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Previous studies in rodents have shown that ultraviolet
radiation (UVR) may have direct effects on the immune
system in the skin and at higher doses may induce systemic
suppression of immune responses. We have previously
shown that UVR from sun or solarium beds may induce
systemic effects in human subjects. The purpose of the
present study was to examine whether these systemic ef-
fects in human subjects could be prevented by use of com-
mercially available sunscreen agents. Groups of 12 normal
subjects were exposed to radiation from solarium lamps
after application of a sunscreen agent or the base used in
its preparation. Twelve half-hourly exposures induced a
.depression of natural killer (NK) cell activity against a mel-

anoma and the K562 target cell which was not prevented
by use of the sunscreen agent. Changes in functional ac-
tivity were accompanied by a reduction in NK cell numbers
assessed by Leu-11 monoclonal antibodies against the labile
Fc receptor. Application of the sunscreen agent also did
not protect against effects of solarium exposure on recall
antigen skin tests and immunoglobulin production in vitro
in pokeweed mitogen-stimulated cultures of B and T cells.
These results suggest that further evaluation of the wave-
length spectrum of UVR and the effectiveness of sunscreen
agents in prevention of UVR-induced effects on the im-
mune system is needed. J Invest Dermatol 88:271-276, 1987

revious studies have shown that chronic exposure of
mice to ultraviolet B (UVB) irradiation induced sys-
temic changes in the immune system that resulted in
an inability to reject highly antigenic transplanted UV-
induced tumors [1-4] and to develop delayed type hy-
persensitivity (DTH) skin responses to dinitrochlorobenzene
(DNCB) applied to the skin [5-7]. These changes appeared to be
associated with the development of suppressor T cells [7-9]. The
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Abbreviations:

APC: antigen-presenting cells
DNCB: dinitrochlorobenzene
DTH: delayed type hypersensitivity (skin tests)
FCS: fetal calf serum

FITC: fluorescein isothiocyanate
IL-2: interleukin 2

M. Abs: monoclonal antibodies
NK: natural killer (cells)

PABA: para-aminobenzoic acid
PHA: phytohemagglutinin
PWM: pokeweed mitogen
UVR: ultraviolet radiation

current hypothesis is that induction of these cells in turn is the
result of UV-induced changes in antigen-presenting cells (APC)
in the skin cither by direct effects of UV radiation (UVR) [10-16]
or due to formation of a chemical photoproduct such as cis-uro-
canic acid [17] from epithelial cells in the skin.

A number of studies suggest that similar changes may occur
in human subjects. Treatment of patients with psoriasis with both
oral methoxypsoralen and near-UVR was found to depress DTH
responses to DNCB [18] and to reduce the number of Langerhans
cells in the skin [19]. Exposure of human subjects to UVR from
the sun [20] or from solarium lamps [21] was also shown to induce
a number of changes in the immune system that could con-
ceivably influence the host response against skin tumors such as
melanoma.

The influence of sunscreens on these changes in mice or human
subjects is not clear. Para-aminobenzoic acid (PABA)-containing
sunscreens were shown to protect mice from development of UV-
induced skin tumors and to protect against actinic skin damage
[22]. These preparations did not, however, protect mice from the
UV-induced susceptibility of mice to transplanted UV-induced
tumors [23] and did not protect against UV-induced depression
of DTH responses [24]. In view of the questions raised by these
studies the present study sought to extend these findings by ex-
amining the effects of sunscreen agents on several of the UV-
induced changes in the immune system in humans.

MATERIALS AND METHODS

Subjects Studied These were normal volunteers from the local
community. Pertinent details of subjects in each group are sum-
marized in Table I.
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Table I. Summary of Details of Subjects Entered into the Sunscreen Study
Sex Sun Exposure” Skin Type
N o ¢ posure in Type
Subjects Age M F Summer Winter 11 111 v
No UVR + screen 12 26.5 6.2 5 7 129 + 103 55.5 = 81 3 3 6
UVR + base 11 26.8 = 8.0 4 7 285 + 285 156 + 228 1 3 7
UVR + screen 11 23.7 % 5.3 8 3 173 = 112 66.5 * 66 3 4 5

“Sum of hours exposed to sun from October to March and April to September, respectively.

'Skin types were classified as described by Pathak [26]: 11 = Very sensitive, always burns casily,

IV = Moderately sensitive, burns minimally, tans casily.

