International Journal of Nanomedicine downloaded from https://www.dovepress.com/

For personal use only.

International Journal of Nanomedicine

3

Dove

ORIGINAL RESEARCH

Treatment of natural mammary gland tumors in
canines and felines using gold nanorods-assisted
plasmonic photothermal therapy to induce tumor

apoptosis

Moustafa R K Ali!
Ibrahim M Ibrahim?t
Hala R Ali23

Salah A Selim?
Mostafa A El-Sayed'*

'School of Chemistry and
Biochemistry, Georgia Institute of
Technology, and Laser Dynamics
Laboratory, Atlanta, GA, USA;
2Department of Veterinary Medicine,
Cairo University, Giza, Cairo, Egypt;
*Department of Bacteriology and
Immunology, Animal Health Research
Institute (AHRI), Dokki, Giza, Egypt;
‘School of Chemistry, King Abdul Aziz
University, Jeddah, Saudi Arabia

fIbrahim M Ibrahim passed away on
August 23,2015

Correspondence: Mostafa A El-Sayed
School of Chemistry and Biochemistry,
Georgia Institute of Technology, and
Laser Dynamics Laboratory, 901 Atlantic
Drive, Atlanta, GA 303320400, USA
Email melsayed@gatech.edu

Salah A Selim

Department of Veterinary Medicine,
Cairo University, Giza square,
Cairo, 12211, Egypt

Email dr.salahselim@hotmail.com

This article was published in the following Dove Press journal:
International Journal of Nanomedicine

22 September 2016
Number of times this article has been viewed

Abstract: Plasmonic photothermal therapy (PPTT) is a cancer therapy in which gold nanorods
are injected at the site of a tumor before near-infrared light is transiently applied to the tumor
causing localized cell death. Previously, PPTT studies have been carried out on xenograft
mice models. Herein, we report a study showing the feasibility of PPTT as applied to natural
tumors in the mammary glands of dogs and cats, which more realistically represent their human
equivalents at the molecular level. We optimized a regime of three low PPTT doses at 2-week
intervals that ablated tumors mainly via apoptosis in 13 natural mammary gland tumors from
seven animals. Histopathology, X-ray, blood profiles, and comprehensive examinations were
used for both the diagnosis and the evaluation of tumor statuses before and after treatment.
Histopathology results showed an obvious reduction in the cancer grade shortly after the first
treatment and a complete regression after the third treatment. Blood tests showed no obvious
change in liver and kidney functions. Similarly, X-ray diffraction showed no metastasis after
1 year of treatment. In conclusion, our study suggests the feasibility of applying the gold
nanorods-PPTT on natural tumors in dogs and cats without any relapse or toxicity effects after
1 year of treatment.

Keywords: gold nanorods, natural mammary tumors, plasmonic photothermal therapy, canine,
feline

Introduction

Plasmonic nanoparticles (NPs) exhibit unique physical and chemical properties that
can be utilized for both cancer treatment and diagnosis. In plasmonic photothermal
therapy (PPTT), NPs such as gold nanorods (AuNRs) absorb near-infrared (NIR)
light resulting in hyperthermia, thereby inducing tumor ablation. In PPTT, cancer
cells show a much higher uptake of NPs than normal cells.! Although many tradi-
tional cancer therapies with drugs or radiation cause side effects due to their toxic-
ity to normal cells, PPTT has fewer side effects mainly because of its selectivity
to cancer cells. In PPTT, two selective targeting methods can be applied: 1) active
targeting and 2) passive targeting. In active targeting, specific surface modifications
(ligands) of NPs can recognize and bind to the receptors on the surface of cancer cells.
On the other hand, in passive targeting, NPs are usually injected directly to solid tumor
and accumulate inside the tumor mainly via the enhanced permeability and retention
effect. The enhanced permeability and retention effect has been regarded as a primary
rationale for the delivery of NPs due to the leaky tumor blood vasculature. Then, the
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tumor will be irradiated with laser, causing localized heat
for killing cancer cells.>® These attributes of PPTT make it
a superior alternative in cancer treatment.

