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Abstract 

Biliary tract cancer (BTC) is the second most frequent primary liver cancer. Due to 

high mortality rates and missing therapy options, constant research is necessary to 

provide insights into BTC pathogenesis. BTCs are classified based on their 

anatomical location in intrahepatic cholangiocarcinoma (iCCA), extrahepatic CCA 

(eCCA) and gallbladder cancer (GBC), whereas the latter is the most common form 

worldwide.  

Chronic inflammation is one of the most leading causes for BTC. The cytokine 

interleukin 6 (IL-6) is one of the major mediators for inflammatory signals. IL-6 

transduces signals via the IL-6 receptor (IL-6Rα). This receptor can occur either in 

membrane-bound (mIL-6R) form or in soluble form (sIL-6R). The presence of a 

sIL-6R form enables IL-6 to influence cells lacking IL-6Rα expression. This IL-6 

signaling process was termed IL-6 trans-signaling, whereas signal transduction 

mediated by mIL-6R is termed IL-6 classic signaling.  

  

The present study was based on the hypotheses that IL-6Rα has a pivotal role in the 

carcinogenesis of BTC and that IL-6 classic signaling and IL-6 trans-signaling 

influence CCA cells differently. Therefore, we presume that the form of IL-6 signaling 

plays a role for CCA cells. 

 

To test these hypotheses, GBC tissues were analyzed regarding IL-6Rα expression 

as tissue microarray and fresh frozen tissues. Non-neoplastic, not inflamed 

gallbladders served as controls. The results of this study showed a significantly 

reduced expression of IL-6Rα in GBC on protein and RNA level. Moreover, a 

significant association between high IL-6Rα expression and better overall survival of 

GBC patients was found. 

 

In vitro experiments on different CCA cell lines showed that activation of IL-6 

trans-signaling plays a rather minor role in the cellular processes observed in CCA. In 

contrast, activation of IL-6 classic signaling induced increased cell proliferation and 

reduced apoptosis. Similar results were achieved by specific inhibition of IL-6 

trans-signaling. These observations indicate a superior role of both, activation of IL-6 

classic signaling and inhibition of IL-6 trans-signaling. 

 



 

15 

In conclusion, this study describes an association between IL-6Rα and BTC, 

suggesting an important role of IL-6Rα in cholangiocarcinogenesis. Furthermore, 

differentiation between IL-6 classic signaling and IL-6 trans-signaling brought more 

information about the different forms of IL-6 signal transduction in CCA. Therefore, 

the data obtained in this study make an important contribution to the understanding 

of BTC and might be used for the development of new therapeutic strategies in the 

near future.  
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Zusammenfassung 

Karzinome der Gallengänge sind die zweithäufigsten primären Leberkarzinome. 

Aufgrund ihrer hohen Mortalitätsraten und fehlender Therapiemöglichkeiten ist die 

Erforschung potentieller Mechanismen, die zur Pathogenese dieser Krankheit führen 

von besonderer Wichtigkeit. Gallengangskarzinome werden anhand ihrer 

anatomischen Lokalisation in intrahepatisches cholangiozelluläres Karzinom (iCCA), 

extrahepatisches cholangiozelluläres Karzinom (eCCA) und Gallenblasenkarzinom 

(GBC) eingeteilt. Davon stellt das Gallenblasenkarzinom die häufigste Form weltweit 

dar.  

Zur Entwicklung eines Gallengangskarzinoms kommt es häufig durch chronische 

Entzündung. Entzündungen sind komplexe Prozesse, bei welchen Interleukin 6 (IL-6) 

als eines der wichtigsten Signalmoleküle dient. Zur Signalübertragung interagiert IL-6 

mit dessen Rezeptor (IL-6Rα), welcher entweder membrangebunden (mIL-6R) oder 

in löslicher Form (sIL-6R) vorliegt. Durch die Interaktion zwischen IL-6 und dem 

sIL-6R können auch jene Zellen beeinflusst werden, die keine Rezeptorexpression 

aufweisen. Diese als IL-6 trans-signaling bezeichnete Signalübertragung ermöglicht 

IL-6 daher prinzipiell jede Zelle des menschlichen Körpers zu beeinflussen. Die über 

den mIL-6R vermittelte Signalübertragung wird im Gegensatz dazu als klassisches 

IL-6 signaling bezeichnet.  

Grundlage dieser Dissertation bildete die primäre Hypothese, dass der IL-6Rα einen 

wesentlichen Beitrag zur Entstehung des Gallengangskarzinoms leistet. Eine weitere 

Hypothese war, dass klassisches IL-6 signaling und IL-6 trans-signaling CCA Zellen 

unterschiedlich beeinflussen und daher die Art der IL-6 Signaltransduktion eine 

wesentliche Rolle spielt. 

Zur Überprüfung dieser Hypothesen wurde Gewebe von Gallenblasenkarzinom-

patienten analysiert und mit pathologisch unauffälligem Gallenblasengewebe 

verglichen. Diese Untersuchungen zeigten eine reduzierte Expression des IL-6Rα im 

Tumormaterial. Ebenso konnte ein signifikanter Zusammenhang zwischen einer 

starken IL-6Rα Expression und längerem Überleben von GBC Patienten festgestellt 

werden.  

In vitro Versuche an verschiedenen CCA Zelllinien ergaben, dass die Aktivierung des 

IL-6 trans-signaling eine eher untergeordnete Rolle im CCA spielt. Die Aktivierung 
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des klassischen IL-6 signaling führte hingegen zu einer erhöhten Zellproliferation und 

zu reduziertem Zelltod. Ähnliche Resultate wurden durch die Inhibierung des IL-6 

trans-signaling erzielt. Diese Beobachtungen weisen auf eine übergeordnete Rolle 

von sowohl der Aktivierung des klassischen IL-6 signaling als auch der Inhibierung 

des IL-6 trans-signaling hin.  

 

Zusammenfassend beschreibt diese Studie eine Assoziation zwischen dem IL-6Rα 

und dem Gallengangskarzinom. Dies deutet auf eine potentiell wichtige Rolle des 

IL-6Rα im Zuge der cholangiozellulären Karzinogenese hin. Des Weiteren wurde 

neue Erkenntnisse über die unterschiedlichen Formen der IL-6 Signaltransduktion 

und deren Rolle im CCA gewonnen. Die im Zuge dieser Studie gewonnenen Daten 

liefern daher einen wichtigen Beitrag zum Verständnis des Gallengangskarzinoms 

und können für die Entwicklung neuer Wirkstoffe genutzt werden.  
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1. Introduction 

1.1 Function of the biliary tree 

With a weight of 1 200 to 1 500 g, the liver is the largest organ of the human body (2). 

Besides many functions, hepatocytes produce about 500 to 600 mL bile each day, 

which is drained by the bile ducts from the liver to the duodenum. The biliary tree 

(Figure 1) is categorized by anatomical location in intrahepatic bile ducts and 

extrahepatic bile ducts, whereas the origin of the biliary tree is located in the Canals 

of Hering (3).  

This hepatocellular-ductular junction is lined by hepatocytes on one side and by 

cholangiocytes, the epithelial cells of the bile ducts, on the other side. Distal of the 

Canals of Hering, bile ducts are lined exclusively by cholangiocytes and are called 

ductules with a size smaller than 15 µm in diameter. The ductules congregate into 

small intrahepatic (interlobular and septal) ducts and large intrahepatic bile ducts 

(area, segmental and hepatic), forming the intrahepatic part of the biliary tree.  

The intrahepatic part ends as right and left hepatic ducts surrounded by peribiliary 

glands (4,5). These ducts emerge from the liver in the porta hepatis, forming the 

common hepatic bile duct (ductus hepaticus communis). This part of the extrahepatic 

biliary tree is joined by the cystic duct (ductus cysticus) of the gallbladder, where bile 

is stored, forming the common bile duct (ductus choledochus). The common bile duct 

passes through the head of the pancreas and ends surrounded by the sphincter of 

Oddi penetrating the duodenum at the ampulla Vateri (2,4). 

The gallbladder is a thin pear-shaped, approximately 9 cm long, sac with a capacity 

of nearly 50 mL. It is located inferior to the liver lobes in the gallbladder fossa and 

consists of fundus, corpus and infundibulum. The cystic duct connects the 

infundibulum of the gallbladder to the extrahepatic bile ducts (2,6). Histologically, the 

gallbladder consists of a muscular lining with a single columnar epithelium layer, a 

lamina propria and a serosal layer, whereas no submucosa or muscular mucosae are 

present. 
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Figure 1: Anatomy of the biliary tree. ©American Cancer Society 2017. All rights reserved.  

The epithelium forms interlacing folds to increase its surface (7). Bile and bile acids 

are stored in the gallbladder and modified by absorption of water and electrolytes. 

Release of the bile into the duodenum is triggered by the gastrointestinal hormone 

cholecystokinin (2,8). 

Cholangiocytes have a dual origin: cholangiocytes lining the intrahepatic biliary tree 

originate from hepatoblasts, whereas cholangiocytes forming the extrahepatic bile 

ducts have endodermal origin (3,9). Within the intrahepatic bile ducts, cholangiocytes 

are diverse in size, morphology and function. Small cholangiocytes in small bile ducts 

are cuboidal or flattened, have a high nucleus to cytoplasm ratio and are poorly 

specialized. Large cholangiocytes lining large intrahepatic bile ducts are columnar, 

have plenty of organelles in the cytoplasm and a small nucleus to cytoplasm ratio 

(3,10–12). 

In general, cholangiocytes are polarized cells possessing a single primary cilium that 

differs in length within the biliary tree and acts as chemosensory organelle (13). 

Besides cell morphology, gene and protein expression constitute a significant 

difference between small and large cholangiocytes, providing a mechanistic basis for 

their functional heterogeneity (3,10). Small cholangiocytes show increased 

expression of proliferation-associated genes and hepatocyte transcription factors. In 

contrast, large cholangiocytes express proteins involved in secretory processes and 

reabsorption of water (14,15). 
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1.2 Biliary tract cancers 

Biliary tract cancers (BTCs) or bile duct cancers are rare, highly lethal tumor types 

arising from cholangiocytes. Between 10-25% of liver cancers are biliary tract 

cancers, making this tumor entity the second most common primary hepatobiliary 

cancer and the third most common gastrointestinal neoplasia worldwide (16–18). 

BTCs are classified according to their anatomical location in intrahepatic 

cholangiocarcinoma (iCCA), extrahepatic cholangiocarcinoma (eCCA) and 

gallbladder cancer (GBC). Two-thirds of all BTCs are GBCs, making it the most 

common form of BTC (19,20). The clinical presentation of patients suffering from 

BTC is non-specific. Usually, early stage BTCs are symptom-free. At advanced 

stages, patients show symptoms like abdominal pain, weight loss, bile duct 

obstruction and jaundice (21–23). 

Most BTCs are adenocarcinomas showing tubular and/or papillary structures 

combined with a variable fibrous stroma. Adenocarcinomas consist of short or long 

tubular glands surrounded by cells varying in morphology from cuboidal to columnar. 

Mucinous BTCs contain more than 50% extracellular mucin and are either lined by 

columnar cells or are arranged in small groups or clusters. Two malignant 

components are present in the adeno-squamous BTC subtype. This subtype contains 

unequivocal squamous features mixed with characteristics of an adenocarcinoma 

(22,24,25). 

Besides grading, according to the differentiation status of BTC, the American Joint 

Committee on Cancer (AJCC) and the Union for International Cancer Control (UICC) 

developed a staging system for BTC based on their primary side using the TNM 

system. Intrahepatic CCAs have 6 different stages (0, I, II, III, IVA, IVB), whereas 

eCCAs and GBCs have seven stages, including subclasses in stage II, III and IV. 

Generally, the higher the stage, the wider the cancer has spread (21,26).  

All classifications have distinct clinical, therapeutic and remarkable epidemiological 

differences (16,27).  

The incidences of iCCA are increasing in Asia, Japan, Australia, North America and 

Europe (Figure 2). Compared to eCCA (1.3 per 100 000/year), the incidence of iCCA 

(1.6 per 100 000/year) is significantly higher in the United States (27). Generally, 

CCA affects more men than women and is race-dependent. For instance, the highest 

incidence of CCA is among Hispanics and Asians in the US (27).  
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Worldwide, Thailand has the highest incidence of CCA, with 113 per 100 000/year in 

men and 50 per 100 000/year in women. This high incidence rate correlates with the 

presence of liver fluke infections caused by Opisthorchis viverrini and Clonorchis 

sinensis (28). The Agency for Research on Cancer considers a Opisthorchis viverrini 

infection is “carcinogenic to humans” (29). Inflammation caused by several diseases 

(e.g. parasitic infections, viral hepatitis, primary sclerosing cholangitis, Caroli´s 

disease, hepatolithiasis and liver cirrhosis) is the main risk factor for CCA. It creates a 

tumorigenic environment, leading to the malignant transformation of cholangiocytes.  

 

Figure 2: Worldwide incidences of cholangiocarcinoma. Incidence rates are given as 100
 
000 

cases between 1971 and 2009. The green color refers to incidences lower than 6 per 100
 
000 cases 

(rare cancer). The red color refers to incidences greater than 6 per 100
 
000 cases (no rare cancer). IH 

= intrahepatic; EH = extrahepatic; ↑increasing trend; ↕ stable trend; ↓decreasing trend. Used with the 

publisher´s permission (30). 

Genetically, molecular profiles of CCA samples identified mutations in, for example, 

TP53, KRAS, CDKN2A and IDH1/2, however, alterations were found in different CCA 

subtypes (19,31). Other risk factors for CCA are smoking, obesity, diabetes and other 

biliary-tract disorders, such as bile duct cysts (18,19,32–34). According to the 

American Cancer Society and the statistics from the National Cancer Institute´s 

(SEER) program, cholangiocarcinoma survival rates vary according to stage and 

location. For iCCA, the 5-year survival rates are 15% for stage I, 6% for stage II and 

III, and only 2% for stage IV iCCA. Patients with eCCA have a 5-year overall survival 
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rates of 30% with stage I tumors, 24% with stage II and III tumors, and only 2% with 

stage IV eCCA (19,35,36).  

Globally, the highest rates of GBC are reported for Chile (27 per 100 000/year) and 

India (21.5 per 100 000/year) (37–39). In the Western world, incidences of GBC 

(0.4-1.4 per 100 000/year) are decreasing, probably as a result of routine 

cholecystectomy (40). Incidences of GBC are up to three times higher in women 

compared to men. The main risk factor for GBC is cholelithiasis, with the presence of 

gallstones larger than 3 cm in size (38). Gallstones damage the gallbladder mucosa, 

leading to inflammation of the gallbladder and chronic cholecystitis. Diseases like 

gallbladder polyps, pancreaticobiliary maljunction anomalies and infections are 

associated with GBC (37). Other risk factors are gravidity and parity, age, and 

obesity. Genetic analyses of GBC samples revealed that e.g. TP53, CDKN2A, KRAS 

and COX2 are pathogenic mechanisms involved in gallbladder carcinogenesis 

(Figure 3) (19,37). According to data of the National Cancer Database, the 5-year 

survival rate for stage I GBCs is 50%, stage II 28%, stage III 8-7% and stage IV 4-2% 

(19,41).  

 

Figure 3: Mechanism of gallbladder carcinogenesis. FHIT, fragile histidine triad; TSG, tumor 

suppressor gene; COX, cyclooxygenase; mDNA, mitochondrial deoxyribonucleic acid. Used with the 

publisher´s permission (42). 
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Nowadays, surgical resection of the affected tissue is still the most promising 

treatment option. If a tumor is not resectable, neoadjuvant therapy using 

chemotherapy (gemcitabine, 5-fluorouracil) or irradiation (transcatheter arterial 

chemoembolization or transarterial radioembolization) is considered. Unfortunately, 

the management/treatment for patients with advanced or metastatic BTCs consists of 

systemic palliative chemotherapy in combination with best supportive care (21,43). 

