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ABSTRACT OF THE THESIS 

The Role of Interleukin-11 in Pancreatic Cancer Progression 

 

by 

 

Jaclyn Kuniko Miyamoto 

Master of Science in Biology 

 

University of California, San Diego, 2014 

Professor Andrew Lowy, Chair 

Professor Li-Fan Lu, Co-Chair 

 

Pancreatic cancer patients have a five-year survival rate of approximately 6%, 

far worse than any other common malignancy. Clearly a greater understanding of the 

multiple signaling pathways involved in pancreatic cancer progression is needed to 

develop more effective treatment for this devastating disease. Interleukin-11 (IL-11) is 

a member of the IL-6 class of cytokines and has been implicated in the development 

and/or progression of multiple human cancers. IL-11 promotes inflammation involved 
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in tumor progression, cell migration and proliferation, differentiation of tumor cells in 

the tumor microenvironment, invasiveness, and survival. However, the role of IL-11 in 

pancreatic cancer is largely unknown. In this study, we show that the IL-11 ligand is 

overexpressed in pancreatic cancer. In cultured pancreatic cancer cells, IL-11 

signaling activates the Akt, ERK, and Stat3 signaling pathways, yet IL-11 has no 

effect on cell proliferation or migration. We demonstrate that TGF-β increases IL-11 

expression by pancreatic cancer associated fibroblasts (CAFs), an effect mediated by 

the ERK signaling pathway. Our results thus far show IL-11 activates core oncogenic 

signaling pathways in pancreatic cancer cells and thus IL-11 signaling may help 

promote pancreatic cancer progression. Further studies are necessary to better define 

the oncogenic phenotypes impacted by IL-11 in the pancreatic cancer 

microenvironment. 
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I: 

Introduction  
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Pancreatic Cancer  

Pancreatic cancer is the fourth leading cause of cancer related deaths in the 

United States, with a five-year survival rate of 6% (Siegel et al., 2014). Most 

pancreatic cancers are diagnosed at advanced stage, resulting in poor prognosis. 

Currently the only cure requires surgical resection, but less than 20% of patients 

present with localized, operable tumors (Hidalgo, 2010). The current standard of care 

for advanced pancreatic cancer involves single agent gemcitabine, or multi-agent 

chemotherapy using gemcitabine or fluorouracil combinations. In locally advanced 

cancers, chemotherapy is often followed by chemoradiation. Despite some 

improvements in the activity of chemotherapy regimens, overall survival rates for 

pancreatic cancer patients have shown little improvement in the past 30 years, 

indicating the critical need for novel therapies (Siegel et al., 2012).  

Pancreatic cancer is marked by the accumulation of numerous gene mutations. 

Four genes are most commonly mutated in pancreatic cancers, including KRAS2, 

p16/CDKN2A, TP53, and DPC4/SMAD4 (Maitra et al., 2008). KRAS2 is an 

oncogene, and is mutated in 90-95% of pancreatic cancers (Caldas et al., 1995). 

Mutated KRAS results in constitutively active Ras, which activates proliferative and 

survival pathways. In contrast, CDKN2A, TP53, and DPC4 are tumor suppressor 

genes. Abnormal inactivation of CDKN2A promotes cell proliferation. TP53 mutation 

promotes cell survival and cell division. Lastly, DPC4 deletion results in aberrant 

transforming growth factor-β (TGF-β) signaling. In addition to the genes described, 

many other genes may be mutated in pancreatic cancer. Because the average 
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pancreatic cancer has 63 somatic mutations, pancreatic cancer is an extremely 

complex and heterogeneous disease. A greater understanding of the multiple signaling 

pathways involved in pancreatic cancer progression is needed to develop more 

effective treatment. 

A hallmark feature of pancreatic cancer is an immense desmoplastic response 

in the tumor microenvironment. The dynamic stroma is an important component of the 

tumor microenvironment and surrounds and interacts with the cancer cells. In addition 

to serving as a mechanical barrier that protects the tumor from chemotherapy, it is 

intimately involved in tumor formation, progression, invasion, and metastasis (Chu et 

al., 2007). Components of the tumor stroma include mesenchymal cells, vascular cells, 

and immune cells. Fibroblasts, which are a type of mesenchymal cell, can be activated 

to become cancer associated fibroblasts (CAFs). CAFs are a source of cytokines and 

other soluble factors that contribute to tumor cell growth and proliferation (Bhowmick 

et al., 2004). The crosstalk between pancreatic ductal adenocarcinoma (PDAC) cells 

and the stroma contributes to the cancer phenotype and the unique clinical behavior of 

this disease. Understanding this relationship may allow us to develop better methods 

for early detection and treatment of pancreatic cancer.  

