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Abstract

Background—Phototesting studies in cutaneous lupus erythematosus have yielded variable 

results, with most trials reporting photo-induction of lesions by both UVA and UVB in substantial 

numbers of patients.

Objectives—To determine the minimal erythema dose in patients with subacute cutaneous lupus 

erythematosus (SCLE) and controls.

Patients/methods—We phototested nine patients with SCLE and 14 skin type-matched 

controls, using repetitive dosing of UVA1 and UVB, but with filters that removed most of the 

shorter UVC and longer infrared and visible light. In addition, DNA was isolated from 

anticoagulated blood to genotype the TNF-α 308 region in each patient and control.

Results—We were unable to demonstrate a difference in minimal erythema dose (MED) between 

patients and controls, or any correlation of MED with either TNF genotype or systemic drug 

therapy for SCLE. In addition, no SCLE skin lesions were induced in the nine patients with either 

UVA or UVB, and one patient cleared a skin lesion after low-dose UVA1 irradiation.

Conclusions—The potential role of wavelengths outside the UVA and UVB range in the photo-

induction of cutaneous lupus skin lesions needs to be investigated, and there is a need to 

standardize phototesting equipment and procedures for patients with cutaneous lupus 

erythematous.
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Ultraviolet (UV) radiation is a well-established trigger of cutaneous lupus erythematosus (1–

5), and subacute cutaneous lupus erythematosus (SCLE) is one of the more photosensitive 

subsets of cutaneous lupus erythematous (LE) (6). Skin lesions often occur in a 

photodistributed pattern and are more common in the summer months (7, 8). There are 

clearly both environmental and genetic factors in the pathogenesis of SCLE (9–11). Sunlight 

exposure, the anti-Ro antibody, HLA type, and polymorphisms in complement molecules 

and TNF-α have all been correlated with the presence of disease (12–16).

Photoprovocation studies using artificial sources of UVA (320–400 nm), UVB (290–320 

nm), and visible light are a common way to examine photosensitivity in SCLE patients (17–

24). Of concern, there is large variability in the reported results, with the percentages of 

SCLE patients showing photoprovocation ranging from 50% to 100% in response to UV 

radiation. The variation can be partially explained by differences in light radiation sources 

and filters, ultraviolet doses and dosing schedules, size of the testing area, and site of testing 

(21).

Recently, Gasparro and Brown reported that the radiation sources typically used in 

phototesting protocols are often contaminated with non-physiologic wavelengths of light. Of 

particular concern is UVC radiation, which accounts for between 3% and 11% of the light 

produced by common, unfiltered fluorescent sunlamps (25, 26). UVC is absorbed by the 

ozone layer in the atmosphere and never reaches the earth’s surface. This subtype of 

radiation has no physiologic impact on the formation of SCLE lesion in vivo and may be one 

explanation for the discrepancies in the lesional induction rates found in the 

photoprovocation literature. Similarly, Gasparro and Brown have noted the lack of routine 

use of filters to remove visible light and heat from UVA testing sources. Complicating 

matters further, many studies fail to report properly the action spectrum of UV radiation 

emitted from their sources. This compounds the variability between the studies and makes 

an accurate assessment of the impact of pure UVA or UVB radiation difficult to evaluate.

In the present study, we sought to examine the effects of physiologically relevant doses of 

UV radiation. Using controlled irradiation devices with filters to block unwanted 

wavelengths, we phototested a cohort of nine patients with SCLE. We assessed the minimal 

erythema dose (MED) and whether lesions could be provoked with physiologically relevant 

doses of ultraviolet radiation. Spot sizes were standardized by using a spot size that works 

for MED testing. We compared the MED of patients with SCLE with skin-type matched 

controls and correlated these results with the TNF-α promoter polymorphism. Finally, we 

used low-dose UVA1 to see whether we could clear lesional SCLE skin.

Methods

Patients

RB approval was attained from the University of Pennsylvania and the VA Medical Center 

of Philadelphia. Nine patients with clinically and histologically diagnosed SCLE were 

recruited from the autoimmune skin disease clinic at the Hospital of the University of 

Pennsylvania. All patients were classified as having skin type I or II skin (27). Medication at 

the time of the study was carefully recorded. Age-matched healthy controls with similar skin 
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types were recruited from the surrounding population. Exclusion criteria included use of 

photosensitizing drugs, recent sun exposure, and topical treatment to the areas being 

irradiated (Table 1).

