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Abstract

Conventional photodynamic therapy with aminolevulinate (ALA-PDT) selectively induces
apoptosis in diseased cells and is highly effective for treating actinic keratoses. However, similar
results are achieved only in a subset of patients with cutaneous T-cell lymphoma (CTCL). Our
previous work shows that the apoptotic resistance of CTCL correlates with low expression of
death receptors like FAS, and that methotrexate upregulates FAS by inhibiting the methylation of
its promoter, acting as an epigenetic derepressor that restores the susceptibility of FAS-low CTCL
to caspase 8-mediated apoptosis. Here, we demonstrate that methotrexate increases the response of
CTCL to ALA-PDT, a concept we refer to as epigenetically enhanced PDT (ePDT). Multiple
CTCL cell lines were subjected to conventional PDT versus ePDT. Apoptotic biomarkers were
analyzed in situ with multispectral imaging analysis of immunostained cells, a method that is
quantitative and 5% more sensitive than standard immunohistology for antigen detection.
Compared to conventional PDT or methotrexate alone, ePDT led to significantly greater cell death
in all CTCL cell lines tested by inducing greater activation of caspase 8-mediated extrinsic
apoptosis. Upregulation of FAS and/or TRAIL pathway components was observed in different
CTCL cell lines. These findings provide a rationale for clinical trials of ePDT for CTCL.
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INTRODUCTION

Photodynamic therapy (PDT) utilizes the accumulation of a photosensitizer in diseased
tissue and subsequent illumination with visible light. The resultant photochemical reaction
leads to formation of reactive oxygen species (ROS), which destroy cells by inducing
apoptosis and/or necrosis (1-3). In PDT with topical aminolevulinic acid (ALA), the
targeted cells metabolize the porphyrin precursor ALA into the endogenous photosensitizer
protoporphyrin IX (PplX), rendering this treatment highly selective and virtually non-toxic
(4). Conventional ALA-PDT represents a first-line therapy for actinic keratoses (AKs) and is
increasingly used as an alternative therapeutic option for a wide range of skin disorders (5-
7). Nevertheless, the excellent outcomes achieved in patients with AKs are not easily
reproduced in other indications. This is exemplified by mycosis fungoides (MF), the most
common form of cutaneous T-cell lymphoma (CTCL). Long-term complete responses to
ALA-PDT were observed in up to 50% of patients with patch/plaque MF in certain studies
as well as in some cases of recalcitrant and/or tumor-stage disease (8-14). Such results are
promising, however, the lack of success in many other cases of MF remains unexplained.

Epigenetic gene alterations, i.e. defective gene expression due to modifications other than
those of DNA sequence, are recognized as crucial to the pathogenesis of disease (15). In
CTCL, defects involving death receptor/ligand pairs such FAS/FASL, TNF-R1/TNFa and
TRAIL-R2(DR5)/TNF-related apoptosis-inducing ligand (TRAIL) are correlated with
resistance to apoptosis (16—-18). Our previous work shows the interindividual heterogeneity
of epigenetic alterations in CTCL, reflected in variable expression of apoptotic proteins such
as FAS in lesional skin of MF patients (16). We have also demonstrated that methotrexate
(MTX) acts as an epigenetic regulator by inhibiting gene promoter methylation, thus
upregulating proteins that are essential to T-cell apoptosis and restoring the sensitivity of
CTCL to apoptotic cell death (19,20). Moreover, we established that multispectral imaging
analysis (MIA) is 5x more sensitive in the detection of biomarkers in skin lesions as
compared to standard light microscopy, making it ideally suited to preselect patients for
targeted MTX therapy and to monitor protein changes in response to treatment (21).
Therefore, we hypothesize that the limited response of CTCL to ALA-PDT might be due to
epigenetically suppressed expression of death receptors and/or their ligands and that MTX
increases the efficacy of PDT by enhancing extrinsic apoptosis (Figure 1). The data
presented here support our theory, showing that the epigenetic action of MTX in concert
with PDT allowed significantly greater induction of extrinsic apoptotic cell death as
compared to conventional PDT. We propose to introduce epigenetically enhanced PDT
(ePDT) as a novel treatment concept for disorders which require the eradication of
malignant and/or activated T-lymphocytes.

