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PHOTOSENSITIZING
ANTIBODY-FLUOROPHORE CONJUGATES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. Ser. No. 14/868,
040 filed Sep. 28, 2015, which is a divisional of U.S. Ser.
No. 14/126,060 filed Dec. 13, 2013, now U.S. Pat. No.
9,358,306, which is the U.S. National Stage of International
Application No. PCT/US2012/044421, filed Jun. 27, 2012,
which was published in English under PCT Article 21(2),
which is a continuation-in-part of U.S. application Ser. No.
13/180,111 filed Jul. 11, 2011, now U.S. Pat. No. 8,524,239,
which claims priority to U.S. Provisional Application No.
61/363,079, filed Jul. 9, 2010, all herein incorporated by
reference.

FIELD OF THE DISCLOSURE

This application relates to antibody-IR700 conjugates,
and methods of their use to kill cells that specifically bind to
the antibody following irradiation with infrared (NIR) light.
Also provided are devices that incorporate NIR light emit-
ting diodes (LEDs) that can also be used with the disclosed
conjugates and methods.

BACKGROUND

Cancer was responsible for about 13% of all human
deaths in 2007. Although there are several therapies for
cancer, there remains a need for therapies that effectively kill
the tumor cells while not harming non-cancerous cells.

In order to minimize the side effects of conventional
cancer therapies, including surgery, radiation and chemo-
therapy, molecular targeted cancer therapies have been
developed. Among the existing targeted therapies, monoclo-
nal antibodies (MAb) therapy have the longest history, and
to date, over 25 therapeutic MAbs have been approved by
the Food and Drug Administration (FDA) (Waldmann, Nat
Med 9:269-277, 2003); Reichert et al., Nat Biotechnol
23:1073-1078, 2005). Effective MADb therapy traditionally
depends on three mechanisms: antibody-dependent cellular
cytotoxicity (ADCC), complement-dependent cytotoxicity
(CDC), and receptor blockade and requires multiple high
doses of the MAb. MAbs have also been used at lower doses
as vectors to deliver therapies such as radionuclides (Gold-
enberg et al., J Clin Oncol 24, 823-834, 2006) or chemical
or biological toxins (Pastan et al., Nar Rev Cancer 6:559-
565, 2006). Ultimately, however, dose limiting toxicity
relates to the biodistribution and catabolism of the antibody
conjugates.

Conventional photodynamic therapy (PDT), which com-
bines a photosensitizing agent with the physical energy of
non-ionizing light to kill cells, has been less commonly
employed for cancer therapy because the current non-tar-
geted photosensitizers are also taken up in normal tissues,
thus, causing serious side effects, although the excitation
light itself is harmless in the near infrared (NIR) range (FIG.
9).

SUMMARY OF THE DISCLOSURE

Provided herein are antibody-IR700 molecules and meth-
ods of their use for killing a target cell, such as a tumor cell.
In particular examples the methods are specific in that
non-target cells, such as normal cells, are not killed in
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2

significant numbers (such as less than 1% of normal cells are
killed), but the target cells are. In particular examples the
method includes contacting a cell having a cell surface
protein with a therapeutically effective amount of an anti-
body-IR700 molecule, wherein the antibody (or other spe-
cific binding agent) specifically binds to the cell surface
protein. Specific non-limiting examples of antibody-IR700
molecules include Panitumumab-IR700, Trastuzumab-
IR700, and HuJ591-IR700. The cell is irradiated at a wave-
length of 660 to 740 nm, such as 660 to 710 nm (for
example, 680 nm) at a dose of at least 1 J cm™ (such as at
least 50 J cm™2). The method also includes contacting the
cell with one or more therapeutic agents (such as an anti-
cancer agent), for example within about 8 hours after
irradiating the cell, thereby killing the cell. Such methods
can further include detecting the cell with fluorescence
lifetime imaging (FLT), for example about 0 to 48 hours
after irradiating the cell, thereby permitting detection of cell
killing in real-time.

Also provided are methods of detecting cell killing in
real-time. Such methods can include contacting a cell com-
prising a cell surface protein with a therapeutically effective
amount of one or more antibody-IR700 molecules as
described above, irradiating the cell at a wavelength of 660
to 740 nm and at a dose of at least 30 J cm ™2 (such as a dose
sufficient to shorten IR700 FLT by at least 25% for example
30 to 50 J cm™?), and detecting the cell with fluorescence
lifetime imaging about O to 48 hours (such as at least 6
hours) after irradiating the cell, thereby detecting the cell
killing in real-time.

