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Near-infrared photoimmunotherapy (NIR-PIT) is a new cancer
treatment that combines the specificity of antibodies for targeting
tumors with toxicity induced by photoabsorbers after irradiation
with NIR light. A limitation of NIR-PIT is the inability to deliver NIR
light to a tumor located deep inside the body. Cerenkov radiation
(CR) is the ultraviolet and blue light that is produced by a charged
particle traveling through a dielectric medium faster than the speed
of light in that medium and is commonly produced during radio-
active decay. Here, we demonstrate the feasibility of using CR
generated by '8F-FDG accumulated in tumors to induce photoim-
munotherapy. Methods: Using A431-luc cells, we evaluated the
therapeutic effects of CR-PIT in vitro and in vivo using biolumines-
cence imaging. Results: CR-PIT showed significant suppression of
tumor size, but the decrease of bioluminescence after CR-PIT was
not observed consistently over the entire time course. Conclusion:
Although CR-PIT can induce tumor killing deep within bodyi, it is less
effective than NIR-PIT, possibly related to the relatively lower effi-
ciency of short wavelength light than NIR.
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N ear-infrared photoimmunotherapy (NIR-PIT) is a newly
developed cancer treatment that combines the specificity of anti-
bodies for targeting tumors with toxicity induced by photoabsorb-
ers, for example, IRDye700DX (IR700, silica-phthalocyanine
dye), after irradiation with NIR light (/). This induces nearly
immediate necrotic cell death due to photo-induced cellular mem-
brane damage (/,2). The first-in-human phase 1 trial of NIR-PIT in
patients with inoperable head and neck cancer targeting epidermal
growth factor receptor started in June 2015 (https://clinicaltrials.
gov/ct2/show/NCT02422979) and has now advanced to a phase 2
trial in the United States. Although NIR light can penetrate sev-
eral centimeters within tissue, an inherent limitation of NIR-PIT
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is the inability to deliver NIR light directly to a tumor deep within
the body (3,4).

IR700 is a phthalocyanine derivative that typically has a narrow
high absorbance in the deep red or near infrared, known as the
Q-band, and is used for exciting IR700 in NIR-PIT. However,
phthalocyanine derivatives, including IR700, have another broad
intermediate absorbance peak at around 350 nm (ultraviolet [UV]-
A or UV-B) (https://www.licor.com/bio/products/reagents/irdye/
700dx/index.html), also known as the Soret-band, that can be an
additional potential way to excite IR700 (Fig. 1).

Cerenkov radiation (CR) is the UV and blue light that is
produced by a charged particle traveling through a dielectric
medium faster than the speed of light in that medium and is
commonly produced during radioactive decay (5,6). CR has been
used for Cerenkov luminescence imaging, which pairs the pro-
duction of visible light from radiotracers such as '8F and '3'I with
widely used small-animal optical imaging equipment (6—12).

The most widely used tracer is the '3F-labeled analog of glu-
cose, '8F-FDG, which accumulates in metabolically active cells—
such as those in the brain, the heart, or a malignant tumor—at a
higher rate than other tissues (/3). CR generated by ionizing ra-
diation has been reported to excite IR700 (/4). Taken together,
tumors located deep in the body could potentially be treated by
photoimmunotherapy induced by '8F-FDG CR.

The purpose of this study was to determine whether CR
generated by '3F-FDG could induce photoimmunotherapy in a
mouse tumor model.

MATERIALS AND METHODS

Reagents

IRDye 700DX succinimidyl ester was obtained from LI-COR
Bioscience. Panitumumab, a fully humanized IgG, monoclonal
antibody directed against epidermal growth factor receptor, was pur-
chased from Amgen. Trastuzumab, 95% humanized IgG, monoclonal
antibody directed against human epidermal growth factor receptor
type 2 (HER2), was purchased from Genentech. All other chemicals
were of reagent grade.

Synthesis of IR700-Conjugated Panitumumab
and Trastuzumab

Panitumumab or trastuzumab (1 mg, 6.8 nmol) was incubated with
IR700 succinimidyl ester (60.2 pg, 30.8 nmol) in 0.1 mol/L Na,HPO,
(pH 8.6) at room temperature for 1 h. The mixture was purified with a
Sephadex G25 column (PD-10; GE Healthcare). The protein concen-
tration was determined with a Coomasie Plus protein assay kit
(Thermo Fisher Scientific Inc.) by measuring the absorption at 595
nm with spectroscopy (8453 Value System; Agilent Technologies).
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FIGURE 1. Absorption spectrum of IRDye 700DX.

