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Radiotherapy is a well-established cancer treatment; it is
estimated that approximately 52% of oncology patients will
require this treatment modality at least once. However, some
tumors, such as triple-negative breast cancer (TNBC), may
present as radioresistant and thus require high doses of ion-
izing radiation and a prolonged period of treatment, which
may result in more severe side effects. Moreover, such
tumors show a high incidence of metastases and decreased
survival expectancy of the patient. Thus, new strategies for
radiosensitizing TNBC are urgently needed. Red light ther-
apy, photobiomodulation, has been used in clinical practice
to mitigate the adverse side effects usually associated with
radiotherapy. However, no studies have explored its use as a
radiosensitizer of TNBC. Here, we used TNBC-bearing mice
as a radioresistant cancer model. Red light treatment was
applied in three different protocols before a high dose of
radiation (60 Gy split in 4 fractions) was administered. We
evaluated tumor growth, mouse clinical signs, total blood cell
counts, lung metastasis, survival, and levels of glutathione in
the blood. Our data showed that the highest laser dose in
combination with radiation arrested tumor progression,
likely due to inhibition of GSH synthesis. In addition, red
light treatment before each fraction of radiation, regardless
of the light dose, improved the health status of the animals,
prevented anemia, reduced metastases, and improved sur-
vival. Collectively, these results indicate that red light treat-
ment in combination with radiation could prove useful in the
treatment of TNBC. � 2023 by Radiation Research Society

INTRODUCTION

Radiotherapy plays a pivotal role in the treatment of a
variety of solid tumors, such as breast cancer (1). It is cost-
effective as a single modality treatment, accounting for 5%

of the total cost of cancer care. It has estimated that 52% of
patients with cancer will receive radiation at some point dur-
ing their treatment, either for curative or palliative purposes
(2). Ionizing radiation used in radiation treatment induces
cancer cells to die mainly by inducing DNA damage (3).
There is no standard radiation therapy protocol for all can-

cers, though it is often determined according to the type of
cancer, stage, grade, and whether radiation is applied as a
single or adjuvant treatment (4–6). For example, the Euro-
pean Society for Radiotherapy and Oncology Advisory in
Radiation Oncology defined parameters of a moderate hypo-
fractionation protocol (40–56 Gy in 15 or 16 fractions over 3
weeks) for treatment of the whole breast regardless of the
age at breast cancer diagnosis, pathological tumor stage and
breast cancer biology (7). Nonetheless, there are still chal-
lenges in radiotherapy to be overcome, such as minimizing
the damage to normal cells/tissue surrounding the tumor and
importantly, tumor radioresistance (8).
Radioresistant tumors generally are not responsive to

other conventional cancer treatments and require high
doses of radiation and a prolonged period of treatment;
sometimes the treatments are only palliative, to provide
quality of life to patients (9). Currently, technical advance-
ments have improved radiotherapy and individual proto-
cols. Indeed, most patients receive a general fractionation
regimen (hypofractionation or ultra-hypofractionation) to
facilitate treatment adherence, which has often been a con-
cern (10). However, adverse effects such as fatigue, radio-
dermatitis, and loss of body mass that might occur during
or after treatment have a direct impact on the physical,
mental, and social well-being of the patient (11).
Tumors in triple-negative breast cancer (TNBC) patients

are typically characterized as radioresistant, and not respon-
sive to conventional anticancer therapies. However, due to
the scarce treatment alternatives, radiation therapy is still
often offered as a possible treatment to arrest cancer progres-
sion, mainly after the mastectomy (11). In general, TNBC
represents 15% to 20% of the 2 million cases per year of
breast cancer. Additionally, its mortality rate is high (40%
within 5 years post-diagnosis) (13, 14). It is also highly met-
astatic; 46% of patients develop distant metastases, mainly
in the lung, with a life expectancy of only 13.3 months (15).
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The molecular mechanism of TNBC radioresistance remains
unclear, though a recent study reported that radiation treat-
ment increases levels of tripartite motif-containing protein
32 (TRIM 32), which is already upregulated in these cells
(16). In this context, the search for radiosensitizers to reduce
radioresistance is urgently required.
Photobiomodulation therapy (PBM), which employs

non-ionizing radiation mostly in the range of red and near-
infrared wavelengths from lasers or light-emitting diodes
(LEDs), is a non-invasive approach that has been applied to
restore, stimulate, and repair the damage caused by injury
or diseases (17, 18). Presently, PBM has been used to miti-
gate the side effects of breast cancer treatment, such as
radiodermatitis and lymphedema (19, 20). However, its use
as a radiosensitizer for TNBC has not yet been explored.
There are no specific radiosensitizers for TNBC, mainly
due to the lack of an effective target for tumor suppression
(21, 22).
Previously, we showed that red light PBM applied after

