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Reciprocal Stromal-epithelial Interactions In Prostate Cancer Progression 
 
Cancer-stroma interaction is highly dynamic and reciprocal, which can contribute to genotypic 
and phenotypic changes of both cancer epithelial and associated-stromal cells.  This inductive 
interaction between cancer and stroma occurs under three- but not two-dimensional co-culture 
conditions.  Using human prostate cancer cells as models, we found cancer cells confer growth 
inductive potential to stroma, while stroma greatly accelerate the ability of cancer cells to 
metastasize to the skeleton and distant organs.  The plasticity of cancer and stroma can be 
explained by an aberrant cell signaling mediated by soluble factors such as ß2-Microglobulin  
(ß2-M)-elicited osteomimicry; this soluble factor is also responsible for driving the epithelial to 
mesenchymal transition (EMT) during disease progression.  ß2-M was shown to be a major 
growth factor and signaling molecule in a number of human solid tumors with cancer cells 
expressed osteomimicry, gained ability to undergo EMT and metastasized to bone and soft 
tissues.  Targeting ß2-M and its downstream pleiotropic signaling cascade could arrest growth 
of prostate cancer cells and induce apoptotic death of prostate tumors, not affecting those of 
normal cells. 
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microRNAs in Cholangiocarcinoma Pathogenesis and Progression 

 
MicroRNAs are a group of small non-coding RNA that can modulate gene expression.  We have 
identified the miRNA expression profiles in malignant cholangiocytes and described epigenetic 
mechanisms of regulation of miRNA expression.  The involvement of miRNA in specific cellular 
signaling pathways and cancer-related targets in cholangiocarcinoma along with miRNA 
involved in response to chemotherapy have been identified.  These studies provide novel 
insights into the role of microRNA is cholangiocarcinoma pathogenesis, progression and 
response to therapy. 
 
Several microRNA such as miR-21, miR-141 and miR-200b are differentially expressed in 
malignant cholangiocytes.  PTEN was identified as a potential target for miR-21 and alterations 
in miR-21 can modulate the tumor responses to chemotherapeutic agents such as gemcitabine.   
miRNA are also involved in mediating the effects of IL-6, an autocrine cytokine that is over-
expressed and contributes to cholangiocarcinoma growth by modulating cellular kinases and 
expression of proteins involved in cell survival.   IL-6 can alter the expression of the DNA 
methyltransferase,  DNMT-1 and thereby modulate the expression of methylation-dependent 
miRNA such as miR-370, which can target stress activated kinase signaling through effects on 
MAP3K8.  Over-expression of IL-6 can also alter the expression of let-7a which can influence 
intracellular Stat-3 mediated signaling.  These findings point to an intricate involvement of 
miRNA in cholangiocarcinoma pathogenesis (1-3). 
 
Altered expression of miRNA in cholangiocarcinoma can contribute to growth and progression 
by modulating key signaling pathways and the expression of critical oncogenes and tumor 
suppressor genes.  Detailed study of specific miRNA targets will thus provide new insights into 
the mechanisms of cholangiocarcinoma growth and identify potential targets for new directed 
therapies.   
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Resistance to Apoptosis: Mcl-1 as a Key Player 

 
Cholangiocarcinoma is a devastating disease arising from inflammatory disorders of the biliary 
tract.  The hallmark of carcinogenesis is cellular resistance to apoptosis.  Cholangiocarcinoma 
appears to use the inflammatory cytokine IL-6 to up-regulate Mcl-1, a potent anti-apoptotic 
molecule.  Approaches to inhibit expression and/or disable the function of Mcl-1, sensitize 
cholangiocarcinoma cells to cell death.  IL-6 increases Mcl-1 expression via a STAT-3 
dependent pathway.  Indeed there are potent STAT-3 regulatory elements in the Mcl-1 
promoter.  The usual feedback mechanism of inhibiting sustained IL-6 signaling via induction of 
SOCS-3 is frequently blocked in cholangiocarcinoma cells.  SOCS-3 is inhibited by epigenetic 
silencing of the promoter via CpG island methylation.  Mcl-1 itself can be regulated by 
phosphorylation events.  CDK kinase inhibitors block this phosphorylation and render cells more 
susceptible to TRAIL-mediated apoptosis.  Finally, the very interesting BH-3 mimetic, obatoclax, 
binds and disables Mcl-1 anti-apoptotic function.  In vitro, obatoclax markedly sensitizes 
cholangiocarcinoma cells to apoptosis.  We believe the above information is important in helping 
develop rationale strategies for the treatment of advanced cholangiocarcinoma.  A variety of 
such approaches would include anti-IL-6 therapy, STAT-3 inhibition, epigenetic manipulation to 
restore SOCS-3 signaling and/or use of obatoclax.   
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Mechanisms Regulating Apoptosis in Cholangiocarcinoma Cells 
 
Increased accumulation of neoplastic cells, whether attributed to increased proliferation, 
decreased apoptosis or the combination of both, is the common denominator in tumor 
progression.  Dysregulation of apoptosis of tumor cells plays a major role in the pathogenesis of 
tumor progression.  Modulating apoptosis pathways provide potential novel avenues for 
cholangiocarcinoma therapy.  Downregulating the Fas death receptor and upregulating Fas 
Ligand in cholangiocarcinoma cells protect cells from Fas–induced apoptosis and enhance their 
tumorigenesis in mice. Further, several anti-apoptotic mediators in the Fas signaling pathways, 
including protein kinase B/AKT and FLICE like Inhibitory Protein (FLIP) are upregulated in 
cholangiocarcinoma cells, which render the cancer cells more resistant to apoptosis and divert 
Fas-induced signaling to survival and proliferative pathways.  These observations with culture 
cells are consistent with studies with human cholangiocarcinoma samples, which demonstrate 
that the expression of Fas is associated with tumor differentiation.  Antagonists of calmodulin 
(CaM) induce apoptosis of cholangiocarcinoma cells via a mechanism related to Fas-mediated 
apoptosis pathways and inhibit tumorigenesis in mice.  Mechanistic studies further identified 
Ca2+-dependent direct binding between CaM and Fas, which is regulated upon Fas-activation.  
In addition, CaM is recruited into the Fas-activated death inducing signaling complex (DISC).  A 
CaM antagonist and a calcium chelator, EGTA, inhibit recruitment of CaM into the Fas-induced 
DISC and block the recruitment of FADD into the DISC, suggesting that CaM/Fas binding 
contributes to Fas-activated DISC formation.  CaM also binds to FLIP, another DISC protein that 
is elevated in cholangiocarcinoma cells and activates survival signals upon Fas activation.  
Therefore, CaM is a critical regulator of the Fas-activated death inducing signaling complex and 
represents a potential therapeutic target for cholangiocarcinoma.   
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Angiogenic Factors and Cholangiocyte Proliferation 

