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SUMMARY : Two populations of L5178Y murine leukemic cells, maintained by 
different methods, were studied for their implantation ability in BDFl mice. 
Implantation ability was measured by number of tumor nodules formed, liver 
weight, and day of death of the animal. 1) Cells from a population grown for 
10 years in vitro had no implantation ability; i.e. , no tumor nodules were 
formed when injected into the tail vein. After 30 days of growth in the 
peritoneal cavity of BDFI mice, these same cells were injected into the tail 
vein and 10 days later had produced over 200 liver tumor nodules. When cells 
taken from these tumors were recultured for 60 days in vitro, they lost the 
acquired implantation ability, but regained it after another single peritoneal 
passage. 2) L517gY murine leukemic cells grown for six years in ascites tumor 
cells were extremely tumorigenic; over 200 tumor nodules appeared in the liver 
after tail vein injection. These cells were not rendered less tumorigenic and 
did not lose their implantation ability by in vitro culturing for 60 days. 
The results suggest that implantation ability is a property of the cell's 
growth environment; furthermore, they have strong implications for the in vivo 
and in vitro manipulation of this property. 

One of the most devastating properties of many primary tumors is their 

ability to metastasize. Tumor emboli released from the primary tumor invade 

the vasculature and spread to other parts of the body through the blood stream 

and lymphatics. Many released cells perish in this transport (1) or remain 

"sterile" or dormant (2,3) at their site of arrest; however, some go on to 

grow, escape the host's defense mechanisms, and form secondary metastatic 

tumors. 

One method for studying the fate of tumor emboli after they detach from 

the primary tumor and invade the blood stream is to inject a tumor cell sus- 

pension intravenously; the appearance of tumor nodules after such an injection 

is ameasure of implantation ability (4). By in vitro or in vivo manipulation 

of the injected cells, a system of rapidly changing, reversible implantation 

ability can be established, which may elucidate some of the factors that 

affect the development of successful metastatic foci. 

Using this technique, Fidler (5) increased the implantation ability of 

816 melanoma in C57B116.J mice by selective in vitro culturing of lung tumor 

nodules formed after an intravenous injection of melanoma cells and using 
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these in vitro cultured cells for the next sequential in vivo injection. In 

the present communication we report the development of implantation ability 

in a cell line that initially lacked it by a single in vivo intraperitoneal 

transplantation and the complete gradual loss of that acquired implantation 

ability in 50-60 days through subsequent in vitro cell culturing. Thus, a 

change in the cell's growth environment, i.e., from in vivo to in vitro 

growth, vastly altered the implantation potential of a cell line. 

MATERIALS AND METHODS 

Cells and cell maintenance. Two populations of L5178Y murine leukemic 
cells were used: 1) Cells cultured in vitro for 10 years (6). These cells, 
referred to here as L5178Y/C, were maintained in culture in Fischer's 
medium with 10% horse serum (both purchased from Grand Island Biological, 
Grand Island, N.Y.). 2) Cells grown as ascites tumors for 6 years and main- 
tained by weekly intraperitoneal injection of 0.2 ml of L5178Y cells contain- 
ing ascites fluid in DBA/2 x C57B1/6 (BDFl) mice (Jackson Laboratory, Bar 
Harbor, Maine). These cells are referred to as L5178Y/ascites. 

Ascites conversion of L5178Y/C cells. To convert the L5178YfC cells to 
the ascites form, a peritoneal transfer of lo6 cells/O.2 ml of Fischer's 
medium in a single cell suspension was made. These cells were harvested and 
then placed back in culture. Cells handled in this manner are referred to as 
L5178Y/CAC,, where 4 is the number of days the cells have been in culture. 
This process can be repeated (i.e., after in vitro culture the cells can be 
grown again as ascitic cells), yielding L5178Y/CACgOAC,(i.e., cells harvested 
from the first peritoneal transfer, kept for 90 days in cell culture, returned 
to the peritoneal cavity of an animal, reharvested from the resulting ascites 
tumor, and cultured for a further m days). Growth time in vivo as an ascites 
tumor is fairly constant, but the number of days of culture in vitro varies 
in the experiments described. Using this nomenclature, L5178Y/CACo refers to 
cells that after ascites growth were not grown in cell culture in vitro. 

Implantation assay. The implantation assay was performed by an intra- 
venous injection of lo5 cells/O.2 ml of Fischer's medium in the tail vein of 
a BDFI mouse. Except where otherwise indicated, the mice were killed by 
cervical dislocation 10 days after the injection. Tumor formation was mea- 
sured by three methods: a) number of tumor nodules in the indicated organ, 
b) weight of tumor-invaded organ, expressed as percent of body weight (in 
cases of large numbers of tumor nodules the extent of invasion is so great 
that number of nodules alone is not a sufficient measure), and c) day of 
death due to tumor invasion. 

