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Abstract

Pancreatic cancer is a fatal disease with mortality rate of 5% and a with a limited survival rate of
5 years. Despite of the extensive efforts that has been made to cure the disease it still has been
considered as ‘undruggable’. It is characterized by epithelial to dense stromal tumor formation
however due to lack of diagnosis options and treatment test available to detect the disease to the
point at which resection of the tumor is possible, it makes it the fourth leading cause of cancer
related death. The unavailable information regarding the early detection of biological markers
along with the increased invasive tumor, the inherit chemoresistance against medication radiation
and chemotherapy stubbornly fail the therapeutic options available. These associated problems
made the scientists to reevaluate the approaches that are currently in practice and take a step back
to fully understand the basic biological pathways that are involved in the pancreatic cancer, the
heterogeneity of the tumor itself along with expression and a number of mutations that are
observed at different locations. Clinical trial along with new approaches are nowadays focus of
research to treat this tumor. The review paper describes the basic cellular pathways involved in
pancreatic cancer, the gene mutations and their expression having effect on the pathology of the
diseases along with treatment options that are available to treat the tumor. These efforts will help
with the expansion of our knowledge to undergo the clinical trial and the synthesis of novel
medicines for the prognosis of the disease.
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Introduction

Cancer induced death has increased to an alarming rate over the past decade despite of the immense
efforts that has been carried out over the decade for its effective treatment it still has been marked
by poor diagnosis and low survival rate. Novel approaches from radiation chemotherapy to
selective target drugs have been developed but none has the ability to classify it as a nonmalignant
disease. [13] The therapeutic approaches to treat cancer includes surgery, [14, 15] radiation
therapy, [16] chemotherapy, [17, 18] Drug therapy [19, 20], photodynamic therapy [21] etc. If the
tumor is resectable then chemo or radiation therapy is afterwards recommended to avoid
reoccurrence. Endoscopically pancreatic juice introduced into the patients having signs and
symptoms of pancreatic disease has been suggested to determine the early detection of PC as the

cancer once progresses has less chances of survival. [22]

Pancreatic cancer has a characteristic stromal rich, elevated ROS production and increased drug
resistance [23] Pancreatic ductal adenocarcinoma (PDAC) a type of PC is notorious cancer that
spread and grow quickly with only 20% patients suffering from it can be cured reducing the
survival rate of patients to less than 5%. It accounts for 95% of tumors that are developed in PC.
The genetic as well as environmental factor along with smoking habit of individual, diabetes and
high fat and cholesterol diet, obesity, and hypertension are known risk factors. High alcohol
consumption is also one of other factors for its progression[24]. Cancer arise from inflammation
and is critical for its progression. Nearly 20% of cancers is due to chronic infections. Inflammatory
mediators such as growth factors, chemokines, and cytokines release immune cells during
inflammation, these in the microenvironment of tumor not only promotes but as well as inhibits
inflammation-induced cancer [25]. These inflammatory mediators produce ROS and therefore play
a critical role in cancer. 96% of the pancreatic tumor are of exocrine nature while remaining are
neuroendocrine type. PDAC is an exocrine while pancreatic neuroendocrine tumours or
PancNETSs. [26] There are a number of stress signaling molecules that are involved in the PC and
the altered redox hemostasis disrupt its normal functioning resulting either promotion or inhibition
of cancer. Some of these are (NRF2), [27] kelch-like protein 19 (KEAP1), NF-kB is a transcription
factor and mutation in any of its five dimers can assist PC [28] MYC-C is a targeted oncogene
[29].This gene in PDAC is activated by PIN1 along with NRF2 utilizing Kras/ERK/NRF2

pathways which maintains the redox making PIN1 a good target which will restore the redox
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balance. [30] The restoration of signaling molecule mTOR _pathway [31, 32] Inactivating mTOR

mutations or by synthesizing potential inhibitors of its pathway reduce oxidative stress [31].

Pancreatic cancer originates from pancreatic lesion that are fluid filled sac normally present on or
in pancreas. The cancer can be found in epithelium, known as pancreatic intraepithelial neoplasia
(PanIN 1-3) or can be fully invasive and the most commonly occurred Invasive ductal carcinoma.
In PC a number of growth factors (GF) are overexpressed and its receptors such as EGF and its
ligands such as TGF-alpha, GFs and their receptors such as fibroblast growth factors, nerve growth
factor, platelet-derived growth factors, and insulin-like growth factors and their respective
receptors are overexpressed in PC and contribute to genetic variation and variable phenotype along
with ability to rapidly divide and grow. Alteration in growth inhibitory and apoptotic pathways
with a significant number of growth promoting factors give PC cells a lead to grow which clinically
results in rapid tumor progression and poor survival prognosis. [33] Gastrin is a hormone that is
expressed in fetal pancreas where it plays important functions, however it stops its expression at
week 14 of embryo. It is not found to be expressed in adults. CCK receptor is reactivated by gastrin
during PIN1 in PC which induces signaling through the AKT pathway resulting in cell
proliferation [34]. An expression transmembrane receptor insulin-like growth factor-1 receptor (
IGF-1) regulated by interfering RNA (siRNAs) can be seen in PC. vascular endothelial growth
factor receptor (VEGFR) are the most commonly used receptors for the treatment of cancer
evaluating angiogenesis in PC [35] with its overexpression became a probable biomarker for
prognosis [36] and can be used for early detection of PDAC [37] The integrin a5B1 has a suggested
a role in cancer development and progression, the inhibition of this upregulated receptor
significantly reduces PC invasion induced by radiation [38] somatostatin receptors (SSTRs) are of
5 types that includes SST1 ,SST2,SST3,SST4,SST5. The type 1, 3 and 5 display a major role in
inhibiting pancreatic cancer growth.[39]The neuroendocrine type tumor of pancreas express this
receptor and targeting this receptor in gastro-entero-pancreatic neuroendocrine tumors has proved
to decrease the aggressiveness of the disease[40] cell surface Death Receptors (DR5),the TRAIL
bond to DR5 and induces extrinsic apoptosis [41] There has been various reports suggesting the
overexpression of claudin-4 receptor to be associated with PC with its expression being reduced
with Clostridium perfringens enterotoxin (CPE) and can a good target for treatment,[42-44] the
RON receptor and the angiotensin Il receptor AT-1 are expressed in pancreatic tumor cells
[45],estrogen receptor (ER) [46],cell surface receptor CD44s[47]. transferrin receptor is highly
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expressed in PC[48] with its suggested role to be involved in supporting mitochondrial respiration
and generation of ROS thus Significant for PC growth and survival [49]. Targeting the
overexpression of Adrenomedullin receptor[50], MUC1 receptor [51] has also been fruitful.
The epidermal growth factor receptor (EGFR) belong to family ErbB-1; HER1 in humans is a
receptor protein that when binds through one of its ligand provide instruction for cell
differentiation and profileration [52]. PDAC is dependent of EGFR signaling [53] . Its uregulation
in PDAC increase cell multiplication, promote its growth, progression and survival along with
decreased in rate of programmed cell death. EFGR are activated by growth factors as EGF and
TGF-a which subsequently dimerize and activates intracellular pathways by autophosphorylating
their tyrosine residues. These pathways include Ras/Raf/MAPK, PI3K/AKT and JAK/STAT
pathways. Members of cytokines family like IL-1 and TNF a activates NFKB pathway and its
activation is observed in PDAC whose inhibition leads to induction of apoptosis in PDAC and
increases chemo sensitivity. phosphatidylinositol 3-kinase/AKT, c-Myc, and the Ras/Raf pathway
are also found to be over activated in many PDAC cases [54]There has been extensive literature
available on targeting these receptors and using it as a potential treatment option for PC. Below in
the Figure | are few of the more receptors that are found to be expressed in PC Targeting these
signaling protein or its pathways and regulating the expression of the proteins have been exploited
by pharmaceutical companies[55] P53 is another protein that is overexpressed in PC and its
downregulation decreases pancreatic tumor growth[56, 57]. Another TF known as GLI
transcription factors it was found that GLI-SOX2 signaling axis has a role in PC and
the reduced SOX2 expression or down-regulation of GLI transcription factors may be effective

in sensitizing PC to gemcitabine treatment.[58] There are significant number of genes that has

so far been identified to be mutated in PC and expression is regulated in practice and clinical trial.
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Frequent mutations in Genes of Pancreatic cancer

