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ABSTRACT

We had reported previously that the outgrowth of melanoma is en
hanced Â»henmelanoma cells are injected into UV-irradiated skin of
syngeneic mice. To determine whether this effect was specific for mela
nomas, we compared the growth of 13 different tumor cell lines (3
melanomas, 6 fibrosarcomas, 2 undifferentiated skin tumors, a squamous
cell carcinoma, and a spontaneous hepatocarcinoma) in UV-irradiated
and nonirradiated syngeneic mice. C3H/HeN(MTV") mice were exposed
to 4.8 kJ/m2 UV-B (280-320 nm) radiation twice a week for 3 weeks;
the tumor cells were injected into the UV-irradiated pinna 24 h after the
final UV irradiation. The growth of all the melanomas and 4 of the
fibrosarcomas was enhanced in UV-irradiated mice, indicating that the
effect of UV radiation was not specific for melanomas or tumors of a
particular etiology. Using an in vivo immunization and challenge assay,
we found that the 7 tumors exhibiting enhanced development in UV-
irradiated skin were highly immunogenic, whereas the remaining 6 tumors
were not. This suggested that enhanced tumor outgrowth resulted from
an immunosuppressive effect of the UV radiation. When tested further,
we found that UV-B radiation had no effect on melanoma outgrowth in
congenital!) athymic mice, sublethally X-irradiated mice, or mice de
pleted of Thy 1* cells in vivo. These results indicate that immunological

mechanisms play a role in the effect of UV radiation on the growth of
murine melanomas.

INTRODUCTION

Growing evidence suggests that exposure to solar UV radia
tion contributes to the etiology of cutaneous melanoma (1-4).
However, the precise role played by UV radiation in the induc
tion and progression of this form of skin cancer remains unde
fined. To investigate the possible involvement of UV radiation
in the induction of these skin cancers, we established a murine
melanoma model (5). We found that exposing the skin of C3H
mice to UV radiation during the induction of melanomas with
chemical carcinogens dramatically accelerated their appear
ance. The effect of UV radiation on melanoma induction was
not systemic, being localized to the site of tumor development
(5). Other studies demonstrated that exposing the skin to UV
radiation also affected the growth of transplantable melanomas
within the UV-irradiated site (6). These studies implied that
among the many possible roles played by UV radiation in the
induction of melanoma, one may be to increase the permissive
ness of the skin to the growth of melanoma cells.

We are interested in understanding the mechanisms by which
UV irradiation alters the properties of the skin in a way that
permits the earlier development of melanomas. One possible
explanation for this phenomenon is that UV irradiation inter
feres with the immune responsiveness of the skin, thereby
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decreasing host resistance to tumor development. This is an
attractive hypothesis because UV radiation is known to cause
local alterations in both afferent (7-9) and efferent (10, 11)
cutaneous immune responses. Also, the murine melanomas,
like human melanomas (12-14), are quite immunogenic (15).
The hypothesis also makes several predictions: (a) if the ability
of UV radiation to shorten the latent period of melanoma
development is immunologically mediated, then we would ex
pect the growth of any antigenic tumor, regardless of its histo
lÃ³gica!type, to be affected by UV radiation; (b) tumors that are
not detectably immunogenic should be unaffected by UV irra
diation of the site of tumor development; and (c) the effect
should be abrogated by immunosuppression of the host before
UV irradiation. In these studies, we have tested these predic
tions experimentally and provide evidence that immunological
factors are involved in the local enhancing effect of UV radia
tion on melanoma growth.

MATERIALS AND METHODS

Animals. Specific pathogen-free female C3H/HeN (MTV-) mice

were purchased from Charles River Breeding Laboratories (Wilming
ton, MA) or from the Animal Production Area of the Frederick Cancer
Research Facility (Frederick, MD). The mice, 8-12 weeks of age at the
beginning of each experiment, were housed in a pathogen-free barrier
facility approved by the American Association for Accreditation of
Laboratory Animal Care and in accordance with current United States
Department of Agriculture, Department of Health and Human Serv
ices, and NIH regulations and standards. Animal procedures were
approved by the Institutional Animal Care and Use Committee. Within
a single experiment all mice were age- and sex-matched.

