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Abstract

Salivary gland toxicity remains an important side-
effect during [*’Lu]Lu-PSMA-617 therapy
targeting disseminated prostate cancer. A 3D
culture is expected to be more relevant to study
functional damage due to the formation of acinar
structures and the increased expression of AQP-5
and NKCCL. Radioprotectors, such as amifostine,
could protect the salivary glands during
treatment. Amifostine has to be converted to its
active metabolite by alkaline phosphatase
expressed in healthy cells and downregulated in
cancer cells. A-253 3D salivary gland cell culture
was optimized using different concentrations of
Matrigel®. Optimization of NKCC1 and AQP-5
protein detection by western blot was performed
using different blocking buffers and different
concentrations of primary antibodies on A-549
and HK-2 cells. Alkaline phosphatase activity

was measured in PC3-Flu, PC3-PIP, and A-253
cells  with the Alkaline  Phosphatase
Diethanolamine Activity Kit. Cytotoxicity of
amifostine was investigated with sulforhodamine
B staining assay. The radioprotective effect of
amifostine after exposure to 0, 2 or 5 Gray (X-
rays) was investigated with an MTS assay. A
successful 3D culture was formed. Nonspecific
antibody binding was detected for the AQP-5
primary antibody, while a specific band for
NKCC1 could be observed on A-549 cells and not
in HK-2 cells. A-253 cells showed higher alkaline
phosphatase activity compared to PC3-PIP and
PC3-Flu cells (p-value<0.0001). The highest
concentrations of amifostine indicated cytotoxic
effects. The effects of amifostine during EBRT
were inconclusive. Additional experiments are
warranted to optimize AQP-5 expression and
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determine cytotoxic and protective effects of
amifostine during EBRT.

INTRODUCTION

Prostate cancer is, after lung cancer, the most
common type of cancer in men worldwide (1). In
2020, 1.4 million new cases were diagnosed
worldwide (2-6). Treatment options depend on
the disease stage at diagnosis (7). While for early
disease stage active surveillance and monitoring
of prostate-specific antigen (PSA) levels often
suffice, advanced disease requires more drastic
treatment options such as surgery, external beam
radiation therapy (EBRT) and hormonal therapy
(mainly androgen deprivation therapy) (4, 8-10).

When prostate cancer is diagnosed in an early,
localized stadium, the 5-year survival rate is
nearly 100% (11). However, for patients with
hormone-sensitive metastatic disease, survival
rates drops to approximately 30 % (3, 11). In
nearly 25% of the patients receiving hormonal
therapy, the prostate cancer cells will become
insensitive to androgen deprivation within 18
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months, and metastatic castration-resistant
disease (MCRPC) will occur (3, 12, 13). To date,
no effective treatment is available for patients in
this disease stage, as illustrated by a subsequent
significant drop to a 5-year survival rate of
approximately 15% and median survival around
18 months (3, 8, 14). Because of this, there is a
high need to develop new and more effective
treatment methods.

Prostate-specific membrane antigen (PSMA),
a type Il membrane glycoprotein, is an interesting
target for prostate cancer treatment (15). The
potential of PSMA as a target for the treatment of
prostate cancer can be explained by the
overexpression of PSMA on the cell membrane of
prostate cancer cells, which is approximately
1000x higher compared to normal prostate cells.
Also, this expression is further increased in the
mMCRPC disease stage (3, 16, 17). PSMA is a zinc-
dependent metallopeptidase and is thought to
have a role in multiple cellular activities. It

Prostate cancer cell

Figure 1: Visualization of the principle PSMA-targeted therapy. PSMA (visualized by the blue circles)
is overexpressed on the cell membrane of prostate cancer cells. A PSMA-targeting molecule is linked to a
radionuclide, emitting ionizing radiation (damaging) pathway highlighted in yellow) to target and kill
prostate cancer cells. PSMA = prostate-specific membrane antigen.
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catalyzes the hydrolysis of N-
acetylaspartylglutamate to N-acetylaspartate and
glutamate (18, 19). However, the function of
these enzymatic activities on prostate tissue
remains largely unknown (20, 21). On top of its
overexpression on prostate cancer tissue, the large
extracellular domain of PSMA makes it an
accessible and interesting target for targeted
therapy (22, 23). When a ligand binds to PSMA,
the ligand-receptor complex is internalized via
receptor-mediated endocytosis, enabling
interaction with the cell machinery (16, 20, 24-
26). PSMA-targeted therapy (PSMA-TRT)
combines the targeting capacity of a PSMA-
targeted molecule with a toxic radionuclide to
deliver ionizing radiation to the prostate cancer
cells (figure 1) (27, 28). Importantly, PSMA
expression is not limited to prostate cancer cells,
as PSMA expression has also been reported in
several healthy organs such as the kidneys,
salivary glands and duodenum (3, 17). However,
this expression is much lower in comparison to
the prostate cancer cells but remains important to
take into account regarding potential side effects
(3, 17).

TRT makes use of radionuclides. Radioactive
decay originates from an unstable nucleus. To
compensate for this instability, energy will be
released under the form of electromagnetic or
particle radiation, which is routinely used in
nuclear medicine (29, 30). Different types of
radioactive decay exist. In a—decay, a helium core
(consisting of two protons and two neutrons) is
emitted, which has a high linear energy transfer
(LET, the amount of energy lost by an ionizing
particle per unit length of track) of 50-230
keV/um, and a short tissue range (50-100 pm),
causing a lot of damage to a small area (figure 2)
(31-34). An example of an a-emitter is actinium-
225, which is proven to be very effective in killing
cancer cells by making double-stranded DNA
breaks (33, 35-37).
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Another form of particle decay is the emission
of B-particles, subdivided into electron (p7) and
positron (B*) emissions (38, 39). Based on the core
structure of the radionuclide (excess of neutrons
or protons), a f-particle (electron) or a 3*-particle
(positron, a positively charged electron) will be
emitted. They are smaller compared to o-
particles, have a LET of 0.1-1.0 keV/um and a
tissue range of 2-10 mm (figure 2) (31, 38-41). B*
-and Pdecay is respectively used in positron
emission tomography (a diagnostic non-invasive
imaging technique) and targeted radionuclide
therapy. An example of a p-emitter is lutetium-
177, which has been successfully coupled to a
carrier molecule targeting PSMA.