Study Design The study was conducted in August and carly
September prior to onset of summer. Exposure to sun over the
winter months April to August had been minimal (Table I). Vol-
unteers were randomized to 3 groups of 12 subjects. The control
group did not receive UVR exposure but they were requested to
apply the sunscreen lotion each day for 12 days similar to the test
subjects. The other two groups received 12 half-hour exposures
on consecutive days from a Wolf “Karibik” solarium bed equipped
with 6 X 2 meter-long Rellarium 100 W low-pressure mercury
vapor lamps above and below the subject. One group was treated
with the sunscreen agent described below and the other with the
basc used for preparation of the sunscreen. The spectral irradiances
from these tubes is described elsewhere [25] and a representative
emission spectrum together with the transmission spectrum of
the sunscreen agent is shown in Fig 1. In brief, approximately
1.03% of the UVR was emitted in the wavelength band 280-315
nm (UVB); only 0.03% of this was emitted in the band 290-300
nm. The remainder was recorded as UVA with peak of emission
at 350-360 nm. In terms of erythemal responses, approximately
36% of the emission was in the wavelength band 280-315 nm
(UVB). The UVR output from the bed was measured at 8-10
mW/cm? using an International Light model IL700 UV radi-
ometer with UVA and UVB sensors. A 30-min exposure gave
18 J/cm? equivalent to 185 mJ UVB and 17.82 ] of UVA. This
was close to 1 minimal erythemal dose (MED), assuming 20-100
J/em? of UVA is needed to produce 1 MED [26] and that UVB
contributed 36% of the erythemal response. (Note: most of the
UVB was in the 310-315 wavelength band, which induced lower
erythemal responses than lower wavelengths in the UVB spec-
trum.)

100 - {m
1 o'
0 4
$
2 s
5 7
< =
& z
b3
- I3
2 S
Fow? i
o4 - il
5 Ei -
w -
@ 3
w
Y @
=
£ L]
5
w
3
ERTRE o3
-4
0 T T T T ¥ T T T T 0"
280 300 320 340 360 380 400 u20 uuo 460

WAVELENGTH (nm)

Figure 1. Representative spectral irradiance (open circles) from a UVA
fluorescent lamp as used in these studies and the transmission spectrum
(closed circles) through a 0.008-mm layer of the sunscreen agent used in
the study.

tans minimally. Il = Sensitive, burns moderately, tans gradually

Blood tests were conducted immediately prior to the com-
mencement of the exposures and 1, 7, 14, and 21 days after the
last exposure. Dinitrochlorobenzene was applied 1 day after the
last exposure and, if no response was noticed, challenge doses
were applied at 12 days. Recall antigen skin tests were applied 1
day after the last exposure.

The sunscreen used contained 8% 2-cthyl hexyl dimethyl p-
aminobenzoate (octyl dimethyl PABA), 2% 2-hydroxy-4-meth-
oxybenzophenone, 2% butyl methoxydibenzoyl methane in an
emulsion base. The latter contained methyl and propyl paraben,
cetearyl octanoate, carbomer 941, isopropyl isostearate, phenyl-
diethicone, stearic acid, glyceryl stearate and polyethylene glycol-
100 stearate, sodium hydroxide, gluteraldechye (25%), and che-
moderm 100 (fragrance). The sunscreen and base were applied in
a visibly even film at 20 ml/m? immediately prior to cach ex-
posure. The sunscreen had a sun protection factor of 15 by the
Australian standard AS 2604-1983.

Natural Killer Cell Activity The methods used to measure
NK activity against the melanoma target cell MM200 and the
K562 myeloid line in 3 Cr-release assays are described elsewhere
[20,21]. Lytic units were defined as the number of effector cells
required to lyse 20% of the target cells and were expressed per
10° of the lymphocyte populations [LU(20%/10%]. They were
calculated by a computer program that analyzed data directly
from the gamma counter using a least squares fit of log (Y/1-Y)
against log of the effector cell number on the x axis (where Y =
percent specific cytotoxicity) after methods described by Pross et
al [27].

