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Abstract

Daylight-mediated photodynamic therapy (d-PDT) as a treatment for actinic keratosis (AK) is an
increasingly common technique due to a significant reduction in pain, leading to better patient
tolerability. While past studies have looked at different light sources and delivery methods, this
study strives to provide equivalent PplX-weighted light doses with the hypothesis that artificial
light sources could be equally as effective as natural sunlight if their PplX-weighted fluences were
equalized. Normal mouse skin was used as the model to compare blue LED light, metal halide
white light, and natural sunlight, with minimal incubation time between topical ALA application
and the onset of light delivery. A total PpIX-weighted fluence of 20 Jes/cm? was delivered over 2
hours, and the efficacy of response was quantified using three acute bioassays for PDT damage:
PplIX photobleaching, Stat3 crosslinking, and quantitative histopathology. These bioassays
indicated blue light was slightly inferior to both sunlight and white light, but that the latter two
were not significantly different. The results suggest that metal halide white light could be a
reasonable alternative to daylight PDT, which should allow a more controlled treatment that is
independent of weather and yet should have similar response rates with limited pain during
treatment.

Graphical abstract

In this study three light sources were directly compared for daylight-mediated photodynamic
therapy efficacy. Two artificial light sources, a blue LED and a ceramic metal halide white light
were compared to natural sunlight. Each source's spectral irradiance was normalized to the
absorption spectrum of the photosensitizer, protoporphyrin IX (PplX), to deliver a precisely
matched total light dose. Acute bioassays including immunoblot and quantitative histopathology,
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pictured above, reveal that all three light sources were effective mediators, though blue light was
found to be slightly inferior.

Introduction

Photodynamic therapy (PDT) is a treatment strategy that combines a light-sensitive drug
called a photosensitizer (PS), with excitation light of the appropriate wavelength(s), and
through collisional quenching by tissue oxygen, generates cytotoxic molecules that can
induce necrosis and apoptosis of tissues in a spatially controlled manner (1-3). PDT has
become a widely utilized option for superficial, dermatological conditions, with superior
cosmetic results (4). In the U.S. it is approved to treat actinic keratosis (AK), and in Europe
it is approved for AK, Bowen's Disease, superficial basal cell carcinomas (sBCC), and in
some cases, thin nodular BCCs (5). There has also been expanding interest in anti-microbial
applications for acne vulgaris (6-8), as well as the cosmetic field of photorejuvenation
(9,10). As PDT has become more widely practiced in clinics for these indications,
translational clinical researchers have sought to optimize patient compliance and
satisfaction, with a focus on pain reduction. PDT-associated pain varies from patient to
patient, but it can sometimes prove intolerable (11-13). In response to this, Wiegell et al.
demonstrated that the combination of low-intensity light and the significant reduction of the
PS incubation time can together greatly reduce the patient's perception of pain, without
sacrificing efficacy for the treatment of AK (14). Since then, daylight mediated PDT (d-
PDT) has become internationally recognized as an effective treatment strategy for AK (15—
19). In addition to high tolerability, d-PDT has added benefits such as the ability to treat a
large area of multiple lesions simultaneously, improved clinical workflow due to the removal
of the drug incubation step, and the ability to treat multiple patients simultaneously.

The innovation of natural sunlight as a mediator for PDT has introduced the need for
standard methods of reporting and comparing light doses, which can vary in spectrum or
fluence rate. While there has been some inconsistency in the literature about reporting the
spectral irradiance of the sun in a manner that allows comparison between research groups,
the initial Wiegell paper suggested that disparate light sources could be directly compared by
normalizing their raw output to the absorption spectrum of protoporphyrin IX (PplX) (14).

