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Abstract: Pancreatic cancer is the fourth leading cause of cancer related deaths. Although, 

surgical resection of pancreatic cancer may provide the best chance for cure and long-term 

survival, due to the late onset of symptoms only 15% to 20% of patients have resectable tumors. 

Most of the pancreatic tumors have mutations in the K-ras gene, followed by mutations in 

tumor suppressor genes such as p53 and SMAD4. In addition, there is growing evidence for the 

potential involvement of signal transducer and activator of transcription 3 (STAT3) in malignant 

transformation of pancreatic cancer. STAT3 plays critical roles in regulating many physiologi-

cal functions in normal and malignant tissues, such as inflammation, survival, proliferation, 

differentiation, and angiogenesis. STAT3 is activated by a wide variety of cytokines, growth 

factors, and other stimuli. Unlike other members of the STAT family, ablation of STAT3 leads to 

embryonic lethality and conditional loss of STAT3 protein in adult tissues, leading to a variety of 

abnormalities, confirming that STAT3 participates in a wide variety of physiological processes. 

Constitutive activation of STAT3 is implicated in a wide range of human cancers; therefore, 

STAT3 has been identified as a novel target to treat and prevent cancers. Several STAT3 inhibitors 

display antitumor effectiveness, and data supporting the use of STAT3 inhibitors are emerging. 

Different approaches used for the inhibition of activated STAT3 include modulating upstream 

positive or negative regulators or directly targeting its different domains. These approaches 

have been used in the inhibition of STAT3 in different cancers, but in this review, we will focus 

specifically on the inhibition of STAT3 in pancreatic cancer.
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Introduction
Pancreatic cancer is a significant threat to life worldwide due to its high mortality. 

It encompasses both exocrine and endocrine tumors of the pancreas. Since more 

than 90% of pancreatic tumors originate from ductal epithelium of the pancreas, 

the term pancreatic ductal adenocarcinoma (PDAC) is commonly referred to as 

pancreatic cancer. The incidence of pancreatic cancer increases with age, and the 

majority of cases are diagnosed above the age of 65 years. The incidence rates of 

pancreatic cancer are steadily increasing in Western countries. Various risk factors 

for pancreatic cancer include smoking, obesity, and high consumption of processed 

meat. Although the 5-year survival rates for most cancers have been improved in 

the last few decades, there is little improvement in the survival rate for pancreatic 

cancer due to various factors including its silent nature in early stages, aggressive 

tumor biology, low scope of surgical management, and lack of effective systemic 

therapies.1–3
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Inflammation plays a critical role in the initiation of pancre-

atic cancer and malignant progression. In fact, pancreatitis is a 

well-known risk factor for pancreatic cancer.4 Cystic fibrosis is 

also associated with an increased risk of developing pancreatic 

cancer.5 In the majority of pancreatic tumors, the K-ras gene is 

mutated to K-rasG12D (oncogenic form of K-ras).6 With age, 

people acquire oncogenic mutations in K-ras in the organs, 

including lung, pancreas, colon, and other tissues. However, this 

mutation in K-ras does not serve as a good biomarker because 

it also appears in noncancer cells. In addition to activation of 

oncogene K-ras, inactivation of several tumor suppressor genes, 

such as p16, p53, and SMAD4, was found to play an impor-

tant role in the development of pancreatic cancer.  Mutation 

frequencies for p16, p53, and K-ras in pancreatic cancer are 

approximately 80%, 70%, and 90%, respectively.7

Surgical removal of tumor is the primary option for 

treatment of pancreatic cancer. If the tumor is not resect-

able, treatment mainly aims to increase survival. Systemic 

chemotherapy may be used at any stage of pancreatic  cancer, 

with the goal to minimize the patient’s disease-related 

 symptoms and to prolong survival.

Gemcitabine has been the reference regimen since its 

approval following a Phase III trial in 1997 by Burris et al, in 

which 126 patients with advanced pancreatic cancer received 

either gemcitabine or bolus 5-fluorouracil (5-FU).8 Clinical 

response was experienced in 23.8% of gemcitabine-treated 

patients compared with 4.8% of 5-FU-treated patients. The 

1-year survival rate was 18% and 2% for the gemcitabine and 

5-FU groups, respectively. This was the pivotal study highlight-

ing the use of gemcitabine as first-line treatment for patients with 

advanced pancreatic cancer. 5-FU treatment compared with no 

chemotherapy provided a survival advantage of 33 weeks for 

the treated group compared with 15 weeks in the untreated 

group for pancreatic cancer patients.  Fluoropyrimidine has 

been developed in order to potentiate the antitumor activity of 

5-FU and reduce  gastrointestinal toxicity.