The concentration of IR700 was measured by the amount of absor-
bance at 689 nm with spectroscopy to confirm the number of fluoro-
phores conjugated to each monoclonal antibody. The synthesis was
controlled so that an average of 2 IR700 molecules were bound to a
single antibody. We abbreviate IR700 conjugated to panitumumab as
pan-IR700 and to trastuzumab as tra-IR700.

Cell Culture

Epidermal growth factor receptor and luciferase-expressing A431-
luc (epidermoid carcinoma of skin/epidermis) and MDAMB468-luc
(adenocarcinoma of breast), and HER2 and luciferase-expressing 3T3/
HER2-luc cells (fibroblast of embryo) were established. Cell lines
were grown in RPMI 1640 (Life Technologies) supplemented with
10% fetal bovine serum and 1% penicillin-streptomycin (Life
Technologies) in tissue culture flasks in a humidified incubator at 37°C
in an atmosphere of 95% air and 5% carbon dioxide.

In Vitro UV-A PIT

Most CR is in the UV and blue end of the visible spectrum (6).
Thus, first we determined the cytotoxic effects of UV-A PIT with pan-
IR700 for A431-luc and MDAMB468-1uc cells or tra-IR700 for 3T3/
HER?2-luc cells using flow cytometric propidium iodide (PI) (Life Tech-
nologies) staining, which can detect compromised cell membranes. Two
hundred thousand cells were seeded into 12-well plates and incu-
bated for 24 h. Medium was replaced with fresh culture medium
containing 10 pg/mL of pan-IR700 or tra-IR700 and incubated for 6 h
at 37°C. After the medium was washed with phosphate-buffered saline
(PBS), PBS was added and cells were irradiated with a UV-A lamp,
which emits light at a 365-nm wavelength with 1,090 pW/cm? (Spec-
troline E-series handheld lamps; Spectronics Corp.). Applied time was
0, 25, 50, 100, 200, 400, 800, and 1,600 s for 0, 0.025, 0.05, 0.1, 0.2, 0.4,
0.8, and 1.6 J/cm?, respectively. Cells were scratched 1 h after treatment.
Then PI was added in the cell suspension (final, 2 pg/mL) and incubated
at room temperature for 30 min, followed by flow cytometry using a
flow cytometer (FACS Calibur; BD BioSciences) and CellQuest soft-
ware (BD BioSciences). To evaluate the killing of A431-luc cells with
UV-A light, we calculated A percentage of surviving cells, based on the
ratio of surviving cells exposed to UV-A light with or without pan-
IR700 to those not exposed to UV-A light with or without pan-IR700.

In Vitro CR-PIT with ®F-FDG

We examined the cytotoxic effects of in vitro CR-PIT with '8F-FDG
by bioluminescence imaging. Five hundred thousand cells were
seeded into 12-well plates and incubated for 24 h. After the cells were
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washed with PBS, 1 mL of phenol red free culture medium was added
to each well. Ten micrograms of pan-IR700 for A431-luc and
MDAMB468-luc cells or tra-IR700 for 3T3/HER2-luc cells contain-
ing medium were added to each well 0.5 h before '8F-FDG was added.
One milliliter of phenol red free culture medium was also added to
each well after the medium was washed with PBS before the addition
of '8F-FDG. A shorter incubation time compared with UV-A PIT was
selected because bioluminescence of cancer cells increases rapidly in
a short time and only a I-h incubation time with antibody-photo-
absorber conjugate (APC) has been reported to induce cytotoxic effect
due to NIR-PIT (/). For bioluminescence, 150 pg of D-luciferin (Gold
Biotechnology) were added to each well and analyzed on a biolumi-
nescence imaging system (Photon Imager; Biospace Lab) for lucifer-
ase activity —2 (2 h before), 0 (immediately after), 2, 4, 8, and 24 h
after the addition of '8F-FDG (the dose of '8F-FDG was 0, 0.11, 0.37,
1.11, 3.7, and 11.1 MBq, respectively). Luciferase activity was reported
in relative light units. Regions of interest of similar size were placed on
each well encompassing the whole well, and the sum of relative light
units was calculated using M3 Vision Software (Biospace Lab). Next,
the luciferase activity ratio was calculated from each value divided by
baseline value.

