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Application of a sunscreen containing para-aminoben
zoic acid partially abrogated certain of the systemic 
immunologic alterations produced in mice by exposure 
to UVB (280-320 nm) radiation from sunlamp bulbs. 
The sunscreen reduced the degree of UVB-induced 
suppression of contact hypersensitivity to a chemical 
applied subsequently to nonirradiated skin. In addition, 
it reduced the frequency with which mice became sus
ceptible to the growth of a highly antigenic, syngeneic, 
UVB-induced tumor following chronic treatment with 
UVB radiation, but this effect was not statistically sig
nificant. The tumor-susceptible state was transferred 
from animals treated with sunscreen and UVB radiation 
to lethally x-irradiated mice by injection of spleen cells. 
The gross morphology of the skin of mice treated with 
sunscreen and UVB radiation was normal but the his
tologic changes induced by UVB irradiation in skin were 
only partially abrogated by the sunscreen. 

Exposure of mice to UVB (280- 320 nm) radiation from 
sunlamp fluorescent bulbs inhibits the development of contact 
hypersensitivity (CHS) to chemicals that are subsequently 
applied to nonirradiated skin [1] . Chronic treatment of mice 
with UVB radiation for weeks also induces a state of tumor 
susceptibility in which syngeneic UV -induced tumors wi ll grow 
progressively in these mice, whereas these highly antigenic 
tumors do not grow in normal untreated mice [2]. These two 
systemic immunologic alterations produced by exposure to 
UVB radiation are associated with the generation of suppressor 
T lymphocytes, and the a ltered states can be adoptively trans
ferred to syngeneic mice [1,3 ,4]. The a lterations are of course 
different in that in one (CHS) the antigen is introduced and in 
t he other (tumor susceptibility) it is apparently endogenous 
and due to the treatment with UV radiation. 

Commercially available sunscreens inh ibi t the development 
of many UV-induced a lterations in mammalian skin. For ex
ample, sunscreens containing para-aminobenzoic acid (PABA) 
or its analogues that absorb radiation in the UVB waveband 
prevent the development of UV -induced erythema [5], altera-
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tions in connective t issue [6], and tumors (7]. Since the action 
spectra for systemic immunologic a lterations produced by UV 
radiation involve wavelengths <320 nm [1,8], it might be ex
pected that the development of these changes would be inhib
ited by application of an effective sunscreen prior to exposure 
to UVB radiation. However, Gurish et a l [9] found that al 
though a PABA sunscreen was effective in preventing gross 
morphologic and histologic changes in the sk in of mice follow
ing exposure to UVB radiation, it did not prevent t he devel
opment of a tumor-susceptible state. Furthermore, t he tumor
susceptible state resulting from t reatment with PABA and UVB 
radiation differed from that produced by UVB radiation alone 
because it could not be adoptively transferred to syngeneic 
animals. One suggestion they made to explain this finding was 
that UVB radiation itself was not responsible for t he state of 
tumor susceptibility in mice treated with sunscreen but instead 
that susceptibility was due to a photochemical react ion involv
ing PABA. Both their suggestion and their findings call into 
question the efficacy and the potential risks of using a sun
screen during exposure to UV radiation . 

Tn the present study, the effectiveness of a PABA sunscreen 
in preventing certain systemic immunologic alterations induced 
by UVB radiation in mice was tested. The ability of such a 
sunscreen to preve_nt morphologic and histologic changes in 
skin was also exammed. 

MATERIALS AND METHODS 

Animals 

Specific-pathogen-free female mice of the inbred strains C3H/ 
HeNCR(MTV -) and BALB/cAnNCR were supplied by the NCI -Fred
erick Cancer Research Facility's Animal Production Area. The mice 
were 10- 16 weeks old at the start of an experiment, but in any one 
experiment, the age of the animals did not vary by more than a week. 
The animals had free access to NIH Formula 31 and chlorinated water 
(5 ppm) and were housed in rooms where ambient lighting was auto
matica lly regulated on a 12-h light/ dark cycle. 

