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Low plasma selenium levels have been linked to increased 
risk of non-melanoma skin cancer in humans. The present 
study examined the relationship between selenium level in 
the diet and development of skin tumors induced by ultravi
olet radiation in female Skh:HR-1 hairless mice. Animals 
were maintained on a torula yeast-based diet containing ei
ther 0, 0.1, or 0.5 mg/kg selenium as Na2Se03 • Ultraviolet 
light at a dose of 90 mJ/cm2

, three times weekly for 20 
weeks, resulted in skin tumors in all groups. Following cessa
tion of ultraviolet light exposure, tumors continued to in
crease in selenium-deficient mice and those fed only 0.1 mg/ 

N
on-melanoma skin cancer is an increasingly preva
lent disease. One out of every six Americans will 
develop skin cancer in his or her lifetime, and over 
600,000 new cases of skin cancer will be diagnosed 
in the United States this year [1]. Selenium (Se) is 

an essential trace element with a Recommended Dietary Allowance 
of 70 jJ.g/d for adults [2] . Low plasma Se levels have been linked 
inversely to skin cancer [3,4] . Patients with malignant melanoma 
were examined for stage of tumor development, and patients with 
stage 3 disease had the lowest levels of serum Se [3] . In a study of240 
skin cancer patients in good general health, the cancer patients had a 
significantly lower mean plasma Se concentration than did controls 
without skin cancer [4]. Recently, Combs et al [5] have reported that 
serum Se status is predictive of future skin cancer risk in humans. 

Existing scientific literature has extensively documented the effi
cacy of Se compounds in the inhibition of colon, liver, mammary 
gland, and also skin carcinogenesis in laboratory animals (for review 
see [6]) . Although there have been a number of studies on the anti
carcinogenic effects ofSe at many tumor sites, there have been very 
few studies conducted on laboratory animal models of UVB-in
duced non-melanoma skin cancer. Two previous studies have ex
amined the effects ofSe on UVB-induced tumors, but were at such 
high doses as to be unacceptable for human application [7,8]. Oral 
administration of Se in drinking water at 1.1, 2.2, or 4.4 ppm Se 
reduced the UVB-induced skin inflammation [7] and at doses of 2, 
4, and 8 ppm also reduced the number of skin tumors [8]. In a more 
recent study using relatively nontoxic levels of Se, the level of Se 
was 1.5 ppm as selenomethionine in the drinking water [9], which 
translates to 0.6 mg/kg diet. Furthermore, the base diet in this study 
[9] contained 0.171 mg/kg Se, which exceeds the recommended 

Manuscript received October 6,1993; accepted for publication January 4, 
1994. 

Reprint requests to: Dr. B. Pence, Department of Pathology, Texas Tech 
University Health Sciences Center, Lubbock, TX 79430. 

Abbreviations: CAT, catalase; GPX, glutathione peroxidase; SOD, super
oxide dismutase. 

kg, but leveled off for those on 0.5 mg/kg. During the carci
nogenesis process, epidermal antioxidant enzymes catalase, 
superoxide dismutase, and glutathione peroxidase were 
monitored. Selenium deficiency decreased glutathione per
oxidase and resulted in an early increase in superoxide dismu
tase and catalase in response to ultraviolet light treatment. 
These results indicate that dietary Se may be an important 
chemopreventive agent for skin cancer. Key words: selenium/ 
UVB-induced tumors/epidermal antioxidant. ] Invest Dermatol 
102:759-761,1994 

adequate level for mice of 0.1 mg/kg [10]. Therefore, for the Se
supplemented mice, their intake was 0.771 ppm Se, which exceeds 
the nontoxic range for nutriture. Previous work from this labora
tory demonstrated that UVB treatment had a depressive effect on 
epidermal antioxidant enzymes [11,12] . Because Se's major role in 
the cell appears to be its function in the enzyme glutathione peroxi
dase (GPX) as an antioxidant, the present study was undertaken to 
determine if Se at the recommended adequate level or at a small 
nontoxic supplementary level would impact the development of 
UVB-induced skin tumors and affect antioxidant status in hairless 
mice. 

MATERIALS AND METHODS 

Animals The mice used in this study were six-week-old female Skh: 
HR-l hairless mice purchased from Charles River. The mice were random
ized and placed on experimental diets 1 week after receipt. Food and deion
ized water (containing almost no detectable Se) were available ad libitlltll. 
Body weights were monitored weekly for the first 12 weeks of the study and 
food intake was measured weekly for 6 weeks. 

