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Letter to the Editor

Correspondence re: F. A. Schmid et al. Mutagenic and Chemotherapeutic Activity in L1210 Leukemia of
Several Monofunctional Alkylating Agents. Cancer Res., 45: 40-44, 19851

In an article in a recent issue of this journal (1), Schmid, Otter,
and Menta reported that, upon exposing successive transfer
generations of L1210 cells in mice to certain monofunctional
alkylating agents, the tumorigenicity of the cells decreased and
that their data were consistent with an alteration in the antige-
nicity of the cells. In the "Discussion", the authors present the
following questions and statements. "Are these variants caused

by a selection of spontaneously occurring mutants or by induced
somatic mutation? Probably, both hypotheses are right. The
spontaneous mutation rate is already very high for tumor cells
as compared to normal cells without any outside interference,
and it is certainly increased by any mutagen. However, the most
likely explanation of the present results is that the above-men

tioned group of mutagens ... induces directly, maybe specifi
cally, a mutation that results in loss of tumorigenicity."

This question prompted us to recall some unreported experi
mental observations we made several years ago that show that
upon serial maintenance of cultures of L1210 cells the leuke-

mogenic and antigenic properties of the cells changed sponta
neously. Although the loss of tumorigenicity of cultured cells
upon serial subculturing is well-known (2), there is a dearth of

reports of studies of such spontaneously altered cells. Therefore,
we present here our experimental results, which supplement the
results of other investigators who have studied cells following
intentional exposure of the cells to mutagens or radiation (1, 3-

8)-
A culture of a line of leukemia L1210 cells (L1210/0-D) was

obtained from E. A. Dulmadge and L. J. Wilkoff of the Chemo
therapy Department of this Institute when the cells were in their
219th passage after the initiation of the culture from L1210
ascites cells of mice. During these passages, the cells were
grown on Dulbecco's medium containing 2-mercaptoethanol,

and during the course of serial passaging the cells had lost their
leukemogenic activity. Upon receiving these cells, we grew them
for 15 subcultures on the same medium; then changed to Fisch
er's medium containing 10% horse serum, penicillin, streptomy

cin, and gentamicin; and subsequently maintained them in this
medium in stationary prescription bottles or plastic culture bot
tles. Portions of the suspensions of cells were discarded every
2 or 3 days, and fresh medium containing horse serum was
added to give a population density of 50,000 to 100,000 cells/
ml. These stock cultures were retained in the same bottles or
flasks for indefinite periods (usually several weeks), since the
cells grew more rapidly and consistently in "conditioned" con

tainers. Under these conditions, it was not unusual for a number
of the cells to adhere to the surfaces of the bottles upon extended
culturing in the same bottles. For the determination of cell counts,
samples of the cell suspensions were added to SRI-14 salts
solution (9) containing formaldehyde, and the counts were de-
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termined with a Model ZH Coulter Counter. Upon the basis of
these counts, portions of the cultures were diluted with Fischer's

medium containing horse serum to give the desired number of
cells per ml, and 1 ml of this suspension was inoculated i.p. into
BALB/c x DBA/2 F, (hereafter called CD2F,) mice for in vivo
experiments. All of the drugs administered to the mice were
given i.p. The mice were observed daily after the inoculation of
the cells to determine the days of death, and in most instances
the dead mice were examined for the presence of ascites, and
the spleens were excised and weighed.

The results of one experiment with these cells are shown in
Table 1. Some mice (Group A) received a single injection of
CPA,2 which is known to be an immunosuppressive agent, at

150 mg/kg 24 h prior to implantation of the L1210/0-D cells;
some (Group B) received no CPA; and some (Group C) received
CPA at 150 mg/kg 24 h after implantation of the cells. All of the
mice that received the CPA 24 h before the implantation of the
cells died with a median life span of 8 days after implantation of
the cells, and they had enlarged spleens. This time of death
approximates that which is commonly observed when ordinary
L1210 cells are transplanted from mouse to mouse. Eight of the
10 untreated animals of Group B lived until Day 45, at which
time they were killed, and the weights of the spleens were found
to be in the normal range (95 to 150 mg). Of the 2 animals of
this group that died, one had a spleen of normal size, and the
other had an enlarged spleen. There were originally 20 mice in
the group (Group C) that received CPA 24 h after implantation
of the cells. On Day 18 postimplant, 4 of the mice were killed,
and the harvested cells were used to implant mice of Groups Ci
and C2. A fifth mouse was discarded because it developed a
postural-equilibrium problem. All of the remaining 15 mice of