Estimation of Lymphocyte Subpopulations Total T cells
and T-cell subsets were measured with monoclonal antibodies
(M.Abs) against T3, T4, T8, and T11 antigens using the Ortho
series of reagents [28] and the NK subset with Leu-11 M. Abs
from Becton Dickinson [29]. The second antibody used was fluo-
rescein isothiocyanate (FITC)-labeled sheep antimouse immu-
noglobulin (Silenus, code DF, Victoria). Phycoerythrin-conju-
gated Leu-15 and FITC-labeled OKT8 were used in an attempt
to identify suppressor T-cell subsets. B cells were identified with
FITC-labeled sheep antihuman Ig (Wellcome Diagnostics, code
MFO01, Rosebery, N.S.W.). The percentage of cells staining with
the various antibodies was determined using the Spectrum II]
Ortho flow cytometer with a Lexal model 75 ion laser by methods
described elsewhere [30,31].

Interleukin 2 (IL-2) Production and Assay Blood lympho-
cytes, 4 X 10°in 2 ml of RPMI [no fetal calf serum (FCS)], were
incubated with 1% phytohemagglutinin (PHA) (Wellcome Phar-
maceuticals, Code HA15) for 36 h in flat-bottomed Bijou bottles.
The supernatants were collected and assayed at 4 dilutions for
mitogenic activity against the NK-7, IL-2-dependent, murine cell
line as described elsewhere [32]. All supernatants were assayed at
once against the NK-7 cells to reduce variability. The IL-2 produced
by 2 X 10° MLA-144 cells [33] in 1 ml of RPMI + 5% FCS was
used as an independent control for day-to-day variation.

Assay of Ig Production in Pokeweed Mitogen (PWM)-
Stimulated Cultures of T and B Cells The methods for these
assays are as described elsewhere [20,21] except that suppressor
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Table II.  Effcct of Solarium Exposure With or Without Sunscreen on Natural Killer Cell Activity

Days after Exposure

No. of
Group Subjects Pre 1 i 14 21 F P

Target cell MM200

No UVR + screen 6 5.9 = 0.4 57 £ 0.5 58 & 0.5 5.8 = 0.5 59 = 04 0.18 NS

UVR + base 6 6.1 £0.3 4.9 + 0.5 5.4 = 0.5 5.6 = 0.3 6.0 = 0.3 9.33 < 0.01

UVR + screen 6 5.8 £ 0.2 4.9 + 0.1 53 % 0.3 5.5 % 0.2 5.8 0.2 19.5 < 0.01

Untreated controls 9 5.6 * 0.5 5.5 % 0.4 5.4 + 0.7 5.4 + 0.6 5.4 = 0.5 13 NS
Target cell K562

No UVR + screen 6 11.7 = 0.6 1.5 2£10.7 11.6 + 0.6 11.7 = 0.7 i i = 0.13 NS

UVR + base 6 12.2 + 0.6 10.8 + 0.8 11,2 4= 107 11.6 = 0.8 12.1 = 0.6 4.78 < 0.01

UVR + screen 6 11.9 0.7 10.7 = 0.5 11.1 = 0.6 11.3 = 0.6 1.7 210.7 3.3 < 0.05

Untreated controls 9 11.5 % 10.9 11.2 = 0.6 11.0 = 0.7 11.3 = 0.6 11.3 = 0.7 0.64 NS

Values indicated are means + 1 SD of lytic units/20%/10° blood lymphocytes in *'Cr-release cytotoxic assays. F and p values determined by one-way analysis of variance
using the “Minitab™ statistical package (Pennsylvania State University). NS = not significant.

cells were removed by panning methods as described elsewhere response added to give a score [35]. Antigens in the kit were
[34] instcad of by irradiation. In brief, lymphocytes (2 x 107) tetanus toxoid, diphtheria toxoid, Streptococcus antigen, tuberculin
were reacted with OKT8 M.Ab, washed, and then added for 1 old, Candida albicans, Trichophyton and Proteus antigen.

h at 4°C to goat antimouse Ig-coated Petri dishes. Nonadherent The DNCB skin tests were conducted as described previously
cells were removed by gentle pipetting. The undepleted popu-  [20,21] by application of 1000 and 100 ug DNCB in 100 ul of
lation was treated similarly except they were not reacted with acetone to the volar aspect of the forearm in a 1 cm-diameter
OKT8 M.Ab. The T-cell numbers in the depleted population  glass ring.