Any target cell can be killed (and in some examples
detected in real-time) with the disclosed antibody-IR700
molecules and methods, for example by using one or more
antibodies that binds to one or more proteins on the target
cell surface (such as a receptor), wherein the protein(s) on
the target cell surface is not significantly found on non-target
cells (such as normal healthy cells) and thus the antibody
will not significantly bind to the non-target cells. In one
example the cell surface protein is a tumor-specific protein,
such as HER1, HER2, or PSMA.

In some examples, the cell to be killed is present in a
subject. In such examples, the method can include admin-
istering a therapeutically effective amount of the antibody-
IR700 molecule to the subject and irradiating the subject, for
example irradiating a tumor in the subject. In some
examples, the method can further include selecting a subject
with a tumor that expresses a cell surface protein that can
specifically bind to the antibody-IR700 molecule.

Also provided are devices, such as those that can be worn
by a patient. Such devices can include an article of clothing,
jewelry, or a covering, and a near infrared (NIR) light
emitting diode (LED) that is incorporated into the article of
clothing, jewelry, or covering. Such devices can further
include power and/or cooling sources. This permits the
patient to wear the device (or be covered by the device) for
extended periods of time, thus permitting treatment of tumor
cells present in the blood or circulatory system. Methods of
using the device are also provided.

The foregoing and other features of the disclosure will
become more apparent from the following detailed descrip-
tion of a several embodiments which proceeds with refer-
ence to the accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
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publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

FIG. 1A is a digital image showing the labeling of cells
with a Trastuzumab-IR700 conjugate (Tra-IR700) at 4° C.
for 1 hour or 37° C. for 6 hours. Light images also shown.
Scale bar, 30 pm.

FIG. 1B is a digital image showing the lysosomal local-
ization of Tra-1R700 6 h after incubation. Scale bar, 50 pm.

FIG. 1C is a digital image showing is a digital image
showing before and after incubation with Tra-IR700 at 37°
C. for 6 hours followed by photoimmunotherapy (PIT).
Scale bar, 50 pm.

FIG. 1D is a bar graph showing the irradiation dose
dependent and target specific cell death in response to
Tra-1R700 mediated PIT. Data are means+s.c.m. (n=at least
4, #*#*¥P<(0.001 vs. non treatment control, Student’s t test).

FIG. 1E is a bar graph showing the long term growth
inhibition in response to Tra-1R700 mediated PIT. Data are
means*s.e.m. (n=3, **P<0.01 vs. non treatment control,
Student’s t test).

FIG. 1F is a digital image showing the microscopic
observation of growth inhibition in response to TralR700
mediated PIT. Scale bar, 100 pm

FIG. 1G is a bar graph showing that internalization of
Tra-1R700 was not required for phototoxic cell death. Data
are meanszs.c.m. (n=3).

FIG. 1H is a bar graph showing that target specific
membrane binding of Tra-1R700 only induced phototoxic
cell death. Data are meanszs.e.m. (n=3).

FIG. 11 is a graph showing that HER2 negatively express-
ing A431 cells did not show phototoxic effects with Tra-
1R700 mediated PIT (n=3).

FIG. 1J is a bar graph showing sodium azide (NaNj,)
concentration dependent inhibition of phototoxic cell death
induced by Tra-1R700 mediated PIT. Data are means+s.e.m.
(n=3, ***P<0.001, **P<0.01 vs. 2.0 J cm-2 PIT treatment
without NaN3 control, Student’s t test). DIC: differential
interference contrast. PanIR: Pan-1R700.

FIG. 2A is a graph showing that long term growth
inhibition was not observed in Balb/3T3 (HER2 negative)
cells treated with Tra-1R700 (TralR) and exposed to light.
Data are means*s.e.m. (n=3).

FIG. 2B is a digital image showing that Free IR700 dye
did not incorporate into 3T3/HER2 cells. Fluorescence
image was taken without washing the cells. Cells were
darker than the media containing free IR700 dye. Scale bar,
50 pm.