Group C died with enlarged spleens, but they lived considerably
longer than the mice of Group A, which received CPA prior to
implantation of the cells. Unfortunately, the presence or absence
of ascites in mice of Groups A, B, C, and d were not recorded.
Groups Ci and C2 were set up to determine whether L1210/0-D
cells harvested from mice and implanted in other mice retained
the nonleukemogenic properties of the cultured L1210/0-D cells.
In this "second-generation" portion of the experiment, one of the

control mice died with an enlarged spleen, but the remaining 9
mice survived in apparent good health for the observation period
of 45 days. Seven of the 10 animals (Group C2) that received
CPA 24 h after implantation of the cells from the donors of Group
C died during the 45-day observation period, and these mice as
well as the survivors of this group that were sacrificed after 45
days had enlarged spleens. A second experiment in which mice
of the primary and the secondary recipient groups were either
untreated or treated with CPA 24 h prior to implantation of the
cells yielded confirmatory results.

Other experiments were performed to determine whether the
implantation of the cultured L1210/0-D cells i.p. into mice would
immunize the mice toward subsequently l.p.-injected leukemo
genic L1210/0-98 taken from other mice. The results of these

experiments are given in Table 2. In confirmation of the previous
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Table 1
Effects of preimplant treatment and postimplant treatment with cyclophosphamide upon the survival of implanted LI 210/0-D cells that were derived from culture or from

other mice
On Day 0,10* L1210/0-D cells were implanted i.p. into male CD2F! mice. Treatment consisted of a single i.p. injection of cyclophosphamide at a dosage of 150 mg/

kg. On Day 18, 4 mice of Group C were sacrificed, and the ascites suspensions were combined and used for the i.p. implantation of 10* cells into male CD2F, mice of

Groups Ci and C2.

No. of animals dying on designateddayGroupA

B

CC,

C*Time

oftreatment-24

h

No treatment

+ 24hNo

treatment
+ 24 h7291871419121110

151

123

241

116126117429118

20 22 27351321233138 vivors/total0/10

8/10

1 0/159/10

3/10No.

of ani-
Mean wt (mg) of spleen maiswithDying254O'248414

213ascnes/io-

Sacnficed talno.T*

95 ?"

?"7*192

4/108
The weights of these 2 spleens were not averaged because of the great difference in their sizes.

Table 2
Immunization of mice against i.p.-implanted leukemogenic U 210/0-98 cells from mice by previous i.p. implantation of nonleukemogenic U 210/0-D cells

Cells implanted i.p.

L1210/0-D L1210/0-98 Adminis-

tration of
CPA"

(Day)
Experi
ment Group Day No. Day No.

No. of animals dying on designated day

7 8 11 12 13 15 16 17 18 19 24

Mean wt (mg) of
spleen No. of ani-

Survivors/ mais with as-
Total no. Sacri- cites/total no.

of animals Dying ficed" of animals

5 123456780000010Â«10Â»10Â»10*10*77777710Â«10Â«10Â«10Â«10Â«10*(-1)121 11

112

2 11
3 11

3 153-day0/55/51/45/55/50/50/50/5327e2882812832401131271321372/2Â°0/53/50/50/54/55/55/5

4 7 8 9 10 12 13 14 15 16 18 19 20 42-day

6 1234567890000010Â«10e10Â«10*10Â«777777(-1)1(-1)
121110Â«104

1210210s

121104
31102

3113/40/55/55/52/55/50/40/40/5502031362812572251451341231241320/42/50/50/53/50/54/44/45/5

a A single i.p. dose of cyclophosphamide was given to the indicated groups of mice 1 day prior to the implantation of the L1210/0-D cells.
" Mice surviving 53 days (Experiment 5) or 42 days (Experiment 6) after implantation of the L1210/0-D cells were sacrificed, and the spleens were weighed.
c The spleen weights and the presence or absence of ascites were not recorded for the mice of Group 1, Experiment 1, that died on Days 7 or 8.