Exposu.re to Radiation 

The dorsal fur was removed from the mice with electric clippers 
immediately prior to initial exposure to radiation; an imals t reated 
repetitively were shaved week ly or more often if necessary. A 0.5-ml 
volume of PABA sunscreen (P resun -S; 5% PABA in 55% w/ w alcohol 
and water) or the sunsc reen vehicle (both kindly provided by Westwood 
Pharmaceuticals, Inc., Buffalo , New York) was applied to the dorsal 
surface, ears, and tai l 30 min before each exposure. During the expo
sures to radi~tion prior to CHS testing, the animals were separated by 
Plex1glas dividers to prevent. them from shielding each other, and their 
ea rs were cove red with black electrical tape. During chron ic treatments 
for induction of tumor susceptibility the mice were not. separated and 
their ears were not covered. UVB radiation was provided by a bank of 
6 sunlamp bulbs (Westinghouse, Bloomfield, New Jersey ) placed :20 em 
above the animals. The irradiance of the source was measured with an 
IL 700 radiometer (International Light, Inc., Newburyport, Massachu 
setts) with a WB 3:20 filter and an A 127 quartz diffuser; the average 
irradiance of the source was 5 W / m2 at the level of the dorsum of t.he 
mice. 

For study of the UVB- induced suppression of CHS, mice were given 
a 1- h exposu re dai ly on 3 COJ1Secutive days. For induction of tumor 
susceptibi li ty, the mice were exposed to UVB radiation for 1 h 3 times 
week ly for 8- 12 weeks. 
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i nduction and !!.'licitat ion of CHS 

The methods used were based on t hat of Asherson and Ptak [1 0]. 
For sensitizat ion, wh ich was performed 4 days after completion of the 
exposu res to radiati on, abdominal fur was removed wi t h electric clip
pers and the abdomen was then shaved with a razor blade to remove 
all t races of hair; this surface was then painted with 100 1'1 of 3% 4-
ethoxymethylene-2- phenyloxazol-5-one (oxazolone) in ethanol. The 
mice were tested for CHS 6 days later by applying 5 I' I of 3% oxazolone 
in olive oil to each ea r surface. Ear t hickness was measured with a 
spring-loaded micrometer (Swiss Precision Instruments, Inc., Califor
nia) before and 24 h after application of the challenge dose, and the 
difference between the 2 readings was recorded as the ea r swelling. 

Tumor Transplantation 

The tumor used for challenge (K -101:2C:16) was a fibrosarco ma 
induced in BALB/c mice by treatment with UVB radiation and found 
to be a regressor tumo r when transplanted in to syngeneic mice. It had 
been main ta ined hy serial passage in immunosuppressed [adult t hy
mectomy and sublethal (450 R) whole-body x-irradiationj syngeneic 
recipients; t he tumor was in t he third transplant gene ration at the time 
of these experiments. For challenge, the tumor was excised, cut in to 1-
mm" fragments, and transplanted by troca r s.c. on the ventral side of 
t.he recipient 2 days after the last exposure to UVB radiation. The 
recipients were inspected weekly for tumor growth for 6- 8 weeks, and 
the size of tumors was measured. 

Transfer of Ly mphoid Cells and Treatment of Recipients 

Splee ns were removed from anima ls, pressed through a 60-gauge 
steel scree n in RPM! medium , and filtered t hrough a nylon mesh to 
yield a sin gle-cell suspension. Each recipient animal was given 1 X 10" 
viable nucleated cells i.v. The recipients were t reated by lethal (850 R) 
whole-body x-i rradiation 24 h prior to receiving t he donor spleen cells 
and were challenged with tumor fragments 24 h afte r the cell transfer 
I u J. 

Jiualuation of Shin Morphology and Body Weight 

All mice t hat rece ived t he ::! exposures to UVB radiation were 
examined 4 days after the exposures. At the initial examination 2 
representative animals were sacrificed for histologic eva luation of skin 
by light microscopic examination of hematoxylin and eosin -stained 
preparations. Mice receiving chronic UVB treatment were observed 
weekly during the study and 24 h afte r t he last treatment; at the last 
examination dorsal skin was collected for histologic examination. 