In practice, this has been done by most reports now that use d-PDT, and this method was
adopted here to allow for a quantitative comparison between different lamps and light
sources. While this approach solves a large fraction of the inter-light source comparisons, it
should also be noted that the exact PplX spectrum used can vary depending upon the
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solvent, and in this study we chose PpIX dimethyl ester dissolved in chloroform (20).
Additionally, the effects of tissue optical properties are not accounted for in this approach,
but this will be discussed after the results of this paper.

The question tested in this study was, could two artificial light sources, blue L ED and metal
halide white light, be as equally effective as sunlight if the delivered fluences are equal when
normalized to PplX?This study evaluated the biological response to PDT by the chosen
light sources via three acute indicators of PDT damage, as we have previously described
(21). Briefly, PplX photobleaching, Stat3 crosslinking, and traditional histopathology were
used as /n situ measures of physical dosimetry, biochemical damage and biological damage,
respectively. Normal nude mouse skin was used as the model to investigate these questions,
because of its exquisite homogeneous production of PpIX (22,23). The entering hypothesis
was that although the spectral signatures between the three light sources were different,
careful normalization to PplX's absorption spectrum would yield equally effective results.

Materials and Methods

Light Sources

For the purposes of this study we wanted to choose three distinct light sources that would
have generous spectral overlap with PpIX's absorption spectrum and would be able to deliver
20 Jesifcm? over approximately 2 hours. The selected lights were a 415 nm LED (Light
Therapy Options, Thomaston, CT) a broad spectrum, ceramic metal halide (Philips,
Amsterdam, Netherlands) and natural sunlight (fig. 1). It should be noted that for simplicity,
we will refer to these lights as blue, white, and sun, respectively, but with regard to the metal
halide in particular the spectrum is very specific to the type of bulb used. To help filter
harmful UV wavelengths, a consideration necessary for human translation, an acrylic glass
sheet was placed between the light source and mouse during spectral measurements and
treatment (Supporting Information, fig. S1). Spectral data were captured using the SS-110
Field Spectroradiometer (Apogee Instruments, Logan, UT). The instrument was last
calibrated April 2017, prior to any data collection, and is valid until April 2019. Calibration
was performed by the manufacturer with a LI-COR model 1800-02 Optical Radiation
Calibrator using a 200 Watt quartz halogen lamp. The 1800-02 and quartz halogen lamp are
traceable to the National Institute of Standards and Technology (NIST). Using the
spectroradiometer, we verified that the irradiance of each light source would be uniform
across the treatment field (approximately 50 mm x 38 mm, data not shown).

PplIX Weighting

For dose planning and verification, the emission spectrum of each light source was weighted
to the absorption spectrum of PplX. For a given PplX spectrum, the peak maximum was
determined and assigned a value of 1. All other wavelengths were expressed as a fraction of
the peak maximum (0-1). We then multiplied this normalized spectrum by the absolute
spectral irradiance of each light source to determine the PplX-weighted irradiance. We
aimed to deliver 20 Jqg/cm? over approximately 120 mins. For the artificial light sources
(blue & white), spectral measurements were taken pre-treatment and the distance from light
to animal was adjusted to deliver approximately 2.78 mW,g/cm?. For natural sunlight, we
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took real-time spectral measurements (one per minute) and calculated the appropriate
stopping time.