MATERIALS AND METHODS

Cell Lines

The human CTCL cell lines MyLa, Hut78, HH, SZ4 and SeAx were acquired as described
previously (19,20). The cells were cultured in RPMI 1640 medium with 2mM L-glutamine,
10% fetal bovine serum, and 1mM sodium pyruvate (all cell lines) as well as 10mM 4-(2-
hydroxyethyl)-1-piperazine-ethanesulfonic acid was added to the media (HH and SZ4 only).
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Conventional PDT and ePDT

For conventional PDT, cells were incubated for 6 hours with 1mM 5-aminolevulinic acid
hydrochloride (Sigma-Aldrich, Saint Louis, MO), followed by exposure to 630 nm light at
3.22 J/cm? using the Luzchem Expo Panel light source equipped with a red filter (Luzchem
Research, Ottawa, Canada) and collection at various time points post irradiation. For ePDT,
cells were treated with methotrexate hydrate (Sigma-Aldrich) for 48 hours and subjected to
ALA-PDT as described above. ALA only, light only, MTX only, and untreated controls
were included in all studies. Experiments involving ALA were performed in the dark to
avoid photobleaching.

Western blotting

Cells were washed with ice-cold phosphate-buffered saline (PBS) and lysed with
radioimmunoprecipitation assay buffer. DC Protein Assay (Bio-Rad, Hercules, CA) was
used to establish the amount of protein per sample. Subsequently, 30ug of protein was
subjected to sodium dodecyl sulphate-polyacrylamide gel electrophoresis and transferred
onto a nitrocellulose membrane. Blots were exposed to primary and secondary antibodies
(anti-PARP polyclonal Ab, anti-FAS mAb clone C18C12, anti-rabbit IgG horseradish
peroxidase-linked Ab, all from Cell Signaling, Danvers, MA) followed by chemiluminescent
detection.

Immunohistochemistry (IHC)

Cells were washed with PBS, centrifuged and re-suspended in PBS to create
cytopreparations on glass slides, which were exposed to the following primary antibodies:
anti-FAS/CD95 antibody clone DX2 (Enzo Life Sciences, Farmingdale, NY), anti-FASL
antibody clone G247-4 (BD Pharmingen San Jose, CA), anti-cleaved caspase-3 antibody
clone 5A1E (Cell Signaling), anti-DR4 polyclonal antibody sc-6823 (Santa Cruz
Biotechnology, Dallas, TX), anti-TRAIL antibody clone 1116F (Enzo Life Sciences), anti-
cleaved caspase-8 antibody clone 12F5 (Enzo Life Sciences), and anti-cleaved caspase-9
antibody clone Asp330 (Cell Signaling). Proteins were visualized using the MACH4
Universal HRP-Polymer detection system (Biocare Medical, Concord, CA) and 3,3-
diaminobenzidine (DAB). All slides were counterstained with methylene blue (MB).

Multispectral imaging analysis (MIA)

The quantitative analysis of protein expression was carried out using the Nuance system
(Perkin-Elmer, Waltham, MA). Multispectral 8-bit image cubes of relevant areas on each
slide were acquired in brightfield mode at 20nm intervals from 420 to 720nm, using a 20%
objective lens and 1x1 binning. A spectral library containing the characteristic wavelength
emission curves of MB and DAB was created by sampling pure spectra from slides stained
with single dyes, i.e. MB only and DAB only. Blue and red pseudo-colors were assigned to
visualize MB and DAB, respectively. The image cubes, initially shown as pseudo-color
composites of both blue and red, were unmixed into individual components by the Nuance
3.0.0 software version. For quantitation of protein expression, 100-300 cells per slide were
manually designated as regions of interest (ROIs). Using the spectral library as reference,
the system measured the amount of target signal (intensity of red pseudo-color) within each
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ROI, automatically converting spectral data into optical density (OD) units. Final data are
displayed as average OD/cell. All histograms shown in Figures 3—7 are based on the
quantitative assessment of protein expression by MIA. Exemplary MIA-generated high-
power images of protein expression and quantitative analysis are shown in Figure 2.