UV Irradiation. The light source was a bank of 6 Westinghouse FS40
sunlamps, which deliver 65% of their total energy in the UV-B3 (280-

340 nm) wavelength range. During UV irradiation, the mice were
housed 5 per cage, but individually separated by clear plastic partitions,
on a shelf 20 cm below the fluorescent bulbs. The mice were not shaved,
and therefore only their ears and tails were fully exposed to the UV
radiation. The average dose-rate was 4.0 J/m2/s over the 280-340-nm

wavelength range. Unless otherwise specified, the mice were irradiated
for 20 min twice a week for 3 weeks. Twenty-four h after the last UV
exposure, tumor cells were injected s.c. into the pinna of the ear. Age-
matched, unirradiated mice served as controls for the UV-treated
groups.

Tumor Cell Lines. All tumors used arose in C3H/HeN (MTVâ€”)mice

(Table 1). K1735 is a melanoma induced by UV and CO treatment
(16); CM3205 is a new C3H melanoma (5) induced by DMBA initiation
and promotion with O-tetradecanoylphorbol-13-acetate, according to
the method of Berkelhammer et al. (17). Several tumors were induced
by initiation with DMBA and promotion with CO and UV (5): CMS 19
(melanoma), CM516 (fibrosarcoma), CM51516 and CM5143 (undif
ferentiated tumors), and CM5153L, an aggressively growing variant
cell lire derived from the CMS 153 squamous cell carcinoma. UV 2237
is a fibrosarcoma induced by chronic UV irradiation (18). Tumor HCA
is a hepatocarcinoma that arose spontaneously in a C3H/HeN mouse;
this tumor cell line was kindly provided by Dr. Luka Milas (University
of Texas M. D. Anderson Cancer Center). CAM 17M is a fibrosarcoma

3The abbreviations used are: UV, UV-B radiation; CO, croton oil; DMBA,
7,12-dimethylbenz(a)anthracene; LNC, lymph node cells; Con A, concanavalin
A.
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Table 1 Comparison of UVR effect and tumor immunogenicity

CelllineMelanomaK1735CM3205CM519HepatocarcinomaHCASquamous

cellcarcinomaCM5153LUndifTerentiated

carcinomaCM51516CMS

143FibrosarcomaCAM17MCM516MCADMCAF2237G5:l:13Induction

protocolUV/CODMBA/TPA'DMBA/UV-COSpontaneousDMBA/UV-CODMBA/UV-CODMBA/UV-COPUVADMBA/UV-COMCAMCAuv/uvMNNGIncidence

oftumors"UVR*

vs.21/50''40/70''28/36*11/207/209/208/1630/4010/2010/20''1

2/20''29/58''23/38''Nonirradiated12/6017/6219/389/2010/208/209/1824/289/203/204/2210/6012/40Immunized'

vs.8/31''4/9''5/19'4/46/1014/196/109/99/202/8*0/8*1/10"0/10*Nonimmunized33/3610/1017/189/95/1015/2010/209/911/208/107/107/910/10

" Tumor incidence is the number of mice with palpable tumors (52 mm)/number challenged.
* UV-irradiated mice were given 20 min of UVR twice per week for 3 to 4 weeks. The last treatment was given 24 h before injection of 5 x IO3to 2.5 x 10* tumor

cells s.c. into the pinna.
' Immunized mice were given implants of tumor fragments, and the tumors were excised 3 weeks later: 5 x IO4to 1 x 10' tumor cells were injected s.c. into the

opposite pinna 3 weeks after excision of the immunizing tumor.
d P i 0.01 versus control group.
'TPA, O-tetradecanoylphorbol-13-acetate; PUVA, 8-methoxypsoralen plus UVA (320-400 nm) radiation: MCA, 3-methylcholanthrene; MNNG, /V-methyl-/v"-

nitro-^V-nitrosoguanidine.

induced by chronic treatment with 8-methoxypsoralen plus UVA (320-
400 nm) radiation. G5:l:13 is a cell line established from a fibrosar
coma induced by repeated epicutaneous application of /V-methyl-A''-

nitro-AAnitrosoguanidine. MCAD and MCAF are 3-methylcholan-
threne-induced fibrosarcomas from C3H/HeJ mice, obtained from Dr.