Radiation sources

The UVB source was a Westinghouse FS-72/T12 broadband UVB light box (Ultralight, 

Laurenceville, GA, USA), with the filtered UVB light source measured by 

spectroradiometric measurement at the time of the experiments showing 0.64% UVC, 

40.55% UVB, 17.36% UVA, and 41.47% visible and near infrared (Vis+NIR). A kodacel 

filter (Eastman Kodac Co., Rochester, NY, USA) was used to block UVC radiation (Fig. 1a). 

UVB doses were measured with an International Light UV IL-443 UVB meter 

(Newburyport, MA, USA) after a 15-min warm-up period of the bulbs.

The UVA source consisted of a Berger xenon arc solar simulator (Solar Light Company, 

Philadelphia, PA, USA). A 3mm 335nm Schott filter (Schott Glass Technologies Inc., 

Duryea, PA, USA) was used to block all wavelengths shorter than UVA, and a UG11 filter 

was used to block the majority of infrared and visible light. A 3mm 345 Schott filter was 

used for lesional spot irradiation. The solar simulator with a WG335 Schott filter showed 

0.000083% UVC, 0.0049% UVB, 99.84% UVA (12.0% UVA2 and 88% UVA1), and 0.15% 

Vis+NIR (Fig. 1b). The solar simulator with a WG345 Schott filter showed 0.00018% UVC, 

0.00021% UVB, and 99.84% UVA (0.003% UVA2 and 99.7% UVA1). The irradiance was 

measured with an IL 1400A Research Radiometer (International Light, Newburyport, MA, 

USA) after a 15 min warm-up period of the solar simulator.

The spectrum of each UV source was measured using a scanning double monochromator 

spectroradiometer (model OL 754, Optronic Laboratories, Orlando, FL, USA) configured 

with 0.25/1.0/0.25mm slits and a 4-in. diameter integrating sphere with a 6mm entrance 

aperture, scanning at 1 nm increments from 250 to 450 nm. The spectroradiometer was 

calibrated by scanning an NIST traceable tungsten–halogen spectral irradiance standard 

(model 752-10E, Optronic Laboratories) powered by a precision current source (model 65, 

Optronic Laboratories) at 1nm increments using procedures established by the manufacturer 

of the instrument. This system also used a small portable dual source calibration module 

(model 752–150, Optronic Laboratories) to check both the photometric gain, using a small 

tungsten-halogen source, and the wavelength accuracy, using Hg lines from a small 

fluorescent source. Before each calibration or measurement, the wavelength calibration and 

gain are established or verified.

Phototesting procedures

Each patient and control subject was given a panel of eight 1 cm2 spots of UVB radiation in 

increasing increments of 25% to determine the MED, the smallest amount of UVB radiation 

needed to produce confluent erythema. MED testing was performed on photoprotected areas 

of the mid to lower back. Patients were given one MED of UVB radiation and 20 J/cm2 of 

UVA1 radiation to separate 1 cm2 areas of non-lesional skin on their lower backs for 5 

consecutive days. These spots were deliberately placed in areas not receiving daily exposure 

to the sun. In addition, each patient also received 5 J/cm2 of UVA1 radiation to a pre-
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existing skin lesion for 5 consecutive days to see whether this would affect resolution of 

lesions. Lesions were occasionally in photo-distributed areas. Each patient was examined 1, 

2, 3, 7, 14, and 21 days after irradiation to determine the presence of photo-induced lesions. 

The criteria for a positive photoprovocation test were the slow development of a lesion over 

several days or weeks, a characteristic appearance of these lesions resembling clinical 

SCLE, and confirmation of clinical diagnosis by histology. Clearance involved the complete 

resolution of a clinical lesion in the absence of any additional medication.

TNF-α genotyping

DNA was isolated from anticoagulated blood according to standard protocols (Gentra 

systems, Minneapolis, MN, USA). An allele-specific polymerase chain reaction was used to 

genotype the TNF-α 308 region in each patient and control, as previously described in detail 

(28).

Statistics

Comparisons between patients and controls, and within patient subgroups were performed 

using the unpaired, two-tailed t-test.

Results

MED

There was no significant difference in the MED of UVB radiation between the −308 TNF 

promoter polymorphism GA and GG SCLE patients (P=0.5; Table 1, Fig. 2). The mean 

MED in our SCLE cohort was 98.89 mJ/cm2, not significantly different from the mean MED 

of the control population: 97.86 mJ/cm2 (P=0.91; Table 1, Fig. 2). There was also no 

significant difference between the MED of the treated patients, 98.33 mJ/cm2, compared 

with those not receiving treatment: 100 mJ/cm2 (P=0.93; Fig. 3).

Photoprovocation

Utilizing our phototesting protocol, we did not induce lesions in any of our SCLE patients in 

response to either UVA or UVB radiation. We saw clearance of a pre-existing lesion in 

response to 5 J/cm2 of UVA1 radiation in one patient (patient 2, Table 1).

