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Effects of Iron on Efficacy of Photodynamic Therapy Using Photolon
in a Mouse Model of CT26 Colon Cancer
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Background: Photodynamic therapy (PDT)-a minimally invasive anti-cancer therapy-is undergoing ex-
perimental studies to increase its anti-cancer effects. This study investigated the influence of iron on the
anti-cancer effects of PDT.
Methods: PDT was performed in a cancer-bearing mouse model, which was created by using a murine
colon carcinoma (CT26) cell line after administration of Photolon and iron. Tumor volume and the re-
sults of TdT-mediated dUTP-biotin nick end labeling (TUNEL), 8-OHdG, and TBARS assays were used
to measure anti-cancer effect.
Results: On day 14, tumor volume had increased by 49% in the PDT group and decreased by 72% in
the iron+PDT group. The percentage of TUNEL-positive cells in tumor tissues was 45% in the PDT
group and 69% in the iron+PDT group, suggesting that the proportion of TUNEL-positive cells had in-
creased in the iron+PDT group. The 8-OHdG content in tumor tissues was 33% higher in the iron+PDT
group than in the PDT group. The TBARS content in tumor tissues was 46% higher in the iron+PDT
group than in the PDT group.
Conclusions: Iron enhances the anti-cancer effect of PDT using Photolon, most likely by increasing oxi-
dative damage. (J] Nippon Med Sch 2023; 90: 41-49)
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Introduction

Cancer is a continuing threat to human health. Basic can-
cer treatments include surgery, radiation therapy, chemo-
therapy, and immunotherapy. However, the survival rate
of patients with cancer has not increased significantly'.
Therefore, to enhance the efficacy of cancer treatment, re-
searchers are exploring combination therapies, in which
various other treatment methods are performed in paral-
lel with existing treatment methods, and development of
new treatments and methods™.

Photodynamic therapy (PDT) is a method of cancer
treatment that uses a photosensitizer and light. PDT has
received attention as an alternative cancer treatment be-
cause it has very few side effects and is a minimally in-
vasive therapy that imposes much less treatment burden

than chemotherapy and radiation therapy’. However, be-

cause of lack of confidence in its effectiveness, PDT has
not been widely used as an anti-cancer treatment. There-
fore, research is underway to enhance the effectiveness of
PDT in combination with chemotherapy, immunotherapy,
radiation therapy, and other therapies”.

The photosensitizer used in PDT is activated by irra-
diation with light of a specific wavelength. The activated
photosensitizer acts on oxygen molecules to generate re-
active oxygen species (ROS) that damage cancer cells, re-
sulting in therapeutic effects’. ROS are normally pro-
duced in cell mitochondria; however, production of ROS
is increased by UV radiation, heavy metals, and drugs,
which can cause cell damage’. Metal ions are important
in various cellular functions. Redox-active metals such as
iron, copper, and chromium can continuously produce

ROS through the oxidation-reduction cycle’. Iron-induced
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cytotoxicity can cause a unique type of cell death, ferrop-
tosis, which is completely different from necrosis or
apoptosis® and is a known strategy for killing cancer
cells’. Therefore, agents that induce ferroptosis have been
suggested as anti-cancer drugs'. Erastin induced ferrop-
tosis in oral tongue squamous cell carcinoma and en-
hances the therapeutic effect of PDT using chlorin e6". It
induces ferroptosis by inhibiting the cystine-glutamate
antiporter (system xc-)".

Iron chelators that inhibit ferroptosis enhance the effi-
cacy of PDT by photosensitizers derived from 5-
aminolaevulinic acid or protoporphyrin IX"". Iron chela-
tors such as CP94 and AP2-18 increase the amount of
protoporphyrin IX in cancer cells"'. Therefore, admini-
stration of an iron chelator and a photosensitizer derived
from 5-aminolaevulinic acid or protoporphyrin IX in-
creases the amount of photosensitizer in cells, thereby in-
creasing the therapeutic effect of PDT™".

Zhu et al." reported that ferroptosis enhanced the effi-
cacy of PDT. However, few studies have examined the ef-
fect of iron administration on inducing ferroptosis in can-
cer cells during PDT. This study assessed the therapeutic
efficacy of PDT with iron administration using chlorin e6

in a mouse model of colon cancer.