Six genes of FPC families’ are associated with high risk when it comes to PC mutations and these
genes are BRCA1, BRCA2, CDKN2A, TP53 and Lynch syndrome genes such as MLH1 and ATM
.They have been recognized in 5.5 percent of all Pancreatic patients, together with 5.2 percent of
disease patients without a family ancestry of pancreatic disease.[59, 60] P53 is among one the most
common mutations observed in PC and this mutation results in loss of functioning which may
damage the DNA within PC cells and the sensitivity to GME may be due to this mutation. Recent
evidences suggest that the increased chemoresistance during the treatment is due to epithelial to
mesenchymal transition (EMT) .There are various reports suggesting the use of miRNAs as a
regulator of EMT, with miR-200b elevation that can act as potential biomarker for
chemosensitivity.[61]RUNX2 is expressed at increased levels in patients suffering from PC and
knockdown of this using siRNA has shown to increase sensitivity of GM treatment on PC
regardless of P53 mutation [62]. Targeting EMT-TF Zebl has also been recommended for
regulating EMT [63] Besides these genes there are some mutations like in CFTR that significantly
increase the risk of PC[64] BRCAZ2 genes increases the female chances of acquiring inherited
breast or ovarian cancers while elevating man's chance of developing prostate or breast cancers.
They also increase the risk of PC and melanoma in both genders. CDKN2A gene is a germline
gene, which responsible for carrying information for inhibition of cyclin-dependent kinase 4
[INK4A] and testing is usually recommended for patients with those in which the acquired genes
of PC runs in the family. Other mutations that are observed in PC are PALB2, a localizer and
partner of BRAC2, STK11, PRSS1, activation of K-ras onco gene and inactivation of TP53. [65]
Besides the above mentioned genes, some other genes of FPC families that are also found to be
mutated in PC are PALB2, and genes that some other genes that are linked to Lynch syndrome
such as MSH2, MSH6, PMS2, and EPCAM. These germline mutations increase the risk of PC as
well as other types of cancers. Activation of Kras and inactivation of TP53 Cdkn2A/Ink4A results

in the development of PC in mouse.

Recently increasing efforts has been made to cure PC as it’s unlike other cancer types respond poorly
to chemotherapy specifically CSCs are not eradicated by these treatment which hence make it non
curable. A number of serum biomarkers are present for the identification of PC. carbohydrate antigen
19-9 (CA 19-9) is one of the biomarkers that has proved to be involved in PC prognosis however its
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non-specificity to PC and in even patients suffering from PC may not even show level of CA 19-9.
[66] The serum level of soluble urokinase plasminogen activator receptor is another receptor which
has also been recognized as a probable biomarker for PC patients which are undergoing tumor
resection[67]. Detection of CXCR4 may acts as an another uselful biomarker for prognosis of the
diseases[68]. KRAS, TP53, CDKN2A ,SMAD4 and P16 genes are the most common mutated genes

[69] The diagram Il represent an extensive list of mutated genes

Mutations of oncogenes with inactivation of tumor suppressor genes and overexpression of growth
factors are involved in PDAC. It is essential to have a better understanding of these pathway that are
utilized to synthesize therapeutic drugs that target these proteins and pathways of cancer. Some of the
pathways of pancreatic cancer are discussed below

Figure | Pancreatic genes mutations

Mutatio
ns in PC
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1 Pancreatic cancer pathway
1.1  Apoptosis
Apoptosis is a programmed or intrinsic cell death which maintains tissue homeostasis through

utilizing its pathways. Reprogramming the signaling pathway and acquiring innate resistance to
the chemotherapeutic drug can favor in progression or formation of tumor. This is experience in
PC[70]. Chemo or radiation therapy works on apoptosis and the alteration to the apoptotic pathway
result in the developed resistance experienced during treatment. There are two pathways that are
involved in apoptosis i.e Intrinsic mitochondrial pathway and Extrinsic death receptor pathway.
Both intrinsic and extrinsic pathways lead to killing of cell. Caspases are cleaved and activated
from its inactive form to its active form in response to death receptors , which will then cleave a
wide range of substratses which will eventually results in apoptosis. [71, 72] The effector caspases
are the main executioner of apoptosis. Cancer cells figure out how to avoid every one of them in

the process of their oncogenic transformation by procuring resistance mechanisms. [73]

Apoptosis through ER stress dependent pathway is also reported. The ER stress disturb protein

folding in the ER and generate a cellular response to stumli. unfolded protein response (UPR) is a

process that restores this unfolding to balance the hemostasis. However if due to any circumstances
the balance cannot be restored the disturbance of cellular processes along with apoptosis occur.
ER stress-induced cellular dysfunction and cell death as major contributors to many diseases

including cancer[74]

1.1.1 Intrinsic Pathway/Mitochondrial Pathway/Apoptosome Mediated Apoptosis
It originate from inside the cytosol of cell and it mainly targets mitochondria.The process is
described in the diagram [75, 76]
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1.1.2 Extrinsic pathway
In this pathway the Signal originate from outside the cell. The process is described in the

diagram.[77]

EXTRINSIC PATHWAY OF APOPTOSIS
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Figure Ill Extrinsic pathway of Apoptosis
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1.2 Sonic Hedgehog signaling
Sonic Hedgehog signaling (Shh) is activated in PC and plays a significant part in embryonic

development and CSCs regulation. The expression of Hh ligand is observed in major number of
PC cell lines. In PDAC an oncogenic Kras promotes Shh expression via NF-«B signaling.
However, role of Hh signaling for PC development, progression and metastasis is not well studied.
Using smoothened signals inhibitors for the clinical treatment of PC has failed due to lack of
understanding of Hh signaling [78].NF-kB expression, MMP9 expression, and Glil expression
may help in prognosis of PC hence can be utilized as a biomarkers to guide therapies for PDAC in
the future.[79] Triacetyl resveratrol upregulates miRNA-200 and suppresses the Shh pathway
in PC and was found to be effective in its treatment. [80]

1.3 Small GTPAs/small G-proteins pathway in pancreatic cancer
Cancer develops due to mutations in small GTPAs pathways and signaling networks. Rac2, RhoA

and Cdc42 are three members of Rho GTPas family. Activation of Rac2, RhoA has effect on
fibroblasts and tumor formation. Changes to the Rho GTPase pathways observed in PC along with
overexpression of Racl GEF( guanine nucleotide exchange factor) such as Vavl . Some reports
suggest the blocking of Racl binding to its effector PAK1 Following dose-
dependent activation of EGF induced by Racl results in decrease in cell multiplication and
migration was experienced in a number of PC cell lines. The animal model of PC using mouse
showed the inhibition of GGTase | which was found to be linked with reduced tumor growth in
association with the inhibition of protein geranyl-geranylation. GGTase | is in clinical trial

however the convincing results has yet to published [81].

