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Abstract

Canine mammary gland tumors (CMGTs) are heterogeneous disease and subclassified [sarcomas (S), carcinomas (C), and
carcinosarcomas (CS)] according to histopathological differentiation. Photodynamic therapy (PDT) is a promising treat-
ment strategy based on the use of a photosensitizer (PS) activated by light. However, the therapeutic potential of PDT in the
treatment of CMGTs has not been investigated, yet. Therefore, the aim of this study was to determine the in vitro protocol
of 5-ALA-based-PDT for the treatment of three subtypes of CMGTs, for the first time. The intracellular PpIX florescence
intensity was measured for 5-ALA (0.5 and 1 mM). After irradiation with different light doses (6, 9, 12, 18, and 24 J/cmz)
for two different modes [continuous wave (CW) and pulse radiation (PR)], the cytotoxic effects of 5-ALA (0.5 and 1 mM) on
the subtypes (C, S, and CS) of CMGTs were analyzed by WST-1. Finally, the optimal PDT treatment protocol was validated
through Annexin V and AO/EtBr staining. Our results showed that 1 mM 5-ALA for 4-h incubation was the best treatment
condition in all subtypes of CMGTs due to higher intracellular PpIX level. After irradiation with different light doses, PR
mode was more effective in S primary cells at 9 J/cm?. However, a significant decrease in the viability of C and CS cells
was detected at 12 /cm? in CW mode (p <0.05). Additionally, 1 mM 5-ALA induced apoptotic cell death in each subtype of
CMGTs. Our preliminary findings suggest that (i) each subtype of CMGTs differentially responds to PDT and (ii) the light
dose and mode could play an important role in the effective PDT treatment. However, further studies are needed to investigate
the role of the different light sources and PDT-based apoptotic cell death in CMGTs cells.
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Introduction immunotherapy [2]. Although the most commonly used
treatment method in the treatment of CMGTs today is
Mammary gland tumors (MGT) consist of 50% of tumor  the surgical approach [3], this method is considered an
cases detected in female dogs [1]. The main treatment  extremely invasive method and causes some complications
options used in canine mammary gland tumors (CMGTs) (posterior limb edema; hematoma; dehiscence and con-

can be listed as surgery, chemotherapy, radiotherapy, and  tamination of the surgical site; subcutaneous emphysema;
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infection; bleeding; seroma; hyperesthesia; allodynia; pain;
changes in the blood profile of the patient due to long-term
anesthesia, post-operative care, invasive intervention and
stress) in the patient [4, 5]. Therefore, new treatment modali-
ties are required due to the increased the number of CMGTs
cases in humans and dogs and inadequate results from adju-
vant therapies.

MGT are heterogeneous disease and subclassified accord-
ing to histopathological borders and differentiation. There-
fore, MGT differentially respond to treatment options [6].
MGT are mostly originated from epithelial cells and called
as carcinomas (C) [2]. On the other hand, sarcomas (S) orig-
inating in the mammary gland’s mesenchymal tissue are a
rare type of tumor in dogs, and little is known about their
biology [7, 8]. Another histopathological type of MGT is
malignant mixed tumors, also called carcinosarcomas (CS).
They contain both malignant epithelial cells and malignant
connective tissue elements [9].

Photodynamic therapy (PDT) is based on the use of a
light-sensitive agent (photosensitizer, PS) to produce singlet
oxygen in cells and selectively stimulated into the tumor
tissue through a light source at the appropriate wavelength
[10-12]. The types of the molecular mechanism of PDT
are based on cellular events (signaling pathways leading to
both apoptosis and necrosis), vascular events (microvascular
destruction), and stimulation of the systemic immunological
response [12, 13]. The general feature of apoptosis caused
by PDT is the rapid release of mitochondrial cytochrome ¢
into the cytosol leading to apoptosome formation and the
activation of procaspase 3. Additionally, the photosensiti-
zation process can cause a rapid loss of plasma membrane
integrity and necrotic cell death due to the rapid depletion
of intracellular ATP. However, apoptotic signaling pathways
can be photochemically inactivated due to an inappropriate
high light intensity [14]. Furthermore, the most important
factors in PDT-mediated cell death are the localization of
the PS within the cell and the dose of the light for irradia-
tion [15]. As a result of the administration of high doses of
PDT (high PS concentration or high light intensity or both),
necrosis leading to undesirable cytotoxicity is observed in
the cells [16]. Therefore, the optimal treatment condition
should be determined to better response to PDT for espe-
cially heterogeneous tumor types.