Interestingly, a meta-analysis of twenty studies, including 6 712 patients, revealed 

that compared to surgery, any adjuvant therapy did not significantly improve the 

survival of BTC patients (44). 

At the time of thesis preparation, 216 interventional clinical trials for BTCs are listed 

(https://clinicaltrials.gov/), highlighting the urgent need for new effective therapy 

strategies. 

  

https://clinicaltrials.gov/
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1.3 Inflammation in biliary tract cancers 

Inflammation is a complex and essential response of the immune system to harmful 

stimuli, like infections, tissue damages or pathogens. The main goal of this process is 

to destroy pathogens and to prepare the damaged tissue for repair (45). Acute 

inflammation is the immediate response to tissue damage. If the immediate response 

of the immune system fails and the inflammation is continuing, chronic inflammation 

can arise. However, chronic inflammation may start due to low grade infections or 

autoimmune reactions (45,46). The condition of permanent, dysregulated and 

unresolved inflammation is often associated with neoplastic progression (47,48).  

In 1863, the German pathologist Rudolf Virchow was the first to describe the 

association between chronic inflammation and cancer due to the presence of 

leukocytes in tumorous lesions (49,50). Today, this hypothesis is evident and, 

moreover, listed as one of the hallmarks of cancer (51). It is known that cancer and 

inflammation are connected by extrinsic and intrinsic pathways. The extrinsic 

pathway is present if inflammatory conditions increase the risk of cancer 

development. In contrast, if endogenous genetic alterations (e.g. oncogenes) lead to 

inflammation and cancer, the intrinsic pathway is present (52). 

Infectious diseases and chronic inflammation are the cause for up to 25% of cancer, 

including BTC (29,53). 

Long-term inflammation induces DNA damage in cholangiocytes giving raise to CCA. 

In vitro studies proved the activation of inducible nitric oxide synthase (iNOS) as a 

response to an inflammatory cytokines cocktail (54). This enzyme produces large 

amounts of nitric oxygen (NO) from L-arginine, which is associated with DNA damage 

by oxidation, nitration and deamination (55,56). NO and its associated reactive 

oxygen species (ROS) were proven to inhibit global and 8-oxo-dG base excision 

repair mechanisms which are reversed by NO scavengers. The failure to repair 

8-oxodG promotes DNA mutation by adenine incorporation on the opposite DNA 

strain, giving a strong link between carcinogenesis of the biliary tree and 

inflammation (56,57).  

Typically, iCCA exhibit extreme desmoplastic reaction (58). The tumor 

microenvironment consist of various types of stromal cells and the extracellular 

matrix (59). The communication of cancer cells and the tumor microenvironment is 

dynamic and bi-directional. Tumor cells secrete factors to recruit and activate stromal 
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cells. These recruited cells are able to produce and secrete several factors 

influencing tumor growth and survival (59). Extracellular matrix degradation for tumor-

associated angiogenesis is mainly coordinated by tumor cells and cancer-associated 

fibroblasts (CAF), also known as myofibroblasts. Proteinases like matrix 

metalloproteinases and plasminogen activators are secreted by CAFs (60). 

Moreover, the presence of CAFs was found to correlate with lymph node metastasis, 

advanced TNM stage and poorer overall survival of iCCA patients (61).  

Tumor-associated macrophages (TAM), are besides tumor-associated neutrophils 

(TAN), prominent cells found within the tumor microenvironment (59). These cells 

can switch from an activated, anti-tumor phenotype (N1 or M1) to a pro-tumor 

phenotype (N2 or M2), which is mainly regulated by NF-κB, TGF-β, IL-4, IL-13 

respectively. (62–64). In eCCA an correlation of TANs and TAMs were found to 

positively correlate with enhanced eCCA growth and metastases (65). In GBC a 

correlation between low CD15+ cell infiltration and better overall survival was found 

(66). Moreover, Lipopolysaccharide-activated human macrophages were found to 

increase EMT-related genes, like E-cadherin, in a CCA cell line (67).  

A study on tumor-infiltrating immune cells on BTC showed CD8+ and CD4+ 

T-lymphocytes as the most prevalent inflammatory cell type. CD8+ T-lymphocytes 

were seen more frequent in the tumor epithelium compared to CD4+ T-lymphocytes 

(68). Interestingly, total count of these T-lymphocytes subtypes decreases from pre-

tumorous lesions to metastases, whereas the number of TAMs significant increased 

(68). This finding highlights that BTCs are able to evade the activation of the adaptive 

immune response, which is beneficial to BTC patients shown by a positive correlation 

of CD8+ and CD4+ T-lymphocytes and overall survival (68,69). Controversially, a 

study focusing on GBC revealed no significant correlation between CD8+ 

T-lymphocytes, but CD3+ T-lymphocytes and GBC patients’ overall survival 

emphasizing the differenced of BTC depending on the anatomical location (66).  

All invading cells of the tumor microenvironment can secrete inflammatory mediators 

to interfere with tumor cells and vice versa. This includes cytokines (e.g. IL-1β, IL-6, 

TNF-α), transcription factors (e.g. NF-κB, STAT3), or chemokine receptors (e.g. 

CXCR4) (46,52).  
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High IL-6 levels have been reported in patients suffering from various cancer types, 

indicating an important role during carcinogenesis and disease progression (70). How 

IL-6 mediates inflammatory signals will be elucidated in the next chapters. 

1.4 The interleukin 6/JAK/STAT pathway  

As BTC is discussed to be an inflammatory driven cancer, it is important to 

investigate inflammatory signaling pathways in this malignant tumor entity (See 

Chapter 1.3).  

The Janus kinase (JAK) and activators of transcription (STAT) signaling pathway 

have a wide range of functions, including influence of cell differentiation, cell 

proliferation, cell migration and apoptosis (71). The JAK/STAT pathway is stimulated 

by a variety of ligands and their receptors. Generally, for signal transduction, the 

intracellular domains of two receptor subunits must associate with Janus tyrosine 

kinases (71). Four different JAK family members are known in mammals: JAK1, 

JAK2, JAK3 and TYK2. JAK3 expression is limited to lymphoid tissue, whereas 

JAK1, JAK2 and TYK2 are found in most tissues (72,73) Biochemically, all JAK 

members consist of seven JAK homology (JH) domains (74). The first JH domain at 

the C-terminus harbors kinase activity, whereas the second is a pseudokinase 

domain. All other JH domains (JH3-7) are involved in cytokine receptor interaction 

(75).  

For signal transduction, two JAK molecules have to be in close proximity to allow 

trans-phosphorylation. Therefore, critical tyrosine residues must be phosphorylated to 

inactivate the blockage of the catalytic domain (73). Subsequently the activated JAKs 

phosphorylate substrates including the receptors and the transcription factors STAT 

(71). Seven STAT protein family members (STAT1-6, 5a & 5b) are known in 

mammals (72). All STAT proteins contain a conserved tyrosine residue in near 

proximity to the C-terminus. This specific residue is phosphorylated by JAKs. After 

tyrosine phosphorylation, the STAT proteins are able to dimerize by interacting with a 

conserved Src homology 2 (SH2) domain. The phosphorylated STAT dimers then 

enter the nucleus in an importin α-5 and RAN nuclear import pathway dependent 

mechanism (71,76–78). In the nucleus, the STAT dimers activate or repress the 

transcription of target genes by binding to interferon-γ activated sequences (GAS) 

(72,79).  
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For the regulation of JAK/STAT signaling, three major classes of regulators are 

known: suppressor of cytokine signaling (SOCS), protein inhibitors of activated 

STATs (PIAS) and protein tyrosine phosphatases (PTP). PTP family members (e.g. 

SHP-1) reverse the phosphorylation of JAKs, thus reducing kinase activity. PIAS 

proteins have a Zn-binding RING-finger domain and bind to phosphorylated STAT 

dimers preventing them from DNA binding. The SOCS protein family consists of at 

least eight members (SOCS1-7 and cytokine-induced STAT inhibitor (CIS)). All 

contain a SH2 domain and a short C-terminal domain, the SOCS box and an 

N-terminal domain. Three possible mechanisms are known how SOCS can inhibit 

JAK/STAT signaling. First, these proteins bind to phosphorylated tyrosine residues of 

receptors preventing the recruitment of substrates allosterically. Second, SOCS 

protein family members can bind JAKs directly leading to JAK kinase activity block. 

Third, SOCS facilitate the ubiquitination of JAKs and their receptors leading to 

decreased protein stability and proteasomal degradation (71,80,81).  

Interleukin 6 (IL-6) is member of the IL-6-type cytokine family, has pro-inflammatory 

and anti-inflammatory properties and, activates genes influencing survival, 

differentiation, proliferation and apoptosis of cells (77,82). Biochemically, IL-6 

consists of 186 amino acids, forming a four α-helix bundle linked via loop regions in 

an up-up-down-down topology (Figure 4) (83). 

To mediate signaling, IL-6 specifically binds to its non-signaling receptor (IL-6Rα, 

CD126, gp80), resulting in an IL-6/IL-6Rα complex. This complex recruits the 

ubiquitously expressed signal transducing receptor gp130 (CD130, IL-6Rβ), causing 

gp130 homodimerization. Interestingly, gp130 has no affinity to IL-6 nor IL-6Rα (84). 
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Figure 4: Three dimensional structure of recombinant expressed human IL-6. The image was 

created by NGL Viewer (85) (PDB: 1IL6) using data of solution NMR analysis and cartoon style to 

visualize the α-helices in the structure (86).  

The activated IL-6R complex has a hexameric structure consisting of two molecules 

IL-6, IL-6Rα and gp130 each and adopt α-helical conformational changes in 

transmembrane and intracellular regions (70,87,88). The secondary receptor gp130 

is essential for IL-6 signaling because the short 82 amino acids long intracellular 

domain of the IL-6Rα lacks the motifs for intracellular signal transduction (70,89). The 

gp130 molecule contains several of these motifs but lacks a kinase domain (89). 

Therefore, gp130 can recruit JAKs after conformational changes to mediate 

downstream signaling. These kinases phosphorylate cytoplasmic regions of gp130 to 

create binding sites with the consensus sequence YXXQ for the SH2 domains of 

STATs. In turn STATs, function as substrates for JAKs (79). For IL-6 induced 

signaling, JAK3 plays a minor role, while of the remaining three kinases, JAK1 is the 

predominant one (72,82,90,91). Amongst all STAT family members, IL-6 

predominately activates STAT3, which was initially identified as IL-6 transcription 

factor in hepatocytes as acute-phase response factor, and to a minor extent STAT1 

(72). 

STAT3 is activated by tyrosine phosphorylation at a single site (Y705) in the SH2 

domain in near proximity to the C-terminus, mediated mostly by JAK1, as well as 

serine phosphorylation (S727) in a mitogen-activated protein kinase domain within 

the transactivation domain (TAD) (79,91,92). Main dimerization of STAT3 is triggered 

by p-Y705 and stabilized by TAD due to binding of p-Y705 of the other monomer 

(93). The function of STAT3 as transcription factor has been studied extensively. 
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However, STAT3 was found to be localized in a small amount in the mitochondrion, 

where it influenced the electron transport chain (94,95). Deletion of STAT3 led to 

embryonic lethality, whereas all other STAT protein family members led to viable 

mice with limited phenotypes (96).  

Moreover, STAT3 is involved in germinal center maintenance (97), B-cell 

development (98), self-renewal of pluripotent embryonic stem cells (99,100), the 

control of acute-phase response of the liver (101) and oncogenesis (102). In the 

latter, STAT3 is able to regulate both, oncogenes and TSG. As examples, STAT3 

regulates a variety of other tumor supporting transcription factors (e.g. c-Fos, c-Myc 

and HIF-1α) (103–105), apoptosis by suppressing the expression of anti-apoptotic 

Bcl-2 protein family members (106) and evasion of the immune system by regulating 

COX-2 expression (107). Tumor suppressing function of STAT3 are, for instance, the 

regulation of p21 (CIP1/WAF1) and the family of FOX transcription factors, which 

regulate cell cycle and proliferation (108,109). 

Moreover, dominant-negative STAT3 has been proven to induce apoptosis in breast 

cancer (110), non-small cell lung cancer (111) and prostate cancer (112).  

STAT3 has several isoforms due to alternative splicing or proteolytic processing. 

Altogether, four isoforms have been identified so far: STAT3α (92 kDa), STAT3β 

(83 kDa), STAT3γ (72 kDa) and STAT3δ (64 kDA) (113,114).  

STAT3α is the full-length form of STAT3 (Figure 5) and only its loss is lethal to mice, 

whereas deletion of STAT3β did not influence mice viability (115). STAT3β is 

truncated at the C-terminus of STAT3, lacking the TAD (Figure 5). It has the ability to 

suppress specific STAT3 functions and has therefore been considered as dominant 

negative factor. It can be phosphorylated at Y705 and forms more stable dimers 

leading to stronger DNA-binding activity compared to STAT3α (114,115). 
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Figure 5: Schematic overview of the two alternatively spliced STAT3 variants. Both isoforms 

(STAT3α and STAT3β) share the N-terminal domain as well as the coiled coil domain (which allows 

protein-protein interactions) and the DNA binding domain which is linked to the Src homology 2 

domain (SH2). The tyrosine 705 residue lies within the SH2 domain and is responsible for dimerization 

and activation of STAT3. Due to alternative splicing, STAT3β is missing the transactivation domain 

(TAD). Instead it carries seven amino acids. Used with the publisher´s permission (113). 

STAT3γ originates from proteolytic cleavage STAT3α and carries a truncated 

C-terminus, leading to a dominant-negative variant of STAT3 (116). STAT3δ is 

generated like STAT3γ, but its specific function remains undefined (117).  

Amongst all possible mechanism of IL-6 signaling termination by STAT3 deactivation, 

the SOCS family member SOCS3 is the predominant protein found to inhibit STAT3 

signaling (118). The expression of SOCS3 is STAT3 dependent, leading to a 

negative feedback loop. SOCS3 is able to bind JAKs and/or gp130 by their central 

SH2 domain. The N-terminal kinase inhibitory region of SOCS3 is responsible for 

blocking the catalytic activity of JAKs leading to termination of IL-6 mediated 

signaling (81,119). Illustration of the activation and inhibition of IL-6 mediated 

signaling is shown in Figure 6 schematically. 

IL-6 is able to stimulate cells lacking the IL-6Rα, indicating that another mechanism 

leads to IL-6 induced STAT3 signaling (82,120). 
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1.5 IL-6 trans-signaling 

Expression of IL-6Rα was proven in hepatocytes, monocytes, neutrophils and some 

subtypes of lymphocytes (121). However, IL-6 is able to activate cells that do not 

express IL-6Rα. The full length IL-6Rα (mIL-6R) has a molecular weight of 80 kDa, 

harbors a transmembrane domain and binds to IL-6 with nanomolar affinity 

(122,123).  

Interestingly, an additional IL-6Rα form with 50-55 kDa was detected first in human 

urine (124,125). Many cytokine receptors have soluble forms (126). In fact, the 

50-55 kDa IL-6Rα is a soluble form (sIL-6R). In contrast to many other soluble 

receptors, sIL-6R has an agonistic function (127). The sIL-6R can be generated by 

alternative splicing or proteolytic cleavage at the Gln357/Asp358 in close proximity to 

the transmembrane domain by a disintegrin and metalloprotease 17 (ADAM17), a 

process called ectodomain shedding (128–132). Interestingly, no different splice 

variants of the IL-6Rα mRNA have been detected mice (133). Nowadays, it is 

believed that ectodomain shedding is the superior mechanism for sIL-6R generation 

(134). Shedding of the IL-6Rα is triggered by pore forming toxins (135), cholesterol 

depleting in plasma membranes (136), bacterial metalloproteinases (137), apoptosis 

(138) and, most importantly, by activation of protein kinase c (139).  

