Biointerface Research in Applied Chemistry
Platinum Open Access Journal (ISSN: 2069-5837)
Article
Volume 12, Issue 6, 2022, 7540 - 7555
https://doi.org/10.33263/BRIAC126.75407555

Effects of P-MAPA Immunotherapy Associated with
Gemcitabine on Chemically-Induced Pancreatic Cancer in
Animal Model: New Therapeutic Perspectives

Wagner J. Favaro 1*®  Mariana M. dos Santos 1@ | Maisa M. Pereira '@ | Patrick V. Garcia '@, Nelson
Duran 12°®

! Laboratory of Urogenital Carcinogenesis and Immunotherapy, Department of Structural and Functional Biology,
University of  Campinas  (UNICAMP), Campinas, SP, Brazil; wjfavaro@gmail.com (W.J.F.);
martinis.mariana@gmail.com (M.M.S.); maisa_massafera@hotmail.com (M.M.P.); viannapatrick@yahoo.com.br
(P.V.G);

2 Nanomedicine Research Unit (Nanomed), Federal University of ABC (UFABC), Santo André, SP, Brazil;
nduran@unicamp.br (N.D.);

*  Correspondence: nduran@unicamp.br; (N.D); wjfavaro@gmail.com (W.J.F);

Scopus Author ID 23072832700

Received: 13.10.2021; Revised: 10.11.2021; Accepted: 14.11.2021; Published: 25.11.2021

Abstract- Pancreatic cancer is one of the most aggressive tumors since it accounts for approximately
5% of cancer-related deaths worldwide. Immunotherapy based on compounds capable of acting as toll-
like receptor (TLRs) agonists may be a valuable strategy to treat cancer, either alone or in association
with prevailing therapies. Thus, P-MAPA (Protein aggregate magnesium-ammonium phospholinoleate-
palmitoleate anhydride) has emerged as a likely candidate to treat some cancer types, such as pancreatic
cancer (PC). The current study reports the effects of an emerging alternative therapy against PC, which
lies in associating P-MAPA immunotherapy with gemcitabine-based chemotherapy to treat PC in
murine models. Besides, the study reports the potential mechanisms of action of this new therapeutic
association involving the TLR4 signaling pathway. PC chemically induced in animal model based on
7,12-dimethylbenz(a)anthracene carcinogen administered by thermosensitive copolymer effectively
induced pancreatic tumors in 100% of the investigated rats. P-MAPA-based immunotherapy application
alone has shown histopathological repair in 40% of rats, whereas those only treated with gemcitabine
have shown 100% of malignant tumors. P-MAPA/Gemcitabine-associated treatment was highly
effective in reducing neoplastic lesion progression and enabling histopathological improvement in 80%
of the investigated rats. P-MAPA and P-MAPA/Gemcitabine treatments led to increased TLR4 protein
contents, which led to increased interferon signaling pathways and positive antitumor effectiveness due
to suppressed abnormal cell proliferation. Thus, it is a possible conclusion that the P-MAPA
immunotherapy/gemcitabine association had a positive effect on murine models with PC and that it may
be a valuable alternative to treat this tumor type.

Keywords: Immunotherapy; Toll-like Receptors; Pancreatic Cancer; P-MAPA; Gemcitabine.
Abbreviations: BSA: bovine serum albumin; DMBA: 7,12-Dimethylbenz(a)anthracene; HRP:
horseradish peroxidase; IFN-y: interferon-gamma; IL: interleukin; IL-6: interleukin 6; IRF-3: Interferon
Regulatory Factor 3; MyD88: myeloid differentiation primary response 88; NF-«kB: nuclear factor-xB;
PC: pancreatic cancer; PanIN: Pancreatic Intraepithelial Neoplasia; P-MAPA: Protein Aggregate
Magnesium-Ammonium Phospholinoleate-Palmitoleate Anhydride; TLR: Toll-Like Receptor; TNF-a:
tumor necrosis factor a; TRAIL: TNF-related-apoptosis-inducing ligand; TRIF: TIR-domain-
containing adapter-inducing interferon-p.
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1. Introduction

Pancreatic cancer (PC) is one of the most significant and aggressive tumors [1] since it
accounts for approximately 5% of cancer-related deaths worldwide [2]. Smoking habit is the
most important factor leading to pancreatic cancer, although the disease can also be associated
with other factors such as individuals' exposure to certain metal types [3], caloric intake and/or
obesity [4, 5], aging [6], as well as with some chronic conditions such as diabetes, chronic
pancreatitis and cirrhosis [7, 8], and with genetic factors that account for 10% of PC cases [6].
Most PC (95%) cases comprise adenocarcinomas, which are highly aggressive tumors [3].
Early PC diagnosis is hard because of its aggressiveness and lack of early disease-specific
symptoms [6, 9].

