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(57) ABSTRACT

A method of photodynamic therapy to treat diseased cells in
an animal is generally provided. According to the method,
5-amino-2,2-dimethyl-6-[3'-(R,S)amino-4'-hydroxy-butan-

1-one]-2,3-dihydro-4H-1-benzopyran-4-one or an analog
thereof is administered to the animal such that the 5-amino-
2,2-dimethyl-6-[3'-(R,S))amino-4'-hydroxy-butan-1-one]-2,

3-dihydro-4H-1-benzopyran-4-one or an analog thereof
accumulates in the diseased cells. Then, the diseased cells
containing  5-amino-2,2-dimethyl-6-[3'-(R,S)amino-4'-hy-

(21) Appl. No.: 12/422,590 droxy-butan-1-one]-2,3-dihydro-4H-1-benzopyran-4-one or
an analog thereof is exposed to light energy (e.g., ultraviolet
(22) Filed: Apr. 13, 2009 light).
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Figure 1
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Figure 2
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Figure 2A
Uptake of FC101 (400nM) in B16 Melanoma
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Figure 2B
Uptake of FC101 (400nM) in Cardiac Fibroblasts
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Figure 3B
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Figure 4B
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USE OF FUSAROCHROMANONE AND ITS
DERIVATIVES IN THE DIAGNOSIS AND
TREATMENT OF CANCER AND OTHER

DISEASES

PRIORITY INFORMATION

[0001] The present application claims priority to U.S. Pro-
visional Patent Application Ser. No. 61/123,818 filed on Apr.
11, 2008 titled “Use of Fusarochromanone and Its Derivatives
in the Diagnosis and Treatment of Cancer and other Diseases”
and U.S. Provisional Patent Application Ser. No. 61/123,819
filed on Apr. 11, 2008 titled “Novel Method for the Applica-
tion of Fluorescent Compounds in Photodynamic Therapy”.
The disclosures of both applications are incorporated by ref-
erence herein.

BACKGROUND OF THE INVENTION

[0002] The use of light in the treatment of various skin
diseases has been around for centuries. This field termed
phototherapy uses a combination of small molecules that can
absorb light in the visible, UV-A, and near-infrared range.
Phototherapy is comparable to radiotherapy in its efficacy.
However unlike radiotherapy and chemotherapy, photo-
therapy lacks the nonspecific toxicity seen in radiotherapy
and chemotherapy and because of this, phototherapy can be
given on more regular intervals.

[0003] Photodiagnostic therapy (PDT) is an experimental
technology that relies on the ability of fluorescent small mol-
ecules to preferentially accumulate in diseased tissues. Dueto
this preferential retention, it is possible to distinguish
between normal and diseased tissue. It is thought that these
small molecules in tumorgenic tissues may accumulate due to
a decrease in intracellular pH, an increase in low density
lipoproteins, and abnormal membrane composition®.

[0004] It is generally accepted that small nonpolar mol-
ecules can pass through the plasma membrane of a cell by
simple diffusion’. Evidence for this has been described in the
uptake of adriamycin, quinone, and rhodamine 123 in unila-
mellar and transbilayer vesicles*’. Simple diffusion has also
been used to describe the uptake of doxorubicin, daunorubi-
cin, and rhodamine 123 in cultured transformed and normal
cells™%7.

[0005] Photodynamic therapy (PDT) is an emerging mini-
mally invasive therapy for the treatment of cancer, age-related
macular degeneration, psoriasis and a host of other chronic
diseases. PDT employs the use of photosensitizing agents in
combination with light to disrupt cellular functions, which
ultimately leads to cell death. The intracellular location of
photosensitizing agents also plays critical role in the mode of
action in cellular toxicity. Most photosensitizers used in clini-
cal, and experimental treatment of cancer are localize in cyto-
plasmic organelles of a cell.® Photosensitizing agents are
compounds that absorb a specific wavelength of light which
then reacts with molecular oxygen to generate a reactive
oxygen species. These reactive oxygen species such as H,O,,
NO, and “OH are the true perpetrators of the cellular toxicity
seen in PDT.

[0006] Psoralen is commonly used in PDT to treat skin
diseases (e.g., Eczema, Psoriasis and Vitiligo, and mycosis
fungoides). However, psoralen is not a chemotherapeutic
agent by itself, and therefore is not effective without the
application of energy in the form of light.
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[0007] Although great strides have been made in photody-
namic therapy, a need exists for a photosensitizing agent that
will selectively accumulate in diseased cells and act as a
chemotherapeutic agent (even without the application of

light).
SUMMARY OF THE INVENTION

[0008] Objects and advantages of the invention will be set
forth in part in the following description, or may be obvious
from the description, or may be learned through practice of
the invention.

[0009] In general, the present disclosure is directed toward
amethod of photodynamic therapy to treat diseased cells in an
animal. According to the method, 5-amino-2,2-dimethyl-6-
[3'-(R,S)amino-4'-hydroxy-butan-1-one|-2,3-dihydro-4H-1-
benzopyran-4-one or an analog thereof is administered to the
animal such that the S5-amino-2,2-dimethyl-6-[3'-(R,S)
amino-4'-hydroxy-butan-1-one]-2,3-dihydro-4H-1-ben-
zopyran-4-one or an analog thereof accumulates in the dis-
eased cells. Then, the diseased cells containing 5-amino-2,2-
dimethyl-6-[3'-(R,S)amino-4'-hydroxy-butan-1-one]-2,3-
dihydro-4H-1-benzopyran-4-one or an analog thereof is
exposed to light energy (e.g., ultraviolet light).

[0010] Other features and aspects of the present invention
are discussed in greater detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A full and enabling disclosure of the present inven-
tion, including the best mode thereof to one skilled in the art,
is set forth more particularly in the remainder of the specifi-
cation, which includes reference to the accompanying fig-
ures, in which:

[0012] FIG. 1 shows a co-culture monochrome image of
B16 melanoma and cardiac myocytes.

[0013] FIG. 2 shows confocal Imaging of FC101 Uptake of
B16 Melanoma Cells and normal cardiac fibroblasts:

[0014] For B16 Melanoma Cells:

[0015] A—Time O (before exposure to FC101). All Cells
express weak auto-fluorescence localized predominantly in
the perinuclear cytoplasm.

[0016] B—Time—10 sec following addition of FC101
(400 nM). The drug has immediately entered the cells and is
accumulating in the perinuclear cytoplasm. Accumulation of
the drug in the perinuclear region appears asymmetrical, sug-
gesting it may be preferentially localized in the Golgi com-
plex.

[0017] C—Time—4 min following addition of FC101.
FC101 fluorescence remains largely localized in the peri-
nuclear region and does not appear to spread out into the
peripheral and marginal cytoplasm. The cells exhibit little or
no morphological changes at this time.

[0018] D—Time—20 min following addition of FC101.
The distribution and fluorescence of FC101 appears stable
with no decrease in intracellular drug fluorescence. The cells
also exhibit little or no morphological changes at this time.
[0019] For Normal Cardiac Fibroblasts:

[0020] E—Time 0. All cells express a minimal auto-fluo-
rescence predominately localized in the perinuclear cyto-
plasm.