Materials and Methods

Materials

Venoferrum, an iron preparation for injections, was
purchased from JW Pharmaceutical (Seoul, Korea). Fetal
bovine serum (FBS), streptomycin, penicillin, and Dul-
becco’s modified Eagle’s medium (DMEM) were pur-
chased from Gibco BRL (Rockville, MD, USA). Photolon
was donated by the Research Department at Dongsung
Bio Pharm (Seoul, Korea).

Cell Culture and in Vitro PDT

The mouse colon cancer cell line CT26 was purchased
from the American Type Culture Collection (Manassas,
VA, USA). CT26 cells were cultured in DMEM with 10%
(v/v) FBS, 10 units/mL penicillin, and 10 pg/mL strepto-
mycin and incubated in an atmosphere of 5% CO. at
37°C.

CT26 cells (1 x 10* cells per well) were seeded into 96-
well plates and incubated overnight at 37°C. After that,
CT26 cells were treated with various concentrations of
Photolon (0, 1, 2, 4, 6, 8, 10, and 12 pg/mL) and Venofer-
rum (0, 4, 8, and 12 ug of iron/mL) for 3 h. Next, the me-
dia was removed and the cells were washed with Phos-
phate Buffer Saline (PBS), after which phenol red-free
DMEM containing 10% FBS was added. The cells were
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irradiated with a light dose of 3 J/cm® by using a semi-
conductor laser device (UPL PDT laser; BelOMO, Minsk,
Belarus, A=660 + 5 nm). Cellular viability was measured
at 24 h after irradiation of the cells by using an MTT (3-
(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bro-
mide) assay kit (Abcam Cambridge, UK) according to the
manufacturer’s instructions. The optical density value of
each well was measured at 570 nm with a microplate
reader (BioTek, Winooski, VT, USA).

Lipid Peroxidation Assay

Levels of lipid peroxidation products were measured
using a thiobarbituric acid reactive substances (TBARS)
method. The cells were seeded in 3-cm Petri dishes
(Nunc) at a density of 2 x 10° cells/dish and incubated
for 24 h. After that, CT26 cells were treated with Pho-
tolon (6 pg/mL) and Venoferrum (4 and 8pug of iron/
mL) for 3 h. After 3 h, the cells were washed with PBS,
after which DMEM (without phenol red and FBS) was
added. The cells were irradiated with a light dose of 3 J/
cm’ at a wavelength of 660 nm with a semiconductor la-
ser device and incubated for 4 h. After 4 hours, cells
were collected by treatment with 0.05% Trypsin-EDTA so-
lution (Sigma), and levels of TBARS in cells were meas-
ured with an OxiSelect TBARS Assay Kit (Cell Biolabs,
San Diego, CA, USA) according to the manufacturer’s in-
structions. Briefly, the sample was mixed with 100 uL of
SDS lysis solution, reacted with 250 pL of TBA reagent,
and centrifuged to collect the supernatant, which was
used as n-butanol extraction samples. The butanol extrac-
tion sample was extracted by using the same volume of
butanol, which was used to quantify TBARS by measur-
ing absorbance at 532 nm.

Establishing the Colon Cancer-Bearing Mouse Model

Male Balb/c mice (age 6 weeks) were purchased from
Samtako Bio Korea (Seoul, Korea) and housed in an envi-
ronment with a 12-h dark/light cycle, a temperature of
20 + 2°C, and relative humidity of 60 + 5%. All animal
experiments were conducted in accordance with the rele-
vant ethical regulations and the approval of the Animal
Use and Care Committee of Chosun University (approval
number: CIACUC 2020-A0040).

CT26 cells (1 x 10° cells/mouse) were injected subcuta-
neously into the dorsal side of the mouse. After injection,
the mice were observed over time, and tumor size was
measured with a digital caliper. Tumor volume was cal-
culated by using the equation tumor volume (mm’) =
(width® x length)/2.

In Vivo PDT

Among the experimental animals, mice with a tumor
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volume of 350 mm’ or larger were randomly divided into
4 groups (n = 8 mice/group) as follows: control, iron,
PDT, and iron+PDT groups.

Photolon (10 mg) was dissolved in 100 mL of physi-
ological saline and injected into the peritoneal cavity of
the mice at a dose of 5 mg/kg body weight. Venoferrum
was diluted to a concentration of 10 mg/100 mL of iron
in physiological saline and injected intraperitoneally into
the mice 2 h after the Photolon injection at a dose of 5
mg/kg of the mouse’s body weight. Three hours after in-
traperitoneal injection of Photolon, the surface of the car-
cinoma was irradiated with a semiconductor laser device
(UPL PDT laser; BelOMO, Minsk, Belarus, A=660 + 5
nm).