Among all plasmonic gold NPs, three types have shown
the greatest potential for use in cancer PPTT: gold nanocages,
gold nanoshells (AuNSs), and AuNRs.” These three types
of NPs have been synthesized with specific sizes and shapes
designed to enable absorption of NIR radiation and allow
for subsequent heat transmission. Due to the toxicological
properties that could result from the presence of unused silver
(Ag) on the interior of the nanocage during its synthesis, the
widespread use of gold nanocages for the treatment of cancer
is not likely to occur.'® The AuNSs plasmon wavelength is
dependent on the ratio of the thickness of the shell to the core
diameter.! Thus far, the use of AuNSs has been limited to
the US Food and Drug Administration-approved use of the
AuNSs AuroLase® (Nanospectra Biosciences, Inc., Houston,
TX, USA) for PPTT clinical trials of head and neck cancer.!
One challenge of using AuNSs is the difficulty of synthesiz-
ing them with a uniform ratio of shell to core radii. AuNRs
exhibit a longitudinal NIR surface plasmon resonance band
that is directly proportional to its aspect ratio (length/width).
Among all plasmonic gold NPs, AuNRs are regarded as
one of the most feasible options for absorbing NIR laser
radiation.'""* For example, a recent publication compared the
efficacy of AuNRs with that of AuNSs and found that AuNRs
intrinsically have greater absorption efficacy per gram of
gold and longer circulation half-life in vivo.'> Additionally,
PPTT-AuNRs studies have shown encouraging results with
no significant toxicological side effects in vivo (xenograft
mice model).'¢"?

PPTT can induce cell death primarily by two pathways:
necrosis and apoptosis.?’ During necrosis, the heat induced
from PPTT disrupts the plasma membrane causing the cyto-
plasmic components to leak out and inflammation to occur
within the cell. However, apoptosis is a highly regulated cell
death pathway and would thus be a cleaner way for eliminat-
ing cancer cells. Therefore, modulating PPTT to trigger apop-
tosis would be more favorable in clinical studies. It has been
reported that different intracellular locations or shapes of NPs
regulate the switch between necrosis and apoptosis.?!-? In this
study, we were able to cause cancer cell apoptosis in vitro
and in vivo by adjusting the laser exposure time.

The primary novelty of this study was the extension of
AuNRs-assisted PPTT to natural tumors in animals larger
than ones used in any previous study. Mammary gland tumors
of epithelial origin are very common neoplasms of canines
and felines. The similarity of molecular and biological

machinery of canines/felines and that of humans suggests
the suitability of using mammary tumors of these animals as
a model for the study of human mammary tumors.> The
second novelty was the optimization of AuNRs-PPTT’s con-
ditions to generate tumor apoptosis as a favorable cell death
mechanism (rather than necrosis).'>?%?” Herein, we directly
injected the PEGylated AuNRs to the mammary tumors of
each canine/feline as opposed to intravenous injection, as
our previous study showed a better efficacy for intratumoral
injection than intravenous injection,' although the latter could
be helpful for some applications (especially for tumors that
are not accessible for direct injection of AuNR).® We tested
PPTT on canine and feline natural mammary gland tumors.
To minimize side effects, we optimized PPTT dosages to
enable a slow cancer cell apoptosis. Using our optimized
protocol, adjusting the photothermic temperature to 44°C,
we were able to ablate 100% of tumors in seven animals
without any relapse or toxicity effect after 1 year from the
tumor treatment.

Materials and methods

Synthesis and surface modification
of AuNRs

AuNRs were prepared according to the literature.?® Briefly,
HAuCI, (5 mL, 1 mM; Sigma-Aldrich, St Louis, MO, USA)
was added to 5 mL of cetyltrimethylammonium bromide
(CTAB, 0.20 M; Sigma-Aldrich). AgNO, (250 uL, 4 mM;
Sigma-Aldrich) was then added and the pH of the solu-
tion adjusted to 1-1.15. Around 70 uL of ascorbic acid
(78.8 mM; Sigma-Aldrich) was added to the solution until
the solution became clear. Ice-cold NaBH, (15 uL, 0.01 M;
Sigma-Aldrich) was injected into the unstirred growth solu-
tion immediately and then allowed to react for 6 hours. The
resulting AuNRs had dimensions of approximately 25x5 nm
(see “Formulation and characterization of the AuNRs”
section, Figure 1). AuNRs were concentrated by centrifug-
ing at 19,745 rcf for 15 minutes. The pellet was redispersed
in water and centrifuged at 19,745 rcf for an additional
15 minutes. Then methoxy polyethylene glycol (PEG) thiol
(m-PEG-Th, PEG; Laysan Bio, Arab, AL, USA) was added to
the CTAB-conjugated AuNRs and was incubated overnight
in a shaker. A final ratio of about 20,000 PEG molecules
per NP was achieved after centrifugation to remove uncon-
jugated PEG.