Photodynamic Therapy in vivo

For these studies normal nude mouse skin was used as the model. All animal procedures
were carried out in accordance with Dartmouth's Institutional Animal Care and Use
Committee. 30 female mice (~20 weeks old, Charles River Laboratories, Wilmington, MA)
were divided evenly among the three light groups. The treatment field was divided into 4
equal areas, 9.5 mm x 12.5 mm each, for a total field of 50 mm x 38 mm ([1 control + 1
treated] x 2 assays = 4, fig. 2). Prior to treatment, baseline PplX fluorescence measurements
were taken using a dual channel fiber optic probe, as previously described (21,24). After
measurements, Levulan Kerastick® (20% 5-ALA) was applied evenly to each area. Each
animal served as its own control, so half of the field was occluded with light-impermeable
dressing (control = +PS, - light, fig. 2b-c). To prevent potential anatomical artifact, the
occluded field was randomized to either the upper or lower back for every other animal, such
that each light group had a total of 5 upper and 5 lower control fields. Immediately after the
pro-drug was applied and the dressing was affixed (~5 min) the animal was exposed to light
for approximately 2 hours. Over the course of treatment, internal body temperature was
continuously monitored by a rectal thermometer (Kent Scientific, Torrington, CT) and
maintained within + 0.5° C of 37° C. This was done by placing a gentle desk fan in front of
the mice receiving white light or sun; the blue light group required a heating pad. Upon
completion of the light dose, post-treatment PpIX measurements were taken and two skin
biopsies were harvested (one treated, one control, fig. 2c) for Stat3 analysis. After 24 hours
post treatment, the animal was sacrificed and the two remaining skin biopsies were taken for
H&E staining (one treated, one control, fig. 2c).

Protein isolation & quantification for Stat3 analysis

Biopsies approximately 9.5 mm x 12.5 mm in size were taken from the treatment plane and
immediately placed on ice in ~800 pl RIPA buffer (Sigma-Aldrich, St. Louis, MO)
containing 1 mM PMSF, protease (Sigma-Aldrich) and phosphatase inhibitors (Thermo
Fisher Scientific, Waltham, MA). Samples were allowed to equilibrate on ice for 20 minutes
before physical homogenization, followed by centrifugation for 5 minutes at max speed. The
supernatant was then carefully transferred to a clean vial for storage at -20° C until ready for
use. Protein concentrations were quantified using BCA assay (Thermo Fisher).

Quantitative Western Blotting

Stat3 crosslinking was interrogated by SDS-PAGE and immunoblotting, as previously
described (21). Briefly, samples containing 50 ug protein were denatured and separated on a
4-15% polyacrylamide gel (Bio-Rad Laboratories, Hercules, CA). Proteins were then
transferred to a 0.2 ym PVDF membrane (Bio-Rad) using the Bio-Rad Trans-Blot Turbo
transfer system. To block non-specific interactions the membrane was incubated with 5%
powdered skim milk in PBS for 1 hour at room temperature. Primary antibody staining
occurred overnight at 4° C, using the Santa Cruz (Dallas, TX) Stat3 antibody (F-2), at a
dilution of 1:200 in a 5% BSA, PBST solution. The next day, the membrane was washed 3x
for 5 min in PBST and incubated with a fluorescently labeled secondary antibody (IRDye®
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800CW Goat anti-Mouse 1gG, LI-COR Biosciences, Lincoln, NE) at a dilution of 1:15,000
for one hour at room temp. After a final set of three washes, the membrane was imaged
using the LI-COR Odyssey CLx. Crosslinking levels were normalized to monomer and band
intensities were quantified using the LI-COR Image Studio™L.ite software.

H&E analysis — nuclei counting

To quantify epidermal keratinocyte damage, we counted the number of healthy or normal
appearing nuclei in the epidermis, as previously described (21). Slides were scanned on the
Vectra automated slide scanner (Perkin Elmer, Waltham, MA) at 40x resolution (334 x 240
um2). Five regions of interest were randomly scanned per biopsy (a total area of 1667 x
1200 um?). Using Fiji (25), regions of interest (ROIs) were drawn around the epidermis. We
then used the IHC Toolbox plugin to segment and count nuclei (26,27). The algorithm could
be visually verified by an overlay that was produced demarcating the counted nuclei.
However, we found that the algorithm was only successful about 50% of the time, perhaps
due to inherent differences in the staining contrast. The images that “failed” were then
manually counted. For each biopsy, the five ROIs were summed for a total count.