Quantitation of PpIX

cells were cultured and incubated with 5-ALA as described above. After 6 hours of
incubation time, the cells were centrifuged, re-suspended in PBS and placed on glass slides
for immediate capture of PpIX fluorescence with the Nuance microscope. Multispectral
images cubes were acquired in fluorescence mode using a 405 nm light source, 20x
objective lens and 1x1 binning. The characteristic brick-red fluorescence of PpIX was
captured to build the PplX spectral library, which was subsequently used to quantitate
intracellular PplIX as outlined above. Final data were displayed as average signal/cell.

Statistical analysis

RESULTS

Statistical analysis was performed by using Student’s t-test. P-values < 0.01 were considered
statistically significant.

The response of CTCL cell lines to conventional PDT is positively correlated with baseline
expression of FAS

The CTCL cell lines used throughout our studies are characterized by known FAS gene
abnormalities, resulting in a wide range of FAS protein expression with complete absence of
FAS gene in SeAx cells (16, 22). Conventional ALA-PDT caused caspase 3 cleavage in all
cell lines, peaking at 24-48 hours (Figure 3A). However, the FAS-high prototypes MyLa
and Hut78 demonstrated significantly greater cleaved caspase 3 levels than their FAS-low
(HH, SZ4) and FAS-null (SeAx) counterparts. Figure 3B,C shows that there was an
approximately 10-fold increase in intracellular PpIX levels following incubation with ALA.
Notably, PplX accumulation following ALA incubation did not differ significantly among
cell lines, thus excluding inadequate ALA-uptake and/or insufficient PpIX formation as a
possible cause of differences in response to ALA-PDT. These data mirror the variable
response of CTCL to PDT encountered in the clinical setting, and indicate a positive
correlation between baseline FAS levels and ALA-PDT-induced apoptosis.

ePDT upregulates both FAS/CD95 and FASL in CTCL

Conventional PDT did not significantly affect FAS expression in any of the cell lines tested
(Figure 4A). In contrast, both MTX alone as well as ePDT resulted in a 3- and 4-fold
increase of FAS in FAS-low prototypes HH and SZ4, respectively. This effect was achieved
at very low doses of MTX, as demonstrated in Figure 4B. The baseline levels of FASL were
relatively low in all cell lines, and remained unchanged after MTX treatment (Figure 5).
Conventional PDT led to a 2—-3-fold FASL upregulation of FASL across all cell lines as
compared to untreated controls. Moreover, eéPDT resulted in significantly greater FASL
increase as compared to ALA-PDT in MyLa, Hut78 and SZ4 cells. Taken together, these
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data demonstrate that unlike conventional PDT or MTX alone, ePDT restores FAS
expression in FAS-low cell lines while simultaneously upregulating FASL.

ePDT increases TRAIL-R1(DR4)/TRAIL in CTCL

The baseline levels of DR4 were low in all CTCL cell lines, and were significantly increased
by both components of ePDT (predominantly by MTX and to a lesser degree by PDT) in 4
of the cell lines tested (Figure 6A). In Hut78 cells, the increase in DR4 was observed
following MTX but not conventional PDT. Consequently, ePDT resulted in greater DR4
increase as compared to conventional PDT in all cell lines (Figure 6A). Figure 6B shows
baseline TRAIL levels as measured by MIA, revealing high-medium levels in SZ4 and
MyLa cells, and very low levels in the remaining three cell lines. MTX alone resulted in
upregulation of TRAIL only in MyLa cells, while conventional PDT led to TRAIL increase
only in HH cells. Whereas ePDT led to TRAIL upregulation in both MyLa and HH cells,
TRAIL expression was significantly higher post e?DT versus conventional PDT only in
MyLa cells. These findings underscore the involvement of multiple death receptor/ligand
pairs in the response of CTCL to ePDT. Table 1 summarizes the changes in FAS/FASL and
DR4/TRAIL expression in response to the individual components of ePDT, namely MTX
and PDT.