Four K-Ras effectors that are characterized by Ras domain has a role in initiation and progression
of PC tumor and these effectors are namely; mitogen-activated protein kinase (MAPK) pathway,
phosphoinositide 3-kinase (PI3K) pathway, Ral guanine nucleotide dissociation stimulator (Ral-
GDS) and Ras-related C3 botulinum toxin substrate 1 (Racl) GTPase. These receptors are
inhibited usually through MAPK and PI3K pathways. K-Ras effector, the Racl signaling pathway
is important for PC development because of its role in the PC initiation and progression. The drugs
targeting Racl and Racl/PAK inhibitors of the pathway was found not to effective in animal
models therefore the second generation inhibitors of the Racl inhibitors that are now
recommended are Ehop-016 which blocks Racl and Rac3 and AZA1 that blocks Racl and Cdc42
and PAK kinase inhibitor FRAX597 that blocks group | PAK kinases. These drugs have been
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proved to be beneficial against mouse models of various types of cancer. However its effect in
preclinical trial has yet to determine for making it a PC drug [82]. Kras which encode small
GTPases. its activation been identified in more than 90% of PC. The activation from its non-active
to active state is governed by guanine nucleotide exchange factors (GEFs). KRAS inactivation is
mediated by GTPase-activating proteins (GAPS), which induce hydrolysis of GTP[83]

1.4 Transformating growth factor Beta TGFp

TGFp signaling has TGAP ligand and receptor TGFRp. The cellular signaling begins after binding
of this ligand to receptor. TGF[ has a number of cellular activators works and through two different
pathways that are associated with cell growth, proliferation and differentiation. These allow the
cell to gain properties like metastasis and angiogenesis and also imparts functions to convert a
normal cell into a cancer cell. This pathway has been targeted for cancer therapy [84]. Galunisertib
is a receptor blocker of TGFp. It was administered to patients with unresectable PC tumor along
with chemodrug gemcitabine. The synergic treatment of the two resulted in increase of the
survival rate of patients[85] In cancer cells, EMT is controlled by Snaill, a transcriptional factor
also required for the activation of cancer-associated fibroblasts (CAF). USP27X is a protein coding
gene increases Snaill stability moreover its downregulation of USP27X decreased Snaill protein
in several tumor cell lines. Depletion of USP27X prevented TGFpB-induced EMT and fibroblast
activation. [86] TGFp and PD-L1 pathway inhibitors may synergize in PDAC [87].

One another pathway that is involved in PC is the Notch pathway. Targeting Notch pathway with
its downregulation contributes to the inhibition and apoptosis of PC cells [88]. Wnt
Signaling pathway is also found to be reactivated in various cancers including PC.[89]. chemokine
receptor 4 (CXCR4) can modulate this pathway and can acts as drug target [90].The TRIM29
gene is overexpressed in PC with correlation being found to be associated with high level of f-
catenin and the gene activates Wtn and its cascading pathways [91].c-Jun N-terminal kinase
signaling pathway,[92] B1-Integrin signaling[93] and KRAS signaling [83, 94] are also some of

other the pathways that are associated with PC.

2 Therapeutic approaches to treat pancreatic cancer
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2.1 Apoptosis

Colony formation assay determined the anticancer potential of extract of Cordyceps sinensis against
human PC cell line MIAPaCa-2 and Capan-1 cells. It inhibited the number of cells that were viable in
the cultural medium, its ability to multiplicate and form colony. It also arrested the cell cycle and
brought about the early apoptosis of PC cell lines used in a dose dependent and time-dependent
manner. The same effect was also observed in vivo. Decrease of AYm and upregulation of Bax,
cleaved caspase-3, cleaved caspase-9, and cleaved PARP as well as downregulation of Bcl-2 both in
vitro and in vivo indicated that the mitochondria-mediated intrinsic pathway was involved in

cordycepin’s antitumor effect [95].

Galectin-9 (Gal-9) is a tandem-repeat type galectin has been studied to evaluate its effect on
proliferation of human PC cells and the association of microRNAs and Gal-9 with antitumor effects.
In PC cell line Gal-9 decreased cancer cell proliferation, elevated caspase-cleaved keratin 18 level and
the expression of cytochrome c along with reduced the expression levels of phosphorylated EGFR and
various receptor tyrosine kinases (RTKSs). Hence it induced intrinsic apoptosis in PC cell lines through
the caspase-dependent and caspase-independent pathways. Gal-9 suppressed tumor growth and may
acts as a new pharmaceutical target for the PC treatment.[96]

Capsaicin dose-dependently induced GO/G1 cell cycle arrest and apoptosis. The knockdown
techniques was used to reduce the expression of DNA damage-inducible gene 153 (GADD153) which
is a marker of the ERS mediated apoptosis pathway.[97].The knock down was carried by siRNA which
reduced the capsaicin-induced apoptosis in both PANC-1 and SW1990 cells. The in vivo studies using
xenograft tumor-induced mice also confirmed the capsaicin ability to significantly inhibit the growth
and metabolism of PC along with increasing the survival time. In addition capsaicin also increase the
expression of some key ERS markers, including glucose-regulated protein 78 (GRP78),
phosphoprotein kinase-like endoplasmic reticulum kinase (phosphoPERK), and phosphoeukaryotic
initiation factor-2a (phospho-elF2a), activating transcription factor 4 (ATF4) and GADD153 in tumor
tissues.[98]. Chemotheraphy promotes oxidative stress which activates Nrf2 and produce ROS which
induce autophagy. Nrf2 regulates ARE driven gene expression and its overexpression of Nrf2 has been
observed in PC. Bortezomib induce PC cell apoptosis and ER stress. It also increases ROS which activates Nrf2

and autophagy. Bortezomib (BZ) is a highly selective proteasome inhibitor, with chemotherapeutic
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potential however due to chemo sensitization, its effect alone is not sufficient and combining it with
drug that can co inhibit autophagy and Nrf2 signaling could be a promising combination therapeutic
approach for PC treatment.[99]. When a PCC cell lines were treated with BZ, it demonstrated a
defective phosphorylation and delayed translational arrest of Eukaryotic Initiation Factor 2 (elF2). As
a result ubiquitylated protein aggregates and ROS was produced which induced apoptosis. The
phosphorylation may be attributed to stress, a serine kinase target, in response to the presence of Heme
deficiency (HRI). It was found that HRI was responsible for this resistant cells and were abundant in
BZ activated elF2a kinase. These findings may suggest an alternate pathway for therapeutic

agents.[100]

Activation of signal transducer and activator of transcription 3 (STAT3) is usually observed in
different cancer types including PC and therefore are mostly targeted for treatment of cancer. The
activation is followed by cellular transformation and tumor formation. HO-3867 acts as an inhibitor
of STAT3, ROS-dependent ER stress pathway and induce cancer cell apoptosis thus can be targeted
for therapy of PC.[101]