For signal transduction, sIL-6R interacts with IL-6 with comparable affinity to the 

mIL-6R, forming an IL-6/sIL-6R complex (126). Subsequently, the complex interacts 

with gp130 inducing JAK/STAT signaling (See Chapter 1.4.) The signal transduction 

through the sIL-6R was named IL-6 trans-signaling, whereas the mIL-6R mediates 

IL-6 classic signaling (Figure 6) (126).  

The possibility of targeting cells by IL-6 trans-signaling largely increases the 

spectrum of IL-6 signaling and opens new therapeutic approaches in several 

diseases. To study differences between IL-6 classic signaling and IL-6 

trans-signaling, diverse agents (See Chapter 3.2) are necessary (Figure 6). 

Tocilizumab is a monoclonal antibody raised against all forms of the IL-6Rα and it 

blocks both types of IL-6 signaling. The antibody sgp130Fc is only capable of 

inhibiting the interaction between the IL-6/sIL-6R complex and it blocks IL-6 trans-

signaling specifically (84). For specific activation of IL-6 trans-signaling, the designer 

cytokine Hyper-IL-6 is used (140). This protein mimics the IL-6/sIL-6R complex.  
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Figure 6: Principles of IL-6 signaling activation and inhibition. IL-6 activates STAT3 via interaction 

with membranous IL-6Rα (= IL-6 classic signaling) or by interacting with a soluble IL-6R (= IL-6 

trans-signaling). Tocilizumab blocks the interaction of IL-6 and IL-6Rα independent of its form. The 

protein sgp130Fc inhibits IL-6 trans-signaling specifically. A natural feedback loop of STAT3 activation 

is performed by suppressor of cytokine signaling 3 (SOCS3). Used with the publisher´s permission 

(141). 

Differences between IL-6 classic signaling and IL-6 trans-signaling were intensively 

studied in several diseases (123,142). Double transgenic mice for IL-6/sIL-6R had 

massive extramedullary hematopoiesis in liver and spleen and increased 

hepatocellular proliferation, not seen in single IL-6 or sIL-6R transgenic mice (143–

145). Constant dividing hepatocytes are usually seen during liver regeneration. After 

50% hepatectomy, Hyper-IL-6 treated mice showed increased liver regeneration 

compared to IL-6 treated mice (146). Even animals with sever hepatic damage 
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induced by D-galactosamine survived upon Hyper-IL-6 treatment but not by IL-6 

alone (147,148).  

Blocking of IL-6 trans-signaling is performed by a natural soluble form of gp130 

(sgp130) under steady-state conditions. Serum levels of sIL-6R (40-70 ng/mL) and 

sgp130 (400 ng/mL) are approximately 10 000 times higher than IL-6 (1-5 pg/mL) 

levels under normal conditions (123,149). This implies that secreted IL-6 will bind to 

sIL-6R forming an IL-6/sIL-6R complex, which is neutralized by sgp130. Only 

dramatic IL-6 plasma levels, as seen under septic conditions, will allow IL-6 to act 

systemically (123,150). This is valid for paracrine secreted IL-6, depending on the 

proximity of cells. For instance, activated Kupffer cells influence neighboring 

hepatocytes and cholangiocytes by IL-6 secretion (142).  

For dissection of IL-6 classic signaling and IL-6 trans-signaling, mice were injected 

with either the recombinantly expressed sgp130Fc, or the protein was synthesized in 

transgenic mice in vivo. Data of these studies showed that sgp130Fc was able to 

block the inflammatory process of rheumatoid arthritis (151–153), intestinal 

inflammation as seen in Crohn´s disease (154) and inflammation associated cancers 

like colon cancer (155), pancreatic cancer (156) and malignant ascites of ovarian 

cancer (157).  
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1.6 IL-6/JAK/STAT3 signaling in biliary tract cancers 

The role of IL-6 is complex in cancer. Cancer cells can produce large amounts of all 

receptor subunits (IL-6R, gp130) and IL-6, which allows them to respond, on the one 

hand, to IL-6 classic signaling and, on the other hand, to stimulate surrounding cells 

via IL-6 trans-signaling (158). 

Various tumor entities have been studied regarding IL-6 signaling (70). It was proven 

that IL-6 plays an important role in cellular processes like proliferation, survival, 

angiogenesis, chemotherapy resistance and the formation of metastasis (158,159). 

This pivotal role of IL-6 in cancer makes it a promising target for cancer therapy, 

whereas over the last decades, the IL-6Rα became more and more the focus of 

interest as potential target. In lung adenocarcinoma and ovarian cancer, it was shown 

that the IL-6Rα gene expression significantly correlates with patients´ overall survival, 

highlighting its prognostic value (160,161).  

Cholangiocytes express little amounts of IL-6, IL-6Rα and gp130. If stimulated with 

lipopolysaccharide, phorbol esthers or forskolin cholangiocytes secret high amounts 

of IL-6, leading to increased proliferation (162–164). 

Many studies highlight the role of IL-6 in BTC (165). In human malignant 

cholangiocytes, it was proven that over-expression of IL-6 promotes tumor growth in 

vitro and in vivo via the activation of p38 or p44/p42 MAPK signaling and the 

downregulation of the cell cycle regulator p21(WAF/CIP1) (166–168). In vitro 

experiments of IL-6 over-expressing CCA cell lines proved the involvement of IL-6 

signaling in DNA methylation of promoter regions encoding for factors influencing 

carcinogenesis like p53 and epidermal growth factor receptor (EGFR) (169,170). A 

positive feedback loop of the EGFR was proven to be responsible for prolonged 

STAT3 activation independent of SOCS3 inhibition (171).  

Over-expression of SOCS3 was shown to regulate IL-6 induced EMT in CCA cell 

lines by increasing E-cadherin expression due to inhibition of STAT3 tyrosine 

phosphorylation. This results in reduced cell invasion and in vivo metastasis (172). 

Activated STAT3 and SOCS3 were found to negatively correlate in CCA tumor, 

suggesting an inactivation of this negative feedback loop (173). The inactivation of 

SOCS3 is rather due to promotor methylation of the CpG island, leading to epigenetic 

silencing than due to mutations (173). This finding allows IL-6 to permanently induce 

STAT3 signaling in CCA.  
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Another example for the tumor supporting function of IL-6/JAK/STAT3 signaling in 

CCA is that IL-6 was found to enhance CCA cancer cell survival specifically through 

the JAK/STAT3 pathway. Activated STAT3 was shown to bind to a specific motif in 

the promoter of the anti-apoptotic Bcl-2 protein family member myeloid cell 

leukemia-1 (Mcl-1) in a CCA cell line (174).  

Elevated IL-6 bile and serum levels of patients suffering from CCA were found 

compared to hepatocellular carcinoma, other biliary diseases and metastatic 

colorectal cancer patients (175). Quantification of IL-6 levels in serum of CCA 

patients has been proven to correlate with tumor mass and patients´ overall survival 

(176). Analysis of the epithelial and stromal transcriptomic profiles in CCA tissues 

identified 1 442 differentially expressed genes, including IL-6. Gene expression of 

IL-6 was found to be significantly elevated in tumor stroma compared to matching 

CCA epithelium (177).  

Expression pattern analysis of all STAT family members in 223 human CCA 

specimens and in the Opisthorchis viverrini infected CCA hamster model, revealed 

that p-STAT3 (Tyr705) was mainly detected in the nuclei of cholangiocytes during 

carcinogenesis (178). In more detail, it was frequently seen in the inflammatory state, 

the precancerous stage and in the final tumor stage. The expression of STAT3 was 

proven to increase along with CCA carcinogenesis suggesting an association 

between STAT3 and CCA progression (178). Over-expression of STAT3 was found 

to increase the metastatic potential of iCCA cell lines in vitro and in vivo. Moreover, 

STAT3 expression correlated with tumor size, vascular invasion, metastasis and 

TNM stage in iCCA Survival analysis of iCCA patients revealed an association 

between lower STAT3 expression and longer disease-free survival (178,179). 

The impact of IL-6 trans-signaling was demonstrated in some cancer types. In 

pancreatic ductal adenocarcinoma (PDAC), IL-6 trans-signaling was demonstrated to 

be the form of IL-6 signal transduction involved in PDCA development. If IL-6 

trans-signaling was genetically manipulated by inducing sgp130 in KrasG12D mice 

nearly no pancreatic intraepithelial neoplasia was seen (156). 

Different murine models were used to study IL-6 trans-signaling in lung 

adenocarcinoma. A comparison of mice harboring mutated gp130 (which inhibits 

SOCS3 mediated STAT3 inhibition) with KrasG12D mice showed impaired lung 
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carcinogenesis. This effect was suppressed by pharmacological inhibition of IL-6 

trans-signaling or crossing the mice with mice sgp130Fc transgenic mice (180).  

In the murine diethylnitrosamine (DEN) model for hepatocellular cancer (HCC), the 

most common primary liver cancer, it was proven that IL-6 trans-signaling is able to 

prevent p53-dependent hepatocyte apoptosis. Kupffer cells were identified as the 

source of sIL-6R, leading to IL-6 trans-signaling and not IL-6 classic signaling. 

Protection of HCC development was seen in sgp130Fc transgenic mice to the same 

extent as IL-6-/- mice, leading to the conclusion that IL-6 trans-signaling is essential 

for HCC development (142,181). 

In a murine model of colon cancer, it was shown that rather IL-6 trans-signaling than 

IL-6 classic signaling controls tumor growth due to STAT3 activation in intestinal 

epithelial cells, which usually show low to near IL-6Rα expression (182). Moreover, 

IL-6 trans-signaling was found to be responsible for the increased expression of 

carcinoembryonic antigen-related cell adhesion molecules (CEACAM) 5 and 6 in 

colon cancer, which are widely used in tumor diagnostics (183).  

Besides the findings of single nucleotide polymorphism in the IL-6Rα of Opisthorchis 

viverrini associated CCA patients, no investigations on the receptor obligatory for IL-6 

signal transduction and its association to BTC have been performed so far (184).  

Moreover, dissection between IL-6 classic signaling and IL-6 trans-signaling was 

never included in studies regarding IL-6 in all types of BTC.  

Therefore, this thesis focuses on IL-6Rα and its two ways of signal transduction in 

BTC.  
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2. Hypothesis 

1. The IL-6Rα has a pivotal role in BTC.  

Therefore, analyses of GBC tissues in form of a tissue microarray and as fresh frozen 

specimens were performed to gain information about a correlation of IL-6Rα with 

overall survival. Moreover, analysis of GBC tissue samples was used to provide 

insights into alterations of IL-6Rα mediated signaling during cholangiocarcinogenesis. 

2. IL-6 classic signaling and IL-6 trans-signaling differentially impact malignant 

cholangiocytes in vivo. 

Therefore, different pharmacological approaches were used to answer the following 

question: which form of IL-6 signaling is predominant in CCA and harbors tumor-

promoting activity? 

The following scheme gives an overview about the performed experiments to clarify 

the hypothesis of this study.  
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Figure 7: Schematic overview of the used analyses within this study. 
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3. Materials and methods 

3.1 Cell culture 

The cell lines TFK-1 (185) and EGI-1 (186), established from a primary eCCA, were 

kindly provided by Prof. Kai Breuhahn (University Hospital of Heidelberg, Germany). 

TFK-1 cells were cultivated in Roswell Park Memorial Institute (RPMI) - 1640 medium 

supplemented with 10% fetal bovine serum (FBS; Gibco, Life Technologies, 

Darmstadt, Germany). The cell line EGI-1 was cultured in Dulbecco´s Modified 

Eagle´s Medium (DMEM; Gibco, Life Technologies, Darmstadt, Germany), 

supplemented with 10% FBS and 1x MEM non-essential amino acids (Gibco, Life 

Technologies, Darmstadt, Germany). 

The cell lines Mz-ChA-1 (derived from GBC abdominal wall metastasis), Mz-ChA-2 

(established from GBC liver metastasis) and SK-ChA-1 (cultivated from malignant 

ascites of an eCCA) were a kind gift from Prof. Alexander Knuth (University of Zurich, 

Switzerland) and cultured in RPMI-1640 supplemented with 10% FBS, 2 mM 

L-Glutamine (Gibco, Life Technologies, Darmstadt, Germany) and 1x MEM non-

essential amino acids (187).  

All five cell lines were supplemented with 100 U/mL penicillin / 100 µg/mL 

streptomycin (Gibco, Life Technologies, Darmstadt, Germany) and maintained at 

37°C in a humid atmosphere with 5% CO2. All cell lines were routinely tested for 

mycoplasma contamination (PCR Mycoplasma Kit, Promocell GmbH, Heidelberg, 

Germany). 

3.2 Compounds 

3.2.1 Hyper-IL-6 

First described in 1996, Hyper-IL-6 is a 408 amino acid long fusion protein that 

activates IL-6 trans-signaling. The non-helical N-terminal residues of IL-6 are linked 

by a flexible loop to the C-terminus of the sIL-6R. Hence, Hyper-IL-6 mimics the 

IL-6/sIL-6R complex (140). Recombinantly expressed Hyper-IL-6 was kindly provided 

by Prof. Stefan Rose-John1 (University Kiel, Germany). 

                                            
1
 Stefan Rose-John is an inventor of patents and a shareholder of the CONARIS Research 

Institute AG, which develops soluble glycoprotein 130 fusion proteins as therapeutics. 
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3.2.2 sgp103Fc 

In 2010, the group around Stefan Rose-John1 was able to express gp130Fc 

recombinantly. Therefore, the extracellular portion of gp130 was fused to the 

constant region of a human IgG1 heavy chain. Functional analysis of sgp130Fc 

proved its selective inhibitory effects for IL-6 trans-signaling without affecting IL-6 

classic signaling (84). The inhibitor sgp130Fc was a kind gift from Prof. Stefan 

Rose-John1 (University Kiel, Germany). 

3.2.3 Interleukin 6 

IL-6 is a member of the IL-6-type cytokines consisting of 186 amino acids arranged in 

four-helical protein domains (Figure 4). IL-6 activates the JAK/STAT pathway by 

interaction with its receptor (IL-6Rα) and gp130 (82). For this study in Escherichia coli 

expressed human IL-6 was purchased from Peprotech (Rocky Hill, USA). 

3.2.4 Tocilizumab 

Tocilizumab is a humanized anti-IL-6Rα monoclonal antibody that blocks the soluble 

and membrane-bound IL-6Rα form, leading to total IL-6 signal transduction inhibition. 

First approved in 2005 for Castlemans´s disease, Tocilizumab was approved for the 

treatment of rheumatoid arthritis by the European Medicines Agency in 2009 and the 

US Food and Drug Administration in 2010 (188,189). Tocilizumab (RoActemra®) was 

purchased from Roche Diagnostics (Risch-Rotkreuz, Switzerland).  

3.3 Patient derived tissue specimens 

3.3.1 FFPE tissue and tissue microarray generation 

After approval of the ethics committee of the Medical University of Graz (28-294 ex 

15/16) and the institutional review board of the Severance Hospital Seoul (no. 

4-2014-0421), formalin-fixed, paraffin embedded (FFPE) GBC samples (n=367) and 

non-neoplastic, not inflamed gallbladder samples (NNT; n=61) were collected 

retrospectively from the Medical University of Graz (43%), the Hospital Graz South-

West (6%), the Medical University of Innsbruck (11%) and the University Hospital of 

Seoul (40%) according to the ethical guidelines of the 1975 Declaration of Helsinki. In 

total, 428 specimens were used in this study. For tissue microarray (TMA) 

generation, the tumor areas were marked on the paraffin block, and tissue cones of 

0.6 mm in diameter were punched out of the tumor area. These cones were 

embedded as TMA in a fresh paraffin block in triplicates (Beechers Instruments, Sun 
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Prairie, USA). The clinicopathological characteristics of the patient-derived FFPE 

specimens are listed in Table 1. 