Neal Pellis (M. D. Anderson). All tumor cell lines used in these
experiments grow progressively when transplanted into C3H/HeN
mice.

All tumors were maintained at low passage number (5 through 15)
in tissue culture using Eagle's minimal essential medium (GIBCO,

Grand Island, NY). This was supplemented with 10% fetal bovine
serum, 2% vitamin solution, 10% sodium pyruvate, 1% nonessential
amino acids, and 1% L-glutamine, without antibiotics. All cell lines
were tested routinely to ensure the absence of Mycoplasma. Further
more, all lines were free of pathogenic murine viruses (Microbiological
Associates, Rockville, MD). Subconfluent monolayers of the tumor
cells were harvested by a 1-min trypsinization (0.25% trypsin-0.02%
versene) of the monolayer. The resulting single-cell suspensions were
washed and resuspended in Hank's balanced salt solution (GIBCO).

Cell number was determined using a hemocytometer, and viability was
measured by the exclusion of trypan blue.

Tumor measurements were performed on all injected or implanted
tumors. Tumors were measured in 2 bisecting diameters using a vernier
caliper. Mice were individually numbered by the clipping of toes and
examined weekly for tumor growth. Tumor incidence was defined as
the cumulative number of palpable tumors divided by the total number
of tumor cell injections in each group. Each experiment contained 10
and 15 mice per group.

Immunization and Challenge. To assess tumor immunogenicity, mice
were immunized by implantation of tumor fragments as described
previously (19). The tumors used for immunization were obtained from
immunosuppressed, syngeneic recipients injected with tumor cell lines
from tissue culture passages 5 through 15. Immunosuppression was
produced by adult thymectomy and sublethal, 450-R, whole-body X-
irradiation before tumor cell injection. Tumor fragments 1 to 2 mm3

in size were transplanted on the ventral side of the pinna with a trocar.
The immunizing tumors were removed by excising the ear 3 weeks

later, when the tumors were approximately 6 mm3 in size. After an
additional 3 weeks, the immunized mice and sham-treated controls

were challenged with 5 x IO4to 1 x IO5cells of the same tumor. The

challenge dose was injected s.c. into the remaining pinna.
C Melimi X-Irradiation. The mice were exposed to 450-R whole-

body X-irradiation 48 h before tumor cell injection or implantation.
Mice so treated are deficient in T cell-dependent immune responses for
6 to 8 weeks (19).

In Vivo T Cell Depletion with Anti-Thyl.2 Antibody. Mice were given
3 i.v. tail vein injections of 0.5-ml rat anti-Thyl.2(30.H12) monoclonal
antibody (produced and purified from hybridoma cells obtained from
the American Type Culture Collection) on days 0, 4, and 8. At weekly
intervals from then on, inguinal lymph nodes were removed from groups
of mice to assess the extent of T-cell depletion. This was determined
by counting the number of Thy 1* cells present by immunofluorescent

staining and by assessing the ability of the LNC to proliferate when
stimulated with Con A. UV-irradiated mice were given their first
injection of anti-Thyl.2 on the day of the last UV exposure; 24 h later,
tumor cells were injected into the pinna.

Con A Stimulation of Lymphocytes. Inguinal lymph nodes were
removed aseptically from the mice and pressed between 2 glass slides
to free the cells. The cell suspension was filtered through nylon mesh
and washed once in RPMI 1640; then the cells were counted in a
hemocytometer, and viability was assessed by trypan blue exclusion.
The cells were suspended in RPMI 1640 containing 10% fetal bovine
serum, 2 mM L-glutamine, 5 x 10~5 M 2-mercaptoethanol, 100 units

penicillin, 100 jig/ml streptomycin, 10% sodium pyruvate, 10 mM N-
2-hydroxyethyl-piperazine-A/'-2-ethanesulfonic acid buffer, and 2% vi

tamins and 1% nonessential amino acids (GIBCO), at a concentration
of 2 x IO6cells/ml. Cells (100 Â¿il/well)were added to Falcon 96-well
U-bottomed culture plates with 0, 1, 2, or 5 ^g of Con A (Pharmacia
Inc., Piscataway, NJ) in 100 ^1 of media and incubated at 37Â°Cin 95%
air-5% CO2. After 2 days, 1 MCiof [3H]thymidine in 10 ^1 of RPMI

1640 was added to each well, and the cultures were incubated for an
additional 18 h at 37Â°C.Cultures were harvested on glass fiber filters,

and the filters were counted on a Beckman LS 5800 liquid scintillation
counter (Fullerton, CA) to determine the amount of 3H incorporated.