This compound, [}’Lu]Lu-PSMA-617, has
already been demonstrated to have a significant
effect on PSA levels in the clinic (25, 42, 43).
VISION, a phase Il clinical trial, investigated the
efficacy and safety of [Y’Lu]Lu-PSMA-617 in
patients with mCRPC disease. Consequently, in
March 2022, [*""Lu]Lu-PSMA-617 was approved
as a standard therapy for prostate cancer by the
Food and Drug Administration (FDA) (43-46).

The third mode of radioactive decay concerns
the emission of y-rays, which exist as high energy
electromagnetic radiation. y-rays originate from
the unstable nucleus, and X-rays are generated as
a secondary effect of nuclear decay (electron
capture or slowing down of an electron). This
type of radiation can be used for diagnostic
imaging (47-49). Additionally, Auger-Meitner
electrons, also originating as a secondary effect of
nuclear decay, have a very high LET (4 to 26
keV/um) and an even shorter tissue range than a-
particles (<100 nm)(figure 2)(50-52). An
example of a radionuclide that emits Auger
electrons is iodine-125. To be effective, the Auger
emitter has to be in close proximity to the cell
nucleus or other organelles (such as the
mitochondria) (50, 53-57).
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Figure 2: Overview of the different types of
ionizing radiation used in TRNT. pB--particles
will have the highest traveling distance, which
can span several cells, over which the energy is
divided. Thus are best used to target bigger
tumors. a-particles are much bigger and hence
will only travel a short distance, but the energy
deposited over the traveled distance will be
many times higher. Radionuclides emitting o-
particles are best used targeting smaller tumors
or metastatic lesions. The energy of Auger
electrons will be emitted in a very small area
and will be highly potent when this occurs in the
proximity of the cell nucleus.

Even though PSMA expression is much higher
on the cell membrane of prostate cancer cells,
there still is a significant uptake of PSMA-
targeted molecules in other, healthy tissue (3, 58)
(59). These organs include the salivary glands,
intestines and kidneys. Exposure of these organs
to ionizing radiation can cause unwanted damage
and side effects (3, 17, 60). Commonly reported
side effects after [Y’Lu]Lu-PSMA-617 therapy
are fatigue, headache, dry mouth (xerostomia)
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and vomiting (3, 60, 61). The biggest concerns are
raised of the toxicity to the kidneys and the
salivary glands (3, 62, 63). However, until today,
there is no clear evidence of kidney toxicity (3,
64, 65). On the other hand, salivary gland toxicity,
and more specifically xerostomia (=also known as
dry mouth syndrome), is a commonly reported
side effect (3, 62, 63). Dysfunction of the salivary
glands can cause various problems due to their
importance in food digestion, protection of the
oral mucosa and moistening of the palate for
articulation (66). [*"’Lu]Lu-PSMA-617 can affect
the volume, consistency and pH of secreted saliva
(67).

The uptake mechanisms of PSMA-targeted
molecules by the salivary glands remain poorly
understood, even though the uptake was already
proven via positron emission tomography (figure
3B)(68, 69). Only a limited number of published
studies are available, potentially due to the lack of
available proper preclinical models of the salivary
glands as a result of the complexity of the human
salivary glands (Figure 3A) (3, 70-74). It was
already shown that the acinar cells suffer from
damage after exposure to external radiation ten
days after exposure (75).

In addition, the use of animal models is
limited. Some animal studies were already
performed to reveal the mechanisms behind
salivary gland damage in rodents (3, 76-79).
Involvement of apoptosis, induced by p53, was
shown (76). The translation of these results to
humans remains difficult due to differences in
PSMA-expression profiles between humans and
the most commonly used laboratory animals (e.g.
mice and rats (3, 80, 81). Pigs have the most
similar PSMA-expression profile compared to
humans, but they are difficult to use as a
laboratory animals due to practical reasons (81).
So the development of a reliable in vitro model
can be a valuable asset due to the difficulty of
translation from in vivo models (3).
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to the loss of function prior to the loss of cells, it
might be that changed protein expression levels
are involved in the toxicity mechanisms (3, 67,
89). Because of this, it was chosen to focus on the
expression profiles of NKCC1 and AQP-5 due to
their importance in the secretion of saliva (90-92).

Tubarial glands -

Bosadonannnag . » Parotid gland

Due to the discomfort caused by xerostomia,
3 research is being performed to reduce uptake in

Submandibular gland

Sublingual glond

healthy tissue or to reduce salivary gland toxicity
after PSMA-TRT by using radioprotectors (3).
An Example is the prodrug amifostine (WR-
2721), transformed in vivo to the active thiol
metabolite (WR-1065), which can protect the cell
by stabilizing DNA and upregulating p53 (figure
4) (93, 94). Importantly, alkaline phosphatase is
needed for the conversion to its active thiol
metabolite, which is downregulated in cancer

o

"'

Salivary gland uptake

PET/CT

Amdpstine
(prodrug) —__
Figure 3: The human salivary glands (3) (82). o | ;
(A) Anatomical visualization and localization g
of the major human salivary glands. (B) PSMA- ' [
targeted molecules are taken up significantly by
the salivary glands, even though the PSMA
expression is much lower in comparison to the
prostate cancer cells. This can cause side effects
like xerostomia or hypofunction of the salivary
glands.