Animal Model

We performed an animal study using only the A431-luc tumor
model because clear CR-PIT effect was confirmed in vitro using this
cell line. All procedures were performed in compliance with the Guide
for the Care and Use of Laboratory Animals (15) and approved by
NCI-Bethesda Animal Care and Use Committee. Six- to 8-wk-old
female homozygote athymic nude mice were purchased from Charles
River (National Cancer Institute). A431-luc cells (2 X 10° in PBS) were
injected subcutaneously in the right dorsum of the mice under isoflurane
anesthesia. Experiments were conducted at 5 d after cell injection.

In Vivo CR-PIT with '8F-FDG

Tumor-bearing mice were randomized into 4 groups of at least 10
animals per group for the following treatments: no treatment (control);
200 g of pan-IR700 intravenously (APC intravenously only); 37 MBq
of '8F-FDG injection only ('8F-FDG only); and 200 pg of pan-IR700
intravenously, and 37 MBq of '8F-FDG were administered on day 1 after
injection of APC (CR-PIT). This '8F-FDG dose was selected because
37 MBq was the maximum dose that can be given to a mouse without
inducing cytotoxic effects in the A431-luc tumor cells (data not shown).

Under anesthesia, tumor-bearing mice were administered 37 MBq
of '8F-FDG intravenously. All injections of '8F-FDG were performed
in the late morning with fasting from the evening before as that can
affect the '8F-FDG biodistribution (/6). At 5 h after '8F-FDG injec-
tion, the mice were imaged under anesthesia with 2%-3% isoflurane
using BioPET/CT (Bioscan Inc.) to confirm biologic uptake. This time
was selected to allow sufficient decay because the maximum dose of
I8F-FDG that still provides accurate measurement on this scanner is
around 11.1 MBgq. Both PET and CT imaging data were acquired. The
PET images were acquired using an energy window of 250-700 keV.
The PET images were reconstructed using a Fourier rebinning algo-
rithm to generate 2-dimensional sinograms from the 3-dimensional
list-mode data. The sinograms were corrected for randoms, scatter,
and detector normalization artifacts. CT-based attenuation correction
was also applied to the sinograms. The fully corrected sinograms were
reconstructed into images using an ordered-subset expectation maxi-
mization algorithm. CT images of the mice were acquired using an
x-ray tube voltage and current settings of 50 kV and 180 mA, respec-
tively, and reconstructed using a filtered backprojection algorithm.

The treatment effects were determined with relative biolumines-
cence measured before and after treatment. For bioluminescence, D-
luciferin (15 mg/mL, 200 wL) was injected intraperitoneally and the
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mice were analyzed with a Photon Imager for luciferase activity be-
fore and 8 and 24 h after '8F-FDG injection. Regions of interest of
similar size were placed over each tumor.

Hepatotoxicity Induced by CR-PIT with 18F-FDG

Hepatotoxicity may result from CR-PIT due to accumulating both
I8F-FDG and APC in the liver. To validate the degree of hepatotox-
icity due to CR-PIT, mice were randomized into 4 groups with at least
2 animals per group for the following treatments: no treatment (con-
trol); 300 pg of pan-IR700 intravenously (APC intravenously only);
300 pg of pan-IR700 intravenously and then 40 J/cm? of NIR light
exposed to the liver on day 1 after injection of APC (NIR-PIT); and
300 pg of pan-IR700 intravenously, and 111 MBq of '8F-FDG were
administered on day 1 after injection of APC (CR-PIT). NIR light was
exposed to the liver using NIR laser light at a 685- to 693-nm wave-
length (BWF5-690-8-500-0.37; B&W TEK Inc.) while the remainder
of the body was shielded from light with aluminum foil.

Pathologic Analysis for Treated Tumor and Liver

To evaluate histologic changes after CR-PIT, light microscopy was
performed using an Olympus BX61 microscope (Olympus America,
Inc.). A431-luc tumors were excised from control mice, 24 h after
injection of pan-IR700 (APC intravenously only), 24 h after injection
of 18F-FDG ('8F-FDG only), and 24 h after CR-PIT. Livers were also
removed from control mice, 24 h after injection of pan-IR700 (APC
intravenously only), 24 h after NIR-PIT, and 24 h after CR-PIT.
Tumors and livers were placed in 10% formalin, and serial 10-pm
slice sections were fixed on glass slides with hematoxylin and eosin
staining.

Statistical Analysis

Statistical analysis was performed with JMP 10 software (SAS
Institute). Data are expressed as mean = SEM from a minimum of 4
experiments, unless otherwise indicated. We determined the differ-
ences in each percentage of surviving cells compared with the value
without UV-A light or APC (control) using Dunnett correction for
multiple comparison. For evaluation of luciferase activity, we also
determined each luciferase activity ratio compared with the value at
starting point for in vitro and controls (group 1) in vivo using Dunnett
correction for multiple comparison. Differences of P < 0.05 were
considered statistically significant.

