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ABSTRACT
The immunological mechanism of the responses to ultraviolet (UV) B radiation in mouse 
models were investigated by the suppression of contact hypersensitivity (CHS) and 
delayed type hypersensitivity (DTH), and susceptibility to infection. However, there are 
some differences in immune suppression according to the different models as well as 
the irradiation protocols. Therefore, this review focused on the differences in the 
suppressive effects on CHS and DTH, and susceptibility to infection in relation to the 
different in vivo models. Recent advances in cytokine knockout mice experiments have 
the reexamination of the role of the critical cytokines in UVB-induced immune sup-
pression, which was investigated previously by blocking antibodies. The characteristics 
of the suppressor cells responsible for UVB-induced tolerance were determined. The 
subcellular mechanism of UVB-induced immune suppression was also explained by the 
induction of apoptotic cells through the Fas and Fas-ligand interaction. The phagocytosis 
of the apoptotic cells is believed to induce the production of the immune suppressive 
cytokine like interleukin-10 by macrophages. Therefore, the therapeutic UVB response 
to a skin disease, such as psoriasis, by the depletion of infiltrating T cells could be 
considered in the extension line of apoptosis and immune suppression. (Immune Net-
work 2002;2(2):65-71)
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Table I. UVB-induced immune suppression models

Contact Hypersensitivity (CHS)

Local suppression: low dose (～1 kJ/m2) 
Inhibition of CHS induction, tolerance induction 

Systemic suppression: high dose (～20 kJ/m2～2 kJ/m2)
Inhibition of CHS induction, tolerance induction

Delayed Type Hypersensitivity (DTH) 
Killed bacteria or Candida & PPD (2～5 kJ/m2)
Alloantigen (15 kJ/m2)

Infection (400 J/m2×4 days or 15 kJ/m2)
BCG, M. lepramurium, Listeria, Leishmaina, Candida, Borrelia



  Ultraviolet (UV) light from sunlight has long been 
closely related with skin diseases. UVB is the most 
biologically significant in the UV spectrum. This is 
because UVC is absorbed by the ozone layer and 
UVA is much less potent in biological responses than 
UVB (1). The carcinogenic potential of UVB in the 
skin is quite high (2). However, UVB also has 
beneficial effects such as stimulating the production 
of the active form of vitamin D (3). Therefore, this 
review focuses on the immune suppression by UVB 
irradiation.

In vivo immune suppression models
  The in vivo immune suppression models (summa-
rized in Table I) can be divided into 3 categories, 
contact hypersensitivity (CHS), delayed type hyper-
sensitivity (DTH), and infection models. The CHS 
model, by applying hapten to a mouse trunk as a 

sensitization and 5 days later to a ear as a challenge, 
is a useful method for testing immune suppression 
and the induction of tolerance by UVB irradiation. 
The immune suppression tested by the UVB-induced 
suppression of CHS can be detected 5 days after the 
challenge. However, a second round of hapten sensi-
tization and challenge can test the induction of toler-
ance using the CHS model approximately 2 weeks 
after the original sensitization. The DTH model, by 
injecting killed microorganisms or an alloantigen to 
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a mouse trunk as a sensitization and 7～10 days later 
to a mouse footpad as a challenge, is also a useful 
model for assessing immune suppression. The adop-
tive transfer of cells from either the spleen or lymph 
node from UVB-irradiated mice to naive mice can be 
assessed in both models to dissect the main cell 
population to transfer immune suppression. The infec-
tion model by several microorganisms such as Bacillus 
Calmette-Guerin (BCG) appears to be another useful 
model for assessing the susceptibility of infection by 
UVB irradiation, which is an immune suppression 
parameter. There are some differences in the UVB 
irradiation dose and the degree of suppression ac-
cording to each model.