Diets A torula yeast-based diet was formulated and pelleted by Dyets, Inc., 
Bethlehem PA and contained three levels ofSe: 0.0, 0.1, or 0.5 mg/kg Se as 
sodium selenite. The composition of the diets is shown in Table I. All diets 
were adequate in all nutrients except Se, for which the recommended ade
quate amount is 0.1 mg/kg. The diets were fed to the mice for 1 week prior 
to beginning UVB exposure. 

Treatment Protocol Mice were treated with the same UVB dosage used 
in previous studies from this laboratory [11,12]. The animals exposed to 
UVB were treated three times per week with 90 mJ/cm2 ultraviolet light at 
wavelengths of290-320 nm (FS-40 Medical Sunlamps, National Biologi
cal Corp.), which was monitored for output with a UVB LM H06 C meter 
(National Biological Corp.). The exposures were at a set distance (30 cm) 
from the source and lasted approximately 2 - 2.5 min per treatment. This 
treatment was continued for 20 weeks, followed by another 8 weeks on test 
diets only, to monitor development of tumors. 

Antioxidant Enzymes At baseline prior to any UVB treatment, and at 
selected timcpoints during the UVB treatment, four mice from each dietary 
group were killed for determination of epidermal antioxidant enzymes: 
superoxide dismutase (SOD) , catalase (CAT), and GPX. Controls included 

0022-202X/94/S07.00 Copyright © 1994 by The Society for Investigative Dermatology, Inc. 

759 



760 PENCE ET AL 

Table I. Composition of Selenium-Deficient Diet" 

Ingredient Amount, Percent by Weight 

Torula yeastb 

DL-methionine 
Sucrose 
Cellulose 
Corn oil 
AIN-76 salt mix (Se free)' 
AIN-76A vitamin mix 
Choline bitartrate 

30.0 
0.3 

55.0 
5.0 
5.0 
3.5 
1.0 
0.2 

• Formulated and pelleted by Dyers, Inc., Bethlehem, PA (102060). 
1 Selenium content, 0.04 mg/kg of yeast (Dyets, Inc. analysis), 0.012 mg/kg diet. 
' For 0.1 mg Se/kg, add 0.1 g sucrose-Na selenite mix (1.0 mg Se/g). For 0.5 mg 

Se/kg add 0.48 g sucrose-Na selenite mix (1.0 mg Se/g). The formula for the sucrose
selenite premix is Na2SeO,:2.191 g/kg and sucrose 997.809 g/kg. 

values taken at baseline (week O) prior to dietary or UVB treatment and 
thereafter the ventral skin served as the control. Time points included 8, 16, 
20,24, and 28 weeks of dietary and/or UVB treatment. Enzyme activities 
were assayed as published previously [11,12). Gluthione peroxidase was 
measured as the Se-dependent form using H 20 2 as substrate. 

Epidermal Homogenate Preparation At the appropriate times, mice 
were ki lled by cervical dislocation and the dorsal and ventral skin removed. 
For determinations of SOD, CAT, and GPX the epidermis was scraped from 
the skin with a razor blade. The scraped epidermis was homogenized in 
sodium potassium phosphate buffer as described previously [11,12), centri
fuged , and stored at -85°C until assayed. 

Tumor Counts The tumors were counted weekly on each individual 
mouse, and the incidence and number per mouse recorded. Final reporting of 
tumors was as the total number of tumors per mouse, including all sizes. 

Tumor Histology Representative tumors were placed in 10% buffered 
formalin, processed, and stained with hematoxylin and eosin for routine 
microscopic identification. 

Statistical Analysis An analysis of variance was used to determine signif
icant differences between dietary treatments and between time points of 
enzyme determinations. 

RESULTS 

Body Weight and Food Consumption There were no signifi
cant differences between the three dietary treatment groups at any 
time, with body weights being almost identical among groups (data 
not shown). There were also no differences in food consumption 
during the time periods measured. 

Tumor Counts The first tumor appeared at 12 weeks after be
ginning UVB exposure. The number of tumors per mouse increased 
rapidly up to 20 weeks then, following a brief decline, increased 
slowly again. Up to 20 weeks there were no differences in tumor 
counts between the dietary groups. However, after 20 weeks the 
Se-deficient mice developed more tumors than the other two 
groups. This became statistically significant at 23 weeks and re
mained so for the duration of the study. Tumors per mouse are 
shown in Fig 1. 
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Figure 1. Tumor proliferation in hairless mice exposed to UVB radiation 
and different levels of dietary selenium. UVB radiation was completed at 20 
weeks. Significant differences (p < 0.05) between dietary groups occurred 
from week 23 on. 

