Modulation of mTOR signaling by radiation and rapamycin treatment
in canine mast cell cancer cells
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Abstract

Rapamycin has been reported to reduce cancer cell survival in certain tumors following radiation therapy, but the mechanisms
driving this phenomenon are unclear. Rapamycin inhibits mTOR signaling, a pathway responsible for several essential cell
functions. The objective of this study was to investigate the effects of rapamycin and radiation on the activation and inhibition
of mTOR signaling and the relationship between mTOR signaling and DNA damage response in vitro using canine mast cell
tumor (MCT) cancer cell lines. Rapamycin rapidly inhibited S6K phosphorylation in a dose-dependent manner. lonizing
radiation (3, 6, or 10 Gy) was able to activate mTOR signalling, but the combination of radiation and rapamycin maintained
mTOR inhibition. The comet assay revealed that co-treatment with rapamycin induced modest increases in the severity of DNA
damage to MCT cells, but that these differences were not statistically significant. Although the relationship between mTOR and
DNA damage response in MCT cancer cell lines remains unclear, our findings suggest the possibility of interaction, leading to
enhancement of radiation response.

Résumeé

11 a été rapporté que la rapamycine réduisait la survie des cellules cancéreuses dans certaines tumeurs apres une radiothérapie, mais les
mécanismes a l'origine de ce phénomene ne sont pas clairs. La rapamycine inhibe la signalisation mTOR, une voie responsable de plusieurs
fonctions cellulaires essentielles. Lobjectif de cette étude était d'étudier les effets de la rapamycine et des radiations sur l'activation et I'inhibition
de la signalisation mTOR et la relation entre la signalisation mTOR et la réponse aux dommages @ ’ADN in vitro a 'aide de lignées
cellulaires cancéreuses de tumeurs mastocytaires canines (MCT). La rapamycine a rapidement inhibé la phosphorylation de S6K de maniere
dose-dépendante. Le rayonnement ionisant (3, 6 ou 10 Gy) a pu activer la signalisation mTOR, mais la combinaison de rayonnement et de
rapamycine a maintenu I'inhibition de mTOR. Le test des cometes a révélé que le co-traitement avec la rapamycine induisait des augmentations
modestes de la gravité des dommages i 'ADN des cellules MCT, mais que ces différences n'étaient pas statistiquement significatives. Bien
que la relation entre mTOR et la réponse aux dommages a 'ADN dans les lignées cellulaires cancéreuses MCT reste incertaine, nos résultats
suggerent la possibilité d’une interaction, conduisant a une amélioration de la réponse aux radiations.

(Traduit par Docteur Serge Messier)

treatment reduces risks associated with local recurrence and metas-

Introduction

Dogs commonly develop malignancies of mast cells in the form of
solid mast cell tumors (MCTs), most often located in the dermis or
subcutaneous tissue (1). Genetics is suspected to play a strong role
in MCT development, demonstrated by the risk disparity among
breeds and the presence of a c-KIT mutation that causes constitutive
activation in approximately 25% of cases (2,3).

Surgery is the primary method of treatment for these tumors.
Although surgery alone is typically sufficient to control low-grade
tumors, high-grade tumors have an increased risk of local recur-
rence and metastasis (4). Surgery can be combined with an adjuvant
therapy, such as radiation for local control or with chemotherapy or
tyrosine kinase inhibitors for systemic control (5,6). Combination

tasis, especially in high-grade tumors.

Radiation therapy (RT) alone is mainly palliative (7), demon-
strating the most curative potential as an adjuvant to surgery or
chemotherapy (8). When cancer cells develop mechanisms, such
as increasing DNA damage response (DDR), in order to resist the
consequences of DNA damage caused by ionizing radiation, the
effectiveness of RT is reduced (9,10).

Several studies in vitro reported that the effectiveness of RT can
be enhanced in different cancers such as lung and cervical by using
rapamycin (RAPA) or its derivatives to block mTOR signaling, a
nutrient-sensing pathway central to several essential cell functions,
such as growth, proliferation, and survival (11-13). Environmental
cues, such as growth factors or nutrients, can activate mTOR, which
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results in the formation of protein complex mTORC1 (14). mTORC1
then phosphorylates p70S6K, which has become a standard marker
for assessing mTOR activation (15).