H&E analysis - hematoxylin histograms

The same five regions of interest per biopsy described above were analyzed here (a total area
of 1667 x 1200 um?). Again, using Fiji, the same ROIls were selected around the epidermis.
We then used a color deconvolution plugin (28,29) to separate the composite image into its
individual hematoxylin and eosin components. From here, a pixel intensity histogram was
generated of the hematoxylin stained image (within the epidermis). For each biopsy, the five
histograms were summed. Histograms were then smoothed using a moving median filter,
and the peak maxima were compared for statistical evaluation.

Statistical Evaluation

Results

Intragroup analyses (control v. treated) were performed using a two-tailed, paired Student's
T Test. Intergroup analyses were performed with a two-tailed, two sample, assumed unequal
variance Student's T Test. For all boxplots, the mean is indicated by a dotted line. The box
represents the interquartile range and the whiskers represent the max and min. If outliers are
present, they are displayed as filled circles. Only significant p-values (<0.05) are given
above the corresponding data.

Small changes in PplIX's absorption spectrum affect the calculated weighted light dose

Not surprisingly, small solvent and/or concentration shifts in PplX's absorption spectrum can
cause significant differences when calculating the cumulative weighted light dose. We
compared a spectrum that has been widely used for dose-weighting in the literature (30-32)
(Peng, fig. 3) to a standard appearing in the PhotochemCAD library (20) (Taniguchi, fig. 3)
that we have used in the current and previous study (21). Additionally, we collected our own
spectrum to serve as a reality check (Marra, fig. 3). We retrospectively calculated a total
fluence using each spectrum (table 1), but for actual dose planning during this study, we
standardized our light sources to the Taniguchi spectrum.
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Blue, white, & sun are effective in their ability to photobleach PplX

PplIX levels can vary widely from patient to patient, and have been shown to correlate to
patient pain as well as clearance outcome (33,34). Therefore, it is good standard practice to
monitor PplX production and photobleaching to correlate to results. Typically, PpIX levels
are measured after the incubation of 5-ALA (or its methyl ester) for several hours to assess
the buildup of the photosensitizer within the lesion. However, in the d-PDT modality there is
little or no incubation of the pro-drug and therefore no PpIX accumulation. As such, we had
to infer PpIX accumulation from the covered control field. We saw that in each light group
there was significant build-up under the occlusion, while only nominal levels of PpIX could
be detected in the light-exposed treatment field (fig. 4). The PplX fluorescence dosimeter is
equipped with two different excitation lasers, blue and red. By blue laser excitation (fig. 4a),
we can see that PplX values had accumulated in the control tissue to 1.4 £ 0.5, 0.7 + 0.4, and
0.7 = 0.2 for blue, white, and sun, respectively (a.u., mean = SD). In contrast, the treated
tissue was successfully photobleached to 0.1 + 0.1, 0.1 £ 0.0, and 0.2 £ 0.2 for blue, white,
and sun respectively. This indicates that each light source was effective in activating the
PplIX that was available. Likewise, red laser excitation (fig. 4b) shows high levels of PpIX
accumulation in the control tissue (2.2 + 1.0, 1.0 £ 0.6, and 1.3 £ 0.6; blue, white, sun) and
minimal levels in the treated tissue (0.1 + 0.3, 0.3 £ 0.3, and 0.3 £ 0.4; blue, white, sun).
Interestingly, we observed that the white & sun groups had half as much build-up of PplX in
their control fields than the blue group (p <0.05).

Blue, white, & sun induce Stat3 crosslinking

Stat3 crosslinking has been demonstrated in the literature to be an immediate indicator of
PDT efficacy and is dosimetric in nature, with regard to light dose and photosensitizer
concentration (21,35,36). Figure 5 shows that there is a significant increase in Stat3
crosslinking (expressed as a percentage of monomer) in all three light groups, with mean
values of 3.3+ 1.7,6.1 £ 2.6, and 4.6 £ 3.0 for blue, white, and sun, respectively (x SD).
This was compared to control tissue where crosslinking values were 0.4 £ 0.5, 0.6 £ 0.7, and
0.7 £ 0.6 (blue, white, sun) and could not be detected by eye on the immunoblot (Fig 5a).
We can also observe that there was significantly less crosslinking, by a factor of 2, in the
blue group than in the white group (p <0.05).