Statistical Analyses. Student's t test for independent variables (2-

tailed) was used to determine the statistical significance of differences
between experimental and control groups in lymphocyte proliferation
experiments. The x2 test was used to compare tumor incidence between

groups. Probabilities of no difference Â«0.05were considered statisti-
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cally signincant. Each group contained 5 or more animals, and the
experiments were performed at least twice.

RESULTS

Specificity of the Effect of UV Radiation. To investigate
whether the effect of UV radiation was specific for melanoma,
we tested 13 C3H tumor cell lines for susceptibility to the local
effects of UV irradiation. Table 1 lists the histolÃ³gica! type and
origin of each tumor cell line used. C3H mice were exposed to
UV radiation for 20 min twice per week for 3 or 4 weeks (total
dose of UVB = 28.8 to 38.4 kJ/m2). Tumor cells were injected
at doses between 5 x 10' and 5 x IO4 cells/ear 24 h after the

last UV irradiation. The number of cells injected was that
estimated from pilot experiments to produce a tumor incidence
of approximately 50% for each cell line (data not shown). The
incidence of tumors was monitored and their size measured for
at least 5 weeks.

Fig. \A shows that the CM3205 melanoma, induced by
DMBA/O-tetradecanoylphorbol-13-acetate, exhibited an in
creased incidence in the UV-irradiated mice, as did 3 fibrosar-
comas (Fig. 1, B-D). These fibrosarcomas were induced by N-
methyl-/V'-nitro-A'-nitrosoguanidine(G5:l:13), UV(UV2237),

and 3-methylcholanthrene (MCAF). In contrast, the incidence
of an undifferentiated carcinoma (CMS 143) and a fibrosarcoma
(CMS 16), both induced by DMBA, and UV, was not increased
(Fig. l,Â£andF).

Table 1 contains a summary of the results of all such exper
iments. The data are from the second through the fourth week
after challenge, depending on the rate at which the tumors
developed. The results are reported as the ratio of the number
of palpable tumors to the number of ears injected. Significant
differences in tumor growth were seen for more than one time
point in all cases, but at various time points during the 6-week
scoring period. Table 1 shows that the incidence of the CM3205
and CM519 melanomas, like that of K1735 melanoma (16),
increased in UV-irradiated mice. In addition, 4 fibrosarcomas
demonstrated increased tumor incidence in the site of UV
irradiation. In contrast, the other 2 fibrosarcomas, the sponta
neous hepatocarcinoma, a squamous cell carcinoma, and 2
undifferentiated tumors failed to exhibit increased tumor inci
dence in the UV-irradiated mice. Thus, there was no correlation
with either histolÃ³gica! type or etiology and susceptibility to
the effect of UV irradiation. We conclude that the effect of UV
radiation is not specific for melanomas or tumors of a particular
etiology.

Immunogenicity of the Tumors. If the effect of UV radiation
on tumor growth is immunologically mediated, then all tumors
showing increased growth in UV-irradiated ears should be
immunogenic; conversely, all tumors not showing increased
incidence in UV-irradiated ears should be nonimmunogenic.
To address these predictions, we tested the immunogenicity of
these tumors using a protocol we developed (16). Tumor frag
ments of 1 to 2 mm3 were implanted into the right ear of mice;

the size of the fragments was selected to produce tumors of
relatively uniform size (approximately 6 mm') at the time of

excision 3 weeks later. Three weeks after removal of the tumors
by amputation and cauterization of the ear, 1 x 10s tumor cells

from cell culture were injected into the left pinna. Using this
protocol, such immunogenic tumors as K1735, UV2237, and
CM3205 had a significantly lower tumor incidence in immu
nized mice compared with nonimmunized mice (6).