Various physiological functions including glucose and oxygen insufficiencies, chemotherapy agents
induce ER stress which activates UPR signaling which help recover the cells from stress. GRP78 is a
regulator of the UPR and has found to be upregulated in PC with a role in multiplication, promotion
and invasion tumor. In PC CD133+ or AC133 acts as CSC biomarker which shows a role being
associated with cell self-renewal, tumorigenesis, metastasis, resistance, metabolism, differentiation,
autophagy, apoptosis, and regeneration [102]. The study shows that an overexpressed GRP7827 have
a significant role in the survival of normal stem cells however its association with CSC has yet to be
determined. UPR signaling keep the ROS level at minimum and transcriptionally regulate the enzymes
that are involved in the mechanism of detoxification. The cancer cells have diverse surrounding
microenvironment with an ability to react to hypoxia and hyponutirent condition. This enable them to
change their bioenergetics by a process of metabolic reprogramming. [103, 104] The CSC also
undergo this phenomenon to lower ROS level which may cause genetic material destruction and
instability of genomic. Through Metabolic reprogramming of CSCs it maintains ROS level to
minimum which prevents the DNA damage and genetic instability. Lipid hemostasis along with
oxidative stress is also essential for the normal and cancer cells. When cancer cells are multiplying

cells depends on high level of cholesterol and lipid which is provided by either upregulation of
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lipogenesis pathways or from exogenous source. Therefore, disruption of ER stress regulation affects
these processes as well. PC cell line used were stably expressing sShGRP78 was used to determine ER
stress regulator and its effect on phenotype of PC. The pathway that responsible for proliferation
survival, fatty acid metabolism, and cell organization and biogenesis are affected when GRP78 is
downregulated. It also maintains the balance of ROS species and the reoccurrence characteristics of
PC. The elevated UPR in PC give cells its “stemness” properties which are associated with aggressive

properties like chemoresistance and metastasis.[105]

2.1 Inhibition of PI3K/Akt pathway

Inhibition of PI3K/Akt pathway through Polo-like kinase 1 (PIk1) :

The observed activation PI3K/Akt pathway and efforts for its inhibition resulted fruitfully in induced
apoptosis of various cancers. PIk1 functions in controlling apoptosis and mitosis with its
overexpression being observed in various cancer cells. The report suggested the induction of apoptosis
with decreases of cell multiplication by downregulating PIk1 can achieved by inhibition of PI3K/Akt
pathway. Furthermore, PIK1 inhibition results in programmed cell death of cancer cells by inactivating
XIAP, activating caspase-3, upregulating BAX and downregulating Bcl-2. Using the information and
the associated molecular mechanism of PI3K/Akt pathway and PIk1 in that are involved in PC cell
proliferation and apoptosis may provide a novel approach for chemotherapeutic agent [106].

2.2 Inactivation of INK pathway

Hyperglycemia can affect pancreatic tumor growth, progression, invasion and migration,
proliferation by elevating ROS and inducing oxidative stress. Activation of the JNK pathway is
done by ROS species, its inactivation can be a useful therapeutic approach.[107] Targeting it in
combination with FU- or GEM-based regimens may be a useful therapeutic approach to overcome
resistance of PCCs.[108]

2.3 Activation of ERK/ EFRG and JNK pathway

Activation of EFRG/ERK pathway
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Association of glycometabolism with progression of PC has been recently identified. HIF-1aplha
is an important factor in glycometabolism of cancer. It functions by regulating tumorigenicity
through GLUTL.It regulates oxidative stress under inadequate oxygen supply in PC. Controlling
ROS increase EFGR which effects glycometabolism of cancer using ERK1/2 pathway. Activation
of EFRG/ERK pathway mediated by HIF-1aplha regulate glycometabolism of PC[109]

Activation of ERK and JNK

Sophoridine is a quinolizidine alkaloid isolated from traditional Chinese herbs having antitumour
potential by inducing ROS mediated apoptosis. The mechanism involves the inhibition of
ubiquitin-proteasome pathway which arrest cell cycle at S phage of PCCs, and induces apoptosis
using inhibitors of MAPK signaling pathway. Sophoridine has the ability to stop the PC cell line
growth in vitro and reduce the volume of xenograft tumors in vivo. The dose dependent amount
has been proved as preclinical drug with ability to decrease volume and mass of tumor as compare
to control group. Two ROS dependent pathways ERK and JNK were found to be activated in
compound treated tumor tissues with less proliferation in cancer cells, and more apoptotic cells in

Sophoridine-treated tumors.[110]

2.4 Activation of INK

Capsaicin-treatment resulted in the activation of JINK and JNK inhibitor

Capsaicin is a major pungent ingredient of red-chili pepper. It has the ability to induce apoptosis ,
cell viability, activation of JNK and increase the production of ROS with constant disturbance of
MMP , release of cytochrome c in the cytosol and activation of caspase-3 cascade in PC cell lines
AsPC-1 and BxPC-3 cells. Capsaicin treatment with these cell lines resulted in increased
expression of Bax, down-regulation of bcl-2, survivin and significant release of cytochrome ¢ and
AIF in the cytosol. It activated JNK and JNK inhibitor SP600125 afforded protection against
capsaicin-induced apoptosis. The capsaicin is given orally to the athymic nude mice resulted in
reduction of tumor growth of AsPC-1 by increasing the apoptosis and activation of JNK along
with an increased cytosolic protein expression of Bax, cytochrome ¢, AIF and cleaved caspase-3,
as compared with controls. Hence the capsaicin effectively acted as an efficient anticancer agent

both in vivo and in vitro. The proliferation was of the cell lines was inhibited without affecting the
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viability of acinar cells derived from normal human pancreas. The in vitro study confirmed the

antitumor effects of capsaicin in vivo in AsPC-1 tumor xenograft model.[111]

2.5 GPx1silencing utilizing Akt/GSK3p/Snail signaling
Glutathione peroxidase-1 (GPx1) modulates ROS by eliminating hydroperoxides. EMT is

involved in the chemoresistance in tumors. GPx1 silencing resulted in the EMT and GEM
resistance accompanied by activation of Akt/glycogen synthase kinase 3 (GSK3p)/ Snail
signaling. EMT and chemoresistance is inhibited by GPx1 by using Akt/GSK3[/Snail signaling
pathways in PDAC. GPx1 acts as a novel biomarker for predicting the response to GEM-based
chemotherapy.[112]

2.6 Activating NF-kB/STAT3 pathway

STATS3 signaling is associated with chemoresistance and is a molecular target in PC therapy. Its
role in response to gemcitabine treatment and subsequent chemoresistance of PC was studied.
Activation of STAT3 might promote CSCs on gemcitabine treatment in PC. Gemcitabine produces
ROS which assist the resistance by activating antioxidant response NF-kB which is controlled by
ROS and has role in malignant behaviors of tumor which activates CSC and aid its survival, growth
and multiplication. The treatment with Gemcitabine supported the CSC phenotype in PCCs by
activating the NF-xB/STAT3signaling cascade through Nox-mediated production of ROS.
Inhibiting the pathway in synergic treatment with gemcitabine can effectively increase the potency

of chemotherapy by suppressing pancreatic CSCs [113].
2.7 Activating SHH pathway

There are a number of drugs available for treatment of PC, the first line medication is Gemcitabine.
Its efficiency is limited due to natural resistance of PC cells. Tumor hypoxia activates TF such as
(HIF-1alpha) along with upregulation of heme oxygenase-1 (HO-1) molecules which supports PC
cells during oxidative stress. This upregulation along with several other factors are also activated in
response to stress and generation of ROS species which protects the body during inflammation
associated complications. This upregulation of HO-1 is found in PC cells with its inhibition being
associated with increased sensitivity during gemcitabine treatment. Therefore, one method for
treatment of PDAC is targeting HO-1 molecule. It was found that using both in vitro and in vivo

techniques in the presence of HO-1 inhibitors such as zinc protoporphyrin, tin protoporphyrin 1X
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(SnPP) under insufficient oxygen supply, PCCs become more tumour
resistant to gemcitabine treatment. Treating the tumor with SnPP alone and in combination with
Gemcitabine resulted in the reduction of tumor weight, decreased metastasis and increased the
efficiency of the used chemo drug when used in combination. The Caspase 3 activity was found to be
detected high when treated with the synergic treatment .Therefore the use of HO-1 inhibition and
gemcitabine under insufficient oxygen supply can be beneficial as it can suppress an in vitro
multiplication of PC cells but also cancerous growth in vivo..[114] One other report suggesting the
overexpression of HO-1 is related to increased sensitivity and proliferation and that the use of HO-1
inhibitor on PC cell line MIA PaCa-2 and PANC-1 decreased the cell proliferative ability by activating
SHH signaling pathway. [115]

