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SYNOPSIS

The discipline that investigates the biological effects of ultraviolet radiation on the immune system
is called photoimmunology. Photoimmunology evolved from an interest in understanding the role
of the immune system in skin cancer development, and why immunosuppressed organ transplant
recipients are at greatly increased risk for cutaneous neoplasms. Ultraviolet radiation-induced
damage DNA modifies the antigen presenting function of cutaneous dendritic cells, biases the
immune response towards the generation of regulatory T-cells and stimulates epidermal
keratinocyte production of immunosuppressive cytokines. In addition to contributing to an
understanding of the pathogenesis of non-melanoma skin cancer, the knowledge acquired about
the immunological effects of ultraviolet radiation exposure has provided an understanding of its
role in the pathogenesis of other photodermatologic diseases such as polymorphous light eruption,
chronic actinic dermatitis and cutaneous lupus erythematosus. This information has also been
helpful in developing more effective and safer phototherapeutic devices for the treatment of a
variety of cutaneous diseases.
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The area of photodermatology that investigates the complex inter-relationship between
ultraviolet (UV) radiation and the body’s immune system is referred to as
photoimmunology. Its foundation derives from clinical observations in patients with UV-
induced skin cancers, but the acquisition of knowledge about the interactions of ultraviolet
radiation with the immune system has implications beyond skin cancer. It has helped us to
understand the mechanisms by which phototherapy is effective in psoriasis and other
dermatological diseases, and, in so doing, has expanded the spectrum of illnesses amenable
to ultraviolet radiation treatments. Furthermore, photoimmunology has enhanced our
understanding of the role of the immune system in several different photodermatologic
disorders.

EVIDENCE OF PHOTOIMMUNOLOGICAL EFFECTS OF UV RADIATION IN

HUMANS

The possibility that ultraviolet radiation, especially within the UVB range (290-320 nm),
might modulate immunological function was suspected long before there was supportive
experimental evidence, and was based on careful observations in individuals who developed
solar UV-radiation-induced skin cancers. In contrast to many of the cancers that arise in
other organs, cutaneous squamous cell carcinomas (SCC) develop gradually, rarely
metastasize, and are associated with a chronic inflammatory infiltrate. SCC develop from
actinic keratoses, over 25% of which undergo spontaneous regression, presumably by
activation of cell-mediated immune defenses directed at antigens expressed by the pre-
neoplastic cells?.

It has also been observed that cutaneous squamous cell carcinomas are more frequent in
immunosuppressed individuals. Over 50% of renal transplant recipients on long term
immunosuppressive therapy have developed at least one non-melanoma skin cancer.2->
Although there is a 10-fold increased risk of basal cell carcinomas (BCCs) in organ
transplant recipients, the likelihood of developing SCCs is even greater by 65-250 times®,
resulting in an inverted SCC:BCC ratio. The predisposition to skin cancer is not restricted to
transplant patients. Lymphoma and chronic lymphocytic leukemia patients, who also have
subtle defects in cellular immune function, have an increased incidence of basal cell and
squamous cell carcinomas as well.”: 8

Immunologic abnormalities have been detected in skin cancer patients who are otherwise
immune-competent. These patients demonstrate suppressed reactions to skin test antigens
and decreased sensitization rates to the contact allergen dinitrochlorobenzene (DNCB),
which are immune responses mediated by T lymphocytes.®: 10 In addition, when BCCs are
examined histologically, a disproportionate number of regulatory T-cells are present in the
inflammatory infiltrate.11 Finally, people who have received large numbers of psoralen plus
UVA photochemotherapy (PUVA) treatments are known to have an increased incidence of
skin cancer.12: 13 These patients have been reported to have decreased immunization rates to
contact allergens,1# 15 and reduced numbers of circulating peripheral blood CD4* T-
cells.16. 17
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EXPERIMENTAL EVIDENCE FOR THE PHOTOIMMUNOLOGICAL EFFECTS
OF UV RADIATION

More direct evidence of the ability of ultraviolet radiation to impair immune responses is
derived from a classic series of experiments in animal models.1® Mice that are chronically
exposed to UV radiation, like humans, develop UV-induced tumors (Figure 1A). When
these tumors are removed and are transplanted to the skin of genetically identical recipient
mice, the tumors initially engraft but do not enlarge, and ultimately regress because a host
immune response develops against the tumors (Figure 1B). On the other hand, when the
same tumors are transplanted to genetically identical recipients that have received
subcarcinogenic doses of UV radiation, the tumors grow progressively, are not
immunologically eradicated, and ultimately kill their host (Figure 1C). Conclusions that can
be derived from these experiments are: 1) ultraviolet radiation, in addition to causing
mutations in keratinocytes, also prevents activation of host immune responses that have
evolved to destroy mutant keratinocytes before they can develop into clinically apparent
tumors; and 2) only when there are both mutant keratinocytes and UV-induced
immunological alterations is it possible for skin tumors to occur (Figure 1D).

