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Abstract: Gemcitabine (GEM) is commonly chosen for treating pancreatic cancer. However, its use is limited by toxic-
ity. Earlier in vitro studies with GEM in combination with Bromelain (Brom) and Acetylcysteine (Ac) indicated a sub-
stantial reduction in ICBO. In this study, immunocytochemistry and Western blot were used to explore the mechanistic
effects of Brom and Ac (BromAc®) in vitro. Then, we explored the efficacy and safety of BromAc® only and with GEM
in a pancreatic cancer model in vivo. Immunocytochemistry results revealed a reduction in both MUC1 and MUC4
post-treatment. There was a decrease in VEGF, MMP-9, NF-k[3 and cleavage of PARP. There was also a decrease in
the cell cycle regulators Cyclin B and D as well as TGF-3 and the anti-apoptotic Bcl-2. In vivo, the low and high doses
of BromAc® alone and with chemotherapy agents were safe. A very significant reduction in pancreatic tumour vol-
ume, weight, and ki67 were seen with BromAc® therapy and was equal to treatment with GEM alone and better than
treatment with 5-FU. In addition, tumour density was significantly reduced by BromAc®. In conclusion, the anticancer
effect of BromAc® is probably related to its mucin depletion activity as well as its effect on proteins involved in cell
cycle arrest, apoptosis and modulation of the tumour microenvironment. The in vivo results are encouraging and
are considered the first evidence of the efficacy of BromAc® in pancreatic cancer. These results also provide some
mechanistic leads of BromAc®.
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Introduction

Pancreatic cancer is a lethal malignancy with a
very poor prognosis and it is the seventh lead-
ing cause of mortality worldwide [1], with pre-
diction to be the second by the year 2030 [2].
In 2018, approximately half a million cases
were estimated to be diagnosed with the major-
ity (93%) being fatal [3]. This dismal outcome
has been attributed to late diagnosis owing to
non-specific symptoms [4]. Pancreatic ductal
adenocarcinoma (PDAC) is the usual neoplasm
in 80-90% of the patients with a median diag-
nostic age of approximately 70 years [5].

Current treatment methods involve radiothera-
py, thermo-ablation, surgery, chemotherapy
and in some cases only palliation [6]. Potential
for tumor resectability is determined by the
absence or presence of distant metastases
and locoregional progression-and 90% of
patients are not resectable at diagnosis due to
their tumor stage [7]. Over the years a number
of chemotherapeutic agents have been used
for the treatment of pancreatic cancer such as
Gemcitabine (GEM), paclitaxel, 5-FU, Cisplatin,
and their combinations have been used with
varying success [8, 9] although more recently
FOLFIRINOX (a combination of 5-FU, leucovorin,
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irinotecan and oxaliplatin) has been advanta-
geous, owing to noticeable survival increase
compared to GEM therapy [10].

Chemo-resistance accounts for the majority of
treatment failures and this has been attributed
to the heterogeneity of tumor cells in pancreat-
ic cancer and the tumor extracellular matrix
[11]. Additionally, many molecular alterations
have provided chemotherapy resistance to
pancreatic cancer [12]. Resistance Mucins
have been identified in several cancers includ-
ing pancreatic cancers [13]. In PDAC, the
expression of several transmembrane mucins
and secretory mucins are highly expressed
compared to healthy pancreas [14]. Mucins
provide the tumor cells with a barrier defense
against drug penetration as well as accelerat-
ing survival pathways, chemoresistance, meta-
stasis, and accelerated replication [15]. Hence,
if mucinous barriers can be degraded then
there will be an increase in drug penetration
resulting in a higher exposure to chemo-agents
with better tumor ablation [16, 17] in addition
to abrogating other mucin-enhanced tumor sur-
vival pathways. This may lead to a better sur-
vival. Pancreatic tumors have very dense tumor
matrix that are due to presence of collagen and
other proteins including hyaluronic acid leading
to vascular damage, decreased tumor perfu-
sion and high Intra Tumoral Fluid Pressure
(ITFP) which impairs drug delivery [18, 19]. The
collagen present in the intercellular matrix of
tumors has both glycosidic and disulfide link-
ages that are susceptible to the action of cer-
tain agents such as Brom and Ac [20]. Hence,
if these barriers to free drug flow can be
removed, a better penetration of chemothera-
peutic agents into the tumor might be accom-
plished resulting in a more positive treatment
outcome.

Bromelain (Brom), an extract from pineapple
(Ananas Comosus) fruit or stem, contains a
number of enzymes such as proteases, carbo-
hydrases, hydroxylases, phosphatases, etc.
[21] and they have the propensity to hydrolyze
the -O- and -N- glycosidic linkages in glycopro-
teins that are abundant in mucin [22]. Mucins
are polymers of glycoproteins with interlinking
disulfide linkages [23]. In addition, Brom has
also shown anti-cancer properties in several
studies and currently it is undergoing clinical
evaluation for the treatment of mucinous
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tumors in a rare cancer known as pseudomyxo-
ma peritonei [24]. Brom is a successful muco-
lytic in combination with Acetylcysteine (Ac), an
antioxidant that can reduce the disulfide bonds
found within a mucinous mass [25]. Ac also has
anti-cancer properties in several cancers [26].
Further, Brom with its proteolytic activities has
the ability to disintegrate dense tumor matrix
that are made up of collagen, whilst at the
same time, it can also disintegrate hyaluronic
acid and hence allow better passage of drugs
into the tumors [27].