Understanding pancreatic carcinogenesis mechanisms and enabling the progress of
prevention methods are paramount priority challenges; thus, several factors capable of causing
PC evolution have been investigated in murine models [10-13]. Chemical carcinogens can
induce approximately 70% of human pancreatic adenocarcinomas [14]. Several chemical
agents are capable of inducing cancer in animals, but 7,12-dimethylbenz(a)anthracene
(DMBA) is the one mostly used in rodents [15-18]. The use of mice models with malignant
tumors in recent years has significantly contributed to better understanding human tumors and
evaluating new early disease detection, prevention, and treatment strategies [19-23].
Nowadays, surgical resection is merely an option for PC treatment. PC patients subjected to
full surgical resection present a 5-year survival rate of approximately 25%. Chemotherapy and
radiation are palliative treatments adopted to help increase patients' likelihood of survival or
improve their quality of life [3].

Some safe and sufficiently tested adjuvant therapies are currently used against cancer.
Among them, one finds 5-Fluorouracil (5-FU) [24-26] and gemcitabine [27]. Studies have
compared the effectiveness of 5-FU and gemcitabine in improving PC patients' response--to-
treatment rates. Gemcitabine has shown an increased survival rate and better benefits to
patients compared to those recorded for patients treated with 5-FU [28]. Therefore, clinical
trials have focused on exploring the pharmacokinetic modulation of gemcitabine, in
combination with other cytotoxic or biological agents [2], and found some significant
associations [29,30].

Besides enhancing antigen emergence and immune checkpoint expression, gemcitabine
has significantly increased the synthesis of CCL/CXCL chemokines and TGF[p-associated
signals. These factors account for gemcitabine's resistance to cancer-associated fibroblasts in
vitro and enhanced TGFB1 biosynthesis. Gemcitabine and anti-PD-1 were only efficient in rats
subjected to previous TGFf signaling oblation. Such a condition has led to significant CD8+
T- cell response, diminished tumor load, and enabled longer survival time. Data have suggested
that gemcitabine is capable of priming pancreatic tumors for immune checkpoint inhibition by
enhancing antigen presentation only following disruption of the immunosuppressive cytokine
barrier [31].

The use of erlotinib (immunomodulatory drug capable of inhibiting the epidermal
growth factor receptor tyrosine kinase) [32] associated with gemcitabine has been successfully
used to treat severe PC. Thus, it was considered an alternative to help enhance the survival of
patients with early-stage resectable PC who did not present microscopic evidence of cancer
cells at the primary tumor site. An open-label (CVONKO-005 trial), the multicenter trial has
assigned patients to one of two treatments, namely: gemcitabine + erlotinib or gemcitabine
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(Gem), alone. The first aim of the trial was to enhance disease-free survival (DFS) based on
the erlotinib/gemcitabine combination. There was no significant difference in median DFS or
median overall survival between patients treated with gemcitabine/erlotinib and Gem. There
was a trend towards long-term survival in patients treated with gemcitabine/erlotinib
combinations compared to those treated with Gem. It is important to emphasize that this trial
was the first to investigate the association between chemotherapy and specific therapy
(targeted) as adjuvant PC treatment [33]. However, immunomodulation/gemcitabine
association can be an excellent strategy adopted to treat pancreatic cancer.

Compounds capable of acting on Toll-like receptors (TLRs) are valuable approaches to
cancer treatment, either used separately or in association with current therapies [34,35]. TLRs
play a key role in innate immunity since they stimulate individuals' immune systems to act on
tumor cells and eliminate the system inhibiting the immune machinery [36-38]. MyD88- and
TRIF-dependent are two TLR signaling pathways [36-38]. MyD88-dependent pathway triggers
NF-kB and MAPK, and it releases inflammatory cytokines such as TNF-a (tumor necrosis
factor o) and IL-6 [36,38]. IRF-3 (TRIF-dependent pathway) activates interferon regulatory
factor 3 in order to generate interferons [36-38]. TLR4 operates all four adapter molecules
(MyD88, TRAM, TRIF, and TIRAP) in cascade signals [36-38].