External beam radiotherapy (EBRT), currently
used to treat multiple cancers, including breast-,
lung-, head- and neck cancer, was shown to have
a damaging effect on the salivary glands due to
their location in the irradiation area (82-88). This
effect is characterized by a loss in cellular
function prior to a loss in the number of cells (3,

Figure 4: Radioprotective effects of amifostine.
External beam radiotherapy will have damaging
effects on the cells. This can be prevented by
67, 89). Also, p53 expression was shown to be radioprotectors like amifostine, which is converted

involved in salivary gland damage after exposure to its active thiol metabolite (WR-1065) by alkaline

to EBRT (3, 76). The knowledge gained from phosphatase. WR-1065 has protective effects on the
' cell by stabilizing the DNA. Alkaline phosphatase

literature, combined with the knowledge of these ) ) )
is downregulated in cancer cells and will convert

studies, can be used as a starting point to study the

effect of PSMA-TRT on the salivary glands. Due amifostine to its active thiol metabolite only
sparsely. ALP = alkaline phosphatase
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cells (93, 94). Because of this, it can be expected
that treatment with the prodrug amifostine will
have protective effects on the healthy salivary
glands, while the protective effect on the cancer
cells will be minor (3, 93, 95). The cytoprotective
effect of amifostine involves free radical
scavenging, repair acceleration and DNA
protection (96). Amifostine is approved by the
FDA as a radioprotector during EBRT because it

was already shown to reduce Xerostomia after
EBRT (66, 67, 97-99). Unfortunately, several side
effects are reported, e.g. hypotension, nausea and
vomiting (100-103). However, it might be
interesting to use as a radioprotector during
PSMA-TRT, but investigation is needed. Other
examples of radioprotectors include bortezomib
(protease inhibitor),  HSP90 inhibitors,
monosodium glutamate (MSG) and tempol (3,
93-95, 104-112).

In this study, the radioprotective effects of
amifostine was investigated in prostate cancer and
salivary gland cells following exposure to EBRT
(X-rays). Functional damage to the salivary
glands will be investigated on NKCC1 and AQP-
5 protein expression via western blot. An alkaline
phosphatase assay to determine the activity of the
alkaline phosphatase enzyme will be conducted
on PC3-Flu, PC3-PIP, and A-253 cells. Next,
attempts will be made to generate an in vitro 3D
model of the A-253 salivary gland cell line. The
cytotoxicity of amifostine will be determined with
a sulforhodamine B (SRB) based cytotoxicity
assay, and the combinational effect on cell
survival of EBRT and amifostine will be
investigated via the MTS assay.

EXPERIMENTAL PROCEDURES

Cell culture - Human submandibular gland
carcinoma A-253 cells were purchased from
American Type Culture Collection (ATCC) and
maintained in  McCoy’s S5A  medium,
supplemented with 10 % FBS and 1% penicillin-
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streptomycin. Human prostate cancer PC3-PIP
(PSMA-positive) and PC3-Flu (PSMA-negative)
cells were kindly provided by Dr. Pomper (John
Hopkins University, Baltimore, USA). Cells were
maintained in RPMI medium, supplemented with
10% FBS, 1% penicillin-streptomycin and
2 pug/ml - puromycin.  All  cell lines were
maintained in an incubator at 37 °C with 5% CO..
Cells were passaged when reaching around 80 %
confluency.

3D culture - Wells of a 96 well plate (Greiner)
were coated using 50 pl corning Matrigel®
(356255) in concentrations of (0 %, 50 %, 75 %
or 100 % (diluted in complete growth medium).
The plate was then incubated for 30 min at 37 °C.
Next, A-253 cells were plated at 5.000, 10.000 or
15.000 cells/well in triplicate. The plated cells
were incubated at 37 °C for 30 min to allow cells
to settle. Next, 60 pl of Matrigel®-McCoy 5A
medium (in 1:10 dilution) was added to each well.
Cells were cultured for 48 h, after which the
medium was changed once every two days. Cell
growth and formation of 3D structures were
monitored using a Leica DMil microscope.

Protein lysate extraction - Total protein lysate
was extracted from cells by adding 4 mi
0.25 % trypsin-EDTA solution and incubated for
3 min (for PC3-Flu and PC3-PIP cells) or 4 min
(for A-253 cells) at 37 °C. Trypsin was inhibited
by adding 8 ml complete growth medium, and the
cells were centrifuged for 5 min at 200 x g. The
pellet was dissolved in 1 ml PBS and centrifuged
for 5 min at 200 x g. The pellet was resuspended
in 200 ul RIPA buffer (supplemented with a
phosphatase inhibitor tablet, P78420 and a
protease inhibitor tablet, P78430) and sonicated
for 30 sec with a TissueLyzer Il (QIAGEN).
Lastly, it was centrifuged in a cooled centrifuge
for 10 min at 14.000 x g. Cell lysate was stored at
-80 °C until further use. For the alkaline
phosphatase assay, protein lysate was extracted
by adding 4 ml 0.25 % trypsin-EDTA solution
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and incubated for 3 min (for PC3-Flu and PC3-
PIP cells) or 4 min (for A-253 cells) at 37 °C.
Trypsin was inhibited by adding 8 ml complete
growth medium, and the cells were centrifuged
for 5 min at 450 x g. The pellet was dissolved in
1 ml PBS and centrifuged for 5 min at 450 x g.
The pellet was resuspended in 125 pl CellLytic M
reagent (C2978, supplemented with protease
inhibitor (P8340, 1 premade tablet in 10 ml
buffer). Cells were incubated for 15 min on a
shaker and centrifuged for 15 min at 15.000 x g.
Lysates were stored at -80 °C until further use.
Protein concentrations were determined using a
Bicinchoninic acid (BCA) protein assay kit
(ThermoFisher), where 200 pl of BCA working
reagent (BCA and CuSO.in 50:1 ratio) was added
to 10 ul of the sample or standards with known
protein  concentrations.  Absorbance  was
measured at 562 nm after 30 min incubation at
37 °C, and protein concentrations of the samples
were calculated using a standard curve.