TGF-β is a regulatory cytokine that has a key role in tumor biology. TGF-β 

normally has tumor suppressive functions, such as inhibition of cell proliferation; 

other biological functions include extracellular matrix (ECM) remodeling and wound 

healing, immunosuppression, apoptosis, angiogenesis, differentiation, and 

embryogenesis (Truty et al., 2007). The TGF-β signaling pathway involves ligands 
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TGF-β1, TGF-β2, and TGF-β3, and receptors TGF-βRI, TGF-βRII, and TGF-βRIII. 

TGF-β signals by binding and activating its receptors, which then phosphorylate Smad 

transcription factors. Smads are translocated to the nucleus where they bind to target 

genes. Disruption of TGF-β signaling promotes tumor development and progression. 

Cancer cells acquire the ability to evade host immune defenses, and in turn they can 

use TGF-β to express genes that promote tumor growth and invasion, evasion of tumor 

suppression by the immune system, and metastasis (Massague, 2008). In the tumor 

there are multiple sources of TGF-β, including the cancer cells, stromal cells, and 

tumor infiltrates such as leukocytes and macrophages. TGF-β is frequently 

overexpressed in both the serum and tissues of patients with pancreatic cancer 

(Bellone et al., 2006). 

IL-11 AND IL-11Rα  

Interleukin-11 is a cytokine that was first cloned based on its similarity to IL-6 

bioactivity (Du et al., 1997). The human IL-11 protein is composed of 178 amino 

acids and has a molecular mass of 19kDa (Schwertschlag et al., 1999). IL-11 gene 

expression is observed in multiple tissues, including CNS, thymus, lung, bone, 

connective tissues, uterus, skin, and testes (Du et al., 1997). A pleiotropic cytokine, 

IL-11 acts on many tissues and cell types. The hematopoietic effects of IL-11 include 

proliferation of primitive stem cells, hematopoiesis, megakaryocytopoiesis, and 

thrombopoiesis. Additionally, IL-11 has many non-hematopoietic effects including 

mediating pulmonary inflammation, regulating growth of gastrointestinal epithelial 

cells, and regulating bone metabolism (Du et al., 1997).  
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IL-11 is a member of the IL-6 class of cytokines and has been implicated in the 

development of gastric (Nakayama et al., 2007), colorectal (Calon et al., 2012), 

prostate (Zurita et al., 2004), breast (McCoy et al., 2013), gastrointestinal (Putoczki et 

al., 2013), and endometrial (Lay et al., 2012) carcinomas. The IL-6 family of 

cytokines signal by binding to their specific receptors, and subsequently coupling with 

the common signaling receptor subunit glycoprotein 130 (gp130). This begins a 

signaling cascade that may activate signaling from the JAK/Stat3, PI3K/mTOR, 

and/or the Ras/ERK pathways. Stat3 is a transcription factor that is associated with 

cancer-promoting inflammatory responses. Activated Stat3 promotes survival, 

proliferation, and angiogenesis. Unregulated Stat3 activation is highly associated with 

human epithelial cancers, and has been correlated with poor outcomes. PI3Ks are a 

lipid kinase family, which upon activation, result in Akt translocation to the inner 

membrane and activation of target genes that promote cell survival, cell cycle 

progression, and cellular growth. Furthermore, the PI3K pathway is commonly altered 

in human cancers, and promotes tumor development and resistance to cancer 

treatment. Lastly, the ERK pathway is a kinase cascade that regulates cell cycle 

progression and promotes cell survival. This cascade regulates many proteins that are 

involved in resistance to apoptosis. Mutations in this pathway are frequently observed 

in many human cancers, and aberrant activation is associated with poor prognosis.  

In cancer, IL-11 has been shown to promote inflammation involved in tumor 

progression (Putoczki et al., 2010), cancer cell migration and proliferation (Lay et al., 
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2012), differentiation of progenitor cells in the tumor microenvironment (McCoy et 

al., 2013), invasiveness (Shin et al., 2012), and survival (Kiessling et al., 2004). In 

colorectal carcinoma, elevated IL-11Rα expression is associated with increased tumor 

invasion and lymphatic infiltration (Yoshizaki et al., 2006). A recent study in 

gastrointestinal cancer demonstrated that inhibition of IL-11 signaling reduces Stat3 

activation, tumor cell proliferation, and invasiveness (Putoczki et al., 2013). Therefore 

IL-11 represents a rationale targeted for therapy in pancreatic and other cancers that 

are associated with Stat3 induced inflammation. 