Histopathology shows cellular damage in each light group, mainly localized to the

epidermis

At 24 hours post-treatment we see significant keratinocyte damage localized to the
epidermis (fig. 6). When we quantified this damage, we noticed a significant difference
between the treated and control tissue in each light group (fig. 7). The mean number of
healthy nuclei (£ SD) visible in the epidermal layer of the control tissue were 457 + 106,
483 + 105, and + 448 * 119 for blue, white, and sun, respectively. This was decreased in the
treated tissue to 301 + 193, 200 + 87, and 134 + 85 for blue, white, and sun, respectively.
Additionally, we can see that there was a 2-fold difference between the damage inflicted by
sun compared to the damage inflicted by blue light (p <0.05).

Because of the low accuracy that often accompanies segmenting algorithms, and the burden
of manually counting thousands of nuclei, we sought to determine a simpler and more time-
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efficient method to quantify epidermal damage. Cellular damage is characteristically
distinguished by a shrinking of the nuclei, as well as hyper-eosinophilia (an increase in the
pink staining, indicative of cellular membrane breakdown that exposes proteins to this dye).
We therefore posited that damage would be correlated to a loss of purple staining.
Hematoxylin histograms indicate that there is a decrease in the area of the epidermis
(shrinkage) and that there is a shift in the intensity of staining (fig. 8). These changes can be
quantified by a shift in the peak maximum. When analyzed, we see very similar patterns to
the counting method, and an r2 value of 0.74 (fig. 9), suggesting this method could be used
to rapidly and accurately quantify epidermal damage.

Discussion

In the present study, the question posed was, could two different artificial light sources be
equally as effective as sunlight if the delivered light doses are carefully matched to PplX's
absorption spectrum? The goal was to assess if blue light treatment could be utilized in a low
irradiance and low incubation time approach, thereby leading to lower pain in clinical
treatments, similar to what is reported by d-PDT. The metal halide lamp was chosen to
mimic natural sunlight, but is readily accessible and controlled in a clinic. Our treatment
protocol deviated slightly from what is commonly practiced in Europe and Australia,
because there the methyl ester of ALA (MAL) is used, which is formulated in a white
opaque cream. In that application, irradiation is done after 30 minutes, partly because the
MAL must be removed before light treatment can commence usefully. This is why it is
typically allowed to incubate for 30 minutes prior to light exposure in the d-PDT modality.
The Levulan that is approved in the US and was used in this study is a clear formulation and
therefore no removal step is needed. So one potential advantage of Levulan over MAL is this
ability to have no waiting period between ALA administration and irradiation.

In a previous study from our group (21), a comparison between the efficacies of low-
intensity artificial and natural sunlight to conventional & fractionated PDT was initially
attempted. The results demonstrated that a variety of acute biomarkers that are dosimetric in
nature could be used in future studies to rapidly quantify PDT efficacy. The current study
employed these assays and in summary, the results confirm that each light source was
effective across the three acute indicators used to assess PDT efficacy: i) the capacity to
photobleach PplX, ii) the induction of Stat3 crosslinking, and iii) the induction of observable
histopathological damage to epidermal nuclei (table 2). However, as the results also indicate,
the blue light treatment group was slightly less effective than sun and white light.