[0021] F —Time—10 sec flowing addition of FC101 (400
nM). The cells exhibit no uptake of FC101 with the cytoplas-
mic fluorescence remaining essentially the same as that seen
before exposure to FC101 (E).
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[0022] G—Time—4 min following addition of FC101.
Some of the cells exhibit a minimal increase in cytoplasmic
fluorescence due to limited uptake of the drug.

[0023] H—Time—20 min following additional of FC101.
All cells exhibit a significant increase in intracellular fluores-
cence due to continued slow uptake of the drug. FC101
appears predominantly localized in the perinuclear cyto-
plasm. Scale bar=20 um.

[0024] FIG. 2A shows the linear uptake of FC101 in B16
cells.
[0025] FIG. 2B shows the exponential uptake in normal

cardiac fibroblasts.

[0026] FIG. 3a shows a comparison of the Uptake and
Steady-State Concentrations of FC101 in the Cytoplasm of
B16 Melanoma Cells. Images of the B16 melanoma were
collected at 1 second intervals. FC101 was added to cells at 20
seconds following initiation of the experiment with the cap-
ture of image 2. Total cellular integrated optical density was
measured for each of the indicated FC101 levels.

[0027] FIG. 35 shows the relationship between Drug Dos-
age and Steady-State Intracellular Concentration of FC101 in
B16 Melanoma Cells. Steady-state IOD levels of FC101 were
measured at drug level after 2 min incubation. Note the linear
correlation between the initial extracellular concentration of
the drug and the cytoplasmic IOD of FC101. These kinetic
data suggest the uptake of FC101 in B16 melanoma cells is
dependent only the initial concentration of the drug applied to
cells, and that uptake appears to be governed by zero-order
kinetics.

[0028] FIG. 4a shows the comparison of the Uptake and
Steady-State Concentrations of FC101 in the Cytoplasm of
Normal Cardiac Fibroblasts. FC101 was added to cells at 30
seconds following initiation of the experiment with the cap-
ture of image 1. Images of the Cardiac Fibroblasts were
collected at 10 sec intervals. Total cellular integrated optical
density was measured for each of the indicated FC101 levels.
Note that the scale is shown in minutes, not in seconds as seen
in FIG. 7.

[0029] FIG. 45 shows the relationship between Drug Dos-
age and Steady-State Intracellular Concentration of FC101 in
Normal Cardiac Fibroblasts. Steady-state IOD levels of
FC101 were measured at drug level after 10 min incubation.
The Y-axis is expressed in exponential terms; note the close
correlation between the initial extracellular concentration of
the drug and the Log, , IOD of cytoplasmic FC101. Thus, the
intracellular concentration of FC101 follows a non-linear
logarithmic correlation with the initial extracellular concen-
tration of the drug. These data suggest that uptake of FC101 in
cardiac fibroblasts may be carrier-mediated, in addition to
being dependent on the initial concentration of the drug
applied to cells.

[0030] FIG. 5 shows the comparison of Experimentally
Measured and ACD-Predicted Log D Values for FC101 at
Various pH’s. Log D properties of FC101 were predicted
using ACD/labs 11.0 software. Experimentally measured
Log D was done by the shaken-flask method using n-octanol/
phosphate buffer to determine the experimental ionized par-
tition coefficient for FC101 (For details, see Methods). Note
that while the two methods agree closely at pH 7.0-7.6, the
partition coefficients diverge at either higher or lower pH
values.

[0031] FIGS. 9A-9B show FC101 uptake in MCF, cells at
0 seconds and at 10 seconds, respectfully.
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[0032] FIG. 6 is shown to scale comparison of cardiac and
B16 cells.
[0033] FIG. 7 shows 500,000 cells/ml at various FC101
doses.

DETAILED DESCRIPTION
[0034] Reference now will be made to the embodiments of

the invention, one or more examples of which are set forth
below. Each example is provided by way of an explanation of
the invention, not as a limitation of the invention. In fact, it
will be apparent to those skilled in the art that various modi-
fications and variations can be made in the invention without
departing from the scope or spirit of the invention. For
instance, features illustrated or described as one embodiment
can be used on another embodiment to yield still a further
embodiment. Thus, it is intended that the present invention
cover such modifications and variations as come within the
scope of the appended claims and their equivalents. It is to be
understood by one of ordinary skill in the art that the present
discussion is a description of exemplary embodiments only,
and is not intended as limiting the broader aspects of the
present invention, which broader aspects are embodied exem-
plary constructions.

[0035] In general, the present disclosure is directed to the
use of FC101 in photodynamic therapy to treat cancer, skin
diseases (e.g., eczema, psoriasis and vitiligo, and mycosis
fungoides), and other diseases. The preparation and use of
FC101 as a chemotherapeutic agent for the treatment of can-
cer and other angiogenic diseases is described in U.S. Pat. No.
7,078,433, U.S. Pat. No. 6,660,765; U.S. Pat. No. 6,225,340;
and U.S. Pat. No. 5,932,611, all of which are hereby incor-
porated by reference in their entirety.

[0036] Ithas now been discovered that FC101 is also effec-
tive as a photosensitizing agent in the treatment of cancer and
other diseases. Thus, treatment of cancerous cells with access
to treatment by an energy source (e.g., UV light) can be
improved while other cancerous cells in the body not acces-
sible to an energy source can still be treated via FC101’s
chemotherapeutic properties. This treatment method can,
therefore, accelerate the therapy process for those diseases
where the diseased cells are accessible to a light source, while
simultaneously treating other diseased areas. For example,
PTD utilizing FC101 can be used to treat cancerous cells
found in the skin, colon, lungs, mouth/throat, and other acces-
sible areas on the human body. Other cancerous cells in
non-accessible areas of the body can also be treated simulta-
neously with FC101, without the use of the energy source,
since FC101 is a chemotherapeutic agent.

[0037] The present invention also generally describes the
uptake kinetics and cellular disruption of a unique drug,
FC101, which has both natural anti-tumorgenic properties
and intrinsic fluorescence in blue light. Being a fluorescent
compound, it was possible to monitor and describe the kinet-
ics of the uptake of this drug into normal cells and trans-
formed cells using time-lapse-fluorescence microscopy and
describe the entry and localization of FC101 in normal and
transformed cells.

1. FC101

[0038] The treatment of certain diseases in humans or in
animals can be achieved by the present method of PDT,
comprising the administration of a therapeutically active dos-
age of a water soluble compound isolated and purified from
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Fusarium fungal cultures followed by the application of light
energy to the targeted cells. Specifically, the preferred mode
employs administering FC101, derived from Fusarium equi-
seti cultures, as a treatment to selectively accumulate in dis-
eased cells.

[0039] Treatment with FC101 can be administered in dos-
ages and by techniques well known to those skilled in the
medical or veterinary arts, taking into consideration such
factors as the age, sex, weight, species and condition at the
particular patient, and the route of administration. The route
of'administration can be percutaneous, via mucosal adminis-
tration (e.g., oral, nasal, anal, vaginal) or via a parenteral route
(intradermal, intramuscular, subcutaneous, intravenous, or
intraperitoneal). FC101 can be administered alone, or can be
coadministered or sequentially administered with other treat-
ments or therapies. Forms of administration may include
suspensions, syrups or elixirs, and preparations for
parenteral, subcutaneous, intradermal, intramuscular or intra-
venous administration (e.g., injectable administration) such
as sterile suspensions or emulsions. FC101 may be adminis-
tered in admixture with a suitable carrier, diluent, or excipient
such as sterile water, physiological saline, glucose, or the like.
The compositions can contain auxiliary substances such as
wetting or emulsifying agents, pH buffering agents, adju-
vants, gelling or viscosity enhancing additives, preservatives,
flavoring agents, colors, and the like, depending upon the
route of administration and the preparation desired. Standard
pharmaceutical texts, such as “REMINGTON’S PHARMA-
CEUTICAL SCIENCE,” 17th edition, 1985, may be con-
sulted to prepare suitable preparations, without undue experi-
mentation.