experiment, all of the mice in the 2 experiments that received
CPA prior to the implantation of the L1210/0-D cells died of

leukemia, whereas mice that did not receive CPA were still alive
at the end of the period of observation. Implantation of 106
L1210/0-D cells i.p. into mice did effectively immunize most of
them against L1210/0-98 cells implanted 7 days later although

some leukemic deaths did occur.
From E. A. Dulmadge and L. J. Wilkoff, we obtained another

line of cultured L1210 cells (L1210/0-98) which were in the 98th
serial subculture in Dulbecco's medium containing 2-mercapto-

ethanol after initiation of the culture from ascites cells taken from
mice. These cells had retained their leukemogenicity. We sub
sequently maintained this culture in Fischer's medium containing

horse serum, and serial subcultures were treated as described
above for L1210/0-D. Cells from our 37th subculture of this line

were leukemogenic when inoculated i.p. into mice, and the
resulting leukemia responded to CPA, BCNU, and melphalan in
a way similar to that of L1210 leukemia passaged from mouse
to mouse. We also used some of the cells to initiate a mouse-
to-mouse line of the leukemia. After 16 more serial subcultures

of these cells, however, the cultured cells were no longer leu
kemogenic. Intermediate subcultures were not tested for leuke
mogenicity.

We obtained a third line of cultured leukemia cells (L1210/
BCNU) that were resistant to BCNU from E. A. Dulmadge and
L. J. Wilkoff. This line was initiated in culture from BCNU-resistant

ascites cells taken from mice. The in vivo line of resistant cells
had been obtained by animal-to-animal passage of the cells that

survived treatment of the mice with BCNU. The cells were
cultured in the absence of BCNU. After receiving these cells in
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the 62nd subculture, we cultured them in Fischer's medium

containing horse serum, as described above for the L1210/0-D
and the L1210/0-98 cells in the absence of BCNU. We deter

mined that the cells of our early subcultures were leukemogenic,
and we used some of the cells of our 43rd subculture to establish
a mouse-to-mouse passage line. We also determined that the

cells retained their resistance to BCNU when mice bearing them
were treated with i.p. injections of BCNU. Upon continued sub-

culturing of these cells, however, they too lost their leukemogenic
activity; cells of the 52nd subculture were leukemogenic, but
cells of the 65th subculture were not. However, these latter cells
did cause leukemic deaths of animals that had received CPA 24
h before implantation of the cells. Intermediate subcultures were
not tested for leukemogenicity.

Thus, the L1210/0-98 and the L1210/BCNU cells underwent

similar alterations. No effort to determine precisely the number
of subcultures to permit the alterations to occur was made.

These experiments show that, upon serially culturing L1210
cells in normal medium in the absence of additives and without
abnormal radiation, the leukemogenic properties can change and
that the altered cells can immunize mice toward cells of the
parent line. These results are qualitatively similar to those re
ported by others (1, 3-8) for cells that had been exposed to

mutagenic agents. Thus, known intentional exposure of cultured
cells to mutagenic agents is not a requisite for generation of
variant cells having the properties shown above. (It is assumed
that penicillin, streptomycin, and gentamicin are not mutagenic
for mammalian cells.)

Glynn P. Wheeler
Doris J. Adamson
Joliet Webster

Biochemistry Department
Southern Research Institute
Birmingham, AL 35255-5305
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Reply

The data of Wheeler et al. (1) supplement our in vivo results
(2) with very relevant in vitro observations. They report repeated
experimental observations over several years on in vitro spon
taneously occurring changes of leukemogenic and antigenic
properties in L1210 cells and show that these results are quali
tatively similar to our results obtained in vivo with mutagenic
agents. It is interesting that they found loss in leukemogenicity
so frequently and showed antigenic changes as the main cause
of it. They conclude that known intentional exposure of cultured
cells to mutagenic agents is not a prerequisite for generation of
variant cells having loss of tumorigenicity.

The spontaneous mutation rate is already very high for tumor
cells as compared to normal cells (3) and is certainly increased
by any mutagen. Apparently, such spontaneous changes of
antigenic nature occur often and, in vitro, the absence of an
immune system makes them more readily selected than in vivo.
For such changes to be selected for and observed in vivo, a
much larger percentage of cells must be changed simultaneously
as, e.g., by a mutagenic agent. It appears that the described cell
changes, both in vivo and in vitro, obtained either spontaneously
or after intentional treatment especially with mutagens, are the
same phenomenon. Probably, this genetic change is a relatively

common, standard occurrence in tumor cells. Since the existence
of cancer-specific antigens in the generality of cancer remains

unproven (4), it appears to be a more promising approach to try
to change the tumor cells antigenically than only to stimulate
immunological host response.

Franz A. Schmid
Glenys M. Otter

Laboratory of Experimental Antitumor Testing
Memorial Sloan-Kettering Cancer Center

New York, New York 10021
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