Another drug, capecitabine, had shown antitumor activity in 

combination with gemcitabine in Phase II trials in chemotherapy-

 naive patients with locally advanced or metastatic pancreatic 

cancer. However, two Phase III trials are not encouraging.9 

Efforts have been made to develop a combination using one 

or more other drugs with gemcitabine for pancreatic cancer 

patients to produce a significant overall survival benefit.

STAT3 – normal physiological 
functions and oncogenic role
Signal transducer and activator of transcription 3 (STAT3) 

belongs to a family of transcription factors comprising 

STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5B, 

and STAT6. In humans, this is encoded by the STAT3 gene. 

Structurally, STAT3 comprises several distinct functional 

domains including the NH2-terminal, coiled-coil, DNA 

binding, linker, SH2, and C-terminal transactivation 

domains. These domains play critical roles from cytokine- 

or growth factor-receptor binding to activation of STAT3, 

which involves phosphorylation events, dimerization, and 

nuclear transfer. Initially, STAT3 appeared to be an addi-

tional member of the growing STAT family that can control 

a limited set of target genes in response to interleukin 

(IL)-6. But later, through subsequent studies in cell culture, 

the list of possible functions of STAT3 grew, showing that 

it is activated in a wide variety of signaling systems and 

mediates diverse responses. STAT3 is activated by many 

cytokines including IL-6, IL-9, IL-10, IL-27, tumor necro-

sis factor α, monocyte chemotactic protein-1 and transmits 

the signals from the cell membrane to the nucleus to regu-

late gene expression for cell development, differentiation, 

proliferation, survival, and angiogenesis (Figure 1).10–12 In 

addition, STAT3 can also be activated by various growth 

factors such as epidermal growth factor, platelet-derived 

growth factor, granulocyte colony-stimulating factor, 

and granulocyte-macrophage colony-stimulating factor. 

One of the major roles of activated STAT3 is inflamma-

tion, which is regulated by cytokines such as IL-6 and a 

proinflammatory enzyme, cyclooxygenase 2. Other critical 

functions of activated STAT3 include cell proliferation by 

upregulating the transcription of cyclin D1 and cyclin B1, 

and apoptosis inhibition by upregulating the expression 

of Bcl-2, Bcl-xL, and Mcl-1. It also regulates metabolism 

by regulating the expression of Hsp70, Hsp90, and Cdc2. 

Activated STAT3 plays a critical role in various aspects 

of tumorigenesis, including angiogenesis, by  regulating 

the transcription of vascular endothelial growth factor 

(VEGF), FGF, and HIF1α, and invasion and metastasis 

by regulating the expression of MMP2, MMP9, TWIST, 

and ICAM1. 

Biological effects of STAT3 have been assessed by 

targeted gene ablation in knockout mice. Although, abla-

tion of other STAT family genes produced viable mice with 

relatively limited phenotypes, the ablation of STAT3 led to 

early embryonic lethality in mice.  Moreover, loss of STAT3 

is also lethal in embryonic stem cells. Mouse embryos 

with homozygous STAT3-null genotype  degenerate rapidly 

after blastocyst implantation (between 6.5 and 7.5 days of 

embryogenesis). However, STAT3 ablation in adult tissues 

leads to surprisingly mild phenotypes with normal tissue 

growth although their responses to particular cytokines are 

impaired without STAT3.
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Role of STAT3 in pancreatic cancer
In recent years, evidence has accumulated supporting the 

critical role of activated STAT3 in various cancers.11–13 In fact, 

STAT3 activation has been detected in different experimental 

malignancies, and its abolition by use of inhibitors or anti-

sense oligonucleotides has led to reversal of the malignant 

phenotype. STAT3 can be constitutively activated by 

upstream signaling components, including increased cytokine 

(IL-6 and IL-10) production, activated receptor (cytokine 

receptors, epidermal growth factor receptor) and nonreceptor 

tyrosine kinases (including Janus kinases [JAKs] and Src). 