A made up to t.hc HOLTe numbcr.s as in the L.mdcplctcd Statistical Analysis Differences between the values for tests
gop]u‘latdmfls but w(;:rc .a;{]ustscf 11'1‘ ;)‘go%ort}l(])ll e t?ta.] ylFld Of.TS- carried out at the different time periods were analyzed by one-
fr‘—;Pn:ftehctggt‘rPi“;?Shr:t;\t"; :igyLsuthc ;flthuE:)E::plctrlg]::a::tbsm\:\if way analysis of variance and paired r-tests using the Minitab

statistical package from the Pennsylvania State University. Skin

harvested and assayed for IgA, IgG, and IgM production by using ik v e I Fm -
a Hyland PDQ laser nephelometer. Suppressor T-cell activity in Test htlozete ypplysed i Gontop ety mile.

these cultures was estimated by comparison of Ig production in RESULTS
g:}:urcs w::‘“ :L:lpprr:sbs?rrqr{ticvtiltls had b:ﬁn dL;PlC:C;{{ W,lth that in Effects of Solarium Exposure on NK Activity Exposure of
ST & 5 P ssent. 2 oreate . . 4 " s
e Ulic? Z ‘Lrtc‘d s};pnif'm ¥ 6 )r,‘\:/‘asrs’ll“ Plrlt L_l:. Satios greater normal subjects to radiation from solarium lamps was associated
TR s Gl with depression of NK activity against the melanoma (MM?200)

and to a lesser extent against the K562 target cells. This was most
evident on days 1 and 7 after the 12 daily exposures and had
returned to pretreatment levels by day 21. The results for all
groups in the study are summarized in Table II. These indicate
that exposure to radiation from solarium lamps was associated
with depression of NK activity irrespective of whether the sun-
screen agent was applied before each exposure or not.

Skin Tests Responses to recall antigens were determined using
the “multitest” DTH test kit produced by Institut Mericux, Lyon,
France (May and Baker, Victoria, Australia). This contains 7
antigens and a control. The tests were applied to the forecarm as
described by the manufacturer 1 day after cessation of the solarium
exposure and read 48 h later. The average diameter of induration
of positive responses was measured in millimeters and individual

Table III.  Comparison of Suppressor Cell Activity and Total Immunoglobulin Production in Solarium-Exposed Subjects Treated
With Sunscreen or Sunscreen Base (Placebo)

Days after Solarium Exposure

No. of
Group Subjects Pre 1 7 14 21 B P
Total Ig
UVR + base 2 1.06 = 0.04" 1.04 = 0.01 1.24 = 0.01 1.06 = 0.04 1.4 = 0.2 6.67 0.05"
UVR + screen 4 1,332 0.3 .25 % 0.3 1.15 =& 0.4 1.05 + 0.18 105 s 0:15 1.08 NS
Untreated 9 1.22 £ 0.42 1.31 = 0.71 1.1 £0.52 1.34 = 0.26 1.34 = 0.26 0.2 NS
controls
IgG
UVR + base 2 T8 96.8 + 28.5° 64.0 + 29.0 69.0 £ 4.8 49.6 = 14.3 98.8 + 3.4 2.44 NS
91.6 = 23.2 61.4 = 27.5 55.6 = 4.5 46.4 = 11.9 69.4 = 7.2 1.94 NS
UVR + screen 4 T8~ 67.5 = 26.0 55.1 + 20.8 35.8 + 8.4 43.9 = 3.8 31.3 = 4.8 3.:57 < 0.05¢
55.2 = 28.5 47.79 £ 26.7 30.8 = 4.2 43.0 = 10.0 30.0 = 4.1 1.43 NS
Untreated 9 T8~ 2.7 £ 12:6 43.3 = 22.6 36.0 =+ 20.4 36.7 £ 24.4 43.8 = 12.0 0.3 NS
controls
26.9 + 6.4 33.1 = 16.6 329 + 229 27.5 &£ 17.8 328 + 6.0 0.5 NS

“Values indicated are ratios of Ig production in T8-depleted (T87) cultures divided by that in undepleted cultures.
"Results indicate paired (~test on pretreatment vs 7-day values.
“Values indicated are total Ig (mean + 1 SD) (ug/ml) produced in 7-day PWM-stimulated cultures. T8 indicates cultures in which T8 suppressor cells were depleted
: 8 g y PF I
by panning methods.
y panning
“Paired r-test analysis of pretreatment cf day 21 values.
NS = not significant.
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Skin Test Responses in Subjects After Exposure to Solar-
ium Lamps Six of 11 subjects receiving the sunscreen base and
7 of 11 receiving the sunscreen lotion needed reapplication of
DNCB to detect a response. However, 6 of 12 subjects receiving
the sunscreen lotion who were not exposed to UVR also needed
to be rechallenged. There were no statistical differences between
the groups by contingency table analysis. These unexpected re-
sults may have been due to poor penetration of DNCB into the
skin due to residual base from the sunscreen lotion in the skin.