Western blot - Cell lysate of HK-2 cells was
used as a negative control and A-549 as a positive
control in optimization experiments. Detection of
NKCC1 protein expression was optimized by
loading 20, 40 or 60 pg protein which was heated
for 10 min at 95 °C and loaded on an SDS-PAGE
gel, and separated at 100 V for 10 min and 200 VV
for 30 min. The gel was transferred to a
nitrocellulose membrane or PVDF membrane and
blocked for 2 h using 5 % bovine serum albumin
(BSA) + 0.05% Tween-20 in TBST or 5%
nonfat dry milk (NFDM) + 0.05 % Tween-20 in
TBS. Anti-NKCC1 rabbit polyclonal primary
antibody (ThermoFisher, PA5-95145) was
incubated overnight in different dilutions (1:1000,
1:2000, 1:5000), and secondary antibody goat-
anti-rabbit HRP (Invitrogen, 65-6120) was
incubated for 45min at a concentration of
1:10000. The membrane was incubated with ECL
substrate working solution (Bio-rad 170561) for
5 min, after which the membranes were imaged
using a Fusion FX imager (ECL luminescence).
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A similar protocol was followed for the
optimization of AQP-5 protein detection by
western blot. Two different primary antibodies,
anti-AQP-5  rabbit  polyclonal  antibody
(Alomone, AQP-005 and Thermofisher, PA5-
97290), were tested at different concentrations of
the primary antibody (1/500, 1/1000, 1/2000 and
1/5000).

Alkaline phosphatase assay - Alkaline
Phosphatase  Diethanolamine  Activity  Kit
(Sigma-Aldrich) was used to measure the alkaline
phosphatase activity in PC3-Flu, PC3-PIP and A-
253 lysate. Briefly, 196 pul of reaction buffer was
added to the blank well of a 96-well plate, 192 pl
of reaction buffer was added to the test sample
wells and the control wells. 4 pl of 0.67M pNPP
solution was added to each well, and the wells
were equilibrated at 37 °C for 30 min. 4 pl test
sample was added to the test well, and 4 pl
alkaline phosphatase dilution (0.15 units/ml) was
added to the control well. Absorbance was
measured at 405nm for 6 min. Alkaline
phosphatase activity was calculated using the
following equation:

AA405nm/ min test — AA40Snm/ min Blank) (df )(V[)
(185)(Ve)

Sulforhodamine B assay - Cytotoxicity of
amifostine was measured with a sulforhodamine
B (SRB) assay on PC3-Flu, PC3-PIP, and A-253
cells. Seeding densities are visualized in table 1.
Cells were not passaged during experiments.
After overnight incubation to allow cell
attachment, 100 pl amifostine (0, 10, 50, 100,
200 or 1000 pM) was incubated for 1 h, 4 h or
16 h. Cells were fixed at 0, 1 and 5 days after
treatment with 50 % trichloroacetic acid (TCA)
solution, incubated for 1 h, washed and air-dried.
SRB staining was performed by adding 50 pl
0.04 % sulforhodamine B solution and incubated
for 20-30 min. Cells were washed with 1 % acetic
acid until the unincorporated dye was removed
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and the plates were left to dry. The incorporated
dye was solubilized in 100 pl of Sulforhodamine
B Assay solubilization buffer (10 mM Tris).
Absorbance was measured at 565 nm and with a
reference filter of 690 nm. Visualized data is
normalized relative to the untreated control

group.

Table 1: Seeding densities. Seeding
density for the SRB and MTS assay for
the PC3-Flu, PC3-PIP and A-253 cells.
Numbers are expressed as cells/well.

Cell line Oh 1d 5d

PC3-Flu 10.000 6.000 3.000
PC3-PIP 10.000 6.000 3.000
A-253 15.000 6.000 5.000

Cell viability monitoring by MTS assay — PC3-
Flu, PC3-PIP, and A-253 cells were seeded
according to the same seeding densities as in the
SRB assay (table 1). Cells were not passaged
during experiments. After overnight incubation to
allow cell attachment, cells were treated with
100 pl amifostine (0, 10, 50, 100, 200 or
1000 uM). Following 30 minutes incubation,
cells were irradiated with 0, 2 or 5 Gy at <95 %
confluence with a dose rate of 0.5 Gy/min, using
an AGO HS320/250 X-ray cabinet. MTS assay
was performed 0, 1 and 5 days after irradiation.
The MTS assay was performed by adding 120 pl
MTS reagent (1:6 dilution with complete growth
medium). The absorbance was measured at
490 nm after 1 hour incubation for the A-253 cells
and after 2 hours incubation for the PC3-Flu and
PC3-PIP cells. The cell viability percentage was
calculated and visualized data is normalized
relative to the untreated control group.

Statistical analysis - Statistical analysis and
graphs were made with GraphPad Prism 9.
Comparison of groups was made via the Kruskall-
Wallis test followed by Dunn’s multiple
comparison test. A significance level of 5 % was
considered.

Senior internship- 2" master BMW

RESULTS

Initiating a 3D culture of A-253 salivary gland
cells - Salivary gland A-253 cells were
transformed from 2D to 3D using different
concentrations (50 %, 75 % or 100 %) of the
basement membrane matrix Matrigel®. 5.000,
10.000 or 15.000 cells/well were seeded. The
cells treated with Matrigel® died prematurely,
whereas a simultaneous 2D culture could be
maintained. A structured pattern to minimize
stress-inducing effects, such as reducing the time
out of the incubator to a minimum was included
during the second attempt. Here, cluster
formation initiation was observed starting from
day 3, which continued during the next few days.
After 14 days, a limited number of clusters were
detected. When comparing the cells treated with
undiluted Matrigel®, 75 % diluted and 50 %
diluted, it was observed that the transformation of
the undiluted and 75 % diluted Matrigel® were
the most adequate due to the size and speed of
clump formation (figure 5). Also, it was observed
that the lowest seeding density (5000 cells/well)
is suboptimal. However, further optimization is
warranted. Further cluster formation is needed.
Also, the formation of acinar structures was
missing.