Statistical Analys is 

The statistical sign ificance of t.he differe nces in ear swelling between 
groups of animals was evaluated by using t he analysis of variance 
(ANOVAJ test. Differences in tumor incidence between groups of 
animals were tested for significa nce usin g Mantel and Haenzel's 
method of t he Chi -square test [1 2] and Fisher's exact test [1 3]. 

RESULTS 

Treatment of C3 H - mice with t he sunscreen vehicle and 3 
1-h exposures to UVB radiat ion resulted in systemic suppres
s ion (86%) of C H S as compared to the response in mice treated 
with sun screen vehicle a lone. Representative results of 1 of 3 
experiments are given in Table I. This effect of UVB radiation 
was partially abrogated by prior application of a PABA sun
screen . The difference between the response in vehicle - and 
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PABA-treated animals that were exposed to UVB radiation 
was s ignifican t (p < 0.05 by ANOVA test). 

BALB/c mice that received no treatment, treatment with 
vehicle a lone, or treatment with PABA sunscreen a lone for 8 
or 12 weeks were all capable of rejecting a transplanted UVB
induced tumor fragment (Table II) . In contrast, the tumor grew 
in all immunosuppressed animals and all mice that had bee n 
treated with sunscreen vehicle and UVB radiation for 8 or 12 
weeks. Some of the mice (6/10) treated with PABA sunscreen 
and UVB radiation for 8- 12 weeks were susceptible to growth 
of the UVB-induced tumor; in this respect they were signifi
cantly different (p < 0.05) from animals that received n o 
treatment at all but were not significantly different (p > 0.05) 
from animals treated with UVB radiation and vehicle. The 
susceptibility to growth of a transplanted UVB-induced tumor 
was successfully transferred from mice treated with UVB ra
diation plus either PABA sunscreen or vehicle alone by injec
t ion of their spleen cells into syngeneic recipients that had 
received a lethal whole-body exposure to x-irradiation (Table 
III) . The mice that received cells from donors treated with 
PABA sunscreen and UVB radiation were somewhat less sus
ceptible (6/8) to tumor growth than were animals that received 
cells from donors treated with vehicle plus UVB radiation (8/ 
8) but this difference was not significant (p > 0.05) . 

Application of a PABA sunscreen prevented the gross alter
ations in the exposed skin of C3H- mice receiving s hort courses 
of exposure to UVB radiation (Table IV). However, light mi 
croscopic examination of s kin treated with PABA and UVB 
radiation revealed some hyperplasia of the epidermis and cel
lular infiltrate in the dermis. The PABA sunscreen a lso mini 
mized da m age from UVB radiation exposures of 1 h 3 times 
each week fo r 12 weeks; again, only microscopic changes were 
observed. 

TABLE II. influence of a PABA sunscreen on the induction of 
susceptibility to growth of a syngeneic UV- induced tumor in BALB/c 

mice by chronic exposure t.o UVB radiation 

Tumor incidcncea 
Treatment < p• 

8-wk Group 12 wk-Group Total 

None 0/ 10 0/ 10 
Adult thymectomy 5/5 5/5 10/ 10 0.0001 

+ 450 R' 
Vehicle a lone 0/5 0/5 0/10 
PABA alone 0/5 0/5 0/ 10 
UVB + vehicle 5/5 5/5 10/ 10 0.0001 
UVB +PABA 3/5 3/5 6/10 0.05 

"Animals were challenged s.c. with fragments of tumor K-101:2C:16 
after 8 weeks or 12 weeks of treatment. Tumor incidence = number of 
mice with progressively growing tumor/ number of mice challenged, as 
d!'termined 6- 8 weeks after challenge. 

b Probability of no difference in the tota l incidence from groups 
receiving vehicle or PABA alone (Mantel and Haenszl method for the 
Chi -square test). Probabili ty of a difference between UVB + PABA 
and UVB + vehi cle groups = 0.11. 

' Immunosuppressed mice included as a posit ive control for t umor 
growth. 