RESULTS 

Initial observations. L5178Y/C cells (cells always grown in in vitro 

cell culture) had no implantation ability; i.e., when they were injected into 

the tail vein of BDFl mice, no tumors were formed. Extending the time period 

of the implantation assay of the injected cells from the usual 10 days to 

15-56 days still did not result in tumor formation. Moreover, five mice kept 

for observation still appeared healthy after five months. 

L5178Y/asCites cells (cells always grown in viva in the peritoneal 
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cavity) were found to be extremely tumorigenic. Large numbers of tumors 

were found, and the animals usually died from the tumor load on day 10 or 

earlier. Examination of the animals after death showed that the liver had 

the highest number of tumor nodules. In each of the 30 mice used in this 

experiment, more than 200 tumor nodules were counted in the liver, and liver 

weight was increased three- to fourfold over normal. Some tumors were found 

in the kidney but none in the lungs. 

Development of implantation ability. L5178Y/C cells were converted to 

the ascites form, L5178Y/CAC0, by a single intraperitoneal injection. In- 

jected mice died of ascites tumors in about 30 days. Tumor cells harvested 

from the peritoneal cavity of these mice after the maximum time in vivo were 

tested for their implantation ability. They were found to possess a high 

implantation ability, about equal, in fact, to that of L5178Y/ascites cells. 

(See Figure 1.) Thus, L5178Y/C cells, which had zero implantation ability, 

were transformed to L5178Y/CAC0 cells with extremely high implantation 

ability. 

Loss of implantation ability. L5178Y/CAC0 cells were cultured under the 

same conditions as are routinely used to grow L5178YfC cells and were found to 

have a similar generation time as the L5178Y/C cell line--g.5 to 10 hours. 

Cells from this culture were tested at various times (L5178Y/CACn) for their 

implantation ability. As can be noted in Figure 1, there was a drastic reduc- 

tion of implantation ability after 15 days in cell culture and a complete 

loss by 60 days. Thus, L5178Y/CAC0, which had extremely high implantation 

ability, lost it (in a direct temporal relationship) completely by 60 days 

in in vitro cell culture. 

Reversibility of loss of implantation ability. L5178Y/CACg4 cells, 

after a single intraperitoneal passage, were converted to ascites form which 

was able to kill 5 injected mice in 28.0 ? 0.8 days (compared to less than 

10 days for L5178Yfascites and 20-40 days for L5178Y/C) when administered by 

intraperitoneal injection. Tumor cells harvested from one of these mice at 

death, i.e. after maximum time (36 days) in vivo, designated as L5178Y/- 

CACg4ACm, were cultured in vitro with the following results: a) After 

two days in culture, high implantation ability was still present; death 

of the mice occurred in 18.0 f  0.8 days, with over 300 tumor nodules in 

the liver and a fourfold increase in liver weight (23.1 f  2.1% of body 

weight). b) After 44 days in culture, very low implantation ability was 

noted. By normal assay, implantation appeared to be zero, but the two 

mice held for observation died, one at 18 days and one at 21 days after tail 

vein injection. The first had extensive tumor invasion, including 3 or 4 
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Fig. 1. The implantation ability of L5178Y/C, L5178Y/CACo and L5178Y/CAC, 
cells. (Subscript z refers to number of days in cell culture.) L5178YlC 
cells (cells always grown in cell culture) are shown on the left of the 
broken line of the time (y) axis and under the first in vitro arrow located 
at the top of the figure. lo6 L517SYfC cells were injected intraperitoneally, 
causing an ascites tumor (indicated by the broken part of the line on the 
time axis and under the in vivo arrow at the top of the figure). Cells 
were then harvested from the peritoneal cavity of a mouse dying from the 
ascites tumor; these cells are designated L5178Y/CACo (see text) and are 
indicated by the first time point (time 0) at the right of the broken line 
on the time axis and under the second in vitro arrow at the top of the 
fi ure. 

ii 
The harvested cells were placed in complete Fischer's medium at 

10 to 5 x lo5 cells/ml for n days (with the medium changed daily)--L5178Y/- 
CAC,. 

Implantation ability was measured by injection of lo5 tumor cells into 
the tail vein of each of 4 BDFl mice. Ten days after the injection, the 
mice were killed and examined. A: number of mice dead at 10 days divided 
by the total number of mice (4) at each point. B: average number of tumor 
nodules at the surface of the liver _+ S.E.M. C:- liver weight expressed as 
percent of body weight * S.E.M. Normal liver weight is shown by an open 
circle on the right of the graph. 
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large liver nodules, increased liver weight (16.4% of body weight), and two 

large nodules replacing each kidney. The other mouse had no apparent tumors 

and its weight was significantly lower than normal, an indication that death 

was not due to tumor since tumor-bearing animals maintain normal weight. 

c) After 73 days in in vitro cell culture, no tumor formation was found in 

the mice 67 days after tail vein tumor cell injection in the normal implanta- 

tion assay. 