Characterization of AuNRs
The characterization of AuNRs was carried out using a Cary
500 UV—Vis Spectrometer (Agilent Technologies, Santa
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Figure | Characterization of PEGylated AuNRs (length 2613 nm, width 5+£0.8 nm).

Zeta potential (mV)

Notes: (A) TEM image with 100 nm scale bar. (B) UV-Vis absorbance spectra showing the SPR peaks of AuNRs. (C) Corresponding histograms of the lengths of the 100
AuNRs particles counted. (D) Corresponding histograms of the widths of the 100 AuNRs particles counted. (E) Zeta potential data of the as-synthesized rods. (F) Zeta

potential data of PEGylated AuNRs.

Abbreviations: AuNRs, gold nanorods; TEM, transmission electron microscope; SPR, surface plasmon resonance; UV-Vis, ulltraviolet—visible.

Clara, CA, USA) for the spectroscopic measurements, and
a JEOL 100 CX transmission electron microscope (TEM)
(JEOL Ltd., Tokyo, Japan) was used to image the samples.
Zeta potentials were measured using a ZetaSizer 3000
HAS (Malvern Instruments, Worcestershire, UK). Zeta
potential was tested to characterize the surface conjugation
with PEG. Ellman’s reagents (react with free-SH group;
Sigma-Aldrich) were used to quantify the number of PEG
molecules bound to the surface of the AuNRs.?” Ellman’s

reagent reacts with free-SH group and can be measured
calorimetrically at 412 nm. By subtracting the absorbance
of the residual PEG, in the supernatant solution after PEG
conjugation and centrifugation, from the original absor-
bance of the solution before adding to AuNRs, we can
calculate the number of PEG molecules on the surface of
AuNRs by Beer’s law. The results of characterization are
described below (see “Formulation and characterization of
the AuNRs” section).
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Animal diagnosis, ultrasonography, and

X-ray examination

The animals were admitted to the clinic of Department of
Surgery, Faculty of Veterinary Medicine, Cairo University.
All pets’ owners claimed that their animals did not receive
any treatment before their arrival at the university. His-
topathology tests were used to diagnose the tumors as
adenocarcinoma without any skin invasion, except for one
tumor (Case 1, Tumor 6). Seven animals were included in
this study, five canines (females) and two felines (females),
and the total number of tumors was 13. All animals were
handled in accordance with Association for Assessment
and Accreditation of Laboratory Animal Care and Office of
Laboratory Animal Welfare guidelines under the direction
of the Institutional Animal Care and Use Committee. All
animal experiments were approved by the Experimental
Animal Ethical Committee Faculty of Veterinary Medicine,
Cairo University. The animal experiments were carried out
after owner permission and a high standard of veterinary care
was involved. Ultrasonography examination was performed
with a real-time Toshiba medical company ultrasound sys-
tem (Toshiba, Tokyo, Japan), using multifrequency probes
(7 microns convex and 7 MHz linear probe) with displayed
depth of 4-6 mm. The scans and photographs were taken on
Polaroid in both longitudinal and transverse scans. At the
tumor site, the animal’s hair was clipped and shaved, and
subsequently, sonographic gel was applied to the skin of the
animals. Radiographic recordings were taken with an X-ray
machine (Fischer, Berlin, Germany). The radiographic setting
factors were 58 to 70 kVp, 10 mAs, and 90 cm focal spot—
film distance. The radiographic exposures were conducted,
dorsoventrally and right laterally. The tumor dimensions
were measured using calipers and confirmed with sonar.