Immunotherapy is an important strategy adopted to treat cancer patients [35].
Accordingly, P-MAPA has emerged as a potential candidate for such treatment (Patent
Number: P10305373-3, 2003) [20, 39]. Experiments conducted with HEK293 cells in vitro
have shown that the P-MAPA treatment applied to these cells was capable of activating NF-
kB and, consequently, activating TLRs 2 and 4 [20]. Garcia et al. [40] have shown that bladder-
cancer animal models subjected to intravesical immunotherapy with P-MAPA presented TLRs
2 and 4-mediated innate immune system activation, which led to increased interferon signaling
pathways (TRIF, IFN-a, IRF-3, and IFN-y) and p53 protein contents. The aforementioned
authors have concluded that P-MAPA acted as TLRs 2 and 4 agonists, activated p53 protein,
and improved the immunological status of bladder cancer animal models [40].

The aim of the current study was to describe the outcomes of a potential alternative
treatment for PC cases based on the application of P-MAPA immunotherapy in association
with gemcitabine chemotherapy to the PC murine model. Besides, the study supports the likely
mechanisms of this therapeutic association in the TLR4 signaling pathway.

2. Materials and Methods

2.1. Experimental procedures.

The current pre-clinical experiment was conducted with 25 male rats (Fischer 344
strain), who were 12 weeks old and weighed approximately 200 grams; animals were provided
by the University of Campinas (CEMIB/ UNICAMP)[40]. The experimental protocol has
strictly followed the ethical principles for animal research (CEUA/IB/ UNICAMP—protocol
number: 3631-1). PC induction was performed in 20 male rats, who were intraperitoneally (i.p.)
anesthetized with 60 mg/Kg of 10% ketamine (Vibra® Roseira, S&o Paulo, Brazil) and 5
mg/Kg of 2% xylazine (Vibra® Roseira, S&o Paulo, Brazil), and subjected to the transverse
incision in the upper abdominal wall (epigastric region, Figure 1a) in order to expose their
abdominal organs. Next, delicate dissection was performed to separate the stomach from the
transverse colon to identify the pancreas and its regions (Figure 1b). Subsequently, the head of
the pancreas was isolated and subjected to intraparenchymal application of a single dose of 200

https://biointerfaceresearch.com/ 7542


https://doi.org/10.33263/BRIAC126.75407555
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC126.75407555

ug dimethylbenzanthracene (DMBA — Sigma, St. Louis, MO, USA) dissolved in 200 ul
acetone, with the aid of 13.0 mm X 0.45 mm needle. The carcinogen (DMBA) was
administered through a thermosensitive copolymer (Pluronic 127, Sigma, St. Louis, MO,
USA). The carcinogen/thermosensitive copolymer mixture has formed a gel (Patent
Registration Number: BR1020140231188), which was introduced right into the head of the
pancreas (Figure 1c). Abdominal wall synthesis was performed with 3-0 monofilament nylon
thread (Shalon Medical, Montes Claros, Goiés, Brazil) after pancreatic cancer induction
(Figure 1d).

Figure 1. Surgical procedure for pancreatic cancer induction. (a) The transverse incision in the upper abdominal
wall (epigastric region) exposes abdominal organs. (b) Delicate dissection to separate the stomach and
transverse colon, followed by identifying the pancreas and its regions. (c) Intraparenchymal application of
thermosensitive copolymer containing DMBA carcinogen in the head of the pancreas. (d) Synthesis of the
abdominal wall.

The control group comprised 5 animals who did not receive thermosensitive copolymer
added with a carcinogen. After 120 days of PC induction, all animals were subjected to
ultrasound examination to investigate the tumor incidence; they were divided into 5 groups (5
animals per group). The control group (Group 1) received 0.3 mL of 0.9% physiological saline
solution intraperitoneally delivered for 6 consecutive weeks; the DMBA group (Cancer, Group
2) received the same treatment as Group 1; the DMBA + P-MAPA group (Group 3) received
5 mg/Kg of P-MAPA (Farmabrasilis, Sdo Paulo, Brazil) intraperitoneally delivered three times
a week, for 6 consecutive weeks; the DMBA + Gemcitabine group (Group 4) received 10
mg/Kg of Gemcitabine intraperitoneally delivered once a week, for 6 consecutive weeks [41];
and the DMBA+ P-MAPA + Gemcitabine group (Group 5) received 5 mg/Kg of P-MAPA
three times a week, for 3 consecutive weeks — after that, this group received 10 mg/Kg of
Gemcitabine intraperitoneally delivered once a week, for 3 consecutive weeks (6-week
treatment, in total).