We were interested in understanding the intersection of the highly
conserved mTOR signaling and DDR in canine mast cell tumors. The
objective of this study was, therefore, to examine the effects of RAPA
and radiation on the activation and inhibition of mTOR signaling
and their effects on DNA damage in vitro using cell lines generated
from spontaneously occurring canine mast cell tumors.

Materials and methods

Cell culture

Two canine mast cell cancer cell lines, MCT-1 and MCT-2, were
previously developed and characterized by our laboratory (16).
They were maintained in RPMI 1640 (Sigma Aldrich, Oakville,
Ontario), supplemented with 10% fetal bovine serum (FBS) (Gibco/
ThermoFisher Scientific, Waltham, Massachusetts, USA) and 1%
Penicillin/Streptomycin (HyClone Laboratories, Logan, Utah, USA)
at 37°C and 5% carbon dioxide (CO,). Cells grew to about 80% con-
fluency in 100-mm dishes for each experiment. Confluency of adher-
ent MCT-1 cells was determined through visual inspection, whereas
confluency for the suspension MCT-2 cells was determined by the
color of the pH indicator in the media and visual inspection.

Treatment conditions

A total of 250 000 cells were seeded into 6-well plates and allowed
to grow to 80% confluency. Rapamycin (RAPA) was purchased from
Cell Signaling Technologies (Danvers, Massachusetts, USA) and
dissolved in dimethyl sulfoxide (DMSO) to a stock concentration
of 10 mM, which was then stored at —80°C. This stock solution
was diluted in media to concentrations of 5.5, 11, or 16.5 nM, which
correspond to 50%, 100%, and 150% of the plasma steady-state
doses previously reported in dogs (17). Rapamycin was diluted
immediately before being added to MCT cells. The vehicle con-
trol was a volume of DMSO equivalent to 11 nM or 16.5 nM of
RAPA for the comet assay and 16.5 nM of RAPA only for western
blotting.

Radiation doses of 3, 6, or 10 Gy were administered to cells using
a Varian Clinac iX linear accelerator (Varian, Palo Alto, California,
USA). These doses were chosen for their relevance to current veteri-
nary clinical practices (18-20). The dose distribution of the experi-
mental setup has been verified by a medical physicist and described
in a previous study (21). Control plates were removed from the
incubator and transported to and from the radiation center along
with experimental plates but received 0 Gy of radiation.

Clonogenic survival assay

MCT-1 cells were grown to ~80% confluence, then pre-treated
in RPMI 1640 supplemented with 10% FBS with vehicle control
(DMSO0); 5.5 nM RAPA; 11 nM RAPA; or 16.5 nM RAPA. The vehicle
control was incubated for 48 h, whereas the RAPA pre-treatment
groups were incubated for 24 or 48 h. Each treatment group was
then trypsinized and the cells were pelleted and redistributed into
6-well plates. Plates for either 3 or 6 Gy IR had duplicate wells with

100, 1000, or 10 000 cells/well; plates set to receive 10 Gy IR had
duplicate wells with 100, 1000, or 20 000 cells/well.

After 24 h, plates were placed between 2 solid water equivalent
plates with thicknesses of 4.5 cm and 5 cm for the top and bottom
plates, respectively. Each pre-treatment group was given a dose
of 0 Gy, 3 Gy, 6 Gy, or 10 Gy; the dose distribution was verified
by a medical physicist. The 0 Gy plates were brought to the radia-
tion facility but were not irradiated. After irradiation, all plates
were incubated at 37°C and 5% CO, for 2 wk, then cells were
stained with Crystal Violet. Colonies with > 50 cells or more were
counted to assess cell survival. The vehicle control 0 Gy treatment
group was used as the reference point and clonogenic survival was
calculated as:

(Number of colonies formed in Treatment Group)
Number of cells seeded in Treatment Group

X 100

(Number of colonies formed in DMSO Control)
Number of cells seeded in DMSO Control

Western blotting

Cells were seeded in 6-well plates and treated with 5.5, 11,
or 16.5 nM of RAPA alone; 3, 6, or 10 Gy of radiation alone; or
a combination. For the combination treatment, the media was
replaced with media containing the appropriate concentration of
RAPA immediately before radiation. At the time points of interest,
whole-cell protein lysates were obtained using Cell Lysis Buffer
(Cell Signaling Technologies) with aprotinine, Protease Inhibitor
Cocktail II, and phenylmethylsulfonyl fluoride (Sigma Life Science,
St. Louis, Missouri, USA). Next, 100 pL of sodium orthovanadate
solution (33.25 pL of PBS, 12.5 pL of 100 mM sodium orthovanadate,
and 2.5 uL of 3% hydrogen peroxide per milliliter of media) was
added to each well 15 min before lysing.