FIG. 2C is a graph showing that TralR700 mediated
phototoxicity was dose-dependently blocked by the excess
of unconjugated trastuzumab (Tra). Data are means+s.e.m.
(n=3).

FIG. 2D is a graph showing that Tra-1R700 binding for
3T3/HER2 cells was blocked by unconjugated trastuzumab
dose-dependent manner (n=3). DIC: differential interference
contrast FIG. 3A is a digital image showing that induction of
target specific photoimmunotherapy (PIT) lead to HER2
expressing cell specific necrotic cell death. Scale bar, 50 pm.

FIG. 3B is a digital image showing that HER2 specific
cell death was confirmed with fluorescence microscopy with
LIVE/DEAD Green staining. Scale bar, 100 um.

FIG. 3C is a plot showing flow cytometric analysis for
detecting HER2-specific cell death induced by Tra-1R700
(TralR) mediated PIT. Upper left quadrant: TralR700 posi-
tive, live cells; upper right quadrant; Tra-1R700 positive,
dead cells; lower left quadrant: Tra-1R700 negative, live
cells; lower right quadrant: Tra-1R700 negative, dead cells
(n=3). DIC: differential interference contrast.
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FIG. 4A is a digital image showing the biodistribution of
Tra-1R700. 3T3/HER2 tumors (both sides of dorsum) were
visualized with IR700 fluorescence as early as 1 day after
Tra-1R700 injection (300 ng). Right side of the tumor was
irradiated with near infrared (NIR) light on day 1, while left
side of the tumor was covered with black tape. Tumor
shrinkage was confirmed on day 7. Dashed line: irradiated
tumor, solid line: non-irradiated tumor. No other specific
localization of IR700 was found except for the bladder
accumulation on day 1 due to the excretion of unbound dye
(n=5 mice).

FIG. 4B is a graph showing mean tumor volume follow-
ing administration in vivo of Tra-IR700 or carrier alone
followed by PIT (50 J cm~2). Data are meanszs.e.m. (at least
n=12 mice in each group, ***P<0.001,” P<0.01 vs. non
treatment control, Kruskal-Wallis test with post-test). Tra:
trastuzumab.

FIG. 5A is a digital image showing a microscopic obser-
vation of before and after Pan-1R700 mediated PIT. Scale
bar, 50 um.

FIG. 5B is a graph showing irradiation dose dependent
and target specific cell death in response to Pan-1R700
(PanIR) mediated PIT. Data are means+s.e.m. (n=at least 4,
*4%P<(0.001 vs. non treatment control, Student’s t test).

FIG. 5C is a digital image showing EGFR expressing cell
specific necrotic cell death was induced by Pan-1R700
mediated PIT. Scale bar, 50 uym. DIC: differential interfer-
ence contrast FIG. 6A is a digital image showing specific
localization of panitumumab-IR700 conjugate (Pan-IR700)
in a mouse previously administered A431 cells. HER1
positive A431 tumor (left dorsum) was selectively visualized
as early as 1 d after Pan-1R700 injection (50 pg). HER1
negative 3T3/HER2 tumor (right dorsum) did not show
detectable fluorescence (n=5 mice).

FIG. 6B is a graph showing the IR700 signal intensity in
A431 tumors over time following injection of two different
doses (50 pg and 300 pg) of Pan-IR700. Data are
meansz*s.e.m. (n=4 each mice).

FIG. 6C is a graph showing the tumor to background ratio
of IR700 fluorescence intensity in A431 tumors over time
following injection of two different doses (50 pg and 300 pg)
of Pan-IR700. Data are meansts.e.m. (n=4 each mice).

FIG. 6D is a digital image showing the biodistribution of
Pan-1R700. A431 tumors (both sides of dorsum) were
selectively visualized with IR700 fluorescence as early as 1
day after Pan-1R700 injection (300 pg). Right side of the
tumor was irradiated with near infrared (NIR) light on day
1, while left side of the tumor was covered with black tape.
Tumor shrinkage was confirmed on day 7. Dashed line:
irradiated tumor, solid line: non-irradiated tumor.

FIG. 6E is a graph showing mean tumor volume following
administration in vivo of Pan-IR700 or carrier alone fol-
lowed by PIT (30 J cm™2). PIT was performed on day 1 after
Pan-IR700 injection (day 5 after tumor inoculation). Data
are meansts.em. (at least n=12 mice in each group,
*¥4%P<(0.001 vs. other control groups, Kruskal-Wallis test
with post-test).