Performing PPTT in animals

Each animal was subjected to three sessions of PPTT treat-
ment in 2-week intervals using an 808 nm diode laser with
a power of 5.8 W/cm? and a spot size of around 5.6 mm?.
An effective dose of AuNRs solution (7.5 nM AuNRs) for
each 100 cm® was used, and the amount used was scaled up
based on the volume of the tumor and injected directly into the
tumor. Five minutes after injection, the entirety of the tumor
was irradiated with the laser. The AuNRs concentration was
decreased by 50% for each subsequent treatment. The tem-
perature increase of a tumor during the laser irradiation was
measured by placing a 33-gauge hypodermic thermocouple
(OMEGA Engineering, Inc., Stamford, CT, USA) needle
directly inside the tumor (42°C—44°C). The results of PPTT
in animals, histopathology evaluation (see “Histopathology

evaluation for animals” section), blood analysis (see “Blood
analysis” section), X-ray (see “Animal diagnosis, ultrasonog-
raphy, and X-ray examination” section) are discussed in
“Applying PPTT to animals” and “The physiological status
of animals after 1 year from treatment” sections.

Histopathology evaluation for animals

The detailed pathologic evaluation of tumors was conducted
by the members of the pathology department, Faculty of
Veterinary Medicine, Cairo University. Histopathological
analysis was performed on 5 um sections from tumor tissue
that were fixed in 10% buffered formalin. The samples were
stained with hematoxylin and eosin to assess pathology.

Blood analysis

Blood analyses tests for examining the liver and kidney
functions of the animals were conducted before and after
treatment. The tests were performed according to the manu-
facturer’s instructions using diagnostic kits of the StatLab
Spectrum Diagnostics in Egypt. Absorption spectrometry
with six light-emitting diodes as optical light source was
used. The kits were purchased from Egyptian Company for
Biotechnology (Obour city industrial area, Egypt).

Cell culture and PPTT optimization

in vitro and in vivo

To examine the in vitro efficacy of PPTT and optimize the
treatment condition (see “Optimization of PPTT toward
generating cancer cell apoptosis” section), MCF-7 breast
cancer cells (human adenocarcinoma; American Type
Culture Collection, Manassas, VA, USA) were cultured in
Dulbecco’s Modified Eagle’s Medium (Corning Incorporated,
Corning, NY, USA) supplemented with 10% v/v fetal bovine
serum, 1% penicillin/streptomycin at 37°C in a 5% CO,
humidified atmosphere. For incubation, the growth media
was removed from the cell cultures that had NPs and replaced
with identical media containing PEGylated AuNRs (2.5 nM)
overnight, and an 808 nm diode laser (power: 5.8 W/cm?;
spot size around 5.6 mm) was used on the cells. The level
of cell ablation was related to the time of PPTT. Two time
scales were used: 2 and 5 minutes.

For optimizing the PPTT condition in vivo, we applied
PEGylated AuNRs (2.5 nM) for two different time periods
(2 and 5 minutes) using an 808 nm diode laser (power:
5.8 W/em?; spot size around 5.6 mm). The result of optimi-
zation is shown in Supplementary materials.

Apoptosis/necrosis assay in vitro
MCF-7 cells (human breast cancer cells) were washed with
phosphate-buffered saline and then trypsinized (Clonetech,
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Mountain View, CA, USA).? After trypsinization, cells
were centrifuged and washed with phosphate-buffered
saline. Cells were then resuspended in 493 puL 1x annexin
binding buffer (Invitrogen, Thermo Fisher Scientific,
Waltham, MA, USA) with 2 uLL working propidium iodide
(PI; BioLegend, San Diego, CA, USA) 100 ug/mL and 5 uL
annexin-V—fluorescein isothiocyanate (BioLegend) and
then incubated at room temperature for 15 minutes. Subse-
quently, cells were filtered and subjected to flow cytometry
using a BSR LSR II flow cytometer (BD Biosciences, San
Jose, CA, USA). Samples were excited with a 488 nm
laser, and fluorescein isothiocyanate was detected in FL-1
by a 525/30 BP filter, whereas PI was detected in FL-2 by a
575/30 BP filter. FlowJo software (Tree Star Inc., Ashland,
OR, USA) was used to count annexin-V+ cells from at least
10,000 events.