Recently, mutated hyperactive forms of STAT3 have been 

detected in tumors, with the majority of mutations found in 

the SH2 domain of STAT3.14–15 Constitutive STAT3 activa-

tion has also been reported in different studies from mouse 

models and specimens from human malignancies including 

head and neck cancers, breast cancer, and multiple myelomas. 

STAT3 activation has been described in nearly 70% of solid 

and hematological tumors.16

STAT3 is found to be constitutively activated in PDAC 

by phosphorylation of Tyr705, as reported in human 

tumor specimens as well as in various PDAC cell lines. 

Moreover, the STAT3 pathway has been shown to have a role 

in the proliferation of some PDAC cell lines in vitro and in 

the induction of tumors in PDAC xenografts.17–20 However, 

studies in conditional knockout mice demonstrate that the 

STAT3 pathway is inactive in normal pancreas, and it is not 

required for any vital process related to pancreatic develop-

ment and homeostasis.21

Further, it has been demonstrated that STAT3 is obliga-

tory for the development of the acinar-to-ductal metaplasia 

process, an early event in PDAC pathogenesis, which is medi-

ated by ectopic expression of the Pdx1 transcription factor, 

a key regulator in early pancreatic development.19 STAT3 is 

shown to be activated and overexpressed in ductal carcinoma 

cells as compare to the ducts from chronic pancreatitis.17 

Functional inactivation of STAT3 in a subset of pancreatic 

cancer cell lines leads to significant inhibition in cell prolif-

eration in vitro and reduced tumor growth in vivo. Inhibi-

tion of activated STAT3 resulted in the delay in G1/S-phase 

progression due to inhibition of cyclin-dependent kinase 2 

activity because of increased expression of p21WAF1. Cells 

treated with tyrphostin, a JAK2 inhibitor, also resulted in 

growth arrest because of delayed G1/S-phase progression and 

Cell metabolism
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Invasion and metastasis

Cell survival and proliferation

Immune evasion and inflammation

STAT3 STAT3
PP

STAT3

Cytokine receptor Growth factor receptor

IL-6, IL9, IL-10, IL-11, IL-12,
IL-27, TNF-α, MCP-1

EGF, G-CSF,
GM-CSF, PDGF
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cyclin B, cyclin D1
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Figure 1 Schematic model for the role of STAT3 pathway in various physiological processes.
Notes: After binding to cytokines or growth factor, their receptors get activated and transmit a signal across the cell membrane, which leads to phosphorylation, dimerization, 
and nuclear translocation of STAT3. This response initiates different cellular and physiological processes. Inflammation results due to differential expression of various 
cytokines and enzymes such as COX2. Cell survival and proliferation is stimulated by induction of antiapoptotic genes such as Bcl-xl and Bcl-2; upregulation of cyclin B and 
cyclin D1. Metabolism is affected by altered expression of HSP70, HSP90, and Cdc2. Tumor related functions such as angiogenesis, invasion, and metastasis are triggered by 
activated STAT3 by regulating the expression of veGF, FGF, HiF1α, MMP2, MMP9, TwiST, and iCAM1.
Abbreviations: COX2, cyclooxygenase 2; EGF, epidermal growth factor; FGF, fibroblast growth factor; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-
macrophage colony-stimulating factor; IL, interleukin; MCP-1, monocyte chemotactic protein-1; P, phosphate; PDGF, platelet-derived growth factor; STAT3, signal transducer 
and activator of transcription 3; TNF-α, tumor necrosis factor α; veGF, vascular endothelial growth factor.
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higher expression of p21WAF1. Overall, this study clearly 

showed that with malignant transformation, activated STAT3 

promotes proliferation of cells by modulating G1/S-phase 

progression and supports the malignant phenotype of human 

pancreatic cancer.