For the 1-minute timepoint for MCT-1 cells, sodium orthovana-
date was added to the media for 15 min, after which the media was
aspirated and RAPA-treated media was added and then removed
to begin the lysing process, which took about 60 s. For the 4-minute
timepoint for MCT-2 cells, cells were transferred to a 15-mL tube
and sodium orthovanadate was added to the media for 15 min.
Rapamycin was then added and the tube was inverted, then imme-
diately centrifuged to pellet the cells. The media was aspirated and
the pellet was washed with PBS, re-pelleted, and then lysed.

Lysates were stored at —80°C in 10-p.L aliquots. Protein concen-
trations were quantified using the Bio-Rad protein assay. Samples
containing 25 pg of protein were electrophoresed through 10% poly-
acrylamide gels. Proteins were transferred onto polyvinylidene fluo-
ride (PVDF) membranes and stained with Amido black to confirm a
successful transfer. Membranes to be probed for phospho-ribosomal
protein S6 kinase (S6K) were blocked with 5% bis(trimethylsilyl)acet-
amide (BSA) for 1 h at room temperature. Membranes to be probed
for native S6K and tubulin were blocked with 5% skim milk for 1 h
at room temperature. Membranes were incubated overnight at 4°C
while being gently rocked, with the primary antibody diluted with
the same blocking solution in a 1:1000 ratio.

The secondary antibody was diluted with 5% skim milk in a
1:10 000 ratio. A BioRad ChemiDoc XRS+ and Immobilon Forte
(Millipore Sigma, Burlington, Massachusetts, USA) was used to
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image chemiluminescence. Monoclonal antibodies for both the phos-
phorylated (Thr389) (catalog #9234) and native forms of S6K (#2708)
were obtained from Cell Signaling Technologies. A monoclonal anti-
body for tubulin (#T5168) and horseradish peroxidase-conjugated
goat anti-rabbit (#A0545) and goat anti-mouse secondary antibodies
(#A9044) were obtained from Millipore Sigma.

Alkaline comet assay

The alkaline comet assay was carried out on cells 8 and 24 h after
treatment with 11 and 16.5 nM of RAPA, or the volume equivalent
of DMSO, combined with 3 or 6 Gy of radiation, following the
protocols developed by Singh et al (22). The volume equivalents of
DMSO for 11 nM and 16.5 nM of RAPA were designated as low and
high concentrations, respectively. Slides were placed in chilled comet
electrophoresis buffer for 30 min. The slides were electrophoresed
for 40 min at 1 volt/cm.

After electrophoresis, the slides were washed with deionized
water, then dehydrated with 100% ethanol, and air-dried. Slides were
incubated in the dark with 30 pM 4',6-diamidino-2-phenylindole
(DAPI) diluted in a 1:100 ratio with PBS to fully cover the slide.
Images were taken with a 20X objective lens using a Leica fluores-
cent microscope.

Cells were visually inspected and manually categorized into
1 of 4 categories based on the appearance of the amount of damage
sustained (none, low, moderate, and extensive). Based on a previ-
ous study by Olive et al (23), cells with the appearance of a distinct,
paddle-shaped tail were apoptotic and categorized as having ‘exten-
sive damage.” At least 100 cells were scored for each treatment, total-
ing over 300 cells/condition over 3 biological replicates.

Statistical analysis

Dunnett’s multiple comparisons test determined differences in
means for the clonogenic assay and in densitometry means for all
western blots. Phosphorylated S6K band density was normalized to
the native S6K band. This value was then normalized to the density
of the tubulin band. Dunnett’s multiple comparisons test was also
used with comet assay data comparing radiation only versus DMSO.
The Mann-Whitney test compared RAPA treatment with its DMSO
equivalent vehicle control in the comet assay. Results were consid-
ered statistically significant when the P-value was = 0.05.