Analysis of recall antigen skin test results revealed an apparent
depression of DTH responses in the UVR-exposed groups irre-
spective of whether sunscreen or base was applied. The mean
scorec = 1 SD of 12 subjects treated with the sunscreen but not
receiving UVR was 12.0 + 8.4 whereas it was 9.0 % 8.1 and
8.2 + 5.3 in the groups receiving UVR + base alone or UVR +
sunscreen, respectively. These differences were not significant by
t-test of the data, although when the untreated controls were
combined with a control group of 9 not receiving the lotion or
exposure to the solarium, differences approached significance by
t-test. (Mecan of 21 normal controls was 12.0 %= 6.4.) The t value
for comparisons with the group receiving UVR + sunscreen was
1.76 giving a p value of 0.045 by single tailed f-test or 0.09 by
2-tailed test.

Effects of Solarium Exposure on Suppressor Cell Activity
and In Vitro Immunoglobulin Production in PWM-Stim-
ulated Cultures of B and T Cells As shown in Table III, in
subjects treated with the base only there was an increase in sup-
pressor cell activity attributable to an increase in the ratio on day
7. Studies were, however, carried out on only 2 subjects in this
group so that the significance of the results is uncertain. The most
marked effects were on total immunoglobulin production. Both
groups exposed to UVR showed a depression in Ig production,
which had returned to pretreatment values in the groups applying
the base only but remained depressed in the group receiving the
sunscreen agent. Similar changes were not seen in the untreated
controls. The changes in total Ig were due mainly to a change in

Subpopulation Subjects Pre 1
T3 T cells C12 75.4 = 3.0 68.2 + 3.4
B11 64.0 = 5.6 64.3 = 3.6
S11 64.7 £ 4.6 62.3 + 4.6
TI1HT cells C12 75.2. =/ &7 63.0 + 4.1
B11 70.5 = 4.9 62.8]+ 2.9
S11 69.7 + 3.6 56.8 + 4.3
T4 helper T €12 43.2: = 3.6 43.3 + 2.6
B11 42.3 £'4.4 40.9 = 3.0
S11 40.2 £ 2.5 42.1 = 2.2
T8 supp/cyt T C12 31.4 = 3.6 29.9 + 3.2
B11 23.0 & 2.5 252 2.2
S11 29.2. % 1.5 27.6. % 2.0
T4/T8 Ci12 1.6 = 0.2 1.6 % 10.2
B1l 2.0; 0.8 1.8 % 0.3
511 1.4 = 0.1 1.6 = 0.1
Leu-11" NK cells C12 13:1 % 1:8 16.3:% 14
B11 11.3 = 1.6 8.8 =109
S11 1500 2= 2.0 12:0¢ 2 1.5
Leu-15 C12 6.7 £ 1.9 4.2 = 0.4
B11 7l =1.5 3.8 0.5
S 7.3 & 1:2 4.6 + 0.5
B cells Ci12 17.1 #'2:4 15.3 2 1.9
B11 5.1 2202 12.00 % 1.7
S11 19.6: 4 2.8 - 1.3

“Values indicated are means =+ 1 SD.
'E and p values were determined by one-way analysis of variance.

Days after Treatment
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IgG and IgM levels. IgA values showed very little variation (data
not shown).

Effects on IL-2 Production Assays were carried out on al]
subjects in the study. There were no significant changes in 1L-2
production after the solarium exposures in any of the groups.

Blood Lymphocyte Populations The results of these studies
are summarized in Table IV. Both groups receiving radiation
from solarium lamps had a decrease in the Leu-11 population,
which was statistically significant for the group receiving the
placebo. The main difference between the 2 groups receiving
radiation was the significant increase in the T4/T8 ratio and the
T8" cells in the group applying the sunscreen agent. There was
a significant drop in the total T-cell number measured with the
OKTI11 M.AD in the 3 groups irrespective of whether they re-
ccived radiation or not, or sunscreen agent or placebo. The groups
receiving radiation plus the placebo sunscreen base had an increase
in T3" cells. Leu-15" cells showed a significant decrease in all 3
groups. The significance of the latter changes is not known.

