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Antigenic Similarity Between Cells Transformed by 
Ultraviolet Radiation in vitro and in vivo 

Abstract. Cells of the 1OT 112 mouse fibroblast line transformed in vitro by 
ultraviolet radiation are antigenically similar to those from skin cancers produced in 
mice by repeated exposure to ultraviolet radiation. Both types of tumor cells grew 
preferentially in ultraviolet-irradiated syngeneic mice relative to untreated animals, 
and both were recognized by ultraviolet radiation-induced tumor-spec$c suppressor 
lymphocytes. These properties were not shared by IOT 112 cells transformed in vitro 
by x-rays or 3-methylcholanthrene. 

Skin cancers induced in mice by re- cytes. The results suggest that exposure 
peated exposure to ultraviolet (UV) radi- of cells to UV radiation induces a carcin- 
ation have two unusual immunological ogen-associated determinant (or set of 
properties. First, these tumors are highly determinants) against which the UV ra- 
antigenic, in that most are rejected im- diation-induced suppressor T lympho- 
munologically when transplanted into cytes react, and that there is a similarity 
normal syngeneic mice. Second, they 
grow progressively in syngeneic mice 
that have been given a small number of 
exposures to UV radiation (1). The sus- 
ceptibility of the UV-irradiated mice to 
transplanted tumors is caused, at least in 
part, by the suppressor T lymphocytes in 
their lymphoid organs, which prevent 
immunological rejection of the tumors 
(2). These lymphocytes are specific for 
UV radiation-induced tumors as a 
group, as evidenced by the finding that 
they do not decrease the resistance of 
the host to transplanted syngeneic tu- 
mors induced by other carcinogens (3). 
We investigated whether the antigenic 
determinant on UV radiation-induced 
tumor cells that is recognized by the UV 
radiation-induced suppressor lympho- 
cytes arises as a consequence of expos- 
ing the cells to UV radiation or whether 
this determinant is present normally on 
cells of a particular lineage in the skin 
that are highly susceptible to transforma- 
tion by UV radiation but less susceptible 
to transformation by other carcinogens. 

We used tumor cell lines produced by 
in vitro transformation of cloned mouse 
fibroblasts by UV radiation, 3-methyl- 
cholanthrene (MCA), or x-rays. The de- 
velopment of these cell lines was com- 
pared in normal, UV-irradiated, and 
immunosuppressed mice. Only the tu- 
mor lines produced by transformation 
with UV radiation grew preferentially in 
UV-irradiated mice relative to untreated 
animals, and this preferential growth was 
attributable to the activity of the UV 
radiation-induced suppressor T lympho- 
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TU3 were derived from type I11 foci, 
which are usually highly tumorigenic; 
clone TU4 was derived from a type I1 
focus. Type I1 foci generally are com- 
posed of cells that are less tumorigenic 
than those in type I11 foci (4). Both of the 
cell lines obtained from x-ray-trans- 
formed clones were derived from type 
I11 foci generated by 600 R of x-radia- 
tion. The four MCA-transformed cell 
lines also originated from type I11 foci. 
Transformants, which grew as dense foci 
on top of a contact-inhibited monolayer 
of normal cells, were isolated with stain- 
less steel cloning cylinders. These cells 
were propagated in culture to provide 
sufficient quantities for injection into 
mice. The minimum tumorigenic dose of 

Table 1. Growth in syngeneic mice of C3H 10T 112 cells transformed in vitro by MCA, x-rays, or 
UV radiation. 

Tumor incidence in syngeneic mice 

Number 
Cell line 

.. 
Carcinogen 

lnJecrea treated diated* x-irradiated 
(450 R) 

Thymecto- 
of cells . .  . I Un- UV-irra- mized and 

None 10T 112, 

MC A PT 
16 

Total (%) 

X-radiation F11 
F17 

Total (%) 

UV radiation TU2 
TU3 
TU4 

Total (%) 

clone 8 1 x 10' 

1 x 103 
1 x 103 
1 x 10' 
1 x lo4 

*Exposed to sunlamp radiation three times per week for at least 12 weeks. 

Table 2. Effect of UV radiation-induced suppressor lymphocytes on the growth of C3H IOT 112 
fibroblasts transformed in vitro. 

Tumor incidence in mice challenged with 

UV UV MCA- 
Cells used to reconstitute radiation- radiation- trans- 
lethally x-irradiated mice induced transformed formed 

sarcoma IOT 112 10T 112 
cells cells cells 

(1 x 106)* (1 x 106)t (1 x lo4) 

Normal lymphoid cells (5 x lo7) 0110 0110 4110 
UV-irradiated lymphoid cells (5 x lo7)$ 10110 8110 4110 
Normal cells (5 x lo7) plus UV- 5110 5110 5110 

irradiated lymphoid cells (5 x lo7)$ 

*Derived from a tumor induced by repeated irradiation of a C3H mouse with FS40 sunlamps. :10T 112 
cells transformed in vitro with 254-nm UV radiation. Sp leen  and lymph node cells from mice exposed to 
sunlamp radiation four times per week for at least 12 weeks. 
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cells from each transformed line was 
estimated from titration experiments in 
which graded doses of  each cell line were 
tested for growth in normal mice. The 
appropriate dose of  cells was suspended 
in 0.1 ml of  Hanks balanced salt solution 
and injected subcutaneously. 