Tumor Histology Most tumors were small and of the benign 
papilloma type. Larger malignant tumors were either squamous cell 
carcinoma, keratoacanthoma, or to a lesser extent basal cell carci
noma. These tumor types are fairly representative of types occurring 
in humans with sun exposure. Because no analysis was performed 
on every tumor per mouse, no assessment of malignant tumor inci
dence was possible among dietary groups. 

Antioxidant Enzymes Catalase activity was significantly 
higher in Se-deficient animals at 8 and 16 weeks compared to more 
adequate Se levels (Table II). In response to UVB treatment, CAT 
level of the dorsal-exposed epidermis was generally decreased, ex
cept for week 8 in Se-deficient mice, compared to unexposed con
trol dorsal and ventral epidermis. Overall, CAT activity declined in 
unexposed epidermis as tumor burden increased from 20 to 28 
weeks. Following cessation of UV treatment at 20 weeks, CAT 
activity increased in Se-supplemented groups, but remained de
pressed in Se-deficient mice. CAT activity in tumors showed no 
differences due to dietary Se. 

SOD activity was much higher in Se-deficient mice at 8 weeks 
(Table III) than in those receiving adequate Se levels. But as UVB 
exposure time increased there were few differences among Se 
groups. By the time UVB exposure ceased at 20 weeks, SOD activ
ity had reached a nadir and started increasing again. There was no 
effect of dietary Se on tumor SOD activity, and it was depressed 
compared to ventral skin values. 

GPX rapidly declined in the Se-deficient group as expected 
(Table IV). This enzyme remained low in mice inadequate in Se, but 
recovered by week 16 to control or higher levels in animals fed the 
0.1 and 0.5 mg/kg diets. As tumor burden increased from week 24 
to week 28, the ventral skin showed decreases in GPX even in the 
presence of adequate Se. In tumors, those from mice fed the Se-defi-

Table II- Effect of Feeding Different Levels of Selenium on Epidermal Catalase Activity (units/mg protein) 

Week o mg Se/kg 

0 1.38 ± 0.17 
8 1.43 ± 0.26' 

16 0.55 ± 0.06' 
20 0.60 ± 0.06 
24 0.62 ± 0.10b 

28 
Tumors 0.25 ± 0.04 

Dorsal Epidermis 

0.1 mg Se/kg 

1.38 ± 0.17 
0.86 ± 0.13b 

0.33 ± om b 

0.63 ± 0.05 
0.73 ± 0.06"b 

0.32 ± 0.10 

0.5 mg Se/kg 

1.38 ± 0.17 
0.52 ± 0.07b 

-.Q.32 ± 0.03b 

0.54 ± 0.04 
0.93 ± 0.04' 

0.25 ± 0.07 

o mg Se/kg 

1.54 ± 0.27 
0.92 ± 0.19 
0.62 ± 0.05 

•. 1 Different letters within a row for each epidermal site are different (Duncan's, p < 0.05). Values presented arc means ± SEM. 

Ventral Epidermis 

0.1 mg Se/kg 

1.63 ± 0.42 
2.06 ± 1.05 
0.64 ± 0.12 

0.5 mg Se/kg 

2.06 ± 0.17 
1.52 ± 0.20 
0.43 ± 0.04 
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Table Ill. Effect of Feeding Different Levels of Selenium on Epidermal Superoxide Dismutase Activity (units/mg protein) 

Dorsal Epidermis Ventral Epidermis 

Week o mg Se/kg 0.1 mg Se/kg 0.5 mg Sc/kg o mg Se/kg 0.1 mg Se/kg 0.5 mg Se/kg 

o 
8 

16 
20 
24 
28 

18.61 ± 2.33 18.61 ± 2.33 18.61 ± 2.33 
31 .03 ± 6.09' 18.50 ± 1.23b 11.40 ± 1.33b 

8.76 ± 0.35b 8.12 ± 0.94b 12.70 ± 0.49' 
9.38 ± 2.20 10.41 ± 2.84 5.85 ± 0.76 20.84 ± 4.95 

17.44 ± 2.95' 
10.91 ± 1.61 

21.08 ± 9.11 
17.98 ± 0.48' 
11.44 ± 2.34 

18.85 ± 5.06 
10.44 ± 1.98b 

10.96 ± 2.04 
11.20 ± 0.54 14.88 ± 1.25 11.91 ± 2.65 

Tumors 7.86 ± 1.20 10.82 ± 2.93 8.65 ± 1.33 

•.• Different letters within a row for each epidennal site are different (Duncan·s. p < 0.05). Values presented are means ± SEM. 