3.3.2 Frozen tissue samples 

Frozen tissues of GBC (n=14) and NNT specimens (n=12) were collected 

immediately after surgery or provided by the Biobank Graz. Therefore, the tissue was 

cut into small pieces, snap frozen in liquid nitrogen and stored at -80°C prior to 

biochemical analysis. The patients’ characteristics of frozen tissue samples are listed 

in Table 1. 

Table 1: Clinicopathological characteristics of patient-derived tissue. [Published in 
Kleinegger et al., 2019] 

 
Frozen tissue (n = 26) TMA (n = 428) 

 

GBC  
(n = 14) 

NNT 
(n = 12) 

GBC 
(n = 367) 

NNT 
(n = 61) 

Age (± SD) 
70.4 (8.5) 57.8 (8.1) 

68.8 
(10.7) 

64.2 
(9.6) 

Gender  
       Female 9 2 268 36 

   Male 5 10 99 25 

Subtype 
 

  

 

  

Adenocarcinoma 14 336 

    Adenosquamous 4 13 

    Tubulary 4 77 

    Mucinous 1 6 

    Tubulo-papillary 4 25 

    Mixed 1 32 

    Papillary 0 11 

    Solid 0 7 

    Unknown 0 165 
Squamous cell 
    carcinoma 0 6 

Without subtyping 0 25 

Grading 
 

 

 

 

    Low 7 221 

    High 6 137 

    Unknown 1 9 
 

  



 

42 

3.4 Immunohistochemistry 

For immunohistochemical staining (IHC), the TMAs were cut in 3 µm thick sections. 

After de-paraffinization, antigen retrieval was performed either with 0.01 M citrate 

buffer (pH 6) or 1 mM Tris-EDTA buffer (pH 9). The primary antibody (Table 2) was 

incubated overnight at 4°C. Detection was performed using the Super Stain System- 

HRP AEC detection kit (Empire Genomics, Buffalo, USA) following the 

manufacturer’s instructions. Evaluation of the TMAs was performed by independent, 

blinded, board-certified pathologists. Staining intensity was scored as no (score 0), 

weak (score 1), moderate (score 2) and strong (score 3) immunoreactivity. For 

survival analysis, no and weak staining intensities were grouped as “low expression”, 

and strong and moderate staining intensities were grouped as “high expression”. 

Analysis of tumor marker expression of CCA cell lines was also performed by 

immunohistochemistry. Therefore, cells were prepared as described in Chapter 3.11. 

Subsequently, cells were fixed with 3.7% formalin in PBS followed by 

immunohistochemical staining. IHC was performed by Margit Gogg-Kammerer and 

Eva Hofer. 

3.5 Survival analysis 

Based on staining intensities and patients´ characteristics of TMAs, Kaplan-Meier 

analysis was performed using the R survival package. Therefore, the Cox 

proportional hazards regression model, including the Likelihood ratio test, was used. 

This analysis was performed by Robert Reihs. 

Gene expression data of 28 CCA patients from The Cancer Genome Atlas (TCGA; 

http://cancergenome.nih.gov/) was analyzed regarding patients´ overall survival. The 

data was stratified by median to identify the association between high (n=14) and low 

(n=14) gene expression and overall survival using the log-rank test. Statistical 

significance was assumed at p < 0.05. This analysis was done by Anna Maria Birkl-

Toeglhofer. 

  

https://cancergenome.nih.gov/
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3.6 Protein isolation and immunoblot 

For total protein isolation, cell lines were washed in ice-cold PBS, scraped and lysed 

in Nonidet P-40 lysis buffer (0.05 M Tris-HCl, 5 mM NaCl, 0.5% NP-40, 0.1 mM 

Pefabloc, 1 mM DTT, cOmplete Mini and PhosSTOP) for 30 min, followed by 

subsequent centrifugation. For trichloracetic acid (TCA) precipitation, serum-free cell 

culture supernatants were collected, and TCA was added to a final concentration of 

10% and incubated overnight at -20°C. 

Tissues were homogenized using MagNA Lyser homogenizer (Roche Diagnostics, 

Risch-Rotkreuz, Switzerland) in 1 mL Nonident P-40 lysis buffer, followed by 

subsequent centrifugation. The supernatant was collected, and protein concentration 

was determined with the Bradford protein assay (Biorad Protein Assay Dye Reagent; 

BioRad Laboratories GmbH, Munich, Germany). Between 15 and 30 µg of total 

protein lysate was applied to a 12.5 % sodium-dodecyl-sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE; 30% Acrylamid/Bisacrylamid solution; ROTH, 

Karlsruhe, Germany) in a Mini-vertical electrophoresis unit (Hoefer Inc, Richmond, 

USA). The setup for the electrophoresis was 120 V until the running front reached the 

bottom of the gel. Afterwards, the proteins were blotted onto a 

poly(1,1-difluoroethylene) (PVDF) membrane (Immobilin-P Transfer Membrane; 

Millipore, Massachusetts, USA) using 80 mA for 1.5 h in a semi-dry blotting unit (V20-

SDB; Scieplas, Cambridge, UK). The membranes were stained with a 

methanol/Ponceaou S solution (Sigma-Aldrich, St. Louis, USA) to verify protein 

transfer, destained and blocked for 1 h at room temperature with 5% non-fat dried 

milk (AppliChem; Darmstadt, Germany) in 0.1% TBS-Tween 20 (TBS-T). Primary 

antibodies (Table 2) were diluted in 5% bovine serum albumin (BSA; Roche 

Diagnistics GmbH, Mannheim, Germany) or 5% non-fat dried mild in 0.1% TBS-T 

and incubated overnight at 4°C under vigorous shaking. On the next day, the 

membranes were washed and incubated with matching secondary antibody (Table 2) 

for 1 h at room temperature. Visualization of the proteins was done with the 

chemiluminescence Amersham ECL Prime Western Blotting Detection Reagent (GE 

Healthcare Life Science, Buckinghamshire, UK) and exposed in the Image Quant 

LAS 500 (GE Healthcare Life Science, Buckinghamshire, UK).  
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Table 2: Antibodies used in this study. [Published in Kleinegger et al., 2019] 

Antibody Species Dilution Distributor 

IL-6Rα (4-11) mouse 1 µg/mL Described elsewhere (138,190) 

p-STAT3 (Tyr705) rabbit 1:2 000 Cell Signaling (Danvers, USA) 

p-STAT3 (Ser727) rabbit 1:1 000 Cell Signaling (Danvers, USA) 

STAT3 mouse 1:1 000 Cell Signaling (Danvers, USA) 

gp130 (E-8) mouse 1:1 000 
Santa Cruz Biotechnology (Dallas, 

USA) 

SOCS3 rabbit 1:1 000 Cell Signaling (Danvers, USA) 

GAPDH rabbit 1:1 000 Cell Signaling (Danvers, USA) 

ECL™ Anti-mouse 
IgG HRP 

sheep 1:3 000 GE Healthcare (Buckinghamshire,UK) 

ECL™ Anti-rabbit 
IgG HRP 

donkey 1:5 000 GE Healthcare (Buckinghamshire,UK) 

Vimentin mouse 
ready to 

use 
Linaris (Dossenheim, Germany) 

E-Cadherin mouse 
ready to 

use 
Dako (Santa Klara, USA) 

Cytokeratin 7 mouse 1:100 Dako (Santa Klara, USA) 

Cytokeratin 19 mouse 1:100 Dako (Santa Klara, USA) 

 

3.7 RNA isolation 

For total RNA isolation, cell lines were washed with ice-cold PBS, scraped, and the 

cell pellet was resuspended in 1 mL TRIzol® reagent (Life Technologies; Woolston, 

UK). RNA isolation of human tissues was performed by homogenization in 1 mL 

TRIzol® reagent using a MagNA Lyser homogenizer.  

Subsequently, 200 µL chloroform was added. After phase separation by 

centrifugation, the aqueous phase was precipitated with 500 µL ice-cold isopropanol. 

The pellet was washed with 80% ethanol and dissolved in RNAse-free water. Total 

RNA concentrations were measured using a Nanodrop1000 (Thermo Fischer 

Scientific Inc., Waltham, USA), and samples were stored at -80°C prior cDNA 

synthesis.  

3.8 cDNA synthesis and quantitative real-time PCR 

One µg RNA was reverse transcribed to cDNA using the High-Capacity cDNA 

Reverse Transcription Kit (Applied Biosystems, Foster City, USA) containing RNAse 

inhibitors (Applied Biosystems, Foster City, USA) in a GeneAmp 9700 Thermocycler 

(Applied Biosystems, Foster City, USA) according to the manufacturer’s instructions. 

The setup for the thermocycler was as follows: 10 min at 25°C, 120 min at 37°C and 

5 min at 85°C. For quantitative real-time PCR (qRT-PCR), 5 ng cDNA for human 
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tissue or 2.5 ng cDNA from cell lines was used together with the Power SYBR™ 

Green PCR Master Mix Kit (Applied Biosystems, Foster City, USA) and 5 µM primers 

in a total volume of 20 µL. The qRT-PCR was performed in a QuantStudio™ 7 Flex 

Real-Time PCR System (Applied Biosystems, Foster City, USA). Primers are listed in 

Table 3 and were checked for specificity and efficiency. Out of four different 

housekeeping genes, NormFinder (98) calculated GAPDH to be the most stable 

endogenous control. The relative gene expression levels were calculated by the 2 -

ΔΔCT method (191) and are represented as x-fold change. 

 

Table 3: Used primers for qRT-PCR. [Published in Kleinegger et al., 2019] 

Gene name RefSeq no. Sequence 5´-3´ 
Amplicon 
size [bp] 

IL-6Rα NM_000565.3 
GGGTTGTGGAATCTTGCAGC 

93 
TCTTGCCAGGTGACACTGAG 

IL-6 
(RTPrimerDB 

ID 3545)  
NM_001318095.1 

GGCACTGGCAGAAAACAACC 
85 

GCAAGTCTCCTCATTGAATCC 

gp130  NM_001190981.1 
ACCCCAAAGTTTGCTCAAGGA 

96 
AAAGCAGAACAGCACTCCCA 

JAK1 NM_001321853.1  
CTTTGCCCTGTATGACGAGAAC 

101 
ACCTCATCCGGTAGTGGAGC 

JAK2 NM_001322196.1 
TCTGGGGAGTATGTTGCAGAA 

130 
AGACATGGTTGGGTGGATACC 

TYK2 NM_003331.4 
GAGATGCAAGCCTGATGCTAT 

76 
GGTTCCCGAGGATTCATGCC 

STAT3 NM_139276.2 
CAGCAGCTTGACACACGGTA 

150 
AAACACCAAAGTGGCATGTGA 

SOCS3 NM_003955.4 
GATTCGGGACCAGCCCCC 

121 
AACTTGCTGTGGGTGACCAT 

ADAM17 NM_003183.5 
ACCGAATGCTGCTGGATATT 

150 
CCTATTCCTGACCAGCGTG 

 

3.9 DNA isolation and cell line characterization 

Cells were grown under standard conditions, washed, harvested, and genomic DNA 

was isolated using the QIAamp® DNA Mini Kit (Qiagen, Hilden, Germany) according 

to the manufacturer´s instructions. Isolated DNA was dissolved in DNAse free-water, 

and concentration was determined with a Nanodrop1000 (ThermoFischer Scientific, 

Massachusetts, USA). 

https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1013070982
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1015809695
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=187608614
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3.9.1 Short tandem repeat analysis 

This analysis was performed at the Institute for Human Genetics (Medical University 

of Graz). For cell line identification, short tandem repeat analysis was chosen using a 

PowerPlex® 16 HS System (Promega, Madison, USA) according to the 

manufacturer´s instructions. 0.5 ng DNA was mixed with primers and mastermix in a 

final volume of 10 µL. After PCR, 1 µL of the product was mixed with Hi-Di formamide 

(Applied Biosystems Inc., Foster City, US) and Internal Lane Standard (ILS600). After 

denaturation and fractionation on an ABI 3730 Genetic Analyzer (Applied Biosystems 

Inc., Foster City, US), the resulting data was analyzed and evaluated with the ABI 

Genemapper 4.0 (Applied Biosystems Inc., Foster City, US).  

3.9.2 Mutational analysis by next-generation sequencing 

This analysis was performed at the Laboratory for Molecular Diagnostics at the 

Diagnostic and Research Institute of Pathology (Medical University of Graz). 

Therefore, NGS libraries were prepared using the AmpliSeq library kit 2.0 (Thermo 

Fisher Scientific, Waltham, USA) and the Ion Ampliseq Cancer Hotspot Panel V2 

(CatNr: 4475346) primer pool covering hotspot mutations in 50 genes implicated in 

cancer. Sequencing was performed on an Ion Proton benchtop sequencer (Thermo 

Fisher Scientific, Waltham, USA) to a length of 200 base pairs. Initial data analysis 

was done using the Ion Torrent Suite Software Plug-ins (Thermo Fisher Scientific, 

open source, GPL, https://github.com/iontorrent/). Briefly, this included base calling, 

alignment to the reference genome (HG19) using the TMAP mapper and variant 

calling by a modified diBayes approach taking into account the flow space 

information. Called variants were annotated using open source software ANNOVAR 

(192) and SnpEff (193). All coding, nonsynonymous mutations were further evaluated 

and visually inspected in IGV (http://www.broadinstitute.org/igv/), and variant calls 

resulting from technical read errors or sequence effects were excluded from the 

analysis. 

3.10 Flow cytometry 

3.10.1 Cell surface staining 

Cells were grown under standard conditions, washed with warm PBS and detached 

using 10 nM EDTA in PBS. Afterwards, samples were incubated in blocking buffer 

(10% FBS, 0.1% NaN3 in PBS) for 10 min on ice, dissociated by cell strainer, 

counted, and 1x106 cells were re-suspended in Cell Staining Buffer (BioLegend, San 



 

47 

Diego, USA). 5 µL APC anti-human CD126 antibody (BioLegend, San Diego, USA) 

or 5 µL APC mouse IgG1, κ isotype control (BioLegend, San Diego, USA) was added 

to the cell suspension and incubated for 1 h on ice under light protection. After 

subsequent washing steps, measurement was performed with a CytoFLEX S 

(Beckman Coulter, Brea, USA) flow cytometer using CytExpert software (Beckman 

Coulter, Brea, USA). 

3.10.2 Cell cycle analysis 

To analyze the phases of cell cycle upon treatment, between 2x104 and 5x104 cells 

were seeded into 6-well plates, allowed to adhere overnight and serum starved for 24 

h. Subsequently, cells were treated with Hyper-IL-6 (15 ng/mL), IL-6 (100 ng/mL), 

Tocilizumab (25 µg/mL) and sgp130Fc (25 µg/mL) for 72 h under serum-starved 

conditions, detached using trypsin (Gibco, Life Technologies, Darmstadt, Germany), 

washed with PBS, and re-suspended in hypotonic propidium iodide (PI) lysis buffer 

containing 0.1% sodium citrate, 0.1% Triton-X, 100 µg/mL RNAseA and 50 µg/mL PI. 

After several washing steps, measurement of cell cycle was performed on a BD 

LSRII (BD Bioscience, Brea, USA) flow cytometer. Therefore, living cell population 

was gated, and doublet discrimination was done using a PE-A/PE-W scatter plot. To 

obtain cell cycle phases, counts were blotted against PE-A signals. Evaluation of 

different cell cycle phases was done using the ModFit LT software version 5.0 (Verity 

Software House, Topsham, USA). 