The role of IL-11 in pancreatic cancer is largely unknown. A study by Bellone 

et al. evaluated expression profiles of pro-inflammatory and anti-inflammatory 

cytokines using pancreatic carcinoma cell lines and specimens from 65 patients. They 

found that IL-11 mRNA was overexpressed in tumor versus non-tumor tissues 

(Bellone et al., 2006). Moreover, they observed that increased IL-11 expression was 

associated with later stage disease, however there was no data on IL-11 protein 

expression and no exploration of IL-11 function was undertaken. Thus a greater 

understanding of both IL-11 expression and signaling is needed as are studies that 

begin to dissect the ways in which IL-11 may affect tumor progression. Such 

knowledge may enable us to evaluate the potential for IL-11 directed therapy in 

pancreatic cancer.   
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II: 

Results 
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IL-11 is overexpressed in pancreatic cancer  

To evaluate IL-11 protein expression in pancreatic cancer, we initially 

evaluated six human pancreatic ductal adenocarcinoma (PDAC) cell lines and three 

cancer associated fibroblast (CAF) lines using an ELISA assay. We found that IL-11 

was expressed and secreted in both the epithelial and fibroblast cell lines in the range 

of 10-40 pg/ml. FG and CAF 1444 cells expressed higher levels of IL-11, at 80-90 

pg/ml and 1400 pg/ml, respectively. Because IL-11 expression may be induced by 

cellular stress factors, we compared expression levels 24 hours and 72 hours after the 

cells reached 100% confluence. Concordant with this we observed increases in IL-11 

expression in the range of 9.9% to 75.6% at 72 hours compared to 24 hours for all cell 

lines used.  

To evaluate IL-11 expression in human tissue, we compared normal human 

pancreas to primary human pancreas cancers by immunohistochemistry. We found 

that IL-11 is not expressed in normal tissues. In contrast, IL-11 is highly expressed in 

tumors, predominantly in the stroma. Additionally we observed that IL-11 is expressed 

in some epithelial cells in the lining of malignant ducts. Collectively, these 

observations suggest that IL-11 is overexpressed in pancreatic cancer as compared to 

normal pancreas. 

IL-11Rα  is expressed in pancreatic cancer 

To determine if pancreatic cancer cell lines express the IL-11 specific receptor 

IL-11Rα, we evaluated six human PDAC lines and four human CAF lines by Western 

blot. IL-11Rα is expressed in all cell lines. 
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We then examined human tissue to compare IL-11Rα expression in normal 

pancreas and in primary pancreatic cancers. IL-11Rα is expressed in both normal 

pancreas and in primary tumors. We observed localization of IL-11Rα expression to 

the cytoplasm of epithelial cells in both normal and tumor tissue. In sum, these results 

demonstrate that while the IL-11Rα is expressed in the epithelial cells of both normal 

pancreas and pancreatic cancer, expression of the IL-11 ligand is uniquely expressed 

at high levels within the tumor microenvironment.  

IL-11 signaling activates the Akt, ERK, and Stat3 pathways 

To evaluate the consequences of IL-11 secretion in pancreatic cancer, we 

stimulated pancreatic cancer cell lines with recombinant human IL-11 (rhIL-11) and 

performed Western blots to evaluate activation of the Akt, ERK, and Stat3 signaling 

pathways. The cell lines examined included AsPC-1, BxPC3, FG, MIAPaCa-2, CAF 

1299, CAF 1316, and CAF 1444.  

We observed constitutively active Akt in BxPC3, FG, and CAF 1316 cells, and 

in these cell lines, IL-11 stimulation results in further increased levels of pAkt. IL-11 

stimulation activates Akt in CAF 1299 and CAF 1444 cells. We conclude that IL-11 

stimulation activates Akt in both pancreatic cancer cells and CAFs.  

Six out of seven cell lines examined exhibit constitutively active ERK. In 

BxPC3, FG, MIAPaCa, and CAF 1444 cells, IL-11 stimulation activates ERK 

signaling. In contrast, IL-11 had no effect on ERK signaling in AsPC-1, CAF 1299, 

and CAF 1316 cells. In CAF 1444 cells there is no basal ERK signaling, and ERK is 

activated by IL-11 stimulation. From our data we conclude that IL-11 stimulation can 
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activate ERK in some pancreatic cancer cells and CAFs, and the level of activation is 

dependent on the cell line being examined.   

We observed constitutive Stat3 activation in five of seven cell lines examined. 

IL-11 stimulation activates the Stat3 pathway in AsPC-1, CAF 1299, and CAF 1316 

cells. In contrast, Stat3 activation is reduced with IL-11 stimulation in MIAPaCa and 

CAF 1444 cells. We conclude that IL-11 stimulation likely has a context-specific 

effect on Stat3 activation, whereby IL-11 may result in either an increase or a decrease 

in the level of Stat3 activation. 

Overall, we show that IL-11 stimulation results in differential pathway 

activation, which is cell-line specific, but has the most uniform effects on Akt 

signaling. Furthermore, PDAC cells and CAF cells have similar responses to IL-11 

stimulation with respect to the signaling pathways described.  

