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The pioneer experiments of Gey in 1941
(1) and of Earle in 1943 (2) demonstrated
that normal rat and mouse tissues cultivated
in vitro for prolonged periods underwent a
progressive series of changes resulting in the
development of some malignant characteris-
tics. This observation of a trend towards
malignancy in cell cultures derived from nor-
mal tissues has been thoroughly proved by
many other investigators, and has become an
accepted concept of tissue culture research.
Long-term tissue cultures derived from tu-
mors have also been shown to lose their
transplantability. This effect was first demon-
strated by De Bruyn and Gey (3) in 1952
with mouse lymphoma cells and has subse-
quently been confirmed by Hsu (4) with rat
hepatoma cells, by Foley and Drolet (5)
with mouse Sarcoma 180 cells, and by Moore
et al. (6) with Ehrlich ascites cells of the
mouse. Recently, Harris and associates (7)
and Watkins and Chen (8) have hybridized
Ehrlich ascites cells with mouse fibroblasts or
with transformed hamster cells and have
shown loss of transplantability associated
with some retention of immunoprotective ca-
pacity.

In the authors’ laboratory, a series of tis-
sue culture lines established (9, 10) from the
Ehrlich, TA3, and 6C3HED mouse ascites
tumors were found to have lost their trans-
plantability after 3 to 3.5 years of propaga-
tion in vitro. The establishment of new and
still tumorigenic tissue culture lines from the
mouse tumors has made it possible to develop
a three-component model system for the
study of this phenomenon, based on the tu-
mors in vivo together with their derived tu-
morigenic and nontumorigenic cell cultures.
The present communication reports the char-
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acteristics of this tumor model system,
presents data on irradiation effects and on
the recovery of transplantability, and shows
that the nontumorigenic cells possess a high
immunoprotective capacity.

Materials and Methods. Acites tumors of
the Ehrlich, TA3, and 6C3HED lines were
carried by weekly serial passage, the Ehrlich
and TA3 lines in specific pathogen-free mice
of the Connaught strain and the 6C3HED
line in C3H mice. Passage was effected by
the intraperitoneal inoculation of 2.0 X 10%
ascites cells/mouse, a dosage level that in-
variably caused death within 18 to 21 days.
Tissue culture lines of all 3 ascites tumors
were established as monolayer cultures in
medium 199 (11, 12) supplemented with
209, calf serum, as described previously (9,
10). For routine passage of the cultures,
medium 199 supplemented with 5% calf
serum was used. Tumorigenicity was deter-
mined by injecting intraperitoneally counted
numbers of tumor cells (Coulter counter)
and allowing 90 days for tumor development.
All mice failing to develop ascites tumors
within this period were autopsied for possible
solid tumor formation. Chromosome analy-
ses of the tumorigenic and nontumorigenic
cell cultures were performed by the pro-
cedure reported previously for ascites tu-
mors of the mouse (13). Mice were subjected
to total body X-irradiation in a Picker
therapy machine at 200 kVp and 20 mA.

Recovery of transplantability was studied
by injecting groups of mice with nontu-
morigenic 6C3HED cell cultures suspended
in sterile-filtered biological materials. Peri-
toneal exudate was prepared by injecting
mice intraperitoneally with 1.0 ml of incom-
plete Freund adjuvant (Difco) once a week
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for 3 weeks and withdrawing the exudate
with a syringe on the fourth week. Mouse
serum was prepared from pooled blood ob-
tained by cardiac puncture. Ascites fluid was
harvested from 14-day-old tumors with sub-
sequent removal of the tumor cells by centri-
fugation. All biological materials were passed
through UF fritted glass filters to remove any
bacteria and tumor cells.

The immunoprotective effect was deter-
mined by harvesting nontumorigenic 6C3HED
tissue culture cells, washing 3 times with
Hanks’ balanced salt solution (14) and re-
suspending in Hanks’ BSS. Groups of mice
were injected intraperitoneally with the
washed cells, each mouse receiving 5 to 8 X
108 cells once a week for 3 weeks. One week
after the final injection, virulent 6C3HED
ascites cells, freshly drawn from a mouse
tumor, were injected into immunized and
normal C3H mice, at different challenge doses.
The mice were then observed for tumor de-
velopment over a 90-day period.

Results. Tumor model. The general charac-
teristics of the tumor model system are
presented in Table I. The most striking dif-
ference between the tumorigenic and nontu-
morigenic cell cultures is in their relative
transplantability. The tumorigenic cultures
regularly produce 100% tumors with 102
cells, while the nontumorigenic cultures in-
variably fail to produce tumors with 108
cells, No differences were detected in the
relative rate of growth in tissue culture. Some
difference was found in the chromosome

TABLE 1. General Characteristics of Tumorigenic
and Nontumorigenic Ascites Cells.