Discussion

Consistent with previously published results, we found no significant difference between the 

MED of our patient population and our control population (18, 20, 21). Treatment also 

appeared to have no effect on the MED in our SCLE cohort. Interestingly, we found that the 

MED in our patient and control populations using a UVB radiation source with a kodacel 

filter to minimize UVC contamination was similar to those found in previous studies using 

unfiltered UVB radiation (18, 20–22). Several authors have postulated that the UVC 

component of the UVB radiation sources commonly used in phototesting studies makes a 

significant contribution to the erythema response (25, 26, 29). After minimizing UVC, we 

expected to see slightly higher MED values than those previously reported in SCLE 

populations. One explanation for this may be our inclusion of subjects with only phenotype I 
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or II skin. MEDs are known to vary with skin type, with progressively increasing amounts of 

radiation needed to induce erythema in darker skin (30). The phototesting literature does not 

typically distinguish between skin type in either MED determination or lesional induction 

(Table 2). Skin type may influence the MED values listed in photoprovocation studies, and 

may also be one factor in the highly variable photoprovocation rates.

In contrast to the high rates of photoprovocation generally seen in SCLE patients, we saw no 

induction of skin lesions in our SCLE cohort in response to either UVA or UVB irradiation 

(Table 2). This may be secondary in part to our use of standardized physiologic doses of 

UVA and UVB radiation. A thorough search of the literature reveals that phototesting 

protocols use differing doses of radiation, often at supra-physiologic levels (Table 2). Some 

studies utilized variable doses of UVB radiation decided on a perpatient basis in their 

protocols (17, 21, 22). This practice makes it difficult to infer the total doses of radiation 

received by each patient and consequently difficult to infer overall UVB-induced 

photosensitivity. Many groups also administered doses of UVA radiation approaching four to 

five times the physiologic levels (18, 20, 23). In contrast to the significant photo-induction 

rates seen in studies using up to 100 J/cm2 of UVA radiation, Wolska et al. (24) saw no 

photo-induction in response to one application of 3 J/cm2 of UVA radiation, a dose that they 

had found to provoke erythema in patients with actinic reticuloid and wheal in UVA-

sensitive PMLE. We saw no induction of lesions in response to a repeated dose of 20 J/cm2 

of UVA radiation, suggesting that while large doses of UVA may be able to induce SCLE-

type lesions, physiologic doses of UVA radiation may not be wholly responsible for the 

photosensitivity of SCLE or that variables like the size of the phototesting area and location 

are important aspects of standardizing photoirradiation protocols. These other variables may 

contribute to the varying results reported in different studies. Clearly, the approach to 

phototesting should be standardized with regard to the radiation sources as well as these 

other variables.

Previous phototesting studies have used larger spot sizes than the 1 cm2 area used in our 

study (Table 3) (17, 18, 20–22, 24). The recommended spot size for standardized studies is 5 

× 8 cm2 (31, 20, 23). A review of the literature did not yield any controlled studies 

comparing spot sizes and photoprovocation, or explaining why larger spot size was 

necessary for photoprovocation. Rather, the use of larger spot size seems based on personal 

experience (22). Phototesting studies use a variety of spot sizes (Table 3). Wolska et al. (24) 

documented photo-induction of lesions using spot sizes as small as 2 cm2, suggesting that 

the 5 × 8 cm2 spot size is not a necessary condition for photoprovocation.

Photosensitivity in LE is thought to be caused by a combination of ultraviolet-induced 

keratinocyte apoptosis, leading to translocation of intracellular antigens to the cell surface 

where they are exposed to the immune system, increased production of UV-induced 

cytokines, such as TNF-α, IL-1, IL-3, and TGF-β, and an increased production of reactive 

oxygen species (6, 23). More recent models suggest that either increased apoptosis or 

reduced clearance of ultraviolet-induced apoptotic keratinocytes, in the correct genetic 

background, leads to uptake of self-antigens and processing by dendritic cells (32). Neither 

theory of photosensitivity would explain why a large spot size is needed for 

photoprovocation. The fact that larger spot sizes are required for photo-induction may 
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suggest that there are non-physiologic or external factors contributing to provocation of 

lesions, including heat generated from a large spot size, or physiologic factors, such as 

systemic effects of cytokine production that may result from larger spot size irradiation.