2.8 Reduction of gene expression

2.8.1 Reduction of gene expression of sirtuin (SIRT)4 using chromatin modifier UHRF1

Patients suffering from PC has low survival rate, with resistant to chemotherapy and radiation
treatment. Epigenetic modification of tumor suppressors occur in PC which causes mutation in these
suppressors along with its silencing by the addition of methyl to a DNA molecule, a process known
as DNA methylation and chromatin modifications, which can be by modifiying chromatin contacts or
by making changes to nonhistone proteins to chromatin in the promoter region. A chromatin modifier
UHRF1 is found to be upregulated in different types of cancer cells and plays an important role in
progression and oncogenesis of PC cell. Oncogenic mutations in PC reprogram cancer cell
metabolism. UHRF1 increased PC cell growth by the use of oxygen and transforming glucose into
lactate by the process of aerobic glycolysis and decreased hypoxia inducible factor (HIF1)a protein
levels. UHRF1 reduces the gene expression of sirtuin (SIRT)4 which is located in the mitochondira
and is a negative regulator of mitochondria of aerobic glycolysis and an antioncogene and play a role

in oncogenic stress. [116, 117]

2.8.2 Targeting dCK expression

5-fluorouracil (5-FU) and Gemcitabine are the most commonly used pancreatic cancer drugs. The
latter being a proto drug has to be transformed into its active form which takes place intracellularly by
deoxycytidine kinase (dCK) by phosphorylating it to mononucleotide active drug. dCK functions as a

catalyst in the process by catalysing the rate- limiting step in gemcitabine metabolism. Its impact on
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pancreatic cancer proliferation was reported. It suggested that the decreased expression of dCK results
in NRF2/ARE hyperactivation associated with increase in the level of ROS reinforcing gemcitabine
resistance. This signaling pathway decreased expression of ARE- driven antioxidant
genes. dCK exhibit tumor suppressive role PC cell lines.[118]

2.9 Nrf2 Regulation

Nrf2 also known as Nfe212 and its suppressor protein Keapl is seen overexpressed in PC. Changing
the activity and level of Nrf2 may display a potential role reducing the PC growth and increase its
sensitivity to the developed drugs.[119] The deregulation of different pathways such as
PIBK/AKT/mTOR is observed in tumor cells and is thought to promote cell survival through Nrf2
activation. [120] PC cells have the inborn ability to show resistance against chemotherapy drugs and
this resistance is due to abnormally elevated Nrf2 protein levels. This thus opens a possibility of
developing drug that results in regulation of Nrf2 protein levels. Increased drug resistance is observed
in PC with increased protein level of Nrf2 which can be due to overexpression of exogenous Nrf2 or
by activating endogenous Nrf2. Drug changes its resistance with expression levels of Nrf2 downstream
genes such as ABCG2. [121]

29.1 TGF-p1 and Nrf2

TGF-B1 is a secreting protein belong to cytokinin and plays role in both tumor suppressor and
promoter depending upon stage of tumor and cellular context [122] making it a predictive
biomarker for treatment of cancer[123, 124]. Dysregulation of its signaling pathway is associated
with various cancer types [125]. Clinical trial have been conducted to target TGF-f signaling for
treatment of PC [126] 7GF binds to its receptor forming TGFBR whose inhibition has been proved
to be effective in PC treatment especially in patients who has already lost tumor suppressive TGFf3
signals in the epithelium[127]. MUCL1 protein which is also a of TGF-f inhibitors may regulate
TGF- function in PDA cells and thus have potential clinical trial [128] .

2.9.2 inhibiting Nrf2 signaling

Metabolic stress induces epigenetic alteration and overexpression of Nrf2. This upregulation
causes the cancer cells to protect itself from apoptosis and adapts enhanced proliferation favoring
the tumor formation as well as resistance to chemo and radiotherapy. Nrf2 protects the cells from

oxidative stress and maintain cellular redox hemostasis. Its activity is suppressed by the formation


https://doi.org/10.20944/preprints202102.0107.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 February 2021 d0i:10.20944/preprints202102.0107.v1

of complex when Keapl connects Nrf2 and Cul3 dependent E3 ubiquitin ligase. Upon the
disruption of normal redox hemostasis, Keapl-mediated proteasomal degradation is inhibited by
ROS causing the translocation of Nrf2 to the nucleus. Then Nrf2 binds to AREs and enhances
transcription of its target genes. Its overexpression is associated with the developed drug resistance
experienced during chemotherapy. The use of Nrf2siRNA to knockdown Nrf2 can be effective
against this chemo resistance. Tamoxifen is also reported to have positive impact on chemo
resistance. Drug resistance increased with overexpression of Nrf2 and decreases with its
downregulation in PC. This makes it a target to reverse chemo resistance experienced during
treatment. Digoxin is a cardiac glycoside used in heart failure with recent reports suggesting its
use in cancer therapy by inhibition of proliferation, induction of apoptosis. Digoxin has the ability
to inhibit activity of the Nrf2-ARE luciferase reporter gene in A549-ARE cells making it a
potential Nrf2 inhibitor through suppressing phosphate dylinositol-3 kinase (P13K)/Akt signaling
pathway. It also reverse drug resistance of gemcitabine in PC cells. Thus, digoxin might be a
promising agent to reverse gemcitabine resistance in gemcitabine-resistant pancreatic cancer cells
via inhibiting Nrf2 signaling.[129]. Natural compounds such as coffee alkaloid trigonelline (trig)
inhibit Nrf2 with a decreased proteasome activity, leading to an elevated sensitivity to apoptosis.
[130]

2.9.3 Inhibiting Nrf2—Keaplprotein-protein interaction

ROS promote cancer is regulated by the transcription factor Nrf2 and its repressor protein Keapl.Nrf2
is physiologically regulated while neoplasia which is uncontrolled growth of cells that is not under
physiologic control is found to be elevated upon basal expression of Nrf2.[131] .Somatic mutations
disturb the Nrf2—Keapl protein-protein interaction (PPI). It is required to steady the function of Nrf2.
Increasing the transcription of its targeted genes show elevated ROS detoxification and tumor
formation. Endogenous oncogenic alleles of Kras , Braf and Myc suppress ROS. K-Ras(G12D), B-
Raf(V619E) and Myc(ERT2) each increased the transcription of Nrf2 to stably elevate the basal Nrf2
and lower ROS to establish hemostasis. Using these oncogenes to increase the expression of Nrf2 is
novel suggested mechanism for the activation of the Nrf2, and is evident in human PC. Moreover,
Targeting oncogenes of Nrf2 pathway impairs K-RasG12D-induced proliferation and tumorigenesis
in vivo .Thus, Nrf2 antioxidant and cellular detoxification can acts as mediator of oncogenesis.[132]
Currently various efforts has been made to target this Nrf2—Keaplprotein-protein interaction for its
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inhibition can be effective in the cancer treatment.[133] However due to safety issues the clinical
validity for its activation has yet to be proven[134]. Chlorophyllin is made from chlorophyll has the
ability to form molecular bond with other chemical agents which are known to cause cancer.
Chlorophyllin sodium cupper salt a derivative of chlorophyll and a semisynthetic mixture inhibits
Keapl-Nrf2 protein-protein interactions via activation of Nrf2. Bonaphton a chemo drug also
display the same activity. These two along with its analogues has a potential to be of clinical trial
with the ability to act through Nrf2 activation. [135] New ligands that can increase oxidative stress
response by acting as a competitive ligand for binding of Nrf2 to Keapl. E78P peptide is one

suggested ligand which share the same properties and boost oxidative stress. [136]