Rats were euthanized after 6 weeks of treatment to collect pancreatic samples, which
were processed for histopathological, immunological, and Western Blotting analysis.

2.2. Histopathological analysis.
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Pancreatic fragments were collected from 5 rats in each group and fixed in Bouin's
solution for 12 hours [40]. Next, they were washed in 70% ethanol and subjected to dehydration
based on ascending alcohol series. Subsequently, these fragments were diaphanized in xylene
for 2 hours and embedded in the plastic polymer (Paraplast Plus, ST. Louis, MO, USA); 5-um-
thick specimens were cut in rotary microtome Slee CUT5062 RM 2165 (Slee Mainz, Mainz,
Germany), stained with hematoxylin-eosin and photographed in DM2500 (Leica, Munich,
Germany) photomicroscope. Pancreatic lesions were diagnosed by a veterinary pathologist
based on morphological criteria described by Hruban et al. [42].

2.3. Proliferative and apoptotic index determination.

Samples similar to the ones subjected to histopathological analysis were used to
determine proliferative and apoptotic indices. Ki-67 immunodetection was used to determine
the proliferative index [40]. Specimens were cut into 5-um-thick sections, and the antigen was
extracted by boiling the sections in citrate buffer (10 mM, pH 6.0) three times for 5 min
(microwave oven). Next, the sections were incubated in 0.3% H20, to block endogenous
peroxidase; nonspecific binding was blocked by incubating the aforementioned sections in
blocking solution at room temperature. Primary rat monoclonal anti-Ki-67 antibody (NCL-
Ki67-MML1, Novocastra; Newcastle, United Kingdom; 1:50) was diluted in 1% BSA and
applied to the sections overnight at 4°C. Bound antibody was detected with the aid of the
Advance™ HRP kit (Dako Cytomation Inc., USA). The sections were lightly counterstained
with Harris' hematoxylin and photographed in DM2500 (Leica, Munich, Germany)
photomicroscope. Ten fields were randomly photographed under x40 objective lens and
measured per animal, which resulted in 50 fields per group; the total number of Ki-67-stained
positive cells was expressed as a rate of total cells.

DNA fragmentation (TUNEL) was evaluated through Terminal Deoxynucleotidyl
Transferase (TdT) by using FragELTM DNA Kit (Calbiochem, La Jolla, CA, USA) [40].
Apoptotic nuclei were identified based on diaminobenzidine chromogen mixture (FragELTM
DNA Kit). Up to ten microscopic fields were randomly selected and analyzed per sample (50
fields per group) in Leica DM2500 (Leica, Munich, Germany) photomicroscope equipped with
x40 objective lens. Sections were lightly counterstained with Harris' hematoxylin. The
apoptotic index was determined by dividing the number of apoptotic nuclei by the total number
of nuclei observed in the microscope field [40].

2.4. Western blotting analysis of toll-like receptor 4 (TLR4), IRF-3, and IFN-y.

Pancreatic samples (n = 5) of each group were weighed (~200 mg) and homogenized in
50 pL/mg of RIPA lysis buffer (EMD Millipore Corporation, Billerica, MA, USA) [40].
Samples presenting 10 pg of protein were separated through SDS-PAGE using 12 %
polyacrylamide gels under reducing conditions. After the electrophoresis was over, proteins
were transferred to Hybond-ECL nitrocellulose membranes (Amersham, Pharmacia Biotech,
Arlington Heights, IL., USA), which were blocked with RAPIDBLOCK™ SOLUTION
(Amresco, Fountain Parkway Solon, OH, EUA) diluted in Ultra-pure water (1:10) for 5 minutes
and incubated overnight (at 4°C) with primary rat monoclonal anti-TLR4 (sc-293072, Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA), rat monoclonal anti-IRF3 (sc-376455, Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) and rat monoclonal anti-IFN-y (507802;
Biolegend, USA) antibodies diluted in 1 % BSA. Next, membranes were incubated with rat
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secondary HRP-conjugated antibodies (diluted 1:1,000 in 1 % BSA; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA) for 2 hours. Peroxidase activity was detected
through incubation with diaminobenzidine chromogen (Sigma Chemical Co., St Louis, USA).
Western blots were run in duplicate; pancreas samples were collected from 5 rats per group for
each repetition. Semi-quantitative densitometry (10D — Integrated Optical Density) analysis of
bands was conducted in NIH ImageJ 1.47v software (National Institute of Health, USA.
Available at: http://rsb.info.nih.gov/ij/), and it was followed by statistical analysis. [3-actin
(monoclonal rat, A5441, Sigma Chemical Co., St Louis, USA) was applied as an endogenous
positive control to standardize band-staining intensity readings. Data were expressed as
mean =+ standard deviation of each band intensity/B-actin band intensity ratio [40].