UVB susceptibility with relation to CHS
  UVB susceptibility is defined by the increased 
likelihood of CHS suppression after UVB irradiation. 
Therefore UVB susceptibility can be differentiated 
from UVB sensitivity, which can be defined by the 
increased likelihood of burning by UVB. In humans, 
a high degree of cancer can develop in the UVB- 
susceptible category (UVB-S) when compared to the 
UVB-resistant category (UVB-R) (4). The likelihood 
of the UVB-induced suppression of CHS can be a 
risk factor for skin cancer. However, it is difficult to 
differentiate the two groups because the susceptibility 
varies according to the UVB dose (5). In the mouse 
system, C3H/HeN, C57BL/6 and C57BL/10 mice 
belong to the UVB-S category, and C3H/HeJ, 
BALB/c, A/J and DBA/2J mice belong to the 
UVB-R category (6). There are genetic differences 
between these mice in terms of polymorphisms at the 
Tnfa and LPS loci (7). The genetic loci responsible 
for UVB-S and UVB-R mice are known to be in the 
Bat 5 and H-2D segment of mouse chromosome 17 
(6). This quantitative trait locus is known to decrease 
the susceptibility, and is located on chromosome 1, 
6, and 17 (8). The dermal mast cell density inversely 
correlates with the susceptibility to the UVB-induced 
systemic suppression of CHS in mice (9). The num-
ber of dermal mast cells is higher in human basal cell 
carcinoma patients compared to normal patients (10), 
which suggests a role of mast cells in carcinogenesis. 

UVB-induced suppression of CHS induction and 
the induction of tolerance (local irradiation model)
  In mouse local suppression model, the tumor 
necrosis factor-α (TNF-α) is known to suppress CHS 
induction but not the induction of tolerance (11,12). 
cis-Urocanic acid (cis-UCA) is also involved in sup-
pressing CHS induction via TNF-α (12,13). How-
ever, a recent TNF receptor knockout mouse experi-
ment also showed the suppression of CHS induction 
but to a lesser degree compared to that of wild type 

mice (14). Therefore, the role of TNF-α in suppress-
ing CHS induction appears to be partial and there 
seems to be a TNF-α independent mechanism re-
sponsible for suppressing CHS induction. The sup-
pression of CHS induction can even be achieved by 
a simultaneous hapten application and UVB irradia-
tion. However, inducing tolerance requires 72 hours 
of prior UVB irradiation before the hapten applica-
tion (15). The reduction in the number of Langerhans 
cells, for which TNF-α induction is responsible, is 
correlated with the degree of CHS suppression by 
UVB (16). The induction of tolerance is blocked by 
anti-CD11b antibodies or in C3-deficient mice (17,18). 
Therefore C3 appears to be important in tolerance 
induction. Therefore, Ia+CD11b+ macrophages seem 
to have some role in the induction of tolerance. The 
UVB-induced suppression of CHS can be blocked by 
the calcitonin gene-related peptide (CGRP) (19). 
Anti-TNF-α antibodies can block CGRP induced- 
CHS suppression in wild type mice but CGRP can 
not suppress CHS in mast cell deficient mice (19). 
Therefore, UVB-induced CGRP can trigger TNF-α 
in mast cells, which impairs the induction of CHS. 
A CGRP antagonist can partially reverse the induc-
tion of tolerance (20). The tolerance induced by 
CGRP can be blocked by anti-interleukin (IL)-10 
antibodies but not by anti-TNF-α antibodies (20). 
Therefore, CGRP appears to promote tolerance 
through an IL-10 dependent mechanism. The UVB- 
induced CHS suppression was observed in the lpr 
and gld mice but tolerance is not observed in these 
mice, which have a defective Fas and Fas-ligand, 
respectively (21). The adoptive transfer of lympho-
cytes from the UVB-irradiated lpr or gld mice to the 
wild type mice, and not from the UVB-irradiated wild 
type to the lpr or gld mice, can transfer UVB-induced 
tolerance. Therefore, an intact Fas and Fas-L in re-
cipient is important in inducing tolerance, possibly by 
inducing cell death of the antigen presenting cells via 
the Fas dependent pathway. Hart et al reported that 
the UVB-induced local suppression of CHS was not 
blocked in the mast cell depleted Wf/Wf mice (9). 
However, Alard et al could observe the blocking of 
local CHS suppression by UVB in another mast cell 
deficient W/Wv mice (22). The discrepancy might be 
derived from the differences in the mice or from 
different irradiation protocols. Mast cells also involve 
in inducing tolerance, as evidenced by the blocking 
of tolerance in mast cell deficient mice by UVB or 
with anti-IL-10 antibodies, not by anti-TNF-α anti-
bodies in the IgE-triggered wild type mice. This sug-
gests that IL-10 from mast cell degranulation is in-
volved in UVB-induced tolerance (23). Histamine 
does not appear to be involved in inducing tolerance, 
which is evidenced by the fact that cimetidine does 
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not block UVB-induced tolerance (23). Recently, 
TNF receptor knockout mice showed UVB-induced 
tolerance, suggesting that TNF-α is not required in 
the UVB-mediated induction of tolerance (14). These 
mice also show the UVB-induced local suppression 
of CHS but less so than the wild type mice. There-
fore, TNF-α involvement in the UVB-induced local 
suppression appears to be less than that it was pre-
viously believed.