Failure to alter implantation ability of L5178Y/ascites cells by cul- 

turing in vitro. L5178Yjascites cells were placed in cell culture and had a 

generation time of approximately 12 hours. They had a great tendency to 

agglutinate, in contrast to L5178Y/C, which always grow in vitro as a single 

cell suspension. L5178Ylascites cells were tested for implantation ability 

after various times in culture. The results are given in Figure 2. There was 

no significant change in the implantation ability of L5178Ylascites cells dur- 

ing the 60 days in in vitro cell culture. 

DISCUSSION 

The procedure of growing cells of the L5178Y/C leukemia cell line 

alternately in vivo and in vitro establishes a system in which implantation 

ability can be monitored and manipulated. The establishment of this system 

of gain and loss of implantation ability extends the observation of Fidler 

(5) that metastatic potential lies partially in properties unique to the 

tumor cell population. However, one cannot ignore the host, since the 

cells lodge and grow in the liver and randomly in the kidneys after passage 

through the lungs. The system demonstrates the ability of a cell population 

to change the properties that determine metastatic potential, either by a 

reversible selection of preexisting clones that have various metastatic 

potentials or by the adaptation of the entire cell population to the vari- 

ous growth conditions imposed upon it. 

The present system also demonstrates that the route of injection used 

to test tumorigenicity is critical, since the L5178YfC cells were tumorigenic 

Fig.1 contd. 

For example, L5178Y/C produced zero tumor nodules (B) under the implan- 
tation assay conditions, but when placed in vivo (lo6 ceils, i.p.) they 
were transformed to L5178Y/CAC,, at harvest, which produced over 200 tumor 
nodules in the liver under the implantation assay conditions (see text). 
After 5 days in culture, 2 out of 4 mice were dead after 10 days (A), 
still more tumor nodules appeared in the liver @), causing the liver 
weight to be 18.3 ? 0.6% of body weight (c> (normal, 5.7 + 0.9%). 
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by the intraperitoneal route but nontumorigenic by the intravenous route. It 

is also evident from the results presented that the method of maintaining the 

cell line can introduce vast differences in implantation ability, as exempli- 

fied by L5178Y/C vs L5178Y/ascites. 

Two reports (7.8) demonstrating alteration of cell population character- 

istics have a bearing on the present system, although they described nontypi- 

cal in vitro growth conditions leading to systems not amenable to biochemical 

analysis. Smets et al. (7), studying MB VIA lymphosarcoma cells, observed a 

gain of implantation ability after one passage in vivo and a subsequent rapid 

loss (sometimes in one day) of this implantation ability upon in vitro cultur- 

ing by seeding the cells in culture medium at lo7 cells/ml. Since the 

L5178Y/C cells enter into stationary phase growth at 2 x lo6 cells/ml, such a 

high cell concentration could not be attained in our system; hence, the cell 

concentration was kept between lo5 and 5 x 10 5 cells/ml by daily medium 

change. Another alteration of the tumor population by in vitro culturing 

under minimal growth or nongrowth conditions was performed by Parks (8), who 

showed that the ability of S-91 mouse melanoma to metastasize increases after 

16 days in in vitro cell culture. 

IN VIVO I IN VITRO 

Fig. 2. The effect of in vitro culturing on implantation ability of 
L5178Ylascites tumor cells. These cells, derived from L5178Y cells carried 
by intraperitoneal animal passage in ascites form for six years, were cul- 
tured in complete Fischer's medium. Implantation ability was measured as 
in Fig. 1, except that tumorigenicity was determined by average day of 
death + S.E.M. (A) and average liver weight as percent of body weight f  
S.E.M. (B). 
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Sanford (9) had shown earlier that under maximum proliferative growth 

conditions, the increase in tumor-producing capacity produced by an in vivo 

passage of a clone of cells isolated from mouse L cells subsides after 8 

months in culture. The timing and growth patterns of the present system 

allows the study of the biochemical parameters that change in accordance with 

the implantation changes in order to relate a biochemical event to a whole 

body responses, i.e. the ability of a tumor embolus to form a metastasis. 

Bosmann et al. (lo), using as a basis the system Fidler (5) developed, 

found that the clone of cells that showed high implantation ability had 

higher electrophoretic mobility and greater synthetic and degradative enzy- 

matic activities than the clone of cells that showed low implantation ability 

when both were grown under sparse culture conditions. Similar experiments 

are planned in which biochemical parameters will be measured in order to 

relate them to the reversible gain and loss of tumorigenicity. Such correla- 

tions will then be used to examine a number of cellular factors postulated to 

influence the host-tumor cell interaction: altered antigenicity (11-14). 

rate of membrane shedding (15), release of blocking factors (16), and other 

possible subversions of the immune system (17). 
This paper is based on work performed partially under contract with the 

U.S. Energy Research and Development Administration as the University of 
Rochester Biomedical and Environment Research Project and has been assigned 
Report No. HR-3470-785. The work was supported in part by grants from the 
National Institute of General Medical Sciences and the National Cancer Insti- 
tute. H.B.B. is a Scholar of the Leukemia Society of America. 
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