Optimization of western blot conditions to
detect NKCC1 and AQP-5 protein expression -
NKCC1 and AQP-5 protein expression profiles
were detected via western blot. HK-2 (human
kidney cells, negative control) and A-549 cells
(lung cancer cells, positive control) were
included. For the detection of NKCC1 expression,
20,40 and 60 ug of each protein lysate was
loaded and both blocking with 5 % BSA + 0.05 %
Tween-20 in TBST and with 5% NFDM +
0.05 % Tween-20 in TBS was tested. Also, the
difference between a nitrocellulose membrane
and a PVDF membrane was tested. Lastly,
different concentrations of primary antibody were
tested (1/1000, 1/2000 and 1/5000). A band is
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Figure 5: 3D culture of A-253 cells. (A) The cells started to grow in clusters from day 3. (B-C) The
cluster formation continued in the next few days, day 4 (B) and day 7 (C). (D) After 14 days, the cells
formed clusters of 3D cells that had grown to each other, as shown in the picture. (E-F) Pictures as a
reference control of a 2D culture with (E) a low density and (F) a high density. All pictures are created
with 100% Matrigel®. Images were taken using a Leica DMil microscope.

detected at approximately 130 kDa for the A549 (figure 6). Furthermore, it was chosen to proceed
cells, which is absent for the HK-2 cells (figure with 5% BSA + 0.05 % Tween-20 in TBST to
6). When comparing the different concentrations reduce non-specific binding. Also, it was opted to

of protein lysate loaded, it was clear that using
60 pg of protein lysate gave the clearest band
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Figure 6: Western blot detection of NKCC1 and AQP-5 protein expression. (A) Detection of NKCC1
protein expression in A549, HK-2 (B) Detection of AQP-5 detection after blocking with 5% BSA +
0.05% Tween-20 in TBS and a primary antibody concentration of 1/500 in HK-2 and A549 cells. (c)
Detection of AQP-5 after blocking with 5% NFDM + 0.05% Tween-20 in TBS and a primary antibody
concentration of 1/1000 in HK-2 and A549 cells. The yellow line indicates the expected height of the
band. Pictures taken with Fusion FX imager (ECL luminescence).

proceed with a nitrocellulose membrane due to
the presence of non-specific background antibody
binding on the PVVDF membrane. Lastly, a 1/2000
dilution of the primary antibody gave clearest
band (figure 6).

Optimization of AQP-5 protein expression
detection was executed by loading different
protein lysate concentrations (20, 40 and 60 Q)
and testing different blocking buffers (5 % BSA
+ 0.05 % Tween-20 in TBST and 5 % NFDM +
0.05% Tween-20 in TBST-), 2 different
membranes (nitrocellulose and PVDF) and
primary antibody concentrations (1/500, 1/1000,
1/2000 and 1/5000). Lastly, two antibodies were
purchased from a different supplier. A band was
expected around 35kDa for both AQP-5
antibodies. However, no specific signal for AQP-
5 could be detected due to the presence of
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background nonspecific antibody binding, so
further optimization is needed (figure 6B and 6C).

Determination of alkaline phosphatase
activity - Alkaline phosphatase (ALP) activity
was measured with the Alkaline Phosphatase
Diethanolamine Activity Kit in PC3-Flu, PC3-
PIP, and A-253 cells (figure 7). A-253 cells had
an ALP activity of 1.992*10units/ml, while
PC3-Flu cells had an ALP activity of 2.08*10
# units/ml and PC3-PIP of 4.503*10* units/ml
(figure 7). This indicates that A-253 cells had
significantly more ALP activity than both PC3-
Flu and PC3-PIP cells (p-value<0.0001). The
difference in ALP activity between PC3-Flu and
PC3-PIP was not statistically significant (p-value
> 0.9999).
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Figure 7: Alkaline phosphatase assay. The
amount of alkaline phosphatase was measured
in the PC3-Flu, PC3-PIP and A-253 cells. A-
253 had a significantly higher amount of
alkaline phosphatase activity compared to the
PC3-Flu and PC3-PIP cells (a<0.05). ****p-
value<0.0001.

Cytotoxicity of amifostine in PC3-Flu and
PC3-PIP prostate cancer and A-253 salivary
gland cells. Cytotoxicity was determined with an
SRB assay after incubation with different
concentrations (0-1000 uM) of amifostine for
1, 4 or 16 hours. Cells were fixated 0, 1 or 5 days
after treatment. The experiment was repeated
twice with 3 biological replicates. Due to the high
variance and a low number of replicates available,
it was not possible to do statistical analysis.
However, it is observed that the highest
concentrations of amifostine seem to have a
cytotoxic effect on the A-253 cells, as can be seen
in the downward trend in figure 8. This is the case
for the cells incubated with 200 uM and 1000 uM
amifostine. This downward trend can be seen in
most of the time points tested (figure 8).
However, some results have biological variance,
warranting further testing and optimization to
produce repeatable results (Figure S1).

Similar treatment conditions were tested for
the PC3-Flu and PC3-PIP cells and the same
analyses was done. Here, comparable to the
A-253 cells, a cytotoxic effect was detected by the
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downward trend for the highest concentrations of
amifostine (200 uM and 1000 uM) (figure 8).
Similar results were obtained for the different
time points. However, biological variance was
detected, so that no statistical analysis could be
done (figure S2 and S3).