MECHANISMS OF UV-INDUCED IMMUNE SUPPRESSION

There has been great interest in determining the mechanisms by which ultraviolet radiation
mediates its effects on the immune system. Those studies have focused on five features: 1)
the role of regulatory T-cells; 2) the contribution to alterations in antigen presenting cell
function; 3) the effect of UV-induced cytokines and soluble mediators; 4) the molecular
target that initiates UV-induced immune suppression; and 5) the participation of toll-like
receptors and innate immunity.

Regulatory T-cells

Studies have shown that UV radiation alters T-cell mediated immunity and, in so doing,
causes immune suppression. Under normal circumstances, cutaneous exposure to antigens,
such as contact allergens or tumor antigens expressed on skin cancers, results in the
generation of both effector and regulatory T-lymphocytes which are specific for the exposed
antigen (Figure 2A). Effector cells promote an immune response directed against the inciting
antigen, whereas regulatory T-cells dampen the reaction. The overall magnitude of the
response depends on the ratio of effector to regulatory T-cells that develop (Figure 2C).
When large numbers of effector T-cells develop and small numbers of regulatory T-cells are
present, a vigorous immune response occurs, whereas in situations in which smaller
numbers of effector T-cells and proportionally larger numbers of regulatory T-cells are
generated, there is a modest immune response. Following UV exposure, the generation of
regulatory T-cells is unaffected, whereas the number of effector T-cells is diminished
(Figure 2B).1° The disproportionate number of regulatory T-cells relative to effector T-cells
leads to a suppressed immune response (Figure 2C). The regulatory T-cells that occur
following UV exposure carry the phenotypic markers CD4*, CD25*, CTLA4", and FoxP3*,
and secrete the immunosuppressive cytokine interleukin-10 (1L-10).20: 21 |n addition, a
second population of cells called NKT cells have characteristics of both natural Killer cells
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and T-cells, and express the CD4* and DX5* (CD49b*) proteins. NKT cells suppress
immune responses following UV radiation exposure, and produce the Th2 cytokine IL-4,
which suppresses anti-tumor immunity.22

Antigen Presenting Cells

The recognition that regulatory T-cells contribute to the suppressed immune response
following UV exposure coincided with the discovery that T-cells are only activated when
antigen is presented to them by antigen presenting cells (APCs). The skin contains several
populations of antigen presenting cells, including epidermal Langerhans cells, different
types of dermal dendritic cells, and macrophages/monocytes, some of which migrate into the
skin after UVB exposure.23 Depending on the type and status of the antigen presenting cell,
different subpopulations of T-cells are activated. UV radiation has been shown to have a
deleterious influence on cutaneous dendritic cell function for effector T-cell activation and
less of an effect on antigen presenting cell function for regulatory T-cells (Figure 2).24 25
Recent evidence from animal models indicates that epidermal Langerhans cells are required
for the generation of regulatory T-cells following UV exposure.28 Ultraviolet radiation
produces its effects on cutaneous dendritic cells both through indirect and direct effects on
the cells (Figure 3). Indirect effects include stimulation of keratinocytes to produce
immunosuppressive soluble mediators, such as IL-4, IL-10, tumor necrosis factor (TNF)-a
and prostaglandin (PGE2),2/-30 and stimulation of the migration of immunosuppressive
macrophages into sites of UV-injury.31: 32 Also, the regulatory T-cells that are generated
following UV exposure have a negative influence on the presentation of antigen to effector
T-cells, thereby serving as a positive feedback loop for immunosuppression.