 
The intrahepatic biliary epithelium is fed by a periductular capillary plexus that originates 
from branches of the hepatic artery and flows into the hepatic sinusoids. The close 
anatomical relationship between intrahepatic bile ducts and hepatic arterial vascularisation 
becomes evident since the early stages of human liver development, when the hepatic artery 
branches are formed in close proximity with ductal plates, the precursors of the intrahepatic 
bile ducts. Studies in human and mice embryos and in HNF6 defective mice have shown 
that angiogenic signals coming form the developing bile ducts are necessary for the proper 
development of the liver vascularisation(1). The association between bile ductules and arterial 
vascularisation is maintained also in diseased conditions, where the cross talk between 
cholangiocytes, endothelial and vascular smooth muscle cells orchestrates liver repair 
mechanisms. Recent studies have shown that in some congenital and acquired pathologic 
conditions cholangiocyte produce angiogenic factors, including VEGF, and angiopoietins and 
their receptors VEGFR2 and Tie2 (2). Exposure of isolated cholangiocytes to VEGF induces 
the phosphorylation of the VEGFR2 receptor, phosphorylation of ERK1/2 and cell 
proliferation(3). A paradigm for this sequence of events is the polycystic liver disease due to 
mutations in the polycystin-2 gene. In this condition, lack of polycystin-2 function promotes 
an excess of VEGF production by cholangiocytes and the overexpression of the VEGFR2 
receptor.  Blockage of VEGFR2 with SU4516 reduces the extent of cystic transformation of 
the liver in conditional polycystin-2 knock-out mice. Blockage of angiogenic signaling seems 
to be able to reduce cholangiocyte proliferation, portal hypertension and fibrosis also in other 
experimental models of liver diseases. Therefore we anticipate that further studies aimed to 
better understand the role of these molecular players and signaling pathways underlying the 
effects of angiogenic factors are likely to generate relevant information for the treatment of 
liver disease. 
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miR-15a, a microRNA, Modulates CDC25A Protein Expression and Cholangiocyte 
Proliferation 

 
In the Polycystic Liver Diseases (PCLDs), cholangiocyte hyper-proliferation plays a major role in 
hepatic cystogenesis. In the PCK rat, an animal model of ARPKD,  development of multiple hepatic 
cysts is associated with increased cholangiocyte proliferation.1 Moreover, in cholangiocyte cell line 
derived from the PCK rat (PCK-CCL), the rate of cell proliferation is significantly higher compared to 
a cell line derived from normal rats (NRCs). 
 
Accelerated cell proliferation is related to alterations in the cell cycle. CDC25, a family of dual-
specificity phosphatases, plays an essential role in cell cycle progression. 2 Over-expression of one 
of the CDC25 isoform, Cdc25A, was observed in many cancers and CDC25 have become a 
pharmacological target in cancer therapy. However, there are no data on the CDC25 activity 
associated with benign, hyperproliferative diseases such as the PCLDs.  
 
Accumulating evidence suggests that expression of genes involved in many cellular processes is 
regulated by small non-coding RNAs (i.e., miRNAs) that post-transcriptionally inhibit target mRNA 
transcripts via sequence-specific base-paring.3  

 
Thus, we hypothesized that miRNAs are involved in the regulation of selected components of the 
cell cycle and thereby contribute to hepatic cystogenesis. We found that PCK-CCL displayed global 
changes in miRNA expression compared to cultured NRCs. In particular, levels of the miRNA, miR-
15a, were decreased 37-fold. Moreover, one of the miR-15a targets, Cdc25A, was over-expressed 
2-fold. Consistent with these in vitro data, we observed decreased levels of miR-15a and over-
expression of Cdc25A in vivo in the PCK rat compared to normal rats. Furthermore, reduced levels 
of miR-15a were accompanied by CDC25A over-expression in cholangiocytes of patients with 
PCLDs.  Finally, experimental over-expression of miR-15a in the PCK-CCL decreased Cdc25A 
levels, inhibited cell proliferation, and reduced cyst growth. Our data show a relationship between 
cholangiocyte proliferation and Cdc25A up-regulation. Moreover, these data suggest that Cdc25A 
over-expression is due to post-transcriptional inhibition by miR-15a and that this regulatory pathway 
is involved in hepatic cystogenesis. 
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Signal Transduction Cascades Involved In Cell Migration and Invasion During The 
Development Of Human Cholangiocarcinoma 

 
Our laboratory has been interested in signal transduction pathways and their downstream growth 
responsive genes that may contribute to the generation of the malignant phenotype.  We have 
focused on IN/IGF-1 signaling that activates the Ras/Raf/MAPK/Erk and PI3k/Akt/GSK3β cascades 
and promotes both cell proliferation and survival, respectively.  Characterization of effector genes 
activated by these cascades revealed an enzymaticaly active aspartyl-(asparaginyl)–hydroxylase 
(AAH) encoded protein that was highly expressed in human cholangiocarcinoma specimens and not 
in normal or proliferating bile ducts such as that observed in Primary Sclerosing Cholangitis (PSC).  
Further exploration of the signaling cascade revealed AAH was upstream of NOTCH signaling and 
participated in activation of this cascade.  Thus, one function of AAH gene expression was to 
enhance cell migration and invasion as measured by wound healing and motility assays.  It was 
established that overexpression of AAH was associated with translocation from the Golgi to the cell 
surface where it physically interacts with NOTCH and becomes accessible to binding by monoclonal 
antibodies.  Furthermore, overexpression, by transient transfection, in cells lacking AAH increased 
cell migration and invasion and there was a general correlation between cell motility and AAH 
expression as observed in several human cholangiocarcinoma cell lines.  More important, anti-sense 
and siRNA constructs directed against AAH inhibited cell migration and invasion of human 
cholangiocarcinoma cell lines.  Since AAH has several potential GSK3β phosphorylation sites, the 
half-life of the protein in the cell was greatly prolonged by inhibition of GSK3β activity indicating that 
both transcriptional (e.g. IN/IGF stimulation) and post-transcriptional (e.g. phosphorylation) 
mechanisms regulate protein expression and function.   Taken together, we have begun to identify 
signal transduction pathways and downstream effector proteins involved in the regulation of invasive 
properties exhibited by human cholangiocarcinomas and it is not surprising that enhanced 
expression of AAH in surgically resected tumors was associated with a poor prognosis with reduced 
survival. 
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Opportunities for Targeted Therapies in Cholangiocarcinoma 
 

Adenocarcinomas of the bile ducts (cholangiocarcinoma) are uncommon, aggressive tumors 
with poor survival. Published response rates of chemotherapy are less than 30% and no 
survival benefit has been demonstrated from palliative systemic therapy. Improved 
understanding of the molecular carcinogenesis of cholangiocarcinoma, coupled with the 
availability of novel molecularly “targeted” chemotherapeutic agents, may improve outcome for 
these patients. 