The protective effects of amifostine in PC3-
Flu and PC3-PIP prostate cancer and A-253
salivary gland cells — A-253 cells were pretreated
with amifostine (0-1000 uM). After 30 min, they
were transferred to an irradiation facility and
irradiated with 0,20r5Gy (X-rays). Cell
viability was measured with an MTS assay after
0, 1 and 5 days. The experiment was performed
twice, with 3 replicates each. Due to the high
values of the control group for MTS(1d) and
MTS(5d), it was chosen to proceed with the
results of only 1 experiment, except for the results
of MTS (Oh). It can be observed that, immediately
after treatment, no clear effect was visible for both
the PC3-Flu, PC3-PIP and A-253 cells (figure 9).
On the other hand, 1 and 5 days after treatment,
reduced viability was detected for the highest
concentrations of amifostine (200 uM and
1000 uM), as can be seen with the downward
trend for these concentrations (figure 9), which is
in line with the results from the SRB assay (figure
8). Contrary, an increasing trend is detected for
some concentrations of amifostine (10 uM,
50 uM and 100 uM), compared to the untreated
control group (figure 9). Some other graphs
contain biological variance, making them difficult
to interpret corretly (figure 9).

DISCUSSION

Initiating a 3D culture of A-253 salivary gland
cells - In order to investigate the uptake
mechanisms by the salivary glands, a reliable
model is needed (3). To try to get an in vivo like
model, it was opted to develop a 3D cell culture
model of the A-253 salivary glands. This is more
reliable compared to a 2D model due to the
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Figure 8: Cytotoxicity of amifostine in PC3-Flu, PC3-PIP and A-253 cells . Cytotoxicity after
incubation with amifostine for 1, 4 or 16 hours. Cells were fixated after 0, 1 or 5 days with different
concentrations of amifostine. All results are normalized to the untreated cells. Some examples are
visualized, other graphs in the supplementals (S1-S3). N=6

connections with other cells and the formation of
acinar and ductal structures in 3D cultures (113-
116). A higher expression of functional proteins
like AQP-5 and NKCCL1 is expected in a 3D
culture, allowing detection of functional damage
by analyzing the differences in expression
profiles (113). In order to achieve this, a 2D
culture of the A-253 cells was transformed into a
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3D culture by using the basement membrane
preparation, Matrigel®, which has previously
been successfully used for this cell line (113). The
cells started to grow in clusters which was in line
with previous reports (113, 117, 118). However,
some optimization is needed by searching for the
optimal Matrigel® concentration and seeding
density. The formation of a honeycomb network
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was expected at 3 hours, based on literature (113).
Also, the formation of multilobular structures was
expected at 48 hours, and the formation of acinar
structures was expected at 72 hours (113).

The inconsistent formation of 3D clusters can
have multiple explanations. In the first attempt,
the time spent outside the incubator for imaging
was substantial (119). This time was reduced
during the second attempt. Next, partial thawing
of the Matrigel® stock solution might have
altered protein components, resulting in
ineffective formation of 3D cultures (120, 121).
Using a 24-well plate, together with a higher
seeding density might be better compared to the
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Another possibility is the use of Geltrex™ instead
of Matrigel®, which is also proven to be effective
in transforming a 2D to a 3D culture and more
importantly, easier to use in practice (122, 123).
However, due to the limited time available and
logistic problems (unavailability and long
delivery time of Matrigel®), it was not possible
to proceed with culturing of the 3D cell culture in
Geltrex™. In future experiments, evaluation of
cluster formation can be performed with
immunostaining and confocal microscopy. An
even more appropriate in vitro model could be the
use of salivary gland organoids. Here different
cell lines are combined in an organ like structure,
with addition of functional tissue like structures.
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Figure 9: The protective effect of amifostine during EBRT on PC3-Flu, PC3-PIP and A-253 cells .
Cells were incubated with amifostine (0-1000 pM) for 30 min. Cell viability was measured 0 day, 1 day
or 5 days after exposure to 0, 2 or 5 Gy. N=6 for SRB(0h) and N=3 for SRB(1d) and SRB(5d).

limited space available in a 96-well plate (113).
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Organoids  will  better  represent  the
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microenvironment and architecture, but they are sites, which can increase the amount of
more difficult to create and maintain (124, 125). antibody/epitope interaction (13, 139-143).
Another  option includes lowering the

Optimization of western blot conditions to
detect NKCC1 and AQP-5 protein expression.
NKCC1 and AQP-5 protein expression of 2D
cultures was optimized in A-549 lung cancer and
HK-2 human kidney cells (figure 6. The choice
for NKCC1 and AQP-5 protein detection was
based on their importance in the secretion of
saliva since saliva secretion is disrupted after
exposure to EBRT or PSMA-TRT (91, 92, 126).
Positive (A-549) and negative (HK-2) cell lines
were included based on findings in the literature
(90, 127-130). NKCC1 protein expression was
detected at 130 kDa in A-549 but was absent in
HK-2 cells, confirming literature reports (90, 127-
133). The optimized protocol can be further used
to detect the presence of NKCCL1 in PC3-Flu,
PC3-PIP and A-253 cells.

Another protein under investigation is AQP-5.
Attempts were made to optimize western blot
protein detection. AQP-5 has an approximate
molecular weight of 35 kDa, based on literature
(134-137). Different conditions were used,
loading different protein lysate concentrations
(20, 40, 60 ng) and testing different blocking
buffers (5% BSA + 0.05 % Tween-20 in TBST
and 5 % NFDM + 0.05 % Tween-20 in TBST-), 2
different membranes (nitrocellulose and PVDF)
and primary antibody concentrations (1/500,
1/1000, 1/2000 and 1/5000). Lastly, two
antibodies were purchased from different
suppliers, but nonspecific binding remained high,
rendering it impossible to quantify specific AQP-
5 expression (figure 6). A possible solution might
be to include antigen retrieval with citrate
solution (0.01 M, pH 6.0, (138)). Here, the
membrane is incubated with a citrate buffer,
which is thought to improve protein signal by
increasing the band density. Incubation with
citrate solution will expose the antigen-binding
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concentration of NFDM or BSA blocking buffers
to 1 % (144).