The results of these immunization and challenge tests are

A. 100

K
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2 3
WEEKS

Fig. 1. Growth of different cell lines in UV-irradiated mice. Groups of 10 mice
were UV-irradiated for 20 min twice a week for 3 to 4 weeks. One day after the
final UV exposure, the tumor cells were injected into the pinna of either UV-
irradiated (â€”Aâ€”)or control mice (â€”Â»â€”).Tumor incidence is the number of
palpable tumors (.-.1 mm in diameter) divided by the total number of tumor
injections in each group. * />< 0.05, using the x1 test. The cell lines used were as

follows: A, CM3205, a melanoma; B, G5:i:13. a fibrosarcoma; C, 2237, a
fibrosarcoma; D, MCAF, a fibrosarcoma; E, CM5143, an undifferentiated carci
noma; and F, CM516, a fibrosarcoma.

summarized in Table 1. In this case, the data presented are
from the third week after tumor challenge and represent the
number of palpable tumors over the number of mice challenged.
All three melanomas and the 4 fibrosarcomas that exhibited
increased tumor incidence in UV-irradiated ears were immu
nogenic by this method. None of the other tumors was discern-
ibly immunogenic, even on the basis of tumor growth rates
(data not shown). Thus, there was a perfect correspondence
between the immunogenicity of tumors, as defined by this
method, and their susceptibility to the growth-modulating effect
of UV radiation.

Effect of UV Radiation on Tumor Growth in Immunosup-
pressed Hosts. We next investigated whether the immunocom-
petence of the host was required for tumor outgrowth to be
enhanced by UV irradiation. The first method of immuno-
suppression was sublethal (450-R) X-irradiation, given 48 h
before injection of tumor cells. C3H mice were UV-irradiated
for 20 min, twice a week for 3 weeks. One day before the last
UV irradiation, the mice were X-irradiated with 450-R, which
reduces the ability to mount a primary immune response (19).
Twenty-four h after the last UV exposure, the mice were given
injections of 1.5 x 10J K1735 melanoma cells in the pinna. As

shown in Fig. 2/4, there was a significant difference in tumor
incidence between UV- and unirradiated control mice. How
ever, the group subjected to both UV and X-irradiation did not
have significantly increased tumor incidence compared with the
group given X-irradiation alone. As expected, growth of this
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A.
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Fig. 2. Growth of K1735 melanoma cells in UV-irradiated Â¡mmunosuppressed
mice. A, four groups of 10 mice were UV-irradiated for 20 min twice a week for
4 weeks, then one day before the final UV exposure they were sublethally (450
R) X-irradiated. One day after the final UV exposure, 1.5 x l O4K1735 melanoma
cells were injected into the pinna of the UV-irradiated (â€”Aâ€”),UV-. X-irradiated
(â€”Aâ€”),X-irradiated (â€”Oâ€”)and nonirradiated (NR) control (â€”Â«â€”)mice. B,
groups of 7 or 8 BALB/c nude mice were UV irradiated for 15 min (3.6 kJ/m2)
(â€”Aâ€”)or 10 min (2.4 kJ/m2) (â€”â€¢â€”)twice a week for 4 weeks. Control mice
received no UV treatment (- Â«-). One day after final UV exposure, 2.75 x 10'

K1735 melanoma cells were injected into the pinna. C, groups of 9 or 10 mice
were UV-irradiated for 20 min twice a week for 3 weeks. On the day of the final
UV exposure, they were in vivo Thy 1-depleted by i.v. injection of Thy 1.2 mono
clonal antibody. One day after the final UV exposure. 2.5 x \04 K1735 melanoma
cells were injected into the pinna of non-Thyl-depleted mice, whereas 5 x IO3
K1735 cells were used in the Thy 1-depleted mice. This was followed on days 4
and 8 with additional i.v. injections of anti-Thyl.2 to the Thy + UV-irradiated
group (â€”Aâ€”)and the Thy -I- NR group (â€”Oâ€”).The UV-irradiated mice
(â€”Aâ€”)were irradiated but received no antibody, whereas the control mice
received no UV treatment or antibody (- Â«-). Tumor incidence is the number of
palpable tumors (>2 mm in diameter) divided by the total number of tumor
injections in each group. * P < 0.05, using x2 test.

immunogenic tumor was enhanced in the immunosuppressed
hosts.