IL-6 transsignaling and suppressor of cytokine signaling 

(SOCS)3 are involved in the progression of pancreatic intra-

epithelial neoplasia (PanIN), a well-known precursor to PDAC 

development.22 The myeloid cells in the pancreas induce STAT3 

activation by releasing IL-6, which promotes PanIN progres-

sion and PDAC development. The inactivation of classical 

IL-6 signaling, IL-6 transsignaling, and the STAT3 pathway by 

genetic manipulation resulted in impaired PanIN progression 

and PDAC development. STAT3 was also found to be activated 

in PDAC due to homozygous deletion of SOCS3, which in turn 

accelerates PanIN progression and PDAC development.

Expression of the angiogenic protein VEGF has been 

associated with progression of pancreatic cancer. Studies 

have shown that overexpression of VEGF coincides with 

constitutive STAT3 activation in human pancreatic cancer 

specimens.20 Various human pancreatic cancer cell lines were 

shown to express constitutively activated STAT3, which is 

correlated to the elevated level of VEGF expression. With 

the blockade of activated STAT3, VEGF expression was 

also significantly suppressed. This resulted in the inhibi-

tion of angiogenesis, tumor growth, and metastasis in vivo. 

A putative STAT3-responsive element on the VEGF promoter 

was identified using a protein–DNA binding assay. Therefore, 

it has been suggested that STAT3 directly regulates VEGF 

expression and hence angiogenesis, growth, and metastasis 

of human pancreatic cancer.

Potential for targeting STAT3  
in pancreatic cancer
Complex signaling pathways of STATs and involvement of 

different molecules may also contribute to the resistance of 

pancreatic tumor to chemotherapies. For example, multi-

drug resistance-associated proteins (MRPs) are found to be 

overexpressed in many tumors, including pancreatic cancer, 

and a correlation of MRP expression with tumor grading 

and survival rate has been described in different studies.23,24 

Further, it has been found that addition of interferon (IFN)-α 

to chemotherapy treatments leads to the restoration of chemo-

sensitivity in an orthotopic mouse model of pancreatic cancer. 

The mechanism behind this involves the downregulation of 

MRPs.25 Therefore, efforts to develop a strategy to target 

pancreatic cancer should also consider increasing chemo-

sensitivity to different drugs that are being tested.

As discussed above, increasing evidence supports the 

role of aberrant STAT3 activation in dysregulated growth 

and survival of cancer cells, promotion of angiogenesis, and 

invasion metastasis. Therefore, STAT3 serves as a potential 

therapeutic target to inhibit tumorigenesis, and a number of 

studies have confirmed STAT3 as a potential drug target in 

cancer. In the following section, we discuss the strategies 

and studies targeting STAT3 in pancreatic cancer cell lines, 

including in vivo studies in mouse models.

Since tyrosine protein kinases are involved in the 

activation of STAT3, inhibitors of tyrosine kinase indirectly 

inhibit STAT3 and, therefore, have antitumor activity. 

 However, STAT3 can also be activated when suppressors of 

the STAT signaling pathway are inactivated. These suppres-

sors include the SOCS, protein inhibitor of activated STATs, 

protein tyrosine phosphatases, and peroxisome proliferator-

activated receptor-γ (PPAR-γ).13,26 Therefore, STAT3 can be 

targeted by activation of molecules that inhibit the activity of 

STAT3. However, inhibition of upstream positive or nega-

tive regulators of STAT3 is not the only option to inhibit the 

activity of STAT3, and direct targeting of STAT3 becomes 

a relevant strategy for antitumor treatments. Table 1 sum-

marizes the use of various agents for targeting STAT3 in 

pancreatic cancer cell lines.

Recently, a study has demonstrated that reexpression of 

let-7 in poorly-differentiated PDAC cell lines reduced the 

phosphorylation or activation of STAT3, which resulted in 

reduction of growth and migration potential of these cells.27 

However, this study has shown that that let-7 reexpression did 

not inhibit the expression of total STAT3 as well as its activa-

tor, cytokine IL-6. Reexpression of let-7 leads to increased 

expression of SOCS3, which in turn inhibits the activation/

phosphorylation of STAT3. Overall, this study suggests that 

let-7 expression controls STAT3 activity in pancreatic cancer 

cells and, therefore, has good therapeutic potential.