Remarkably, our previous in vitro studies have
demonstrated that a suitable combination of
Brom with Ac (BromAc®) has chemotherapeutic
efficacy equivalent to GEM in pancreatic and
hepatic carcinoma cells. Noticeably, their syn-
ergistic combination with GEM enabled a dra-
matic reduction of the required dosage of GEM
[28]. BromAc® addition to GEM was able to po-
tentiate its efficacy in reduction of colon cancer
in vivo [29]. If the effective dosage of chemo-
therapeutic agents can be reduced, then, che-
motherapy may be given at shorter intervals
without increased toxicity. Seven days rest
enable resistant or residual tumor cells to repli-
cate and regain potency in the current treat-
ment regime [30]. Hence, from the encouraging
results of our earlier studies [28], we investi-
gated the mechanism of BromAc® actions in
vitro, and we proceeded to carry out an in vivo
evaluation of these agents with safety and effi-
cacy studies in a nude mouse model of pancre-
atic cancer.

Materials and method
Cell lines

Human PC cell lines, AsPC-1 and CFPAC-1
(ATCC, Manassas, VA, USA) were maintained as
a monolayer in RPMI 1640 medium (Sigma,
MO, USA) supplemented with 10% foetal bo-
vine serum (FBS; Wisent, Canada) and 1% anti-
biotics (100 U/mL penicillin, 100 mg/mL strep-
tomycin; Gibco). Cell lines were incubated in
T-75 flasks with 5% CO, at 37.0°C. Cell lines
were routinely passaged at 70% confluence by
washing with phosphate buffered saline (PBS),
trypsinized for 5.0 min then centrifuged for 5.0
min at 22°C and 1400 rpm after harvesting.
Cell count and viability were determined by
adding 0.06% trypan blue with an automated
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cell counter (Thermo Fisher Scientific, Cali-
fornia, USA).

Drug preparation

For in vitro studies, bromelain and acetylcyste-
ine were obtained from Sigma-Aldrich (St.
Louis, MO, USA). 10 mg/mL solution of brome-
lain was prepared in TRIS buffer of pH 7.0,
adjusted through adding 0.1 M sodium hydrox-
ide and 0.1 M hydrochloric acid. Stock solu-
tions were then filtered through a sterile cap
before use. 100 mM acetylcysteine was
prepared in TRIS buffer at pH 7.0, adjusted
through adding 0.1 M sodium hydroxide and
0.1 M hydrochloric acid. Both were stored at
-4.0°C for future use. Bromelain and acetylcys-
teine were dissolved in RPMI 1640 medium
supplemented with 10% foetal bovine serum
(FBS) to concentrations of 10,000 pyg/mL and
100 mM respectively. Necessary concentra-
tions of bromelain and acetylcysteine were cre-
ated by diluting with RPMI 1640 media supple-
mented with 10% FBS.

For in vivo studies, bromelain APl was manufac-
tured by Mucpharm Pty Ltd (Australia) as a
sterile powder. Bromelain was irradiated to
ensure sterility. Acetylcysteine was purchas-
ed from Link Pharma, Australia (# AUST-R
170803). Gemcitabine hydrochloride was pur-
chased from Sapphire, Australia (Cat # 000-
14954, Vend Cat # 1759-25). 5-FU was pur-
chased from Sigma-Aldrich (Cat # F-6627). For
treatment, the stock solutions were freshly
made at pH 7.0, adjusted through adding 0.1 M
sodium hydroxide and 0.1 M hydrochloric acid.
Stock solutions were diluted with 0.9% NaCl
according to the final concentrations required.

Immunocytochemistry

Cells were seeded onto sterile glass coverslips
and maintained at 37.0°C in an incubator for
24.0 hrs. The cells were then treated with
Brom, AC, and a combination for 48.0 hrs.
Then the cells were fixed in 4% paraformalde-
hyde then kept in 1% bovine serum albumin for
1.0 hr. AsPC-1 and CFPAC were incubated at
4.0°C for 12.0 hrs with mouse anti-MUC1 and
anti-MUC4 antibodies respectively (Abcam,
Cambridge, MA, USA). After washing with PBS,
the cells were incubated with the goat anti-
mouse IgG secondary antibody (Abcam,
Cambridge, MA, USA) for 1.0 hr under dark con-
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ditions. After the completion of this step the
cells were then counter stained with propidium
iodide and visualised with the Olympus IX71
laser scanning confocal microscope (Olympus,
Centre Valley, PA, USA) and x40 oil immersion
lens. The Zen program (Carl Zeiss, Cambridge,
UK) was used to overlay images.