irradiation of TNBC tumor-bearing mice, regardless of the
red light protocol, was able to arrest tumor growth, prevent
side effects and hemolytic anemia, and reduce metastases
(23). Here, we aimed to verify the ability of red light treat-
ment to act as a radiosensitizer for TNBC. Using the same
red light and radiation protocols, TNBC-bearing mice were
exposed to red light treatment, and then animals received 4
fractions of 15 Gy (60 Gy). To evaluate the impact of the
red light as a radiosensitizer, we also analyzed the tumor
evolution, side effects, full blood count, lung metastasis by
optical coherence tomography (OCT), and survival of
treated mice. We also measured blood glutathione level,
which is closely related to an animal’s antioxidant defenses,
to provide mechanistic insights.

MATERIALS AND METHODS

Breast cancer cells (4T1), used in established TNBC murine mod-
els, were cultured in RPMI 1640 medium (Sigma), supplemented
with 10% fetal bovine serum (Sigma) at 37˚C with 5% CO2 in
humidified air, and then, aliquoted at a concentration of 1 3 105 cells
in 40 mL of the medium.

All experiments were performed according to the Ethics Committee
on Animal Use of the Nuclear and Energy Research Institute (IPEN-
CNEN). BALB/c female mice (n ¼ 30) aged 6–8 weeks and with
body mass of approximately 20 g were anesthetized with 2.5% isoflur-
ane (Cristália, Brazil) by inhalation, trichotomized, and inoculated

with 1 3 105 4T1 cells into the left mammary fat pad. All animals
were monitored until the tumor volume reached 0.1 cm3 (14 days post-
inoculation) and randomized into 6 experimental groups on day 4
[tumor, radiation (IR), red light (RL) þ IR, RL/IR, RL37.5/IR and non-
tumor bearing untreated animals (used to accumulate baseline values;
5 mice/group)] (Fig. 1).

Red light treatment was performed locally on tumors by using a
laser (MMOptics Ltda, Brazil) (k ¼ 660 nm, an output power of 20
mW, spot area of 0.04 cm2, power density of 500 mW cm�2, exposure
time of 37.5 and 150 s delivering energies of 1.5 and 6 J, and light
doses of 37.5 and 150 Jcm– 2, respectively), in three different proto-
cols (23): 1. single exposure 24 h before the first fraction of radiation
with an energy density of 150 Jcm�2 (RLþIR group); 2. red light
laser (150 Jcm�2) applied immediately before each fraction (RL/IR
group) or 3. red light laser (37.5 Jcm�2) applied immediately before
each fraction (RL37.5/IR group). The laser tip was positioned at 90˚
on the tumor center to standardize the red light delivery.

Localized irradiations were carried out using a 60Co panoramic irra-
diator (activity ¼ 4.81 TBq) from Technology Radiation Center at
IPEN. The distance between the breast and the source was kept con-
stant at 10 cm and the dose rate dose was approximately 60 Gy h�1.
The total dose delivered to the breast tumor was 60 Gy split into 4
fractions of 15 Gy (one fraction per day). The mouse was inserted into
a conical tube (50 mL) and shielded by a lead device, both of them
with a hole in the breast region to allow irradiation of the tumor (24).

Tumor volume was measured daily by using digital calipers. We
used the following equation to estimate tumor volume (23): V (cm3) ¼
0.53 length3 width2.

Health Evaluation

Health status of mice was assessed weekly up to 21 days after the
last fraction was administered. A trained and blinded veterinarian
assigned scores for health status for each animal such as hypokinesia
(0 ¼ normal activity; 1 ¼ reduced activity; 5 ¼ inactive), piloerec-
tion (0 ¼ no; 1 ¼ yes), and hunching (0 ¼ no; 1 ¼ yes) ranging from
0 to 7. Higher scores indicate pain and distress, while lower scores
denote better health status (23, 25). The sum of the scores was com-
puted for each experimental day.

Blood Examination

The levels of red blood cell (RBC), white blood cell (WBC), and
platelet (PLT) counts were taken on days 7 and 21 after the last frac-
tion by using a hematologic reader 2800 BCE VET (Mindray,
China). Approximately 30 mL of blood was collected from the caudal
vein and mixed with 1 mL of 10% sodium ethylenediaminetetraacetic
acid (EDTA) to avoid blood coagulation.