Stat3 and histopathology analyses together reveal that blue light is a somewhat inferior
mediator of PDT. With regard to Stat3 crosslinking, it was observed that blue light was less
effective than white by a factor of 2 (p <0.05), but that sunlight was not significantly
different from either group. This is complementary to the H&E data, where blue light
irradiation was inferior to sunlight by a factor of 2 (p <0.05), while white light was not
significantly different. Taken together, it is possible to conclude that blue was inferior to
both lights, while white lamp and sun are equally effective mediators. This conclusion
challenges the current hypothesis that all lights would perform equally when weighted to the
absorption spectrum of PplX.
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One theory for the less favorable effect from blue light could be the limited depth of tissue
penetration at these wavelengths. Valentine et al. found through Monte Carlo simulations
that 405 nm light could necrose tumors up to a depth of 2.23 mm and 620 nm light could
necrose to depths of 3.81 mm (37), all else being equal. However, in the current study, no
observations of any depth differences were seen in the pathology data, which showed that
damage was mostly confined to the epidermis and the hair follicles, with an average depth of
~60 um (Supporting Information, fig. S2). This is much shallower than the expected light
depth penetration reported in the literature. A possible explanation is that the limiting factor
here is not light penetration, but the diffusion rate of the 5-ALA. This could be especially
true for daylight PDT protocols, where there is no protected incubation time of the
photosensitizer, but rather the pro-drug and light administered simultaneously. It seems
obvious that with longer incubation times 5-ALA, and possibly PplX, would diffuse deeper
into the skin, and in this situation one would expect to see the wavelength-dependent
penetration exert a greater effect. Juzenas et al. experimentally determined the diffusion
coefficient for 5-ALA to be 0.16 +/- 0.03 mm? per hour (38). In another Monte Carlo paper,
Campbell et al. demonstrated that daylight can treat tumors at depths of 2 mm, but this
model assumed that PpIX had already accumulated at depth (39). When their model
decreased PplX's concentration by a factor of three, they obtained ~1 mm depth damage.
This is still ~10 fold greater than the depths that we observed, but a key difference is that our
study employed normal mouse skin. Studies have shown that PpIX photosensitization rarely
occurs in the dermis (40), and so the question of depth efficacy is likely beyond the scope of
this study. Still, it would be interesting to determine the exact depth-to-time ratio, and
perhaps incubation times could be finessed to treat thicker lesions, with the understanding
that there will most likely be a trade-off with the patient's perception of pain.

The overall attenuation by tissue optics from both absorption and scattering, does
dramatically decrease the available light with increasing wavelength (41,42). Without
accounting for this factor, the calculated PplX-effective light dose actually overestimates the
dose delivered by the blue light. It would follow that the broader band light sources, white
and sun, could actually be delivering a stronger effective dose, and in the future a more
accurate weighting factor could be a combination of PpIX's absorption spectrum modified
by the penetration by the tissue optical properties down to the depth of tissue where PplX
production is important. To complicate matters, small shifts in PplX's absorption spectrum
can exacerbate discrepancies in the effective light dose, and it makes cross-study
comparisons difficult. For example, Rubel et al. found that they were unable to achieve a
comparable sunlight dose by a factor of two, stating “Moreover, the effective light dose we
observed (22.8 J cm?) was lower than that observed by Wiegell et al. (43.2 J cm?), perhaps
due to the fact that their study was performed in the summer” (14,43). Currently, it is not
easy to determine what the true, physiological absorption spectrum of PplX looks like /in
vivo, and our study is limited in that it was done in pre-clinical mouse skin. Future studies
quoting weighted PplIX fluence values should ideally reference or publish the exact PpIX
absorption spectrum that was used for calculating the effective light dose, so that cross-study
comparisons may be more standardized.

Finally, we observed that there was a slight response difference between the groups with
regard to the post-treatment PplX fluorescence measurements. Figure 4 shows that there was
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nearly a two-fold increase in PplX accumulation in the blue group's control field (p <0.05).
We do not have a good explanation for this. We are confident that the white light and
sunlight were not able to directly penetrate the occlusive dressing, which was tested by
covering the spectroradiometer with the material and taking measurements (Supporting
Information, fig. S3). There should not have been any biological differences among the
animals in the different light groups. We made efforts to maintain core body temperature, but
it could be that the surface temperature was more variable as this was not directly measured,
and it is well documented that temperature affects PDT efficacy (44,45). It could be possible
that the longer wavelengths present in the white light and sun are scattered within the tissue,
and photons may be able to travel farther and perhaps reach the control field, but this was
not tested. At any rate, we did not observe any significant damage in the control
histopathology, so although this is an interesting observation it is not impactful to this study.