Clonogenic survival

Pre-treatment of MCT-1 cells with RAPA did not influence clono-
genic survival at any dose of radiation, regardless of dose or incuba-
tion. MCT-1 clonogenic survival decreased as the IR dose increased.
Observations are illustrated in Figure 1.

mTOR signaling

Western blots quantified relative levels of phosphorylated S6K
as an indicator of changes in mTOR activity caused by RAPA, RT,
or a combination of the two. As shown in Figure 2 A, C, 15 min of
exposure to RAPA alone did not appear to significantly impact SOK
phosphorylation in MCT-1 cells, but a dose-dependent response to

- 5.5 nM RAPA
11 nM RAPA

- 16.5 nM RAPA
DMSO

Percent cell survival

- 5.5 nM RAPA
11 nM RAPA

- 16.5 nM RAPA
DMSO

Percent cell survival

Gy

Figure 1. MCT-1 clonogenic survival relative to DMSO (means with SEM,
n = 4). A — 24 h of pre-treatment with rapamycin (RAPA) combined with
radiation. B — 48 h of pre-treatment with RAPA combined with radiation.
Error bars represent SEM.

RAPA was observed after 30 min. Between 1 and 24 h, all doses of
RAPA reduced S6K phosphorylation to undetectable levels in MCT-1
cells. Dimethyl sulfoxide alone increased S6K phosphorylation
relative to control until at least 4 h in MCT-1 cells, but this DMSO
affect was abrogated by 24 h. These patterns of S6K phosphorylation
occurred more swiftly in MCT-2 cells, in which phosphorylation was
reduced to undetectable levels at 15 min of exposure with all doses
of RAPA and was sustained for up to 24 h (Figure 2 B, D).

Radiation therapy (RT) alone qualitatively increased S6K phos-
phorylation in MCT-1 cells up to 4 h after exposure to 6 and 10 Gy
and up to 2 h after exposure to 3 Gy (Figure 3 A, C), although these
differences were not statistically significant. In MCT-2 cells, 10 Gy
of RT alone also increased mTOR activity, which was statistically
significant for all timepoints except for 8 h (Figure 3 B, D).

The combination of RT and RAPA resulted in the inhibition of
mTOR signaling in both MCT-1 and MCT-2 cells. After 30 min of
exposure to 10 Gy, in combination with every dose of RAPA, S6K
phosphorylation was completely undetectable in MCT-1 cell lysates
(Figure 4 A, C). In MCT-2 cells, S6K phosphorylation was affected in an
almost identical manner (Figure 4 B, D). This trend continued with all
other timepoints up to 24 h; timepoints up to 2 h are shown in Figure 4.

The blots and densitometry for all other time points and for RAPA
combined with 3 and 6 Gy of IR are shown in the supplementary
figures (Figures S1 to S5) available online at https: /hdl.handle.net/
10214/26557. The trends observed in the RAPA and 10 Gy combina-
tion were also observed with 3 and 6 Gy.

DNA damage

The comet assay quantified the extent of DNA damage sustained
on an individual cell basis. Examples of images of the comet assay
from control cells and cells treated with 3 or 6 Gy are shown in
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Figure 2. Western blots of phosphorylated S6K (Thr389) in MCT-1 (A) and MCT-2 (B) lysates after exposure to rapamycin (RAPA). For the densitometry
analysis of MCT-1 (C) and MCT-2 (D), the ratio of p-S6K:native S6K:tubulin was calculated for each treatment and normalized to the DMSO control for

that time point.

n = 3 (*P = 0.05, **P =< 0.01, ***P = 0.001, ****P = 0.0001). Error bars represent SEM.
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Figure 3. Western blots of phosphorylated S6K (Thr389) in MCT-1 (A) and MCT-2 (B) lysates 30 min to 24 h after exposure to 3, 6, or 10 Gy. For the
densitometry analysis of MCT-1 (C) and MCT-2 (D), the ratio of p-S6K:native S6K:tubulin was calculated for each treatment and normalized to the

DMSO control for that time point.
n = 3 (*P =< 0.05). Error bars represent SEM.

Figure 5 A to C. Data in Figure 5 D to G suggest that DMSO reduced
the percentage of MCT cells with extensive DNA damage when
treated with either 3 or 6 Gy of RT. The percentage of MCT-1 cells
with extensive DNA damage when treated with a combination of
3 Gy and RAPA was inconsistent, whereas MCT-2 tended to have a
higher percentage of damaged cells in RAPA groups compared to
their DMSO groups.