UVB-induced suppression of CHS and tolerance 
induction (systemic irradiation model)
  The systemic suppression of CHS requires higher 
UVB doses than the local suppression model. UVB 
exposed mouse plasma has the ability to suppress the 
recipient animal's ability to generate CHS reactions 
(24). However, the suppression is not blocked by an 
injection of TNF-α antibodies, suggesting that differ-
ent mediators are responsible for the systemic sup-
pression (11,12,25). TNF receptor knockout mice 
also showed systemic suppression, but less so than 
the wild type mice (14). Tolerance is also induced in 
these mice. cis-UCA has only a partial role in the 
suppression of CHS and inducing tolerance (26,27). 
UVB-induced IL-10 has been shown to be involved 
in systemic suppression, as evidenced by the blocking 
of suppression by anti-IL-10 antibodies (28). There-
fore, IL-10 appears to play a major role in the sys-
temic suppression of CHS and tolerance induction. 
However, the IL-10 injection experiments revealed 
controversial results in terms of the suppressive effect 
on CHS induction depending on the way of admin-
istration. An intradermal injection of IL-10 into mice 
suppressed CHS induction (29). However, intraperi-
toneal injection of IL-10 into mice did not suppress 
the induction phase of CHS but it did suppress the 
elicitation phase of the CHS (30). The UVB-induced 
systemic suppression of CHS in contrast to the 
blocking of UVB-induced suppression of DTH was 
shown in the IL-10 knockout mice (31). These results 
suggest that different regulation pathways involve in 
the suppression of CHS and DTH. The genetic sus-
ceptibility to UVB in different strains of mice, which 
have different mast cell density, are known to affect 
the systemic suppression of CHS. Histamine mimics 
the UVB effect on the systemic suppression of CHS, 
and a histamine receptor antagonist blocks the UVB- 
induced suppression of CHS (9,27). Therefore, the 
UVB-induced systemic suppression of CHS is be-
lieved to be dependent on mast cells through cis- 
UCA, histamine and the prostaglandin pathway. IL-4 
knockout mice were shown to exhibit a mast cell 
degranulation defect and UVB-induced systemic sup-
pression of CHS was blocked in these mice. There-
fore, IL-4 appears to be involved indirectly in the 

systemic suppression of CHS via the histamine de-
pendent pathway (32). The UVB-induced systemic 
suppression of CHS is blocked in gld mice, and the 
adoptive transfer of spleen cells from the wild type 
mice to the gld mice (not from gld mice to wild type 
mice) can transfer the UVB-induced suppression (33). 
These results suggest that the donor derived Fas-L 
is necessary for the transferable suppression.