Optical Coherence Tomography (OCT)

The animals were euthanized on day 28 using an excessive dose of
anesthetics (30 mg kg�1 xylazine and 300 mg kg�1 ketamine). Blood
samples were collected through subclavian vein puncture and centri-
fuged to obtain the plasma. Lungs were then aseptically removed for
assessing metastatic nodules by OCT.

FIG. 1. Experimental study design.
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We used an OCT device with k ¼ 1,300 nm and an axial resolu-
tion of 10.6 mm (VEG220-Thorlabsw). Three-dimensional images of
both sides of the lungs were constructed, and then the nodules were
counted for each animal of each experimental group.

Glutathione Assay

Deproteinated samples, obtained from plasma, were used to deter-
mine individual values of reduced (GSH) and oxidized (GSSG) glu-
tathione; samples were prepared using a glutathione quantification
kit (Sigma) according to the manufacturer’s protocol. The absor-
bance was measured using a spectrophotometer (SpectraMax M4,
Molecular Devices) at k ¼ 405 nm and data are presented as GSH/
GSSG ratio.

Statistical Analysis

The data distribution was verified by the Shapiro-Wilk test using
the Origin Pro 2018 program. We used two-way repeated measures
ANOVA for group comparisons of tumor volume and one-way
ANOVA for the lung metastasis and glutathione assays. Fisher’s test
was used as a post-hoc test in both analyses. For animal health status,
we performed the Kruskal-Wallis ANOVA and Mann-Whitney as
post-tests. The log-rank test was used to assess the survival rate.
Results are presented as means 6 standard error of the mean (SEM)
and as median 6 interquartile range. Statistically significant differ-
ences were considered when P, 0.05.

RESULTS

Tumor Volume

We monitored tumor volume up to day 21 after irradia-
tion because all animals were still alive (Fig. 2a). On day 0,
which corresponds to 24 h after the treatment, the tumor
control and irradiated groups showed similar tumor vol-
umes (0.38 6 0.06 cm3 vs. 0.29 6 0.07 cm3). However,
from day 7 to day 21, tumor volume in the tumor control
group increased linearly, showing statistically significant
differences compared to the irradiated group at all time
points. On day 21, the tumor control group had a mean
tumor volume 2.6-fold greater than the irradiated group
(2.896 0.20 cm3 vs. 1.096 0.09 cm3, P ¼ 1.903 10�8).

Conversely, when the red light was administered before

irradiation, there was no significant change in tumor

growth noted between groups until day 14, with the tumor

volume reaching approximately 0.5 cm3. Interestingly, red

light treatment with irradiation significantly inhibited

tumor growth on day 21; tumor volume was observed to be

40% lower (0.66 6 0.11 cm3) than the irradiation group

(1.09 6 0.09 cm3, P ¼ 0.0051). This inhibition was not

noticed for the RLþIR (0.92 6 0.15 cm3) and RL37.5/IR

(0.86 6 0.10 cm3) groups. Figure 2b shows representative

images of the tumor controls, irradiation and irradiation/red

light groups at the end of the experimental period. It is

worth noting that the tumor growth curve for each animal

within a group was similar.

Health Status

Figure 3 shows the health status of the mice over the period

of observation. We observed that exposure to radiation signif-

icantly induced pain and distress in mice on day 0, while the

tumor control group did not. From the day 7 to day 21, no sta-

tistically significant differences were detected between the

control and irradiation groups. In general, the most recurrent

clinical symptoms for these groups were piloerection and

hypokinesia. However, on day 21, three animals from the

tumor control group showed complete inactivity.
Conversely, all red light groups maintained better health

status than the irradiated group on days 0 and 7. Lower health

scores were only recorded for the RL/IR and RL37.5/IR groups

on day 21. On the day 21 post-treatment, mice in the RLþIR

group presented with hunched posture similar to the IR group,

and one mouse was inactive.