[0040] As mentioned above, the effective dosage and route
of administration are determined by the therapeutic range and
nature of the compound, and by known factors, such as the
age, weight, and condition of the host, as well as screening
procedures which are known and do not require undue experi-
mentation. Dosages can generally range from a few hundred
milligrams to a few grams (e.g., in an amount of about 0.2 pg
to about 200 g). Dosages can be administered in a series of
treatment cycles over the treatment period.

[0041] The chemical structure of FC101 (5-amino-2,2-
dimethyl-6-[3'-(R,S)amino-4'-hydroxy-butan-1-one]-2,3-di-
hydro-4H-1-benzopyran-4-one) has previously been deter-
mined. The general structure can be shown in Formula I:

Formula I: FC101

0 NH, O NH,
OH
H,C
O
H;C
[0042] As shown, alternating carbonyl and amino groups

appear on the upper face of this largely planar chromanone,
with a terminal primary alcohol on the side chain, as well as
a gem-dimethyl group adjacent to the ring-O. The anilinic
amine is not titratable due to H-bonding between the adjacent
carbonyl groups. The R-amino group on C-3 of the side chain
has a pKa of 8.6 and is the only chiral center in the molecule.
[0043] Inaccordance with standard methods well known to
those skilled in the art, FC101 canbeused as a lead compound
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to create analog compounds. Analog compounds possess
similar biological functions, but differ in their chemical struc-
ture. Such compounds may be created by substituting differ-
ent functional groups, such as methyl, acetyl, amino or
hydroxyl groups, for those already present on the parent
compound or the analog compounds have a methyl, acetyl,
amino, or hydroxyl group at a position which is unsubstituted
in 5-amino-2,2-dimethyl-6-[3'-(R,S)amino-4'-hydroxy-bu-
tan-1-one]-2,3-dihydro-4H-1-benzopyran-4-one. Additional
functional groups may also be added to the parent FC101. The
resulting compounds may exhibit more desirable therapeutic
properties, or be more pharmacologically active, than the
parent molecule, FC101. Standard texts, such as “PRIN-
CIPLES OF MEDICINAL CHEMISTRY,” William O. Foye,
Thomas L. Lemke, and David A. Williams, editors, 4th ed.,
1995, may be consulted to produce such compounds, without
undue experimentation.

II. Accumulation of FC101 in Diseased Cells

[0044] Through the use of confocal microscopy, the kinetic
uptake and accumulation of fusarochromanone (FC101) was
determined in both living tumorigenic and normal cells. Like
other fluorescent cationic molecules, FC101 showed
increased accumulation in tumorigenic cells; however, unlike
other molecules, it appeared to be accumulated in a time
dependent manner. Also, unlike traditional fluorescent mol-
ecules, FC101 a potent inhibitor of cell growth, showed pref-
erential inhibition of tumorigenic B-16 melanoma cells when
compared to normal cardiac fibroblasts. Further analysis of
FC101’s physicochemical properties using both experimen-
tally obtained and simulated values revealed the likelihood of
membrane permeation and oral bioavailability of the com-
pound. These physicochemical properties of FC101 were also
used to predict its intracellular localization lending credence
to data observed by confocal microscopy.

[0045] In the diseased cells, FC101 maximally concen-
trates in the perinuclear cytoplasm, associating with the lyso-
somes, endoplasmic reticulum and Golgi organelles. In par-
ticular, it is believed that FC101 tends to localize in the
lysosomal granules. Then, upon excitation by light energy,
FC101 emits fluorescence in its energetic state. In the ener-
getic state, FC101 functions to form reactive oxygen species
oractas a free radical. The activated FC101 or oxygen species
localized in lysosome destroys the lysosome releasing lyso-
somal enzymes which in turn destroy the transformed cells.

II1. Light Energy Treatment

[0046] Once FC101 has accumulated in the diseased cells,
any areas accessible to light energy treatment can be illumi-
nated. It is believed that the application of light energy excites
electrons in the FC101 molecule leading to the production of
free radicals, especially in the presence of oxygen. Free radi-
cal molecules are generally atoms, molecules or ions with
highly reactive electrons (sometimes unpaired electrons),
suchas H,0,, 0,7, NO, "OH, and the like. Once formed in the
cell, these free radicals can kill the diseased cells. Thus, the
light energy treatment can accelerate the treatment and recov-
ery process than chemotherapy using FC101 without any
application of light energy. Also, the light energy treatment
can be focused on those diseased cells to cause as little harm
as possible to other healthy cells.

[0047] The light energy is generally applied from a light
source producing the desired wavelength of light. In most
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embodiments, the light energy used is ultraviolet (“UV”)
light, which is electromagnetic radiation with a wavelength
shorter than that of visible light, but longer than x-rays, in the
range of about 10 nm to about 400 nm, and energies from 3 eV
to 124 eV. Inone particular embodiment the UV light used has
a wavelength of from about 300 nm to about 400 nm, such as
from about 350 nm to about 400 nm, and such as about 365
nm to about 385 nm. However, other wavelengths of light
energy (e.g., blue-violet light having a wavelength of about
380 nm to about 465 nm) may be utilized.

[0048] The targeted cells can be illuminated with the light
energy for any desired time determined according to the treat-
ment guidelines. Generally, the treatment process can involve
repeated exposure to light energy for short intervals of time
(e.g., from about 2 minutes to about 10 minutes); however,
any period of exposure can be utilized according to particular
treatment plan prescribed by the attending physician(s).
[0049] The light source can be any of the commercially
available light sources, which are commonly available having
a light source of about 365 nm.

[0050] The following examples are meant to be exemplary
procedures only which aid in the understanding of the present
invention. The invention is not meant to be limited thereto.

Example 1
Material and Methods
Cell Culture:
[0051] Mouse B-16 melanoma cells were grown to 60-70%

confluence in T25 flasks (Corning) before use in confocal and
inhibition studies. Growth medium for the B16 cells was
RPMI (HyClone) supplemented with 10% FBS (Gibco),
L-giutamine (2 mM), Hepes (25 mM), and penicillin/strep-
tomycin/amphotericin (PSA, Gibco). Normal primary cul-
tured rat cardiac fibroblasts were similarly grown to 60-70%
confluence before use in confocal and inhibition studies, and
served as non-transformed controls. Growth medium for the
cardiac fibroblasts was in DMEM supplemented with 10%
fetal bovine serum (FBS) and PSA (Gibco). For confocal
studies both cell types were grown to 50-60% confluence in
MatTek (MatTek, Corp. Ashland, Mass.) culture dishes and
maintained in the same growth media listed above, respec-
tively. For growth inhibition studies both cell types were
grown in 96 well plates (Costar) and maintained in the same
growth media listed above.