IL-11 signaling has no effect on proliferation in pancreatic cancer  

To evaluate the effects of IL-11 on pancreatic cancer cell proliferation, we 

performed an Alamar Blue assay on five PDAC cell lines.  We stimulated AsPC-1, 

BxPC3, Capan2, FG, and MIAPaCa cells with rhIL-11 for 24 hours, 48 hours, and 72 

hours. We observed no effect of IL-11 stimulation on pancreatic cancer cell 

proliferation.  

Additionally, four human CAF cell lines were stimulated with rhIL-11 and an 

MTT cell viability assay was performed to evaluate the effects of IL-11 in CAF 1299, 

CAF 1316, CAF 1424, and CAF 1444 cells. We observed no differences in response 

to IL-11 stimulation in all cell lines evaluated.  
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Our initial ELISA assay revealed significant IL-11 overexpression at 1400 

pg/ml in CAF 1444 cells. We hypothesized that at these levels, IL-11Rα is saturated 

by IL-11 ligand and may enhance proliferation on the basis of autocrine signaling. To 

evaluate the validity of our hypothesis, we used an IL-11 neutralizing antibody to 

block IL-11 signaling in CAF 1444 cells. After 24 hours, 48 hours, and 72 hours of 

treatment, we saw no difference in cell proliferation using the MTT cell viability 

assay. We conclude that inhibition of IL-11 signaling in CAF 1444 cells does not 

affect cell proliferation.  

IL-11 signaling has no effect on migration in pancreatic cancer  

The effect of IL-11 stimulation on cell migration in pancreatic cancer is not 

known. To evaluate if IL-11 promotes migration, we stimulated BxPC3, FG, and 

MIAPaCa cells with rhIL-11 and performed a scratch wound healing assay. We 

observed no significant differences in percent wound closure between untreated and 

IL-11 treated cells. We conclude from our results that IL-11 has no effect on cell 

migration in the three cell lines studied.  

IL-11 is upregulated by TGF-β in pancreatic fibroblast cells 

TGF-β upregulates IL-11 gene expression in colon-derived fibroblasts (Calon 

et al., 2012). To explore the mechanism regulating IL-11 expression in pancreatic 

cancer, we examined the effects of TGF-β stimulation on IL-11 expression in 

pancreatic CAF cells. We stimulated CAF 1299 and CAF 1444 cells with recombinant 

human TGF-β and then evaluated IL-11 expression using an ELISA assay. Following 
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exposure to TGF-β, we observed a four-fold increase in IL-11 expression in CAF 1299 

cells, and a ten-fold increase in IL-11 expression in CAF 1444 cells.  

We confirmed the contribution of TGF-β stimulation to increased IL-11 

expression by treating CAF 1444 cells with TGF-β inhibitor LY2157299. Stimulation 

with TGF-β resulted in increased IL-11 expression, consistent with our previous data. 

Simultaneous treatment with TGF-β + LY2157299 resulted in no change in IL-11 

expression compared to control. From these studies we conclude that TGF-β 

stimulation increases IL-11 expression in pancreatic CAF cells.  

To determine the mechanism by which TGF-β mediates increased IL-11 

expression, we treated CAF 1316 and CAF 1444 cells with the MEK/ERK inhibitor 

UO126 or the PI3K/Akt inhibitor LY294002. As we have previously shown, TGF-β 

stimulation results in increased IL-11 expression, and LY2157299 inhibits TGF-β 

induced IL-11 expression. In CAF 1316 and CAF 1444 cells, treatment with UO126 + 

TGF-β resulted in decreased IL-11 expression compared to control; the same effect 

was observed with UO126 inhibitor alone. Because inhibiting ERK signaling reduces 

IL-11 expression, we conclude that basal ERK signaling mediates IL-11 expression. 

When cells were treated with PI3K inhibitor LY294002 + TGF-β, we observed an 

increase in IL-11 expression compared to control. Treatment with LY294002 inhibitor 

alone resulted in no change in IL-11 expression compared to control in CAF 1316 

cells, and increased IL-11 expression in CAF 1444 cells. Our results indicate that 