Western blotting

The effect of Brom and Ac on protein expres-
sion was determined through Western blot
analysis after 48.0 hrs of treatment. The
homogenized cells were lysed with RIPA buffer
containing phosphatase and protease inhibi-
tor. Lysates were cleared by centrifuging for 10
min at 4.0°C. Protein concentrations were
quantified with the BioRad protein assay (Bio-
Rad, Hercules, CA, USA) and resolved through
sodium dodecyl sulphate-polyacrylamide gel
electrophoresis and transferred to a polyvinyl
fluoride membrane (Millipore, Billerica, MA,
USA). Subsequently, the membranes were in-
cubated overnight with primary antibodies (Cell
Signaling, QLD, Australia) at 4.0°C and then
incubated with horseradish peroxidase (HRP)-
conjugated secondary antibodies (Cell Sig-
nalling Technology, Danvers, MA, USA) at room
temperature for 1.0 hr. Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) was used as
the loading control using the mouse monoclo-
nal anti-GAPDH antibody (Sigma-Aldrich, MO,
USA). The membrane was then visualised with
ImageQuant LAS4000 Biomolecular imager
and ImageQuant software (GE Healthcare,
Little Chalfont, Buckinhamshire, UK). Data pre-
sented is the density of the protein bands nor-
malised to GADPH. Densitometric measure-
ments were calculated with Image J software.

Safety and efficacy study of BromAc® in combi-
nation with cytotoxics in a nude mice model of
pancreatic cancer

The animal study was approved by UNSW
Animal Care and Ethics Committee (ACEC),
Sydney, Australia (approval number: 19/49B)
(Supplementary File). Seventy-two 8-week old
female Balb/C nude mice (Animal Resources
Center, WA, Australia) were used to examine
the efficacy of the combination therapy. After 7
days of acclimatization, 2x10° log-phase grow-
ing AsPC-1 cells in Matrigel (Cat # E1270,
Sigma-Aldrich, Australia) were injected subcu-
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Table 1. Efficacy and safety studies of low and high dose treatment regimens

Stage Group Therapy Type Treatment
Stage 1 (Low doses) T1 Sham 0.9% sterile saline solution
T2 Combination therapy Brom (3 mg/kg) + Ac (300 mg/kg)
T3 Single-agent therapy GEM (2 mg/kg)
T4 Combination therapy GEM (2 mg/kg)
Brom (3 mg/kg) + Ac (300 mg/kg)
5 Single-agent therapy 5-FU (15 mg/kg)
T6 Combination therapy 5-FU (15 mg/kg)

Stage 2 (High doses) T1 Sham
T2 Single-agent therapy
T3 Combination therapy
T4 Combination therapy
5 Combination therapy
T6 Combination therapy

Brom (3 mg/kg) + Ac (300 mg/kg)
0.9% sterile saline solution

GEM (5 mg/kg)

GEM (5 mg/kg)

Brom (3 mg/kg) + Ac (300 mg/kg)
Brom (6 mg/kg) + Ac (500 mg/kg)
GEM (2 mg/kg)

Brom (6 mg/kg) + Ac (500 mg/kg)
GEM (5 mg/kg)

Brom (6 mg/kg) + Ac (500 mg/kg)

The table shows the type of adjuvant and cytotoxic therapies (GEM or 5-FU) in each treatment group. Treatment was delivered

by intraperitoneal route.

taneously (Day-10). Intraperitoneal treatment
was commenced ten days post inoculation to
allow the establishment of the disease. Animals
were regularly monitored through the study
using a standardized method based on the
following parameters: body weight, parameters
of general wellbeing and indicators of pain
and distress classified into four categories
(general appearance, natural behavior, pro-
voked behavior and body condition), and tumor
volume. Upon completion of the treatment, ani-
mals were euthanized, gross appearance of the
tumor was examined, and tumors were excised
and weighed. The study has been divided into
two separate stages: stage 1 (where low doses
of GEM and 5-FU have been tested with
BromAc®) and stage 2 (where high dose of GEM
have been tested with BromAc®) as follows.

Safety and efficacy study of BromAc® in com-
bination with either gemcitabine or 5-FU in a
nude mice model of pancreatic cancer-first
stage (low doses)

Thirsty-six mice (n=6/group) were used in stage
1. Treatments were administered via intraperi-
toneal injections for 24 days (D1 to D24):
BromAc® 3 times per week, GEM (2 mg/Kg)
and 5-FU (15 mg/Kg) once a week (Table 1).
Animals were euthanized on Day 24.
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Safety and efficacy study of BromAc® in com-
bination with gemcitabine in a nude mice
model of pancreatic cancer-second stage (high
doses)

Thirty-six mice (n=6/group) were used in stage
2. On day 1, treatment regimen was com-
menced and continued for another 12 days
(Table 1). BromAc® was administered every
other day (3 times per week; total of 5 doses).
GEM (2 or 5 mg/Kg) was administered once/
week (total of 2 doses). Animals were eutha-
nized on Day 12.

Histology and immunohistochemistry

Formalin-fixed, paraffin-embedded sections of
tumor as well as various organs were stained
using H&E standard techniques. For immuno-
histochemistry, BOND-III Automated IHC Sta-
iner, Leica was used. Sections were blocked for
non-specific binding, followed by incubation
with anti-human Ki67 (Cell Marque; Rabbit
Monoclonal Anti-Human; Clone SP6; Cat #
275R-16; Dilution 1/200), incubated with bioti-
nylated anti-rabbit immunoglobulins, treated
with streptavidin peroxidase and counter-
stained with hematoxylin. The images were
captured using a binocular light microscope
with a digital camera.