[0052] To study the timing of dose-response, the effect of
FC101 on melanoma cell division was measured by [*H]
thymidine incorporation. Briefly, two human melanoma cell
lines (Dréau et al, unpublished) were seeded at 10* cells/well
in 96-well plates and cultured in RPMI-1640 media supple-
mented with 10% FBS, antibiotics and amphotericin B, and
incubated at 37° C. and 5% CO,. After one day of culture,
[*H]thymidine (1 uCi/ml) and FC101 (0-800 nmol/liter) were
added to the culture medium. After 1, 4, 8 and 12 days of
incubation, cells were washed 3x with phosphate buffered
saline (PBS) to remove unincorporated label and the amount
of incorporated [*H]thymidine was measured using scintilla-
tion counting (Packard Instruments, Meriden, Conn., USA).
[*H]thymidine incorporation was expressed as counts per
minute (cpm) per culture well.

Reagents:

[0053] FC101 was isolated and purified from Fusarium
equiseti grown on rice cultures {Wuthier Unpublished}.

Oct. 15, 2009

FC101 was then recrystallized to form the more stable phos-
phate salt form (MW 390.3). Its purity (>99%) was confirmed
by H'-NMR, TLC, and UV-Vis spectroscopy.

[0054] MTT (3-(4,5-Dimethylthiazol-2-yl1)-2,5-diphe-
nyltetrazolium bromide), DMSO (dimethyl sulfoxide), n-oc-
tanol, sodium phosphate dibasic, Hanks Balanced Salt buffer
(HBS), Krebs-Henseleit Buffer (KHB), as well as all culture-
related chemicals, were obtained from Sigma-Aldrich
Chemicals (St. Louis, Mo.).

Determination of Cell Viability by MTT Assay

[0055] Cells were plated in a 96 well format containing 100
ul per well of appropriate media at a density of 2.5x10*
cells/ml, and incubated at 37° C. with 5% CO,. Aftera 24 h
attachment period, the cells were treated in sextuplicate with
100 pl per well of varying concentrations (0 to 10 uM) of
FC101. Final volume in each well was 200 pl. Cell prolifera-
tion was then determined by the MTT assay after 48 hr incu-
bation period®. Briefly, 20 ul of a 5 mg/ml solution of MTT
(dissolved in HBS) was added to each well. After 4.5 hr
incubation at 37° C., the media were then removed and the
insoluble mitochondrial-converted dye was solubilized in
100 pl of DMSO. The plates were placed on a shaker for 30
min to ensure that all of the dye was in solution and then read
on a (Spectra Max plus 384, Molecular Devices) microplate
reader at 570 and 640 nM. The background absorbency at 640
nM was subtracted from the 570 nM value before calculating
the Gl

Calculated Physicochemical Properties of FC101

[0056] Physicochemical properties of FC101 were pre-
dicted using ACD/LogD Sol Suite 11.0 software (Advanced
Chemistry Development). Basic prediction algorithms
according to ACD/labs were used in the computational deter-
mination of log P and D are as follows: LogP=2fn+2Fm, and
LogD=f (LogP, pKa)°.

Experimental Log D for FC101

[0057] The shaken-flask method with n-octanol/phosphate
buffer was used to determine the experimental ionized parti-
tion coefficient for FC101'°. Briefly, 50 ml each of n-octanol
and 0.1 M phosphate buffer (at appropriate pH) were added to
a 125 ml flask and placed on a mechanical shaker at room
temperature for 24 hours to ensure saturation of each phase.
The phases were then separated by centrifugation (Damon
IEC HN-SII) at 2000 rpm for 30 min. After separation, ali-
quots (1 ml) were taken from each phase and were placed in
separate vials. A small sample (45.5 ul) of a stock solution of
10 mM FC101 in water was added to the aqueous phase. The
phases were then combined (1 ml of each) for a final FC101
concentration of 65 pM and shaken for 30 mins (Spex Cer-
tiprep 8000 mixer), and then centrifuged (Eppendorf 5416) at
1500xg for 30 min to effect complete phase separation. The
n-octanol was separated from the phosphate buffer and the
absorbance at 385 nm (Shimadzu UV 1601) was then used to
determine the concentration of FC101 in each phase. The
partition coefficient was calculated using the following equa-
tion:

Log, oD=([FC101 charged+uncharged] oo/ [FC101 charged+
uncharged| py,p)
Experimental Log P for FC101

[0058] The shaken-flask method was also used to deter-
mine the experimental non-ionized partition coefficient for
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FC101. The same procedure used in the experimental deter-
mination of Log D for FC101 was used to determine the Log
P with the exception that double-distilled water adjusted to
pH 10 with 1 mM NaOH was used instead of the phosphate
buffer. The log P was calculated using:

LOglOP:LOgIO([FClO1uncharged]oc/[FC1Oluncharged]
Imaging of Drug Uptake:
[0059] Cells growing in the Matra-Tek dishes were main-

tained in an environmental chamber (37° C. and 5% CO,
atmosphere) mounted on the stage of a Zeiss inverted fluo-
rescence microscope equipped with a CARV spinning disk
confocal attachment. B16 cells were imaged using a Zeiss
63x o0il NA=1.4 apochromatic objective, which gave an
image field of 7265.15 um?. Cardiac Fibroblasts were imaged
using a Zeiss 40x oil 1.0 NA apochromatic objective, which
gave an image field of 18,006.85 um”. The images were
captured using a CCD camera (Hamamatsu ORCA-ER) con-
trolled by Kinetic Imaging Image Acquisition Software
(AQM Advance-6) software. All images were recorded at a
constant exposure (385 ms) using a DAPI (360/460) filter set,
which isolates the natural fluorescence of the compound.
[0060] The cells were maintained in 1 ml of tissue culture
medium and allowed equilibrate in the environmental cham-
ber, before imaging of the selected group of cells was initi-
ated. Groups of B16 cells selected for measurements con-
sisted of an average of 19.2+3.0 cells per field, with a total
cellular area of 2050+156 um?. The groups of normal cardiac
fibroblasts selected for measurements consisted of an average
of 8.2+£2.6 cells per field, with a total cellular area of
2716x185 um?®. An appropriate volume of FC101 was added
to the culture medium in the Matra-Tek dish to give the
desired final concentration (50, 200, 400, 600, 800, 1000 nM)
during continuous recording and image acquisition of the
group of selected cells. The rate of entry of the drug into the
cells was determined by high-speed image collection (1 sec
interval, 60 exposures per min). The equilibrium-concentra-
tion uptake of the drug was determined by slow-speed time-
lapse imaging (10 sec intervals, 6 exposures per min) col-
lected for a minimum of 30 minutes. In all experiments,
images were recorded prior to addition of the drug to provide
a negative control of any auto-fluorescence present in the
cells. In some samples, imaging was continued at 10 minute
intervals up to 60 minutes.