FIG. 6F is a graph showing survival time following
administration in vivo of Pan-IR700 or carrier alone fol-
lowed by PIT (30 J cm™?) (at least n=12 mice in each group,
*¥4%P<(0.001 vs. other control groups, log-rank test with
Bonferroni’s correction for multiplicity.

FIG. 6G is a digital image showing hematoxylin and eosin
stained histology images (x40 and x200) 4 days after PIT
treated (right) and untreated (left) tumors. n=5 mice; Scale
bar, 100 um. Pan: panitumumab.
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FIG. 6H is a graph showing that high-dose administration
of Pan-1R700 lead to higher antitumor efficacy of Pan-
1R700 mediated PIT for A431 tumors in vivo. Tumor
growth inhibition by Pan-1R700 mediated PIT was Pan-
1R700 dose-dependently observed. Data are means+s.e.m.
(at least n=12 mice in each group).

FIG. 7 is a digital image showing the biodistribution of
J591-1R700. PC3-PIP tumors were selectively visualized
with IR700 fluorescence after J591-1R700 injection (100
ng). Right side of the tumor was irradiated with near infrared
(NIR) light on days 4, 12, and 13 while left side of the tumor
was covered with black tape.

Tumor shrinkage was confirmed on day 5.

FIG. 8 is a digital image showing the microscopic obser-
vation of before and after PIT for various cells in the
presence of with Tra-1R700 for HER2+ cells, Pan-IR700 for
HERI1+ cells, and hul591-1R700 for PSMA+ cells. Scale
bar, 50 um. DIC: differential interference contrast.

FIG. 9A is a schematic drawing showing a schema for
explaining selective cancer therapy with PIT in the context
of other physical cancer therapies employing electro-mag-
netic wave irradiation. Although other physical cancer thera-
pies induce different types of damages in the normal tissue,
PIT dedicatedly damages cancer cells without damaging
normal cells or tissues.

FIG. 9B is a schematic drawing showing a schema for
explaining photo-physical, chemical and biological basis of
PIT. Humanized antibodies are employed as a delivery
vehicle because of its highest binding specificity, greatest in
vivo target delivery, low immunogenecity among the clini-
cally applicable targeting reagents. A hydrophilic phtalocya-
nine is employed as an activatable cytotoxic “Nano-dyna-
mite” reagent because of its great absorption of near infrared
light of 700 nm and strong cytotoxicity induced only when
associating with the cell membrane. Near infrared light of
700 nm is employed as an initiator for activating cytotox-
icity because of its high energy among non-harmful non-
ionizing photons and great in vivo tissue penetration.

FIGS. 10A-D. Samples of 1R700-conjugated Panitu-
mumab (Pan-1R700) at concentrations of 2.5, 5, 20, and 40
jag/ml, were prepared by diluting with PBS. (A) Fluores-
cence intensity image of Pan-IR700 solution: Fluorescence
intensities were decreased according to decrease of concen-
tration of Pan-1R700. (B) Fluorescence lifetime (FLT)
image of Pan-IR700 solution: The FLT at various concen-
trations of Pan-1R700 solutions was almost the same value,
3.56+/-0.081 ns; 3.62 (2.5 pg/mL), 3.58 (5 pg/mL), 3.44 (20
pg/mL), 3.60 ns (40 pg/mL). (C) LED light-irradiation for
A431 cell pellets changes FLTs. A431 cell line incubated
with Pan-IR700 for 24 hours were treated with PIT at doses
of 0, 8, 15 and 30 J/cm?. FLT shortened to 3.09, 2.94 and
2.85 ns, compared with 3.28 ns before light exposure. These
represented shortenings 0f 9.1, 10.1 and 13.1%, respectively.
(D) FLT of A431 pellets depends on the incubation time with
Pan-IR700. FLT values escalate with incubation time with
Pan-IR700. FLT changes from 2.98 ns (1 hour) to 3.42 ns (24
hours).