Am J Transl Res 2021;13(12):13524-13539
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Statistical analysis

Data were analyzed using GraphPad Prism ver-
sion 9.0 (GraphPad Software, Inc.). All data
were reported as the mean + SD. Qualitative
variables were compared using Student’s t-test.
Differences were considered statistically sig-
nificant when P<0.05.

Results

BromAC® reduced expression of MUC1 and
MUC4

Following immunocytochemical analysis, there
was strong expression of MUC1 in untreated
control AsPC-1 cells with cytoplasmic localisa-
tion of the protein (Figure 1). However, the
expression MUC1 decreased with treatment of
Brom and a combination of both Brom and AC.
Untreated CFPAC cells had a high expression of
MUC4 but was reduced with both bromelain
and AC treatment (Figure 2). For both mucins,
the combined use of Brom and Ac resulted in
the most marked reduction in the expression of
MUC1 and MUCA4.

The effect of BromAc® on expression of pro-
teins involved in apoptosis, cell growth and
modulation of the tumour microenvironment

Western blot analysis was performed to deter-
mine the mechanism of the growth inhibitory
effects of BromAc®. AsPC-1 cells were treated
with Brom 20 ug/mL and AC 10 mM for 48.0
hrs, where the untreated cells were used as
the negative control. As seen in Figure 3, the
combination treatment with Brom and AC
reduced the expression of vascular endothe-
lial growth factor (VEGF), metalloproteinase-9
(MMP-9), nuclear factor k3 (NF-kB) and activa-
tion of the precursor poly ADP-ribose poly-
merase (PARP) system. There was also de-
crease in the cell cycle regulators cyclin B and
D, TGFB and Bcl-2 particularly marked in com-
bination treatment.

In vivo safety and efficacy study-first stage (low
doses)

All animals in the treatment groups survived
until 24 days (euthanasia). Their weights
increased gradually showing steady growth. No
treatment-related toxicities were noted (Figure
4A).
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5-FU alone or with BromAc® didn’t inhibit tumor
growth based on tumor weight at necropsy
(Figure 4B; Table 2) whereas BromAc®, gem-
citabine, or the combination produced a slightly
greater than 50% inhibition, indicating a sub-
stantial and similar effect on tumor growth.

Tumor volume measurements over 24 days
indicated that three treatment groups, Brom
(3.0 mg/kg) + Ac (300 mg/kg), GEM (2.0 mg/
kg) and GEM (2 mg/kg) + Brom (3.0 mg/kg) +
Ac (300 mg/kg) showed hardly any difference
from the base line (day 1) to day 17, after which
the volume increased slightly for the three
groups followed by a drop at euthanasia for
GEM and BromAc® + GEM. Further, the GEM (2
mg/kg) showed a slightly lower tumor volume
(Figure 4C).

When the percentage of tumor necrosis was
assessed, it indicated that all the treatment
groups except that with Brom 3.0 mg/kg + Ac
300 mg/kg had almost equivalent necrosis
(<40%) whilst 50% necrosis was observed in
this exceptional group indicating that the com-
bination of Brom and Ac in a weight ratio of
0.01: 1.0 accelerated necrosis (Figure 4D).
The mean necrosis was numerically higher in
the low BromAc® group although results did not
reach statistical significance (P=0.18).

The Ki67 expression in the treatment groups
indicated that although three different groups
such as Brom 3.0 mg/kg + Ac 300 mg/kg, GEM
2.0 mg/kg and Brom 3.0 mg/kg + Ac 300 mg/
kg + GEM 2.0 mg/kg had substantial drop com-
pared to controls, much lower values were
observed in the first and the last groups, indi-
cating that the presence of Brom and Ac are
crucial for controlling the Ki67 (46%, 56%, and
47% respectively compared to control of 69%;
P<0.0001) (Figure 4E). However, there was an
increase in Ki67 expression in groups treated
with either 5-Fu 15.0 mg/kg alone (76%;
P=0.0015) or Brom 3.0 mg/kg + Ac 300 mg/kg
+ 5-FU 15 mg/kg (72%; P=0.2579).

The initial low dose treatment indicated that
Brom 3.0 mg/kg + Ac 300 mg/kg, GEM 2.0
mg/kg and Brom 3.0 mg/kg + Ac 300 mg/kg +
GEM 2.0 mg/kg had almost equivalent efficacy
indicating that any of the dosage forms may be
used to derive the present efficacy. This further
indicates that at a combination ratio of Brom
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Figure 1. Immunofluorescence staining of AsPC-1 cells. Cells were stained for MUC1 expression after treatment
with bromelain and acetylcysteine alone or combination. Immunocytochemistry revealed a reduction of MUC1 post-
BromAC® treatment. Fluorescence was viewed using a laser scanning confocal microscope with red corresponding
to the nucleus and green to MUC1. The last column shows two-colour merged images. Scale bar: 50 ym. Final

magnification, x600.

3.0 mg/kg + Ac 300 mg/kg, (1:100), no GEM is
required for treatment but if GEM is to be
added, the dosage can be reduced to an abso-
lute minimum to derive similar maximum thera-
peutic effect. Hence, this low dose GEM in the
presence of Brom and Ac may serve as an
effective treatment for pancreatic cancer since
more frequent treatment may be instituted
(shorter rest interval).
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In vivo safety and efficacy study-second stage
(high doses)

Body weight measurement indicated again that
all the groups exhibited no negative effect on

growth and wellbeing (Figure 5A).