Results
Formulation and characterization of the

AuNRs

Based on our previous study in vitro, AuNRs with average
length x width (26x5 nm) showed enhanced efficacy of
PPTT, which was driven from the high ratio of the absorbed
light to scattered light,**3? we synthesized AuNRs with
similar dimensions using our reported method,” and these
AuNRs are shown in the TEM image (Figure 1A). To absorb
the near-IR laser light for performing PPTT, AuNRs were
generated with an aspect ratio of about 5 and with a surface
plasmon resonance wavelength of ~800 nm (Figure 1B).
The approximate length and width were 263 nm and
540.8 nm, respectively, which was obtained by counting the
length and width distributions of 100 particles (Figure 1C
and D). After synthesis, AuNRs were successfully coated with
mPEG-Th as shown by their zeta potential of —17.1+7.83 mV
(Figure 1F), while as-synthesized AuNRs had a positive zeta
potential (Figure 1E) because of positively charged CTAB.
The number of PEG molecules per particle was observed to
be approximately 20,000 PEG/AuNR.

Optimization of PPTT toward inducing

cancer cell apoptosis

We developed a mild PPTT strategy that induced cell apopto-
sis using a reduced laser exposure time. We conducted PPTT
in vitro (MCF-7 cells) and in vivo (mammary gland tumor) by
irradiating the tumors for 2 or 5 minutes. The control sample
that incubated with AuNRs but without laser treatment were
shown in Figure S1A and B. After 2 minutes of laser irradia-
tion, 42.7% and 2.89% of the population underwent apoptosis
or necrosis, respectively (Figure S1C), whereas 5 minutes of

laser irradiation caused 20.17% and 15.5% of apoptosis or
necrosis, respectively. The data demonstrates that a S-minute
irradiation time predominantly leads to necrosis (heating up
to about 52°C), while on the other hand, a 2-minute irradia-
tion time mainly results in apoptosis (Figure S1D, heating
up to 42°C—44°C). This result is very comparable with the
former study which showed that a low dose of heat induces
apoptosis, whereas a high dose (heating above 50°C) induces
necrosis.?! For thermal damage of cells, Sapareto et al®
proposed “cumulative equivalent minutes at 43°C (CEM43)
apop” as a method to calculate the thermal dose applied.
Using their methods, we calculated that the CEM43 of
S-minute irradiation is more than 500 times that of 2-minute
irradiation. When laser was applied without AuNRs injection,
no obvious temperature increase was observed.

Then, we used a preliminary optimal laser time on a single
mammary gland tumor in a dog. We applied PPTT with two
different irradiation times (2 and 5 minutes) to both sides of
a single tumor. It was concluded that 2 minutes of irradiation
caused a gentle change within the tumor, whereas 5 minutes
of irradiation caused a very severe burning (Figure S1E).
We related our thermal dosage to the average temperature
that arose from the animal or cells after a 2-minute irradia-
tion. In both cases, the temperatures are similar (42°C—44°C).
Based on these preliminary experiments, we selected the
2-minute irradiation time as the optimal irradiation time for
complete tumor treatment for all tumor groups.

Applying PPTT to animals

After establishing the dosage of an effective laser applica-
tion time, the PPTT optimized conditions were conducted
multiple times (0, 2, and 4 weeks) and tumor volumes
evaluated every 2 weeks until complete regression, as shown
in Figure 2. Before any PPTT treatment, tumors of all the
animals showed variant growth, and after PPTT, obvious
tumor regression was observed. All 13 tumors with variant
volumes regressed with an average half-life of about 2 weeks
and completely disappeared within 6—8 weeks. Images of
tumor change and relevant histopathology in Case 7 (feline)
show the tumor regression process (Tumor 6: open tumor
and Tumor 10: close tumor). Although both tumors have
different malignancy stages (Table 1), the images indicate
that both tumors respond positively to the treatment, and
no tissue burning was seen after gentle treatments. Histo-
pathological examinations were carried out on tumors to
investigate the malignancy of the tumors before and after
PPTT. Photographic images (Figure 3), and also complete
images of the case (Figure S2), showed the tumor statuses
before, during, and after treatments. As shown in Figure 3A,
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Figure 3 Photographs for Case 7 (feline) with two tumors (Tumor 6: anterior thoracic opened tumor; and Tumor 10: caudoinguinal tumors) and histopathology images

(Tumor 6) showing the tumor regression before and/or after each treatment.