The second approach with immunosuppressed hosts involved
UV irradiation of congenitally athymic nude mice. Initially, the

BALB/c nude mice were UV-irradiated for 20 min (4.8 kJ/m2)

twice a week for 4 weeks; however, this treatment produced
marked inflammation and tissue damage. By reducing the dose
of UV radiation to a maximum exposure of 3.6 kJ/m2 ( 15 min),

we ensured that the ears were not grossly inflamed at the time
of tumor cell injection. As was the case in the X-irradiated
mice, K1735 melanoma cells grew aggressively at relatively low
tumor cell inocula. Therefore, we injected 2.75 x IO3 K1735
melanoma cells into both ears of UV- and unirradiated mice.
The groups of 7 or 8 nude mice were irradiated for 10 min (2.4
kJ/m2) or 15 min (3.6 kJ/m2) twice a week for 4 weeks before

tumor cell injection. The tumors actually appeared earlier in
the unirradiated mice than in either of the groups exposed to
UV irradiation (Fig. 2Ã„). This experiment indicates that in
BALB/c nude mice, UV irradiation does not increase tumor
incidence, even when a minimal tumor cell inoculum is used.
In fact, tumor growth was significantly retarded in mice given
the lower does of UV radiation.

The third approach involved the use of mice immunosup
pressed by depletion of Thyl+ cells in vivo. To determine
whether our procedure reduced the number of Thyl + cells, we
injected the mice i.v. on days 0, 4, and 8 with 0.5 ml of rat anti-
Thyl.2. Then we examined cells from the inguinal lymph nodes
at 1, 2, 3, and 4 weeks after the final injection of antibody.
Treatment with anti-Thyl.2 reduced the number of Thyl + LNC
by 75% during the 4-week period compared with LNC from
untreated mice. We also investigated the activity of the Thy!*
cells by culturing 2 x IO6 LNC with 1 ng Con A. There was a

significant decrease in the proliferative response of LNC to
Con A stimulation 1 and 2 weeks after Thy 1.2 antibody treat
ment (70% and 47%, respectively). Interestingly, at 3 and 4
weeks after antibody treatment, there was a significant increase
in the incorporation of thymidine (57% and 75%, respectively).
This could indicate a compensatory increase in proliferative
capacity of the Thyl+ cells at these times.

Having ascertained that the Thyl+ cells were significantly

depleted from mice following antibody treatment, we deter
mined whether these mice would exhibit increased tumor inci
dence after UV irradiation. UV-irradiated mice were given an
i.v. injection of anti-Thyl.2 on the day of the UV irradiation.
Twenty-four h later, we injected melanoma cells into the pinna,

and then on days 4 and 8, we injected an additional 0.5 ml of
anti-Thyl.2 i.v. As before, we had to reduce the number of
tumor cells injected into Thy 1-depleted mice to one-fifth of
that used in the immunocompetent C3H mice to achieve a
minimal tumorigenic dose. Fig. 2C shows that the tumor inci
dence in UV-irradiated mice was significantly increased com
pared with that in unirradiated mice, as expected. In contrast,
tumor incidence in the Thy 1-depleted, UV-irradiated mice did
not increase compared with Thy 1-depleted, unirradiated mice.
However, as with experiments in sublethally X-irradiated and
nude mice, the tumor incidence in both Thy 1-depleted groups
was increased compared with that in the unirradiated mice.

DISCUSSION

The outgrowth of antigenic UV-induced tumors in mice
selectively immunosuppressed by chronic UV irradiation has
been well documented to be immunologically mediated (20).
The outgrowth of such tumors is dependent upon suppressor
cells in the UV-irradiated mice. These suppressor cells recog
nize a common antigen on UV-induced tumors and suppress
the host's ability to reject these tumors. Because the suppressor
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cells are present throughout the lymphoid organs, we conclude
that this suppression is systemic.

Our work demonstrated that short-term exposure of mice to
intermittent doses of UV radiation stimulates the outgrowth of
melanoma cells. In contrast to the systemic effect of UV radia
tion on the growth of UV-induced tumors, this effect is observed
only when melanoma cells are injected into the UV-irradiated
site (6), showing that it is a local, not systemic, effect of UV
irradiation. Furthermore, the local effect of UV radiation is not
specific for UV-induced tumors, but extends to tumors of
diverse etiology.