RESULTS

In Vitro UV-A PIT

A431-Luc Cells. The percentage of surviving cells decreased in
a light dose-dependent manner (P < 0.01 for 0.025, 0.05, 0.1, 0.2,
0.4, 0.8, and 1.6 J/cm? of UV-A light with pan-IR700 compared
with the value without UV-A light or pan-IR700) (Fig. 2A). How-
ever, significant cytotoxicity associated with UV-A light alone
(over 0.8 J/cm?) was seen in the absence of pan-IR700 and with
pan-IR700 alone but no UV-A light (Fig. 2A). The A percentage of
surviving cells increased in a light dose-dependent manner with
pan-IR700 whereas A percentage of surviving cells was negligible
up to 0.4 J/cm? of UV-A light irradiation without pan-IR700. Thus,
we concluded that UV-A light with pan-IR700 induces cell death
because of the photoimmunotherapy effect (Supplemental Fig. 1;
supplemental materials are available at http://jnm.snmjournals.org).

MDAMB468-Luc Cells. The percentage of surviving cells
decreased in a light dose-dependent manner (P = 0.11 for 0.025
J/em?, P < 0.01 for 0.05, 0.1, 0.2, 0.4, 0.8, and 1.6 J/cm? of UV-A
light with pan-IR700 compared with the value without UV-A light
or pan-IR700) (Fig. 2B). However, significant cytotoxicity associ-
ated with UV-A light alone in the absence of pan-IR700 was
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FIGURE 2. Evaluation of in vitro UV-A PIT (*P < 0.05, **P < 0.01, vs.
untreated control). (A) Percentage of surviving cells decreased in light
dose-dependent manner although 50% of A431-luc cells died when
pan-IR700 alone without UV-A light was administered. (B) Propidium
iodide staining showed membrane damage in MDAMB468-luc cells in-
duced by UV-A PIT although significant cytotoxicity associated with
UV-A light alone was observed. (C) With tra-IR700, percentage of sur-
viving 3T3/HER2-luc cells decreased in light dose-dependent manner.

observed (P < 0.01 for 0.1, 0.2, 0.4, 0.8, and 1.6 J/cm? compared
with the value without UV-A light or pan-IR700) (Fig. 2B).
3T3/HER2-Luc Cells. The percentage of surviving cells de-
creased in a light dose-dependent manner (P = 0.04 for 0.025
J/em?, P < 0.01 for 0.05, 0.1, 0.2, 0.4, 0.8, and 1.6 J/cm? of
UV-A light with tra-IR700 compared with the value without UV-A
light or tra-IR700) (Fig. 2C). There was no significant cytotoxicity
associated with UV-A light alone up to 0.8 J/cm? in the absence of
tra-IR700 compared with without UV-A light or tra-IR700.

In Vitro CR-PIT with ®F-FDG

A431-Luc Cells. There was no significant difference in lucifer-
ase activity ratio between 0 and —2 h with pan-IR700 and '8F-
FDG (P = 0.09, 0.42, 0.38, 0.27, and 0.64 for 0.11, 0.37, 1.11, 3.7,
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tively) (Fig. 3B). Moreover, when pan-
IR700 was given, luciferase activity ratio
increased significantly at all time points
including 0 h compared with that at —2 h
with and without '8F-FDG (P < 0.01 for
all) (Fig. 3B). These results suggested that
the effect of CR-PIT could not be observed
in vitro using MDAMB468-luc cells.
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FIGURE 3. Evaluation of in vitro CR-PIT using '8F-FDG. (A) When A431-luc cells were used,
suppression of luciferase activity in cells was seen in CR-PIT and the degree of suppression
increased in a dose-dependent manner. (B) When MDAMB468-luc cells were used, CR-PIT did
not significantly change the level of luciferase activity compared with '8F-FDG alone. (C) When
3T3/HER2-luc cells were used, CR-PIT also did not significantly change the level of luciferase

activity compared with '8F-FDG alone.

and 11.1 MBq of '8F-FDG administration, respectively) (Fig. 3A).
Luciferase activity ratio increased significantly at 2, 8, and 24 h
after '8F-FDG administration compared with that at —2 h with and
without '8F-FDG (P < 0.01 for all). On the other hand, without
pan-IR700 luciferase activity ratio increased significantly at all
time points including 0 h compared with that at —2 h regardless
of presence or absence of '8F-FDG (P < 0.01 for all) (Fig. 3A).
Taken together, CR-PIT from !8F-FDG had a demonstrable effect
on A431-luc cells in vitro.