Notes: (A) Before first treatment, (B) before second treatment, (C) after third treatment, (D) before third treatment, and (E) | year after third treatment, no relapse is
observed. After | year, the tumors completely disappeared, thus we were unable to take histopathology data for the animals. Magnification of histopathology images stained

with H&E: (A) and (D) x100; (B) x200.
Abbreviation: H&E, hematoxylin and eosin.

treatments are seen in Figure 4, and other photographs for
Case 2 are shown in Figure S4. For the tissue sections,
moderately undifferentiated tumor mass characterized by
basophilic cells with condensed nuclear chromatin lining
the acini are observed (Figure 4A). The connective tissue
stroma was infiltrated with mononuclear cells of mainly
lymphocyte and macrophage origin but also contained some
multinucleated giant tumor cells (Grade III). On the other
hand, after treatment (Figure 4B) histopathology revealed
some necrosis of acini accompanied with cellular stroma
(Grade 0). No metastasis was observed based on X-ray

diffraction images (Figure 5). Similarly, Case 3 has been
explained in the Supplementary materials, along with pho-
tographic images taken before treatment, 2 weeks after treat-
ment, and 1 year after treatment (Figure S5, photographs).
Histopathology images for Case 3 before treatment shows
the tumor grade change from Grade III before treatment to
Grade 0 after the treatment (Figure S6). Furthermore, the
X-ray images before and after treatment show there is no
metastasis in both statuses (Figure S7).

Images of tumor change and relevant histopathology in
Case 7 (feline) show the tumor regression process (Tumor 6:
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Figure 4 Photographs for Case 2 (canine; Tumor 4: left caudothoracic and Tumor 9: right abdominal mammary gland) and histopathology images (Tumor 4) showing the

tumor status before treatment (A) and 2 weeks after third treatment (B).
Note: Magnification of histopathology images stained with H&E: x100.
Abbreviation: H&E, hematoxylin and eosin.

open tumor and Tumor 10: close tumor). Although both
tumors have different malignancy stages (Table 1), the
images indicate that both tumors responded positively to
the treatment, and no tissue burning appeared after the
gentle treatments. The regression curve as shown in Figure 2
shows a dramatic tumor regression with normal hair growth.
Furthermore, 1 year after the completion of treatment, no
subject exhibited signs of relapse or effects of toxicity, and
even the hair grew back naturally.

The physiological status of animals after

| year from treatment

Short-term toxicity of AuNRs-PPTT was regarded as
minimal because of the normal behavior and the animal’s
activity, diet, body weight, and appearance. In addition,
the study of AuNRs toxicity on mice models has proved
its short-term safety.'>?° For long-term safety, a complete
blood profile picture for all the cases was examined at two
different times: once before the treatment and once 1 year
after treatment. The objective was to follow-up the animals
1 year after their final treatment and check for any changes
in anatomical function (liver and kidney) as well as their
overall health (eg, body weight, physical activity, and body
skin). No significant change was observed in liver (alanine

transaminase and aspartate transaminase) and kidney (urea
and creatinine) functions when comparing before treatment
and 1 year after treatment, although some animals did have
abnormal initial blood analysis results before treatment,
which might be due to their different health or diet condi-
tions (Table 1). In summary, this result suggests no obvious
change in liver and kidney functions and that PPTT is safe
even after 1 year.

Discussion

Our data suggests that administering AuNRs in conjunction
with very low photothermal conditions of 42°C—44°C for
2 minutes to canines and felines with natural tumors trig-
gers apoptosis, which is more favorable for tumor treatment
than necrosis. We tracked the animals after treatment for
1 year and found no tumor relapse or metastasis, or any
negative physiological changes, indicating that there is no
toxicity when using optimized AuNRs-PPTT conditions.
We did not observe changes in liver and kidney function
1 year after treatment. In addition, the normal behavior and
animal’s activity, diet, body weight, and appearance indicate
no biotoxicity of AuNRs. To our knowledge, this is the first
study supporting the efficacy and safety of AuNRs-PPTT
applied to natural mammary tumors in canines and felines.
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A At

Figure 5 X-ray lateral exposure for Case 7 (feline) (A) and Case 2 (canine) (B).
Notes: Left: 2 weeks after third treatment and right: | year after third treatment
showing that there is no metastasis.

A previous study has reported that AuNRs-PPTT can
induce cell apoptosis following the common mitochondrial
alternative pathway, reactive oxygen species production,
Ca?* release, mitochondrial membrane potential change,
cytochrome C release, and the subsequent activation of the
caspase family.*3# Besides this, other potential mechanisms
of PPTT-induced apoptosis have been reported, such as
initiating Golgi apparatus—endoplasmic reticulum dysfunc-
tion by albumin-conjugated gold NPs***? and nuclear damage
by harming the de novo RNA biosynthesis.* Further studies
are needed to gain a better understanding of the mechanism
of NP-based photothermal therapy.