TABLE I. influence of PABA sunscreen on UVB -induced suppression of CHS in C3H - m ice 

Group 

A 
B 
c 
D 

Treatment 

Vehicle a lone 
PABA alone 
UVB + vehicle" 

VB+ PABA<~ 

Ear swe llingu 
(em x JO-") 

+OXAZ -OXAZ 

18.4 ( 1.0) 4.8 (0.9) 
18.6 ( 1.1 ) 5.2 (0.4) 
7.4(1.7) 5.5 (0.7) 

14 .6 (2. 1) 4.4 (0.9) 

" Mean (± SEM) of 5 mice challenged 24 h ea rlie r with oxazo lone (OXAZ) on the ea rs. 
"Percent suppression = / 1-( Ll of test group + 6 of vehicle alone group) ] X 100. 

u 

13.6 
13.4 
1.9 

10.2 

% Suppression' 

1 
86 
25 

< P' 

0.0001 
NS 

'Significance of t he difference in ear swelling betwee n group A vs C and B vs D as determined by A NOVA test. NS = not significant. 
" Mice were treated daily on 3 consecutive days (daily UVB dose= 1.8 x 104 J/m' ). 
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TABLE III. Growth of a syngeneic UV-induced tttmor in mice 
reconstituted with spleen cells from normal and UV-irradia.ted donors 

that were treated with a PABA sunscreen or vehicle alone 

Treatment of rec ipient mice 

None 
Adult thymectomy + 450 W 
X- ray + NR-vehicle sp leen cellsd 
X-ray + NR-PABA spleen cells d 
X-ray + UV -veh icle spleen cellsd 
X-ray+ UV-PABA spleen cellsd 

Tumor incidencea 

0/10 
10/ 10 
1/ 10 
0/10 
8/8 
6/8 

< p• 

0.0001 

0.001 
0.01 

a Animals were challenged s.c . with fragments of tumor K-l01:2C:16 
after ce ll transfer. Tumor incidence= number of mice with progressive 
growing tumor/ number of mice challenged as observed during the 6-8 
weeks after challenge. 

• Probability of no difference from group receiving no treatment 
(Fisher's exact test). 

c These immunosuppressed mice were included as a positive control 
for t umor growth. 

d Viable nucleated spleen cells (1 X 108) from unirradiated (NR) or 
12-wk UV -irradiated donors were injected i.v. in to syngeneic recipients 
24 h after lethal (850 R) x-irradiation. 

TABLE IV. Gross m.mphologic and histologic findings in exposed skin 
of mice treated with PABA sunscreen or vehicle with or without 

exposure to UVB radiation 

Treatment 

None or vehicle 
alone or PABA 
aloneo 

Three 1-h exposures 
to UVB: + vehi
cleb 

+PABA 

12-wk exposure to 
UVB: + Vehicle< 

+ PABA 

MorphoiOb'Y 

Normal 

Few small excoria-
tions 

Normal 

Moth-eaten alopecia 

Normal 

Histology 

Epidermis is 2-3 cell 
layers 

Foci of epidermal ne
crosis; epidermis is 
6-8 cell layers; mod
erate inflammation 
in dermis and s.c. fat 

Epidermis is 3- 4 cell 
layers; mild inflam
mation in dermis 

Epidermis is 4-6 cell 
layers; dermis 
scarred with partial 
loss of appendages; 
marked fibrosis of 
S.C. fat 

Epidermis is 3-5 cell 
layers; moderate fi
brosis of s.c. fat 

a Findings in animals in short-term and long-term experiments._ 
b Examination 4 days after completion of the exposure to radtat.wn. 
c Examination 24 h after last exposure to radiation . 