Recipient animals were specific patho- 
gen-free female mice of the inbred strain 
C3HIHeN(MTV-), obtained from the 
Frederick Cancer Research Facility. Im- 
munosuppression of one group of  ani- 
mals was achieved by thymectomy at 4 
weeks of  age, followed by the adminis- 
tration of  450 R o f  whole-body x-radia- 
tion 24 hours before the inoculation o f  
transformed cells. Mice in a second 
group were shaved weekly and exposed 
to UV radiation from Westinghouse 
FS40 sunlamps at an average cosine- 
corrected incident dose rate of  4 .Tim2-sec 
for 1 hour three times per week, begin- 
ning at 8 weeks of  age. Approximately 80 
percent of  the radiation emitted by these 
lamps is composed of  wavelengths be- 
tween 280 and 340 nm. The mice were 
irradiated for a minimum of  12 weeks 
before being used in the experiments. A 
third (control) group of mice, from the 
same age-matched pool of  mice as the 
UV-irradiated animals, was not treated. 
After being injected with the trans- 
formed cells, the animals were examined 
weekly for tumor formation at the injec- 
tion site for 6 to 9 months or until they 
died. 

Injection of 1 x lo8 cells o f  the parent 
10T 112 line did not produce tumors in 
any of  the recipient mice, whereas all the 
lines transformed in vitro produced tu- 
mors (Table 1). At a minimum tumori- 
genic dose, all these cell lines grew in a 
larger proportion of  immunosuppressed 
than untreated mice, implying that all the 
lines exhibited some degree o f  antigenic- 
ity. However, only the cell lines pro- 
duced by transformation in vitro by UV 
radiation also grew more efficiently in 
the UV-irradiated mice. 

T o  ascertain whether the preferential 
development in UV-irradiated mice of 
cells transformed in vitro by UV radia- 
tion is attributable to suppressor lym- 
phocytes, a cell transfer study was per- 
formed. C3H mice that had been lethally 
x-irradiated (850 R) were reconstituted 
24 hours later with 5 x 10' spleen and 
lymph node cells from normal or UV- 
irradiated donors, or with a mixture o f  
these populations. These animals were 
challenged subcutaneously 24 hours later 
with cells from a fibrosarcoma induced 
in a C3H mouse by repeated sunlamp 
irradiation (UV-2240), with 254-nm UV 
radiation-transformed 10T 112 cells 
(TU2), or with MCA-transformed 10T 

112 cells (MCAS). Lymphoid cells from 
the UV-irradiated donors could not me- 
diate the rejection of  either UV radia- 
tion-induced tumor, and they reduced 
the ability o f  normal lymphoid cells to 
effect rejection (Table 2). In contrast, the 
MCA-transformed 10T 112 cell line grew 
similarly in the three groups of mice, 
indicating that its growth was unaffected 
by the presence o f  the UV radiation- 
induced suppressor lymphocytes. The 
experiment was repeated by using a dif- 
ferent 10T 112 cell line transformed in 
vitro with UV radiation (TU3), with the 
same results. 

These findings indicate that cells 
transformed in vitro by UV radiation 
have an antigenic determinant that is the 
same as, or similar to,  one that is other- 
wise found only in skin cancers induced 
in vivo by UV radiation and that is 
recognized by the antigen-specific, UV 
radiation-induced suppressor lympho- 
cytes. Thus, this antigenic determinant is 
related in some way to the action of the 
carcinogen and is not a unique property 
of  the particular cells transformed in 
vivo by UV radiation. It is not known 
whether this determinant is associated 
with the transformation event itself or 
whether it results from some heritable 
effect o f  UV radiation on the target cells. 
Nonetheless, it is interesting that this 
same change is produced in cells after 
exposure to either the shorter UV wave- 
length (254 nm) or to wavelengths in the 
mid-UV range (280 to 320 nm). One 

vitro transformation by 254-nm radiation 
is its relevance to the induction o f  skin 
cancers in mice by repeated exposure to 
mid-UV radiation. Our finding that both 
a single exposure of fibroblasts to 254- 
nm radiation in vitro and repeated irra- 
diation of mouse skin with mid-UV 
wavelengths induce the same antigenic 
determinant supports the validity of  the 
in vitro transformation system as a mod- 
el for UV radiation carcinogenesis. 
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Adaptive Response of Human Lymphocytes to Low 
Concentrations of Radioactive Thymidine 

Abstract. When human lymphocytes were cultured with [3H]thymidine, which acts 
as a source of low-level chronic radiation, and then exposed to 150 rad of x-rays at 5, 
7, 9 ,  or 11 hours before fixation, the yield of chromatid aberrations was less than the 
sum of the yields of aberrations induced by [3H]thymidine and x-rays separately. 
Often fewer aberrations were found after exposure to radiation from both sources 
than were found after exposure to x-rays alone. At the same fixation times, 
nonradioactive thymidine did not affect the yield of x-ray-induced aberrations. The 
same phenomenon occurred at earlierfixation times, after exposure to 30 or 40 rad of 
x-rays and [3flthymidine. This response is analogous to the adaptive response to 
alkylating agents whereby prior treatment with small doses for a long period reduces 
the damage occurring from large doses of similar agents given for a short time. 

Low doses of  radiation have frequent- 
ly been reported to affect the response o f  
cells to subsequent doses ( I ) ,  but this 
phenomenon is still a matter o f  contro- 
versy [for example, see (2)]. Incorpo- 
ration of  [3H]thymidine ([3H]dThd) into 
chromosomes causes various kinds of  
genetic damage, including chromatid ab- 
errations (3),  which also can be induced 

by x-rays. T o  study the interaction o f  
low chronic doses o f  radiation with sub- 
sequent higher acute doses in the pro- 
duction of chromatid aberrations, we 
carried out experiments in which human 
peripheral lymphocytes in culture were 
first labeled with t3H]dThd and then ex- 
posed to x-rays 3 to 1 1  hours before 
fixation. Radiation from incorporated 
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