Cellular origin of tolerance in CHS model 
  The UVB-induced tolerance was evidenced by the 
transfer experiments of the T cells from the UVB- 
exposed hapten-treated mice into the naive mice 
(34,35). Therefore, the tolerance is believed to be me-
diated by hapten specific T suppressor cells. In the 
UVB-induced local suppression model, the CD5+ 
and CD8+ cells were shown to be responsible 
initially by blocking the experiments using the 
anti-CD5 and anti-CD8 antibodies (34). The cells 
cloned from the UVB-exposed, FITC sensitized mice 
are known as CD4+, CD8-, TCR α/β+ MHC re-
stricted, and are specific for FITC, which can 
produce IL-10 but not IL-4 or IFN-γ (36). Recently, 
the CTLA-4+ cells from the UVB-irradiated mice are 
known to transfer the suppression (37). Blocking 
CTLA-4+ inhibits IL-10 release by the CTLA-4+ 
lymph node cells from the UVB-irradiated mice. In 
the UVB-induced systemic suppression model, toler-
ance was shown to be mediated by the induction of 
antigen-specific CD3+, CD4+, CD8- suppressor 
cells (38). The issue of donor derived suppressor T 
cells or the induction of suppressor T cells in the 
recipients by suppressor inducer cells from the 
donors was long been debated. This is because the 
transferable suppression was mediated by a small 
number of donor-derived CD4+ cells, which are 
co-purified with the hapten-bearing, antigen-present-
ing cells from the donors. However, Shreedar et al 
clearly showed that the donor derived T suppressor 
cells are responsible for the transferable suppression 
in congenic mice (36). The transferable suppression 
only affects the induction phase of CHS, because the 
sensitized mice cannot be suppressed by a transfer of 
T cells from the UVB-treated mice (39). The 
generation of tolerance requires UVB irradiation at 
least 72 hours prior to sensitization (15). During this 
period, CD11b+ macrophages appear in epidermis. 
An injection of anti-CD11b antibodies or C3 
deficient mice can block the generation of tolerance 
(17,18). CD11b is known as a receptor for the aC3b 
fragment, iC3b. Therefore, the CD11b+ macrophages 
are crucial for the induction of tolerance.

UVB-induced suppression of DTH 
  An injection of anti-IL-10 antibodies into the 
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UVB-irradiated mice prevented the UVB-induced 
suppression of DTH induction (40). Therefore, IL-10 
appears to be essential for the UVB-induced systemic 
suppression of the DTH responses. IL-10 can not 
only block the induction phase but also the elicitation 
phase of DTH (29). The UVB-induced suppression 
of the DTH responses to allogenic spleen cells is 
dependent on mast cells (9). Mast cell-derived hista-
mine is the component responsible for the UVB- 
induced systemic suppression of the DTH responses 
to alloantigen. DTH induction in C3H/gld was not 
suppressed by UVB (33). However, an intermediate 
suppression in lpr mice was observed. The adoptive 
transfer of UVB-treated wild type spleen cells to the 
gld mice suppressed DTH induction. However, the 
opposite transfer did not suppress DTH induction. 
Therefore, donor-derived Fas-L is essential in the 
systemic suppression of DTH. The UVB-induced 
suppression of DTH has recently been shown to be 
mediated by NK-T cells (CD4+, DX5+), as evi-
denced by blocking the suppression in CD1-/- 
mice (41). The anti-IL-4 or anti-IL-10 antibodies 
block the UVB-mediated suppression of DTH (42). 
The UVB-induced serum IL-4 can be blocked by a 
selective COX-2 inhibitor and the UVB-induced 
serum IL-10 can also be blocked by anti-IL-4 anti-
bodies (42). Therefore, the UVB-induced prosta-
glandin E2 is stimulated to produce IL-4. Subse-
quently, IL-4 generates IL-10, which results in the 
systemic suppression of DTH. Blocking the systemic 
suppression of DTH in both the IL-4 knockout and 
IL-10 knockout mice also supports the involvement 
of IL-4 and IL-10 in the UVB-induced suppression 
of DTH (31,32). However, UVB-induced elevation in 
the serum IL-10 in IL-4 knockout mice suggests the 
existence of another IL-10 induction pathway that is 
different from the IL-4 dependent pathway. In the 
IL-6 knockout mice, the IL-10 induced by UVB was 
blocked (43). Therefore, IL-6 appears to be another 
mediator involved in the UVB-induced IL-10 produc-
tion. In humans, an UVB-induced local suppression 
by DTH was observed by injecting lepromin in the 
lepromin positive subjects, and the Mantoux test in 
BCG vaccinated subjects (44). By incremental UVB 
doses, the systemic suppression of DTH to Candida 
was also observed (45).