In addition to administering physiologic doses of radiation, we also sought to define 

accurately the spectra of our radiation sources and to minimize contamination of our sources 

with heat, infrared light, and UVC radiation. Recently, several authors have argued for the 

routine inclusion of spectral data in every phototesting study (33, 34, 29). Only a few 

phototesting cutaneous LE studies give the percentage of UV radiation emitted from the 

bulbs (17, 22). Light sources differ dramatically in the relative amount of wavelengths they 

produce, and the inclusion of non-physiologic wavelengths of light may greatly affect an 

individual’s response to this artificial radiation. The minimization of these non-physiologic 

wavelengths may explain in part the lack of photoinduction seen in our SCLE cohort.

We used a UG5 and UG11 filter to remove much of the heat and infrared radiation from the 

solar simulator used for UVA irradiation. These longer wavelengths outside of the ultraviolet 

range can have effects on the skin and may be relevant in induction of skin lesions (21). 

Most studies utilize the Mutzhas UVASUN 3000 lamp, which includes wavelengths well 

above the UVA range (Fig. 1c, Table 2).

Kodacel filters were used to minimize UVC radiation in our UVB-testing protocol. These 

filters have previously been shown to decrease significantly the transmittance of UVC 

radiation, allowing for less than 0.5% transmission of wavelengths under 290nm (25, 34). 

While UVC radiation is only 3–11% of the output from unfiltered commonly used 

fluorescent sunlamps, several authors have suggested that UVC can cause greater than 15% 

of the erythema response to unfiltered broad-band UVB radiation (25, 34, 26, 29, 35). When 

transmitted by artificial light sources, UVC wavelengths are absorbed by DNA, RNA, and 

cellular proteins, and can influence cellular functioning (29). Physiologically, UVC is 

absorbed in the atmosphere and does not contribute to the photosensitivity of SCLE patients 

in vivo. None of the commonly cited phototesting studies reviewed in Table 2 utilized filters 

to block UVC radiation. The lack of photo-induction seen in our SCLE cohort in response to 

purer UVB radiation may indicate that UVC contributes to the photosensitivity induced by 

artificial light sources.

Several authors have suggested that low-dose UVA1 radiation (340–400 nm) may also be 

useful as a treatment modality in cutaneous lupus, leading to decreased disease activity, 

decreased photosensitivity, and amelioration of pre-existing cutaneous lesions (36, 37). To 

discern the effects of low-dose UVA1 in our SCLE cohort, we included a treatment arm in 

our protocol in which each patient was given five daily doses of 5 J/cm2 of UVA1 radiation 

to a pre-existing lesion. Clearance of the lesion was observed in one patient 1 week after 

cessation of the treatments. While our study duration was short and our sample size was 

small, UVA1 as a treatment modality deserves exploration in future phototesting studies.

In summary, the MED was no different in SCLE patients vs. controls, and there was no 

difference in MED within the SCLE group when controlled for active treatment or TNF 

promoter polymorphism genotype. Using repetitive doses of one MED of UVB or 20 J/cm2 
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of UVA to 1 cm2 areas on the lower back in SCLE patients, no lesions were induced. In one 

patient, a lesion cleared with spot UVA1 treatment. The variability of phototesting results in 

various published studies suggests a need to evaluate the role of the many factors that vary 

between these studies, including spot size, location, and radiation sources.
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Fig. 1. 
(a) Spectrum from Westinghouse FS-72/12 lamps without (solid line) and with (dotted line) 

a Kodacel filter to block UVC. (b) Spectrum from a xenon arc solar simulator (Solar Light 

Company, Philadelphia, PA, USA) with a 3mm 335nm Schott filter (solid line) was used to 

block all wavelengths shorter than UVA, and a 3mm 345 Schott filter (dotted line) was used 

for lesional spot irradiation. A UG11 filter was used to block infrared and visible 

wavelengths. (c) Spectrum of Mutzhas lamp.
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Fig. 2. 
Comparison of the minimal erythema dose (MED) of subacute cutaneous lupus 

erythematosus (SCLE) patients with type II skin with skin type-matched controls, stratified 

for the −308 TNF-α promoter polymorphism genotype.
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Fig. 3. 
Comparison of the minimal erythema dose (MED) of treated vs. untreated subacute 

cutaneous lupus erythematosus patients.
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Table 3

Spot Sizes used in published phototesting studies

First author Spot size

Wolska (24) 2 cm2 sites on the lower back

van Weelden (22) 6 × 8 cm2 on extensor forearms; 5 × 8 cm2 on the trunk

Lehmann (20) 5 × 8 cm2 on the back or extensor surfaces of the arms

Hasan (17) 5 × 8 cm2 to 2 × 2 cm2 on upper back, upper arm or forearm

Kuhn (18) 4 × 5 cm2 on upper back or extensor arms

Sanders (21) 6 × 8 cm2 on the extensor surface of the forearms or trunk
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