5-Aminolevulinic acid (5-ALA) is a light-sensitive PS
that is commonly used in PDT. It is a natural biochemical
precursor of hemoglobin that increases the synthesis and
accumulation of fluorescent protoporphyrin IX (PpIX) in
different tumor tissues [17, 18]. In veterinary medicine, a
limited number of studies have been evaluated the thera-
peutic potential of 5-ALA-mediated PDT in the treatment
of different types of canine tumors, in vitro. In the study
of Osaki et al. [17], a total of 15 canine tumor primary cell
lines (basal cell carcinoma, prostate cancer, squamous cell
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carcinoma, lung carcinoma, MGT) originated from S and
C are treated with different concentrations (0.2, 0.4, 0.6,
0.8, and 1 mM) of 5-ALA and then irradiated with LED
at 630 nm light (20 mW/cm2, 10 J/cm?2). They state that
the response of these primary cell lines to PDT is different
in terms of tumor origin and type in dogs and cats [17].
In another study, Ridgway et al. [18] have determined that
the effects of different incubation time (4, 8, 12, 16, 20,
and 24 h) and concentrations of 5-ALA (1, 2, 3,4, 5, and
6 mM) on K9TCC canine transitional cell carcinoma cells
after irradiation with a different power density (5, 10, 15,
and 20 mW/cmz) of the diode laser. Therefore, further stud-
ies are required to determine the best in vitro protocol for
canine tumors in veterinary medicine.

In the current study, we aimed to determine the in vitro
protocol for 5-ALA-based PDT in the treatment of CMGTs,
for the first time. Firstly, primary cell culture was performed
from three different subtypes (C, S, and CS) of CMGTs.
The intracellular PpIX fluorescence intensity was measured
for the different concentration of 5-ALA (0.5 and 1 mM) in
these cells before irradiation. Then, the cytotoxic effects of
different concentration of 5-ALA (0.5 and 1 mM) on these
cells after irradiation with different light doses (6, 9, 12, 18,
and 24 J/cm?2) in two different [continuous wave (CW) mode
and pulse radiation (PR)] modes were analyzed by WST-1
analysis. Finally, the best optimal PDT treatment protocol
for each subtype (C, S, CS) was validated through Annexin
V and acridine orange/ethidium bromide staining.

Material and methods
Ethical approval

The study was approved by the Local Animal Ethical
Committee (08.03.2019, no. 2019/15). Dog owners were
informed about the study and signed an agreement to allow
participation of their dogs in the study.

Case description and tissue sampling

Tissue samples were taken from the surgically removed
masses from bitches admitted to the clinic (Department of
Obstetrics and Gynecology, Faculty of Veterinary Medicine,
Istanbul University-Cerrahpasa) with palpable masses in
mammary glands. The tissues submitted for histopathologi-
cal examination were fixed in 10% buffered formalin. Then,
a part of the tissue was transferred to RPMI medium for
primary cell culture. After histologic processing and staining
with Hematoxylin&Eosin, sections were examined under the
light microscope and evaluated based on the criteria defined
by Goldschmidt et al. [19]. Then, tissues obtained from three
dogs were diagnosed with carcinoma (C), sarcoma (S), and
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carcinosarcoma (CS) according to histopathological evalu-
ation and included in the study.

Accordingly, case 1 was an 8-year-old intact Terrier bitch,
weighing 8 kg with a 5-year history of mammary mass and
diagnosed as grade I tubular carcinoma (C). Case 2 was a
12-year-old intact golden retriever bitch, weighing 28 kg
with an 8-month history of mammary mass and diagnosed as
liposarcoma (S). Case 3 was an 8-year-old intact mix-breed
bitch, weighing 35 kg with a 3-month history of mammary
mass, and diagnosed as carcinosarcoma (CS). After care-
ful clinicopathological examinations, the cases were classi-
fied and staged according to the TNM classification system
and staging proposed by Owen [20]. The cases of this study
were classified and staged as T2N1MO0/stage IV; T3N1MO/
stage IV; and T2NOMO/stage 1II for C, S and CS tumors,
respectively.