MDAMB468-Luc Cells. In the absence of pan-IR700, luciferase
activity ratio increased significantly at 0 h compared with that at
—2 hup to 1.11 MBq of '8F-FDG administration (P < 0.01 for 0,
0.11, 0.37, and 1.11 MBq of '8F-FDG administration, respec-
tively), whereas there was no significant difference in luciferase
activity ratio between 0 and —2 h when the dose was increased to
3.7 or 11.1 MBq of '8F-FDG (P = 0.37 and 0.97 for 3.7 and 11.1
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FIGURE 4. In vivo effect of CR-PIT on A431-luc tumor. (A) CR-PIT
regimen is shown. (B) '8F-FDG PET imaging of tumor-bearing mice.
Tumor showed high accumulation of '8F-FDG (arrow). (C) Biolumines-
cence imaging of tumor-bearing mice.
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by CR derived from '8F-FDG in vitro. In
the presence of tra-IR700, luciferase activ-
ity increased significantly with administra-
tion of 11.1 MBq of '®F-FDG (P = 0.03),
although there was no significant differ-
ence in luciferase activity ratio between
0 and —2 h with administration of '8F-
FDG up to 3.7 MBq (P = 0.71, 0.24, 0.19, and 0.20 for 0.11,
0.37, 1.11, and 3.7 MBq of '3F-FDG administration, respectively)
(Fig. 3C). Thus, the effect of CR-PIT was unpredictable in vitro
using 3T3/HER2-luc cells.

In Vivo CR-PIT with ®F-FDG

The treatment regimen is shown in Figure 4A. '8F-FDG
clearly accumulated within the tumor (Fig. 4B). In the control,
APC-intravenously-only, and '8F-FDG-only groups luciferase
activity of tumors increased rapidly with time, indicating tumor
growth. On the other hand, in the CR-PIT group luciferase ac-
tivity of tumors increased at a lower rate (Figs. 4C and 5A).
Eight hours after '8F-FDG injection, the post—/pre—!'8F-FDG lu-
ciferase activity ratio in the CR-PIT group was significantly
lower than that in the control group, whereas there was no sig-
nificant difference in luciferase activity in APC-intravenously-
only and '8F-FDG-only groups compared with controls (P =
0.83, 0.54, and 0.04 for APC-intravenously-only, '¥F-FDG-only,
and CR-PIT groups, respectively) (Fig. 5B). Twenty-four hours
after '8F-FDG injection post—/pre—'8F-FDG luciferase activity
ratio in the CR-PIT group was also significantly lower than that
in controls (P = 0.05). However, there was no significant differ-
ence in luciferase activity in APC-intravenously-only and '8F-
FDG-only groups compared with controls (P = 0.47 and 0.85
for APC intravenously only and '8F-FDG only, respectively)
(Fig. 5B).

Pathologic Analysis for Treated Tumor and Liver
CR-PIT-treated tumors showed cellular necrosis and microhe-
morrhage within a background of live but damaged tumor cells
whereas little damage was observed in tumors receiving '3F-FDG
only (Fig. 6). This appearance is similar but milder to that
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only a small part of CR may reach IR700
on the cell membrane (/).

One approach would be to inject a larger
dose of '8F-FDG with proportionately
more CR. However, one is limited by
the permissible radiation dose in humans.
Moreover, hepatotoxicity could result from
CR-PIT in the liver due to accumulation of
both '8F-FDG and APC. Mild hepatic cell
damage was observed in peri-Glisson’s
capsule area; however, this damage was
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FIGURE 5. In vivo effect of CR-PIT on A431-luc tumor. (A) Luciferase activity ratio was sup-

pressed in CR-PIT group compared with control group. (B) Significant suppression of luciferase
activity ratio was seen in CR-PIT group compared with control group. NS = not significant.

observed with conventional NIR-PIT. No obvious damage was
observed in tumors in the APC-intravenously-only and control
groups (Fig. 6).

The livers treated with NIR-PIT showed yellowish color
changes on the surface in macroscopic appearance and extensive
hepatic cell damage especially at the peri-Glisson’s capsule area
on microscopic images (Supplemental Fig. 2). On the other
hand, the livers treated with CR-PIT showed mild hepatic cell
damage mainly at the peri-Glisson’s capsule area on micro-
scopic images; however, there was no obvious change in mac-
roscopic surface appearance. No obvious damage was observed
in the livers in the APC-intravenous-only and control groups
(Supplemental Fig. 2).