Twenty-four hours after laser irradiation, 3 animals in
each experimental group were sacrificed by cervical dis-
location and the tumor masses were excised. Half the tu-
mor masses were used as samples to measure the
amount of 8-hydroxy-2-deoxyguanosine (8-OHG) and
TBARS. The remaining tumor masses were used as sam-
ples for hematoxylin and eosin (H&E) staining and TdT-
mediated dUTP-biotin nick end labeling (TUNEL) stain-
ing after fixation in 4% paraformaldehyde. In 5 mice in
each experimental group, the size of the tumor mass was
measured up to 14 days before and after laser irradiation,
and photographs were taken.

TUNEL Assay

Tissues fixed in 4% paraformaldehyde were embedded
in paraffin, and sections were cut to a thickness of 4 um.
Paraffin was removed by placing the sections in xylene
(twice for 15 min) and ethanol (100%, 95%, 85%, 70%,
and 50% each for 5 min). Tissue sections were stained
with H&E and observed with an optical microscope or
underwent TUNEL staining and observation with a fluo-
rescence microscope.

TUNEL analysis was performed with an In Situ Cell
Death Detection kit (Sigma, St. Louis, MO, USA) accord-
ing to the manufacturer’s instructions. Briefly, sections of
paraffin-embedded tissue with a thickness of 4 pm were
prepared. After dewaxing the paraffin by treatment with
xylene and ethanol, proteinase K (20 pg/mL in 10 mM
Tris-HCl, pH 7.4) was added to the TUNEL reaction mix-
ture. After washing with PBS, histology mounting me-
dium (Fluoroshield with DAPI; Sigma Aldrich, St. Louis,
MO, USA) was added, after which it was covered with a
glass cover and observed with a fluorescence microscope
(EVOS Digital Color Fluorescence Microscope; Invitrogen,
Foster City, CA, USA).
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8-OHdG Assay

The amount of 8-OHAG in the tissue was measured
with an 8-OHdG ELISA kit (Arigobio, Hsinchu, Taiwan)
according to the manufacturer’s instructions. Briefly, after
adding a 10-fold homogenization buffer (0.1 M PBS, pH
7.4) to the cancer tissues, they were homogenized with a
polytron homogenizer (Thomas Scientific, Gloucester
County, NJ, USA) and centrifuged to use the supernatant
as samples. DNA was extracted by using a G-spin Total
DNA Extraction kit (INtRON, Seongnam, Korea) with
200 pL of the supernatant, which was treated with nucle-
ase P1 (NEB, Ipswich, MA, USA) and used as DNA sam-
ples for 8-OHdAG quantification. DNA samples (50 pL)
were placed in a 96-well plate, and each cell was treated
with an HRP-conjugated 8-OHdG antibody. After react-
ing with the TMB substate, absorbance was measured at
450 nm to quantify 8-OHdG.

TBARS Assay

A 10-fold homogenization buffer (0.1 M PBS, pH 7.4)
was added to the cancer tissue, after which it was ho-
mogenized with a polytron homogenizer and used as a
TBARS measurement sample. The contents of TBARS in
tumor tissues were measured with the OxiSelect TBARS
Assay Kit (Cell Biolabs, San Diego, CA, USA) according
to the manufacturer’s instructions.

Statistical Analysis

All measurement results were expressed as mean + SD.
Experimental results were analyzed by analysis of vari-
ance (ANOVA) using the Statistical Package for the So-
cial Sciences (SPSS, Ver. 12.0. SPSS Inc., Chicago, IL,
USA), and the significance of differences between sam-
ples was defined as a P value of less than 0.05 on the

Duncan multiple range test.

Results

In Vitro PDT

The photocytotoxic effects of Photolon and iron in CT
26 cells were evaluated at 24 h after PDT at a light dose
of 3 J/cm’. As shown in Figure 1A, photocytotoxicity in-
creased in a Photolon dose-dependent manner at a light
dose of 3 J/cm’. Photolon was phototoxic at concentra-
tions above 6 ng/mL. In addition, at iron concentrations
of 8 mg/mL or higher, phototoxicity in cultured CT26
cells was higher for combined administration of Photolon
and iron than for Photolon alone. To determine the effect
of PDT on cellular lipid peroxidation, the lipid peroxide
content of cells was measured by the MTT method (Fig.
1B). Cellular lipid peroxide content was higher after PDT,

and PDT-induced lipid peroxide content was increased
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Fig. 1 Effect of iron on photocytotoxicity of Photolon in
CT26 cells.
A: Viability of CT26 cells after PDT with Photolon
and iron measured by an MTT assay.
B: Lipid peroxide content in CT26 cells after PDT
with Photolon and iron.

by the addition of iron (8 ug/mL).