Primary cell isolation and cell culture

The CMGT tissues were minced into 3 to 4 mm of fragments
by a scalpel. The fragments were transferred into a 15-mL
centrifuge tube, washed with PBS, and then incubated with
collagenase type IV (1 mg/mL) (Sigma, USA) at 37 °C for
1 h. Following, the tissue sample was further digested with
trypsin-EDTA (0.25%) (Gibco, Thermo Fisher Scientific,
Waltham, MA, USA) for 15 min. Then, the cells were cen-
trifuged at 1500xg for 10 min. After centrifugation, the pel-
lets were washed with phosphate buffer saline (PBS, Gibco,
Thermo Fisher Scientific, Waltham, MA, USA). Finally, the
primary mixed cell cultures were seeded in T-25 culture flasks
with medium. The primary CMGT cells were grown in Dul-
becco’s Modified Eagle Media (DMEM, Gibco, Thermo Fisher
Scientific, Waltham, MA, USA) containing 10% fetal bovine
serum (FBS, Gibco, Thermo Fisher Scientific, Waltham, MA,
USA), 1% penicillin/streptomycin (Gibco,Thermo Fisher Sci-
entific, Waltham, MA, USA) at 37 °C in a humidified atmos-
phere with 5% CO,. After seven passages, the initial cell culture
experiments were performed. The cells were not irradiated with
laser and not incubated with 5-ALA served as control.

5-ALA incubation and cell photosensitization

Stock solution of 5-ALA (St Louis, MO, USA, A3785) was
prepared in sterile distilled water. The cells were seeded in

the 96-well plate at 2 x 10* density and treated with two con-
centration of 5-ALA (0.5 and 1 mM) in DMEM medium
without FBS for 4 h at 37 °C. Then, the medium was imme-
diately changed and replaced with fresh medium including
FBS. Afterwards, the cells were irradiated with different
light doses for two different modes (CW and PR).

Photodynamic treatment in vitro

In experiments, the diode laser was used and the laser light
source’s wavelength was 635 nm with +3 FWHM (full width
half maximum). In the experiment, continuous wave (CW)
mode and pulse radiation mode (PR) were used for laser
irradiation at 6, 9, 12, 18, and 24 J/cm?. The optical power
and wavelength spectrum validation were performed through
a power meter and spectrometer (PM 100 and C series spec-
trometer, Thorlabs, Germany) at 30 mW/cm? fluence rate.
Control groups are incubated in the same medium without
irradiation (Table 1).

Measurement of protoporphyrin IX (PpIX)
accumulation

To measure intracellular protoporphyrin IX (PpIX) level, the
cells were seeded in the 96-well plate at 2 x 10* density and
cultured for 24 h. Then, the cells were subsequently incu-
bated with 0.5 and 1 mM 5-ALA for 4 h. After incubation
with 5-ALA, the cells were replaced with fresh medium with
FBS, and the intracellular PpIX level was immediately ana-
lyzed. Images were obtained with the EVOS FL Cell Imag-
ing System (Thermo Fisher Scientific, USA). Additionally,
the corrected total cell fluorescence (CTCF) was analyzed
by the Image J program.

Cell viability assay

To determine the cytotoxicity of 5-ALA-based PDT, the cells
were seeded in the 96-well plates at 2 x 10* density. After incu-
bation for 24 h, the cells were treated with different concentra-
tions (0.5 mM and 1 mM) of 5-ALA for 4 h. Following incu-
bation, the media was changed, and the cells were irradiated
with different light doses (6, 9, 12, 18, and 24 J/cmz) in both
CW and PR modes. After 24-h incubation, 10 pL of WST-1
reagent was added to each well and incubated for 45 min at

Table 1 The radiation

Radiation parameters
parameters of the 5-ALA-based

PDT experiments Wavelength (nm) 635+3 nm 635+3 nm
Mode cwW PR
Power output 30 mW 30 mW

Exposure time (s)
Energy density (J/cm?)

200s, 300 s, 400 s, 600 s, 800 s
6,9, 12, 18, 24 (J/cm?)