DISCUSSION

From our results, we found that UV-A light can induce
photoimmunotherapy. However, some cells are quite sensitive to
the effects of UV-A light alone as shown in MDAMB468-luc cells,
suggesting that some cancer cells (as well as normal cells) are
highly sensitive to UV-A light by itself whereas NIR light is
completely harmless by itself (/,17,18).

The in vitro results of CR-PIT suggested that among the cells
tested, A431-luc cells were more sensitive than MDAMB468-luc
and 3T3/HER2-luc cells. This may be because CR and radiation
exposure itself may induce variable cytotoxicity in certain cell
lines (/9), resulting in reduced additional cytotoxic effects of CR-
PIT. Variability in this effect may be traced to variable accumu-
lation of '8F-FDG in each cell type (20). Alternatively, the light
produced by CR may be insufficient to induce photoimmunother-
apy effects in these cell lines.

CR-PIT for A431-luc tumor showed significant inhibition of
luciferase activity in vivo. Moreover, pathologic analysis revealed
cellular necrosis and microhemorrhage within the CR-PIT-treated
tumor, indicating that CR-PIT was capable of inhibiting A431-luc
tumor growth.

The decrease of luciferase activity after CR-PIT in A431-luc
tumors was not observed consistently over the entire time course
of the experiment unlike NIR-PIT (7). This suggests CR-PIT was
less effective than NIR-PIT. First, photoimmunotherapy depends
on light absorption by the photoabsorber IR700, which is opti-
mally excited at 689 nm. UV-A light at 350 nm is only one-third
as effective as NIR. Furthermore, compared with NIR, CR is much
lower in intensity and penetrates only 1-2 mm into tissue. More-
over, CR is emitted inside of the cell and lipid cell membrane has
the capacity to absorb UV light including CR (/3,20). Therefore,
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diffuse throughout the liver, suggesting
potential for significant hepatotoxicity.
Therefore, in the future, it might be pref-
erable to select PET agents and Ab-IR700
conjugates that demonstrate less hepatic uptake than '®F-FDG or
pan-IR700.

Selecting an alternative radionuclide that emits high-energy
B-radiation with high-yield CR is a potential way to improve the
effect of CR-PIT (6,12,21,22). However, the labeled agent must be
highly tropic to cancer with little off-target accumulation and the
half-life and dosimetry must be such that acceptable exposure to
nontarget organs can be achieved while still producing enough
light for CR-PIT.

Control

Cerenkov
radiation-PIT "®F-FDG only APC i.v. only

FIGURE 6. Resected tumors stained with hematoxylin and eosin. Cel-
lular necrosis and microhemorrhage were seen within a background of
live but damaged tumor cells after CR-PIT whereas little damage was
observed in tumors receiving '8F-FDG administration alone. No obvious
damage was observed in the tumor receiving only APC but no '8F-FDG
administration.
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CR-activated photosensitizer-labeled nanoparticles have been re-
ported (8,23,24). However, unlike NIR-PIT, none of photosensitizer-
labeled nanoparticles has been used in clinical trials. Another concern
with CR-activated photosensitizer-labeled nanoparticles is inferior se-
lectivity because the CR emitted from these nanoparticles cannot be
directed exclusively to the tumor area (/). In contrast NIR-PIT is
highly selective for tumor. Thus, we think CR-PIT may be a better
approach than CR-activated photosensitizer-labeled nanoparticles.

Because CR-PIT has less immediate efficacy compared with
NIR-PIT, we did not conduct a long-term evaluation as tumors
regrew quickly, resulting in no significant therapeutic effect.
However, CR clearly induced cytotoxic photoimmunotherapy in
vivo, indicating that, similar to NIR-PIT, CR-PIT has the potential
to activate anticancer host immunity by inducing immunogenic
cell death either using CR-PIT or using an antibody-conjugate that
selectively targets tumor-associated regulatory T cells (2,25).

CONCLUSION

CR-PIT using '8F-FDG showed significant therapeutic effects
when using A431-luc cells in vitro and in vivo. Although CR-
PIT is less effective than NIR-PIT, it could nevertheless have an
impact for treating tumors located deep within the body where
NIR light cannot reach. Specific developments that might aid
the effectiveness of CR-PIT include the development of specific
radioactive probes that emit more CR but have lower hepatic
accumulation.
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