2.9.4 Targeting expression of Nrf2

Humans detect and response to oxidative stress using Nrf2 and Keapl. Keapl targets Nrf2 for
ubiquitylation, leading to its proteasomal degradation. However the dysfunctioning is observed
between them under imbalance redox hemostasis with a resulted stabilization and accumulation of
Nrf2. Using five different PC cell lines the expression of Keapl was observed. Nrf2 target genes
AKR1cl and GCLC were detected in PC cell line. Expression of Nrf2 was found to greater in
PCCs. Treating the level and expression of Nrf2 therapeutically may reduce pancreatic tumor

growth, and increase sensitivity to therapeutics.[119]

2.9.5 Activating Nrf2 and Decreasing expression NAF-1 using resveratrol

The outer membrane of mitochondria and its associated membranes along with ER has an
autophagy factor known protein nutrient-deprivation autophagy factorl (NAF-1). The instructions
for this protein are provided by CISD2 gene. NAF-1 has association with life span in mammals
with mRNA expression level of NAF-1 increased in younger mice than in older mice. Cancer cells
adopts to a longer lifespan. The involvement of NAF-1 which antagonizes Beclin-1 -mediated
cellular autophagy at the ER was considered. A natural polyphenolic compound, Resveratrol
(RSV, trans-3, 5, 4-trihydroxystilbene), both pro and antioxidant potential and can reduce level of
ROS by oxidative stress-induced apoptosis or upregulate of ROS causing apoptosis, membrane,
DNA disruption and autophagy. It acts against PCCs by decreasing its growth using NAF-1
signaling. Redox-sensitive transcriptional factor Nrf2 is present in cytoplasm in inactive state via
tethering to Kelch-like ECH associated protein (Keapl) and gets activated under oxidative state.

The TF dissociates with Keap 1 and interact with ARE by moving inside nucleus. Resveratrol
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could activate Nrf2 and suppress the expression of NAF-1 in PCCs by inducing the accumulation
of ROS. Decreasing expression NAF-1 hindered PCCs proliferation and activated apoptosis. The
targeting of NAF-1 using resveratrol can improve the sensitivity of PCCs to gemcitabine. Thus
targeting NAF-1 with the currently used chemotherapeutic agent may enhance the efficacy of
therapeutic agent (gemcitabine) in PC therapy.[137]

2.10 Kras Mutation
There exists genetic diversity in patient’s suffering from PDA. Kras is the most commonly mutated

gene found in PDAC. ARID1A mutations in the PDA is also observed where the survival rate of
patients having gene mutated is less than those in which it is not mutated thus may acts as
prognostic marker for PDA[138] The differentiated state of mature cells or organs has hidden
plasticity which allow them to develop in response to environment and deviate functionally from
other cell types [139]. Such type of natural endothelium plasticity is also observed in Pancreas
which may have effect on tumor progression, translation and initiation. Pancreatic cellular
plasticity in neoplastic transformation in response to its environment and its potential role in the
generation of CSCs has been investigated. Formation of tumor occur with the mutation of tumor
suppressor gene when it is in an undifferentiated cell type. In PDAC mostly the mutation is
observed in Kras gene in differentiated cell with the clear compartment of CSC. The process
initiated by Kras require repression of epithelial differentiation program and suppression of those
factors that are normal activated during pancreas embryonic development. Also the signaling
pathway involved during this development restore its activity and contribute to tumor formation.
A diverse heterogeneity is also observed in cancer cells itself which has a subset of larger
population of its cells that are marked by differential expression of certain marker. Furthermore,
fibroblast present in the cellular component of microenvironment also plays a role in both tumor
formation and suppression. However, its specific role is poorly understood. Development of better
understanding of the composition of surrounding environment of cancer cells will help us develop
drugs that are more effective in its treatment. Pancreatic cancer cells with inherit plasticity of
transformed cells, late detection of the disease and poor understanding of the basic functions and
signaling pathways that are associated with it make it difficult to synthesize a drug that can

effectively cure it.[140]
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2.10.1 Targeting suppressor gene PIN1

ERK kinase are protein signaling molecules that are involved in the regulation of F-box and its
WD Repeat Domain-Containing 7 (FBW7) ubiquitination. FBW7 is a Mitochondrial negative
regulator of respiration in PCCs highlighting Kras/ERK/FBW7 axis in promoting PDAC
progression. A study was performed to understand the effect of PIN1 gene in PDAC mediated by
K-ras on redox balance. A decreased cancer cell growth and apoptosis was observed with
downregulation of PIN1 and this may be attributed to mitochondrial dysfunction. Silencing of this
gene damaged basal mitochondrial function by elevating intrinsic ROS level. PIN1 sustain the
production and formation of ROS by collectively activating c-Myc and NrF2 to upregulate
expression of antioxidant response element (ARE)-driven genes in PDAC cells. Thus,
Kras/ERK/NrF2 enhances the growth of tumor and establishes PIN1 as a therapeutic target which
can alter the redox hemostasis in PCCs[30].

2.10.2 Reduction of expression of Nrf2 which decreases Kras generated ROS

Oncogenic allele of KRAS activation increase ROS which upregulates GF signaling and result in
formation and progression of pre precursor lesion that can develop PC cells. Upregulation of
antioxidant genes balance the ROS level produced due to KRas-driven neoplasia. The therapeutics
involves the drug that can inhibit the expression Nrf2 reduces KRas-generated ROS to target
PDAC progression. Alternate line of treatment is the administration of mitochondrially-targeted
antioxidants such as mitoQ. Once the cancer is progressed the treatment should be focused on
elevating ROS level however for preventation of caner the level should be aimed to decrease.[141]

2.10.3 Use of RNA interface to target Kras

The use of nucleic acid sequencing such as siRNA to target Kras has been proposed by various
scientists to treat different types of cancer[142] mMRNA-17-92 with miRNA genes that collectively
encodes 15 mRNAth which are used for development and hemostasis with their deregulation and
mutation results in genes [143] can cause cancer of various types and its dysregulation and down
or upregulation may result in tumor formation. In most cancer regions an elevated level of miR-
17-92 cluster can be seen. It targets E2F TF which plays a role in apoptosis and DNA replication.
miR-21 increases tumor formation by targeting s PTEN, TM1, and PDCDA4, the suppressor genes

of tumor. RAS oncogene family constitute three members H-Rras, N-Ras and K-Ras. These are
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converted into its active form by either point mutation or amplification of wild type gene. The

active altered form is present in variety of cancer types.[144, 145]

2.10.3.1 miRNA-96 as tumor suppressor of Kras driven cancer

mMIRNA-96 Suppresses the mutationally activated KRAS in PC. Abnormal gene expression of
miRNA-96 is done by synthetic miRNA precursor which block KRAS, dampened Akt signaling,
and induce apoptosis in cells. miR-96 also reduce the metastasis and spreading of cancer cells to
other organs and tissue and decrease the cancer progression in such a way that is related with
KRAS downregulation. It acts as an efficient regulator of KRAS with a possible role in curing the
PC.[146]. Akt is overexpressed in various cancer types including PC. miR-96 could inhibit the
activation by phosphorylation of Akt pathway which is a downstream of KRAS. Xenograft mouse
model indicated that miR-96 to a greater extent inhibited the oncogenesis of PC cells. Thus, miRNA
is an antioncogene and hence can make a new medicinal approach for curing the PC.[147]