400 s, 600 s, 800 s, 1200 s, 1600 s
6,9, 12, 18, 24 (J/cm?)
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37 °C in the dark. The cell viability analysis was performed
through the microplate reader (Allsheng, China) at the absorb-
ance values at 450 nm. According to WST-1 results, the cells
treated with the most effective 5-ALA concentration for further
experiments.

AnnexinV assay

For apoptotic analysis, the cells were seeded in 6-well
plate (1 X 10°) and incubated for 24 h. After incubation, the
cells were treated with 1 mM 5-ALA for 4 h. After incu-
bation, the media was changed, and the cells were irradi-
ated with the different light doses in CW and PR modes for
each group. Following 24-h incubation, the cells were col-
lected with trypsin-EDTA (0.25%) and washed in PBS. The
cells were stained with Muse™ Annexin V and Dead Cell
reagent (Millipore, Germany) and incubated for 30 min in
the dark at room temperature. The analysis was performed
using Muse Cell Analyzer (Millipore, Germany) (Annexin
at excitation/emission =485/535 nm; 7-AAD at excitation/
emission=555/655 nm).

Acridine orange/ethidium bromide staining

To observe the morphological changes in the cells after irradi-
ation, the cells were seeded in 6-well plate (5 X 10°) and treated
with 1 mM 5-ALA for 4 h. After incubation, the cells were
irradiated with the different light doses in CW and PR modes
for each group. Following 24-h incubation, the cells were fixed
with 4% paraformaldehyde and washed with PBS. After wash-
ing, the cells were stained with AO/EtBr (1 pg/mL) for 30 min
in the dark. Finally, the images were analyzed by EVOS FL
Cell Imaging System (Thermo Fisher Scientific, USA) (excita-
tion 502 nm (dsDNA), 460 nm (ssDNA and RNA) and emis-
sion 525 nm (dsDNA), 650 nm (ssDNA and RNA).

Statistical analysis

Statistical analysis was performed by SPSS 21.0 (SPSS Inc., Chi-
cago, IL, USA). One-way ANOVA with the post-hoc Tukey test was
used for multiple comparisons. Additionally, a two-way ANOVA
analysis was performed to compare groups. All experiments were
repeated at least 3 times and the obtained data presented as the
mean+standard deviation. p <0.05 was considered significant.

Results

Accumulation of PpIX-fluorescence in 5-ALA-treated
CMGTs primary cells

To evaluate the PpIX accumulation levels in 5-ALA-treated
subtypes of CMGTs, the CTCF intensity was measured by
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Imagel] software (Fig. 1). For this purpose, CMGTs were
treated with two different concentrations of 5-ALA (0.5 and
1 mM) for 4 h. As shown in Fig. 1, the intracellular level of
PpIX increased in a dose-dependent manner in all CMGTs
compared with control cells (Fig. 1a). Additionally, the mean
PpIX fluorescence intensity was significantly higher in C
and CS cells than S cells after 4-h incubation with 1 mM
5-ALA (Fig. 1b). Therefore, 1 mM 5-ALA for 4 h was the
optimal treatment before irradiation for each CMGTs pri-
mary cells.

(a) 0.5 mM 5-ALA 1 mM 5-ALA

[e—

| -

CS

(b) 6000
= 0.5mM
= 1mM

4000+

Mean PpIX
fluorescence intensity

2000+

S C Cs S C Cs
Sub-types of CMGTs

Fig. 1 Intracellular PpIX accumulation in the subtypes of CMGTs
after treatment with different concentrations (0.5 and 1 mM) of
5-ALA. a Cell images of sarcoma (S), carcinoma (C), and carcino-
sarcoma (CS) cells were obtained at 628 +40 nm red filter and (b)
statistical comparison of the mean PpIX fluorescence in the subtypes
of CMGTs compared with control cells (p <0.05%, p <0.01%%)
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Evaluation of the viability of 5-ALA-treated CMGTs
primary cells after irradiation

To evaluate the inhibitory effects of 5-ALA on the viabil-
ity of three subtypes of CMGTs after irradiation, we per-
formed WST-1 analysis (Fig. 2). For this purpose, three
subtypes of CMGTs were treated with two different con-
centrations (0.5 and 1 mM) of 5-ALA and then irradiated
with 6, 9, 12, 18, and 24 J/cm? laser energy in two different
laser mode (CW and PR) (Fig. 2). Briefly, | mM 5-ALA
treatment after irradiation with 6, 9, 12, 18, and 24 J/cm?
light doses in two different modes was more considerably
decreased the viability of each subtypes of CMGTs than
0.5 mM dose of 5-ALA treatment compared with control
cells (p <0.05). The obtained results were consistent with

the level of intracellular PpIX level. However, the efficacy
of 1 mM 5-ALA in each subtype was different in light doses
and mode.