DISCUSSION

The main finding from these studies as noted previously [20] was
that NK activity was depressed following exposure to radiation
from solarium lamps. This was most marked against the mela-
noma target cells and was maximal 1 and 7 days after cessation
of the exposure. These results were complemented by a reduction
in the number of NK cells in blood identified with the Leu-11
M. Ab against the labile Fc receptor [29] in the groups receiving
the exposure to solarium lamps, although this was of marginal
significance in the group using the sunscreen lotion. This may
suggest that the reduction in NK activity was due to a depression
in NK cell numbers rather than their functional activity as sug-
gested by previous in vitro studies [36]. However, correlation
between NK function and cell numbers was not absolute as shown
by return of NK function to normal by 21 days, even though the
number of Leu-11" cells remained depressed at this time. Al-

Table IV. Scquential Studies on Blood Lymphocyte Subpopulations®

7 14 21 B p
74,9 = 3.2 F0:0 £ 5.2 DTl £ 553 1.15 NS
72.9 %:.2.4 75.7 £ 2.0 79:2' £ 2.2 3.51 0.05
T0.3 £ 3.0 60.9 + 6.0 74.9 £ 2.9 1.78 NS
72.6 £ 3.3 59.0 + 4.1 76.9 £ 3.3 4.26 0.05
67.6 = 5.0 48.4 + 4.4 76.3 %= 4.5 5.23 0.01
66.5 = 2.1 54.1 = 4.5 TEO £ 3.4 6.62 0.01
48.4 + 2.3 46.2 + 3.2 44.9 £ 2.7 0.56 NS
51.2 % 3.2 40.2 = 3.8 46.7 = 2.7 1.78 NS
442 + 2.8 366 % 2.7 442 = 2.8 .51 NS
31.5.% 1.9 30.0 = 3.9 33.1 = 3.4 0.16 NS
27.0 % 3.1 234 = 3.5 31.61 % 28 1.47 NS
30.3 = 1.1 35.8 £ 2.8 35.5 = 2.5 3.25 0.05

1.6 % 0.2 1.4 = 0.2 1.6 & 02 0.12 NS
2.3 0.4 2.0 £ 0.2 1.6 £ 0.2 0.80 NS
1.5 % 0.1 1.1 + 0.1 1.4 %= 0.1 2.57 0.05
12,5 & 2.5 8.3 * 0.8 12.2. %= 1.8 1.28 NS
14.8 = 3.1 7.5 & 1.1 8.6 £ 1.2 2.70 0.05
14.2 = 1.8 9.9 = 1.1 10.5 = 1.1 2.12 NS
57 £ 0.8 6.0 = 1.0 [ 7:9E 23 13.5 0.01
6.7 = 0.2 49 £ 1.3 121 = 1.3 7.15 0.01
78 & 1.3 5.0 =% 0.7 154 = 2.3 10.95 0.01
18.9 = 3.8 11.8 & 1.2 17.9 % 2.3 1.26 NS
13.5 % 2.0 1011 = 1.0 12:1 2 1.3 1.27 NS
14.7 = 2.0 15.5 + 3.4 154 .2 2.3 1512 NS

‘C = control nonexposed group, B = exposed group receiving sunscreen base, S = exposed group receiving sunscreen.

NS = not significant.
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though the degree of depression in NK activity was not marked,
it may be an indicator of more marked depression with higher
doses of UVR. It was shown in previous studies that dcprcs‘sion
of NK activity appeared to show straightforward dosc-response
relationships and was evident after six 30-min exposures on con-
secutive days [37]. Repeated exposure over many hours to solar
radiation may therefore have more marked effects.

Other findings of interest were depression of immunoglobulin
production in vitro in PWM-stimulated cultures after exposure
to radiation from solarium lamps. This was particularly evident
in the subjects using the sunscreen lotion prior to cach exposure
and was associated with a decrecase in the T4/T8 ratio and an
increase in the percentage of T8 cells. Whether this depression
of Ig production was duc to induction of suppressor cells or
inhibition of helper cells was not clear from these studies. Func-
tional suppressor activity as determined by the increase in Ig
production after depletion of T8"' suppressor cells was un-
changed in the group receiving the sunscreen agent but did show
an increase in the group receiving the base used in the sunscreen
preparation. The number of subjects in this aspect of the study
was limited but, if confirmed, may suggest that solarium radiation
may have inhibitory cffects on the helper T-cell population which
reduces g production as well as cffects on the suppressor T-cell
population as noted in previous studies [20,21].