Initial experiments seemed to indicate that the effect of UV
radiation on tumor incidence was limited to melanomas (6).
This selectivity suggested that UV radiation may induce the
production of melanoma-specific growth factors, and indeed,
Wang et ai. (21) demonstrated that supernatants from epider
mal cells exposed to UV irradiation in vitro stimulated the
proliferation of melanoma cells, but not other types of tumor
cells, in culture (21). In addition, other investigators have
reported that UV radiation increases melanin production and
stimulates the division of melanocytes (22). Therefore, it was
reasonable to postulate that the release of melanocyte-stimulat-
ing growth factors might be responsible for the effect of UV
radiation on melanoma outgrowth in vivo (21). However, in
these extensive tests of specificity, we demonstrated that 4 of 6
fibrosarcomas also showed increased incidence of UV-irradi
ated mice. This finding argues against melanoma-specific
growth factors as the sole cause of the effect of UV radiation
on melanoma growth, although such factors may also contribute
to the growth of the melanomas. These experiments also
showed that the increased tumor incidence was not restricted
to tumors induced by a particular carcinogen. Instead, the
correlation between increased tumor incidence in UV-irradiated
ears and tumor immunogenicity provided strong support for
the hypothesis that UV radiation affected tumor growth by
imrminornodulation of the host.

As additional test of this hypothesis, we investigated the
ability of UV irradiation to influence tumor growth in immu-
nosuppressed mice. Even though each method of immuno-
suppression we used had certain drawbacks, all 3 produced
similar results. In the sublethally X-irradiated mice, 450-R
abrogated the effect of UV radiation on tumor incidence. How
ever, sublethal X-irradiation can have other effects on tumor
growth besides impairment of T cell function and immune
suppression of the host. For example, treatment of mice with
600-R X-irradiation can cause increased outgrowth of nonim-
munogenic tumors (23); in our study, such an effect of the X-
irradiation could have masked an effect of UV radiation on
tumor incidence.

In the BALB/c athymic nude mice, UV irradiation also failed
to increase tumor incidence. The UV doses used in the nude
mice were only 50 or 75% of that required to effect tumor
growth in C3H mice (20-min exposures). Higher doses of UV
radiation could not be given to the nude mice because of their
increased sensitivity to the acute effects of UV irradiation. Since
nude mice lack the protective effects of hair and pigmentation,
they are less able to tolerate the damaging effects of UV
radiation. It is possible, therefore, that the doses of UV radia
tion used in the nude mice were too low to affect tumor
outgrowth. However, this seems unlikely because of the in
creased sensitivity for the nude mice to UV irradiation, com
pared with C3H mice. Nevertheless, this experiment demon
strated that there was no correlation between the ability of UV

irradiation to cause inflammation and its effect on tumor
growth. Nude mice had greater inflammation in the ears after
UV radiation than C3H mice, and no increase in tumor out
growth compared with nonirradiated controls. Thus, inflam
mation is probably not involved in the effect of UV radiation
on tumor outgrowth.

The third method of immunosuppression was the in vivo
depletion of Thyl + cells. This procedure also abrogated the

effect of UV radiation on tumor growth. Although T lympho
cytes are not the only Thyl* cells in the mouse, the expression

of Thy 1 on mouse lung fibroblasts and fibroblast-derived cell
lines is much weaker than that found on T cells (24). Cells in
the brain express the same amount of Thy 1 antigen as T cells,
but under normal conditions the blood brain barrier precludes
the entry of antibodies into the central nervous system (25, 26).
Therefore, it is difficult to envision a mechanism whereby the
effect of anti-Thyl.2 on fibroblasts and neurons could be in
volved in the effect of UV irradiation on tumor growth in the
skin. These results and those from sublethally x-irradiated and
athymic mice further support the hypothesis that the local effect
of UV radiation on tumor growth is immunologically mediated
and dependent on a normal complement of functional T
lymphocytes.

Taken together, these studies indicate that UV radiation can
participate in melanoma development by indirect, local effects
on the host environment, at least some of which are immuno
logically mediated. These studies also suggest that it may be
possible to use UV radiation to help define the specific immu-
nological processes involved in host resistance against mela
noma growth and development. Such information may be useful
in developing immunological approaches for the treatment of
cutaneous melanoma.
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