FIG. 11 is a digital image showing serial fluorescence
(lower) and differential interference contrast (DIC) micro-
scopic images (upper) of A431 cells, which were pre-
incubated with Pan-IR700 (10 jig/mO0 at 37° C. for 24 h, 5,
15, 60 and 90 sec after start exposing NIR light. Pan-IR700
gradually internalized into cytoplasm in A431 cells after
bound to cell membrane up to 24 h post-injection. Morpho-
logical changes on DIC become severer by exposing more
dose of NIR light. Scale bars, 50 pm.
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FIGS. 12A-D. Comparison with FLTs of irradiated tumors
(dark gray bar) and non-irradiated tumors (bright gray bar).
(A) FLT images before and after PIT at the dose of 10, 30,
50 J/cm?® in the same mouse which was inoculated with A431
cells on both sides of the mouse dorsum. Right-sided tumor
was treated by PIT whereas the left was covered. FLTs of
A431 tumors treated with PIT with 50 J/cm® (B), 30 J/cm?
(C) and 10 J/em?, (D) were plotted. PIT with the NIR light
dose of 30 and 50 J/cm* demonstrated significant (P<0.05)
shortenings in FL'T immediately, compared with non-irradi-
ated tumors. However, FLT did not significantly shorten at
a low dose of 10 J/cm?. Transient prolongations of FLTs
were observed at 6 hours after PIT likely due to uptake by
reactive macrophages. Mann-Whitney’s U test was used for
the statistical analysis.

FIGS. 13A-C. (A) FLT in PIT treated tumors with 50 and
30 J/cm? shortened significantly (p<0.01) compared with no
treatment control (0 J/cm?) (control). FLTs were immedi-
ately shortened to 69.14/-10.9% and 61.5+15.1% by PIT
with 50 and 30 J/cm2, respectively. A431 tumors irradiated
with only 10 J/cm? showed no significant shortening of FLT
immediately after PIT. FLT shortened by only 7.7% at 48
hours after PIT compared with no treatment control. (B) FLT
of non-irradiated tumors in PIT treated mice shortened
slightly more than that in the untreated mice over time, but
these changes were not significant. Student’s t test was used
for the statistical analysis. (C) Histological specimens of
A431 tumors, which were treated with PIT at 0, 10, 30, and
50 J/em?, are shown. All specimens are stained with Hema-
toxylin and Eosin. Microscopic evaluation of treated tumors
revealed various degrees of necrosis and micro-hemorrhage
with clusters of healthy or damaged tumor cells after PIT.
Necrotic damage was diffuse and intense and fewer surviv-
ing tumor cells are seen, when 30 and 50 J/cm® of NIR light
was administered. In contrast, when only 10 J/cm* of NIR
light was administered, necrotic cell damage was found in
only limited areas within the tumor while substantial
amounts of healthy cancer foci remained. Scale indicates 50
pm.
FIGS. 14A-C. A. The dynamic images of PEGylated
Qdot800 after PIT. A431 mice were injected with Pan-
IR700, and 24 h later, NIR light (50 J/cm2) were irradiated
to the right side tumor. Qdot800 was administered 1 hour
after PIT treatment. Only the right sided tumor was clearly
shown within 10 minutes. B. Time-signal intensity curves in
the PlT-treated tumor (green; top), control tumor (blue;
middle), and back (black; bottom). C. Fluorescence micros-
copy. IR700 signal shows the survived A431 cells. Qdot800
was broadly distributed in the PIT-treated tumor tissues and
co-localization of IR700 and Qdot800 was partially
observed, whereas, the signals of Qdot800 in control tumors
were localized in the vicinity of main blood vessels.

FIGS. 15A-15B. A. The dynamic images of SPIO after
PIT. A431 mice were injected with Pan-IR700, and 24 h
later, NIR light (50 J/cm2) were irradiated to the right side
tumor. SPIO was administered 1 h after PIT treatment. Only
the right-sided tumor was clearly shown up within 5 min. B.
Prucian blue staining and HE staining.

FIGS. 16A-16D. A. The dynamic images of Pan-IR800
after PIT. A431 mice were injected with Pan-IR700, and 24
h later, NIR light (50 J/cm2) were irradiated to the right side
tumor. Pan-IR800 was administered 1 h after PIT treatment.
Only the right sided tumor was clearly shown up within 10
min. B. Pan-IR800 can be quickly accumulated in the
PIT-treated tumors in dependent on irradiated light dose.
Signal was not observed in the control tumors. C and D. 24
h after PIT, Pan-IR800 cannot be taken up by the tumor,