In another study, the potential use of small hairpin RNAs 

to silence the expression of STAT3 was determined in the 

human pancreatic cancer cell line SW1990.28 By using the 

recombinant plasmid, a SW1990-RNA interference (RNAi) 

cell line was generated, which resulted in significantly 

decreased STAT3 expression. The altered expression of 

STAT3 results in a change in growth characteristics of human 

SW1990 cells, both in vitro and in vivo. STAT3 silencing 

by RNAi inhibited SW1990 cell proliferation, inhibited 

anchorage-independent growth ability, arrested the cell cycle 

at G0/G1 phase, and increased cell apoptosis. This study also 

demonstrated that in vivo STAT3 silencing inhibited tum-

origenicity and tumor growth potential of SW1990 cells in 
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athymic nude mouse. The reduced SW1990 cell growth, both 

in vitro and in vivo, was due to impaired STAT3 expression, 

which is mediated by the downregulation of the expression 

of cyclin D1 and Bcl-xL. Therefore, inhibition of STAT3 

activation by RNAi may be a potential useful therapeutic 

option in the treatment of pancreatic adenocarcinoma.

Nam et al29 has studied the effects of E738, a derivative of 

indirubin and dual inhibitor of JAKs and SFKs on pancreatic 

cell lines. It inhibits the inhibiting tyrosyl phosphorylation 

of STAT3 through inactivation of upstream JAKs and SFKs 

and induces apoptosis in pancreatic cancer cells. Induction 

of apoptosis was associated with the decreased expression 

of antiapoptotic proteins Mcl-1 and survivin.

A plant-derived polyphenol bioactive phytochemical, 

guggulsterone (GS), has been used in traditional medicines, 

and studies show the antiproliferative activity of GS against 

several human cancers, including head and neck, prostate, 

lung, and ovarian cancer.30,31 The inhibitory effects of GS in 

cancer cells are mediated by inhibiting the activation of tran-

scription factors NF-kappaB and STAT3.32,33 Recently, GS has 

also been reported to induce apoptosis and inhibit prolifera-

tion, motility, and invasion in pancreatic cancer cells.34 This 

study suggests that antitumor effects of GS possibly involve 

multiple networks including inhibition of FAK, Src, and JAK/

STAT signaling, and down-regulation of MUC4.

Another natural plant product, cucurbitacin B (CuB), is 

a member of the triterpenoid family and has shown antipro-

liferative effects on cells from various cancers.35–37 It can 

suppress the activation of STAT3 and regulate downstream 

genes involved in cell cycle regulation and apoptosis. 

The antiproliferative effects of CuB have been assessed in 

the human pancreatic cancer cell line PANC-1, which has 

constitutively activated STAT3.37 CuB exerts its inhibitory 

effect on PANC-1 cells through inhibition of STAT3 

 activation/phosphorylation, which is completely suppressed 

after 24 hours of treatment.

Table1 Different agents which directly or indirectly inhibit STAT3 activity in pancreatic cancer cell lines

Treatment Pancreatic  
cancer cell lines

Mode of action Downstream or  
upstream regulation

Results References

MicroRNA let-7 BxPC-3, PANC-1,  
MiaPaCa-2, AsPC1

Suppression of SOCS3 Downregulates veGF,  
cyclin D1, and MMP9 genes

inhibited STAT3  
phosphorylation

27

RNA interference Sw1990 STAT3 specific small  
hairpin RNA to silence  
STAT3 expression

Downregulates cyclin  
D1 and Bcl-xL expression

inhibited cell proliferation,  
induced cell apoptosis

28

LV-STAT3 small  
interfering RNA 
lentivirus vector

Sw1990 Lentivirus suppresses 
expression of STAT3  
gene

Decreases veGF and  
MMP-2 expression

inhibited the growth of  
SW1990 cells and significantly 
decreased invasion

38

Guggulsterone CD18/HPAF,  
Capan1

Plant polyphenol with  
known antiproliferative  
properties

Decreases cyclin D1,  
Bcl-2, xIAP, MMP9  
expression

inhibited growth and decreased 
colony formation.  
Apoptosis and cell cycle arrest 
Decreased motility and  
invasion of pancreatic cancer

34

Cucurbitacin B PANC-1 Plant product with  
known antiproliferative  
properties

Upregulates expression of  
p53 and p21; downregulates  
expression of Bcl-2 and  
survivin