In both cell lines, treatment with 6 Gy combined with either dose
of RAPA was more effective at causing extensive DNA damage than
the equivalent DMSO concentration or RT only (Figure 5 E, G). The
only exception to this was the 24-hour incubation period with MCT-2
cells. In this case, 16.5 nM of RAPA generated more severely dam-
aged cells than the equivalent concentration of DMSO, but not more
than RT only (Figure 5 G). Although these trends suggest that RAPA
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n =3 (*P = 0.05, **P =< 0.01, ***P =< 0.001). Error bars represent SEM.
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Figure 5. Examples of the comet assay results with MCT-1 cells stained with DAPI after treatment with no radiation (A), 3 Gy and High DMSO (B), and
6 Gy and 11 nM of rapamycin (RAPA) (C). The white arrows indicate cells designated as having extensively damaged DNA, showing a faint nucleus
and paddle-shaped tail (brackets). Graphs show the percentage of MCT-1 cells that sustained extensive DNA damage 8 h and 24 h after exposure to
3 Gy (D) and 6 Gy (E) combined with RAPA and the percentage of MCT-2 cells that sustained extensive DNA damage 8 h and 24 h after exposure

to 3 Gy (F) and 6 Gy (G) combined with RAPA.
n = 3. Error bars represent SEM.

may have a radiosensitizing effect, none of the observations in the
comet assay were found to be statistically significant.

mTOR hyperactivation is observed in many cancers, aiding in both
avoiding oncogenic restraint and promoting growth or metastasis.
Constitutive activation leads to increased 4E-BP1, enhancing pro-
oncogenic protein synthesis, as well as contributing to the Warburg
effect by promoting activation of transcription factors like hypoxia-
inducible factor 1a (24,25). mTOR dysregulation also contributes to

escaping autophagy by disrupting critical components to autophagy
initiation, such as UNC-5-like autophagy-activating kinase complex
or autophagy-initiating kinases (26,27).

Although the mTOR pathway is traditionally associated with
several essential cell survival functions, it is not commonly associ-
ated with DNA damage response (DDR). Several studies have sug-
gested that, in some scenarios, the effectiveness of cancer therapies
that target DNA can be enhanced by inhibiting the mTOR path-
way (11,28,29). The growth of doxorubicin-resistant human prostate
cancer xenografts was inhibited when doxorubicin was combined
with a RAPA derivative (30). Cell proliferation of human non-small
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cell lung cancer and triple negative breast cancer was synergistically
inhibited when the poly (adenosine diphosphate-ribose) polymerase
(PARP) inhibitor olaparib and RAPA were used concurrently (31).

It has also been observed that RAPA increases the effectiveness of
radiation therapy (RT) at inducing apoptosis in human non-small
cell lung cancer (32). Combining RAPA with chemotherapy, non-
chemotherapeutic medication, or RT, all of which have different
mechanisms of action, was beneficial in these scenarios. The com-
monality these regimens share is their interaction with DNA damage
responses (DDRs). Inhibiting mTOR signaling may simply turn off
pro-survival signals, but the results of the previously mentioned
studies allude to a more specific consequence.

We expected that our canine mast cell cancer cells would respond
to RAPA and RT combination therapy in a similar manner. For cells
treated with RT only, there was an apparent dose-dependent stimula-
tory response in mTOR signaling, which suggests interaction with
the DNA damage response. Although Nagata et al (32) observed in
non-small cell lung cancer that RT increased phosphorylation levels
of Akt and mTOR, components upstream of S6K, and S6, the down-
stream target of S6K, their study did not look at phosphorylation
levels of S6K itself. It is thus unclear if the potential increase in phos-
phorylation of S6K observed in our study was caused by RT directly
or was a result of upstream activation. Regardless, it suggests that
a cell’s response to DNA damage manifests in the activation of the
mTOR signaling cascade.

In our study, treatment with RAPA alone was able to strongly, if
not completely, inhibit mTOR signaling in both MCT-1 and MCT-2
cells after 30 and 15 min, respectively. The same response was
observed for the combination of RT and RAPA. Given such robust
inhibition of signaling, we hypothesized that any effect mTOR might
have had on the cells” subsequent response to RT-induced DNA
damage was effectively inhibited.

The comet assay was used to visualize and quantify the DNA
damage (in the form of strand breaks) sustained by both cell lines fol-
lowing treatment with a combination of RAPA and RT. Two vehicle
controls, DMSO volume equivalents of the 2 RAPA concentrations,
were assessed in this assay to control for any effects that DMSO
alone might have on DNA damage response (DDR). Free radicals
form when water absorbs ionizing radiation, generating entities
such as hydroxyls that can cause multiple forms of DNA damage,
including strand breaks (33).