 
Many advances are being made with targeted therapies in various solid tumors. Strategies 
include blockade of angiogenesis-related signaling, Akt survival pathways, Ras-Raf signaling, 
and EGFR-HER family signaling. The recent approval of numerous “targeted” agents, in a 
variety of solid tumors and hematologic malignancies, has clearly demonstrated the clinical 
efficacy such agents1. However, the overall modest activity of these as single agents, and the 
numerous negative clinical trials of biologic agents, underscores the importance of clearly 
establishing the relationship between molecular “target” expression by specific tumor types, 
individual patients’ tissue, and the activity of specific agents. Novel biologically-targeted agents 
have been approved in numerous malignancies based on improved patient outcome, yet in few 
instances is the relationship between molecular “marker” expression, and efficacy of the 
targeted agent, well understood.  
 
The overexpression of several onco-proteins, as demonstrated in both human pathologic 
specimens and pre-clinical models, justifies efforts to develop novel therapeutic approaches in 
cholangiocarcinoma2,3. Challenges to conducting such trials include securing pharmaceutical 
support for an “orphan” tumor, and the small numbers of patients dispersed across multiple 
institution and geographic boundaries. 
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Pharmacogenomics and Molecular Targeting of GI Cancer 

 
GI Cancers are one of the most commonly diagnosed cancer in both men and women in the 
United States.  The development of monoclonal antibodies targeting the epidermal growth factor 
receptor (EGFR) or vascular endothelial growth factor (VEGF) has demonstrated additional 
clinical benefit for patients with metastatic colon cancer disease in combination with 
chemotherapy however there was no benefit for metastatic pancreas cancer.  Many patients 
succumb to their disease and a significant proportion will experience severe chemotherapy-
associated toxicities while deriving little or no benefit.  In order to improve the treatment of GI 
Cancers, efforts must be directed toward the identification of patients who are likely to respond 
to a specific therapy, those who will experience severe toxicities and those who will benefit from 
chemotherapy in the adjuvant setting.  However, the utility of individual markers of response, 
toxicity and disease recurrence remains in question and efforts are now underway to develop 
multimarker profiles which can more accurately predict disease response. The science of 
pharmacogenomics is emerging as an increasingly useful molecular tool to investigate the 
disparity in drug efficacy by analysis of variations such as genetic polymorphisms in drug 
targets, metabolizing enzymes, transporters and influential receptors.  Consequently, the 
identification of accurate and validated predictive and prognostic markers combined with an 
increasing arsenal of therapeutic agents will provide the clinician with the knowledge and the 
means of tailoring a targeted and effective therapy to the molecular profile of the patient while 
minimizing life threatening toxicities. We have shown that mutations in Kras are associated with 
resistance to EGFR inhibitors, we have data suggesting that gene expression levels of 
thymidylate synthase and ERCC-1 are associated with response, TTP and overall survival in 
patients with metastatic colon cancer treated with FOLFOX in first and second line. Preliminary 
data suggest that expression levels of her2 and Il-8 are associated with progression free and 
overall survival in patients with metastatic gastric cancer treated with lapatinib. Treatment of 
cholangiocarcinoma is a challenge, recent data show that sorafinib may be a treatment options 
with interesting PFS and OS. Recently another SWOG study reported 20% response rate using 
Gemcitabine and capecitabine in metastatic disease. Recent publication suggest that 
cholangiocarcinomas have frequent aleteration in b-raf as well as amplification of her2. There 
are ongoing studies testing the efficacy of herceptin in patients with biliary cancer with her2 
overexpression. Only a better understanding of the molecular pathways involved in tumor 
development and progression will allow the development of more effective therapies and 
selection of patients more likely to benefit.  
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Establishment of a Novel “Patient-Like” Rat Model of Cholangiocarcinoma Progression 
for Molecular Therapeutic Studies 

 
A. Sirica, Virginia Commonwealth University School of Medicine 
 
Purpose/Background: 
Intrahepatic cholangiocarcinomas are highly malignant hepatobiliary adeno-carcinomas that are 
typically diagnosed at an advanced stage, thus presenting a significant therapeutic challenge. 
Development of preclinical models of cholangiocyte neoplastic transformation and malignant 
progression that reliably recapitulate the molecular etiology and behavior of the human disease 
would provide an important resource for understanding mechanisms regulating 
cholangiocarcinoma growth and progression and for suggesting and testing of novel therapeutic 
approaches. The aims of this study were to: (1) develop novel in vitro models of cholangiocyte 
neoplastic transformation based on spontaneous versus oncogenic neu transformation of a rat 
cholangiocyte cell line, (2) determine the relationship between constitutive p185neu receptor 
tyrosine kinase expression and activation and cyclooxygenase-2 up-regulation in spontaneously 
transformed versus oncogenic neu-transformed rat cholangiocytes, (3) establish a “patient-like” 
rat model of intrahepatic cholangiocarcinoma progression based on orthotopic cell 
transplantation of spontaneously transformed versus oncogenic neu-transformed rat 
cholangiocytes, and (4) investigate the role of bile duct obstruction on intrahepatic 
cholangiocarcinoma progression.  
 