The irradiation of S cells with 6, 9, 12, 18, and 24 J/
cm? energy in CW mode, the viability was 62.7 +2.5%,
61.0+1.2%, 61.0+2.4%, 62.9+2.6%, and 65.8 +2.5%,
respectively (p <0.05). However, a significant decrease
(42.3+3.7%) was observed following irradiation with
9 J/cm? energy in PR mode (p <0.01). The viability of S
cells was higher in all light doses in PR mode than CW
mode. Therefore, the best optimal PDT treatment condi-
tion for S cells was the irradiation with 9 J/cm? energy for
both CW and PR mode. The irradiation of C cells with 6,
9, 12, 18, and 24 J/cm? light in CW mode, the viability was
74.0+2.1%, 75.2+1.8%, 59.9+2.3%, 79.2+1.9%, and

1mM 5-ALA

Fig.2 The cytotoxic effects 0.5 mM 5-ALA
of different concentration of
5-ALA on the subtypes of
CMGTs. After irradiation with
Sarcoma (S)

different light doses in both CW
and PR modes, the viability of

150+

Sarcoma (S)
150+

m CW m CW
sarcoma (S), carcinoma (C), and PR PR
carcinosarcoma (CS) cells was = 1004 = 100-
analyzed by WST-1 analysis for 2 z Z N
24 h (CW: continuous mode, % e el TR -

PR: pulse mode, J/em?: Joule/ S 504 > 504 ko
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(a) Control 6j/cm? 9 j/em? 12 j/em? 18 j/em? 24 j/em?
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Fig.3 The apoptotic effects of 5-ALA (1 nM) on the subtypes of and (b) statistical comparison of the percentage of total apoptotic
CMGTs. After irradiation with different light doses in two modes by cell death in the subtypes of CMGTs compared with a control cells
using laser. a The apoptotic cell death of sarcoma (S), carcinoma (C), (CW: continuous mode, PR: pulse mode, J/em?: Joule/cm?, p<0.05%,
and carcinosarcoma (CS) cells was analyzed by Annexin V analysis, p<0.01%%)
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72.9 +3.4%, respectively (p <0.05). The irradiation of CS
cells with 6, 9, 12, 18, and 24 J/cm? energy in CW mode,
the viability of cells reduced to 69.0+1.6%, 78.0 +2.8%,
56.8+2.2%, 78.1+2.7%, and 74.7 +3.5%, at 1 mM dose
of 5-ALA, respectively. Additionally, after irradiation with
different light doses, the viability of C and CS cells was
more decreased in CW mode than PR mode. Therefore, CW
mode was more effective for C and CS cells than PR mode
unlike S cells.

Evaluation of 5-ALA-treated CMGTs primary
apoptotic cells after irradiation

To further evaluate the apoptotic effects of 5-ALA on the
subtypes of CMGTs after irradiation, we perform Annexin V
analysis (Fig. 3). The apoptotic cell death was significantly
increased in subtypes of CMGTs following irradiation with
6,9, 12, 18, and 24 J/cm? in two different laser mode com-
pared with control cells (p <0.05).

The percentage of total apoptotic S cells considerably
increased from 7.5+ 1.7% to 31.5+0.3%, 32.1+0.6%,
21.3+0.8%, 12.5+0.6%, and 23.9+1.8% at 6,9, 12, 18, and
24 J/em?, respectively, in CW mode (p <0.01). Additionally,
a significant increase (33.2 +0.5%) in the total percentage of
apoptotic cells was detected at 9 J/cm? in PR mode (p <0.01,
Fig. 3b). For C cells, the percentage of total apoptotic cells
was detected as 31.1+0.7%, 26.8+0.5%, 40.9+0.3%,
18.2+0.9%, and 23.2+0.9%, at 6, 9, 12, 18, and 24 J/cm?,

Fig.4 The effects of 5-ALA Control
(1 nM) on the cell morphol-

ogy in the subtypes of CMGTs.