Changes in Tumors After PDT in CT26 Tumor-
Bearing Mice

To investigate the effect of PDT, we visually observed
tumors up to 14 days after PDT in CT26 tumor-bearing
mice (Fig. 2). Tumors grew continuously for up to 14
days in both the control and iron groups. In the PDT
group, the skin of the laser irradiation site turned black
on day 1. A crust that had formed on day 3 had shrunk
on day 14 after PDT. In the iron+PDT group, the laser ir-
radiation site turned black on day 1. A crust that had
formed at the tumor site on day 3 was smaller on day 7,
and part of the crust had fallen off on day 14. After that,
crust shrinkage progressed further.

Tumor volumes measured up to 14 days after PDT are
shown in Figure 3. The tumor volumes of the control
group were 229 + 65 mm’ on day 0 and 1,496 + 197 mm’
on day 14-a 553% increase in tumor volume. The tumor
volume of the iron group had increased by 590% on day
14, and there was no difference in tumor volume as com-
pared with the control group. The tumor volumes in the
PDT group were 212 + 63 mm’ and 317 = 190 mm’ on
day 0 and day 14 after PDT, respectively. The tumor vol-

ume had increased by 49%. Therefore, the increase in tu-
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mor volume was less than that in the control group (P<
0.01). The tumor volumes in the iron+PDT group were
209 + 58 mm’ and 57 + 101 mm’ on day 0 and day 14 af-
ter PDT, respectively. Tumor volume on day 14 was 72%
lower than the value on the day of PDT, and tumor vol-
ume on day 14 was smaller in the iron+PDT group than
in the PDT group (P<0.01).

Changes in Tumor Tissues After PDT in CT26 Tumor-
Bearing Mice

Figure 4 shows H&E staining of tumor tissues at 24 h
after PDT in CT26 tumor-bearing mice. H&E staining of
tumor tissues in the control group and iron group re-
vealed various sizes and shapes of nuclei in cancer cells;
however, neither cell type nor nuclei differed between
the 2 groups. The tumor tissues of the PDT group exhib-
ited irregular nuclei and cells with unclear nuclear mem-
branes. Furthermore, unclear nuclear membranes in the
cells of tumor tissues were more common in the iron+
PDT group than in the PDT group.

Figure 5A and 5B show the results of TUNEL staining
of tumor tissues at 24 h after PDT in CT26 tumor-bearing
mice. Many DAPI-stained cell nuclei were observed;
however, few TUNEL-stained nuclei were observed in tu-
mor tissues of the control and iron groups. In contrast,
many TUNEL-stained cell nuclei were observed in the
tumor tissue of the PDT group; the ratio of the number
of TUNEL-stained nuclei to DAPI-stained nuclei was
45%. The number of TUNEL-stained nuclei was higher in
the iron+PDT group than in the PDT group. The ratio of
the number of TUNEL-stained nuclei to DAPI-stained
nuclei was 69%-24% higher than that of the PDT group
(P<0.01).

Changes in 8-OHdG in Tumor Tissue After PDT in
Tumor-Bearing Mice

Figure 6 shows the amount of 8-OHdG in tumor tis-
sues at 24 h after PDT in CT26 tumor-bearing mice.
There was no difference between the control and iron
groups in the 8-OHdG content in tumor tissues. The 8-
OHdG content of the tumor tissues in the PDT group
was 2019 + 18.1nug/g tissue, which was 915% of the
value for the control group (P<0.01), indicating that oxi-
dative damage to the DNA of tumor cells was increased
by PDT. The 8-OHdG content of tumor tissues was 33%
greater in the iron+PDT group than in the PDT group (P
<0.01); therefore, the increase in oxidative damage to the
DNA of cancer cells was greater than that in the PDT

group.
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Fig. 2 Photograph of CT26 cancer-bearing mice after photodynamic therapy with Photolon (5 mg/kg) and laser irradiation
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Fig. 3 Effects of iron (5 mg/kg BW) and PDT on tumor
volume in CT26 cancer-bearing mice. Values are
mean+SD, n=5. *P<0.01.