Methods: 
Cell Lines- BDE1: immortalized, non-tumorigenic rat cholangiocyte cell line initially derived from 
an epithelial cell outgrowth of bile duct fragments isolated from normal Fischer 344 rat liver1; 
BDEneu: malignantly  transformed rat cholangiocyte cell line recently established from BDE1 
cells that were stably transfected with a mutationally-activated rat neu oncogene (Glu664-neu) 
and then selected for neomycin resistance2; BDEneo: a corresponding non-tumorigenic control 
cell line established from BDE1 cells that had been stably transfected to constitutively express 
the neomycin resistance gene only; BDEsp: in vitro spontaneous neoplastic transformant of 
BDE1 cells achieved by the selective growth condition of prolonged maintenance at confluence 
for 11 consecutive cell passages in cell culture followed by selection for anchorage-independent 
growth in soft agar3. Tumorigenicity assays with and without bile duct obstruction- The 
tumorigenicity of BDEneu and BDEsp cells was compared to that of BDEneo control cells and 
the parent BDE1 cell line, respectively.  For each cell line, 4x106 cells at ≥ 90% viability were 
inoculated in 0.1ml Hanks’ balanced salt solution into the livers of young adult male Fischer 344 
rats. Specific routes and conditions included: -BD: cells inoculated through a sterile 25 or 26-
gauge needle inserted into the proximal common bile duct near the liver hilus and gently 
directed into the left hepatic duct, -L: cells inoculated directly into unmodified left lateral liver 
lobe, -L+BDL: cells inoculated directly into left lateral liver lobe immediately following bile duct 
ligation.  
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Results/Conclusions:  
In vitro spontaneous neoplastic transformation of rat cholangiocytes correlated with a significant 
up-regulation of cyclooxygenase-2 and concomitantly with increased activation of Akt, but unlike 
the more highly tumorigenic oncogenic neu-transformed cholangiocytes, the spontaneous 
transformants did not over-express activated p185neu nor did they exhibit increased activation of 
p44/42 MAP kinase. Using these novel tumorigenic cholangiocyte cell lines of differing 
malignant potential, a unique new “patient-like” rat model of intrahepatic cholangiocarcinoma 
cell growth and progression was developed that paralleled key clinical, molecular, and 
histopathological features of the advanced human disease, making it well suited for use as a 
potentially powerful preclinical platform for testing molecular targeting strategies for 
cholangiocarcinoma therapy. Bile duct obstruction was also demonstrated to be a potent 
stimulus for intrahepatic cholangiocarcinoma growth and progression. (Supported by R01 CA 
083650 and R01 CA 039225). 
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Targeted Disruption of Smad4 and Pten Induces  
Cholangiocarcinoma in Mouse Liver  

 
Cholangiocellular carcinoma (CC), the second most common primary liver cancer, is associated 
with a poor prognosis. It has been shown that CCs harbor alterations of a number of tumor 
suppressor genes and oncogenes, yet key regulators for tumorigenesis remain unknown. Here 
we generate a mouse model that develops CC with high penetrance using liver specific targeted 
disruption of tumor suppressors SMAD4 and PTEN. In the absence of SMAD4 and PTEN, 
hyperplastic foci emerge exclusively from bile ducts of mutant mice at two months of age and 
continue to grow leading to tumor formation in all animals at 4-7 months of age. We show that 
CC formation follows a multistep progression of histopathological changes that are associated 
with significant molecular alterations, including high levels of phosphorylated AKT, GSK-3beta, 
mTOR, and ERK, and increased nuclear levels of cyclin D1. Conversely, reconstitution of 
SMAD4 and PTEN in cultured tumor cells suppresses most of these alterations. We further 
demonstrate that SMAD4 and PTEN regulate each other through a novel feedback mechanism 
to maintain an expression balance and synergistically repress CC formation. These findings 
elucidate the relationship between SMAD4 and PTEN and extend our understanding of CC 
formation.  
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TOLL-LIKE RECEPTOR 4-MEDIATED IMMUNE RESPONSE IS REQUIRED FOR IN VIVO 
ERADICATION OF C. PARVUM INFECTION OF THE BILIARY TRACT 

 
P. Bogert, S. O’Hara, C. Trussoni, A. Stroope, J. Lewis, X. Chen, N.F. LaRusso 
 
Toll-like receptors (TLRs) are a conserved family of cell surface pattern recognition receptors key to 
innate immunity through detection of invading pathogens.  Upon pathogen recognition, TLRs initiate host 
defense responses to mobilize immune effector cells and activate adaptive immunity.  We previously 
showed that Cryptosporidium parvum (C. parvum), a parasite that infects both intestinal and biliary 
epithelia, induces a TLR4-dependent antimicrobial response in cholangiocytes (epithelial cells lining the 
bile ducts) using an in vitro model of biliary cryptosporidiosis. Disruption of the TLR4 signal pathway in 
cultured cholangiocytes results in a reduced capacity to clear C. parvum infection. Here we tested the role 
of TLR4 against C. parvum biliary infection using an in vivo model of biliary cryptosporidiosis in both wild 
type(WT) and TLR4 knock-out mice. Mice were infected via direct injection of C. parvum (200,000 
oocysts) into the gallbladder and sacrificed at 1,2,3 and 4 weeks post infection; control animals received 
injections of saline.  Serum chemistries (ALT, AST, alkaline phosphatase and bilirubin) were performed 
and oocyst clearance rates quantitated in specimens of bile and stool by light and fluorescence 
microscopy. Liver specimens were assessed histologically for severity of inflammation and presence of 
parasites, and tumor necrosis factor (TNF-α) and interferon-γ levels measured by ELISA. WT mice 
displayed a transient biliary tract infection; their serum ALT, AST levels, liver inflammation and TNF-α and 
interferon-γ levels, and stool and bile oocyte burden peaked at two weeks and normalized by four weeks.  
In contrast, the TLR4 knock-out mice displayed a persistent biliary tract infection. All serum makers, all 
liver measurements and histology, and oocyte burden remained abnormal at four weeks.  These data 
suggest that a TLR4-mediated response is required for in vivo eradication of biliary C. parvum infection 
and the lack of this pattern recognition receptor contributes to persistent inflammation.  
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THE H3/H4 HISTAMINE RECEPTOR (HRH3/HRH4) AGONIST, RAMH, INHIBITS 

CHOLANGIOCARCINOMA GROWTH IN VITRO AND IN VIVO 
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Purpose/Background:  
The purpose of the study was to evaluate the role of HRH3/HRH4 in the regulation of cholangiocarcinoma 
growth.  Histamine regulates multiple cellular functions including proliferation by interaction with histamine 
G-coupled receptors (HRH1, HRH2, HRH3 and HRH4).  In rodents, we have shown that activation of 
HRH1 and HRH2 stimulates cholangiocyte growth by activation of the IP3/Ca2+/PKC/MAPK signaling 
pathway, whereas HRH3/HRH4 inhibit cholangiocyte proliferation by a cAMP-dependent mechanism.  
The specific aims of the study were to evaluate: (i) the expression of HRH1, HRH2, HRH3 and HRH4 in 
intra- and extra-hepatic cholangiocarcinoma cell lines; (ii) if RAMH regulates the growth of a number of 
cholangiocarcinoma cell lines with different biliary origin; (iii) the signaling mechanisms regulating RAMH 
effects on the growth of the cholangiocarcinoma cell line, Mz-ChA-1; and (iv) the effects of RAMH on 
xenograft tumor growth of Mz-ChA-1 in nude mice.   
 