After irradiation with differ-

ent light doses in CW and PR

modes, the apoptotic death of S
sarcoma (S), carcinoma (C), and
carcinosarcoma (CS) cells was

analyzed by AO/EtBr stain-

ing. Cell images were obtained

at 510 +42 nm green and

CW

X

PR

628 +40 nm red filters (CW: =
continuous mode, PR: pulse 4
mode, J/cm?: Joule/cmz) c
x
[-™
z
@)
CS

PR

respectively, in CW mode, whereas a remarkably increase
(30.8+0.5%, 24.1 +0.9%, 40.9+0.4%, 16.2+0.7%, and
23.3+1.3%, respectively) was observed in total apoptotic
CS cells after irradiation (p <0.01; Fig. 3b). Therefore,
5-ALA induces apoptotic cell death in each subtype of
CMGTs. Additionally, the total apoptotic percentage of C
and CS cells was more profound in CW mode than PR mode
following irradiation with different light doses. The most
effective PDT protocol for C and CS primary cells was the
irradiation with 12 J/cm? in CW mode. However, CW and
PR modes at 9 J/cm? were the most effective PDT protocol
for S primary cells unlike C and CS primary cells. These
findings were consistent with WST-1 results.

Morphological changes in 5-ALA-treated CMGTs
primary cells after irradiation

To observe the morphological effects of 5-ALA on sub-
types of CMGTs after irradiation, AO/EtBr staining was
performed (Fig. 4). We observed chromatin condensation,
DNA fragmentation, membrane blebbing, and some vacu-
olization in subtypes of CMGTs following irradiation with
different light doses compared with control cells. Addition-
ally, some necrotic cells were also observed after irradiations
in CW and PR modes. In S primary cells, the most obvious
changes (cell shrinkage, chromatin condensation, and mem-
brane blebbing) in the cell morphology were observed at 9 J/
cm? in both CW and PR modes. Additionally, the irradiation
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with 12 J/cm? in CW mode resulted in greater DNA damage
in C and CS primary cells. Consequently, S primary cells
were more sensitive to S-ALA-mediated PDT than C and
CS primary cells due to subtypes’ different characteristic
features.

Discussion

In the present study, we for the first time proposed the opti-
mum PDT protocol for three different subtypes of CMGTs.
According to our findings, 1 mM 5-ALA for 4-h incubation
was the best treatment condition for PDT in all subtypes
of CMGTs. However, each subtype could differentially
respond to PDT due to their molecular properties. PR mode
was more effective in S primary cells at 9 J/cm? than CW
mode. On the other hand, the viability of C and CS primary
cells was more decreased in CW mode than PR mode at all
light doses. A significant decrease in the viability of C and
CS cells was detected at 12 J/cm? in CW mode. However, S
cells were significantly more responded to 5-ALA-mediated
PDT than C and CS cells.