PANC-1 accumulation of  
G2/M phase cells and apoptosis

37

FLLL31 and  
FLLL32

PANC-1, BxPC-3,  
HPAC, Sw1990

Binds to JAK2 and the  
STAT3 SH2 domain

inhibits STAT3  
phosphorylation, DNA  
binding activity, and  
transactivation in vitro

Apoptosis, inhibited colony  
formation and cell invasion  
FLLL32 inhibited tumor growth 
and vascularity in chicken  
embryo xenografts, reduced  
tumor volumes in mouse

41

Troglitazone and 
IFN-β

BxPC-3 Troglitazone binds  
PPAR-γ, which inhibits  
STAT3

Triggers the autophagy and  
suppressed beclin-1/Bcl-2  
complex; upregulates the  
expression of p21 and p27

inhibited growth, with a cell  
cycle arrest in G0/G1 phase,  
increase in autophagy

26

eGCG AsPC-1 and  
PANC-1

Natural polyphenol of  
green tea with known  
antiproliferative 
properties

inhibited the expression 
VEGF, c-Myc, survivin,  
and cyclin D1

Suppressed growth, invasion,  
and migration and induced  
apoptosis

43

Abbreviations: EGCG, epigallocatechin gallate; IFN-β, interferon-β; JAK2, Janus kinase 2; PPAR- γ, peroxisome proliferator-activated receptor-γ; SOS3, suppressor of 
cytokine signaling 3; STAT3, signal transducer and activator of transcription 3; veGF, vascular endothelial growth factor.
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Another study has investigated the potential use of RNAi 

by targeting STAT3 invasion properties of human pancreatic 

cancer cells.38 Lentivirus LV-STAT3 small interfering RNA 

inhibits the expression of the STAT3 gene in SW1990 cells. 

RNAi of STAT3 significantly inhibited the growth of SW1990 

cells and their invasive ability and decreased the expres-

sion of VEGF and MMP-2. This study suggested that small 

interfering RNA targeting of STAT3 mRNA via a lentivirus 

effectively sustains knockdown of STAT3 gene expression 

in SW1990 cells.

In another study, specimens from human pancreatic 

 cancer tissues and a subset of cell lines were found to 

constitutively express activated STAT3. Overall, this study 

showed that JAK/STAT3 signaling supports the growth of 

human pancreatic cancer via regulation of genes related 

with cell cycle progression, angiogenesis, and antiapoptosis. 

Inhibition of activated STAT3 by JAK kinase inhibitor AG490 

significantly inhibited the growth of pancreatic cancer cell 

lines. The antiproliferative effect of AG490 included inhibi-

tion of angiogenesis and induction of apoptosis in pancreatic 

cancer.39

Background benzyl isothiocyanate (BITC) is a naturally 

occurring anticancer agent from cruciferous vegetables, 

which has shown anticancer properties and inhibits growth 

of human pancreatic cancer cells. It has been demonstrated 

that BITC induces apoptosis in human pancreatic cancer 

cells, which is associated with substantial reductions in the 

levels of both phospho-STAT3 and total STAT3 protein.40 

BITC suppresses the expression of STAT3 in both a dose- 

and time-dependent manner. The inhibition of STAT3 by 

BITC was associated with decreased STAT3-mediated DNA 

binding activity and decreased transcription of the genes for 

Mcl-1 and Bcl-2, which are downstream targets of STAT3 

activation. In addition, this study also demonstrated that 

feeding BITC to athymic nude mice significantly suppressed 

the growth of BxPC-3 pancreatic tumor xenografts, which 

was associated with increased apoptosis and decreased 

STAT3 expression.

Two novel small molecule STAT3 inhibitors, FLLL31 

and FLLL32, derived from curcumin (bioactive compound 

of turmeric) are able to bind selectively to JAK2 and the 

STAT3 SH2 domain, which has important roles in STAT3 

dimerization and signal transduction.41 FLLL31 and 

FLLL32 inhibit STAT3 phosphorylation, its DNA binding 

ability, and its transactivation in vitro, which results in the 

impairment of multiple oncogenic processes such as colony 

formation, cell invasion, and the induction of apoptosis in 

pancreatic cancer cell lines. FLLL32 can also inhibit tumor 

growth in chicken embryo xenografts as well as in mouse 

xenografts.