When percentage change in tumor weight was
assessed at euthanasia, GEM 5.0 mg/kg and

Am J Transl Res 2021;13(12):13524-13539
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Figure 2. Immunofluorescence staining of CFPAC cells. Cells were stained for MUC4 expression after treatment
with bromelain and acetylcysteine alone or combination. Immunocytochemistry revealed a reduction of MUC4 post-
BromAC® treatment. Fluorescence was viewed using a laser scanning confocal microscope with red corresponding
to the nucleus and green to MUC4. The last column shows two-colour merged images. Scale bar: 50 uym. Final

maghnification, x600.

GEM 5.0 mg/kg + Brom 3.0 mg/kg + Ac 300
mg/kg showed equivalent and the lowest
weight (Figure 5B). This was followed by GEM
5.0 mg/kg + Brom 6.0 mg/kg + Ac 500 mg/kg.
Table 3 shows that GEM at 5.0 mg/kg, and
GEM 5 mg/kg + Brom 3.0 mg/kg + Ac 300 mg/
kg have an efficacy of 59.57-61.39% in tumor
reduction. A difference of 8-10% is observed
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between the low and the high dose of GEM. The
high GEM dose is 2.5 times greater than the
low dose.

Tumor volume measurement showed that at
day 7, GEM 5.0 mg/kg + Brom 6.0 mg/kg + Ac
500 mg/kg and Brom 6.0 mg/kg + Ac 500 mg/
kg groups showed a lesser tumor volume com-
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Figure 3. Western blot analysis of proteins involved in
oncogenesis in AsPC-1 cells. There was a decrease
in VEGF, MMP-9, NF-k(3 and cleavage of PARP. There
was also a decrease in the cell cycle regulators cy-
clin B and D as well as TGF- and the anti-apoptotic
Bcl-2. Data shown represents the relative density of
protein bands normalised to GAPDH. One-way ANO-
VA was used to compare the protein expression be-
tween the different treatment groups.

pared to the rest. However, at day 12, one of
the previously mentioned groups (GEM 5.0 mg/
kg + Brom 6.0 mg/kg + Ac 500 mg/kg) in addi-
tion to another group (GEM 5.0 mg/kg + Brom
3.0 mg/kg + Ac 300 mg/kg) showed almost
equivalent and the lowest tumor volume of the
treatments examined (Figure 5C).

Comparison of tumor necrosis to control indi-
cated that Brom 5 mg/kg + Ac 500 mg/kg
shared similar outcome, however the other
treatment groups showed a higher level of
necrosis with groups such as GEM 5.0 mg/kg
and GEM 2.0 mg/kg + Brom 6.0 mg/kg + Ac
500 mg/kg showing the highest level of necro-
sis (P=0.1209) (Figure 5D).

13531

Comparing the Ki67 expression to control indi-
cated that all treatment groups had a signifi-
cantly lower level of expression (All P<0.0001
except with Brom 6 mg/Kg + Ac 500 mg/Kg,
P=0.0014), with GEM 5.0 mg/kg + Brom 6.0
mg/kg + Ac 500 mg/kg expressing the lowest
value (Figure 5E).

When the percentage reductions in tumor
weights of both the low dose and high dose
treatment groups were compared, only two
groups (GEM 5.0 mg/kg + Bromelain 3.0 mg/
kg + Ac 300 mg/kg & GEM 5.0 mg/kg) showed
the highest percentage reduction in tumor
weight indicating maximum control over tumor
growth.

Tumor density

Tumor density data are shown in Tables 4, 5. It
can be seen that the low dose BromAc® group
(Brom 3 mg/kg, Ac 300 mg/kg) produced a
10% reduction in density, 5-FU produced an 8%
increase, and in the high dose experiment
BromAc® produced a 32% decrease in density
compared with 34% for GEM alone.

Organ pathology

No histological evidence of abnormality was
seen in liver, spleen, kidney, pancreas, and
intestine when control and treated groups were
compared (Figure 6), indicating complete safe-
ty of the different treatment regimens used
over the study period.

Discussion

Immunocytochemistry was performed to deter-
mine whether the growth inhibitory effects of
BromAC could be attributed to its mucin deplet-
ing effects. Mucins are high molecular weight
proteins expressed by the respiratory, repro-
ductive, and gastrointestinal epithelium. How-
ever, they are aberrantly expressed in pancre-
atic adenocarcinoma and are implicated in
mediating initiation, development, invasion,
and resistance of tumour cells [13, 31]. We
demonstrated the mucin depleting effects of
Brom and Ac combination, BromAc®, in gastric
cancer and malignant peritoneal mesothelioma
[32, 33], attributed to the effect of BromAc® on
disulphide and glycosidic bonds in mucins [34].
BromAc® has been used recently for treatment
of the mucinous pseudomyxoma peritonei