Methods:   
We used intra- (HuH-28, CCLP, HuCCT and SG231), extra-hepatic (Mz-ChA-1 and TFK-1) cell lines as 
well as immortalized normal human cholangiocytes (H69).  The expression of HRH1, HRH2, HRH3 and 
HRH4 was evaluated by immunoblots and qPCR.  Cholangiocarcinoma cell growth was evaluated in the 
various cell lines stimulated with RAMH (0-200 μM) by MTS assay.  In addition, we evaluated: (i) 
proliferation of Mz-ChA-1 cells treated with HRH1 and HRH2 agonists; and (ii) intracellular IP3 and cAMP 
levels in Mz-ChA-1 cells treated with 0.2% BSA (basal) or RAMH (10 μM).  Phosphorylation of Ca2+-
dependent PKC isoforms (α, βI, βII and γ) and MAPKinases (ERK1/2, p38 and Jnk) was evaluated by 
immunoblots in Mz-ChA-1 cells treated with 0.2% BSA or RAMH (10 μM).  Knockdown of the PKCα gene 
with siRNA was performed in Mz-ChA-1 cells in the absence or presence of RAMH (10 μM).  Tumor 
growth studies were performed in BALB/c nude (nu/nu) mice implanted subcutaneously with Mz-ChA-1 
cells and subsequently treated with tri-weekly IP injections of vehicle or RAMH (1000 mg/kg body weight 
in NaCl) for 44 days.   
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Results:  
All cell lines studied expressed HRH1, HRH2, HRH# and HRH4. RAMH decreased the growth of all the 
cholangiocarcinoma cell lines (but not H69) at 48 hours, persisting up to 72 hours.  HRH1 and HRH2 
agonists increased Mz-ChA-1 cell growth.  RAMH increased intracellular IP3 levels were of Mz-ChA-1 
cells stimulated with RAMH compared to basal; cAMP levels did not change.  RAMH selectively increased 
the phosphorylation of PKCα and decreased only the phosphorylation of ERK1/2 of Mz-ChA-1 cells 
compared to their corresponding basal values.  Following PKCα silencing, RAMH did not decrease the 
growth of Mz-ChA-1 cells.  In nude mice, RAMH inhibited Mz-ChA-1 cell growth in vivo.   
 
Conclusion:  
RAMH inhibits intra- and extra-hepatic cholangiocarcinoma growth by activation of the 
PLC/IP3/Ca2+/PKCα/ERK1/2 pathway.  The interaction of histamine with HRH3/HRH4 may be important in 
the management of cholangiocarcinoma. 
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MECHANICAL STRETCH STIMULATES CHOLANGIOCYTE PROLIFERATION VIA THE 

ANGIOTENSIN TYPE I RECEPTOR: A NOVEL MECHANISM FOR DUCTAL PROLIFERATION 
DURING OBSTRUCTIVE CHOLESTASIS 

C. Wise, D.E. Dostal and S.S. Glaser 
(Scott and White Hospital and Texas A&M University Health Science Center) 
 
Purpose/Background:  
The angiotensin type 1 receptor (AT1) plays a critical role in pressure-induced vascular growth.  Although 
marked cholangiocyte proliferation occurs during obstructive cholestasis, a condition associated with 
increased biliary pressure, the role of AT1 in this process remains unclear.  In addition to ligand-
dependent activation, AT1 also functions as a mechanoreceptor. Thus, the aim of this study was to 
address role of AT1 stimulation in the regulation of cholangiocyte growth. Methods: In vivo, normal and 
BDL rats were treated with angiotensin II (Ang II; 50 ng/Kg/min), a potent ligand for AT1, or NaCl by 
osmotic minipump for 2 wks. Cholangiocyte proliferation was examined in liver sections by cytokeratin-19 
(CK-19) and PCNA immunohistochemisty. In vitro studies were performed in our normal rat cholangiocyte 
(NRIC) cells. The effects of Ang II (10-6 to 10-11M) on NRIC growth was quantified by the MTS assay. 
Intracellular cAMP levels were determined by RIA. Phosphorylated and total ERK1/2 were assessed by 
immunoblotting. To address the role of AT1 during mechanical stress, NRIC were plated on BioFlex 
culture plates and static equiaxial strain was applied to the cells for 24 hrs with a Flexcell FX4000 system. 
Growth was assessed by PCNA protein expression. Activation of ERK1/2 was assessed by 
immunoblotting. An array for extracellular matrix genes was used to evaluate genes stimulated by 
mechanical stress. Ang II levels were assessed by EIA.  
 
Results:  
In vivo, administration of Ang II resulted in a significant increase in CK-19 and PCNA positive 
cholangiocytes as compared to saline treated rats (CK-19 increased 50% (p<0.001) and 23% (p<0.001) 
and PCNA increased 64% (p<0.001) and 30% (p<0.002) for normal and BDL treated with Ang II 
compared to saline treated controls, respectively). In vitro, Ang II increased NRIC proliferation in a 
concentration- and time dependent manner. Maximal growth was observed after 48 hrs of incubation with 
10-7M Ang II (1.7-fold, p<0.05). Ang II also increased intracellular cAMP concentrations 25% after 5 
minutes of treatment with 10-7M of this ligand. Ang II also increased the phosphorylation of ERK1/2 in a 
time-dependent manner. These results were AT-1-mediated as only expression of this Ang II receptor 
subtype was identified by immunoblotting in cholangiocytes isolated from rat liver, bile duct ligated rat 
liver or NRIC. Mechanical strain increased NRIC growth (2-fold, p<0.05) and expression of angiotensin 
converting enzyme (ACE) mRNA levels 19-fold; the key enzyme mediating conversion of Ang I to Ang II. 
Mechanical strain also increased connective tissue growth factor, fibronectin 1, and NCAM1 profibrotic 
gene mRNA levels and Ang II secretion by 15%. Mechanical strain also increased the activation of 
ERK1/2. Conclusion: Ligand and mechanical activation of AT1 induces cholangiocyte growth and 
profibrotic gene expression.  Activation of AT1 likely participates in cholangiocyte proliferation and the 
periductal fibrosis observed in obstructive cholestasis. 
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ADMINISTRATION OF γ-AMINO BUTYRIC ACID (GABA) TO BDL RATS DECREASES LARGE 

CHOLANGIOCYTE PROLIFERATION 
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Purpose/Background:  
The purpose of the study was to evaluate the role and mechanisms of action by which GABA, an 
inhibitory neurotransmitter of the central nervous system (CNS), regulates the function of the intrahepatic 
biliary epithelium.  Cholangiocytes are morphologically and functionally heterogeneous.  Large but not 
small cholangiocytes secrete bicarbonate in response to secretin by cAMP-dependent activation of 
PKA⇒CFTR⇒Cl-/HCO3

- anion exchanger AE2.  According to their anatomical location in the biliary tree, 
different sized cholangiocytes differentially respond to pathological stimuli with changes in proliferation 
and secretin-stimulated bicarbonate secretion (a functional marker of cholangiocyte growth).  In rats with 
extrahepatic cholestasis induced by BDL, there is increased mitosis and secretin-stimulated secretory 
activity of large but not small cholangiocytes.  In addition to the CNS, the liver represents the most 
important site of synthesis and metabolism of GABA.  Three types of GABA receptors exist, GABAa, 
GABAb, and GABAc.  We have previously shown that GABA decreases both in vitro and in vivo 
cholangiocarcinoma growth.  No data exists regarding the role of GABA in the regulation of cholangiocyte 
hyperplasia. 
 