ePDT induces greater apoptosis than conventional PDT in CTCL

Compared to conventional PDT, ePDT resulted in greater apoptosis in all cell lines as
evidenced by caspase 3 cleavage post treatment (Figure 7A). The most pronounced increase
in apoptotic cell death following ePDT versus conventional PDT was observed in the FAS
low cell lines HH and SZ4. Figures 7B and 7C depict the effects of ePDT versus
conventional PDT in HH cells in greater detail, showing that ePDT with low-dose MTX
elicited significantly greater cleavage of caspase 3 as well as PARP.

ePDT enhances predominantly the extrinsic apoptotic signaling in CTCL

As demonstrated in Figure 8A, ePDT produced significantly greater caspase 8 activation as
compared to MTX alone as well as to conventional PDT in all cell lines. These data suggest
that the ePDT-induced increases in FAS/FASL and DR4/TRAIL summarized in Table 1 are
positively correlated with the capability of malignant T-cells to undergo extrinsic apoptosis.
Figure 8B shows that ePDT also resulted in greater caspase 9 activation in three cell lines,
further enhancing the overall greater efficacy of this treatment as compared to PDT or MTX
alone.

DISCUSSION

There are no curative treatment options for MF and its leukemic variant, Sézary syndrome
(SS), both of which represent > 75% of all CTCLs. Recently developed therapies include
antibody-drug conjugates which target specific markers expressed primarily on the surface
of lymphoma cells (23, 24). However, the indolent nature of early-stage MF precludes
aggressive systemic approaches. Consequently, there is an urgent need for effective yet non-
toxic treatment strategies for refractory early-stage CTCL.
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Unpredictable clinical outcomes despite optimized drug and light delivery continue to
represent a major drawback of ALA-PDT. The current trend is therefore its combined use
with other therapies. Pretreatment of basal cell carcinomas with retinoids was found to
enhance the efficacy of ALA-PDT (25), but equivalent trials in patients with CTCL are
lacking. In the CTCL cell line Hut78, a combination of 8-methoxy-psoralen and ALA
followed by UVA irradiation was superior to either conventional PUVA or PDT alone (26).
However, UVA is carcinogenic and penetrates skin far less deeply (1mm) than red light (up
to 5mm) (4). This may be the reason why MF patients who receive PUVA, UVAL or narrow
band UVB therapy require at least 15-20 treatments, while PDT usually achieves
comparable results with far fewer sessions (13).

Very few studies explore the mechanisms of ALA-PDT-induced apoptosis in activated
and/or malignant T lymphocytes. Involvement of death receptor/ligand pairs in PDT-
induced apoptosis has been demonstrated in the setting of PDT with Pc4, Calphostin-C,
hypocrellin and hypericin (27-30), but not in that of ALA-PDT and CTCL. ALA-PDT
induces apoptosis predominantly via the intrinsic pathway due to preferential localization of
PplIX in the mitochondria, however, exogenous ALA administration also leads to PpIX
accumulation in cellular membranes and in the cytosol (31-33). In the oral cancer cell line
Ca9-22, ALA-PDT activated both caspase 8 and caspase 9 via the NF-xB/JNK pathway,
whereas p38 MAPK and JNKs were involved in the initiation of ALA-PDT-mediated
apoptosis in non-small cell lung carcinoma cells (34, 35). Interestingly, the first report of
PDT-induced apoptosis in a malignant T-cell line featured ALA-PDT (36). Subsequent
studies on leukemia/lymphoma cells with photosensitizers other than ALA confirmed the
susceptibility of T cells to PDT-induced apoptosis (2, 37-41). Notably, the majority of
research involving the response of malignant or activated T-cells to PDT has been conducted
on Jurkat cells, a cell line derived from T-cell acute lymphoblastic leukemia, which is
clinically very different from CTCL and therefore not at all representative of MF/SS with
regard to its tumor biology (36, 42). In contrast, the spectrum of human CTCL cell lines
studied here encompasses a wide range of phenotypes in terms of death receptor/ligand
expression, allowing us to study the associations between varying levels of these proteins in
CTCL and the efficacy of MTX, PDT and ePDT.