Am J Transl Res 2021;13(12):13524-13539



BromAc® and GEM inhibit pancreatic cancer

A 21
> - Control
_'5; 20 =% BR 3 mg/Kg + NAC 300 mg/Ky
k7 -+ GEM 2 mg/Kg
i 19 -8 GEM 2 my/Kg +BR 3 moKg + NAC 300 mo/Kg
3 & 5-FU 15 mg/Kg
o 18 -& 5-FU 15 mg/Kg + BR 3 mg/Kg + NAC 300 mgiKg
T
I N I I
Experiment day
B C 2
2
£ 20 g
C
o k3 ©
5 —— 2
S E B0 —— 5
28 — £
22100{ o Y
£¢ 5
%8 s
cg 50 I o
€ o =
3 ~
5 £
=
= 0 T T T g ot T T T T 1
& e‘*‘\@ & 6\&@ &\w s 0 4 8 , 12d 6 20 24
[ & W s R u°° ime (day)
& & &0 & -+ Control
Qu“ K & q,“ -+ BR 3 mg/Kg + NAC 300 mg/Kg
& e@*‘ & - GEM 2 mg/Kg
& & e@‘ o GEM 2 mg/Kg + BR 3 mg/Kg + NAC 300 mg/Kg
o o -© 5-FU 15 mgiKg
&g\*' @g\*' -& 5-FU 15 mg/Kg + BR 3 mg/Kg + NAC 300 mg/Kg
v
&
B N
[ o~
D E 1007 — choese
" @ —
] 3 —_—
8 50 S 80| —— {
3 @
£ 40 2 - {
' '3
3 I ] [ { g o0 »
£
3 5 3 ]
e 30 g 10
B -
20 r : r . 20— T r T T T
&) S S S S S o S o> > S )
F LSS FFPFHFHFTL S
o2 a°¢ 2S \‘,c - of S & ,Lé‘ “\,\_o '\"& o
LSNP Ry o RN
& & & O & O o
x &+ S X > S
o+ 8 & & &
& 5 o & & o
» oS oS » ™ &
& & © & ‘;‘_c. \\v(,
x L »®
g—‘* Q}@ cg‘""’ ©
& & & k)
o ) O
< & & Ny

Figure 4. Results of the safety and efficacy in vivo study of BromAc® in com-
bination with cytotoxic therapies in AsPC-1 model of pancreatic cancer-First
stage (low doses). A. Graph shows mean body weight fluctuations in subcu-
taneous AsPC1-tumour bearing nude mice treated with combination thera-
pies. B. It shows percentage change in tumor weight in the treated groups
compared to control. C. It shows percentage change in tumor volume. D.
Graph showing percentage of tumor necrosis. Necrosis is highest in Brom
3 mg/kg + Ac 300 mg/kg group. E. Graph showing percentage of Ki-67
positive cells. Analysis of immuno-histological images of tumors samples
stained using anti-Ki67 antibody. The lowest expression of Ki67 is observed
in groups treated with Brom 3 mg/kg + 300 mg/kg alone or with GEM 2 mg/
kg that is indicative of reduced cellular replication. Data presented as mean
+ SD. Significance level: P<0.05.

that promotes the loss of epi-
thelial cell polarity, increases
cell proliferation, and upregu-
lates anti-apoptotic pathways
[35, 36]. Both Brom and AC
alone were able to decrease
expression of MUC4 in CFPAC
cells and were most marked in
combination treatment. MUC4
is similarly a transmembrane
mucin that is associated with
cell proliferation, metastasis,
and angiogenesis [37-39].

Through Western blotting, we
found that Brom and Ac, par-
ticularly in combination, could
modulate the tumour microen-
vironment and induce apop-
totic cell death. Treatment
resulted in a decreased ex-
pression of VEGF, a key media-
tor of angiogenesis and MMP-
9, a matrix metalloproteinase
important in metastasis [21].
There was a significant de-
crease in PARP expression
after BromAc® treatment. PA-
RP stimulates cancer progres-
sion by boosting cell prolifera-
tion and is involved in DNA
repair and maintenance of te-
lomerase [40]. Hence, down-
regulation of PARP expression
is an indication of the cancer
inhibitory effects of BromAc®.
There was also upregulation
of cleaved PARP, a marker of
apoptosis, which is consistent
with results of a previous stu-
dy [33]. There was also an
attenuated expression of NF-
KB with treatment, which is a
transcription factor that can
be associated with invasion,
angiogenesis and chemoresis-
tance in PC [41]. This is con-
sistent with a previous study
which observed that BromAc®

(PMP) cancer in clinical trial [24]. Here, our inactivated NF-k3 in mouse skin papilloma and
results showed that the effect of Brom in atten- PC cells, respectively [42]. Combination treat-
uating the expression of MUC1 in AsPC-1 cells, ment also reduced the expression of TGF-3 and
however was the most potent in combination Bcl-2. In addition, Bcl-2 inhibits mitochondrial
with AC. MUC1 is a membrane bound mucin cytochrome c release and therefore promotes
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Table 2. Percentage reduction of tumor weight at autopsy in the low dose treatment groups

Treatment group Percentage reduction of tumor weight P-value
Control

Brom (3.0 mg/kg) + Ac (300 mg/kg) 54.10+16.72 0.0005
GEM (2.0 mg/kg) 53.55+25.35 0.0035
GEM (2.0 mg/kg) + Brom (3.0 mg/kg) + Ac (300 mg/kg) 51.91+27.33 0.0056
5-FU (15 mg/kg) 10.93+30.15 0.4153
5-FU (15 mg/kg) + Brom (3.0 mg/kg) + Ac (300 mg/kg) 7.10+57.53 0.7745