3.11 Immunofluorescence staining 

Between 2x103 and 5x103 cells were seeded on sterile Flex IHC microscope slides 

(Dako, Agilent Santa Clara, USA) in a flexiPERM® (Sarstedt, Nuembrecht, Germany) 

chamber and allowed to adhere overnight. After several washing steps with ice-cold 

PBS, cells were fixed for 20 min with ice-cold methanol at -20°C. Samples were 

permeabilized with 1% Triton X-100 (Sigma-Aldrich, St. Louis, USA), and blocking 

was performed for 1 h with 5% horse serum (ThermoFischer Scientific, 

Massachusetts, USA). Primary antibody (mouse anti-human IL-6Rα (4-11), 4 µg/mL) 

was incubated overnight at 4°C in a humid atmosphere. After several washing steps, 

secondary antibody (AlexaFluor®488 goat anti-mouse IgG, Invitrogen ThermoFischer 

Scientific, Massachusetts, USA; 1:500) was added and incubated for 1 h at room 

temperature followed by counterstaining using 4′,6-Diamidin-2-phenylindol (DAPI, 

Sigma Life Science, St. Louis, USA). Fluorescence microscopy was performed using 
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an LSM 510 Meta microscope (Zeiss, Oberkochen, Germany). The same setup was 

used for all cell lines to avoid data manipulation. 

3.12 Electrochemiluminescence immunoassay 

To quantify the amount of secreted IL-6 in the cell culture supernatant, 5x104cells 

were seeded in 6-well plates and allowed to adhere overnight. Cells were serum-

starved for 24 h, and medium was refreshed afterwards. After 24 h, the supernatant 

was collected, centrifuged and stored at -80°C prior to electrochemiluminescence 

immunoassay (ECLIA) (194). The amount of secreted IL-6 was analyzed 

automatically using the COBAS® immunoassay system (Roche Diagnostics, 

Risch-Rotkreuz, Switzerland). The CalSet IL-6 Elecsys® (Roche Diagnostics, 

Risch-Rotkreuz, Switzerland) was used for calibration. This assay was performed by 

Tobias Niedrist.  

3.13 Cell viability assay 

Viable cells were analyzed by mitochondrial reduction of 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT, Sigma Aldrich, Missouri, USA) to (E,Z)-5-(4,5-

dimethylthioazol-2-yl)-1,3-diphenylfromazan. Therefore, between 1x104 and 5x104 

cells/well were seeded in 96-well plates and allowed to adhere for 24 h. After serum 

starvation overnight, cells were treated for 24 h, 48 h and 72 h with increasing 

concentrations of all four compounds (5, 15, 30 ng/mL for IL-6 and Hyper-IL-6; 1, 10, 

25 µg/mL for Tocilizumab and sgp130Fc) under serum depletion. At indicated time 

points, cells were incubated for 2 h with 5.5 mg/mL MTT at 37°C. Afterwards, the 

supernatant was removed, and cells were lysed in 3% SDS. The violet formazan 

crystals were dissolved in a 4 mM isopropanol/HCl solution under vigorous shaking. 

Absorption was measured at 570 nm in a Synergy™4 spectrometer (BioTek, 

Winooski, USA). 

3.14 Proliferation assay 

For the measurement of real time proliferation, xCELLigence DP device (OLS Omni 

Life Science, Bremen, Germany) was used. 5x103 cells per well were seeded in 

electronic microtiter plates (E-Plate™, OLS) and allowed to adhere for 24 h, followed 

by serum starvation for 24 h. Afterwards, cells were treated with all compounds 

(15 ng/mL Hyper-IL-6, 100 ng/mL IL-6, 25 µg/mL Tocilizumab or 25 µg/mL sgp130Fc) 

under serum depletion. Every 20 min for 72 h, the cell density was measured through 
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the whole experiment, including adherence of the cells and serum starvation. 

Normalization was performed directly after treatment. The slope of the logarithmic 

phase of the growth curve and the population doubling time (PDT) were calculated 

with the RTCA software version 2.0 (ACEA Biosciences, Inc., San Diego, USA). 

3.15 Apoptosis assay 

To investigate changes in apoptotic signals, the intercalation of YoPro©-1 iodide 

(491/509) (Thermo Fisher Scientific, Massachusetts, USA) in DNA of cells after 24 h, 

48 h and 72 h treatment with Hyper-IL-6 (5 ng/mL, 15 ng/mL and 30 ng/mL), IL-6 

(15 ng/mL, 50 ng/mL and 100 ng/mL), Tocilizumab (1 µg/mL, 10 µg/mL and 

25 µg/mL) and sgp130Fc (1 µg/mL, 10 µg/mL and 25 µg/mL) was measured 

fluorometrically on a Synergy™4 spectrometer (BioTek, Winooski, USA). Therefore, 

between 1x104 and 5x104 cells/well were seeded in clear bottom black 96-well plates 

and allowed to adhere, followed by serum starvation overnight and treatment (5, 15, 

30 ng/mL for IL-6 and Hyper-IL-6; 1, 10, 25 µg/mL for Tocilizumab and sgp130Fc). 

Afterwards, the cells were washed with PBS, and YoPro©-1 iodide (491/509) was 

added. After 15 min of incubation, the cells were washed, and fluorescence was 

measured.  

3.16 Wound healing assay 

To investigate differences in migration upon treatment of cell lines, wound healing 

assay (scratch assay) was performed. Therefore, between 5x105 and 1x106 cells 

were seeded in 6-well plates. On the next day, cells were checked for 100% 

confluency and serum starved overnight. Afterwards, the cell layer was wounded 

using a 200 µL tip and treated with 15 ng/mL Hyper-IL-6, 100 ng/mL IL-6, 25 µg/mL 

Tocilizumab, 25 µg/mL sgp130Fc or in combination under FBS depletion. Pictures 

were taken with an Olympus Inverse IX53 microscope (Tokyo, Japan) after 24 h, 48 h 

and 72 h of treatment. Opened wound area was calculated using the TScratch 

software version 1.0 (195). 

3.17 Statistical analysis 

Statistical analysis was performed with GraphPad Prism version 5.01 (GraphPad 

Software, La Jolla, USA) if not mentioned otherwise. The proper tests were selected 

regarding data distribution of each analysis. p < 0.05 was considered statistically 

significant.  
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4. Results 

4.1 Analysis of patient derived tumor tissue 

4.1.1 The IL-6Rα is expressed in GBC tissue and correlates with overall 

survival of GBC patients 

To investigate the potential of IL-6Rα as a possible biomarker for overall survival, 

FFPE material of 367 GBC samples and 61 NNTs was examined due to IL-6Rα 

immunoreactivity and correlated to patients’ overall survival. The patients´ 

characteristics are listed in Table 1.  

Positive IL-6Rα immunoreactivity was seen as clear cytosolic or membranous 

staining (Figure 8A). 365 out of 367 GBC samples (99.4%) showed positive IL-6Rα 

immunoreactivity, indicating the presence of IL-6Rα in GBC tissue. For further 

analysis, staining intensity was grouped as low IL-6Rα expression (no and weak 

staining intensity) and high IL-6Rα expression (moderate and strong staining 

intensity). High IL-6Rα expression was found in 305 samples (83.1%), whereas 60 

samples (16.3%) showed low IL-6Rα expression. Analysis regarding the survival rate 

of GBC patients revealed a significant (p < 0.001) association between high IL-6Rα 

expression and better survival probability (Figure 8B). Subdivision of GBC into low 

(G1-G2) and high (G3-G4) grade tumors, as well as IL-6Rα expression, revealed 

similar results (Figure 8C), whereas patients suffering from low grade GBC showed 

longer overall survival. GBC occurs predominantly in women. Therefore, survival 

analysis was done regarding gender, the presence of IL-6Rα and survival probability. 

No gender-specific differences were found in the cohort analyzed (Figure 8D). These 

findings indicate that IL-6Rα might be a prognostic factor for GBC overall survival 

independent of tumor grade and patients´ gender. 

In order to find out whether IL-6Rα is GBC-specific, survival analysis of the TCGA 

database regarding IL-6Rα gene expression was performed on 28 Caucasian 

patients suffering from known primary CCA. The analysis showed no significant 

difference between IL-6Rα gene expression and CCA patients´ overall survival 

(Figure 8E), which may be due to a low sample number.  

To gain information on signaling downstream IL-6Rα, the JAK/STAT3 cascade was 

analyzed in fresh frozen GBC samples. 
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Figure 8: Evaluation of GBC FFPE tissue regarding IL-6Rα staining intensity. (A) Representative 

immunohistochemistry of no, weak, moderate and strong IL-6α immunoreactivity in GBC. (B) Survival 

Analysis of GBC patients grouped as high and low IL-6Rα staining intensity. (C) Kaplan-Maier analysis 

of low and high grade GBC patients distributed in high and low IL-6Rα staining intensity. (D) Overall 

survival of GBC patients based on positive IL-6Rα staining intensity distributed by gender (E) IL-6Rα 

gene expression related to overall CCA patients’ survival using TCGA database. Bar = 100 or 50 µm. 

[Published in Kleinegger et al., 2019] 
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4.1.2 The IL-6Rα is downregulated in GBC tissue and might cause 

decreased STAT3 activation 

IL-6Rα signaling is often dysregulated in carcinomas. Therefore, analysis of the 

downstream signaling cascade was performed in fresh frozen GBC tissue and 

compared to NNT. 

 

Figure 9: Gene expression analysis of fresh frozen GBC tissue compared to NNT. Graphs 

represent x-fold change of (A) IL-6Rα, (B) STAT3, (C) JAK1, (D) JAK2, (E) TYK2, and (F) ADAM17 

gene expression calculated using the 2
-ΔΔCt 

method. Bars represent mean ± SEM. Statistical analysis: 

t-test/Mann-Whitney U test. * p < 0.5. [Published in Kleinegger et al., 2019] 

On mRNA level, a significant downregulation (p < 0.05) of IL-6Rα was found in GBC 

compared to NNT (Figure 9A). The expression of STAT3 was found to be 

significantly (p < 0.05) upregulated (Figure 9B). Analysis of kinases (Figure 9C-E) 

responsible for STAT3 activation revealed no significant alterations during 
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carcinogenesis. The result was the same for the gene expression of the 

metalloprotease ADAM17 (Figure 9F). 

To gain information about the two forms of the IL-6Rα and the activation 

(phosphorylation) of STAT3, 12 NNT and 14 GBC samples were immunoblotted 

(Figure 10A). 

 

Figure 10: Protein expression analysis of fresh frozen GBC tissue compared to NNT. (A) 

Representative immunoblot of non-neoplastic, non-inflamed gallbladder tissue (n=12) and gallbladder 

cancer tissue samples (n=14). Densitometric analysis of (A) IL-6Rα and its two different forms (C) 

sIL-6R and (D) mIL-6R. Analysis of (E) p-STAT3 (Tyr705), (F) total STAT3 and the calculated ratio of 

(G) p-STAT3 (Tyr705)/STAT3. Bars represent mean ± SEM. Statistical analyses: t-test/Mann-Whitney 

U test, * p < 0.05, *** p < 0.001. [Published in Kleinegger et al., 2019] 

This analysis revealed the expression of both IL-6Rα forms in NNT and GBC, 

whereby a significant IL-6Rα downregulation (p < 0.001) was seen in GBC samples 

after densitometric analysis (Figure 10B). Differentiating both IL-6Rα forms revealed 

no significant alterations in the soluble form of the IL-6R (Figure 10C) and a 

significant (p < 0.05) downregulation of the membranous form (Figure 10D). STAT3 
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was found to be significantly (p < 0.05) less activated in GBC compared to NNT 

(Figure 10E). The same significant (p < 0.001) finding was observed for total STAT3 

(Figure 10F). However, by calculating the ratio of p-STAT3 (Tyr705) and STAT3, no 

significant alterations were observed between the two groups (Figure 10G).  

Taken together, the tissue analyses results revealed the presence of IL-6Rα and it 

both forms in GBC tissue. However, the receptor is downregulated in GBC tissue 

compared to NNT on protein and mRNA level. Cholangiocarcinogenesis affects 

mIL-6R more intensely than sIL-6R, indicating a leading role of IL-6 classic signaling. 

Furthermore, the receptor serves as a good prognostic marker for overall survival of 

GBC patients independent of grade and gender.  

4.2 In vitro experiments 

Prior to in vitro experiments, five different CCA cell lines, TFK-1, EGI-1, Mz-ChA-1, 

Mz-ChA-2 and SK-ChA-1, were characterized regarding their origin, BTC marker 

expression and mutations, followed by detailed analysis of IL-6Rα mediated 

signaling.  

4.2.1 Genetic profiling and tumor marker expression of CCA cell lines 

In order to prove the origin of cell lines, DNA was isolated, followed by STR analysis. 

Results are shown in Table 4.  

Table 4: STR profiling of the cell lines used. All cell lines revealed a unique STR profile on 16 

different loci, analyzed by the PowerPlex
®
 16HS System. 

STR-Locus TFK-1 EGI-1 Mz-ChA-1 Mz-ChA-2 SK-ChA-1 

D3S1358 17, 18 17 15 18 15 

TH01 6 6, 9 7 8 6 

D21S11 30 28, 33.2 28 28 28 

D18S51 16 14, 16 14 15 16 

Penta E 5, 18 5, 11 9, 12 14, 17 17 

D5S818 9, 12 13 11 10 11, 13 

D13S317 14 11 8, 10 12, 13 10 

D7S820 10 9, 13 13, 14 11, 12 10 

D16S539 9 12, 13 11, 12 11 9,13 

CSF1PO 10 12, 13 11 12 12, 13 

Penta D 13, 14 7, 9 12 9, 12 2.2 

Amelogenin X, Y X, Y X X X 

vWA 14, 17 17, 18, 19 15, 19 15, 17 16, 18 

D8S1179 13, 14 11, 16 13 13 13, 14 

TPOX 8 8, 11 8  8, 11 8 

FGA 20, 23 20, 25 20, 23 22, 24 25 
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All cell lines were tested for a specific STR profile, indicating that no cross-

contamination occurred during culture. Alignment of the obtained STR profile with 

available cell line databases verified the cell lines. To get more information about 

mutations in the cell lines used, analysis of 50 oncogenes and tumor-suppressor 

genes was performed. The results, including the exact mutation and swift score, are 

listed in Table 5. 

Table 5: Mutational analysis of the CCA cell lines used. All cell lines were analyzed regarding their 

mutational profile (Ion AmpliSeq Cancer HotSpot Panel v2), revealing a deletion of CDKN2A and 

mutated TP53 in all tested cell lines. Values represent the exchanged nucleotide, including swift score 

in brackets. WT = Wildtype. [Published in Kleinegger et al., 2019] 

Genes TFK-1 EGI-1 Mz-ChA-1 Mz-ChA-2 SK-ChA-1 

ABL1 WT WT WT WT WT 

AKT1 WT WT WT WT WT 

ALK WT WT WT WT WT 

APC WT WT WT WT WT 

ATM WT WT WT WT WT 

BRAF WT WT WT WT G1780A (0) 

CDH1 WT WT WT WT WT 

CDKN2A Deletion Deletion Deletion Deletion Deletion 

CSF1R WT WT WT WT WT 

CTNNB1 WT WT WT WT WT 

EGFR WT WT WT WT WT 

ERBB2 WT Amplification Amplification WT Amplification 

ERBB4 WT WT WT WT WT 

EZH2 WT WT WT WT WT 

FBXW7 WT WT WT WT WT 

FGFR1 WT WT WT WT WT 

FGFR2 WT WT WT WT WT 

FGFR2 WT WT WT WT WT 

FLT3 WT WT WT WT WT 

GNA11 WT WT WT WT WT 

GNAQ WT WT WT WT WT 

GNAS WT WT WT WT WT 

HNF1A WT WT WT WT WT 

HRAS WT WT WT WT WT 

IDH1 WT WT WT WT WT 

IDH2 WT WT WT WT WT 

JAK2 WT WT WT WT WT 

JAK3 WT WT WT WT C395A (0.39) 

KDR WT WT WT WT WT 

KOIT WT WT WT WT WT 

KRAS WT G35A (0) WT WT WT 

MET WT WT WT WT WT 
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MLH1 WT WT WT WT WT 

MPF WT WT WT WT WT 

NOTCH1 WT WT WT WT WT 

NPM1 WT WT WT WT WT 

NRAS WT WT WT WT WT 

PDGFRA WT WT WT WT WT 

PIK3CA WT WT WT WT WT 

PTEN WT WT WT WT WT 

PTPN11 WT WT WT WT WT 

RB1 WT WT WT WT WT 

RET WT WT WT WT WT 

SMAD4 WT WT C725G (0.14) WT WT 

SMARCB1 WT WT WT WT WT 

SMO WT WT WT WT WT 

SRC WT WT WT WT WT 

STK11 WT WT WT WT WT 

TP53 G273A (0.19) G818A (0.01) G828T (0) C535T (0) C844T (0) 

VHL WT WT WT WT WT 

 

All cell lines were found to have deleted CDKN2A and mutated TP53. SK-ChA-1 cells 

were the only cells tested and found to have a mutation in JAK3. ERBB2 (also known 

as HER2/neu) was found to be amplified in three out of five cell lines.  