2.5. Statistical analysis.

All parameters, i.e., Western Blotting, proliferative and apoptotic indices, and
proliferation/apoptotic ratio (P/A) - were statistically compared among groups based on
analysis of variance, which was followed by Turkey's test at 1% and 5% significance levels
[40]. Data were expressed as mean + standard deviation. Histopathological analyses were based
on proportion tests. The difference between the two proportions was subjected to Fisher's exact
test. The type-I error of 1% was considered statistically significant for all analyses.

3. Results and Discussion

3.1. Thermosensitive hydrogel added with DMBA carcinogen was effective in inducing
pancreatic cancer in Fischer 344 rats.

The present results have shown that any animal in the Control group presented
malignant lesions (Table 1). The macroscopic analysis applied to surgical specimens deriving
from the Control group has evidenced normal-sized pancreas and enabled differentiating
pancreatic regions such as head, body, and tail (Figure 2a).

Table 1. Percentage of histopathological changes in the pancreas of animals from different experimental groups.

Histopatology

Group 1 (n=5)

Group 2 (n=5)

Group 3 (n=5)

Group 4 (n=5)

Group 5 (n=5)

Normal 5 (100%)* - 3 (60%)
Ductal Hyperplasia - 2 (40%)* - 1 (20%)
PanIN 1 2 (40%)* 1 (20%) 1 (20%)
PanIN 2 - 1 (20%)* 1 (20%)* -
PanIN 3 2 (40%)* - 2 (40%)*
Invasive Carcinoma 3 (60%)* 1 (20%)

Groups: Control (Group 1), DMBA (Group 2), DMBA + P-MAPA (Group 3), DMBA + Gemcitabine (Group
4), and DMBA + P-MAPA + Gemcitabine (Group 5).
Pancreatic Intraepithelial Neoplasia (PanIN): 1, 2, 3
“Statistical significance (Ratio test, P<0.0001)

The microscopic analysis applied to this very same group has evidenced pancreas is

composed of rounded serous acini presenting basophilic cells, which represent the exocrine
region of the gland. In addition, it was possible seeing an islet of Langerhans featuring the
endocrine region (Figure 3a). Moreover, interlobular ducts presented simple cuboidal
epithelium surrounded by stroma rich in collagen fibers and blood vessels (Figure 3b).
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Figure 2. Gross anatomy of the pancreas from (a) Control and (b)DMBA Group. (a) Pancreas with normal size,
being possible to distinguish the regions of the head, body, and tail. (b) Bulky pancreas, being very difficult to
distinguish body and tail regions; neoplastic nodular lesions (asterisks) in the head of the pancreas.

Macroscopic analysis of surgical specimens has shown that DMBA-induced animals
presented bulky pancreas, a fact that made it very difficult to distinguish pancreatic body and
tail regions (Figure 2b). In addition, the head of the pancreas has shown neoplastic nodular
lesions (Figure 2b).

Highly-frequent histopathological changes observed in the pancreas of the DMBA
group comprised Grade-3 Pancreatic Intraepithelial Neoplasia (PanIN-3) (Figures 3c, 3d) and
invasive carcinoma (Figures 3e, 3f) in 40% and 60% of rats, respectively (Table 1). PanIN-3
was featured by papillary or micropapillary lesions with high-grade dysplasia; cell nuclei were
bulky, pleomorphic, and showed cellular polarity loss (Figures 3c, 3d, 3h). Some PanIN-3 cases
presented detached cell groups heading towards the lumen of the ducts. Invasive carcinoma
(Figures 3e, 3f, 3i, 3j) was featured by neoplastic cells presenting intense cellular atypia,
arranged in nests or cords that infiltrated the desmoplastic stroma. Neoplastic cell nuclei were
bulky, pleomorphic, and presented evident nucleoli.