Measurement of Drug Uptake by Image Analysis

[0061] FC101 is a naturally fluorescent molecule and its
movements, accumulation and distribution within living cells
can be followed and analyzed in real-time or by time-lapse
imaging. Cellular uptake of the drug was analyzed using the
integrated morphometry subroutine of MetaMorph 6.1 (MDS
Analytical Technologies). Briefly, the original color images
were converted to 16-bit monochrome images. The drug fluo-
rescence in the cytoplasm of the cells was thresholded as a
region of interest and the integrated optical density (I10D) of
the drug fluorescence was measured for all cells in the field at
each time point. Values of image brightness, contrast and
gamma function were kept constant for all image measure-
ments of drug fluorescence.

Descriptors of the Change in Drug Fluorescence in the Cyto-
plasm:

[0062] The IOD of'the natural fluorescence of the drug was
measured and used as the descriptor of drug uptake in the cell,
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using the imaging software for each thresholded and isolated
cellular region expressing drug fluorescence. The 10D of'the
region of fluorescence delineated by the thresholded bound-
aries was considered to be the “mass” of FC101 concentrated
within that region and a measurement proportional to the total
amount of fluorescent material (FC101 concentration) in the
thresholded region''™'*. The IOD can be defined as the
weighted sum of the image histogram in which each term in
the histogram was multiplied by the gray value it represents.
When applied to thresholded boundaries, the 10D can be
expressed as:

)
IOD(T, Ty) = Z H(GV)X GV
av=r,

where T, and T, represent the upper and lower thresholds
defining the region of interest in the histogram, GV is the gray
value of each pixel, and H(GV) is the gray level histogram.
Values of IOD were calculated directly from the integrated
morphometry subroutine of MetaMorph image analysis soft-
ware. Using the software’s optical calipers, the measurements
were refined by setting specific boundary conditions for
acceptance of the 10D measurement of fluorescent signal
from the labeled cells and to minimize or eliminate the con-
tributions of any non-specific and background auto-fluores-
cence. In these images the non-cellular background fluores-
cence of the FC101 in the medium was minimal in
comparison to the fluorescence signal from intracellular
FC101.

Results

[0063] The most striking observation is that FC101 enters
tumorgenic B16 cells within 3 seconds following addition of
the compound to the medium in contact with the cells. The
membrane of the tumorgenic cells appears to offer little or no
resistance to entry of FC101, which rapidly accumulates in
these cells, reaching a steady-state maximum within 1 to 2
minutes following addition of the compound. The B16 mela-
noma cells first pull in the filopodia, and then the membranes
begin blebbing. Finally, the cells lysed and the sequestered
fluorescence is released. The magnitude of the steady-state
maximum in response to different concentrations of FC101 is
essentially linear for transformed cells and appears solely
dependent on the external concentration of the FC101. It is
speculated that the rapid accumulation of FC101 into the B16
melanoma cells may be due to their more acidic intracellular
pH compared to that of normal fibroblasts. This difference in
intracellular pH is due the higher rate of aerobic glycolysis
and hypoxic conditions found in tumor cells®.

[0064] In remarkable contrast, entry of FC101 in normal,
primary cardiac fibroblasts was slow, requiring between three
to four minutes, followed by a stable, steady equilibrium
which required between 10 to 20 minutes to develop. In
normal cells, the steady-state equilibrium concentration dose
response of FC101 was non-linear, indicating a different
mechanism of uptake. Thus, normal cells have a greater
degree of control over the entry and accumulation of FC101
than do the tumorgenic cells.

[0065] Since FC101 is a small cationic molecule with mod-
erate lipophilicity and processes inherit blue fluorescence,
this molecule can be developed for use in the diagnosis of
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cancer and other applicable diseases. Although there is much
evidence to show that small molecules enter by simple diffu-
sion, FC101 shows differential properties, appearing to enter
transformed cell by simple diffusion, but conversely to enter
normal cells by some other process.

[0066] Interestingly, transformed cells loaded with FC101
undergo cell death as evidenced by the formation of large
vacuoles in the presence of blue exposure during the collec-
tion of time lapse images. Since the cells are exposed to only
small amounts, this indicates that FC101 kills tumor cells by
aphototoxic effect. Normal cells do not exhibit this effect and
their most notable response to FC101 is to undergo morpho-
logical changes in which the cells assume a more rounded
morphology. This response is typical for fibroblasts respond-
ing to noxious stimulus and is considered a natural, survival,
defense process.

[0067] A mechanism for the phototoxic effect of FC101
arises from its apparent localization in the lysosomal granules
and its excitation by blue light to emit fluorescence. In the
energetic state, FC101 functions to form reactive oxygen
species or act as a freeradical. The activated FC101 or oxygen
species localized in lysosome destroys the lysosome releas-
ing lysosomal enzymes which in turn destroy the transformed
cells. Also, there is evidence of lipid oxidation occurring at
the membrane surface. This can be seen due to the blebbing of
the membrane surface.

[0068] This drug began to effectively kill B-16 cells as
evidenced by the formation of multiple large fluid filled vacu-
oles. These vacuoles appeared in all cells following the addi-
tion of the drug. These vacuoles did not contain any detect-
able drug fluorescence and were devoid of cellular organelles.
These observations indicate that the drug compromises mem-
brane integrity allowing fluid to enter the cell resulting in a
hypo-osmotic state.

[0069] Theineffectiveness of the FC101 to kill normal cells
indicates that normal cells have the capacity to scavenge the
free radicals generated by the interaction of FC101 and blue
light.

Example 2
Material and Methods
Cell Culture:
[0070] Mouse B-16 melanoma cells were grown to 60-70%

confluence in T25 flasks (Corning) before use in confocal and
inhibition studies. Growth medium for the B16 cells was
RPMI (HyClone) supplemented with 10% FBS (Gibco),
L-glutamine (2 mM), Hepes (25 mM), and penicillin/strep-
tomycin/amphotericin (PSA, Gibco). Normal primary cul-
tured rat cardiac fibroblasts were similarly grown to 60-70%
confluence before use in confocal and inhibition studies, and
served as non-transformed controls. Growth medium for the
cardiac fibroblasts was in DMEM supplemented with 10%
fetal bovine serum (FBS) and PSA (Gibco). For confocal
studies both cell types were grown to 50-60% confluence in
MatTek (MatTek, Corp. Ashland, Mass.) culture dishes and
maintained in the same growth media listed above, respec-
tively. For growth inhibition studies both cell types were
grown in 96 well plates (Costar) and maintained in the same
growth media listed above.

[0071] To study the timing of dose-response, the effect of
FC101 on melanoma cell division was measured by [*H]
thymidine incorporation. Briefly, two human melanoma cell
lines (Dréau et al, unpublished) were seeded at 10* cells/well
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in 96-well plates and cultured in RPMI-1640 media supple-
mented with 10% FBS, antibiotics and amphotericin B, and
incubated at 37° C. and 5% CO,. After one day of culture,
[*H]thymidine (1 uCi/ml) and FC101 (0-800 nmol/liter) were
added to the culture medium. After 1, 4, 8 and 12 days of
incubation, cells were washed 3x with phosphate buffered
saline (PBS) to remove unincorporated label and the amount
of incorporated [*H]thymidine was measured using scintilla-
tion counting (Packard Instruments, Meriden, Conn., USA).
[*H]thymidine incorporation was expressed as counts per
minute (cpm) per culture well.

Reagents:

[0072] FC101 was isolated and purified from Fusarium
equiseti grown on rice cultures {Wuthier Unpublished}.
FC101 was then recrystallized to form the more stable phos-
phate salt form (MW 390.3). Its purity (>99%) was confirmed
by H'-NMR, TLC, and UV-Vis spectroscopy.