CCA is pathologically diagnosed using the markers cytokeratin 7 (CK7) and 

cytokeratin 19 (CK19). Therefore, cells were seeded on coated IHC slides, fixed and 

stained for CK7, CK19 and the epithelial-to-mesenchymal transition (EMT) markers 

E-cadherin and Vimentin. Representative pictures of the immunohistochemistry are 

shown in Figure 11.  
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Figure 11: Immunohistochemical evaluation of BTC marker expression in cholangiocarcinoma 

cell lines. Cells were seeded on IHC slides, fixed with 4% formalin and stained for Cytokeratin 7 and 

19, E-cadherin and Vimentin. Bar = 100 µm.  

SK-ChA-1 was the only cell line which showed a positive immunoreactivity for all four 

tested markers. TFK-1 and Mz-ChA-1 had positive immunoreactivity for CK7 and 

CK19, whereas EGI-1 and Mz-ChA-2 were exclusively positive for CK19. Besides 

SK-ChA-1, only Mz-ChA-2 expressed Vimentin, which gives this cell line a 

mesenchymal character. E-cadherin was positive in TFK-1, EGI-1 and Mz-ChA-1 

cells. These findings proved the CCA marker expression in all cell lines and indicate 

their different status regarding EMT.  

4.2.2 Characterization of CCA cell lines regarding IL-6Rα mediated 

signaling 

For detailed information of IL-6 mediated signaling in the used cell lines, different 

methods were applied. First, the cells were analyzed for the expression of IL-6, 
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IL-6Rα, gp130, STAT3, including phosphorylation sides, and SOCS3 on mRNA level 

(Figure 12) and protein level (Figure 13).  

 

Figure 12: Gene expression profile of IL-6 signaling cascade in CCA cell lines. Gene expression 

was analyzed using qRT-PCR. (A) IL-6, (B) IL-6Rα, (C) GP130, (D) JAK1, (E) JAK2, (F) TYK2, (G) 

SOCS3, and (H) ADAM17 mRNA levels were analyzed and normalized to GAPDH. n.d. = not 

detectable. Graphs represent Mean ± SD. [Parts are published in Kleinegger et al., 2019] 
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Three out of five cell lines were found to express IL-6 (Figure 12A). The other 

analyzed genes were found to be expressed in all five cell lines (Figure 12B-H). 

Except for JAK1 (Figure 12D), all tested genes were found to be differentially 

expressed through all cell lines.  

To gain information about the protein levels of IL-6Rα in these cell lines, 

immunofluorescence staining was performed. All cell lines showed positive 

cytosolic/membranous immunoreactivity for IL-6Rα, which is in line with IL-6Rα gene 

expression data (Figure 13A).  

 

Figure 13: Expression analysis of the IL-6 pathway in CCA cell lines. (A) Immunofluorescence 

staining of the IL-6Rα on all tested cell lines. (B) Quantification of IL-6 in the serum-free cell culture 

supernatants of cell lines using ECLIA. (C) Immunoblot analysis of IL-6 and its mediated signaling. (D) 

Analysis of the sIL-6R in the cell culture supernatant using TCA precipitation followed by 

immunoblotting. [Published in Kleinegger et al., 2019] 
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As the differences were found to be strongest for IL-6 gene expression (Figure 12A), 

the cell culture supernatant was quantified regarding cell line secreted IL-6 (Figure 

13B). Indeed, IL-6 was found in three out of five cell lines, confirming gene 

expression data. The cell line TFK-1 was found to secret the highest amount of IL-6 

(143 pg/mL), followed by EGI-1 (14 pg/mL) and Mz-ChA-1 (1 pg/mL). As IL-6 

expression data suggested, IL-6 was not detectable in the supernatant of Mz-ChA-2 

and SK-ChA-1 cells.  

To investigate activation of STAT3 and upstream signaling, cell whole protein lysates 

were immunoblotted (Figure 13C).  

All cell lines were found to express gp130, STAT3 and SOCS3. Differentiation by size 

gave information on the two IL-6R forms. The five cell lines express sIL-6R and 

mIL-6R, whereas the strongest expression was seen in EGI-1 cells. Strong tyrosine 

phosphorylation (activation) of STAT3 was found in TFK-1 and SK-ChA-1 cells, 

whereas all other cell lines showed little activation. Serine phosphorylation of STAT3 

was found in all cell lines. Since the sIL-6R is shed, cell culture supernatant was 

precipitated using TCA and immunoblotted, revealing the presence of sIL-6R in the 

supernatant of all tested cell lines (Figure 13D).  
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Figure 14: Flow cytometric analysis of the IL-6Rα on the cell culture surface. Cells were stained 

using a CD126-APC antibody against the IL-6Rα, and the presence of the IL-6Rα on the cell surfaces 

was analyzed. Percentage of CD126
+
 positive cells was calculated with CytExpert software and 

compared to the isotype control. [Published in Kleinegger et al., 2019] 

To prove the presence of the IL-6Rα on the cell´s surface, flow cytometric analysis 

was performed. The analysis of positive cells ranged between 0.61 % (Mz-ChA-2) 

and 45.62 % in EGI-1 cells (Figure 14). This finding confirmed the immunoblot and 

qRT-PCR data by highlighting EGI-1 as the cell line that shows the highest 

expression of IL-6Rα in all cell lines tested.  

Due to the weaker IL-6Rα expression and weak activation of STAT3, Mz-ChA-2 cells 

were chosen as a tool to study the differences between STAT3 activation by IL-6 and 

Hyper-IL-6. TFK-1 cells served as a model suitable for the inhibition of IL-6 signaling 

using Tocilizumab and sgp130Fc due to high expression of IL-6 and autocrine 

activation of STAT3.  
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4.2.3 Analysis of in vitro effects of activation and inhibition of IL-6 classic 

signaling and IL-6 trans-signaling on CCA cell lines 

For the analysis of potential differences in the activation of STAT3, Mz-ChA-2 cells 

were treated with equal concentrations of either IL-6 or Hyper-IL-6 over 1 h, 6 h and 

24 h and immunoblotted.  

 

Figure 15: Immunoblot analysis of STAT3 activation induced by IL-6 and Hyper-IL-6 in 

Mz-ChA-2 cells over time. (A) Mz-ChA-2 cells were treated with 10, 25, 50 ng/mL IL-6, harvested and 

immunoblotted. (B) Mz-ChA-2 cells were cultivated in the presence of 10, 25 or 50 ng/mL Hyper-IL-6, 

harvested after indicated time points and immunoblotted. [Published in Kleinegger et al., 2019] 

IL-6 treatment led to an activation of p-STAT3 (Tyr705), with the strongest effects 

seen after 1 h of incubation (Figure 15A). Interestingly, the p-STAT3 (Tyr705) signal 

upon IL-6 decreased over time independent of concentration. In contrast, Hyper-IL-6 

led to a more stable and stronger activation of p-STAT3 (Tyr705) compared to IL-6 

(Figure 15B). Both compounds affected neither the phosphorylation of STAT3 on 

serine 727 nor the expression of total STAT3 and SOCS3.  

In order to prove the function of the used inhibitors Tocilizumab and sgp130Fc, Mz-

ChA-2 cells were pretreated with the inhibitors for 6 h, followed by incubation with 

either IL-6 or Hyper-IL-6 prior to immunoblotting (Figure 16).  
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Figure 16: Effects of IL-6R inhibition on induced STAT3 activation in CCA cell lines. Mz-ChA-2 

cells were pretreated with 1, 10 or 25 µg/mL Tocilizumab or sgp130Fc for 6 h followed by incubation 

with (A) 100 ng/mL IL-6 or (B) 15 ng/mL Hyper-IL-6. (C) Competitive inhibition of autocrine IL-6Rα 

signaling in TFK-1 cells, treated for 24 h, 48 h and 72 h with Tocilizumab (25 µg/mL) and/or sgp130Fc 

(15 µg/mL). (D) Densitometric analysis of p-STAT3 (Tyr705) signal after treatment with Tocilizumab 

(25 µg/mL) and/or sgp130Fc (15 µg/mL) over 24 h, 48 h or 72 h. Bars represent mean ± SEM. 

* p < 0.05, ** p < 0.01, *** p < 0.001. Statistical analysis: One-way ANOVA. [Published in Kleinegger et 

al., 2019] 
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A concentration of 10 µg/mL Tocilizumab was able to block IL-6 induced STAT3 

activation, which was not influenced by the presence of sgp130Fc (Figure 16A). In 

contrast, sgp130Fc was able to inhibit Hyper-IL-6 induced STAT3 activation at a 

concentration of 1 µg/mL (Figure 16B). This effect was mitigated by administration of 

Tocilizumab in a concentration-independent manner. Neither Tocilizumab nor 

sgp130Fc influenced the expression levels of p-STAT3 (Ser727), total STAT3 and 

SOCS3 (Figure 16A-B).  

In order to investigate the inhibitory effects of Tocilizumab and sgp130Fc on 

autocrine IL-6 signaling, TFK-1 cells were incubated with either 25 µg/mL 

Tocilizumab, 15 µg/mL sgp130Fc or a combination of both compounds for 24 h, 48 h 

and 72 h prior to immunoblotting (Figure 16C). Tocilizumab treatment was able to 

reduce STAT3 tyrosine phosphorylation by 40% after 24 h. In contrast, sgp130Fc 

treatment revealed the same result after 48 h. The effect was strongest when using a 

combination of both compounds after 24 h by a reduction of p-STAT3 (Tyr705) of 

60% (Figure 16D). Interestingly, neither blocking IL-6 classic signaling nor IL-6 

trans-signaling influenced the levels of p-STAT3 (Ser727), total STAT3 and SOCS3.  

Due to these findings, which revealed differences in IL-6 class signaling and IL-6 

trans-signaling on STAT3 activation in CCA cell lines, further investigations regarding 

cellular processes were performed. Therefore, cells were seeded and allowed to 

adhere overnight, followed by 24 h serum starvation and treatment with all four 

compounds over 72 h prior to subsequent analysis.  
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Figure 17: Effects of activation and inhibition of IL-6 classic signaling and IL-6 trans-signaling 

on cell viability. Cells were seeded for 24 h prior to overnight serum starvation. TFK-1 cells were 

treated with indicated concentrations of (A) Hyper-IL-6, (B) IL-6, (C) sgp130Fc or (D) Tocilizumab, and 

cell viability was analyzed using MTT assay after 24 h, 48 h and 72 h treatment. Mz-ChA-2 cells were 

treated using (E) Hyper-IL-6, (F) IL-6, (G) sgp130Fc or (H) Tocilizumab with indicated concentrations 

over 24 h, 48 h and 72 h, followed by subsequent MTT assay. Bars represent mean ± SEM. 

* p < 0.05, ** p < 0.01, *** p < 0.001. Statistical test: one-way ANOVA. Each experiment was 

performed three independent times. [Published in Kleinegger et al., 2019] 

Hyper-IL-6 had no effect on TFK-1 cell viability within 72 h (Figure 17A). Interestingly, 

after 72 h of incubation with IL-6, a significant decrease in cell viability was observed 
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using 15 ng/mL and 100 ng/mL (Figure 17B). Blocking IL-6Rα mediated signaling 

with sgp130Fc (Figure 17C) or Tocilizumab (Figure 17D) significantly reduced TFK-1 

cell viability after 24 h, whereas the strongest effect was seen by using 25 µg/mL of 

the inhibitory compounds after 72 h.  

Mz-ChA-2 cell viability was found to be independent of the presence of Hyper-IL-6 

(Figure 17E). IL-6, in contrast, significantly reduced cell viability after 72 h (Figure 

17F). As in TFK-1 cells, Mz-ChA-2 cell viability was reduced upon 10 µg/mL and 25 

µg/mL sgp130Fc after 72 h (Figure 17G). Treatment with Tocilizumab after 72 h led 

to the same finding (Figure 17H).  

After analysis of cell viability, cell apoptosis was investigated upon treatment of all 

compounds.  

Apoptosis was exclusively independent of Tocilizumab in TFK-1 cells (Figure 18D). 

All other compounds (Hyper-IL-6, IL-6 and sgp130Fc) influenced apoptotic signals in 

TFK-1 cells (Figure 18A-C). High concentrations of Hyper-IL-6 weakened the 

apoptotic signals (Figure 18A), whereas low concentrations of IL-6 showed the same 

effect (Figure 18B). Inhibition of IL-6 trans-signaling by a concentration of 25 µg/mL 

sgp130Fc was only able to significantly decrease apoptosis by 25% after 24 h (Figure 

18C). Inhibition of IL-6 signaling by Tocilizumab did not alter apoptotic signals in TFK-

1 cells (Figure 18D).  

The analysis of apoptotic signals in Mz-ChA-2 cells revealed that only low 

concentrations of Hyper-IL-6 were able to reduce apoptotic signals (Figure 18E). IL-6 

did not induce any changes in apoptosis of Mz-ChA-2 cells (Figure 18F). Blocking of 

IL-6 trans-signaling using 1 µg/mL sgp130Fc increased apoptotic signals in 

Mz-ChA-2 cells by 5% after 48 h (Figure 18G). Inhibition of IL-6Rα signaling by 25 

µg/mL Tocilizumab was able to significantly lower the apoptosis by approximately 

15% after 24 h (Figure 18H). 
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Figure 18: Analysis of apoptotic signals of CCA cell lines upon activation and inhibition of IL-6 

classic signaling and IL-6 trans-signaling. Cells were seeded, serum starved and treated for 24 h, 

48 h and 72 h with all four compounds. TFK-1 cells were incubated prior to analysis with indicated 

concentrations of (A) Hyper-IL-6, (B) IL-6, (C) sgp130Fc and (D) Tocilizumab. Mz-ChA-2 cells were 

treated using (E) Hyper-IL-6, (F) IL-6, (G) sgp130Fc and (H) Tocilizumab for 24 h, 48 h and 72 h with 

indicated concentrations. Bars represent mean ± SEM. * p < 0.05, ** p < 0.01, *** p < 0.001. Statistical 

test: one-way ANOVA. Each experiment was performed three independent times. [Published in 

Kleinegger et al., 2019] 
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Figure 19: Effects of inhibition and activation of IL-6 classic signaling and IL-6 trans-signaling 

on CCA cell lines. Cells were grown to 100% confluency, wounded and treated with all four 

compounds (15 ng/mL Hyper-IL-6, 100 ng/mL IL-6, 25 µg/mL Tocilizumab or 25 µg/mL sgp130Fc). 