Blood Measurements

We evaluated the blood at 2 time points: 7 and 21 days

post-treatment (20). Reference values were obtained from

FIG. 2. Panel a: Tumor volume. Different lowercase letters (a, b) denote statistically significant differences
between tumor control and irradiation (RT) groups at various times. Different uppercase letters (A, B) repre-
sent statistically significant differences between irradiation and red light/irradiation (RL/RT) groups. Data are
presented as mean 6 SEM with n ¼ 5 animals/group. Panel b: Representative tumor images of the tumor
control, RT, and RL/RT groups at the end of the experiment.
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healthy mice (n ¼ 5), which were monitored and handled
similarly over the experimental period.
On day 7, the tumor control group (10.136 0.613 1012 L�1)

exhibited RBC values within the reference interval (10.02–
12.55 3 1012 L�1) while the irradiated group was below refer-
ence levels (8.81 6 0.17 3 1012 L�1) (Fig. 4a). On day 21,

however, we observed a reduction of 4% and 10% in the RBC

levels, respectively, compared to day 7.
The groups exposed to red light showed levels below the

reference range on day 7. On the day 21, these groups had

an increase in the RBC levels compared to day 7, even

though only the RL/IR group (9.70 6 0.43 3 1012 L�1)

maintained levels close to the reference values.
The hemoglobin levels (Fig. 4b) for tumor control and

irradiation groups were similar on days 7 and 21, and

within the reference range (11.80–18.80 gdL�1). In con-

trast, the RBC levels for the groups IRþRL and RL37.5/IR

were below reference values on day 7, but increased about

1.28-fold on day 21 to approximate the reference range val-

ues. The RL/IR group maintained hemoglobin levels within

reference the reference range at both time points.
Regarding the hematocrit percentage (Fig. 4b), the tumor

control group was within reference values on day 7 (52.40–
68.70%), even though on day 21 a lower percentage was

observed. On the other hand, IR and RLþIR groups exhib-

ited values below reference levels on both days. Hematocrit

percentages for RL/IR and RL37.5/IR groups increased to

reach the reference range on day 21.
Figure 4c shows PLT counts for all experimental groups.

The values for the tumor control group are within the refer-

ence interval [321.0 – 1,837.03 109 L�1] for both time points.

However, the irradition group showed low PLT levels on day

7 (108.40 6 28.62 3 109 L�1), even though PLT counts were

comparable to the tumor control group on day 21 (805.20 6
225.02 3 109 L�1 vs. 886.75 6 151.35 3 109 L�1, respec-

tively). Similar to the irradiation group, all groups treated with

FIG. 3. Clinical monitoring and their respective health scores
until day 21 post-treatment for all experimental groups. Each symbol
represents an animal in each experimental group at the indicated
time (n ¼ 5 animals/group). Some symbols overlap since some ani-
mals within a group presented with the same score. Statistically sig-
nificant differences were considered when P , 0.05.

FIG. 4. Blood counts for all experimental groups on days 7 and 21 post-treatment. Panel a: RBC levels; panel b: WBC levels; panel c: PLT
levels; panel d: RBC indices; panel e: WBC indices. Data are presented as mean 6 SEM and the lines represent the reference interval (mini-
mum and maximum) for each experimental group with n ¼ 5 animals/group.
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red light exhibited low PLT levels on day 7, but reached refer-
ence levels 14 days later.
WBC counts for the tumor control group were above the ref-

erence range (7.90 – 20.50 3 109 L�1), regardless of the time
analyzed (Fig. 4d). The irradiation group, however, showed the
opposite behavior on day 7 (2.18 6 1.01 3 109 L�1). On day
21, WBC levels were 12 times above the reference range
(244.306 8.233 109 L�1). Red light groups, regardless of the
protocol, showed data very similar to the irradiation group.
Except for the tumor control group, in which lymphocyte

levels were within the reference range on day 7 but
decreased on day 21, all groups showed lymphocyte counts
outside of the normal range on days 7 and 21 (Fig. 4e).
Indeed, irradiation and red light groups exhibited low lym-
phocyte counts on day 7 that further diminished by day 21.
Neutrophils, on the other hand, increased over time for

all groups regardless of the protocol, showing levels out of
the normal range on day 21. However, the irradiation group
showed high levels of neutrophils on day 7.

Survival, Metastases and Glutathione Levels

The percentage of mice surviving was evaluated on day
28 post-treatment (Fig. 5a), after which they were eutha-
nized; though we noted that mice started to die on day 23,
60% of mice in the tumor control and irradiation groups
survived. The group with a single red light treatment had
the same percentage of surviving mice as the irradiation
group, but mice began to die on day 26. On the other hand,

when red light treatment was administered with each radia-

tion fraction (RL/IR and RL37.5/IR protocols), the percent-

age of mice surviving was 100%.
After euthanasia, the lungs were removed for evaluation

by OCT. Three-dimensional images were constructed and

the number of metastases was counted for each animal

according to the experimental group (Fig. 5b). We

observed that the number of metastatic nodules (Fig. 5c)

was similar between the tumor controls (53.00 6 2.65) and

IR (43.67 6 1.76, P ¼ 0.007) groups. The RLþIR group

(33.00 6 3.51, P ¼ 0.03), the RL/IR (23.00 6 1.34, P ¼
2.90 3 10�5), and RL37.5/IR (25.00 6 2.61, P ¼ 1.64 3
10�5) groups had a significantly lower number of metastatic

nodules compared to the irradiation group.
To gain some insights into the role of red light treatment

in radiosensitizing the tumor, we evaluated glutathione lev-

els (Fig. 6). The irradiation group showed a GSH/GSSG

ratio higher than the tumor control group (34.5 6 6.75 vs.