[0073] MTT (3-(4,5-Dimethylthiazol-2-yl1)-2,5-diphe-
nyltetrazolium bromide), DMSO (dimethyl sulfoxide), n-oc-
tanol, sodium phosphate dibasic, Hanks Balanced Salt buffer
(HBS), Krebs-Henseleit Buffer (KHB), as well as all culture-
related chemicals, were obtained from Sigma-Aldrich
Chemicals (St. Louis, Mo.).

Determination of Cell Viability by MTT Assay

[0074] Cells were plated in a 96 well format containing 100
ul per well of appropriate media at a density of 2.5x10*
cells/ml, and incubated at 37° C. with 5% CO,. Aftera 24 h
attachment period, the cells were treated in sextuplicate with
100 pl per well of varying concentrations (0 to 10 uM) of
FC101. Final volume in each well was 200 pl. Cell prolifera-
tion was then determined by the MTT assay after 48 hr incu-
bation period®. Briefly, 20 ul of a 5 mg/ml solution of MTT
(dissolved in HBS) was added to each well. After 4.5 hr
incubation at 37° C., the media were then removed and the
insoluble mitochondrial-converted dye was solubilized in
100 pl of DMSO. The plates were placed on a shaker for 30
min to ensure that all of the dye was in solution and then read
on a (Spectra Max plus 384, Molecular Devices) microplate
reader at 570 and 640 nM. The background absorbency at 640
nM was subtracted from the 570 nM value before calculating
the Gls,.

Calculated Physicochemical Properties of FC101

[0075] Physicochemical properties of FC101 were pre-
dicted using ACD/LogD Sol Suite 11.0 software (Advanced
Chemistry Development). Basic prediction algorithms
according to ACD/labs were used in the computational deter-
mination of log P and D are as follows: LogP=2fn+2Fm, and
LogD=f(LogP, pKa)®.

Experimental Log D for FC101

[0076] The shaken-flask method with n-octanol/phosphate
buffer was used to determine the experimental ionized parti-
tion coefficient for FC101'°. Briefly, 50 ml each of n-octanol
and 0.1 M phosphate buffer (at appropriate pH) were added to
a 125 ml flask and placed on a mechanical shaker at room
temperature for 24 hours to ensure saturation of each phase.
The phases were then separated by centrifugation (Damon
IEC HN-SII) at 2000 rpm for 30 min. After separation, ali-
quots (1 ml) were taken from each phase and were placed in
separate vials. A small sample (45.5 ul) of a stock solution of
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10 mM FC101 in water was added to the aqueous phase. The
phases were then combined (1 ml of each) for a final FC101
concentration of 65 M and shaken for 30 mins (Spex Cer-
tiprep 8000 mixer), and then centrifuged (Eppendorf 5416) at
1500xg for 30 min to effect complete phase separation. The
n-octanol was separated from the phosphate buffer and the
absorbance at 385 nm (Shimadzu UV 1601) was then used to
determine the concentration of FC101 in each phase. The
partition coefficient was calculated using the following equa-
tion:

Log,; o D=([FC101 charged+uncharged] oo/ [FC101 charged+
uncharged|p,,0)

Experimental Log P for FC101

[0077] The shaken-flask method was also used to deter-
mine the experimental non-ionized partition coefficient for
FC101. The same procedure used in the experimental deter-
mination of Log D for FC101 was used to determine the Log
P with the exception that double-distilled water adjusted to
pH 10 with 1 mM NaOH was used instead of the phosphate
buffer. The log P was calculated using:

Log, o P=Log,o([FC101 uncharged]oc/[FClo 1uncharged]

wat,

Imaging of Drug Uptake:

[0078] Cells growing in the Matra-Tek dishes were main-
tained in an environmental chamber (37° C. and 5% CO,
atmosphere) mounted on the stage of a Zeiss inverted fluo-
rescence microscope equipped with a CARV spinning disk
confocal attachment. B16 cells were imaged using a Zeiss
63x o0il NA=1.4 apochromatic objective, which gave an
image field of 7265.15 um?. Cardiac Fibroblasts were imaged
using a Zeiss 40x oil 1.0 NA apochromatic objective, which
gave an image field of 18,006.85 um?. The images were
captured using a CCD camera (Hamamatsu ORCA-ER) con-
trolled by Kinetic Imaging Image Acquisition Software
(AQM Advance-6) software. All images were recorded at a
constant exposure (385 ms) using a DAPI (360/460) filter set,
which isolates the natural fluorescence of the compound.
[0079] The cells were maintained in 1 ml of tissue culture
medium and allowed equilibrate in the environmental cham-
ber, before imaging of the selected group of cells was initi-
ated. Groups of B16 cells selected for measurements con-
sisted of an average of 19.2+3.0 cells per field, with a total
cellular area of 2050+156 um?. The groups of normal cardiac
fibroblasts selected for measurements consisted of an average
of 8.2+£2.6 cells per field, with a total cellular area of
2716£185 um*. An appropriate volume of FC101 was added
to the culture medium in the Matra-Tek dish to give the
desired final concentration (50, 200, 400, 600, 800, 1000 nM)
during continuous recording and image acquisition of the
group of selected cells. The rate of entry of the drug into the
cells was determined by high-speed image collection (1 sec
interval, 60 exposures per min). The equilibrium-concentra-
tion uptake of the drug was determined by slow-speed time-
lapse imaging (10 sec intervals, 6 exposures per min) col-
lected for a minimum of 30 minutes. In all experiments,
images were recorded prior to addition of the drug to provide
a negative control of any auto-fluorescence present in the
cells. In some samples, imaging was continued at 10 minute
intervals up to 60 minutes.

Measurement of Drug Uptake by Image Analysis:

[0080] FC101 is a naturally fluorescent molecule and its
movements, accumulation and distribution within living cells
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can be followed and analyzed in real-time or by time-lapse
imaging. Cellular uptake of the drug was analyzed using the
integrated morphometry subroutine of MetaMorph 6.1 (MDS
Analytical Technologies). Briefly, the original color images
were converted to 16-bit monochrome images. The drug fluo-
rescence in the cytoplasm of the cells was thresholded as a
region of interest and the integrated optical density (I10D) of
the drug fluorescence was measured for all cells in the field at
each time point. Values of image brightness, contrast and
gamma function were kept constant for all image measure-
ments of drug fluorescence.

Descriptors of the Change in Drug Fluorescence in the Cyto-
plasm:

[0081] The IOD of'the natural fluorescence of the drug was
measured and used as the descriptor of drug uptake in the cell,
using the imaging software for each thresholded and isolated
cellular region expressing drug fluorescence. The 10D of'the
region of fluorescence delineated by the thresholded bound-
aries was considered to be the “mass” of FC101 concentrated
within that region and a measurement proportional to the total
amount of fluorescent material (FC101 concentration) in the
thresholded region'!"**. The IOD can be defined as the
weighted sum of the image histogram in which each term in
the histogram was multiplied by the gray value it represents.
When applied to thresholded boundaries, the 10D can be
expressed as:

)
IOD(T, Ty) = Z H(GV)X GV
av=r,

where T, and T, represent the upper and lower thresholds
defining the region of interest in the histogram, GV is the gray
value of each pixel, and H(GV) is the gray level histogram.
Values of IOD were calculated directly from the integrated
morphometry subroutine of MetaMorph image analysis soft-
ware. Using the software’s optical calipers, the measurements
were refined by setting specific boundary conditions for
acceptance of the 10D measurement of fluorescent signal
from the labeled cells and to minimize or eliminate the con-
tributions of any non-specific and background auto-fluores-
cence. In these images the non-cellular background fluores-
cence of the FC101 in the medium was minimal in
comparison to the fluorescence signal from intracellular
FC101.