In MCEF-7 cells, DMSO is known to be a free-radical scavenger at
concentrations as low as 1 mM (34). The highest DMSO concentra-
tion in our experiments was 23.3 mM, but DMSO did not appear to
make a significant or consistent difference in protecting cells from
extensive DNA damage. Although some studies suggest that DMSO
does not affect mTOR signaling (35,36), our MCT-1 cells treated
with RAPA alone showed a trend that DMSO may have increased
mTOR signaling. The ability of DMSO to reduce the percentage of
extensively damaged irradiated cells compared to cells that received
only RT was generally stronger in MCT-2 than in MCT-1 cells. There
was also a general trend across both irradiated cell lines for RAPA to
increase the percentage of extensively damaged cells compared to
its DMSO equivalent for both incubation periods. Although none of
the comet assay results was found to be statistically significant after
3 biological replicates, there was an arguable consistency indicating

that RAPA-treated groups differed in response to their DMSO and
RT-only controls.

The lack of statistical significance in the comet assay fails to
provide evidence that RAPA influences the amount of DNA dam-
age sustained from RT. It has been observed that mTOR negatively
regulates protein phosphatase 2A (PP2A), an enzyme believed to
dephosphorylate the histone subunit H2AX, whereas RAPA increases
PP2A activity (37). Phosphorylated H2AX is a marker for sites of
DNA damage. PP2A also activates DNA-PK, a necessary compo-
nent of non-homologous end joining (38). This suggests that RAPA
could have a protective effect on DNA damage, which conflicts with
the previously mentioned studies that report the opposite. More
importantly, it suggests that the mTOR pathway does play a role
in regulating DDR.

The clonogenic survival assays demonstrated that, regardless of
RAPA pre-treatment, 6 Gy of RT killed over 92% of MCT-1 cells,
which suggests that this cell line is highly radio-sensitive in compari-
son to H1299, a lung cancer cell line that was observed to experience
approximately 80% of clonogenic cell death at 8 Gy (39). Despite
extreme mTOR inhibition up to the clinically high single dose of
10 Gy, any possible synergistic effects brought on by RAPA may have
been overshadowed by an already present inability to repair DNA
damage by the MCT-1 cells. Therefore, it would be worthwhile to
repeat these experiments in radio-resistant canine mast cell cancer
cell lines to observe whether RAPA can restore sensitivity.

The previously referenced studies used similar RAPA concentra-
tions (ranging from 1 to 10 nM) to achieve enhanced cancer growth
inhibition or apoptosis. The lung cancer study by Nagata et al (32),
however, used a higher concentration of RAPA (100 nM) on their
H1299 cell line. Similarly, a study using MCF?7 cells observed that
combining RT with 27.3 nM of RAPA impaired double strand break
(DSB) repair using the comet assay (13). Increased RAPA concentra-
tions could lead to off-target effects, which could explain why these
studies observed more changes in cell survival and DNA damage
after similar RT exposure.

The effects of mTOR inhibition on DNA damage response (DDR)
could vary depending on upstream factors. For example, active phos-
phatase and tensin homolog (PTEN) inhibits Akt activity, resulting
in a decrease in mTOR activation (40). Therefore, RAPA could have
a synergistic effect in cells with an active PTEN status but have an
increased threshold to be effective in cells with a PTEN mutation or
deficiency. Canine mast cell tumors with a detected loss of PTEN
function have been reported to have worse prognoses (41). Loss of
PTEN function has also been observed in some canine osteosar-
coma, melanoma, hemangiosarcoma, and prostate cancers (42-45),
which suggests that aberrations in this gene are common in canine
malignancies. The status of such relevant genes could be an impor-
tant consideration in both a tumor’s pathogenesis and response to
therapy.

In conclusion, RAPA is an effective and accessible reagent to
inhibit mTOR signaling. Although the exact relationship between
this pathway and the DNA damage response induced by RT has
yet to be elucidated, our study suggests some interaction between
the 2 processes. There are clinical benefits to developing a method
to increase the efficacy of RT without needing to increase the dose
or combine it with cytotoxic chemotherapy. The action of RAPA as a

10 The Canadian Journal of Veterinary Research



radiosensitizer appears highly variable, however, and may depend

on the type of cancer. The clinical usefulness of RAPA in canine mast

cell cancer is therefore unclear.
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