Kras undergoes mutation to form cancer and the most common of which is observed in gain-of-
function substitution mutation of glycine at codon 12 to aspartate (G12D). Parenteral controlled
drug delivery systems is a method used to control the slow release of drug which is imbedded in
biocompatible, biodegradable polymer matrix. For the purpose of experiment, it was named as
local drug eluter (LODER) which contained siRNA such as anti-KRAS®*?P siRNA (siG12D
LODER). The designed LODER has the ability to release the drug slow over an extended period
of time within the tumor as well as protect it from degradation. To determine the silencing
potential of siG12D, a specific siRNA directed against the mutant KRAS®*P, Pancl human
pancreatic carcinoma cells that bear this specific mutation in the KRAS gene was used. Local
prolonged siRNA delivery system (Local Drug EluteR, LODER) shedding siRNA against the
mutated KRAS (siG12D LODER). The stabilized and active LODER-encapsulated siRNA was
used where its treatment of PDA cells with siG12D LODER resulted in greater decrease in KRAS
levels, leading to inhibition of proliferation and epithelial-mesenchymal transition. In vivo,
siG12D LODER prevented the growth of human PC cells and increased the survival of mouse.
The siG12D LODER thus have therapeutic potential making the mutated KRAS indeed a drugable
target. [148] A clinical trial of the designed drug, siG12D LODER was performed on 15 patients
suffering from non-operable stage three LAPC. The drug was delivered to the targeted site

containing solid tumor using endoscope ultrasound (EUS) biopsy procedure. During the course of
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LODER implantation, patients also received Gemcitabine chemotherapy 16 days after the LODER
treatment. Serum-based tumor marker CA19-9 was found to be decreased in 70% of patients with
synergic treatment and eventually reached a normal level. By the end of nine months CT scan was
performed which showed a significant decreased in tumor growth. [149]

2.10.4 Upregulation of exosome CAT, SOD2 and DCK

Exosomes are spherical shaped bilayer mammalian Extracellular vesicles (EVs) [150], shed by normal
as well as PC cells using glypican-1 surface markers. Conditioned media of PCCs were treated with
gemcitabine. Exosomes was found to be the major factor in the chemoresistance by elevating the
production of ROS with an upregulation of superoxide dismutase 2 (SOD2) and catalase enzyme
(CAT) which acts as a carrier of mRNAs and non-coding miRNA. This upregulation of exosome
mediated transfer is likely through lateral transfer of their transcripts and through miR155-mediated
downregulation of gemcitabine-metabolizing enzyme, deoxycytidine kinase (DCK) Gem-Exo-treated
cells. It was also found that CAT, SOD2 and DCK as important genes involved in exosome-mediated
PC chemoresistance. [151] Another study was performed that showed the role of mesenchymal stem
cell (BMSC)-derived exosomal microRNA-126-3p (miR-126-3p) inhibited the development of PC
through the downregulation of ADAMY, highlighting the potential of miR-126-3p as a novel
biomarker for PC treatment. [152] An engineered Exosomes (iExosome) has also been suggested to
effectively treat PDAC. It has the ability to deliver iRNA and inhibit tumor formation and progression.
CDA47 present on exosome increase its half-life while macropinocytosis in Kras-mutant cancer cells
favor their exosomes uptake and protects exosome from phagocytosis. iExosome were used to carry
short hairpin RNA and target Kras®*2® with increased CD47 dependent efficiency and this process is
facilitated by the micropinocytosis mechanism. Treatment with iExosomes suppressed cancer in
animal model of PC and to a great extent increased the overall survival. Thus this approach can be

used for the direct and specific targeting of oncogenic KRAS in tumors using iExosomes.[153]

2.10.5 Inhibition of lysosomal acidification

Survival of Kras dependent PDAC depends on reprogrammed metabolism which among various
other factors also includes lysosomal degradation of proteins. Mutation in KRAS increase
lysosomal acidification. Macromolecules are transported into lysosome and degraded into amino
acid for production of nutrient supply and important biosynthetic reactions. The novel medicinal
approach to treat PDAC thus involves the disturbance of lysosomal catabolism by inhibition of
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lysosomal acidification. The use of ultra-pH sensitive nanoparticles can treat PC by releasing the

drug rapidly and lysosomal pH buffering.[154]

2.10.6 Micropinocytosis inhibition by targeting SDC1

It is well known that activation of macropinocytosis by KRAS in transformed cells occur through
Syndecan 1 SDC1 which serves as a KRAS effector by inducing and regulating macropinocytosis
in KRAS driven PDAC. However pharmacological inhibition of macropinocytosis has not been
accomplished. SDC1 should be considered as a target for treatment of PDA. Monoclonal
antibodies directed against SDC1 (CD138) are being tested for activity in multiple myeloma as
antibody—drug conjugates, proving the feasibility of developing targeted therapeutics against this
molecule. [155]

2.10.7 Inhibition of Autophagy and ERK MAPK
2.10.7.1 through inhibitor chloroquine

PDAC is characterized by KRAS mutation and tumor growth and formation that is dependent on
autophagy. The efforts to block the Ras protein directly has yet not been successful and the
alternate approach of inhibiting it indirectly by blocking the facilitating protein or pathways that
are associated with Ras[156]. Suppression of KRAS increase autophagic flux, as well as the
inhibition of its effector pathways ERK. It also decreases the metabolic pathway of glycolysis as
well as the functioning of mitochondriaPDAC dependence on autophagy and to some extent
reduces other KRAS or ERK-driven metabolic processes. By using the inhibitor of autophagy such
as chloroquine and by the use of gene inhibition therapy, an inhibitor that is specific autophagy
regulators together can increase the efficiency of ERK inhibitors to mediate anticancer activity in
KRAS-driven PDAC. Thus the synergic treatment of utilizing therapeutic inhibitors that can
simultaneously inhibit both ERK and autophagy processes that are upregulated in response to ERK
inhibition may be effective treatments for PDAC.[157]

2.10.7.2 through inhibitor Hydroxychloroquine
Another study that shows the dependence of KRAS on autophagy. The study suggested that upon

the presence of inhibitors of KRAS pathway, tumor become reliant on autophagy for survival, thus
the efforts should be focused on the removal of this dependency by targeting and inhibiting MEK
or ERK kinases combined with inhibitors of autophagy will have pharmacological important for
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patients with PDAC. Hydroxychloroquine is autophagy inhibitor is in clinical trials for
PDAC.[158]

Changes in the acquired DNA can influence the inflammatory tumor microenvironment and cancer
sensitivity. IDO2, is a gene of protein Indoleamine 2,3-dioxygenase 2 has been suggested to be a
modifier of immune escape in cancer cells as well as responsible for causing the inflammation
associated with it. It is expressed at a higher level in PDAC.[159] Gene deletion of IDO2 has an
effect on the PDAC development and its response to therapeutic treatment.. /D02 genotype analysis
can be beneficial for decision making process of further treatment especially for those who can

benefit from radiotherapy [160].