The incidence of MGTs in canine is three times higher
than in humans, and treatment options continue to be a
major problem due to aggressive behavior of CMGTs [21].
Therefore, new treatment options including PDT, photody-
namic detection (PDD), and photodynamic hyperthermia
(PHT) have drawn attention for the treatment of canine
tumors in veterinary medicine. In preclinical studies, dif-
ferent PS (5-ALA, verteporfin, G-Ce6, hematoporphyrin
monomethyl ether (HMME), ICG, and HPPH) have been
used for the treatment of various canine tumors including
canine mammary carcinoma, canine oral squamous cell
carcinoma, fibrosarcoma, liposarcoma, malignant shwan-
noma, and canine osseous tumors [22—28]. In clinical stud-
ies, PDT alone as well as the combination of PDT with
PDD or PHT using different PS (HPPH, 5-ALA, ICG) have
promising results in the treatment of canine tumors [17,
22-25]. However, there is limited evidence about the opti-
mum PDT protocol and the underlying molecular mecha-
nism of PDT in CMGTs, in vitro. The studies of Liu et al.
[26] and Li et al. [27] state that HMME-based PDT induces
apoptotic cell death through the mitochondrial apoptosis
pathway including increased the level of caspase-9, cas-
pase-3, and cytochrome ¢ and mRNA and protein levels of
Bax in canine mammary tumor cells after irradiation with
He—-Ne laser equipped with a 632.8 nm light source at a
fluence of 2.8 J/cm?. However, the knowledge of pathology
and subtype of these cells is not presented in these studies.
Another study shows that G-Ce6-mediated PDT inhibits
the viability of in SNP canine mammary carcinoma cells
irradiated with four light doses (0, 1, 5, or 15 J/cmz) at
650 nm by a semiconductor laser, in vitro and in vivo [28].
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Furthermore, only one study has investigated the clinical
efficacy of 5-ALA-based PDT (10 dogs and 4 cats) and
PDD (109 dogs and 15 cats) with different tumors using a
laser diode and LED [17]. Additionally, a total of 15 canine
tumor primary cell lines are produced, and these cells are
incubated with different concentrations (0, 0.03, 0.1, 0.3,
and 1 mM) of 5-ALA after irradiation at 630 nm light
(20 mW/cm?, 10 J/cm?) using LED lights. Cell Counting
Kit-8 in this study evaluates the viability of these primary
cell lines. Among them, melanoma and nasal cavity adeno-
carcinoma are more sensitive to 5S-ALA-PDT than other
types. In contrast, some canine tumor cell lines including
lung adenocarcinoma, liposarcoma, and mammary gland
tumor (malignant pleural effusion) are resistant to PDT in
this study [17]. However, the efficacy of laser diode and
different light doses has not been investigated, in vitro [17].
Therefore, further studies have required the determina-
tion of PDT protocol for different types of canine tumors.
Herein, we determined the efficacy of 5-ALA-mediated
PDT in different subtypes of CMGTSs using a laser diode.
To assess the light doses effect, the cells were incubated
with 0.5 and 1 mM 5-ALA and irradiated with 6, 9, 12, 18,
and 24 J/cm? in CW and PR modes. Our findings demon-
strated that 1 mM 5-ALA was more efficient in S, C, and
CS cells than 0.5 mM 5-ALA due to higher intracellular
PpIX level. In the study of Osaki et al.® [28], the cyto-
toxicity of 1 mM 5-ALA is significantly correlated with
the intracellular PpIX concentration in carcinomas unlike
sarcomas [17]. However, our results showed that the cyto-
toxicity of 5-ALA was associated with a higher PpIX level
for all CMGTs cells. These differences could result from
the light source, light doses, and canine tumor cell types
and molecular features. 5-ALA is a hydrophilic PS [29],
and its uptake into tumor cell is affected by the aquosity of
the tumor cells [30]. Intracellular pH is another factor that
affects PS uptake into the cell [31]. Therefore, we inves-
tigated the different paramaters including light doses and
modes and different concentrations of 5-ALA to determine
the best PDT protocol for the treatment of canine mam-
mary tumors.

Furthermore, we found that the response of subtype of
CMGTs was different to 5-ALA-based PDT. In S cells,
both CW and PR modes effectively inhibited the cell via-
bility at especially 9 J/cm?. However, the viability of C
and CS cells was significantly reduced at particularly 12 J/
cm? in CW mode. Therefore, the identification of specific
PDT protocol has great importance for effective treatment
response in CMGTs. Additionally, we assessed the apop-
totic effects of 5-ALA through Annexin V analysis and AO/
EtBr staining on each subtype of CMGTs cells irradiated
with five light doses in CW and PR modes. Our prelimi-
nary findings indicated that the apoptotic effect of 5-ALA
was correlated with the cytotoxicity of 5-ALA. However,
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further investigations should be performed to elucidate the
underlying molecular mechanisms of PDT-based apoptotic
cell death in CMGTs cells.

Conclusion

Herein, we determined 5-ALA-based PDT protocol in three
subtypes of CMGTs cells after irradiation with five light
doses in CW and PR modes using a laser diode. Our pre-
liminary findings showed that each subtype of CMGTs dif-
ferentially responded to PDT. S primary cells were more
sensitive to 5-ALA-mediated PDT than C and CS cells.
Additionally, the determination of light dose and mode could
play a crucial role in the effective PDT treatment. However,
further studies are needed to investigate the role of different
light sources for the treatment of CMGTs. Additionally, the
number of primary CMGTs cells for each subtype should be
increased for further studies.
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