In FPivo Grow very slowly in tissue cul-
ture
75-78 chromosomes

100%, tumors with 10* cells

In Vitro,
tumorigenic Grow rapidly in tissue culture

Average 117 chromosomes, with
3 or 4 metacentrics

1009, tumors with 10* cells

nontumorigenic Grow rapidly in tissue culture
Average 123 chromosomes, with
1 metacentric

0 tumors with 10° cells
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TABLE 1I. Rccovery of Transplantability by
6C3HED Tissue Culture Cells.*

Tumor
Mixture injected® incidence
6C3HED cell control,
normal C3H mice 0/50
irradiated C3H mice® 0/20

6C3HED cells - C3H mouse serum 0/5
-+ C3H peritoneal exudate 0/15
-+ Swiss peritoneal exudate 0/5
+ GC3HED ascites fluid 0/20
+ Ehrlich-Lettré ascites fluid ~ 9/19

¢ Results averaged from three separate experi-
ments.

® Each mouse received 1 X 10° viable 6C3HED
cells.

° Mice preirradiated with 350 rads total-body
X-irradiation.

complement of the two types of cultures and
also between the tissue culture lines and the
hypotetraploid state of the in wivo tumor
lines.

Irradiation studies. To determine whether
the nontumorigenic cells in tissue culture had
truly lost their transplantability, groups of
C3H mice were treated with 350, 550, and
800 rad of total body X-irradiation 24 hr
prior to inoculation with 2 to 5 X 108 cells.
No ascites tumor formation was observed
within 12 to 14 days, at which time the
irradiated but uninoculated control mice had
begun to die. Accordingly, the surviving inoc-
ulated mice were killed and their peritoneal
cavities were washed with Hanks’ BSS.
Microscopic examination of the peritoneal
washings showed small numbers of cells re-
sembling ascites tumor cells but inoculation
of these cells into normal or X-irradiated
C3H mice failed to produce tumors.

Recovery of transplantability. Attempts
were made to reinduce transplantability by
suspending the nontumorigenic 6C3HED tis-
sue culture cells in various sterile-filtered bio-
logical fluids prior to transplantation, with
the results presented in Table II. The com-
plete inability of the untreated control cells
to produce tumors in either normal or X-
irradiated C3H mice is clearly shown. Sus-
pension of the cells in mouse serum or in
mouse peritoneal exudate had no effect on
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transplantability.  Suspension of mnontu-
morigenic 6C3HED cells in sterile ascites
fluid derived from the 6C3HED tumor in
mice was also ineffective. Surprisingly,
however, when nontumorigenic 6C3HED
cells were suspended in sterile fluid from the
Ehrlich-Lettré ascites tumor some recovery of
transplantability was achieved, since 50% of
the mice in 3 separate experiments de-
veloped tumors. These tumors were passaged
serially 4 times in normal fashion.

Immunoprotection. Groups of C3H mice,
which had received intraperitoneal inocula-
tions of 5 to 8 X 10% nontumorigenic cells
once a week for 3 weeks, were challenged
with graded numbers of virulent 6C3HED
cells with the results shown in Table III. It is
evident that the immunized mice were pro-
tected completely against challenge with 10%,
105, or 108 virulent cells while all the nonim-
munized control mice died from acites tumors
at these challenge doses. Further experi-
ments are in progress to define more com-
pletely the high immunoprotective capacity
of these nontumorigenic cells.

Discussion. Surprisingly little attention has
been paid to the loss of transplantability by
tumor cells in long-term tissue culture, al-
though the importance of the phenomenon
was pointed out in 1958 (15). Despite cur-
rent interest (6-8, 16) the mechanism of this
loss of transplantability has not yet been
established. It appears possible that the cell
cultivation procedures may cause the selec-
tion of nontumorigenic cells from a hetero-
geneous population, or that the calf serum
used in the culture medium (10) may cause

TABLE III. Immunoprotection against Virulent
6C3HED Ascites Tumor Cells by Nontumorigenic
Tissue Culture Cells.

Tumor incidence
Challenge dose Normal Immunized
(virulent cells) mice mice®
1.0 X 10* 14/14 0/14
1.0 X 108 14/14 0/14
1.0 X 10° 14/14 0/14

“ Each mouse received 5-8 X 10® nontumorigenic
cells intraperitoneally once a week for 3 weeks.
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an alteration in antigenicity leading to rejec-
tion by the host animal. The chromosome
differences observed between the tumorigenic
and nontumorigenic cells suggest that a gene-
tic change may have occurred. Since loss of
transplantability in the present study was
observed in cell cultures derived from ascites
tumors of 3 different cell types, it appears .
likely that some general mechanism is in-
volved. Whether the observed loss of trans-
plantability represents a regression from the
malignant state still remains to be deter-
mined.