2.11 Cold physical plasma using inhibitor HSP90 PU-H71
HSP90 is molecular chaperone that is expressed by ubiquitous. Disturbing its activity results in

decrease tumor growth and apoptosis of cancer cells. A novel tumor therapy approach treats tumor
cells with cold physical plasma which results in breakdown of HSP90 by the production of ROS.
This cleavage is followed by degradation of tumor growth and angiogenesis regulator, PKD2.
Cancer cells are treated with HSP90 inhibitor such as PU-H71 followed by treatment with cold-
plasma effects the viability of cancer cells. Thus, the synergic treatment of the two at subliminal
dose is more effective. Some reports suggest the formation of ROS during cold plasma therapy
induce apoptosis and arrest the cell cycle of cancer cells. Cold plasma therapy mediates molecular
signals in epithelial tumors using HSP90 and its regulator PKD2. The dose of 1 uM PU-H71 is
adequate to induce apoptosis due to HSP90 inhibition-triggered PKD2 degradation. Using
different doses to induce cancer cell death, it was found that at 50 nM concentration cancer cells
were sensitized to therapy and this dose is sufficient to benefit from synergic effect of the two
treatments. Thus targeting HSP90 in combination therapy is a novel approach for treatment of
cancer.[161]

2.12 Magnetic Nanoparticles

2.12.1 Upregulation of Galectin-1 using Magnetic NPs

Magnetic NP has been used for the treatment of PC [162-164] Magnetic NP that are biodegradable
are prepared using recombinant human serum albumin (rHSA) and incorporated iron oxide
(maghemite, y—Fe203) nanoparticles .Galectin-1 is a protein that is found to be upregulated in PC

and its precursor lesions. Tissue plasminogen activator derived peptides (t-PA-ligands), that have
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a high affinity to galectin-1 have been chosen as target moieties and were covalently attached onto
the nanoparticle surface. Improved targeting and imaging properties were shown in mice using
single photon emission computed tomography-computer tomography (SPECT-CT), a handheld
gamma camera, and magnetic resonance imaging (MRI).The results were found to be promising

as the NP was effective in regulating the upregulation of Galectin-1 [165].

2.12.2 Engineered uPAR-targeted IONPs carrying chemotherapy drug gemcitabine (Gem)
The tumor resists drug by changing its microenvironment which consist of various components
such as fibroblast ,extracellular matrix, immune cells etc. [166, 167] This tumor stroma in human
cancers significantly limits the delivery of therapeutic agents into cancer cells. An engineered
urokinase plasminogen activator receptor (UPAR)-targeted magnetic iron oxide nanoparticles
(IONPs) carrying chemotherapy drug gemcitabine (Gem) for targeted delivery into uPAR-
expressing tumor and stromal cells was developed. The uPARtargeted nanoparticle construct,
ATF-IONP-Gem, was prepared by conjugating IONPs with the amino-terminal fragment (ATF)
peptide of the receptor-binding domain of uPA, a natural ligand of uPAR, and Gem via
lysosomally cleavable tetrapeptide linker. These theragnostic nanoparticles enable intracellular
release of Gem following receptor-mediated endocytosis of ATF-IONP-Gem into tumor cells and
also provide contrast enhancement in magnetic resonance imaging (MRI) of tumors. The study
suggested that the pH- and lysosomal enzyme-dependent release of gemcitabine, preventing the
drug from enzymatic degradation. Systemic administrations of ATF-IONP-Gem significantly
inhibited the growth of orthotopic human PC xenografts in nude mice. With MRI contrast
enhancement by IONPs, detected the presence of IONPs in the residual tumors following the
treatment, suggesting the possibility of monitoring drug delivery and assessing drug-resistant
tumors by MRI. The theranostic ATF-IONP-Gem nanoparticle has great potential for the
development of targeted therapeutic and imaging approaches that are capable of overcoming the
tumor stromal barrier, thus enhancing the therapeutic effect of nanoparticle drugs on pancreatic

cancers.[168]

2.12.3 Localized hyperthermia treatment of PC using magnetic nanoparticles
Using magnetic nanoparticles to absorb alternating magnetic field energy as a method of
generating localized hyperthermia has been shown to be a potential cancer treatment. This report

demonstrates a system that uses tumor homing cells to actively carry iron/iron oxide nanoparticles
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into tumor tissue for alternating magnetic field treatment. Paramagnetic iron/ iron oxide
nanoparticles were synthesized and loaded into RAW264.7 cells (mouse monocyte/ macrophage-
like cells), which have been shown to be tumor homing cells. A murine model of disseminated
peritoneal pancreatic cancer was then generated by intraperitoneal injection of Pan02 cells. After
tumor development, monocyte/macrophage-like cells loaded with iron/ iron oxide nanoparticles
were injected intraperitoneally and allowed to migrate into the tumor. Three days after injection,
mice were exposed to an alternating magnetic field for 20 minutes to cause the cell-delivered
nanoparticles to generate heat. This treatment regimen was repeated three times. A survival study
demonstrated that this system can significantly increase survival in a murine pancreatic cancer
model, with an average post-tumor insertion life expectancy increase of 31%. This system has the
potential to become a useful method for specifically and actively delivering nanoparticles for local
hyperthermia treatment of cancer[169]

2.13 Hyperthermia
One other treatment suggested for PC cells is raising the tumor temperature (i.e., hyperthermia) by

different means to kill proliferating cancer cells. Magnetization reversal process of iron oxide
magnetic nanoparticles (MNPs) has enabled it to be successfully used as a heating mediator. The
impact of applied heat has effect on proteins and DNA stability with ROS reported to be generated
due to which induce apoptosis. [170]

Radiofrequency ablation (RFA) is the most commonly used method to treat cancers such as bone,
kidney, lung brain etc however its use in pancreatic cancer is associated with problems such as
injury during thermal treatment to normal pancreatic tissues which can lead to diseases such as
pancreatic fistula etc. A study was performed to determine the effect of RFA in patients with
unresectable PC. The procedure was performed on patients and the patients were assessed
afterwards. The complication rate was found to be 24 % with mortality rate of 2%.Therefore the

method has been reported to be effective in treatment of unresectable pancreatic cancer. [171]

There has been some other reports suggesting using RFA can be effective and safe in treatment of

PC with a decrease in tumor density observed and increase survival rate of patients [172, 173]

2.14 Non-equilibrium atmospheric pressure plasma (NEAPP)
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Non-equilibrium atmospheric pressure plasma (NEAPP), also known as cold plasma or non-
thermal atmospheric pressure plasma has been used for treatment of cancer. Plasma display
anticancer activity through ROS induced apoptosis. A recent report suggests its use as an
anticancer treatment method for pancreatic cancer. Mice animal model was used where they were
grouped into control and PAM treated groups. Four cancer cell lines were assay using cell
proliferation assay. The cancer cells were killed upon treatment. The mechanism involved may be
due to apoptosis caused by PAM treatment could be induced by the production of ROS. Using
optimum conditions PAM displayed selective anticancer activity against PCCs and could be

considered for its treatment.[174]
Conclusion

This review gives a brief understanding of the basic pathways and major mutations that are
observed in pancreatic cancer. Various approaches have been suggested by different research
groups that have targeted the signaling pathways or regulating the expression of genes and growth
factors along with several other treatment options that includes hyperthermia and NEAPP. The
diversity of these treatment options has yet not put an end to try and develop more novel and
effective drug that can target the malignant pancreatic cancer. However the heterogeneity and
plasticity of the tumor itself, the invasive and the migration nature of the tumor along with late
prognosis and the ability to reoccur, the lack of diagnosis tests and the less number of biomarkers
available make this type of cancer the most dangerous. The review was an effort to give an overall
view of the recent advances that has been made to treat the pancreatic cancer and will help the
scientists to develop the more potent drugs by looking at the holistic treatment options that are so
far available which will help them synthesize drugs that can eventually increase the survival rate

of patients and improve the quality of life.
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