Initial Molecular Events

DNA is now generally considered to be the molecular structure within cells that initiates the
immunosuppressive effects of UV radiation.33-3% Those wavelengths within the solar
spectrum that are most effective at causing immunosuppression lie primarily within the
UVB range and correspond closely with those that are most damaging to DNA.38 In fact,
patients with xeroderma pigmentosum (XP), a disease in which there is an inherited defect
in DNA repair, have an increased propensity to develop actinic keratoses, BCCs, SCCs and
melanomas at an unusually early age. XP patients also have impaired delayed type
hypersensitivity (DTH) responses, reduced circulating CD4/CD8 T-cell ratios, defective
natural killer (NK) cell function and impaired production of interferon-v, further supporting
the concept of DNA as the molecular target of UVR-induced immunosuppression.3’-41 In
animal models, UV-induced immune suppression can be reversed by topical application of
enzymes that repair DNA damage.33: 34 42 When used in XP patients, topical application of
DNA repair enzymes prevents the development of actinic keratoses and basal cell
carcinomas.*3

Trans-urocanic acid is present in large amounts in the stratum corneum of the skin and
undergoes photoisomerization to its cis-conformation following UV exposure. Cis-urocanic
acid has been shown to be a mediator of UV-induced immunosuppression.** Recent studies
have shown that cis-urocanic acid mediates its immunosuppressive effects by interfering
with the repair of UV-induced DNA damage.3®
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Cytokines and Other Soluble Mediators

UV radiation is known to stimulate epidermal production of a variety of soluble mediators.
These include TNF-a,%5 prostaglandin E2,%6: 47 serotonin?8, platelet activating factor,49: 50
and neuropeptides, such as calcitonin gene related peptide (CGRP) and a-melanocyte-
stimulating hormone (a-MSH).51 UVR is also proficient at generating reactive oxygen
intermediates.>2 These molecules have been shown to be important mediators of UV-
induced immunosuppression, and interfering with their activity reverses their
immunosuppressive effects in experimental animal models (Figure 4).28: 29, 47, 48, 50, 53-55
Many of these agents, including cis-urocanic acid, platelet activating factor and serotonin,
produce their immunosuppressive effects by interfering with repair of DNA damage.3°
CGRP inhibits Langerhans cell antigen presenting function,6 and this may be the
mechanism by which it causes UV-induced immune suppression. a-MSH is a stimulus for
IL-10 production by keratinocytes and monocytes.>’: 8 Two other cytokines that play a
prominent role in UV-induced immunosuppression are IL-10 and IL-12. IL-10 is an
immunosuppressive cytokine produced by UV-irradiated keratinocytes, macrophages that
migrate into UV-irradiated skin, and regulatory T-cells that are generated following UV
exposure.59-61 |10 acts on dendritic cells in such a manner as to enhance the generation of
UV-induced regulatory T-cells. IL-12, on the other hand, promotes T-cell mediated
immunity by supporting the production of effector T-cells which produce the pro-
inflammatory cytokine interferon-y. Studies in animal models have shown that
administration of 1L-12 will reverse the immunosuppressive effects of UV radiation.62 63
IL-12 stimulates the production of enzymes that repair UV-damaged DNA,54 which may
also contribute to its ability to abrogate the immunosuppressive effects of UV. Interestingly,
polyphenols present in green tea and other natural and dietary products have been shown to
prevent UV-induced immunosuppression and carcinogenesis, at least in part, by stimulating
the production of 1L-12,65-68

Toll-like Receptors and Innate Immunity

Toll-like receptors (TLRs) are highly conserved molecules that are present on the surface of
immune cells and epithelial cells including epidermal keratinocytes.® They are important in
the activation of several pathways of the innate immune response. TLRs recognize patterns
within antigens that are foreign to the immune system, which include foreign pathogens,
pathogen associated molecular patterns (PAMPSs) as well as endogenous antigens that are
altered from their normal state, damage associated molecular patterns (DAMPs). Of the 13
TLRs that have been identified thus far, two, TLR3 and TLR4 have been shown to be
involved in the recognition of ultraviolet radiation-induced damage of RNA and DNA,
respectively. These receptors initiate pathways that ultimately enhance UV-induced
immunosuppression.

TLR3 is a cell surface receptor, present on keratinocytes. Following UV exposure, damage
to keratinocytes occurs, which results in the release of double stranded, small nuclear RNA
(snRNA).”% Once released, these snRNAs induce the expression of TLR3 on non-irradiated
cells, and then bind to the same TLR3 receptors, the expression of which they have
provoked. TLR3 activation causes keratinocytes to produce pro-inflammatory cytokines
such as IL-6 and TNF-a. TNF-a is a known mediator of UV-induced immune suppression.
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Direct evidence of TLR3 in UV-induced immune suppression has come from studies in
experimental animal models. UV-irradiated mice expressing TLR3 develop a suppressed T-
cell mediated allergic contact hypersensitivity response, while the immune response mice
that are genetically deficient in TLR3 is normal.