Troglitazone, a member of the thiazolidinediones, is an 

antidiabetic and anti-inflammatory drug, which is  prescribed 

for patients with type 2 diabetes. Troglitazone  targets 

the PPAR-γ, which is a member of the nuclear receptor 

superfamily and regulates fatty acid storage and glucose 

metabolism. Troglitazone and other PPAR-γ agonists were 

also reported to have antitumor activity.42 Vitale et al have 

studied the effects of IFN-β and troglitazone in the pancreatic 

cancer cell line BxPC-3.26 The combination of IFN-β and 

troglitazone induced a synergistic effect on growth inhibition, 

with a cell cycle arrest in the G0/G1 phase. The  combination 

of these agents triggered autophagy and suppressed beclin-1/

Bcl-2 complex formation. Troglitazone inhibited STAT3 

activity, and its combination with IFN-β upregulated the 

expression of p21 and p27, which resulted in cell cycle per-

turbations in BxPC-3 cells.

Epigallocatechin gallate (EGCG) is a major catechin 

from green tea, which suppresses growth, induces apoptosis, 

and inhibits invasion and migration of pancreatic cancer 

cells by interfering with the STAT3 signaling pathway. 

EGCG inhibited the expression of STAT3 (phospho-STAT3 

and total STAT3), its transcription and activation, and the 

expression of STAT3-regulated genes. This resulted in the 

induction of apoptosis and the inhibition of cell motility, 

cell migration, and invasion in pancreatic cancer cell lines 

AsPC-1 and PANC-1.43 This study also demonstrated the 

synergistic effects of EGCG with gemcitabine in inducing 

apoptosis in both cell lines. Moreover, the combination of 

EGCG and gemcitabine had additive effects on inhibiting 

the expression of VEGF, c-Myc, survivin, and cyclin D1 in 

both the cell lines. EGCG and CP690550 (JAK3 inhibitor) 

also showed synergy in inhibiting the expression of VEGF, 

c-Myc, survivin, and cyclin D1 in both cell lines. This study 

suggests that EGCG can enhance the therapeutic potential 

of gemcitabine and CP690550 in pancreatic cancer cells 

by inhibiting STAT3. However, most of these inhibitors are 

only at the experimental stage, and more studies are required 

before they may be considered for clinical use.

Conclusion
STAT3 has many critical functions in normal human cells and 

tissues such as differentiation, proliferation, survival, angio-

genesis, and regulation of the immune system.  However, con-

stitutively activated STAT3 has been identified as  abnormal 

and oncogenic and is associated with a wide range of human 

cancers. STAT3 plays a pivotal role in the initiation and 
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progression of cancers, involving proliferation,  antiapoptosis, 

invasion, and angiogenesis. Therefore, targeting STAT3 using 

a specific inhibitor is a useful cancer treatment approach, 

with the potential for a broad clinical impact.

PDAC is one of the most aggressive human cancer 

diseases, with early metastasis and high resistance to 

conventional chemotherapy. Throughout the last decade, 

a number of studies have shown aberrant activation of 

STAT3 in pancreatic cancer; therefore, efforts have been 

poured into the discovery of novel STAT3 inhibitors. 

Among a number of reported STAT3 inhibitors, a few show 

promising activity in terms of in vitro inhibition of STAT3 

biological functions and the associated antitumor effects, 

as well as the inhibition of xenografted tumor growth in 

mouse models. However, the ultimate question is, which 

inhibitors will be available for clinical use and how well 

will patients respond to these inhibitors. The survival rate 

in patients cannot be addressed until a suitable anti-STAT3 

agent becomes available for use in patients. Therefore, 

there is an urgent need for suitable and effective STAT3 

inhibitors for clinical application in pancreatic cancer 

patients.

Importantly, it is evident from specimens of human PDAC 

that in addition to the STAT3, other signaling pathways 

are also often upregulated in pancreatic cancer; therefore, 

a combinational treatment seems even more  attractive. In 

fact, the complexity of pancreatic tumor,  vascular involve-

ment, stromal cells, and the heterogeneity in the genetic 

alterations associated with PDAC create a formidable 

challenge for targeting a single component. Therefore, it is 

necessary to explore the use of STAT3 inhibitors along with 

the conventional therapies and/or inhibitors of other singling 

components involved in the PDAC.
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