Methods:  
We evaluated the expression of GABA receptor subtypes in liver sections (by immunohistochemistry) and 
purified cholangiocytes (by real time PCR and immunoblots).  Normal and BDL (immediately after 
surgery) rats were treated with GABA (50 μg/gm body weight per day, IP) for 1 week.  Subsequently, we 
measured: (i) apoptosis and the number of small (< 15 μm in diameter) and large (> 15 μm in diameter) 
ducts by TUNEL and cytokeratin-19 staining in liver sections, respectively; (ii) basal and secretin-
stimulated bile and bicarbonate secretion in biliary fistula BDL rats; and (iii) ERK1/2 phosphorylation in 
purified small and large cholangiocytes.  In in vitro studies, small and large BDL cholangiocytes were 
stimulated with GABA (100 μmol/L for 4 hours at 37oC) before measurement of cell replication by 
proliferating cellular nuclear antigen (PCNA) immunoblots. 
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Results:  
The three subtypes of GABA receptors were expressed by all sized cholangiocytes.  Chronic 
administration of GABA induced selective apoptosis of large cholangiocytes in liver sections.  GABA-
induced apoptosis of large cholangiocytes was associated with: (i) a 50% decrease in the number of large 
ducts, and increased (~60%) number of small bile ducts; (ii) reduced ERK1/2 phosphorylation in large 
cholangiocytes; and (iii) diminished secretin-stimulated bicarbonate-rich choleresis in vivo compared to 
controls.  In large purified cholangiocytes, GABA reduced PCNA protein expression. 
 
Conclusion:  
GABA induces apoptosis and decreases the growth and secretion of large cholangiocytes by reduced 
phosphorylation of ERK1/2.  We suggest that concomitant with loss of large cholangiocyte function, small 
cholangiocytes (resistant to GABA administration) de novo proliferate to compensate for the functional 
damage of large cholangiocytes.  Studies are ongoing to demonstrate whether small cholangiocytes 
proliferate by: (i) acquisition of large cholangiocyte phenotypes; or (ii) activation of an IP3/Ca2+-dependent 
signaling mechanism, independent from that present in large cholangiocytes (cAMP-dependent). 
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Purpose/Background:   
We have previously shown that the endocannabinoids anandamide (AEA) and 2-arachidonyl glycerol (2-
AG) exert opposing effects on cholangiocarcinoma cell growth with AEA suppressing tumor cell growth 
and 2-AG promoting tumor growth.  Notch signaling has been implicated in cancer, with both growth 
promoting and growth suppressing effects in cancers of various origins.  Notch signaling requires the γ-
secretase complex for activation.  This complex comprises the proteins nicastrin, PEN2, APH1 and either 
presenilin 1 or presenilin 2.  The aims of this study were: i) To determine the effects of AEA and 2-AG on 
Notch 1 and 2 expression and activation; ii) To associate the changes in Notch expression with either 
growth promoting or suppressing activities of AEA and 2-AG respectively; iii) To determine the changes in 
the composition of the γ-secretase complex in response to AEA or 2-AG. 
 
Methods:   
Mz-ChA-1 human cholangiocarcinoma cells were treated at various time points with either AEA (10-5M) or 
2-AG (10-5M) and Notch 1 and 2 expression and activation were determined by real time PCR, 
immunoblotting and immunofluorescence using antibodies specific for activated Notch 1 and 2.  The role 
of notch signaling in both the AEA- and 2-AG-induced effects on cell proliferation were determined by 
pretreatment of Mz-ChA-1 cells with the γ-secretase inhibitor DAPT (1 μM), prior to the addition of AEA 
and 2-AG.  In addition, specific roles for Notch 1 and Notch 2 on the cannabinoid-induced effects were 
determined by the transient transfection of dominant negative Notch 1 or Notch 2 expression vectors prior 
to the stimulation with either AEA or 2-AG.  The expression of presenilin 1, presenilin 2, nicastrin, PEN-2 
and APH-1 were also determined by real time PCR and immunoblotting after AEA or 2-AG treatment. 
 
Results:   
Associated with the anti-proliferative effects of AEA was an increase in Notch 1 mRNA as shown by real 
time PCR and a concomitant increase in Notch 1 activation as demonstrated by immunoblots, and 
nuclear translocation, as shown by immunofluorescence.  No effect was observed on Notch 2 expression 
or activation.  Conversely, associated with the growth-promoting effects of 2-AG, was an increase in 
Notch 2 mRNA expression, activation and nuclear translocation, with no effect on Notch 1 signaling.  The 
γ-secretase inhibitor DAPT, which does not differentiate between Notch substrates, blocked both the 
antiproliferative effects of AEA and the growth promoting effects of 2-AG, suggesting that Notch signaling 
is involved in both of the opposing effects of the endocannabinoids.  Furthermore, the overexpression of 
dominant negative Notch 1 blocked the antiproliferative effects of AEA, but did not affect the growth 
promoting effects of 2-AG, whereas the overexpression of dominant negative Notch 2 inhibited the 2-AG-
induced effects, but not the AEA-induced effects on cell proliferation.  AEA treatment also increased both 
mRNA and protein expressions of Presenilin 1 whereas 2-AG increases both mRNA and protein 
expressions of Presenilin 2. No changes were observed for the expressions of nicastrin, PEN-2 or APH-1 
after the treatments of either AEA or 2-AG. 
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Conclusions:   
The upregulation and activation of notch 1 expression by AEA is required for the antiproliferative effects 
on cholangiocarcinoma cell growth and is also associated with a concomitant increase in Presenilin 1 
expression.  Conversely, the activation of Notch 2 is important for the growth promoting effects of 2-AG 
and is also associated with an increase in Presenilin 2 expression.  Our data indicate that the opposing 
actions of AEA and 2-AG involves the differential activation of the Notch 1 and Notch 2 signaling 
pathways and may prove an important target for the development of therapeutic strategies to combat this 
deadly disease. 
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CENTRAL ADMINISTRATION OF CORTICOTROPIN RELEASING HORMONE (CRH) INHIBITS 
CHOLANGIOCYTE PROLIFERATION FOLLOWING EXTRAHEPATIC BILIARY OBSTRUCTION VIA A 