After optimization of both NKCC1 and AQP-
5 protein expression via western blot and the
creation of a successful 3D culture of the A-253
cells, these results can be compared between the
2D and 3D culture, followed by analysis before
and after exposure to external radiation, and later
after exposure to [*"’Lu]Lu-PSMA-617 therapy.
Next, protein expression can be quantified, after
which the effect of the transformation of 2D to
3D, external radiotherapy and [*’Lu]Lu-PSMA-
617 therapy on NKCCL1 expression can be
evaluated. In this way, the effect on important
channels for saliva secretion and thus functional
damage can be estimated.

Determination of alkaline phosphatase
activity - Amifostine is FDA approved as a
radioprotector during EBRT treatment for head-
and neck cancer (figure 4) (66, 67, 93, 94, 97).
Since alkaline phosphatase is needed for the
conversion of amifostine to its active thiol
metabolite, the presence of alkaline phosphatase
was measured in the different cell lines (3, 93). A-
253 cells have a higher alkaline phosphatase
activity compared to PC3-Flu and PC3-PIP cells
(p-value < 0.0001). This is of high importance for
the use of amifostine as a radioprotector in
combination with [Y’Lu]Lu-PSMA-617 therapy
(145).  Since  alkaline  phosphatase is
downregulated in cancer cells, cancer cells will
benefit less from amifostine compared to healthy
cells (3, 93). These results indicate that treating
prostate cancer with [Y’Lu]Lu-PSMA-617
therapy potentially can benefit of co-
administration of amifostine in terms of salivary
gland toxicity.
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Cytotoxicity of amifostine in PC3-Flu and
PC3-PIP prostate cancer and A-253 salivary
gland cells - The cytotoxicity of amifostine was
tested by treatment of cells with increasing
concentrations of amifostine (0 — 1000 pM).
Furthermore, the optimal treatment concentration
was determined. Other research has shown
cytotoxic effects of amifostine by inducing
apoptosis and affecting p53 expression, 5 days
after exposure to 20 uM amifostine (146).
However, this was in a myelodysplastic
syndromes cell line, so further investigation of the
effect on PC3-Flu, PC3-PIP and A-253 cells is
needed.

The results from the SRB assays indicated
that there is no effect of amifostine on the cell
viability of A-253 cells immediately after
treatment. Both the incubation period with
amifostine and the time after treatment must be
long enough to ensure the conversion of
amifostine to its active metabolite (98, 99, 102,
147). This could explain the results for the assays
with only one hour of incubation with amifostine
and those which were fixated immediately or 1
day after treatment. However, signs of
cytotoxicity were observed 5 days after treatment
with the highest concentrations of amifostine
(200 uM and 1000 uM). Unfortunately, a lot of
variance was detected for some results of 1 and
5 days. An explanation for the biological variance
is that, in some wells, the distribution of cells was
inhomogenous  (more in  the middle).
Optimization is needed to spread the cells evenly
and enable uniform staining. This can be achieved
by adding the cell suspension directly to the
bottom of the well while avoiding touching the
walls. Furthermore, a short spin of the plate might
improve the results (148). Lastly, the protocol
was followed according to the manufacturer
(SigmaAldrich). Nevertheless, this protocol was
optimized with uveal melanoma cell lines (149).
It is possible that those cells have other
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characteristics compared to the cells used. This
indicates that further optimization is needed to
create a dose-response curve to determine which
concentration of amifostine would be optimal for
the protection of the salivary glands without being
cytotoxic (150). This dose-response curve can be
created by testing different concentrations. Also,
repeating the tested concentrations is needed for
confirmation of the results due to the limited
number of replicates (n=6).

The cytotoxicity on PC3-Flu and PC3-PIP
cells was also investigated, expecting that
amifostine will not have a big influence on PC3-
Flu and PC3-PIP cells due to the absence of
alkaline phosphatase activity (3, 93). However,
too much variation was present between the
results, so optimization is needed. This variance
can partly be explained by the high values of
multiple control wells (only medium). The high
values of the controls have a big impact on the
results by correcting for the presence of proteins
in the medium (148). So optimization of the
control group is needed. Another solution to
reduce this variation is the optimization of the
seeding density, which is determined by the
doubling time of the cell line and the size of the
cells (148). Ideally, cells should be around 90 %
confluent at the end of the experiment (148, 151).
This number is a critical step that determines the
proliferation capacity of a group of cells. Also,
the presence of air bubbles might affect the
acquiring and must be avoided (148, 150).

Another critical step is the addition of fixative
(TCA solution). This must be added gently.
Otherwise, the cells may dislodge (148, 152).
Focusing on the gentle addition of TCA solution
or overnight incubation with TCA solution might
reduce inter-well variability (148, 152). Also,
using 10 % TCA instead of 50 % might improve
the results (150). Another possibility is using
another fixative (such as paraformaldehyde).
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Removing the medium while leaving only the
minimal amount of medium (10 pl) before adding
TCA solution might reduce variability (153). Due
to the adherent character of the cells, it is not
expected that this will affect the number of cells
(152, 153). Further, it is possible to stain with
0,1 % SRB in 1% acetic acid instead to improve
the staining quality (154).