In this study, the efficacies of two different low irradiance artificial light sources were
compared to sunlight based PDT, with the hypothesis that exact dose matching to PplX's
absorption spectrum would yield equal results. Using a normal mouse skin model, with
minimal time delay between ALA application and onset of light delivery, the results show
that the blue light group was slightly inferior to both artificial metal halide white light and
natural sunlight, as quantified by three acute biomarkers of PDT efficacy: PpIX
photobleaching, Stat3 crosslinking, and histopathology. The observed differences are
hypothesized to be from wavelength dependent light attenuation of exclusively blue light,
relative to the broader spectrum metal halide white light or natural sunlight, by the
biological tissue optical properties. However, the efficacy of the artificial metal halide
appears to be identical to natural sunlight in this murine skin model, when delivered under
these controlled conditions. These data suggest that daylight PDT might be attempted with
metal halide lamp irradiation and that a very similar control of lesions could be expected,
compared to sun. The added value is that this treatment would be independent of
uncontrolled factors such as weather, and it would allow this painless PDT approach to be
used in more northern climates or in less reliable weather patterns, without sacrificing
efficacy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Emission spectra of the three light sources used in this study, overlaid with the absorption
spectrum of PplX. a) 415 nm LED, b) ceramic metal halide, c) natural sunlight. Each
spectrum is normalized to its respective peak maximum for visualization.
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a) Layout of the treatment field. b) Light-impermeable dressing used to cover the control
field (control = +photosensitizer, -light). c) Schematic of post-treatment biopsies to be taken

for analysis.
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Figure 3.
Various absorption spectra of PpIX in solution. Small shifts due to solvent and molar

concentration are observed. Data has been adapted and displayed here with permissions
from the authors and publishers.
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Figure 4.

Each light source is an effective mediator of photobleaching PplX. a) PpIX is detected by
blue laser excitation, corresponding to shallow depths in the skin. b) A red laser was used to
probe deeper levels of PplX. +PS indicates region received photosensitizer.
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Figure5.
Stat3 crosslinking is detectable in each light group. a) A representative immunoblot showing

homodimeric Stat3 complexes outlined in yellow. A positive control (high dose, fractionated
PDT) was included. b) Intensity of bands was quantified and normalized to monomer. +PS
indicates region received photosensitizer.
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Figure®6.
A representative panel demonstrating that PDT damage is obvious in each light group (d-f),

characterized by condensation of nuclear material, hypereosinophilia, and shrinking of
epidermal thickness. Control tissue a) blue, b) white, ¢) sun. Treated tissue d) blue, e) white,
f) sun.
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Figure7.

Healthy nuclei counted in epidermis. Quantification reveals that the blue group causes
significantly less damage than the sun group. +PS indicates region received photosensitizer.
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Figure8.

Epidermal damage can be visualized indirectly through the hematoxylin staining profile. The

blue group (a) shows the subtlest change between treated and control, though there is an
overall decrease in area. The white (b) and sun (c) groups show a distinct peak shift,
indicating a dramatic loss of hematoxylin staining.
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Figure9.

Statistical analysis of peak maxima (a) reveals almost identical trends to the nuclei counting

method (b). +PS indicates region received photosensitizer.
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Table 1

The calculated total light dose is dependent on which PplX spectrum is used.

Variance among Ppl X-Weighted Light Doses

Effective Fluence (J/cm?)

Blue 20 23 19
White 20 29 17
Sun 18 24 17

PplX Spectrum  Taniguchi Peng Marra
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