CRH RECEPTOR 1-MEDIATED MECHANISM 
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Purpose/Background:  
Corticotropin releasing hormone (CRH) is produced by the hypothalamus and regulates physiological 
functions by mediating neuroendocrine effects via the hypothalamic-pituitary-adrenal (HPA) axis. It can 
exert its function through two receptors, CRH R1 and CRH R2.  Cholestatic patients often demonstrate 
clinical features suggestive of HPA axis insufficiency. In a rat model of cholestasis, there is a suppression 
of HPA axis responsiveness to stress. The implications of suppression of the HPA axis and the effects of 
central CRH administration on cholangiocyte proliferation are unknown. Our aims were to: i) demonstrate 
a suppression of the HPA axis after bile duct ligation (BDL), ii) determine the effects of adrenalectomy on 
cholangiocyte proliferation, iii) determine the effect of central CRH administration and subsequent 
glucocorticoid release on cholangiocyte proliferation.  
 
Methods:  
Male rats underwent BDL or adrenalectomy for 1, 3 and 7 days. CRH (5 μg/rat/day) was administered via 
icv incannulation for 7 days after BDL. To determine the relative involvement of the CRH receptors, the 
specific CRH receptor antagonists NBI 27914 (CRH R1 antagonist; 5 nmol/rat/day), antalarmin (CRH R1 
antagonist; 500 pmol/rat/day) and antisauvagine-30 (CRH R2 antagonist; 1 nmol/rat/day) were 
administered via icv cannulas 5 minutes prior to the administration of CRH.  Cholangiocyte proliferation 
was assessed by cytokeratin-19 (CK-19) and γ-glutamyltranspeptidase (γ−GT) staining. Hypothalamic 
expression of ACTH was determined by qPCR, and serum corticosterone (CS) levels were assessed by 
an EIA kit. In vitro, a cholangiocyte cell line (NRC) was treated with cortisol (CL) or CS, (10-6M to 10-9M) 
for 48 hr and cell proliferation assessed by MTS assays. Glucocorticoid (GR) and mineralocorticoid (MR) 
receptor nuclear translocation was assessed by immunofluorescence. Stable-transfected cell lines were 
established using shRNA vectors directed against either GR or MR. 
 
Results:  
Serum CS levels and hypothalamic ACTH mRNA expression were dramatically suppressed (up to 90% 
and 50% respectively) 1, 3 and 7 days after BDL.  Ablation of glucocorticoid synthesis by adrenalectomy 
resulted in increased cholangiocyte proliferation. Central CRH administration effectively restored serum 
CS levels after BDL and decreased the biliary mass (60%). This effect was inhibited by co-administration 
of the CRH R1 antagonists but not the CRH R2 antagonist.  Treatment of NRC with CL and CS resulted 
in decreased proliferation at all concentrations studied, and was associated with the nuclear translocation 
of the GR but not MR. Knockdown of GR expression ablated the antiproliferative effects of CL and CS, 
while knockdown of MR expression had no effect. 
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Conclusion:  
We present novel data indicating that central administration of CRH, via a CRH R1-dependent 
mechanism, and subsequent reactivation of the suppressed HPA axis dramatically reduced bile duct 
mass during BDL, indicating the direct involvement of the HPA axis in the regulation of cholangiocyte 
growth during cholestatic liver diseases. Knowledge of the role of the HPA axis during cholestasis may 
lead to the development of innovative treatment paradigms for chronic liver disease. 
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EBP50, AN ADAPTER PROTEIN WITH INTRACELLULAR REDISTRIBUTION IN DUCTULAR 

REACTION, CONTROLS CHOLANGIOCYTE PROLIFERATION 
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Purpose/Background: 
Ezrin-Radixin-Moesin binding phosphoprotein 50 (EBP50) anchors and regulates apical membrane 
proteins in epithelia. EBP50 is also an estrogen-inducible protein, which may affect cell proliferation, 
although this latter function remains unclear. The present study was aimed to determine if EBP50 could 
be implicated in the ductular reaction that occurs in liver diseases. 

Methods: 
The expression of EBP50 and its binding partners, was examined in normal human liver, in 
cholangiopathies, i.e. cystic fibrosis liver disease, primary biliary cirrhosis, primary sclerosing cholangitis, 
and in the rat model of bile duct ligation. The regulation of EBP50 by estrogens and its impact on 
proliferation was examined in biliary epithelial cells in culture. 

Results: 
Analyses of cell isolates showed that EBP50 is expressed in hepatocytes and, together with ezrin and 
CFTR, in cholangiocytes. In normal conditions, EBP50 immunostaining decorated canalicular membranes 
in hepatocytes, and apical domains in cholangiocytes. In cholangiopathies and in the bile duct ligation 
model, EBP50 was redistributed to cytoplasmic and nuclear compartments in cells of the ductular 
reaction. In addition, EBP50 expression was increased in cholangiocyte preparations isolated from bile 
duct-ligated rats. In cultured cells, while EBP50 underwent up-regulation and intracellular redistribution in 
response to17β-estradiol, proliferation was inhibited by siRNA-mediated EBP50 knockdown. 

Conclusion: 
This study provides evidence that EBP50 undergoes intracellular redistribution and contributes to the 
proliferative response of biliary epithelial cells, in cholangiopathies. 
 
Disclosure : 
The study was supported by VLM (Vaincre la Mucoviscidose); ANR (Agence Nationale de la Recherche), 
Program PHYSIO 2006, LIFR-PP; INCa (Institut National du Cancer), PL027. 
There is no disclosure relevant to this study. 
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P2Y12 AND THE COMPONENTS OF THE AKAP-SIGNALING COMPLEX ARE LOCALIZED TO 

CHOLANGIOCYTE CILIA PROVIDING CHEMOSENSORY FUNCTIONS OF THESE ORGANELLES 
  
A. Masyuk, J. Banales, S. Gradilone, T. Masyuk, B. Huang, A. Stroope,   Nicholas LaRusso 
Mayo Clinic College of Medicine, Rochester, MN 
 
Background:  
Cholangiocytes, the epithelial cells lining intrahepatic bile ducts, are the only epithelial cells in the liver 
that contain primary cilia, distinct organelles that extend from the apical plasma membrane into the ductal 
lumen where they function as mechano- and osmo-sensory organelles (Masyuk et al., 2006; Gradilone et 
al., 2007). In this study, we tested the hypothesis that cholangiocyte cilia are also chemosensory 
organelles which sense the concentration of biliary nucleotides (ATP and ADP) and transduce information 
into an intracellular response via ciliary-associated G-protein-coupled P2Y receptors and the cAMP 
signaling cascade.  
 