The protective effects of amifostine in PC3-Flu
and PC3-PIP prostate cancer and A-253 salivary
gland cells - Following the SRB assay, an MTS
assay was performed to investigate the
combinational effect of amifostine and external
beam radiation (X-rays). The same concentrations
of amifostine were tested as in the SRB assay
(0, 10, 20, 50, 200 and 1000 puM). Cell viability
was measured 0,1 or5days after exposure to
0, 2 or 5 Gy X-rays (155-157). Unfortunately, the
values of the blanc wells of the first experiment
were high, resulting in negative results for 1 and
5 days after treatment. Further, variance was
detected between the results of the first and the
second experiment. Because of this, it was
decided to proceed with the results for the second
experiment only for 1 and 5 days. No clear
protecting effect of amifostine was visible after
treatment with EBRT on the A-253 cells (figure
8), which is counterintuitive, as the A-253 cells
should have alkaline phosphatase to convert
amifostine to the active thiol metabolite (96, 158).
The same optimization as mentioned above is
needed for the MTS assay. It is expected that an
increasing concentration of amifostine will result
in a decreasing toxic effect of the EBRT for the
A-253 cells, as also mentioned in literature (159,
160). But, this beneficial effect will decrease
when using the highest concentrations of
amifostine (200 puM and 1000 pM), as mentioned
in the SRB assay above (146, 158). Also, using
another cell line might be a solution. It was
chosen to work with A-253 cells, which are
derived from a human salivary gland epidermoid
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carcinoma (161). This choice was based on
literature showing the formation of acinar
structures (rounded secretory units) in a 3D cell
model (113). But, as these cells are derived from
cancer tissue, it is possible that their alkaline
phosphatase activity is insufficient to convert
amifostine to its active thiol metabolite. As
mentioned above, it was seen that the ALP
activity of the A-253 cells was higher compared
to the PC3-Flu and PC3-PIP cells, but a
comparison with healthy cells is missing and
might be needed. An alternative cell line that
might be useful is Hs 917.T, derived from a
human parotid salivary gland, since they also
have proven to be effective for the transformation
of a 3D culture and have a benign origin (162,
163). However, limited studies have been
performed using these cells, and -cultivation
remains challenging.

The beneficial effect of amifostine is not
expected to be present in the PC3-Flu and PC3-
PIP cells due to the downregulation of alkaline
phosphatase (159, 160). This effect is also seen in
other types of cancer cells, e.g. human non-small
cell lung cancer cells or mice (159, 160). Further
investigation of the combinational effect of EBRT
and amifostine is needed. This can be done by
testing cumulative doses instead. Exposure to 2
and 5 Gy was chosen based on literature, but
testing other doses can be useful (66, 76, 164).
Also, optimization of the incubation time of
amifostine before treatment with EBRT is
needed. It is possible that the 30 min incubation
period is too short. This should be long enough to
ensure that the healthy cells have had enough time
to convert amifostine to its active thiol metabolite
to make sure that the active radioprotector itself is
present in the cells. The time point of 30 min was
chosen based on the literature (98, 99, 102, 147).
Lastly, adding an extra time point such as 10 days
might be interesting. This can be explained by the
high fractionation sensitivity of prostate cancer
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cells (low o/p ratio, comparable to healthy tissue).
This low ratio will cause a late onset of cytotoxic
effects (165-168). Additionally, other in-house
research observed an increase of metabolic
activity in the first hours after treatment with
radiotherapy, which is in a later stage decreased
due to cell death. Also, other research has shown
metabolic alterations in cells after exposure to
radiation. This alteration depends on numerous
characteristics e.g. tumor volume and location
(169, 170). Since the MTS assay is based on
metabolic activity, this might influence the results
0 and 1 day after treatment. This might be solved
by using another assay to measure cell viability,
such as the live and dead cell assay (171).

CONCLUSION

The first steps of the formation of a 3D salivary
gland A-253 culture succeeded. Further
optimization is needed to create adequate acinar
structures and provoke changes in the protein
expression profile. NKCC1 protein expression
detection by western blot was successfully
optimized. For the detection of AQP-5, further
optimization is needed. Signs of cytotoxicity are
detected with the SRB assay at higher amifostine
concentrations, but replication is needed. No
conclusion can be drawn from the protective
effect of amifostine during EBRT due to
inconclusive results.
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Figure S1: Cytotoxicity of amifostine in A-253 cells. Cytotoxicity after incubation with amifostine
for 1, 4 or 16 hours. Cells were fixated after 0, 1 or 5 days with different concentrations of amifostine.
All results are normalized to the untreated cells.. N=6
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Figure S2: Cytotoxicity of amifostine in PC3-Flu cells. Cytotoxicity after incubation with amifostine
for 1, 4 or 16 hours. Cells were fixated after 0, 1 or 5 days with different concentrations of amifostine.
All results are normalized to the untreated cells.. N=6

29



(43

UHASSELT Senior internship- 2" master BMW

SRB (0Oh) 1h PC3-PIP

150

,wiéééé

0T T T 7
o 10 20 50 2001000
Concentration amifostineg (uM)

Cell viability (%)

2
I

SRB (1d) 1h PC3-PIP

200

-
@
T

T[]

Call viability (%)
g

0
i

e o S N N B
0 10 20 50 2001000
Concentration amifosting (pM)

SRB (5d) 1h PC3-PIP

1500

g
=
1

Call viability (%)
=z
T

u_
o 10 20 50 2001000

Concentration amifostine (pM)

SRB (0h) 4h PC3-PIP

BHaa

0 T T T T T T
0 10 20 50 2001000

Concentration amifostine (uM)

g g
1 |

Call viability (%)
¢

SRB (1d) 4h PC3-PIP

200

-
@
T

II? *é

Cell viability (%)
=
(=
|

0
i

e o S N N N
0 10 20 50 2001000
Concentration amifosting (M)

SRB (5d) 4h PC3-PIP

250

Call viability (%)
g 2 8
] ] ]

2
I

0 T T I ) T T
o0 10 20 50 2001000
Concentration amifostine (uM)

sckcen

SRB (0h) 16h PC3-PIP

200+
150+

100—ii=§;

50+

Call viability (%)

o T T T T T T
0 10 20 50 2001000

Concentration amifostine (uM)

SRB (1d) 16h PC3-PIP

200
150+

100

Cell viability (%)

501

T T T T
0 10 20 50 2001000
Concentration amifostine (pM)

SRB (5d) 16h PC3-FIP

500

400

Call viability (%)

o 10 20 50 2001000
Concentration amifostine (uM)

Figure S3: Cytotoxicity of amifostine in PC3-PIP cells. Cytotoxicity after incubation with amifostine
for 1, 4 or 16 hours. Cells were fixated after 0, 1 or 5 days with different concentrations of amifostine.
All results are normalized to the untreated cells.. N=6
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