TGF-β stimulation mediates IL-11 expression by activation of the ERK signaling 

pathway.  
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Figure 1. IL-11 expression in human PDAC and CAF cells 
ELISA assay for IL-11 expression in human PDAC and pancreatic CAF cells 24 hours 
and 48 hours after reaching 100% confluence. Values are mean protein concentration 
± SD (n=3). 
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Figure 2. IL-11Rα expression in human PDAC and CAF cells 
Western blot analysis for IL-11Rα in human PDAC (A) and CAF (B) cells.  
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Figure 3. IL-11 expression in human pancreatic cancer tumors 
Immunofluorescence detection of IL-11 (red) or IL-11Rα (red) in normal human 
pancreas and in primary human tumor. Epithelial cells (green) labeled with pan-
keratin and nuclei (blue) labeled with DAPI. 
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A. AsPC-1 BxPC3  
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Figure 4. IL-11 stimulation activates Akt, ERK, and Stat3 signaling pathways 
A. Activated Akt was detected by Western blot with an antibody specific to 
phosphorylated Akt (p-Akt) at serine residue 473. To confirm equal protein loading, 
each blot was reprobed with anti-Akt Ab (Akt) and anti-β-Actin (β-Actin). Time-
dependent effects on the phosphorylation of Akt induced by IL-11 (50 ng/mL) 
stimulation for 5-60 min in PDAC and CAF cells are shown.  
B. Activated ERK was detected by Western blotting with an antibody specific to 
phosphorylated p44/42 MAPK (p-ERK1/2) at threonine residue 202 and tyrosine 
residue 204. To confirm equal protein loading, each blot was reprobed with anti-ERK 
Ab (ERK) and anti-β-Actin (β-Actin). Time-dependent effects on the phosphorylation 
of ERK induced by IL-11 (50 ng/mL) stimulation for 5-60 min in PDAC and CAF 
cells are shown.   
C. Activated Stat3 was detected by Western blotting with an antibody specific to 
phosphorylated Stat3 (Stat3) at tyrisine residue 705. To confirm equal protein loading, 
each blot was reprobed with anti-Stat3 Ab (Stat) and anti-β-Actin (β-Actin). Time-
dependent effects on the phosphorylation of Stat3 induced by IL-11 (50 ng/mL) 
stimulation for 5-60 min in PDAC and CAF cells are shown.  
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Figure 4. continued 
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Figure 4. continued 
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Figure 5. Effect of IL-11 stimulation on cell proliferation in human PDAC cells 
Cell proliferation was observed using Alamar blue proliferation assay. PDAC cells 
were treated with IL-11 (50 ng/mL) for 24 hours, 48 hours, and 72 hours. Values are 
mean relative absorbance (RLU) over time ± SD (n=3) 
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Figure 6. Effect of IL-11 stimulation on cell proliferation in human pancreatic 
CAF cells 
Cell proliferation was observed using MTT proliferation assay. CAF 1299 (A), CAF 
1316 (B), CAF 1424 (C), and CAF 1444 (D) cells were treated with IL-11 (50 ng/mL) 
for 24 hours, 48 hours, and 72 hours. Values are mean relative absorbance (RLU) over 
time ± SD (n=3). 
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Figure 6. continued 
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Figure 7. Effect of blocking IL-11 signaling on cell proliferation in IL-11 
overexpressing CAF 1444 cells 
CAF 1444 cells were treated with IL-11 neutralizing antibody (10 ug/mL or 20 
ug/mL) for 24 hours, 48 hours, and 72 hours. Cell proliferation was observed using 
MTT proliferation assay. Values are mean relative absorbance (RLU) over time ± SD 
(n=3). 
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Figure 8. Effect of IL-11 stimulation on cell migration in pancreatic cancer cells 
A scratch wound healing assay was used to evaluate the effects of IL-11 stimulation 
on cell migration in BxPC3, FG, and MIAPaCa cells. The distance covered by cells in 
the initial scratch area was measured and plotted in %. 
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A. 

 

Figure 9. Effect of TGF-β stimulation on IL-11 expression in CAF cells 
A. CAF cells were incubated in medium alone (control) or in medium containing 
TGF-β (10 ng/mL). Conditioned media was collected after 24 hours and ELISA assay 
was used to determine IL-11 expression. Values are mean protein concentration ± SD 
(n=3). 
B. CAF 1444 cells were stimulated with TGF-β (10 ng/mL) or TGF-β inhibitor 
LY2157299 (10 µM). IL-11 expression was determined by ELISA assay.  
C, D. CAF 1444 (C) and CAF 1316 (D) cells were stimulated with TGF-β (10 ng/mL), 
TGF-β inhibitor LY2157299 (10 µM), ERK inhibitor UO126 (10µM), or Akt inhibitor 
LY294002 (20µM). IL-11 expression was determined by ELISA assay. Values are 
mean protein concentration ± SD (n=3). 
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Figure 9. continued 
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Figure 9. continued 
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III: 

Discussion 
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Cytokine-induced signaling has an important role in cancer progression, and 

thus inhibition of cytokine signaling is attracting interest as a therapeutic strategy. IL-

11 has been implicated in multiple cancers, making it a potentially attractive 

therapeutic target. The aims of this study were to: 1) characterize the expression of IL-

11 and the IL-11Rα in pancreatic cancer, 2) determine the role of IL-11 in pancreatic 

cancer progression, and 3) determine if IL-11 mediates signaling in both stromal and 

tumor cells. Therefore, in our experiments we examined both PDAC cells and 

pancreatic CAFs. We demonstrate that the IL-11 ligand is overexpressed in pancreatic 

cancer, and that the IL-11Rα is expressed on normal pancreas, pancreatic cancer cells, 

and pancreatic CAFs. We further show that IL-11 signals through the Akt, ERK, Stat3, 

and TGF-β pathways, which are known to promote pancreatic cancer progression.  