A receptor involved in recognition of UV-induced DNA damage is TLR4.7 As was
mentioned, UV-damaged DNA can be repaired by DNA repair enzymes. In the skin, TLR4
is found primarily on dendritic cells. Following UV-exposure, dendritic cells in the skin that
express the TLR4 molecule have a diminished capacity to synthesize IL-12. As was
mentioned (vide supra), IL-12 stimulates the synthesis of DNA repair enzymes. The
decrease in DNA repair in cutaneous dendritic cells renders them unable to effectively
activate effector T cells and leads to suppression of the cell-mediated immune response. In
contrast, in experimental systems, TLR4-deficient animals repair UV-damaged DNA
normally and do not exhibit UV-induced immune suppression.

PHOTOIMMUNOLOGICAL DISEASES

The information derived from animal models about the photoimmunological effects of
ultraviolet radiation, coupled with observations made in patients, have been the basis for
theories about the immunopathogenesis of a number of photodermatolog disorders,
including polymorphous light eruption, chronic actinic dermatitis and cutaneous lupus
erythematosus.

Polymorphous Light Eruption

Polymorphous light eruption (PMLE) is the most common photodermatosis with prevalence
rates ranging from 1-21%, depending on the geographic location surveyed.’2-74
Wavelengths within the UVA are most commonly reported to prompt the inflammatory
reaction, although in some patients, UVB and even UVC’® have been associated with flares
of the disease. PMLE has many features in common with delayed-type hypersensitivity
(DTH) reactions in the skin. Within a few hours of sun exposure, CD4* T-cells can be
detected infiltrating the UV-exposed site.’® This is followed over the next few days by an
influx of CD8" T-cells. In addition, the adhesion molecules E-selectin (CD62), vascular cell
adhesion molecule 1 (VCAM-1, CD106) and intercellular adhesion molecule-1
(ICAM-1CD54), all of which facilitate the migration and retention of T-cells into inflamed
skin, can easily be detected in PMLE skin, whereas they are not found in normal skin.””
Although they are not first-line therapies for the disease, the fact that PMLE can be
controlled with immunosuppressive agents, such as azathioprine and cyclosporine, also is
consistent with the concept that it is an immunologically mediated disease.

It has been proposed that UV is less effective at suppressing cell-mediated immune
responses in PMLE patients (Figure 5). There is decreased migration of CD11b*
macrophages, which are known to secrete IL-10, into UV-irradiated skin in PMLE
patients.”® Moreover, a series of studies in which attempts were made to sensitize PMLE
and normal control subjects to the contact allergen DNCB through UV-irradiated skin,
demonstrated that UV-induced suppression of the contact allergic reaction was more
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effective in control subjects than in PMLE patients.”® In other words, patients with PMLE
are resistant to the immunosuppressive effects of UV radiation.

Chronic Actinic Dermatitis

Patients with chronic actinic dermatitis (CAD) have an exquisite photosensitivity that results
in a subacute to chronic inflammatory process which begins in sun exposed skin and can
generalize to non-sun exposed cutaneous surfaces.8%-82 Chronic actinic dermatitis patients
may or may not have a positive photoallergic response, but even in those who do, the
dermatitis persists despite removal of the substance causing the problem. Many of these
patients initially have a photosensitivity to UVB, but this frequently extends to the UVA and
even visible light.

The photopathogenesis of chronic actinic dermatitis is incompletely understood, but is
thought to be immunologic in nature.82 Biopsies of involved skin demonstrate leukocyte
epidermotropism, dermal infiltrates comprised primarily of T-cells, and keratinocytes that
express major histocompatibility class 11 molecules, features which are also present in DTH
reactions in the skin.82-84 Another characteristic suggesting that chronic actinic dermatitis is
immunologically-mediated is that the disease responds to immunosuppressive agents.80: 82

There are two theories about the immunopathogenesis of chronic actinic dermatitis.82 The
first postulates that these patients have an exaggerated immune reaction to a photoantigen.
This type of reaction is suppressed in normal individuals, but for some reason, is activated in
those with chronic actinic dermatitis. The second theory proposes that there is cross-
reactivity between a photoallergen and endogenous antigens. In this scenario, a
photoallergen initiates the immune response. Because of cross-reactivity, the endogenous
antigen allows the response to persist even though the photoallergen is no longer present.