The proposed mechanisms underlying the efficacy of ePDT are depicted schematically in
Figure 1. Figure 1A shows a lymphoma cell with downregulated or absent expression of
death receptor(s) such as FAS. The formation of ROS following conventional ALA-PDT
induces apoptosis via the intrinsic caspase 9-mediated pathway. ROS activate numerous
signaling pathways, such as the JNK/c-Jun pathway, which is known to upregulate some
death receptor ligands (43). As summarized in Figure 1B, cells with fully functioning death
receptor/ligand pairs or cells with MTX-mediated derepression of death receptors/ligands
are more likely to undergo apoptosis after PDT for the following reasons: 1) death receptor/
ligand binding boosts an additional cell death mechanism, the extrinsic apoptotic pathway
(19,20), 2) increased caspase 8 cleavage leads to Bid truncation, which in turn boosts the
intrinsic apoptotic pathway (44), 3) MTX leads to increased production of ROS (45), further
contributing to caspase 9 activation.
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The data presented in Figures 3-8 support the above concept, demonstrating significantly
greater activation of apoptosis primarily via the extrinsic pathway as well as by increased
cleaved caspase 3 and PARP cleavage products in eéPDT as compared to PDT or MTX
alone. The expression of FAS in CTCL was unaffected by PDT. These findings are in line
with a previous report that showed no change in FAS levels in Jurkat cells after PDT (41).
Our observation that ALA-PDT increases FASL in CTCL constitutes another novel finding
in this setting, albeit one that was anticipated, since ROS such as H,O5 and singlet oxygen
are major known upregulators of FASL in activated T-lymphocytes (46, 47). Since MTX
increased FAS levels in FAS-low cell lines, ePDT created the ideal prerequisite for FAS/
FASL engagement irrespective of baseline protein levels, correlating with increased
activation of the extrinsic pathway. ePDT surpassed the efficacy of conventional PDT even
in FAS-high cell lines, and resulted in increased cleaved caspase 8 levels in FAS-null SeAx
cells, indicating the involvement of other death receptor/ligand pairs as well as additional
mechanisms in the response of CTCL to ePDT. All five cell lines studied here showed a low
baseline level of DR4. MyLa and SZ4 were TRAIL-high, whereas the remaining cell lines
exhibited low TRAIL baseline levels. MTX increased DR4 in all cell lines and upregulated
TRAIL in MyLa cells, while PDT led to increased DR4 levels in MyLa, HH, SZ4 and SeAx
and increased TRAIL in HH cells. Taken together, the above data support the hypothesis
that multiple death receptor/ligand pairs contribute to the enhanced extrinsic apoptosis
observed in ePDT. Future studies are planned to investigate whether these effects are due to
decreased methylation of DR4 and/or TRAIL promoter by MTX. MTX also exerts effects
that are independent of its function as an epigenetic regulator, e.g. S-phase inhibition of
mitosis. In addition, it has been shown that MTX promotes cellular differentiation and
increases intracellular PplX in epithelial cancers by upregulation of coproporphyrinogen |11
(CPIII) oxidase, the enzyme that catalyzes the oxidative decarboxylation of CPIII to PpIX
(48, 49). Both ALA-PDT and MTX are well-known and approved treatment modalities. The
concept of ePDT could therefore be tested in clinical trials without further need for in vitro-
or animal studies. In addition to oral dosing of MTX, this work might also prompt the
formulation of MTX as a topical drug. MIA-based quantitative IHC lends itself as an
excellent tool to a) pre-select the patients who would most likely benefit from ePDT and b)
monitor the effects of ePDT by objective measurements of pertinent proteins directly in skin
biopsies (19, 23, 50, 51). By employing ePDT in this way, the success of traditional ALA-
PDT seen in AKs could be potentially replicated in CTCL. ePDT would also represent a
non-carcinogenic alternative to radiation therapy in cases of facial and/or limited extent
CTCL. Lastly, the applications of this novel modality extend well beyond CTCL.: 1) we
expect ePDT to exert therapeutic effects in cutaneous disorders in which activated T-cells
play a central role, such as psoriasis, and 2) epigenetic dysregulation is a hallmark of other
skin cancers as well, all of which represent targets for future studies and potential candidates
for ePDT.
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Figure 1.
A) Proposed response of CTCL cells with downregulated/absent expression of death