IL-11 may be associated with pancreatic cancer progression, as later stage 

tumors exhibit elevated IL-11 expression (Bellone et al., 2005). Here we show that, in 

vitro, IL-11 expression increases as cell density increases. IL-11 expression is induced 

in PDAC cells and CAFs incubated past confluence for 24 hours and 72 hours. 

Interestingly, it has been shown that IL-11 is a hypoxia-inducible gene upregulated 

through HIF-1 signaling (Onnis et al., 2013). Another study by Shen et al. revealed 

that in gastric cancer cells, IL-11 expression can be upregulated in tumor associated 

macrophages during hypoxic conditions (Shen et al., 2012). Pancreatic cancers are 

known to maintain among the most hypoxic tumor microenvironments that have been 

evaluated. Because our study did not evaluate the effects of hypoxia on IL-11 
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expression, it would be useful to perform additional experiments that examine if IL-11 

expression is upregulated by pancreatic cancer cells cultured in in hypoxic conditions.  

Because the Akt, ERK, and Stat3 pathways promote survival and proliferation 

of cancer cells, we hypothesize that IL-11 signaling promotes the cancer phenotype by 

signaling through these pathways. We found IL-11 stimulation has the greatest effect 

on Akt activation in both PDAC cells and CAFs, indicating that IL-11 signaling may 

predominantly promote cell survival, and related processes such as therapeutic 

resistance and metastasis. A study by Kiessling et al. found that IL-11 stimulation 

decreases caspase-9 activity in human colonic epithelial cells cultured in apoptosis-

promoting conditions. Furthermore, they evaluated the effects of IL-11 on apoptosis in 

vivo by treating mice with colitis with rhIL-11 for two weeks. They found that the 

mice treated with IL-11 had a significantly reduced number of apoptotic cells 

compared to untreated mice (Kiessling et al., 2004).  

A study by Calon et al. show that colorectal cancer cells that overexpress IL-11 

promote metastasis when injected into mice. To study the relationship between 

metastasis and survival, they demonstrated that IL-11 overexpression decreases 

caspase-9 activity in tumor cells after six hours of liver colonization (Calon et al., 

2012). Ren et al. found that IL-11 serum and mRNA expression levels were higher in 

patients whose breast cancer metastasized to bone compared to patients with primary 

breast cancer only. They also found that IL-11 serum levels are correlated with tumor 

size and number of metastatic sites (Ren et al., 2013). IL-11 expression is correlated 

with bone metastasis in hepatocellular carcinoma (Gao et al., 2013) and IL-11 
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stimulation increases ICAM-1 expression, which is associated with metastasis, by 

signaling through the Akt pathway in chondrosarcoma cells (Li et al., 2012). Because 

metastasis requires robust survival mechanisms, it is possible that IL-11 may function 

to promote survival and thereby facilitate metastasis of pancreatic cancer. Since we 

also found that IL-11 signals through the Akt pathway in pancreatic cancer cells, 

future studies will evaluate the effects of IL-11 on ICAM-1 expression and metastasis 

in pancreatic cancer. 

ERK is constitutively active in nearly all pancreatic cancer cell lines used in 

this study, including PDAC cells and CAFs. We show that ERK activation is not 

greatly affected by IL-11 signaling in cells that express moderate levels of IL-11. 

However, in cells that significantly overexpress IL-11, including FG and CAF 1444 

cells, IL-11 stimulation results in an immediate and dramatic increase in ERK 

activation. We hypothesize that ERK activation is dependent on basal IL-11 

expression levels. Further experiments to evaluate our hypothesis could be undertaken 

to knock down IL-11 expression in FG and CAF 1444 cells, followed by stimulating 

with IL-11 to examine if ERK is no longer activated in the knockdown lines. 

Additionally, we show that inhibition of ERK signaling in CAF cells results in 

decreased IL-11 expression. Therefore, basal ERK signaling mediates IL-11 

expression in pancreatic CAF cells.  

Stat3 is an important signaling pathway in pancreatic cancer. In cancer cells 

Stat3 is often constitutively activated, promoting tumor cell proliferation and survival, 

angiogenesis, immunosuppression, and metastasis (Yu et al., 2007). We show that 
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Stat3 activation is often constitutive in PDAC cells and pancreatic CAFs, and Stat3 

activation may increase in response to IL-11 stimulation. A study by Ernst et al. 

showed that inhibiting Stat3 activity in gp130F/F mutant mice, which exhibit 

hyperactivation of Stat3 by IL-6 family cytokines, reduces both tumor mass and IL-11 

expression in gastric cancer (Ernst et al., 2008). Therefore future studies could 

investigate if inhibition of IL-11 signaling decreases Stat3 activation in pancreatic 

cancer. Further research is necessary to determine if inhibition of Stat3 mediated IL-11 

signaling can suppress any of the hallmark characteristics of pancreatic cancer that are 

associated with Stat3.  