Cutaneous Lupus Erythematosus

Patients with cutaneous lupus erythematosus are frequently photosensitive, as sun sensitivity
is one of the defining characteristics of the disease.8% 86 Rates vary depending on the type of
lupus. 87-{Kim, 2013 #9253}88 Wavelengths within the UVA and/or UVB are responsible
for production of cutaneous lesions.89 90

UV exposure can prompt the development of lupus, aggravate the activity in existing skin
lesions, and provoke systemic manifestations of the disease. With the exception of tumid
lupus, cutaneous lupus is associated with vacuolar destructive changes in the basal cell layer
of the epidermis. All forms of cutaneous lupus are associated with a dermal mononuclear
infiltrate.

Antibodies to the Ro antigen are commonly present in subacute and neonatal lupus
erythematosus (Figure 6A). The Ro antigen is normally present within the nucleus of cells,
but when keratinocytes are exposed to UV radiation, it translocates to the cell surface
membrane.% In that location, anti-Ro antibodies can bind to the molecule. It is hypothesized
that cells which express Fc receptors for 1gG are able to attach to the Fc portion of the anti-
Ro antibody and exert a cytotoxic effect, resulting in keratinocyte lysis.
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Cell destruction in cutaneous lupus may also occur via apoptotic keratinocytes and
activation of a pro-inflammatory pathway (Figure 6B).92 93 Following UV exposure,
keratinocytes undergo apoptosis, which can be observed histologically as a sunburn cell.
Under normal conditions, the apoptotic blebs that are released from degenerating
keratinocytes are taken up by macrophages and are cleared by non-inflammatory pathways.
In lupus patients, however, these apoptotic blebs may be taken up by dendritic cells, which
then can activate cell-mediated immune processes that eventuate in formation of cutaneous
lupus lesions.

PHOTOIMMUNOLOGICAL EFFECTS OF PHOTOTHERAPY

Our ability to develop new phototherapeutic modalities is due to the recognition that
different types of ultraviolet radiation have unique molecular and biologic effects.%* 9 Most
of the radiation within the UVB (290-320 nm) range penetrates only to the superficial
dermis. Its primary effects on DNA are to cause cyclobutane pyrimidine dimers, although it
is known to cause photochemical changes as well. In the stratum corneum, UV exposure
converts trans-urocanic acid to its cis- isomer. Direct cellular targets of UVB are primarily
Langerhans cells and keratinocytes in the epidermis; UVB depletes the epidermis of
Langerhans cells and stimulates keratinocytes both to produce immunosuppressive cytokines
and to alter the expression of adhesion molecules that are required for adherence of T-cells
to keratinocytes. These immunological effects help to explain why UVB radiation, and more
recently narrowband UVB, have been effective in treating psoriasis,?: 97 atopic
dermatitis®-190 and early forms of cutaneous T-cell lymphoma.101, 102

In contrast, longer wavelength UVA1 radiation (340-400 nm) penetrates more deeply into
the skin and has its major effects in the mid- to lower dermis.9® The major molecular
consequence of UVA1 exposure is the production of reactive oxygen intermediates. UVA1
depletes the dermis of mast cells and dendritic cells, causes apoptosis of dermal CD4* T-
cells, and stimulates the production of matrix metalloproteinases by fibroblasts. These
distinguishing characteristics of UVAL have been exploited for therapeutic benefit for acute
flares of atopic dermatitis and dyshidrosis, the pruritus associated with mastocytosis, as well
as morphea, 103 sclerodermal® and other sclerodermoid inflammatory syndromes.194 In
atopic dermatitis, UVAL has been shown to be more successful than combined UVA/UVB
phototherapy.19%: 106 |t has also been shown to be effective in cutaneous T-cell lymphoma
(CTCL),107 in which UVAL1 acts directly on CD4* T-cells and causes apoptosis.108 Its
efficacy in morphea and other sclerodermoid conditions is due to its ability to augment
matrix metalloproteinase-1, which degrades collagen.199: 110 |n mastocytosis, UVAL has
been effective because of its ability to deplete the skin of mast cells.103

The primary molecular defect in psoralen plus UVA (PUVA) photochemotherapy differs
from that of both UVB and UVA1.9% The addition of psoralen results in the production of
bifunctional adducts with DNA. Like UVA1, UVA used in PUVA photochemotherapy
penetrates into the mid- to lower dermis, thereby altering dermal dendritic cells, stimulating
fibroblast production of IL-1 and damaging dermal CD4* T-cells. These effects help to
explain its efficacy in psoriasis!!! and cutaneous T-cell lymphoma.112. 113
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CONCLUSION