Overall, a significant number of risk factors were associated with PC progression, such
as exposure to chemical carcinogens. Smoking habit is one of the worst risk factors for this
cancer type [11, 43] since tobacco smoke has approximately 4,700 chemicals, and some of
them, such as DMBA, are highly genotoxic [44]). Studies have shown that DMBA is a strong
mutagenic agent that leads to skin, mouth, breast, and pancreatic tumors [16, 45, 46]. Dissin et
al. [45] and Bockman et al. [17] have found well-differentiated pancreatic adenocarcinoma in
63.3% and 70.0% of animals chemically induced with DMBA, respectively. Similarly, Rivera
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et al. [16] have shown that hyperplasia (39.0%), low-grade dysplasia (8.0%), high-grade
dysplasia (10.0%), and pancreatic ductal adenocarcinoma (39.0%) were the histopathological
changes mostly observed in the pancreas of rats induced with DMBA.

Thus, the DMBA carcinogen herein administered through thermosensitive copolymer
(Patent registration number: BR1020140231188) - in order to chemically induce PC
development in animal models - was effective in inducing pancreatic tumors in 100% of
animals. The PC murine model presented specific advantages for experimental data on total
carcinogenesis since carcinogen administered through thermosensitive copolymer can be
delivered in quantifiable pulse doses. In addition, this autochthonous PC model has other
advantages such as low cost (non-dependent on high-cost technologies), reproducibility, and
immunocompetent host, which is crucial in studies about compounds capable of acting on the
immune system.

3.2. P-MAPA immunotherapy associated with Gemcitabine chemotherapy reverses
histopathological changes induced by DMBA.

Gemcitabine treatment has reduced the aggressiveness of malignant lesions induced by
DMBA. However, rats only treated with gemcitabine have shown 100% malignant damages.
Histopathological changes observed in this group lied on PanIN-1, PanIN-2 (Figure 3g),
PanIN-3 (Figure 3h), and Invasive Carcinoma (Figures 3i, 3j), which were found in 20%, 20%,
40%, and 20 % of rats, respectively (Table 1).

PanIN-1 (Figures 4b, 4f) was featured by flat lesions with low-grade dysplasia,
composed of columnar epithelial cells presenting uniform nuclei perpendicular to the basement
membrane of ducts. PanIN-2 (Figures 3g, 4c) was morphologically more complex than PanIN-
1 since it showed moderate dysplasia grade, nuclei (enlarged in size and number) presenting
cell polarity loss, hyperchromasia, and pseudostratification.

On the other hand, P-MAPA therapy application alone has effectively reduced the
progression of pancreatic neoplastic lesions. Ductal hyperplasia (Figure 4a), PanIN-1 (Figure
4b), and PanIN-2 (Figure 4c) was the histopathological changes mostly observed in 40%, 40%,
and 20% of rats, respectively (Table 1).

Rats treated with P-MAPA in combination with gemcitabine presented better
histopathological repair from the rats exhibiting cancer than the ones in the DMBA+P-MAPA
and DMBA + Gemcitabine groups since the P-MAPA + Gemcitabine treatment has reduced
the progression of pancreatic neoplastic lesions in 80% of rats (Figures 4d, 4e, 4f; Table 1).
Normal ductal morphology (Figure 4d) was observed in 60% of rats. Ductal hyperplasia
(Figure 4e) and PanIN-1 (Figure 4f) were the histopathological changes mostly found in this
group - 20% and 20% of rats, respectively (Table 1).

Chang et al. [46] have shown that Gemcitabine chemotherapy in combination with
TLR2 agonist (rlipo-E7m/CpG) has led to a significant decrease in pancreatic tumor size.
Similarly, Ghansah et al. [21] have shown a significant decrease in tumor growth in rats
subjected to treatment based on the combination between gemcitabine and dendritic cell
vaccine immunotherapy.

