m p a r a b l e  to earl ier  descript ions [6, 8]. 
C a M a  15 and  M a N o  4 tumors  were  m a d e  up 
of  undifferent ia ted cells tha t  were  f requent ly  
spindle shaped,  especially in the M a N o  4 
tumors ,  and  were  a r r anged  in ill-defined bun-  
dles or in no par t i cu la r  pa t t e rn  (Figs. 6 and  
9). ~ - L a c t a l b u m i n  was demons t r ab l e  in the 
cy top lasm of  some neoplast ic  cells, suppor t ing  
their  m a m m a r y  epithelial  origin and  their  
be ing undifferent ia ted ca rc inomas  with 
pseudosa rcomatous  features. 

Tumor size and growth rate 

T h e  vo lume  and the g rowth  index ( G I )  of  
the tumors  var ied cons iderably  f rom mouse  to 
mouse  of  every line. For  instance,  50 C a M a -  
15 tumors  studied 14 days after  graf t ing had  
volumes ranging  f rom 0.53 to 8.02 cm 3 (mean  

EJC H 

2.29+_0.22) and  G I s  of  3 .78-57.29 (mean  
16 .37+1.59) .  Such var iabi l i ty  was also no- 
ticed in the recurrences  whose G I  was fre- 
quen t ly  different f rom tha t  o f  the p reced ing  
tumors.  I f  should be noted tha t  the m e a n  G I  
of  C a M a  15 tumors  increased f rom 13.09 
dur ing  the first year  to 21.7§ dur ing  the 
subsequent  6 months ,  whereas  the m e a n  G I  of  
the other  tumors  r ema ined  essentially 
constant .  

Aggressiveness 

Although the tumors  of  all 4 lines often 
appea red  well del imited grossly they did in- 
fil trate the sur rounding  structures (Figs. 1, 6 
and 9). Pene t ra t ion  of  the a b d o m i n a l  wall  was 
a f requent  occur rence  especially wi th  the 
C a M a  15 and  the M a N o  4 tumors ,  whereas  
invasion of  the chest wall  was seldom obser-  
ved. Per ineura l  invasion was often seen at  the 
pe r iphery  of  M C F - 7  tumors  (Fig. 4). 

Complications 

M a n y  mice were not  severely affected by 
the presence of  their  tumors.  Compl ica t ions  
were  more  f requent  a m o n g  mice with C a M a  
15 and  M a N o  4 tumors  and  included:  
mechan ica l  d is turbances  by sizable tumors,  
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hemorrhages,  respiratory impa i rment  and 
superior vena cava syndrome due to intratho-  
racic metastases, cervical edema,  and paralysis 
of  hind legs secondary to metastases to the 
spine. As the mlcc were general ly sacrificed 
when debil i tat ion set in, it was not possible to 
de te rmine  how many  of  them would have 
been killed by their  tumor.  \Vasting, however,  
appeared  to be hastened in tumor  bearing 
animals. In addit ion,  the estrogen stinmlation 
in mice with MCF-7  tumors frequently led to 
squamous metaplasia of  the endomet r ium 
with plugging of  the cervical canal and ute- 
rine dilatat ion,  weight loss, and early wasting. 

Tissue cultures 

When portions of  BT 20 and MCF-7  tu- 
mors were re-explanted in vitro, epithelial out- 
growths comparab le  to those of the original 
cultures [8, 12] were observed. Likewise, cul- 
tures of C a M a  15 tumors displayed cells sim- 
ilar to those of the cultures prior to 
t ransplantat ion;  no mosaic pat tern  was seen, 
but  ma ny  cells remained round as others 
became polygonal  or spindly (Fig. 8). M a N o  
4 tumors had a pat tern  of outgrowth similar 
to that  of  C a M a  15, but  with greater  cellular 
pleomorphism (Fig. 10). Al though the doub-  
ling times were not de termined,  the cultures 
prepared  from C a M a  15 tumors grew more 
rapidly that  the original ones, whereas no 
appreciable  differences were noted in tile 
other  groups. 

Primary murine tumors 

O f  a total of  273 mice used in this study, one 
was found to have a generalized undifferen- 
tiated mal ignant  l ymphoma  when 218 days old 
and two presented small pu lmonary  adenomas  
when sacrificed at 127 and 256 days of  age. 

DISCUSSION 

T h e  tumors produced  by the s.c. t ransplan- 
tat ion of these 4 cell lines are unquest ionably 
mal ignant  as judged  by their ability to metas- 
tasize. It  would appear  that  C a M a  15 and 
M a N o  4 tumors are more  aggressive than 
those of  BT 20 and MCF-7  cells as, by and large, 
they grow more  rapidly after no appreciable  
latency periods, they invade more extensively, 
and more f requent ly  they give rise to re- 
currences and metastases. Moreover ,  the sur- 
gical excision of the neoplasms results in 
tumor-free survivals in a larger propor t ion of  
mice of  the BT 20 and MCF-7  than in the 
C a M a  15 and M a N o  4 groups. A direct  
comparison between these groups of tumors,  

however,  is hazardous.  Firstly, C a M a  15 and 
M a N o  4 lines are not as fully character ized as 
the widely used BT 20 and MCF-7  cells. 
Secondly,  the behavior  of  the tumors varies 
not only from one line to another,  but  also 
between tumors of  any one line. Th e  vari- 
ations could be due to multiple cell clones 
within any one tumor,  b u t  o n e  wonders to 
what  extent  host and envi ronmenta l  factors 
heyond our  control  may influence and modifk/ 
the genetic make up, the biochemical  proper-  
ties, tilt: morphology,  and the neoplastic be- 
havior of t ransplanted tumor  cells. Therefore ,  
the mal ignant  characteristics of these cell lines 
must be evaluated in tile light of  tile experim- 
ental conditions used. 

Th e  tumors of  all 4 lines developed lym- 
phatic as well as blood-born metastases which 
were accepted as such only when the tumor  
cells tbrmed a nodule even though of micros- 
copic size. isolated tumor  cells in lymph 
nodes or in tile lungs were not included. It 
should be noted that  the n u m b er  of metastases 
was in part  related to the extent of the 
histological examinat ion:  lot instance, we rout- 
incly examined all pu lmona ry  lobes at three 
ditt~rent levels and found microscopic metas- 
tases in only 1 level on several occasions. O f  
par t icular  interest was the presence of meta-  
stases in the upper  mediastinal lymph nodes 
which were p robab ly  the starting point of  
dissemination in the rest of tile medias t inum 
in several animals. Tile metastatic spread of 
these tumors probably  began early as attested 
to by metastases observed 14 days after 
t ransplantat ion of C a M a  15 tumors and by 
those animals that underwent  excision of  their 
tumor  10---14 days after grafting and died with 
metastases without  having developed local re- 
currences over long periods of  time. These 
cases also point  out that,  as in the huinan,  
metastases may  require a long time to become 
manifkst. 

Investigations current ly  in progress indicate 
that C a M a  15 and M a N o  4 cells are highly 
undifl 'erentiated. Al though the material  of ori- 
gin of" these lines, their history, the karyotypcs 
prior to t ransplantat ion,  and the presence of 
c~-lacatalbumin in some of  their tumors speak 
in favor of a h u m an  m a m m a r y  nature,  some 
of the immunological ,  enzymat ic  and Giemsa 
banding findings are puzzling as they do not 
fit s tandard patterns and incite further 
study. Should their putat ive h u m an  mam-  
mary  nature  remain unconfirmed,  they would 
nevertheless be of considerable interest as xeno- 
grafts of undifferentiated neoplastic cells in 
nude mice with a very aggressive behavior.  
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