Every 24 h, pictures were taken, and wound closure was observed. (A) Representative images of start 

(0 h) and end point (72 h) of the migration assay. Calculated percentage of opened wound area of (B) 

Mz-ChA-1, (C) Mz-ChA-2 and (D) TFK-1 cells. Bar = 400 µm. Bars represent mean ± SEM. * p < 0.05, 

** p < 0.01, *** p < 0.001. Statistical test: one-way ANOVA. Each experiment was performed three 

independent times. [Published in Kleinegger et al., 2019] 

To investigate changes in cell motility, cells were grown confluent and wounded 

under serum-free conditions. Treatment was performed over 72 h, and pictures were 

taken every 24 h. Mz-ChA-1 cells were chosen due to their phenotype obligatory for 

this assay. This cell line grows as monolayer and has high motility. As seen in Figure 

19A, blocking IL-6Rα signaling increased cell motility, with a stronger effect achieved 

by sgp130Fc than by Tocilizumab (Figure 19B) after 72 h. Activation of IL-6 classic 

signaling and IL-6 trans-signaling did not affect cell motility. The tendency was the 
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same in Mz-ChA-2 (Figure 19C) and TFK-1 (Figure 19D) cells, however, these cell 

lines show low to near motility as seen by comparing the controls over time.  

After analysis of cell motility, real-time cell proliferation was observed upon treatment. 

Changes in cell proliferation upon inhibition and activation of IL-6 classic signaling 

and IL-6 trans-signaling were observed in real-time using xCELLigence technique 

(Figure 20). Representative growth curves for the activation of IL-6 signaling are 

shown in Figure 20A. Growth curves influenced by inhibition of IL-6Rα are shown in 

Figure 20B. Inhibiting IL-6Rα significantly increased the growth curves slope of 

TFK-1 cells within 72 h (Figure 20C). As a consequence of the increased slope, the 

PDT of TFK-1 cells was reduced by 10 h (Figure 20D). Interestingly, adverse effects 

were observed in Mz-ChA-2 cells except for the combination of Tocilizumab and 

sgp130Fc (Figure 20E-F). Activation of STAT3 by IL-6 or Hyper-IL-6 had no 

significant influence on proliferation of both cell lines.  

In order to investigate whether the observed findings are caused by cell cycle 

alterations, TFK-1 and Mz-ChA-2 cells were analyzed regarding cell cycle distribution 

upon treatment (Figure 21A). None of the four compounds had an effect on the 

G0/G1 phase, neither in Mz-ChA-2 cells (Figure 21B) nor in TFK-1 (Figure 21E). The 

strongest effect was seen by the inhibitory compounds Tocilizumab and sgp130Fc. 

These compounds increased S-phase of Mz-ChA-2 (Figure 21C) and TFK-1 (Figure 

21F) cells by approximately 15%. Moreover, after normalization, G2/M-phase was 

significantly decreased by approximately 20% (Figure 21D and Figure 21G). IL-6 and 

Hyper-IL-6 did not significantly affect cell cycle phases.  

In summary, the in vitro results achieved by activation and inhibition of both IL-6 

signaling forms proved that IL-6 classic signaling and IL-6 trans-signaling 

differentially influence CCA.  
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Figure 20: Effects on real-time proliferation of IL-6 classic signaling and IL-6 trans-signaling in 

CCA cells. Cell lines were seeded, serum-starved for 24 h, treated with all four compounds (15 ng/mL 

Hyper-IL-6, 100 ng/mL IL-6, 25 µg/mL Tocilizumab or 25 µg/mL sgp130Fc) and real-time proliferation 

was observed. (A) Representative growth curve of IL-6 and Hyper-IL-6 treated cells. (B) 

Representative growth curve of sgp130Fc, Tocilizumab and in-combination-treated cells. (C) 

Calculated slope of TFK-1 cell growth curve. (D) Population doubling time (PDT) of TFK-1 cells upon 

treatment. (E) Slope of treated Mz-ChA-2 cells. (F) Calculated PDT of treated Mz-ChA-2 cells. Bars 

represent mean ± SEM. * p < 0.05, ** p < 0.01, *** p < 0.001. Statistical test: one-way ANOVA. Each 

experiment was performed three independent times. [Published in Kleinegger et al., 2019] 
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Figure 21: Cell cycle analysis of CCA cell lines upon IL-6, Hyper-IL-6, sgp130Fc and 

Tocilizumab. Cells were seeded, serum-starved and treated (15 ng/mL Hyper-IL-6, 100 ng/mL IL-6, 

25 µg/mL Tocilizumab or 25 µg/mL sgp130Fc) for 72 h prior to cell cycle analysis by flow cytometry. 

(A) Representative cell cycle measurements validated by ModFit LT. (B) Normalized G0/G1 phase of 

Mz-ChA-2 cells upon treatment. (C) Normalized S-phase of Mz-ChA-2 cells. (D) Normalized G2/M 

phase of Mz-ChA-2 cells. (E) G0/G1 phase of TFK-1 cells upon treatment. (F) Normalized S phase of 

TFK-1 cells. (G) G2/M phase after normalization of TFK-1 cells upon treatment. Bars represent mean 

± SEM. * p < 0.05, ** p < 0.01, *** p < 0.001. Statistical test: one-way ANOVA. Each experiment was 

performed three independent times. [Published in Kleinegger et al., 2019] 



 

72 

5. Discussion 

Parts of the discussion resemble the discussion section in Kleinegger et al. 2019 (1).  

BTCs represent the second most primary liver cancer with a strong link to 

inflammation. As the disease is poorly understood, a better understanding of the 

underlying pathological mechanisms is urgently needed. Two main hypotheses were 

addressed within this study: first, IL-6Rα plays a pivotal role in BTC and second, IL-6 

classic signaling and IL-6 trans-signaling have a different impact on cellular 

processes of BTC cell lines.  

5.1 Analysis of IL-6Rα mediated signaling in patient derived 

GBC tissue 

Most patients suffering from BTC are affected by unresectable tumors, which might 

be a result of late detection. BTC is lacking successful treatment options and reliable 

biomarkers making this tumor entity highly interesting for basic research. The 

IL-6/IL-6Rα/gp130/STAT3 axis has been shown to play a pivotal role in BTC. 

However, only the presence of proteins obligatory for IL-6 signal transduction was 

correlated with patients´ characteristics, but the implications of functional signaling 

were not elucidated.  

For instance, the expression of IL-6 was proven to correlate with GBC patients’ 

overall survival by analysis of 20 GBC cases and adjacent tissues, suggesting a 

rather tumor-supportive role of IL-6 in GBC (196). In this study, the data were 

confirmed by analyses of fresh frozen GBC specimens. Moreover, this study was the 

first to illustrate the association between IL-6Rα expression and GBC patients´ 

overall survival. Compared to NNT, GBC showed a downregulation of IL-6Rα on 

mRNA and protein level, and a correlation between high IL-6Rα expression and 

better overall survival of GBC patients was found. This finding was corroborated by 

correlation of IL-6Rα gene expression with CCA patients’ overall survival. Other 

studies reported identical findings in ovarian (161) and breast cancer (197). 

Moreover, Becker et al. described a downregulation of mIL-6R in colon cancer 

compared to adjacent normal mucosa tissue (198), suggesting IL-6Rα as possible 

therapeutic target. Similar findings were achieved in GBC tissues within this study.  

ADAM17 is more active in cancer and associated with shorter overall survival of CCA 

patients (199). The presence of ADAM17 mRNA in GBC and the downregulation of 
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mIL-6R on protein level indicate a potential receptor-shedding mechanism in GBC. 

Compared to IL-6 classic signaling, IL-6 trans-signaling is ten times more potent. 

Malignantly transformed cholangiocytes would be able to induce an inflammatory 

surrounding, leading to wound healing or tissue remodeling. In order to prove this, it 

would be of great interest to study sIL-6R and gp130 serum concentrations of 

patients suffering from GBC or BTC in general. The source of the IL-6Rα could 

further represent an immunotherapeutic target. Taken together, these data highlight 

that not only IL-6 but also IL-6Rα might be important in different solid tumor types, 

including BTC, and represent a novel biomarker for biliary tract cancers.  

In GBC, increased STAT3 gene expression was found. On protein level, STAT3 

expression was shown to be decreased. However, the ratio of total STAT3 and 

activated STAT3 was found to be unaltered in GBC compared to NNT. This finding 

proves the activation of STAT3 in both GBC and NNT. Gene expression of important 

kinases responsible for STAT3 activation was also found to be unaffected by 

cholangiocarcinogenesis, underlining the theory that the IL-6Rα is the cause of 

decreased STAT3 activation. Another reasonable explanation for this finding could 

be the presence of bile acids. It was shown that hydrophobic bile acids are able to 

inhibit IL-6 induced STAT3 signaling in rat hepatocytes (200). However, bile acid 

analysis of patient derived tissues was not part of this study. Xin-wei et al. analyzed 

STAT3 in iCCA and found an increased expression of STAT3 as well as stronger 

phosphorylated STAT3 in tumorous tissue compared to adjacent liver tissue, which 

does mainly comprise of hepatocytes not cholangiocytes. However, this study does 

not even provide any information of the analyzed phosphorylation site of STAT3 

(179). Moreover, Dokduang et al. found p-STAT3 (Tyr705) in 18% of the analyzed 

CCA cases, whereas higher STAT3 activation was seen in the inflammatory 

precancerous lesions (178). 

It is noteworthy that analysis of fresh frozen tissue alone can lead to different results 

compared to FFPE material data obtained by IHC. Frozen tissue analysis resembles 

the state of protein expression in all cell types within the tumor, including the tumor 

microenvironment. Cells of the tumor microenvironment are able to influence results 

by harboring greater effects on the proteins of interest compared to tumor cells. It is 

not possible to distinguish between tumor cells and other cell types within the tumor 

by gene expression or immunoblot analysis of whole fresh frozen tissue specimens. 

To clarify in which cells an observed effect occurs, tumor tissues have to be, for 
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instance, dissected using laser capture microdissection for mRNA/DNA analysis or 

IHC should be performed to identify cells of interest due to their specific morphology. 

A study highlighting this issue was conducted by Andersen et al., who used laser 

capture microdissection to identify 1 442 differentially expressed genes, including 

IL-6, between stroma and epithelium of 23 CCA tumor tissues (177). This method 

would further clarify if there is a difference in the IL-6Rα expression in cells of tumor 

microenvironment. A loss of IL-6Rα on cells of the tumor microenvironment might 

lead to possible IL-6 trans-signaling within BTC.  

Overall, these findings, which are limited by a low number of available fresh frozen 

tissue samples on the one hand, but strengthened by a large amount of GBC FFPE 

material on the other hand, demonstrate the effects of cholangiocarcinogenesis on 

IL-6Rα.  

5.2 Dissecting between IL-6 classic signaling and trans-

signaling in vitro 

5.2.1 Authentication and characterization of CCA cell lines 

Over the last decades, cell lines have been considered to be representable in vitro 

tools for certain organs and tissues, and became indispensable for life science 

research. To maintain their specific biology, cell lines should be tested regarding their 

origin and function. Moreover, the international cell line authentication committee 

(http://iclac.org/) lists over 480 misidentified or cross-contaminated cell lines. 

Therefore, it is obligatory to ensure that the cell line is correct (201). For this purpose, 

the used CCA cell lines were characterized regarding their STR profiles, CK7 and 

CK19 expression, and genetic mutations. The revealed STR profiles matched 

available databases, and the expression of CK7 and CK19 confirmed the biology of 

CCA. Except for EGI-1, no mutational data of all cell lines were available in 

databases. Interestingly, all cell lines showed loss of CDKN2A. Farshidfar et al. 

reported that CDKN2A was deleted, silenced or mutated in 47% of their analyzed 

human CCA specimens (202). Borger et al. revealed IDH1/2 mutations by mutational 

analysis of CCA tissue samples (203). They reported differences in the IDH1/2 

mutation status of CCA tissue depending on its anatomical location. Frequent IDH1/2 

mutations were found predominantly in iCCA but not in eCCA (203). In this study, 

none of the tested cell lines was found to be IDH1 or IDH2 mutated. Interestingly, all 

http://iclac.org/
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tested cell lines originate from extrahepatic biliary tract cancers, which might explain 

the presence of wild type IDH1/2 in the tested cell lines.  

ERBB2 (HER2/neu) expression plays a major role in breast cancer in which ErbB2 

targeting antibodies are used as treatment (204). Several studies suggest ErbB2 as 

new therapeutic approach in BTC (205,206). This study showed the amplification of 

the ERBB2 gene in three out of five CCA cell lines. Two of the ERBB2 expressing 

cell lines have not yet been reported to express ERBB2, which corroborates the 

theory of a possible implication of HER2/neu therapy in BTC. 

Taken together, the characterized cell lines resemble the biology of BTC and are 

suitable tools for the study of cholangiocarcinoma. 

In order to characterize the cell lines used with regard to IL-6 signaling, gene 

expression of involved proteins was analyzed using qRT-PCR, and whole protein 

lysates were immunoblotted. Moreover, the presence of the IL-6Rα and its two forms 

was analyzed. All cell lines expressed IL-6Rα, gp130, JAK1, JAK2 and TYK2. 

SOCS3, the regulator of STAT3 phosphorylation, was ubiquitously expressed.  

Isomoto et al. analyzed the CCA cell line Mz-ChA-1 and CC-LP-1 for SOCS3 protein 

expression and compared the cell lines to an immortalized non-malingnant 

cholangiocyte cell line H69 (173). This study showed no detectable protein levels of 

SOCS3 in the malignant cell lines, which was restored by the use of a nucleoside 

DNA methylation inhibitor. They concluded that SOCS3 is epigenetically silenced in 

CCA (173). This thesis was able to detect SOCS3 mRNA levels in 5 different CCA 

cell lines. The cell line Mz-ChA-1 was established from a GBC abdominal wall 

metastasis and the cell line CC-LP-1 from an primary iCCA (187,207,208). This 

thesis investigated SOCS3 expression on mRNA and protein level, which was found 

in all tested cell lines. Different used cell passages or different cultivation conditions 

might be the reason for this controversies (209,210).  

Strong differences in IL-6 expression were found. SK-ChA-1 was the only cell line 

harboring activated STAT3 in the absence of IL-6. A JAK3 (C395A) mutation was 

found exclusively in this cell line. This specific mutation possibly rearranges the SH2 

domain of JAK3, causing a potential activation of STAT3 without the presence of 

IL-6.  
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Some of the tested cell lines harbor two signals by analyzing p-STAT3 (Ser727). This 

STAT3 phosphorylation is possible in STAT3α but not STAT3β, which is lacking the 

TAD domain. One possible explanation might be the other STAT3 isoforms, STAT3γ 

and STAT3δ. The serine phosphorylation of these isoforms might be detected in the 

used cell lines.  

The presence of the IL-6Rα (CD126) on the cell surface was analyzed by flow 

cytometry. Interestingly, the percentage of CD126+ cells seems to be quite low, 

ranging from 0.61% (Mz-ChA-1) to 45.62% (EGI-1). The low positivity might have 

several reasons. First, the detachment process of adherent cells induces stress 

signals, which, in turn, can lead to enhanced ADAM17 activation leading to IL-6Rα 

shedding (211). Second, the IL-6Rα is able to internalize via endocytosis, which 

makes it undetectable using surface staining (212). A study on HepG2 cells revealed 

a low percentage of CD126+ by flow cytometry, indicating the challenge of CD126 

surface staining on adherent cell lines (213). Another study was not able to detect 

CD126 on the surface of colon cancer cell lines, although IL-6Rα mRNA expression 

was proven in the same study (183). However, all methods used for the analysis of 

IL-6Rα expression showed similar expression patterns amongst the CCA cell lines 

used, proving the expression and presence of the IL-6Rα in the tested cell lines. 

Due to the differences in IL-6 expression and STAT3 activation, two cell lines were 

chosen for in vitro experiments, Mz-ChA-2 and TFK-1. One exception was made due 

to the phenotype and growth pattern of Mz-ChA-2 and TFK-1 cells. Mz-ChA-1 cells 

grow as monolayer in single cells, which makes exclusively this cell line suitable for 

wound healing assays.  