Our results indicate that IL-11 stimulation does not have an effect on 

pancreatic cancer cell proliferation or migration in vitro. Because our study examined 

nine different cell lines, including PDAC cells and CAFs, we can be confident that IL-

11 does not affect proliferation in pancreatic cancer. Our migration assays examined 

only PDAC cells, as such assays are technically challenging with cultured CAFs. As 

such we cannot rule out that IL-11 signaling may influence CAF migration in 

pancreatic cancer. Also, further studies are needed to determine if IL-11 affects 

invasion in pancreatic cancer, since our study did not address this possibility. 

Certainly another explanation for our results is that although cell proliferation and 

migration were not affected in vitro, IL-11 overexpression may have differential 

effects in vivo. The tumor microenvironment is very complex and cannot be entirely 

replicated by cells in vitro. To determine if IL-11 affects cancer cell proliferation in 

pancreatic cancer, additional studies performed in vivo are necessary.  
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In this study we found that IL-11 expression is upregulated by TGF-β in 

pancreatic CAFs. We show that ERK signaling mediates TGF-β stimulation of IL-11 

expression. TGF-β signaling is an important contributor to progression of pancreatic 

cancer and long-term exposure to TGF-β promotes a tumorigenic phenotype in 

pancreatic cells (Ito et al., 2004). Additionally, TGF-β overexpression is associated 

with advanced stage and decreased survival in pancreatic cancer (Friess et al., 1993). 

Clearly, TGF-β is linked to pancreatic cancer progression, and our study links TGF-β 

signaling to IL-11. A recent study by Yuan et al. shows that TGF-β regulates long 

noncoding RNA lncRNA-ATB, which binds to IL-11 mRNA and stimulates IL-11 

expression. They hypothesize that lncRNA-ATB enhances the prometastatic effects of 

TGF-β by mediating IL-11 signaling (Li et al., 2014). As previously discussed, we 

hypothesize that IL-11 has a role in pancreatic cancer metastasis, and it is possible that 

this is mediated by TGF-β signaling. Further research is necessary to determine if 

inhibiting IL-11 attenuates pancreatic cancer progression and/or metastasis. 

Additionally, inhibiting TGF-β signaling alone results in decreased IL-11 expression, 

indicating that basal TGF-β signaling mediates IL-11 expression in CAF cells. 

Therapeutic inhibition of TGF-β may be clinically beneficial in tumors that 

overexpress IL-11.  

This preliminary study demonstrates that IL-11 signaling components are 

present in pancreatic cancer cells and their associated stromal cells, and suggests a 

potential role for IL-11 signaling in pancreatic cancer progression via signaling 

through multiple oncogenic pathways. To our knowledge, this is the first study that 
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has aimed to evaluate the role of IL-11 specifically in pancreatic cancer. However, all 

experiments performed in this study were done in vitro, and parallel experiments in 

vivo are still necessary. Our current work involves experiments inhibiting IL-11 or IL-

11Rα expression. A study by Lee et al. in 2008 developed IL-11 mutein, which 

inhibits IL-11 from binding to IL-11Rα with high specificity (Lee et al., 2008). A later 

study by Putoczki et al. treated gp130F/F mutant mice with IL-11 mutein. They 

observed decreased activation of Stat3 in tumors (Putoczki et al., 2013). Additional 

IL-11 signaling inhibition studies could involve knocking down IL-11Rα in vivo. 

These experiments are highly relevant, as knocking down IL-11Rα has already been 

shown to reduce tumor burden in other gastrointestinal cancers (Putoczki et al., 2013). 

We conclude that inhibiting IL-11 and IL-11Rα signaling experiments are necessary 

in order to determine if IL-11 has a role in pancreatic cancer progression.  

A study by Nakayama et al. studied 73 cases of surgically resected human 

gastric tumors and found that IL-11Rα expression is correlated with tumor invasion 

and vessel infiltration (Nakayama et al., 2007). However there have been no studies 

that specifically aim to determine if IL-11 and IL-11Rα expression correlate with 

prognosis and/or clinicopathologic characteristics in surgically resected pancreatic 

cancer. This knowledge would be useful in suggesting whether or not IL-11 has a role 

in pancreatic cancer progression.  

Our study shows that IL-11 signaling components are present at significant 

levels within the tumor microenvironment in pancreatic cancer. IL-11 activates 

oncogenic signaling pathways in both PDAC and CAF cells further suggesting a 
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potential relevance to pancreatic cancer biology. Further work is required to develop a 

better understanding if/how IL-11 promotes tumor progression in pancreatic cancer 

and subsequently to determine whether IL-11 may be targeted therapeutically for the 

treatment of pancreatic cancer. 