Results

Inherent Fluorescence Characteristics of Normal Cardiac
Fibroblasts, and B-16 Melanoma Cells

[0082] Normal cardiac fibroblasts exhibit a characteristic
array of auto-fluorescence granules predominately localized
in the perinuclear cytoplasm, but also present in the peripheral
and marginal cytoplasm. The auto-fluorescence of these gran-
ules in cardiac fibroblasts is highly variable (FIG. 2E) and
expressed amean total IOD=341x116. The auto-fluorescence
present in cardiac fibroblasts appears very stable over time
(FIG. 6E, 0 nM).

[0083] The B-16 melanoma cells (FIG. 2A) are also char-
acterized by a concentration of weak auto fluorescent cyto-
plasmic granules with a mean total IOD=280+129, which was
comparable to that seen in the normal cardiac fibroblasts.
These granules are predominantly localized in the perinuclear
cytoplasm with a few granules being scattered in the periph-
eral and marginal cytoplasm. The auto-fluorescence of these
cytoplasmic granules in the B16 cells also appears stable,
expressing minimal photo bleaching (FIG. 2A, 0 nM).
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Cellular Incorporation of FC101—Uptake of FC101 by B-16
Melanoma Cells

[0084] At all concentrations studied, the incorporation of
FC101 by the B-16 melanoma cells was rapid. Upon addition
of the FC101 to the medium, there was a rapid increase in
overall fluorescence in the medium and cells. This initial
increase was followed by an immediate decline in overall
fluorescence as the drug diffused throughout the medium. A
dramatic and distinct change in the intensity of the intracel-
Iular fluorescence in the B-16 cells appeared within 3 seconds
following addition of the drug (FIG. 2B). This rapid and
significant increase of intracellular fluorescence over intrac-
ellular auto-fluorescence indicated that FC101 was capable of
freely diffusing across the plasma membrane to enter the cell.
Following the initial rapid increase in intracellular drug con-
centration, a steady state of FC101 concentration in the peri-
nuclear cytoplasm was established within 1 to 2 minutes
(FI1G.2C). The 10D of the FC, , fluorescence remained rela-
tively constant for the duration of the experiment out to 20 or
60 minutes (FIG. 2D).

[0085] The intracellular accumulation of the FC101 was
predominantly localized in the perinuclear cytoplasm. This
localization appeared asymmetrical, with the highest concen-
tration apparently localized in the perinuclear endoplasmic
reticulum, and Golgi apparatus. Localization of FC101 in the
perinuclear region was stable and exhibited minimal pho-
tobleaching. The non-bound FC101 in the medium, which
was not internalized by the cells, underwent rapid pho-
tobleaching. The magnitude of the intracellular steady-state
concentration measured for drug uptake in B-16 cells was
dependent on the initial concentration of FC101 added to
medium (FIG. 3A).

Dose-Response Uptake of FC101 in B-16 Melanoma Cells

[0086] With increasing concentrations of FC101 added to
the medium, the steady-state fluorescence 10D of FC101
localized to the perinuclear cytoplasm was proportionally
higher. The rate of FC101 entry into the B-16 cells was rapid
(2-3 seconds) at all concentrations. The mean equilibrium
concentration values of the intracellular fluorescence (I0D)
of FC101 were linearly correlated with the initial concentra-
tion of FC101 to which the cells were exposed (R*=0.970;
FIG. 3B). These observations indicate that the magnitude of
FC101 accumulation in the perinuclear cytoplasm of the cells
was dependent on initial extracellular concentration of
FC101. Furthermore, the uptake of FC101 by B-16 cells is
governed by first-order kinetics, and that FC101 moves into
the cell by free diffusion—not requiring a carrier protein,
specific channel or the expenditure of energy.

FC 101 Uptake by Normal Cardiac Fibroblasts

[0087] Indramatic contrast, the uptake of FC101 by cardiac
fibroblasts was very slow. No incorporation of FC101 was
observed in less than a minute (FIG. 2F). Initial appearance of
FC101 in the cytoplasm of cardiac fibroblasts required 3 to 4
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minutes (FIG. 2G). Establishment of a steady-state equilib-
rium of FC101 in the cytoplasm of cardiac fibroblasts
required between 10 to 15 minutes (FIG. 2H) for concentra-
tions ranging between 50-400 nM. However, once the equi-
librium concentration of FC101 was established, little further
change in intracellular IOD was observed (FIG. 4A). Like in
B-16 cells, in cardiac fibroblasts, FC101 was also predomi-
nantly localized to the perinuclear cytoplasm, but was also
present in granules scattered in the peripheral and marginal
cytoplasm (FIG. 2G). At higher concentrations>400 nM or
longer incubation times (FIG. 2H), the fluorescence of FC, 5,
saturated the cytoplasm making the measurements unreli-
able. This slow change was accompanied by an increase in
10D, suggesting re-arrangement or movement of FC101
already present in the cytoplasm (FIG. 4A, 400 nM).

Dose-Response Uptake of FC101 in Cardiac Fibroblasts

[0088] Cardiac fibroblasts also demonstrated a characteris-
tic dose response which was different from that seen in the
B-16 cells. Comparison of the mean equilibrium concentra-
tion values of the intracellular fluorescence (I0D) of FC101
with initial concentrations of FC101 to which the cells were
exposed resulted in a non-linear exponential correlation (FIG.
4B; R*=0.996 [Note that the Y-axis is in exponential terms.];
both exponential). This indicates that in normal cardiac fibro-
blasts both the rate of FC101 uptake into the cell and magni-
tude of the final intracellular concentration are dependent on
the initial external concentration of FC101. These observa-
tions further indicate that FC101 is not freely diftusible across
the membrane in cardiac fibroblasts (normal cells) and its
uptake is mediated by higher order kinetics than those seen in
B-16 melanoma cells.

Predicted and Experimentally Observed Physiochemical
Properties of FC101

[0089] Log P is defined as the partition of non-ionized
molecules between n-octanol and water; it is used to deter-
mine the lipophilicity of a molecule. Computational calcula-
tion of Log P for FC101 yielded a value of 0.76, which was in
fair agreement with the experimental value of 1.62 found
using the shaken-flask method. The solution was adjusted to
apH of 10 to ensure that all the FC101 was in the non-ionized
form.

[0090] Log D is defined as the partition of the ionized and
non-ionized molecules in a biphasic mixture of n-octanol and
aqueous buffer. Computational calculation of Log D for
FC101 was also done using the ACD/labs software. Here,
computational and experimental values were in close agree-
ment with each other at physiological pH, but failed when the
pH was either increased or decreased from physiological
(FIG. 5). While obvious physiochemical parameters such as
the number of rotatable bonds, MW, H-bond acceptors and
donors are in exact agreement, comparison of other physio-
chemical parameters such as Log P, and pKa, predicted using
the ACD software were close to experimentally found values
(Table 1).