It was previously reported that DTH reactivity to DNCB was
also depressed in subjects exposed to solarium radiation. This
could not be confirmed in the present study, as DTH responses
appeared depressed in cach of the 3 groups irrespective of whether
they received radiation from solarium lamps or not. This unex-
pected result may have reflected poor absorption of DNCB into
the skin due to the residual base of the sunscreen lotion in the
skin 1 day after the last application, or depression of DTH re-
sponses duc to a chemical factor in the base. The former expla-
nation was supported by recall antigen skin test results, which
were within the norm in the nonexposed group but which ap-
peared depressed in those exposed to radiation. The points of the
heads of the multitest kit containing the antigen may have facil-
itated entry of the antigen into the skin past any of the sunscreen
base absorbed to the keratin layer. No differences were detected
between the exposed groups irrespective of whether sunscreen or
base was applied.

It would appear from these results that application of the sun-
screen agent used in these studies did not prevent changes in NK
activity induced by solarium exposure. The results also suggest
that some other UV-induced changes such as depression of DTH
responscs to recall antigens, depression of Ig production in vitro,
or changes in the percentage of T8 cells and the T4/T8 ratio may
not be prevented by the use of this particular sunscreen. It may
be inferred from this cither that the sunscreen agent is ineffective
in screening UVDB from the radiation transmitted to the skin or
that wavelengths outside those filtered by the sunscreen may
induce these changes in the immune system. The former expla-
nation appears unlikely in that octyl dimethyl PABA is widely
used as an effective agent to prevent UVR-induced erythemal
responses. In the formulation used it has a sun protection factor
against UVB of 15 [26] and was used in the reccommended quan-
tity (2 pl/cm? or 20 ml/m?) immediately prior to exposure. It
would therefore appear possible that the effects observed are very
sensitive to UV B or that they are induced by wavelengths outside
those filtered by the agent. Studies using cut-oft filters such as
Mylar sheets should assist in differentiating between these two
possibilitics.

The present results appear analogous to those of Lynch et al
[24] who reported that PABA (5% in 70% alcohol) application
to the skin of mice did not protect against the UV-induced changes
in Langerhans cells or the suppression of DTH responses to DNFB.
This group also reported that PABA did not protect against the
tumor susceptible state [23]. In both instances it was thought that
UVA was responsible in that the immunologic effects could not
be filtered out through glass. These results seem at some variance
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with those of previous workers who reported that the peak wave-
length for inducing systemic suppression of DTH responses was
270 nm [17] and that the tumor-susceptible state was mediated
mainly by wavelengths below 315 nm [1]. It was also reported
that PABA was effective in preventing the solar radiation—induced
tumor-susceptible state in mice [38].

These results may be reconciled by assuming that a larger dose
of UVA may have equivalent biologic effects. Information with
respect to the wavelengths, mediating effects on the immune sys-
tem in humans is limited. Studies by Schacter et al [39] revealed
that NK activity in vitro could be inhibited by radiation over a
wide range of wavelengths from 260 to 450 nm, although the dose
required was much greater for the longer wavelengths. The mech-
anism of the effects in vitro were reported to be limited to the
postbinding stage of lysis [36]. UVA may penetrate to the mi-
crocirculation in the skin so that it is possible that effects of
solarium radiation on NK activity in vivo may result from similar
direct effects on NK cells as they pass through the skin rather
than by release of chemical factors as proposed for UVB in mice
[17]. These results suggest that further examination of the action
spectrum responsible for induction of these effects on the immune
system in humans is needed.

The failure of sunscreen agents to protect against certain im-
munologic cffects of solarium lamp exposure suggests that cau-
tion should be exercised in use of such agents until their effec-
tivencess in preventing systemic effects of UVR on the immune
system is more clearly established. It is possible that by preventing
erythemal responses their use encourages longer exposure to solar
radiation and hence unwittingly increases the risk of damage to
aspects of the immune system responsible for protection against
skin cancers such as melanoma. The reports by other workers
that certain sunscreen agents may act as tumor promoters [40]
provides further reasons for care in the evaluation of these agents.

hematologic studies on the subjects and to Professor R. Burton for assistance with
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