Earlier studies on this phenomenon (3, 4)
had suggested that a gradual decline in
transplantability might occur, an observation
confirmed recently by Watkins and Chen (8)
who found that hybrid Ehrlich cells were
capable of producing ascites tumors in immu-
nologically depressed mice but not in normal
mice. In the present studies, massive doses
of nontumorigenic 6C3HED cells proved un-
able to elicit ascites tumors when injected
into mnormal or whole-body X-irradiated
isogeneic C3H mice. Similar studies, employ-
ing subcutaneous inoculation, were also com-
pletely negative. It would appear that the
tissue culture lines employed in the present
experiments had completely lost their trans-
plantability.

Attempts were made to reinduce transplant-
ability by suspending the nontumorigenic
tissue culture cells in various sterile-filtered
biological fluids prior to transplantation. The
only positive result obtained was with nontu-
morigenic 6C3HED cells suspended in fluid
from the Ehrlich-Lettré ascites tumor. The
mechanism of this recovery of transplantabili-
ty in nonisologous fluid remains to be elu-
cidated. Since the ascites fluid was passed
through a UF fritted glass filter before use,
any contamination with viable tumor cells
must be excluded. Also, the sterile-filtered
biological materials themselves proved in-
capable of eliciting tumor formation. The
possibility of a viral relationship or some
form of soluble factor, as well as the specifici-
ty of the observed phenomenon, are currently
under investigation.

A major observation in the present study
was the very high degree of immunoprotec-
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tion conferred in mice by the non-tumorigenic
tissue culture cells. Complete protection was
obtained against challenge with 10%, 105, or
108 virulent 6C3HED cells, a protection at
least tenfold higher than that reported by
Watkins and Chen (8) with hybrid Ehrlich
cells. On the basis of these results, it would
appear that the nontumorigenic tissue culture
cells offer a promising new approach to the
study of immunoprotection.

Summary. A tumor model system has been
developed based on the loss of transplanta-
bility by long-term cultures of ascites tumor
cells. Nontumorigenic 6C3HED cells were
completely unable to produce tumors in both
normal and X-irradiated mice. Some recovery
of transplantability was achieved by suspend-
ing nontumorigenic 6C3HED cells in ster-
ile-filtered ascites fluid from the Ehrlich-
Lettré tumor. The nontumorigenic 6C3HED
cells proved highly immunoprotective in mice
since they induced complete protection
against challenge with 108 virulent cells.

1. Gey, G. O., Cancer Res. 1, 737 (1941).
2. Earle, W. R,, J. Nat. Cancer Inst. 3, 555 (1943).

LOSS OF TRANSPLANTABILITY AND INDUCTION OF IMMUNOPROTECTION

3. De Bruyn, W. M,, and Gey, G. O., Acta Unio
Int. Contra Cancrum 7, 772 (1952).

4, Hsu, T. C., J. Nat. Cancer Inst. 25, 927 (1960).

5. Foley, G. E,, and Drolet, B. P., Cancer Res. 24,
1461 (1964).

6. Moore, J., Kieler, J., and Biczowa, R., Eur. J.
Cancer 4, 81 (1968).

7. Harris, H., Miller, O. J., Klein, G., Worst, P.,
and Tachibara, T., Nature (London) 223, 363 (1969).

8. Watkins, J. F.,, and Chen, L., Nature (Lon-
don) 223, 1018 (1969).

9. Guerin, L. F., and Kitchen, S. F., Cancer Res.
20, 344 (1960).

10. Guerin, M. M, and Morgan, J. F., Cancer Res.
21, 378 (1961).

11. Morgan, J. F., Morton, H. J., and Parker, R.
C., Proc. Soc. Exp. Biol. Med. 73, 1 (1950).

12. Morgan, J. F., Campbell, M. E,, and Morton,
H.J. J. Nat. Cancer Inst. 16, 557 (1955).

13. Morgan, J. F., Heuchert, M. D,, and Kirk, H.
D., Cancer Res. 29, 855 (1969).

14, Hanks, J. H,, and Wallace, R. E., Proc. Soc.
Exp. Biol. Med. 71, 196 (1949).

15. Johnson, I. S., Cancer Res. 18, 367 (1958).

16. Hull, R. N, and Weaver, G., Develop. Ind.
Microbiol,, in press.

Received Nov. 19, 1969. P.S.EB.M., 1970, Vol. 134,



