
Chronic stress accelerates ultraviolet-induced
cutaneous carcinogenesis
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Background: Physical and emotional stressors have been found to mediate a wide variety of biological
changes including the facilitation of tumor progression; however most of these paradigms utilized artificial
sources of neoplasms and stress.

Methods: Skh mice were exposed to carcinogenic doses of ultraviolet light (UV). The stressed group was
subjected to the close proximity of fox urine as a source of stress from the presence of the odor of their
natural predator, while the control group remained stress free.

Results: A significant acceleration in the development of cutaneous neoplasms was observed in mice that
had been exposed to the stressor. The first tumor appeared in the group after 8 weeks, whereas
nonstressed mice began to develop these by week 21.

Conclusion: These results suggest that stress plays a role in potentiating cutaneous carcinogenesis.
( J Am Acad Dermatol 2004;51:919-22.)
T
here is evidence in support of the notion that
chronic stress and negative emotional states
not only impair coping with cancer, but can

also have a deleterious impact on the progression of
this disease.1 Obvious ethical concerns do not permit
prospective human studies in the laboratory; there-
fore, numerous researchers have examined the
effects of psychological and physical stressors on
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the facilitation of the progression of cancer in animal
models.2 The difficulty of translating these findings to
the problem of cancer in humans lies in the use of
artificial models of tumor production (such as the
development of metastasis originating from the in-
jection of cancer cells) and the use of artificial stress
paradigms that are not present in the natural habitat
of the animal.

We hypothesized that ultraviolet B (UVB) expo-
sure (akin to that which mediates solar induced
carcinomas in human skin) in mice exposed to a well
established,3 naturalistic, predator stress paradigm
(fox urine and restraint) could serve as an effective
murine model of stress-potentiated carcinogenesis.
We found that this naturalistic stressor paradigm
significantly accelerated the development of UV
light-induced neoplasms.

MATERIALS AND METHODS
Animals

Female hairless SKH:H-1-hrBr mice (Charles
River, Wilmington, Mass) were obtained at 6 weeks
of age and were allowed to acclimatize for 2 weeks.
Upon arrival, the mice were housed in groups of 5 in
climate-controlled quarters (228 C 6 18 C at 50%
humidity), with a 12 hour light/dark cycle under
fluorescent lights, and fed ad libitum with a commer-
cial diet and water. All procedures were approved by
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the Institutional Animal Care and Use Committee
(IACUC).

Stress
Forty mice were restrained for 60 minutes in ven-

tilated conical tubes with a separate compartment
containing a gauze impregnated with 1 mL of fox
urine (Chagnon’s Trapping Supply, Manistique,
Mich) as a source of predator odor.4 There was no
direct contact between the animals and the gauze.
Mice were stressed for 14 days before starting the
irradiation protocol, and subsequently 3 times a
week for the duration of the experiment. Forty con-
trol mice were housed in a separate room.

UVB irradiation
Mice were UV irradiated with a bank of 6

Westinghouse FS40 sunlamps (Westinghouse
Electric Corp, Bloomfield, NJ) with a Kodacel filter
(Eastman Kodak, Rochester, NY). The fluence was
measured with an IL-1400 A Radiometer/Photometer
coupled to PT&C detector (International Light,
Newburyport, Mass). Mice were irradiated 3 times
a week at noon in cages placed 30 cm from the light
source, separated into 5 individual compartments by
Plexiglas, and rotated to ensure homogeneous ex-
posure. Initial light exposure began with a dose of
32.4 mJ/cm2 and increased 5% per session to
a maximum exposure of 288 mJ/cm2. All mice were
examined weekly for the development of skin
lesions, and tumors were counted when they be-
came larger than 2 mm in diameter. Mice were

Fig 1. Time in weeks to first tumor. Stressed mice had an
accelerated development of tumors when compared to
nonstressed controls. All mice had tumors by week 30.
weighed monthly, without any significant difference
in weight between groups.

Statistics
The probability of tumor-free survival was esti-

mated by the Kaplan-Meier method, and log-rank
statistics was used to determine whether the differ-
ence in tumor-free survival was statistically signifi-
cant.

RESULTS
We found a significant acceleration in the de-

velopment of tumors among mice exposed to the
stressor paradigm. Neoplasms began appearing
earlier (ie, by week 8) in animals that had been
exposed to the stressor paradigm, compared with
controls, which began expressing skin tumors 21
weeks after starting the UVB exposure (Fig 1). By 21
weeks, a 5-fold difference was found; 35% of the
stressed mice had at least one neoplasm, whereas
only 7% of the nonstressed mice had tumors, which
varied between 2 mm and 2 cm in diameter (animals
that had tumors larger than 2 cm were sacrificed
following IACUC guidelines), and most were micro-
scopically consistent with squamous cell carcinomas
with fewer lesions diagnosed as papillomas.

The difference in tumor-free survival between
stressed and nonstressed groups was statistically
significant (P = .012) (Fig 2). The median time of
tumor-free and 95% CI were estimated as 24 (23, 26)
weeks and 27 (24, 27) weeks for stressed mice and
nonstressed mice, respectively.

DISCUSSION
We stressed mice by mimicking the presence of

a natural predator, without means of escape, re-
sulting in a significant acceleration in the rate of de-
velopment of UVB-induced cutaneous neoplasms.

Psychosocial stressors play a significant role in the
function of the skin through effects on circulating5

and local inflammatory6 cells and antigen-presenting
cells,7 transepidermal water loss,8 pigmentation,9 as
well as by altering DNA repair,10,11 apoptosis,12 and
natural killer cell cytotoxicity.13 Stress may increase
carcinogenesis synergistically with UV through mod-
ulation of the DNA machinery,10,14 decreased cytol-
ysis of transformed cells,15 or altered immunologic
recognition of mutant cells.16 Studies in humans
have found that chronic stressors correlate with al-
tered immunity and increased susceptibility to
infections,2 progression of HIV disease,17 and de-
velopment of cancer.18 Conversely, psychosocial
interventions have been reported to enhance the
survival of patients with cancer,19 including mela-
noma.20
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Fig 2. Probability of tumor-free survival estimated by Kaplan-Meier method and log-rank
statistics to determine significance.
Although we cannot extrapolate that stress in
mice and in humans is identical, the significant
acceleration of tumor formation by stress exposure
found in this study provides the background support
to study the role of stressors in facilitating human
cutaneous neoplasms. Further insight in the un-
derlying mechanisms that mediate the accelerating
effects of stress on UV mediated carcinogenesis may
allow us to design translational psychosocial and
pharmacological interventions that can be applied to
protect against the development of skin cancers in
humans.

We are very grateful to Megan Brown for her excellent
assistance.
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