Treatment based on the combination between triacyl lipid A (OM-174) and
cyclophosphamide chemotherapy was more effective in reducing tumor growth than treatments
based on OM-174 or cyclophosphamide application separate [43].
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CONTROL

DMBA (Cancer)

PanIN-3

DMBA + Gemcitabine

Figure 3. Photomicrographs of the pancreas from (a, b) Control, (c, d, e, f) DMBA, and (g, h, i, j) DMBA +
Gemcitabine groups. (a), (b) Pancreas composed by rounded serous acini (A) containing basophilic cells,
representing the exocrine region of the gland; islet of Langerhans (l), characterizing the endocrine region;

interlobular ducts (D) composed by simple cuboidal epithelium, surrounded by stroma (S) rich in collagen fibers
and blood vessels. (c), (d), (h) PanIN-3 characterized by papillary or micropapillary lesions with high-grade

dysplasia; the nuclei were bulky, pleomorphic, and showed loss of cellular polarity; stroma (S). (e), (f), (i), (j)
Invasive carcinoma characterized by neoplastic cells with intense cellular atypia, arranged in nests or cords

(asterisks) infiltrating the desmoplastic stroma (S); neoplasic cells with bulky nuclei, pleomorphic and with
evident nucleoli. (g) PanIN-2 is characterized by a moderate grade degree of dysplasia; nuclei enlarged in size
and number, with loss of cell polarity, hyperchromasia, and pseudostratification.
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" PanIN-1

DMBA + P-MAPA

DMBA + P-MAPA + Gemcitabine

Figure 4. Photomicrographs of the pancreas from (a, b, c) DMBA + P-MAPA and (d, e, f) DMBA + P-MAPA
+ Gemcitabine groups. (a), (¢) Ductal hyperplasia characterized by proliferation of cuboidal ductal cells (arrow);
Interlobular ducts (D) rounded serous acini (A) and stroma (S). (b), (f) PanIN-1 is characterized by flat lesions
with low-grade dysplasia, composed of columnar epithelial cells with uniform nuclei oriented perpendicular to
the basement membrane of ducts. (¢) PanIN-2 characterized by moderate grade degree of dysplasia; nuclei
enlarged in size and number, with loss of cell polarity, hyperchromasia, and pseudostratification; (d) Pancreas
composed by rounded serous acini (A) containing basophilic cells; interlobular ducts (D) composed by simple
cuboidal epithelium, surrounded by stroma (S) rich in collagen fibers and blood vessels.

Clinical studies have shown positive results in PC patients subjected to
immunotherapeutic associations [18, 47]. According to Dias et al. [22], the association of
intravesical P-MAPA immunotherapy with cisplatin (systemic) has reduced the progression of
urothelial neoplastic damages and enabled histopathological repair in 80% of rats with
chemically-induced bladder cancer.

Although the association between chemotherapies is the alternative most often selected
to elaborate treatment regimens focused on pancreatic tumors, the association between
chemotherapy and immunotherapy can also be applied to treat patients who are not suitable for
pancreatectomy, as well as to the ones presenting unfavorable conditions to operate locally
advanced and metastatic PC [48]. Therefore, the combination between immunotherapy and
chemotherapy is a potential evolution in PC treatment.
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Thus, the current study has shown that the association between P-MAPA
immunotherapy and Gemcitabine in PC murine model was effective, reasonably tolerated, and
did not show apparent antagonism signs between drugs.

3.3. P-MAPA immunotherapy in association with Gemcitabine chemotherapy activates the
interferon signaling pathway, decreases disease proliferation, and increases apoptosis.

The most elevated TLR4 protein levels were found in the DMBA + P-MAPA, DMBA
+ P-MAPA + gemcitabine, and Control groups in comparison to the other experimental groups
(Figure 5a). In addition, DMBA and DMBA + Gemcitabine groups did not show significant
differences in TLR4 protein levels (Figure 5a).
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Different lowercase letters (a, b, ¢, d) indicate significant differences (P<0,01) between the groups after
the Tukey’s test.

Figure 5. Western Blotting and semi-quantitative determination for (a) TLR4, (b) IRF-3, and (c) IFN-y protein
levels. Specimens of the pancreas were pooled from five rats per group for each repetition (duplicate) and
utilized for semi-quantitative densitometry (0D — Integrated Optical Density) analysis of the TLR4, IRF-3, and
IFN-y levels following normalization to the B-actin. Groups: Control (Group 1); DMBA (Group 2); DMBA + P-
MAPA (Group 3); DMBA + Gemcitabine (Group 4); DMBA + P-MAPA + Gemcitabine (Group 5). Data were
depicted as the mean =+ standard deviation. Different lowercase letters (a, b, ¢, d) indicate significant differences
(p <0.01) between the groups after Tukey's test.