receptors/ligands to conventional ALA-PDT. The generation of ROS by PDT triggers
apoptosis via caspase 9 cleavage and activates pathways which are known to upregulate
some death receptor ligands. B) Proposed response of CTCL cells to ePDT. The binding of
fully functional death receptors with their ligands triggers an additional apoptotic pathway,
the extrinsic caspase 8-mediated pathway, which leads to enhanced apoptosis. See
discussion for further details.
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*DR: death receptor, e.g. FAS, DR4; **DRL.: death receptor ligand, e.g. FASL, TRAIL;
MTX: methotrexate; ROS: reactive oxygen species; t-BID: truncated BH3 interacting-
domain death agonist; JNK: Jun N-terminal kinase.
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Figure 2.
A) Example of protein quantitation using multispectral imaging. A and B: Routine

immunohistochemical (IHC) images of prototypical FAS-low HH cells stained for FAS
before (baseline) and after treatment with MTX. The brown chromogen represents FAS,
whereas the blue stain visualizes cell nuclei. C and D: MIA-systems allow to unmix routine
IHC images into individual components. Here, the color red was user-assigned to depict
FAS expression, which is shown unmixed (without the blue counterstain) to visualize the
full extent of the stain intensity. As outlined in detail in Materials and Methods, MIA-
generated images are then used to quantitatively assess protein expression. B) The histogram
demonstrates FAS increase in HH cells in response to MTX (*p < 0.01 as compared to
untreated controls). The above described MIA-based quantitative assessment was used to
generate all histograms shown in Figures 3-7.
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Figure 3.
A) Quantitative IHC using MIA of caspase 3 cleavage in CTCL cell lines following

conventional ALA-PDT. Cells were collected at various time points post treatment, data for
each cell line are shown as follows: untreated control, 3, 6, 12, 24 and 48 hours post PDT.
*p < 0.01 as compared to caspase 3 activation in HH, SZ4 and SeAx cells. B) PpIX
fluorescence (red) in prototypical FAS-high (a) and FAS-low (b) CTCL cell lines after
incubation with ALA, c and d show respective untreated controls. C) The histogram shows
quantitative MIA-based analysis of intracellular PpIX in Hut78 and HH cells before (-
ALA) and after (+ ALA) incubation with ImM ALA for 6 hours (*p < 0.01 as compared to
untreated controls). All images and data shown in this as well as in the subsequent figures
are representative of three separate experiments.
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Figure 4.
FAS expression in CTCL cell lines in response to conventional ALA-PDT versus ePDT. A)

Quantitative MIA-based assessment of FAS levels in MyLa, Hut78, HH and SZ4 (the FAS-

null cell line SeAx was omitted from this experiment) in untreated controls (NT), cells post