Most cancer therapeutic strategies target a tumor’s
microenvironment, such as inflammatory tumor-associated
macrophages and cancer-associated fibroblasts, as they are
considered to be key players in promoting tumorigenesis.?! It
has been published that inflammatory tumor-associated mac-
rophages and cancer-associated fibroblasts have high uptake
toward gold NPs.* Our results showed complete clearance of

the tumor with no relapse or metastasis. Therefore, we expect
that PPTT has a significant effect on a tumor’s microenviron-
ment, which is most likely related to the high uptake of AuNRs
and therefore consistent with the higher photothermal response
for cancer-associated fibroblasts and inflammatory tumor-
associated macrophages in the tumor microenvironment.*’-
Further studies will be conducted to examine the effect of
AuNRs-PPTT on changing a tumor’s microenvironment.

Conclusion

We developed a three PPTT treatment regime with 2-week
intervals to gradually suppress the natural tumors of dogs and
cats without causing any burning of the tumor or affecting
the nearby healthy cells. The results show a complete tumor
regression in the seven animals (13 tumors). Furthermore, 1
year after the completion of treatment, no signs of relapse or
effects of toxicity were observed. This evidence shows not only
the efficacy of AuNRs-PPTT as a proposed treatment, but also
its viability as a safer alternative to conventional treatments.
All animals were subjected to AuNRs-PPTT and showed no
relapse or toxicity effect even 1 year after treatment.
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Figure S| Modulation of PPTT toward inducing cancer cell apoptosis.

Notes: (A-D) Shows the MCF-7 cell apoptosis/necrosis states of the in vitro experiment. (A) Cells without AuNRs. (B) Cells incubated with AuNRs (no laser). (C) Cells
incubated with AuNRs and 2 minutes laser irradiation. (D) Cells incubated with AuNRs and 5 minutes laser irradiation. (E) Laser irradiation spots of animals. The 5-minute
irradiation caused burning of the tumor, whereas 2-minute irradiation shows no obvious change in appearance. The in vitro and in vivo experiments were conducted at the

same condition.
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Abbreviations: PPTT, plasmonic photothermal therapy; AuNRs, gold nanorods; ctrl, control.
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Figure S2 Photographs complete for Case 7 (Tumor 6: caudo-inguinal opened tumor and Tumor 10: anterior thoracic tumors) showing tumor regression after each

treatment.
Note: (A) Before treatment, (B) 2 weeks after the third treatment, and (C) | year after the third treatment.

<
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Figure S3 Case 2 before treatment.
Notes: (A) The X-ray shows there is no metastasis in the internal organs. (B) Ultrasound shows the tumor location, shape, and dimensions.
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Figure S4 Photographs for Case 2 (Tumor 4: left caudothoracic mammary gland and Tumor 9: right abdominal mammary gland) showing the tumor regression 2 weeks after
first treatment (A) and | year after the third treatment (B).

Figure S5 Photographs for case 3 (Tumor 2: left caudothoracic mammary gland and Tumor |3: right abdominal mammary gland) showing the tumor regression after each

treatment.
Note: (A) Before treatment, (B) 2 weeks after the third treatment, and (C) | year after the third treatment.

Figure S6 Histopathology images (stained with H&E [x400]) for Case 3.

Notes: (A) Well-differentiated tubular adenocarcinoma before treatment. Carcinoma arranged in tubular pattern. Mass characterized by an intra-acinar deeply basophilic
secretion and corpora amylecea. Connective tissue stroma infiltrated with mononuclear cells (tumor Grade Ill). (B) 2 weeks after the third treatment, there was absence
of epithelial lining of acini and absence of acini and basement membrane. Also, loss of acinar pattern proliferation of fibrous connective stroma was seen (tumor Grade 0).
Magnification of histopathology images stained with H&E: (A) x200; (B) x100.

Abbreviation: H&E, hematoxylin and eosin.
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Figure S7 X-ray lateral exposure for Case 3 after treatment.
Note: (A) 2 weeks after third treatment, (B) | year after third treatment, showing there is no metastasis.
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