IRF-3 protein levels were significantly higher in the DMBA + P-MAPA + gemcitabine
group than in the other experimental groups (Figure 5b). In addition, these levels were
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significantly higher in the DMBA + P-MAPA group than in the Control, DMBA, and DMBA
+ Gemcitabine groups (Figure 5b).

The highest IFN-y protein levels were found in the DMBA + P-MAPA + Gemcitabine
and DMBA + P-MAPA groups compared to the Control group (Figure 5c¢). In addition, these
contents were significantly higher in the DMBA group than in the DMBA + Gemcitabine group
(Figure 5c).

Moreover, the current study has shown that the proliferative effect has significantly
increased in rats belonging to the DMBA and DMBA + gemcitabine groups compared to the
other experimental groups (Figure 6a). DMBA + P-MAPA + Gemcitabine, DMBA + P-MAPA,
and Control groups have shown significantly lower mean proliferative index values (Figure
6a).
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Different lowercase letters (a, b, c, d) indicate significant differences (P<0,01) between the
groups after the Tukey’s test.

Figure 6. (a) Percentage of Proliferative Index; (b) Percentage of Apoptotic Index; (c) Proliferation/Apoptotic
Ratio (P/A). Groups: Control (Group 1); DMBA (Group 2); DMBA + P-MAPA (Group 3); DMBA +
Gemcitabine (Group 4); DMBA + P-MAPA + Gemcitabine (Group 5). The data were depicted as mean + SD.
Different lowercase letters (a, b, ¢, d) indicate significant differences (p <0.05) between the groups after Tukey's
test.

The apoptotic index has shown different cell death kinetics in all treatments (Figure
6b). This index was significantly higher in rats belonging to the DMBA + P-MAPA group than
in rats belonging to the other groups. On the other hand, DMBA + P-MAPA + Gemcitabine
and Control groups have shown notably higher mean apoptotic index values than the DMBA
and DMBA + Gemcitabine groups (Figure 6b).
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Moreover, the proliferation/apoptotic ratio (P/A) was significantly lower in the DMBA
+ P-MAPA + Gemcitabine and DMBA + P-MAPA groups than in the other groups; these two
groups have shown the prevalence of apoptotic process (Figure 6c).

TLRs agonists are an important research topic and innovation in cancer treatments, such
as bladder cancer [20,40, 49]. TLRs play a crucial role in activating innate and adaptive
immune responses [49]. TLR4 activation in host macrophages has generated different
inflammatory cytokines capable of affecting tumor growth. However, TLR4 signaling has
produced cytokines (IFN) that have antitumor effects due to TRAIL (TNF-related-apoptosis-
inducing ligand) induction - TRAIL is an effective tumor cell death inducer [50]. Tumor
suppressor activity performed by the immune system strongly depends on IFN-y activity,
which, at least in part, regulates tumor-cell immunogenicity [51]. IFN-y stimulates several
antiproliferative and tumoricidal mechanisms in macrophages and tumor cell lines; besides, it
also has a strong impact on solid tumor growth and metastasis and likely plays an initial role
in preventing metastasis development [52-54].

According to D'Agostini et al. [43], OM-174 (TLRs 2 / 4 antagonist) has decreased
tumor progression and increased the survival rate of rats with B16 melanoma. Furthermore, a
recent study has shown that OM-174 was unable to induce tumor regression in both IFN-y and
TLR4 knockout animals with induced breast cancer [55]. Garcia et al. [40] have shown that P-
MAPA intravesical immunotherapy applied to bladder cancer animal models has activated
TLRs 2 and 4-mediated innate immune system and led to increased interferon signaling
pathway (TRIF, IRF-3, IFN-a, and IFN-y), which was fundamental for histopathological
recovery from cancer stage.

Thus, it is possible saying that interferon signaling pathway activation caused by P-
MAPA treatment alone, or associated with gemcitabine, has increased apoptosis and decreased
abnormal cell proliferation, which resulted in histopathological recovery.

4. Conclusions

Data analyzed in the conducted experiments indicate that interferon signaling pathway
activation by P-MAPA immunotherapy application alone and/or associated with Gemcitabine
chemotherapy may enable new immunotherapeutic approaches to PC.
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