Percentage reduction of tumor weight = [tumor weight (control) - tumor weight (treatment)/tumor weight (control)] x100. Data
are presented as mean * SD; P-values were obtained through t-test; significance level: P<0.05.
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Figure 5. Results of the safety and efficacy in vivo study of BromAc® in com-
bination with GEM in AsPC-1 model of pancreatic cancer-Second stage (high
doses). A. Graph shows mean body weight fluctuations in subcutaneous
AsPC-1 -tumour bearing nude mice treated with combination therapies. B. It
shows percentage change in tumor weight in the treated groups compared
to control. C. It shows percentage change in tumor volume. D. Graph show-
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ing percentage of tumor necrosis.
Necrosis is highest in two groups:
GEM 5 mg/kg group and Brom 6
mg/kg + Ac 500 mg/kg + GEM
2 mg/kg group. E. Graph show-
ing percentage of Ki-67 positive
cells. Analysis of immuno-histo-
logical images of tumors samples
stained using anti-Ki67 antibody.
The lowest expression of Ki67 is
observed in groups treated with
Brom 6 mg/kg + 500 mg/kg +
GEM 5 mg/kg that is indicative of
reduced cellular replication. Data
presented as mean + SD. Signifi-
cance level: P<0.05.

survival [23] whilst aberrant
expression of TGF-B is thought
to contribute to modulation of
the tumour microenvironment
to promote metastasis [24].
We also found that BromAc®
inhibited cell cycle progres-
sion. The cell cycle is con-
trolled by proteins called
cyclins, which bind with cyclin
dependent kinases (CDKs).
Cyclins are important proteins
that promote cell cycle pro-
gression through activating
CDKs. Cyclin B1 binds to
CDK1 and forms the mitosis
promoting factor (MPF), to
stimulates G2/M progression
[43]. Similarly, cyclin D1 also
simulates cell cycle progres-
sion, through phosphorylation
of retinoblastoma protein,
which releases E2F transcrip-
tion factors to promote G1/S
progression [44]. Reduction of
cyclins B and D suggests that
BromAc® inhibited cell cycle
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Table 3. Percentage reduction of tumor weight at autopsy in the high dose treatment groups

Treatment group

Percentage reduction of tumor weight P-value

Control
Brom (6.0 mg/kg) + Ac (500 mg/kg)
GEM (5.0 mg/kg)

(
GEM (5.0 mg/kg) + Brom (3.0 mg/kg) + Ac (300 mg/kg)
GEM (2.0 mg/kg) + Brom (6.0 mg/kg) + Ac (500 mg/kg)
GEM (5.0 mg/kg) + Brom (6.0 mg/kg) + Ac (500 mg/kg)

38.53+10.21 0.0048
61.39+13.69 0.0006
59.57+27.43 0.0225
38.94+11.11 0.0060
53.80+10.52 0.0020

Percentage reduction of tumor weight = [tumor weight (control) - tumor weight (treatment)/tumor weight (control)] x100. Data
are presented as mean * SD; P-values were obtained through t-test; significance level: P<0.05.

Table 4. Density of the tumors from the low dose treatment groups determined at autopsy

Treatment group Density (g/cm?®) % Change compared to control
Control 0.60

Brom (3 mg/kg) + Ac (300 mg/kg) 0.54 10% decrease

GEM (2 mg/kg) 0.59 2.0% decrease

GEM (2 mg/kg) + Brom (3 mg/kg) + Ac (300 mg/kg) 0.63 5.0% increase

5-FU 15 mg/kg 0.65 8.0% increase

5-FU (15 mg/kg) + Brom (3 mg/kg) + Ac (300 mg/kg) 0.60 No increase

Density = tumor mass/tumor volume (g/cm?). Percentage change of tumor density = [tumor density (control) - tumor density

(treatment)/tumor density (control)] x100.

Table 5. Density of the tumors from the high dose treatment groups determined at autopsy

% Increase or decrease

Treatment group Density (g/cm?) compared to control
Control 0.79

Brom (6 mg/kg) + Ac (500 mg/kg) 0.54 32% decrease
GEM (5 mg/kg) 0.52 34% decrease
GEM (5 mg/kg) + Brom (3 mg/kg) + Ac (300 mg/kg) 0.58 27% decrease
GEM (2 mg/kg) + Brom (6 mg/kg) + Ac (500 mg/kg) 0.60 24% decrease
GEM (5 mg/kg) + Brom (6 mg/kg) + Ac (500 mg/kg) 0.60 24% decrease

%)

Density = tumor mass/tumor volume (g/cm?). Percentage change of tumor density = [tumor density (control) - tumor density

(treatment)/tumor density (control)] x100.

progression in G1. Finally, inhibition of pro-sur-
vival pathways is thought to contribute to cell
death, as seen through inhibition of the anti-
apoptotic protein Bcl-2.