Changes in TBARS in Tumor Tissues After PDT in
Tumor-Bearing Mice

Figure 7 shows TBARS content in tumor tissue at 24 h
after PDT in CT26 tumor-bearing mice. There was no dif-
ference between the control and iron groups in TBARS
content in tumor tissues. The TBARS content in the PDT
group was 291 + 41 uM/g tissue, 219% that of the con-
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trol group (P<0.01), indicating that the lipid peroxide
content in tumor tissues was increased by PDT. The
TBARS content in the tumor tissues of the iron+PDT
group was 46% higher than that of the PDT group (P<
0.01), indicating greater lipid peroxidation when PDT
was performed after iron administration as compared
with PDT alone.

Discussion

Iron has been shown to increase the anti-cancer effects of
PDT. To determine the effect of iron on the effectiveness
of PDT, this study assessed the effects of PDT after iron
administration in CT26 cancer-bearing mice. CT26 cells
are a murine colon carcinoma cell line derived from co-
lon cancer tissues of BALB/c mice, and CT26-bearing
mice are used for cancer treatment experiments involving
PDT". In cultured CT26 cells, Photolon phototoxicity was
increased by PDT in a dose-dependent manner; at an
iron concentration of 8 mg/mL or higher, the photocyto-
toxicity of Photolon and iron was higher than that of
Photolon alone.

In CT26 cancer-bearing mice, the skin color at the tu-
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Fig. 4 H&E staining of tumor tissue at 24 h after PDT in CT26 cancer-bearing mice.

A: control group, B: iron group, C: PDT group, D: Iron+PDT group

x400 magnification; scale bars=400 um.

mor site turned black on day 1 after PDT, a crust formed
on the skin on day 3, and the crust had shrunk on day
14. A crust forms when exudate caused by skin damage
dries on the skin. The crust that formed at the laser irra-
diation site after PDT was likely caused by damage to
skin tissue and subcutaneous cancer tissues.

In cells, an irregular nuclear shape is associated with
decreased cellular energy levels, and damage to the nu-
clear membrane is associated with cell death™”. In this
experiment, H&E staining of cancer tissue in the PDT
group revealed cells with an irregular nuclear shape and
partially invisible nuclear membrane, which may be a re-
sult of damage to the nuclear membrane.

In the iron+PDT group, shrinkage and peeling of the
crust progressed faster than in the PDT group, and there
were more cells without a nuclear membrane than in the
PDT group in H&E staining of cancer tissues, suggesting
that cancer cell damage was greater.

Tumor volumes were higher in the control and iron
groups that did not receive PDT; however, there was no
difference in the rate of increase in tumor volume be-
tween these groups. In the PDT group, the tumor volume
growth rate was lower than in the control group, and the
volume was smaller than in the control group on day 14,
suggesting that carcinoma growth was suppressed by
PDT. The tumor volume of the iron+PDT group was
even lower, indicating that the anti-cancer effect was

greater when PDT was performed after iron administra-
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tion.

The photosensitizer used in this experiment, Photolon,
is made by conjugating chlorine e6 and polyvinylpyr-
rolidone (Fig. 8) and is widely used in PDT studies™”.
Photolon accumulates in lysosomes, mitochondria, and
ROS; photodamage of mitochondria and lysosomes by
Photolon accumulation is important in PDT-mediated
apoptosis®. Activation by light at a wavelength of 660
nm generates ROS, which cause oxidative damage to
cancer cells, thereby exerting anti-cancer effects™.

Increased ROS in cells can induce chromosomal DNA
fragmentation, and an increase in chromosomal DNA
fragmentation can cause cell death from apoptosis or ne-
crosis”. A study using a human biliary cancer cell line
found that the number of TUNEL-positive cells was
higher at 24 h after PDT”. In the present study, the pro-
portion of TUNEL-positive cells in tumor tissues in the
PDT group was 45% at 24 h after PDT, suggesting that
DNA damage was caused by PDT. Furthermore, the pro-
portion of TUNEL-positive cells was 22% higher in the
iron+PDT group than in the PDT group. Therefore, iron
might further increase DNA damage in cancer cells dur-
ing PDT. The greater number of TUNEL-positive cells in
the iron+PDT group than in the PDT group was a result
of increased chromosomal DNA fragmentation in the
cancer cells of the iron+PDT group. Therefore, the anti-
cancer effect of PDT and iron administration may be the

result of increased chromosomal DNA fragmentation.
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A: TUNEL images of cancer tissue of CT26 cancer-bearing mice at 24 h after PDT.