12.6 6 1.06, respectively), but not significantly different

statistically. Interestingly, the RL/IR group exhibited GSH/

GSSG levels significantly lower than irradiation groups

(0.95 6 0.22, P ¼ 2.08 3 10�6) but similar to the ratio of

healthy mice (1.416 0.07).

DISCUSSION

Our results showed that the highest laser dose (150 Jcm�2)

administered before each radiation fraction sensitized the

FIG. 5. Panel a: Survival through 28 days for each experimental group; Panel b: Representative 3D images of OCT of the mouse lungs for
tumor control, irradiation (RT) and red light/irradiation (RL/RT) groups. The arrows point to metastatic nodules. Bar ¼ 4 mm; and panel c:
Number of lung metastatic nodules identified by 3D images of OCT. Different capital letters represent statistically significant differences
among groups. Data are presented as mean 6 SEM with 3 animals/group. The three mice in the RL/RT group were randomly selected while
there were 3 living animals in the other groups.
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radioresistant tumor; sensitization was probably due to
impairment of the synthesis of the GSH. In addition, red
light treatment with each dose of radiation, regardless of the
light dose, resulted in improved health status, longer survival
and a higher survival percentage, and a lower number of
lung metastases.
In our studies, we used a 60 Gy dose, 4 fractions of 15

Gy, which was based on the European Society for Radio-
therapy and Oncology Advisory in Radiation Oncology
Practice guidelines for whole breast irradiation and adapted
to our animal model (7). This treatment significantly
arrested tumor progression, even though it worsened the
health status of mice immediately after irradiation. These
data confirm that high doses of radiation are required to
control TNBC, but impact the general health status of the
mice (11). On the other hand, our data demonstrate that red
light treatment before each fraction of radiation, regardless
of the light dose, did not significantly adversely affect
health status, suggesting that red light treatment could pre-
vent the side effects caused by radiation the clinic.
The blood count is an important laboratory test used to

monitor a patient’s response to cancer treatment. We observed
a decrease in the RBC, WBC, and PTL counts for all groups
irradiated on day 7. This result can be explained by the ana-
tomical region of the tumor, the high dose of radiation, and its
tissue penetration depth, which may cause temporary bone
marrow suppression (26). Indeed, the normal levels of PTLs
on day 21 indicate a bone marrow recovery.
At the same time point, however, IR and RLþIR groups

still showed lower levels of RBC counts and hemocrit per-
centage. We also noticed that the tumor control group
exhibited a low hematocrit percentage. These data are char-
acteristic of an anemic condition and were not surprising
since the TNBC model used in our study leads to the devel-
opment of acute anemia during its progression (27). Addi-
tionally, it has been reported that anemia was observed in
75% of cancer patients after radiation therapy, and its
severity and maintenance were related to the radiation dose

(28). Remarkably, the highest dose of red light before each
radiation fraction seemed to prevent anemia, since we
noticed levels of RBCs and hemoglobin within the refer-
ence range on day 21.
WBCs are defense cells and their counts can be predictive

of cancer remission or progression over time (29). On day 21,
all groups exhibited an increase in WBC levels as expected
(23). We also noticed radiation-induced lymphopenia, which
seemed to be caused by T-cell sequestration to lymph nodes
and can be considered a predictor of poor survival in patients
with metastatic breast cancer (30). Our data also showed neu-
trophilia for all groups, which can be associated with tumor
development and disease outcome (31).
Metastasis to vital organs can occur during cancer pro-

gression, mainly in advanced stages, and is considered the
principal cause of cancer-associated deaths (9, 12). Breast
cancer shows metastatic heterogeneity involving the lung,
liver, bone, and brain, which leads to varied responses to
treatment and patient prognosis (32). Indeed, breast cancer
cells can spread to distant sites, where they increase rapidly
into macroscopic masses (33). OCT is a high-resolution
technique that has been used in oncology for the early
detection of small lesions, which would often not be visible
on gross examination, thus increasing the accuracy of the
diagnosis (34). Our data showed that red light treatment
before each dose of radiation, regardless of the light dose,
promoted longer and greater survival and reduced the num-
ber of metastatic nodules in the lungs.
An imbalance in the antioxidant network by an enhanced