Perhaps the most important finding is that
intraperitoneal administration of BromAc® can
profoundly reduce growth of a xenograft of
mucinous pancreatic cancer at a distant
subcutaneous site and this is a completely
novel observation. Whilst we have previously
described in vivo inhibitory effect of BromAc®
on peritoneal cancers after IP injection [29],
this paper indicates that a systemic effect of
BromAc® is possible. The second observation is
that BromAc® was as effective as GEM in inhib-
iting tumor growth, and this is the first time that
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in vivo inhibition of pancreatic cancer growth by
BromAc® has been reported. We were disap-
pointed that we did not see synergy between
BromAc® + GEM or 5-FU as seen in our in vitro
experiments [28]. The reason for this disparity
deserves further study. The finding that the
tumor growth was significantly and substan-
tially reduced, and that percentage necrosis
was high in the BromAc® group supported a
strong direct anti-tumor effect. The effect of
BromAc® on tumor density is also very interest-
ing and may allow better drug penetration in
pancreatic cancer.

In the present study the animals tolerated both
the low and high dose treatment without any
toxicity as revealed by their body weight gain

Am J Transl Res 2021;13(12):13524-13539
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Figure 6. Histology of the various organs that may be affected by treatment with GEM, Bromelain and Acetylcysteine
and their combinations at various concentrations. Tissues were hematoxylin and eosin stained. Scale bar: 300 pym.

Final magnification, x100.

and other parameters of wellbeing, including
immuno-histological evaluations of vital organs
at termination of the studies. This is a good
indication that both low and high doses as stip-
ulated in the treatment regime can be used for
clinical application.

Evaluating efficacy through tumor volume and
tumor weight regression indicated that in the
low dose groups Brom 3.0 mg/kg + Ac 300
mg/kg, GEM 2.0 mg/kg and GEM 2 mg/kg +
Brom 3.0 mg/kg + Ac 300 mg/kg showed simi-
lar efficacy. Further, when the percentage
change in tumor volume was assessed over the
time, the above three groups had similar val-

13535

ues, indicating that any of the three treatment
regimens could be used with equivalent effica-
cy. The recommended clinical dosage of GEM
for pancreatic cancer is 1000 mg/m? iv [45],
which is equivalent to 27 mg/Kg [46]. The low
dose of GEM 2 mg/kg (equivalent to a clinical
dose of 0.16 mg/kg [46]) with the addition of
BromAc® when compared to 27 mg/Kg clinical
dose is equivalent to a reduction of more than
99% GEM and it may enable more frequent
treatment with foreseeable better tumor abla-
tion and treatment outcome. This minimal GEM
dosage regime in the presence of Ac (antioxi-
dant) may reduce the side effects such as neu-
rotoxicity, cardiotoxicity nephrotoxicity etc. [47,

Am J Transl Res 2021;13(12):13524-13539
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48]. Currently, low dose chemotherapy with
gemcitabine is practiced only as palliation [49].
On the other hand, low dose Bromelain and Ac
would allow continuous treatment until tumor is
completely ablated. This is a major advantage
in using BromAc® for treating pancreatic
cancer.

Of prime importance is the observation that
over treatment period to 17 days, there was
almost no tumor growth in the above three
treatment groups, indicating the potency of
the therapeutic dosage used in controlling the
pancreatic cancer growth. Seventeen days
translates to almost 2 human years of tumor
growth control [50] with this treatment strate-
gy. The tumor necrosis was about 50% in the
Brom + Ac group (an increase of 10% compar-
ed to controls) indicating that these agents
besides modulating other oncoproteins may
also modulate the vascular epidermal growth
factors [51] that are responsible for angiogen-
esis and hence the high level of necrosis that
contributes to tumor shrinkage [52]. Although
necrosis is a common feature in most fast-
growing tumors, the level in the other groups of
treatment was about 40% and similar to
controls.

Treatment with 5-FU gave poor outcome as
single agent or in combination. Tumor regres-
sion was considerably poor and hence further
evaluation at high dose was not carried out.
The poor outcome with 5-FU may be due to sev-
eral reasons. As a prodrug, it has to be phos-
phorylated into mono-, di- and tri-phosphorylat-
ed fluorouracil compounds [53] to be active as
a nucleoside. Phosphorylation has been shown
to be inhibited by antioxidants such as Ac [54].

It is known that tumor matrix are dense owing
to several factors such as their composition
that are primarily made up of collagen, fibrin
fibers hyaluronic acid etc. and with the accu-
mulation of fluid due to leaky blood vessels and
poor lymphatic out flow create a very dense
environment that restricts the free entry of
chemotherapeutic drugs [55]. In the present
treatment the density of the tumor has been
evaluated and it was found that treatment
groups using Brom 3 mg/kg + Ac 300 mg/kg
the density of the tumor fell by 10%; however
increasing the dosage to Brom 6 mg/kg + 500
mg/kg Ac, the density was reduced by 32% (a
difference of 22%) indicating that Brom and Ac
have substantial effect on the tumor matrix
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and hence the reduction in density. Molecular
mechanism that may be at play includes pro-
teolytic action of Brom on collagen, fibrin and
other degradable components along with anti-
oxidant action of Ac that has scissoring action
on the disulfide bonds linking fibers, proteins
etc. [56] or the inhibitory effect of Brom on
CD44 [57] which may alter hyaluronic acid
turnover in the tumor stroma. To conclude, the
BromAc® as anti-cancer agent can be attribut-
ed to its mucin-depleting effects as well as its
effects on the cellular pathways involved in car-
cinogenesis. In addition, the present study indi-
cates the safety and efficacy of the treatment
regime of BromAc® alone or as an adjuvant with
GEM as an effective form of treatment for pan-
creatic cancer.
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