DAPI: 6-diamidino-2-phenylindole
x400 magnification; scale bars=400 um

B: Effects of iron and PDT on TUNEL-positive nuclei content in tumor tissue of CT26 cancer-bearing mice.

TUNEL-positive nuclei are defined as the percentage of all counted nuclei in random fields. Values are

mean+SD, n=3. *P<0.01.

ROS can produce 8-OHdAG by acting on DNA; there-
fore, 8-OHdG has been used as a marker of cellular oxi-
dative damage™. In this experiment, the 8-OHdG content
in the tumor tissue of the PDT group was 915% that of
the control group, suggesting that oxidative damage to
the DNA of tumor cells was higher for PDT. The 8-
OHAG content in tumor tissues was 33% higher in the
iron+PDT group than in the PDT group, indicating that
oxidative DNA damage was greater than that in the PDT

group. Idarubicin (4-demethoxydaunorubicin), an anthra-

J Nippon Med Sch 2023; 90 (1)

cycline anti-cancer agent that generates ROS, increases
production of 8-OHdG when co-administered with cop-
per, thereby increasing DNA damage”. In this experi-
ment, 8-OHdG content in tumor tissues was 33% higher
in the iron+PDT group than in the PDT group, suggest-
ing that PDT-induced DNA oxidative damage in cancer
cells was further increased by iron administration.

Lipid peroxidation caused by oxidative stress can in-
duce apoptosis due to cell membrane dysfunction.

TBARS is used as a marker of lipid peroxidation®”. In

47



J. Lee, et al

400 -

dek

(%]
(=1
(=]

dedk " ]—

100 4

8-OHdG contents (pg/g tissue)
[\%]
8

0 RXXX) KXXX]
Control Iron PDT

Iron+PDT

Fig. 6 Effects of iron and PDT on 8-hydroxy-2'-deoxy-
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CT26 cancer-bearing mice. Values are mean+SD,
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tive substance (TBARS) content in tumor tissue of
CT26 cancer-bearing mice. Values are mean+SD,
n=3. *P<0.01

this study, lipid peroxide content in cultured CT26 cells
was higher in the PDT group, which suggests that oxida-
tive cell damage was increased by PDT. In addition, lipid
peroxide content in cultured CT26 cells after PDT was in-
creased by the addition of iron, suggesting that iron in-
creases oxidative cell damage by PDT.

TBARS content in tumor tissues was higher in the PDT
group than in the control group, suggesting that oxida-
tive lipid damage in tumor tissues was increased by PDT.
TBARS content in tumor tissues of the iron+PDT group
was 46% higher than that in the PDT group, suggesting
that oxidative damage to lipids was increased by PDT af-
ter iron administration.

Iron increases production of highly reactive hydroxyl
radicals via the Fenton reaction. Therefore, it is thought
that ROS were produced by PDT and that the number of
hydroxyl radicals increased in the presence of iron,
which caused lipid peroxidation. When iron supplements

are injected into rats, the iron concentration in tissue cells
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Fig. 8 Chemical structure of the photosensitizer Photolon

increases and this increased iron in cells induces ferrop-
tosis. A Ce6-erastin nanodrug made from the ferroptosis
inducer erastin and photosensitizer chlorin e6 increases
the anti-cancer effects of PDT". Ferroptosis is associated
with an increase in lipid peroxide levels. In the present
study, the increase in the amount of TBARS in the tumor
tissue in the iron+PDT group was likely related to in-
creased ferroptosis in the iron+PDT group. Our results
show that intraperitoneal injection of an iron supplement
(Venoferrum) increases the anti-cancer effect of PDT us-
ing Photolon, presumably because of the effects of fer-
roptosis.

Study Limitations

A limitation of this study is that the number of animals
used in the experiment was insufficient, as we used a
small number of animals in each experimental group.

Therefore, additional research is necessary.

Conclusions
In a CT26 tumor-bearing mouse model, iron administra-
tion increased the anti-cancer effect of PDT using Pho-
tolon. This increase in the anti-cancer effects of PDT after
iron administration is likely related to increased oxida-

tive cell damage by ferroptosis.
Conflict of Interest: None declared.
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