48h incubation with 100 nM MTX, and cells 24 hours after conventional PDT versus ePDT.
*p < 0.01 as compared to conventional PDT. B) Western blot analysis of FAS expression by
HH cells following conventional PDT (lane 1: untreated controls, lanes 2-5: 3, 6, 12 and 24
hours post PDT) versus 24 hours after ePDT.
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Figure 5.
Quantitative IHC analysis of FASL expression in MyLa, Hut78, HH, SZ4 and SeAx cells:

untreated controls (NT), post 48h incubation with 100 nM MTX, 24 hours after conventional
PDT, and 24 hours following ePDT. *p < 0.01 as compared to untreated controls; **p < 0.01
as compared to conventional PDT.
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Figure 6.
A) Expression of DR4 in CTCL cell lines as quantitated by MIA, showing untreated controls

(NT), cells following 48h incubation with 100 nM MTX and 24h after conventional PDT
versus ePDT; # p < 0.01 as compared to untreated controls, * p < 0.01 as compared to
conventional PDT. B) This panel demonstrates MIA-established expression of TRAIL in
CTCL cells in the samples described above, with # p < 0.01 as compared to untreated
controls and * p < 0.01 as compared to conventional PDT.
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Figure 7.
A) Cleaved caspase 3 levels in CTCL cell lines as established by MIA, showing untreated

controls (NT), status post 48h incubation with 100 nM MTX, and cells 24 hours after
conventional PDT versus ePDT; *p < 0.01 as compared to conventional PDT. B) This panel
shows caspase 3 cleavage in FAS-low HH cells after conventional PDT (1: untreated
controls, 2-6: cells post conventional PDT at 3, 6, 12, 24 and 48 hours post irradiation) and
ePDT using 20 nM, 100 nM and 1 pM MTX (1, 4, 7: MTX only controls; 2, 5, 8: cells 12
hours post ePDT: 3, 6, 9: cells 24 hours following ePDT). *p < 0.01 as compared to
conventional PDT. C) Western blot analysis of PARP/cleaved PARP products in HH cells
after PDT (lane 1: untreated controls, lanes 2-5: 3, 6, 12 and 24 hours post PDT) and ePDT
(lanes 7, 9, 11: 20 nM, 100 nM, 1 uM MTX, respectively; lanes 6, 8 and 10 represent MTX
only controls).
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Figure 8.

SZ4 SeAx

A) Cleaved caspase 8 levels in CTCL cell lines as quantitated in untreated controls (NT),
cells post 48h incubation with 100 nM MTX, cells 24 hours after conventional PDT, and
cells following ePDT; *p < 0.01 as compared to conventional PDT. B) MIA-based
quantitation of cleaved caspase 9 in CTCL cell lines in untreated controls (NT), post 48h
incubation with 100 nM MTX, and 24 hours after conventional PDT versus ePDT. *p < 0.01

as compared to conventional PDT.
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Summary of increases in FAS/FASL- and TRAIL-R1(DR4)/TRAIL expression post epigenetically enhanced
photodynamic therapy (ePDT) as assessed by multispectral imaging analysis. The components of ePDT
(methotrexate (MTX) and photodynamic therapy (PDT)) responsible for the increase are listed individually for

Table 1

each cell line.

CTCL Line | FAS Increase | FASL Increase | TRAIL-R1(DR4) Increase | TRAIL Increase
MyLa * PDT MTX, PDT * MTX
Hut78 * PDT MTX

HH MTX PDT MTX, PDT PDT
Sz4 MTX PDT MTX, PDT *
SeAx *x PDT MTX, PDT

CTCL, cutaneous T-cell lymphoma; FAS, Fas cell surface death receptor; FASL, Fas cell surface death receptor ligand; TRAIL-R1(DR4), TRAIL

receptor 1 (death receptor 4); TRAIL, tumor necrosis factor-related apoptosis-inducing ligand;

*
High baseline expression;

*

*
FAS-null.
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