Table IV. Effect of Feeding Different Levels of Selenium on Epidermal Selenium-dependent Glutathione Peroxidase Activity 
(units/mg protein) 

Dorsal Epidermis Vencral Epidermis 

Week o mg Se/kg 0.1 mg Se/kg 0.5 mg Se/kg o mg Se/kg 0.1 mg Se/kg 0.5 mg Se/kg 

0 0.02 ± 0.01 0.20 ± 0.01 0.20 ± 0.01 
8 0.07 ± 0.01 0.10 ± 0.03 0.08 ± 0.01 

16 0.07 ± O.Olb 0.21 ± 0.01' 0.25 ± 0.03' 
20 0.06 ± O.Olb 0.23 ± 0.02' 0.23 ± 0.01' 0.03 ± O.OOb 

0.05 ± 0.02 
0.03 ± O.Olb 

0.20 ± 0.07' 
0.22 ± 0.10 
0.09 ± O.o1,·b 

0.24 ± 0.05' 
0.23 ± 0.04 
0.14 ± 0.01' 

24 0.07 ± 0.02b 0.19 ± 0.01' 0.21 ± 0.01' 
28 

TUInors 0.01 ± O.OOb 0.13 ± 0.04' 0.15 ± 0.01' 

•.• Different letters within a row for each epidermal site are different (Duncan·s. p < 0.05). Values presented arc means ± SEM. 

cient diet had the lowest GPX. As with the dorsal epidermis. no 
significant difference existed between normal and excess Se groups, 
demonstrating a saturation point with incorporation of Se into 
GPX. 

DISCUSSION 

The results of this study have demonstrated that Se deficiency in
creases the risk of skin neoplasm proliferation and also adversely 
affects the status of protective enzymes when the skin is challenged 
with exposure to UVB radiation. Tumor numbers increased steadily 

I' in all groups during UVB irradiation, but continued at the same rate 
in Se-deficient animals even after UVB exposure was discontinued. 
Adequate levels (0.1 mg/kg) of dietary Se provided some protec
tion. However, a supplemental level ofSe was even more protective, 
as tumor numbers leveled off in the mice with 0.5 mg/kg Se in the 
diet after UVB exposure stopped. 

Other studies have demonstrated Se inhibition of skin damage as 
mentioned in the introduction [7 -9). However, the Se levels used 
in all three studies exceeded that used in the present study. This is 
the first study to report the effects of Se-deficiency on UVB-in
duced skin carcinogenesis. The results of this study further support 
the data of Clark et al [4), demonstrating that low Se levels predis
pose to greater risk of developing skin cancer. 

All three antioxidant enzymes measured were reduced in the 
dorsal epidermis of Se-deficient animals at 24 weeks relative to 
those mice receiving either 0.1 orO.5 mg/kg Se. This was especially 
noted for GPX, which cannot be restored in the absence of a dietary 
source ofSe. CAT was initially highest in dorsal epidermis of Se-de
ficient mice, due to a compensatory mechanism induced by UV 
light. However, this enzyme declined the most in the Se-deficient 
mice as UV exposure proceeded and this group had the lowest CAT 
activity at the end of the study. This is evidence of additional oxida
tive stress as a result of Se deficiency. Previous studies from our 
laboratory have also documented decrease in CAT activity with UV 
exposure [11,12) . 

SOD displayed a similar pattern to CAT in response to UV expo
sure, a phenomenon we have documented previously [11,12). The 
recovery pattern of SOD relative to Se level was also similar to 
CAT. There was also an inverse relationship between SOD activity 

and dietary Se level at 8 weeks, appearing as if SO D were compen
sating for decreased Se and GPX. 

This study shows that Se deficiency causes a greater number of 
tumors in UVE-exposed mice and that mere adequate levels at 0.1 
mg/kg Se can be protective against increased tumor development. 
Unlike l?revious investigators we found no toxicity produced either 
by the diets or the UV exposure. Se deficiency will result in greater 
nu~b~rs of tumors and produces an adverse effect on the protective 
antiOXidant enzymes of UV -exposed skin. The implication for 
humans is that Se should be consumed to at least the RDA level to 
prevent excess UVB skin damage and cancer. 
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