5.2.2 In vitro studies of IL-6 classic signaling and IL-6 trans-signaling 

According to several studies, IL-6 plays a pivotal role in BTC. However, the 

differences between the two modes of IL-6 signaling and their influence on BTC 

remained unclear. Activation of IL-6 trans-signaling via Hyper-IL-6 induced a stronger 

and prolonged STAT3 activation compared to IL-6. Holmer et al. described the same 

effect of strong STAT3 phosphorylation by even lower concentrations of Hyper-IL-6 in 

the colorectal cancer cell line HT29p (183). Another study investigating primary 

hippocampal neurons found comparable differences in STAT3 activation upon IL-6 

and Hyper-IL-6 (214). The IL-6 induced p-STAT3 (Tyr705) signal decreased over 

time. It was shown that IL-6 internalizes in rat hepatocytes followed by degradation 
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(215). Dittrich et al. suggests that the internalization of IL-6 might be due to down-

regulation of the surface receptor to prevent cells from over-stimulation (216). The 

question of whether internalization of IL-6 or protein stability causes the attenuation 

of the p-STAT3 (Tyr705) signals needs to be clarified in future experiments.  

Tocilizumab reduced p-STAT3 (Tyr705) signals in TFK-1 cells after 24 h, as shown in 

other neoplasms like chronic lymphocytic leukemia (217) and non-small lung cancer 

(218). Total STAT3 deactivation upon Tocilizumab was achieved neither in this study, 

nor in other studies. This could be due to technical reasons. IL-6 leads to STAT3 

activation within 5 minutes in CCA cell lines (data not shown). The time needed for 

washing and harvesting of treated cell lines prior to immunoblot analysis is sufficient 

for autocrine secreted IL-6 to induce STAT3. Interestingly, sgp130Fc was able to 

increase STAT3 activation only after 48 hours of incubation. This leads to the 

suggestion that TFK-1 cells perform autocrine IL-6 classic signaling to a greater 

extent than IL-6 trans-signaling in vivo. 

Activation of IL-6 trans-signaling did not alter the expression of any analyzed 

signaling related proteins nor did it induce noteworthy alterations in the cellular 

processes observed. This finding might indicate that in BTC, IL-6 trans-signaling-

induced STAT3 activation might play only a minor role. However, p-STAT3 (Ser727) 

was persistent and not influenced by any IL-6 signaling form in the cell lines tested. 

This phenomenon might indicate that mitochondrial STAT3, which is triggered by 

STAT3 serine phosphorylation, could play an important role in BTC. CCA cell viability 

was found to be reduced upon IL-6Rα blockage. Mitochondrial STAT3 interacts with 

enzymes of Complex II of the electron transport chain. The same enzymes are the 

basis for the viability assay used (94,219). However, details of mitochondrial STAT3 

in CCA were not further addressed in this study but opens future research 

opportunities.  

Meng et al. showed that IL-6 overexpressing Mz-ChA-1 cells resulted in increased 

cell growth and tumor growth in vivo, leading to the conclusion that IL-6 enhances 

cell survival (166). The same research group published a theory about a connection 

between exogenous IL-6 and increased CCA cell proliferation (167). The results 

demonstrated increased proliferation upon IL-6 treatment. However, decreased cell 

viability was found under influence of IL-6, without affecting cell cycle and migration 
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of CCA cells. Moreover, apoptotic signals were decreased by low dosages of IL-6, 

indicating a tumor-supporting function of IL-6 in vitro.  

Tocilizumab is an immunosuppressive agent used as treatment for rheumatoid 

arthritis. It inhibits the interaction between IL-6 and IL-6Rα, independent of whether a 

membranous or soluble receptor form is present. Over the last decades, Tocilizumab 

has been proven to be a successful treatment agent for many diseases, including 

cancer. For instance, in non-small cell lung cancer cells, Tocilizumab induced a sub-

G1 cell cycle arrest and reduced cell line viability (218). In chronic lymphocytic 

leukemia, an increased number of cells in G1 phase was found upon Tocilizumab 

promoting cell cycle re-entrance of cells (217). In this study, Tocilizumab was proven 

to affect S and G2/M phases of CCA cell lines, leading to increased cell proliferation. 

Indeed, the PDT of TFK-1 cells was increased as a consequence of Tocilizumab 

treatment. This effect was found only for sgp130Fc-treated Mz-ChA-2 cells, indicating 

that the effect observed in TFK-1 cells might be due to the ability of Tocilizumab to 

block IL-6 trans-signaling. Tocilizumab decreased constitutive active STAT3 tyrosine 

phosphorylation in TFK-1 cells by 60% after 72 h. However, the fact that activation of 

STAT3 was still present may be due to autocrine IL-6 activation loop. Inhibition of 

IL-6 trans-signaling by sgp130Fc led to a 40% reduction of STAT3 activation only 

after 48 h. This indicates that IL-6 trans-signaling is minor to IL-6 classic signaling in 

CCA cells in vitro. Tocilizumab has been shown to enhance chemotherapy efficacy in 

pancreatic ductal adenocarcinoma (220). To date, no study has investigated a 

connection between IL-6 signaling blockade and chemotherapy resistance in BTC, 

which could be used as future perspective. 

Distinction between the two modes of IL-6 signaling is of growing interest (142). In 

order to differentiate between IL-6 classic signaling and IL-6 trans-signaling, 

sgp130Fc was compared with Tocilizumab. Inhibition of IL-6 trans-signaling by 

sgp130Fc increased migration of Mz-ChA-1 cells and decreased STAT3 activation in 

TFK-1 cells. Tocilizumab treatment showed similar effects in the observed cellular 

processes like sgp130Fc. This indicates that the observed effects induced by 

Tocilizumab might be due to its ability to block the soluble IL-6R.  
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6. Conclusion 

Analysis of 26 fresh frozen tissues and 367 GBC FFPE samples for IL-6 signaling 

revealed a downregulation of IL-6Rα in GBC and a correlation between high IL-6Rα 

expression and patients´ overall survival. Therefore, I conclude that IL-6Rα might 

represent a novel prognostic biomarker for overall survival in BTC. By differentiation 

between activation/inhibition of IL-6 classic signaling and IL-6 trans-signaling, I 

concluded that activation of IL-6 classic signaling might be superior to activation of 

IL-6 trans-signaling. Since similar results were achieved by treating CCA cell lines 

with Tocilizumab and sgp130Fc, I conclude that blocking IL-6 trans-signaling might 

be tumor-promoting. A schematic overview of the differences in tumor-promoting 

activity of both IL-6 signaling forms is shown in Figure 22.  

Taken together, these findings suggest that GBC patients or other patients suffering 

from known precursors of BTC should be excluded from IL-6Rα inhibitor therapy. 

 

Figure 22: Tumor promoting activity of IL-6 classic signaling and IL-6 trans-signaling in CCA in 

vitro. (A) Activation of IL-6 classic signaling showed tumor promoting activity. (B) Inhibition of IL-6 

trans-signaling might be tumor promoting. [Published in Kleinegger et al., 2019] 
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7. Future perspectives 

In view of future studies on IL-6R mediated signaling in BTC, it would be of highest 

interest to perform gain and loss of function experiments. This study proved the 

downregulation of IL-6Rα in GBC, and gain and loss of function experiments might 

clarify whether loss of function promotes tumor cell growth and vice versa. Moreover, 

the question arises whether blockage of IL-6 signaling influences the chemotherapy 

resistance of tumor cells. Future research could aim at the mechanisms lying behind 

IL-6Rα downregulation. Therefore, analyses of promoter regions should be 

performed.  

JAKs are able to interact with other signaling cascades like, the RAS/RAF/MEK/ERK 

pathway. Therefore, it would be interesting to see if activation IL-6 trans-signaling 

influences for instance ERK1/2.  

Nowadays, 3D cell culture is used as tool to mimic in vivo situations better than 2D 

culturing systems. I recommend a comparison between IL-6Rα expression of 2D 

cultured cells and tumor spheroids. Moreover, co-cultivation of malignant 

cholangiocytes and stromal cells could give insights into tumor-stroma interactions 

and their influence on IL-6Rα expression and STAT3 signaling in vitro.  

One limitation of this study is that patient samples of only one BTC subtype were 

tested. I highly recommend analysis of iCCA and eCCA samples. This would clarify 

the question of whether the results obtained by tissue analysis are GBC specific or 

applicable to BTC in general.  

Finally, I recommend analysis of circulating sgp130 and sIL-6R serum levels of BTC 

patients during therapy and disease progression to investigate their possible function 

as predictive and prognostic biomarker. 
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Appendix 

Cell numbers for seedings 

Cell line Cell cycle  Scratch assay Proliferation assay 6-well plate 96-well plate 

TFK-1 4x104 8x105 5x103 3x105 1*104 

Mz-ChA-1 5x104 1x106 5x103 2.5x105 - 

Mz-ChA-2 2x104 5x105 2x103 1.5x105 5*103 

 

Immunofluorescence 

Preparation of cell seedings on IHC slides 

1. Autoclave Flexiperms in ddH2O 

2. Sterilize coated IHC slides using 70% EtOH 

3. Put Flexiperms and slides under aseptic conditions together (make sure 

Flexiperms are tightly attached to slides) 

4. UV light sterilization for 20 min (make sure the wells are dry) 

5. Wash wells with PBS  

6. Pipette cells into wells (appr. 1x104 cells/well) 

7. Incubate them until proper morphology is present 

8. Fix them with 3.7% formalin in PBS (10 min RT) or ice-cold MeOH (10 min 

-20°C) 

9. Wash with PBS 

10. Remove Flexiperm 

11. Put them shortly into increasing EtOH concentrations 

12. Let them dry 

13. Store at RT or -20°C till usage 

Staining procedure 

1. If stored at -20°C, thaw slides for 10 min  

2. Circle wells with PAP-Pen 

3. Wash 2x 3 min with 0.1 % TBS-T 

4. Permeabilize (if necessary) using 1% Triton X-100 for 15 min at RT 

5. Block unspecific signals with 5% horse serum in T-BST for 60 min at RT 

6. Dilute primary antibody in 0.1% TBS-T containing 0.2% BSA  

7. Incubate with primary antibody overnight at 4°C  

8. Wash 3x10 min with TBS-T 

9. Dilute secondary antibody (in 0.1 TBS-T containing 0.2% BSA) 

10. Incubate secondary antibody for 1h at RT under light protection 

11. Wash 3x 10 min with TBS-T 

12. Counterstain with DAPI (1:1 000 in TBS-T) for 5 min 

13. Wash 3x10 min with TBS-T 

14. Mount slides with proper fluorescence mounting medium 

15. Seal slides and cover glasses with nail polish 

16. Immediately microscope slides or store at 4°C for 1 week prior microscopy 



 

II 

CD126 cell surface Staining: 

1. Detach cells enzyme-free with 10 mM EDTA in PBS (containing 0.01% NaN3) 

2. Filter cells with cell strainer, count cells 

3. Harvest 2x106 cells by centrifuging 350 x g 5 min @ 4°C, discard supernatant 

4. Resuspend cells in 500 µL Blocking Buffer (PBS containing 10% FBS), 

incubate 10 min on ice  

5. Centrifuge 350 x g 5 min @4°C, discard supernatant 

6. Resuspend in pre-chilled 200 µL Cell Staining Buffer (PBS containing 5% 

BSA),  

7. Aliquot 2x á 100 µL for 

 

8. Add 5 µL CD126-APC antibody to 100 µL cell suspension (1x106 cells).  

9. Incubate 60 min on ice in the dark on ice 

10. Wash 2x with ~1mL Cell Staining Buffer by centrifugation @ 350 x g 5min for 5 

min 

11. Resuspend in 200 µL Cell Staining Buffer  

12.  Analyze by flow cytometer  

Cell cycle analysis 

1. Detach cells using trypsin 

2. Resuspend in full medium 

3. Centrifuge 200 x g 4min at 4°C 

4. Resuspend pellet in PBS 

5. Centrifuge 200 x g 4min at 4°C 

6. Resuspend in 200 µL PI Buffer (0.1% Trisodium citrate, 0. 1% Triton X-100, 

100 µg/mL RNAseA and 50 µg/mL PI) 

7. Incubate 20 min at RT 

8. Measure immediately (latest after 2h on ice with light protection) 

9. Analyze cell cycle by ModFit 

Cell viability assay (MTT) 

1. Cultivate cells in 96-well plate 

2. Add 5 mg/mL MTT solution to a final concentration of 0.5 mg/mL per well 

3. Incubate plate for 2 h or until violet cells are visible 

4. Remove supernatant 

5. Add 20 µL 3% SDS to each well  

6. Add a 100 µL of a 25:1 mixture isopropanol and 1M HCl (v/v)  

7. Shake plate until crystals are dissolved 

8. Measure wavelength at 570 nm (Background 650 nm) 

  

a) Istoype Ctrl 

b) CD126 



 

III 

Apoptosis assay (YoPro) 

1. Cultivate cells in 96-well plate 

2. Add YoPro Iodide to a final concentration of final concentration 5 µM to wells 

3. Incubate 15 min at 37°C 

4. Discard supernatant 

5. Add 140 µL PBS 

6. Measure 485/528 nm (ex/em) 

 

List of devices 

Device 
 

Producer Place 

Biofuge Fresco 
 

Heraeus Hanau, Germany 

Biospectrometer 
 

Eppendorf Hamburg, Germany 

Electrophoresis Powersupply 
EPS 301  

GE Healthcare Little Chalfont, UK 

GeneAmp 9700 Thermocycler 
 

Applied 
Biosystems 

Foster City, USA 

Image Quant Las 500 
 

GE Healthcare Little Chalfont, UK 

MagNA LYSER 
 

Roche 
Diagnostics 

Risch-Rotkreuz, 
Switzerland 

Mini-Shaker MS1 
 

Ika North Carolina, USA 

Mini-vertical electrophoresis unit 
SE250  

Hoefer inc. Richmond, USA 

NanoDROP 1000 
 

Thermo Fischer 
Scientific 

Massachusetts, USA 

Quant Studio 7 Flex 
 

Applied 
Biosystems 

Foster City, USA 

Semi-dry Blotting Unit V20-SDB 
 

Scieplas Cambridge, UK 

Semi-Micro Analytical Balance 
GR200EC  

A&D Company Tokyo, JAPAN 

Thermomixer comfort 
 

Thermo Fischer 
scientific 

Massachusetts, USA 

Vertical Shaker Duomax 1030 
 

Heidolph Schwabach, Germany 

 

  



 

IV 

List of buffers 

 

Buffer/ Solution Component Amount 
Final 

concentration 

NP-40 lysis buffer 1 M Tris-HCl (pH 7.5) 50 mL 50 mM 

 
5 M NaCl 30 mL 150 mM 

 
NP-40 5 mL 0.5% 

 
ddH2O adjust to 500 mL 

 Protein lysis buffer 0.1 M Pefabloc 100μl 1 mM 

 
1 M DTT 10 μl 1 mM 

 

1 tablet of cOmplete Mini 
and PhosSTOP in 1mL 
ddH2O 1 ml 10% 

 
NP-40 lysis buffer 9 mL 

 10x SDS-running 
buffer Tris HCl (pH 8.4) 30.29 g 250 mM 

 
Glycine 14.13 g 192 mM 

 
SDS 10 g 1% 

 
ddH2O adjust to 1 L 

 Towbin Transfer 
Buffer Tris 3.03 g 250 mM 

 
Glycine 14.26 g 190 mM 

 
Methanol adjust to 500 mL 1% 

10 xTBS Buffer Tris 24.2 g 0.2 M 

 
NaCl 80.0 g 1.4 M 

 
ddH2O 

adjust pH 7.6 to 1 
L 

 0.1% TBS-Tween 10x TBS Buffer 100 mL 1x 

 
Tween-20 1 ml 0.1% 

 
ddH2O adjust to 1 L 
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