formation of reactive oxygen species (ROS) or depletion of
antioxidants leads to oxidative stress. Glutathione is an
antioxidant found in living cells that fights oxidative stress
and plays a dual role in cancer initiation and progression.
Indeed, GSH is considered to be one of the most important
scavengers of ROS, and its ratio with GSSG can be used as
a marker of oxidative stress. GSH’s antioxidant role is
mostly done by GSH peroxidase (GPx)-catalyzed processes
that reduce hydrogen peroxide and lipid peroxide as GSH
is oxidized to GSSG. GSSG is then reduced back to GSH
at the expense of NADPH by GSSG reductase, forming a
redox cycle (35).
Our data showed high levels of GSH/GSSG in the tumor

and irradiation groups indicating that radiation was ineffec-
tive in treating TNBC. This finding supports the claim that
enhanced levels of GSH can be linked to treatment resis-
tance, tumor invasiveness, and metastasis (36). On the
other hand, we noticed that the RL/IR group showed lower
GSH/GSSG than the irradiation group. Interestingly, red
light treatment can trigger redox modulation after its
absorption by photoacceptors in mitochondria (37). Mito-
chondrial GSH is essential for protecting against oxidative
stress that is produced both normally and pathologically
(35). Since more than 10% of the synthesized GSH is found
in mitochondria, we hypothesize that the highest dose of
red light before each dose of radiation was able to affect
the synthesis of the GSH, which rendered tumor cells more

FIG. 6. GSH/GSSG ratios were measured using the blood from
healthy mice, tumor control, irradiation (IR) and red light/irradiation
(RL/RT) groups. Different capital letters represent statistically sig-
nificant differences between groups. Data are presented as mean 6
SEM with n ¼ 3 animals/group.
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susceptible to red light. Indeed, Lee and collaborators

showed that inhibition of GSH synthesis in human TNBC

cells promotes a better response to radiation (38). Thus, we
propose that the inhibition of GSH pathway biosynthesis
could increase ROS levels that in turn enhance cell death.
Although PBM is mainly reported to mitigate side

effects of radiation, a few studies addressed its radiosensi-

tizing potential (39–41). Djavid and coworkers (39)
showed that PBM at 685 nm and 5 J/cm2 before exposure

to radiation significantly inhibited clonogenic growth of
HeLa cells. On the other hand, PBM at 830 nm and 1 J/cm2

significantly protected fibroblasts against radiation (39). Addi-
tionally, Tabosa et al. (40) investigated the cellular response

of oral squamous cell carcinoma exposed to PBM at 660 nm

and 300 J/cm2 before exposure to radiation. The authors con-

cluded that cell growth and clonogenic cell survival were con-

siderably lowered by PBM. Also, PBM groups exhibited a

lower rate of migration, a higher rate of cell death and higher

intracellular ROS levels than the control group (40).
In vivo, Faria et al. (41) used PBM (780 nm, 5 J, and 20

mW.cm�2) before irradiation (15 Gy) in xenografic human

epidermoid tumors induced in mice. The authors reported a

delay in tumor progression and a few regions of necrosis.

They assumed that PBM reduced the levels of hypoxia and,

consequently, increased the radiation-induced damage.
Curiously, our previous data showed that red light treat-

ment after each dose of radiation promoted significantly

better outcomes than radiation alone, regardless of the light

protocol (23). Here, we noticed that the highest light dose

RL/IR significantly arrested tumor progression compared

to radiation. Taken together, it seems that red light treat-

ment could be used before or after each dose of radiation,
regardless of the light dose, to increase life expectancy and

improve the quality of life of patients with TNBC. Further

studies are needed to provide scientific evidence of the safe

use of PBM associated with radiation exposure.

CONCLUSION

Our findings indicate that red light treatment impacts

the effects of radiation. A single red light treatment

resulted in similar effects compared to radiation alone but

when red light was administered before each dose of radi-

ation, we noticed better outcomes. Both light doses were

able to reduce metastases, resulted in better health status,

and longer survival of animals. Additionally, the highest
light dose was able to radiosensitize TNBC and signifi-

cantly arrest tumor progression, probably by inhibiting

GSH synthesis.
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