Ultraviolet radiation has been shown to alter immunological function, both in the skin and
systemically. In so doing, it contributes to the pathogenesis of non-melanoma skin cancer
and participates in the development of lupus and other photosensitivity diseases in which
immune mechanisms play a role. On the other hand, the immunological effects of ultraviolet
radiation have been exploited as a therapeutic modality to treat diseases such as psoriasis,
atopic dermatitis, cutaneous T-cell lymphoma, morphea and mastocytosis.
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Figure 1.
UV-induced immune suppression and photocarcinogenesis. (A) Chronic exposure of mice,

as in humans, results in the development of UV-induced non-melanoma skin cancers. (B)
UV-induced tumors that are transplanted to genetically identical recipients that have not
been exposed to UV radiation results in rejection of the tumor by the host immune response.
(C) UV-induced tumors that are transplanted to genetically identical recipients that have
received subcarcinogenic doses of UV radiation grow progressively and ultimately result in
death of the recipient. (D) UV-induced tumors only develop when mutations in
keratinocytes and UV-induced immunosuppression occurs.
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Figure 2.
Cell-mediated immune responses reflect the balance between regulatory and effector T-cells.

(A) When antigens, including tumor antigens, are present in the skin, they are taken up by
cutaneous dendritic cells, which is a necessary precondition for the generation of effector
and regulatory Tlymphocytes. (B) When the skin has been UV-irradiated and then
encounters an antigen, the generation of regulatory T-cells proceeds unimpeded, but the
generation of effector T-cells is diminished. (C) The overall magnitude of the cutaneous
cell-mediated immune response represents the balance between the effector and regulatory
T-cells that are generated. Following UV exposure, there are relatively more regulatory T-
cells, resulting in a more modest response.
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Figure 3.

Direct and indirect effects of UV radiation on the antigen presenting function of cutaneous
dendritic cells. Following UV exposure, the antigen presenting function of cutaneous
dendritic cells is altered by direct effects on the antigen presenting cell itself and by indirect
effects. The indirect effects are mediated by UV-irradiated keratinocyte production of
soluble mediators such as IL-10, prostaglandin E2, and TNF-a, which then act on cutaneous
dendritic cells. In addition, macrophages, which migrate into the skin following UV
exposure, and regulatory T-cells both secrete the immunosuppressive molecule I1L-10, which
diminishes the capacity of cutaneous antigen presenting cells to activate effector T-cells.
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Figure 4.
Mechanism of by which UV radiation suppresses cutaneous cell-mediated immune

responses. Following UV exposure, DNA damage occurs, which, in addition to its other
effects, initiates photoimmunosuppression. Furthermore, UV exposure of the skin results in
the generation of soluble mediators including serotonin (5-HT), cis-urocanic acid (Cis-UCA)
and platelet activating factor (PAF), all of which antagonize activation of DNA repair
enzymes. In addition, UV exposure prompts keratinocytes to produce immunosuppressive
mediators which alter the antigen presenting function of cutaneous dendritic cells.
Regulatory T-cells are generated that produce IL-10, which suppresses host T-cell mediated
defense mechanisms and facilitates the growth and development of UV-induced tumors.
Solid line: stimulatory. Dashed line: inhibitory.
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Figure 5.
Proposed photopathogenesis of polymorphous light eruption (PMLE). In contrast to normal

individuals who have a suppressed immune response following UV exposure, the immune
response in patients with polymorphous light eruption is not suppressed.
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Figure 6.
Two proposed models of the photopathogenesis of cutaneous lupus. (A) In subjects with Ro

positive lupus, UV exposure of the skin results in translocation of the Ro protein to the
surface of the keratinocyte, which enables anti-Ro antibodies to bind. Cytotoxic cells that
express Fc receptors for the 1IgG molecule bind to the Fc portion of the anti-Ro antibody,
which is attached to UV-irradiated keratinocytes expressing the Ro antigen on their surface.
Thus, cytotoxicity occurs, leading to keratinocyte lysis. (B) Following UV exposure,
apoptotic keratinocytes (sunburn cells) result. Apoptotic blebs are released from the dying
keratinocytes. In unaffected individuals, these apoptotic blebs are removed by macrophages
via non-inflammatory mechanisms. In lupus patients, the apoptotic bodies are taken up by
dendritic cells and enter a pro-inflammatory pathway.
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