 



35 

IV: 

Materials and Methods 
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Human pancreatic cell lines 

ASPC-1 and BxPC3 cells were grown in RPMI medium supplemented with 

10% fetal bovine serum (FBS). Capan-2 cells were grown in McCoy’s medium 

supplemented with 10% FBS. FG and MIAPaCa cells were grown in DMEM medium 

supplemented with 10% FBS. All CAF lines: 50, 64, 1299, 1308, 1316, 1424, and 

1444 were grown in DMEM medium supplemented with 30% FBS.  

ELISA 

Cells were seeded at 80% confluence. Total levels of IL-11 protein were 

measured on cell supernatants using the human IL-11 ELISA kit (RayBiotech) 

according to manufacturer’s instructions.  

Immunofluorescence 

Tissues were fixed in formalin and paraffin-embedded for analysis. Anti-IL-11 

(Santa Cruz #7924), anti-IL-11Rα (Abcam #125015), and anti-pan-keratin (Abcam 

#8068) antibodies were incubated overnight at 4°C and detected by fluorescence using 

secondary Alexa antibodies coupled to fluorochromes (1/500) for 1 hour in the dark. 

Cell nuclei were stained with DAPI and slides were observed using Nikon upright 

fluorescence microscope.  

Western Blot  

Protein extracts were obtained using RIPA buffer (20mM Tris pH 8, 5mM 

EDTA pH 8, 150 mM NaCl, 1% Triton, cOmplete tablet (Roche), PhosStop tablet 

(Roche)). Protein concentration was determined using Micro BCA Protein Assay Kit 

(Thermo Scientific). Proteins were separated by SDS gel electrophoresis and 
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transferred to PVDF membrane. Blots were blocked in 5% milk or 5% BSA for 

phosphorylated proteins. The following primary antibodies (1/1000) were used: anti-

IL-11Rα (Abcam #125015), anti-phosphorylated PI3K (Cell Signaling #9271), anti-

PI3K (Cell Signaling #9272), anti-phosphorylated p44/42 MAPK (Cell Signaling 

#9101), anti-p44/42 MAPK (Cell Signaling #9102), anti-phosphorylated Stat3 (Cell 

Signaling #9145), anti-Stat3 (Cell Signaling #4904). The secondary antibody used was 

goat anti-rabbit secondary antibody (1/7500) (Santa Cruz #2004). To confirm equal 

protein loading, each blot was reprobed with anti-β-Actin (Sigma #A2066). Signals 

were detected using Pierce ECL Western Blotting Substrate (Thermo Scientific) 

according to the manufactuerer’s protocol.  

Proliferation Assay 

PDAC cells were grown in culture medium with 10% FBS and seeded at 50% 

confluence. CAF cells were grown in culture medium with 30% FBS and seeded at 

50% confluence. After 24 hours, media with 10% FBS and IL-11 (50 ng/mL) (R&D 

Systems) was added to the cells. Media with FBS was used as control. Cell viability 

was analyzed using an AlamarBlue cell proliferation assay (Invitrogen) or an MTT 

cell viability assay (Sigma) according to the manufacturer’s protocol. 

IL-11 neutralizing antibody 

Cells were plated at 80% confluence in media with 30% FBS and treated with 

IL-11 neutralizing antibody (10 µg/mL, 20ug/mL) (R&D Systems) for 24 hours, 48 

hours, and 72 hours. Media with 30% FBS was used as control.  

Scratch assays for cell migration 
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Cell migration was determined by scratch assays. The cells were grown in 

culture medium with 10% FBS to 90% confluence in 6-well tissue culture plates. Once 

confluence was achieved, media was changed to 5% FBS for the remainder of the 

experiment to inhibit cell proliferation. A wound was made by scratching the dish 

uniformly with a pipette tip. Cells were washed twice, then media with 5% FBS and 

IL-11 (50 ng/mL) (R&D Systems) was added to the wells. Cells treated with media 

with 5% FBS were used as control. Cell migration was monitored by capturing images 

at 24 hours and 48 hours after the scratch was made. The distance covered by cells in 

the empty area was calculated in % using the following equation: [1-(Tn/T0)]*100.  

TGF-β treatment 

Pancreatic CAF cells were plated at 100% confluence and treated with TGF-β1 

(10 ng/mL) (Peprotech) for 24 hours. For inhibitor studies, cells were pre-incubated 

with inhibitor for 2.5 hours prior to TGF-β1 incubation. The following inhibitors were 

used: LY2157299 (10µM) (Selleck USA), UO126 (10µM) (Selleck USA), and 

LY294002 (20 µM) (Selleck USA).  
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