DISCUSSION 

Treatment of mice with a sunscreen containing PABA prior 
to exposure to UVB radiation from sunlamp bu_lbs pre~ented 
or diminished some of the morphologic, histolog1c, and Immu
nologic effects that result from such exposure. The exposed 
skin of mice pretreated with a PABA sunscreen appeared 
morphologically normal 4 days after 3 treatments w_ith UYB 
radiation, whereas mice treated with a sunscreen veh1cle J?nor 
to exposure showed excoriations. Similarly, the exposed skm of 
animals treated with UVB radiation for 8 to 12 weeks appeared 
normal if they had been pretreated with a PABA sunscreen, 
whereas those pretreated with only the vehicle showed mot?
eaten alopecia . Histologic examination of the exposed skm 
revealed that the PABA sunscreen diminished but did not 
abolish UVB-induced damage to the epidermis, dermis, and 
subcutaneous fat. The systemic immunologic alterations pro
duced by UVB radiation were also reduced but not abolished. 
UVB radiation produced suppression of the development of 
CHS to a chemical applied to a distant nonexposed site in mice 
treated with either vehicle or PABA sunscreen, but there was 

significantly less suppression in animals treated with sun
screen. UVB radiation also induced susceptibility to growth of 
a UVB-induced tumor in both groups of animals; although this 
effect was less pronounced in mice protected with sunscreen, 
the difference was not significant. The mechanism of induction 
of tumor susceptibility appeared to be the same in mice treated 
with sunscreen and those treated with vehicle alone, in that it 
was possible to transfer tumor susceptibility to syngeneic ani
mals. 

At first glance, some of the findings of this study are some
what at variance with a previous study [9]. In that study, 
Gurish et a! found that pretreatment of mice with a PABA 
sunscreen completely prevented the UVB-induced histologic 
changes in exposed skin and, although the mice became tumor
susceptible, this susceptibility could not be adoptively t rans
ferred to normal untreated animals by injection of spleen cells. 
They suggested various reasons why tumor susceptibility could 
not be adoptively transferred: (1) tumor susceptibility may have 
been induced by a photochemical reaction involving PABA and 
not by UVB radiation alone, (2) there may be a relation between 
the presence of histologic a lteration in exposed skin and the 
capacity to adoptively transfer tumor susceptibility, and (3) the 
sunscreen permitted penetration of sufficient radiation to in
duce a state of tumor susceptibility but not enough to permit 
transfer of that alteration. The findings of the present study 
suggest that the latter explanation is correct. In this study, 
mice treated with UVB radiation for 8 and 12 weeks received 
higher doses of UV radiation than the dose used by Gurish et 
a!, and after 12 weeks of exposure to UVB radiation, histologic 
evidence of damage to the skin was detected in the animals 
treated with PABA sunscreen. Not only did these higher doses 
of UV radiation result in induction of tumor susceptibility, but 
also this state could be transferred to syngeneic animals. Apart 
from the differences in the doses of radiation used in this and 
the previous study, some aspects of the methodology were also 
different. The number of exposures to radiation per week was 
greater in the previous study. In addition, the use of lethally x
irradiated recipients in this study favored the transfer of tumor 
susceptibi li ty; this model has been shown to be more sensitive 
for detecting susceptibility to tumor transfer (11]. However, 
this technique does have the disadvantage that it does not 
distinguish between anergy and active suppression. 

The finding that a PABA sunscreen partially abrogates but 
does not abolish the effects of UV radiation from sunlamp 
bulbs can be explained by considering two important limita
tions of chemical sunscreens. First, a chemical sunscreen is not 
a neutral-density filter; each sunscreen has an absorption spec
trum with a peak and defined limits. PABA is very efficient at 
absorbing radiation between 270 and 320 nm, but its absorption 
decreases abruptly at wavelengths <270 nm, so that it is almost 
an order of magnitude less efficient in absorbing 254-nm radia
tion as compared to 300-nm radiation [14, and unpublished 
spectrophotometric data on Presun-8]. Sunlamp bulbs do emit 
radiation of wavelengths <270 nm, and such radiation is known 
to influence tumor susceptibility [15] and CHS [8] . Second, a 
sunscreen affects only the site of application. In this study, the 
feet and nose, which are not covered by hair, were not t reated 
with sunscreen. Hence, it is not surprising that some degree of 
systemic immunologic alterations was observed in mice despite 
pretreatment with PABA-sunscreen. 
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