TABLE 1

Comparison of Experimental and Predicted Physicochemical Properties of FC101.

FC101 No. of Hydrogen Hydrogen
Physicochemical Logig Rotatable Bond Bond
Properties Logio P Dss pK, PSA Bonds MW  Acceptors  Donors
Experimental 1.62 0.38 8.6 NA 7 2923 6 5
ACD Predicted 076 030 696 115.64 7 2923 6 5
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[0091] FC101 maximally concentrates in the perinuclear
cytoplasm, associating with the lysosomes, endoplasmic
reticulum and Golgi organelles. This occurred in boththe B16
melanoma and cardiac fibroblasts. Concentration of fluores-
cent compounds in specific organelles has been associated
with the physiochemical properties of a small molecule. The
localization of FC101 in the endoplasmic reticulum and
Golgi apparatus is in agreement with other fluorescent com-
pounds that have log P’s between 0 to 5*%-'¢. Another physical
property that has been linked to organelle accumulation is
pKa. With FC101 having a pKa of 8.6 and the appearance of
fluorescent granules, is indicative of FC101 accumulating the
in the lysosomes of both cell types. Lysosomal accumulation
has also been described in molecules with pKa’s between 7.4
and 9.0'%. The accumulation of weakly basic molecules in the
acidic compartment of lysosomes is well documented and it is
not surprising that FC101 falls into this category as well' *%.
The concentration of FC101 in these localized areas may
provide insights into the drug’s mode of action.

[0092] Membrane permeability and oral bioavailability
have been attributed to physical properties such as lipophi-
licity, molecular flexibility, polar surface area (PSA), and
hydrogen bonding. Being able to use these physical factors to
predict drug permeation and absorption in silico has been a
long-standing goal. Typically these programs work well with
structurally similar molecules, but fail when increased struc-
tural diversity is introduced'®. Understanding-how natural
small molecules permeate a cell membrane, and identifying
its physical characteristics, may aid in improving the accu-
racy of computational programs. As shown in Table 1, the
calculated and experimentally determined physical attributes
of FC101 meet the criteria laid out by Lipinski and Veber for
small molecules capable of membrane permeation and intes-
tinal absorption®®>*.

[0093] It was observed that FC101 enters the B16 mela-
noma cells within 3 seconds following addition of the com-
pound to the medium in contact with the cells. The membrane
of'the tumorigenic cells appears to offer little or no resistance
to entry of FC101, which rapidly accumulates in these cells,
reaching a steady-state maximum within 1 to 2 minutes fol-
lowing addition of'the compound. It is generally accepted that
small nonpolar molecules can pass through the plasma mem-
brane of a cell by simple diffusion®?. Evidence for this has
been described in the uptake of Adriamycin, quinidine, and
rhodamine 123 in unilamellar and transbilayer vesicles>> *.
Simple diffusion has also been used to describe the uptake of
doxorubicin, daunomycin, and rhodamine 123 in cultured
transformed and normal cells**?. The magnitude of the
steady-state maximum in response to different concentrations
of FC101 is essentially linear for transformed cells and
appears solely dependent on the external concentration of the
drug. The rapid accumulation of FC101 into the B16 mela-
noma cells can be due to their more acidic intracellular pH
compared to that of normal fibroblasts. The uptake of weakly
basic molecules has been attributed to some tumorigenic
cells, which have lower intracellular pH’s than are found in
normal cells®®. This difference in intracellular pH is due to the
higher rate of aerobic glycolysis and hypoxic conditions
found in tumor cells>®.

[0094] Inremarkable contrast, entry of FC101 into normal,
primary cardiac fibroblasts was slow, requiring between three
to four minutes, followed by a stable, steady equilibrium
which required between 10 to 15 minutes to develop. In
normal cells, the steady-state equilibrium concentration
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dose-response of FC101 was non-linear, suggesting a differ-
ent mechanism of uptake. Thus, normal cells have a greater
degree of control over the entry and accumulation of FC101
than do the tumorigenic cells. Although there is much evi-
dence to show that most small molecules enter cells by simple
diffusion, FC101 shows differential properties, entering
transformed cells by simple diffusion, but conversely enter-
ing normal cells by some other process. A difference in intra-
cellular pH explains the change in uptake rate.

[0095] These and other modifications and variations to the
present invention may be practiced by those of ordinary skill
in the art, without departing from the spirit and scope of the
present invention, which is more particularly set forth in the
appended claims. In addition, it should be understood the
aspects of the various embodiments may be interchanged
both in whole or in part. Furthermore, those of ordinary skill
in the art will appreciate that the foregoing description is by
way of example only, and is not intended to limit the invention
so further described in the appended claims.
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What is claimed:
1. A method of photodynamic therapy to treat diseased
cells in an animal, the method comprising
ad ministering S5-amino-2,2-dimethyl-6-[3'-(R,S)amino-
4'-hydroxy-butan-1-one]-2,3-dihydro-4H-1-benzopy-
ran-4-one or an analog thereof to the animal such that the
5-amino-2,2-dimethyl-6-[3'-(R,S)amino-4'-hydroxy-
butan-1-one]-2,3-dihydro-4H-1-benzopyran-4-one or
an analog thereof accumulates in the diseased cells; and

exposing light energy to the diseased cells containing
5-amino-2,2-dimethyl-6-[3'-(R,S)amino-4'-hydroxy-
butan-1-one]-2,3-dihydro-4H-1-benzopyran-4-one or
an analog thereof.

2. The method of claim 1, wherein the light energy com-
prises ultraviolet light.

3. The method of claim 1, wherein the ultraviolet light has
a wavelength of from about 10 nm to about 400 nm.

4. The method of claim 1, wherein the ultraviolet light has
a wavelength of from about 300 nm to about 400 nm.

5. The method of claim 1, wherein the ultraviolet light has
a wavelength of from about 365 nm to about 385 nm.

6. The method of claim 1, wherein the diseased cells con-
taining S-amino-2,2-dimethyl-6-[3'-(R,S)amino-4'-hydroxy-
butan-1-one]-2,3-dihydro-4H-1-benzopyran-4-one or an
analog thereof are exposed to light energy for about 2 minutes
to about 10 minutes.

7. The method as in claim 1, wherein the animal is a human.

8. The method as in claim 7, wherein the diseased cells are
tumor cells.

9. The method as in claim 8, wherein the method is utilized
to treat colon cancer.

10. The method as in claim 8, wherein the method is uti-
lized to treat lung cancer.

11. The method as in claim 8, wherein the method is uti-
lized to treat cancer in the mouth.

12. The method as in claim 8, wherein the method is uti-
lized to treat skin cancer.

13. The method as in claim 7, wherein the method is uti-
lized to treat a skin disease.

14. The method as in claim 13, wherein the skin disease is
psoriasis.

15. The method as in claim 1, wherein the 5-amino-2,2-
dimethyl-6-[3'-(R,S)amino-4'-hydroxy-butan-1-one]-2,3-di-
hydro-4H-1-benzopyran-4-one or an analog thereof is admin-
istered in an amount of about 0.2 pg to about 200 g.
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