UVB and infectious diseases 
  It has been known that the DTH response often 
correlates with the control of disease and the resis-
tance to systemic infections. The correlation of the 
DTH response and the inhibition of organism growth 
such as the herpes simplex virus and Leishmania was 
reported (46,47). In the BCG infection model, a sin-
gle dose of UVB given several days prior to the inoc-

ulation of viable bacilli impaired the development of 
the DTH response. This permitted a greater multi-
plication of the bacteria, and prolonged the duration 
of the infection (48). If the mice were infected with 
BCG by an intradermal injection into the UVB- 
irradiated skin, the DTH response was unaffected by 
UVB irradiation. However, the BCG clearance rate is 
decreased in the lymph nodes or the spleen. In the 
Candida infection model, exposing the mice to a 
single high dose of UVB 1 day prior to the intra-
venous inoculation of Candida significantly reduced 
their mean survival time (49). Immunization before 
the intravenous challenge extended the mean survival 
time. Exposure of the mice to UVB either before or 
after immunization suppressed the DTH response to 
Candida. However, the mean survival time was re-
duced only in the mice exposed to UVB after immu-
nization. Therefore, immunization increases the resis-
tance to a lethal challenge but protective immunity 
does not always correlate with the ability of the mice 
to generate a DTH response.

Blocking UVB-induced suppression of CHS and 
DTH
  The administration of IL-12 blocks the systemic 
suppression of CHS and DTH in the mice exposed 
to a single high-dose UVB exposure (50). IL-12 ap-
pears to prevent the generation of UVB-induced T 
suppressor cells (50). IL-12 is also able to block the 
UVB-induced local suppression of CHS (51). The 
IL-12 effect in the adoptive transfer experiments was 
lost when the CD8+ T cells were depleted, but not 
when the CD4+ T cells were depleted (52). There-
fore, IL-12 does not appear to restore the immune 
response by Th1 induction. Instead, IL-12 appears to 
act on CD8+ cells. The blocking effect of Aloe 
barbadensis on the UVB-induced suppression of DTH 
was shown by the reduced IL-10 production (53). 
Polyphenol in green tea was also known to block the 
UVB-induced suppression of CHS and DTH via a 
reduction in IL-10 and an increase in IL-12 (54).

Therapeutic mechanism of UVB 
  Compared to the single or several sequential irra-
diation schedules for the experimental models in 
mice, a therapeutic schedule for human treatment is 
different in that the therapeutic dose is incremental 
at each treatment. This kind of therapeutic schedule 
is applied for a skin disease like psoriasis, which is 
a typical type 1 cytokine-mediated disease with an 
epidermal hyperproliferation (55). The successful 
UVB phototherapy of psoriasis induces a reduction 
in the number of skin-infiltrating T cells, which was 
followed by a normalization of the keratinocyte mor-
phology (56). The UVB-induced apoptosis of T cells 
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was observed within the psoriatic lesions (57). There-
fore, T cell apoptosis is thought to be the main thera-
peutic effect by UVB. However, selective T cell 
susceptibility toward apoptosis by UVB is yet unclear. 
The induction of apoptotic cells is not immunologi-
cally meaningless. However, it appears to have 
immunosuppressive consequences. After the phago-
cytosis of apoptotic T cells, the production of 
immunosuppressive cytokines such as IL-10 from 
macrophages is higher (58). On the other hand, the 
production of proinflammatory cytokines such as 
TNF-α, IL-1 and IL-12 are down regulated (58). 
Therefore, the therapeutic UVB response to skin 
diseases like psoriasis by a depletion of infiltrating T 
cells can be considered in the extension line of apo-
ptosis and immune suppression. The UVB-induced 
suppression of INF-γ-stimulated ICAM-1 expression 
in epidermis was associated with the formation of a 
significant number of cyclobutane pyrimidine dimers 
(CPD) (59). Treating the UVB-irradiated PAM 212 
cells with exogenous DNA repair enzymes can 
reduce the number of CPDs and simultaneously 
reduce the UVB-induced IL-10 production (60). 
Therefore, further investigation is necessary whether 
CPDs are involved in the therapeutic UVB response.
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