Methods:  
RT-PCR, Western blotting and immunofluorescence confocal microscopy were used to assess the 
expression of P2Y receptors, adenylyl cyclases (ACs) and downstream targets of cAMP [i.e., PKA 
(protein kinase A) and EPAC (an exchange protein directly activated by cAMP) and AKAPs (A-kinase 
anchoring proteins)] in rat cholangiocyte cilia. Microperfused rat intrahepatic bile ducts (IBD) and rat 
primary cultured cholangiocytes were used to test involvement of cholangiocyte cilia in the effects of ADP 
on intracellular cAMP levels.  
 
Results:  
Cholangiocyte cilia express P2Y12 but not P2Y2 and P2Y13. In addition, AC4, AC6, AC8, two PKA isoforms 
(i.e., PKA RII-alpha and PKA RI-beta) and EPAC2 are localized to cilia. Finally, cholangiocyte cilia 
express AKAP150, a protein known to form AKAP signaling complexes with AC, PKA, and EPAC. ATP 
and ADP, signaling molecules present in bile, affect cAMP levels in cholangiocytes in P2Y12- and ciliary-
dependent manner. Luminal perfusion of IBDs with ATP-γS resulted in 2.6-fold increase (P<0.001) in 
cholangiocyte cAMP signaling cascade. In contrast, cAMP levels initially induced by forskolin, were 
reduced by ADP by 45±6% (P<0.05). The nucleotide-induced changes in cAMP levels were abolished by 
chloral hydrate (a reagent that removes cilia), and by siRNAs specific to P2Y12.  
 
Conclusion:  
Cholangiocyte cilia express P2Y12 and the components of the cAMP signaling cascade. Functionally, 
cholangiocyte cilia are chemosensory organelles that detect the levels of biliary nucleotides through ciliary 
associated P2Y12 and transmit information into the cell via the cAMP signaling cascade. 
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HEDGEHOG PARACRINE SIGNALING BETWEEN MYOFIBROBLASTS AND CHOLANGIOCYTES 
INDUCES CHOLANGIOCYTE PRODUCTION OF CHEMOKINES DURING BILIARY FIBROSIS 

 
A.Omenetti,1A.Porrello,2W.Syn,1R.P.Witek,1 S.S.Choi,1L.Yang,1Y.Jung,1H.M.Vandongen1and AM Diehl1 
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2Institute for Genome Science and Policy, Duke University, Durham, NC 
 
Purpose/Background: 
 Inflammation and fibrosis are central to most cholangiopathies. During biliary epithelial injury, 
cholangiocytes become reactive and acquire the ability to secrete chemokines (CK) that recruit immune 
cells to the liver. Soluble factors released by liver myofibroblasts (MF), particularly morphogens of the 
Hedgehog (Hh) family, play an important role in the induction of the reactive cholangiocyte phenotype 
during biliary fibrosis. Hh ligands are also known to modulate immune system development. Our purpose 
was to evaluate the hypothesis that MF-derived Hh ligands induce cholangiocyte production of CK.  
 
Methods: 
 Cholangiocytes (603B cell line) were cultured alone (monoculture) or with a clonally-derived MF cell line 
(HSC-8B) in a Transwell insert system (coculture). Cholangiocyte monocultures were also treated with 
MF-conditioned medium with/without Hh-neutralizing antibody. Changes in gene expression were 
assessed by microarray (Mouse 403-2 Affimetrix GeneChip® with Correlation Plot, GeneOntology and 
Probe Analysis), and validated by QRT-PCR. Changes in CK expression after bile duct ligation (BDL) 
were also compared in whole liver tissue from Ptc-deficient mice that exhibit Hh hyperactivity due to 
haploinsufficiency of Patched (Ptc) and control littermates.  
 
Results:  
MF-derived soluble factors induced strong up-regulation of CK genes in cocultured cholangiocytes, 
significantly increasing expression of chemotactic factors for neutrophils (CCL20/MIP3α, CXCL1, CXCL2, 
CXCL5), lymphocytes (CCL20/MIP3α, CXCL11, CXCL16), and  dendritic cells (CCL20/MIP3α) (P<0.01). 
MF-derived factors also up-regulated cholangiocyte expression of monocyte chemoattractant protein 
(MCP-1/CCL2) which induces chemotaxis of hepatic stellate cells to portal tracts during biliary injury 
(P<0.05). Addition of Hh-neutralizing antibody significantly attenuated the effects of MF on cholangiocyte 
expression of all of these CK-related genes (P<0.05 vs cultures treated with an irrelevant antibody). BDL 
significantly increased CK gene expression in control mice. Moreover, BDL-induction of MCP-1/CCL2, 
CCL20/MIP3α, CXCL1, CXCL2, CXCL5, CXCL10, CXCL11 and CXCL16 was two-four fold greater in 
mice with Hh hyperactivity than in littermate controls (P<0.01).  
 
Conclusion:  
Hedgehog paracrine signaling promotes cholangiocyte transition to a reactive, chemokine-producing 
phenotype. This likely enhances recruitment of inflammatory cells to portal tract during biliary fibrosis. 
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TRPV4 AS A POTENTIAL TARGET TO REDUCE THE HYPERPROLIFERATIVE PHENOTYPE OF 

CHOLANGIOCYTES IN POLYCYSTIC LIVER DISEASE 
 
S.A. Gradilone, J.M. Banales, T.V. Masyuk, A.I. Masyuk, N.F. LaRusso 
 
Background:  
In Autosomal recessive polycystic kidney disease (ARPKD), as well as in all the polycystic liver diseases, 
genetic defects initiate formation of hepatic cysts, which arise from cholangiocytes. Cysts further expand 
due to disturbances in at least three processes: cell proliferation, cell-matrix interaction and fluid secretion. 
Different factors, individually or in combination, could impact cholangiocyte proliferation and promote cyst 
growth. One of these potential factors is the intracellular calcium. We have recently shown that a calcium 
entry channel, TRPV4, is expressed in normal rat cholangiocytes, heavily localized to primary cilia. 
Interestingly, in the PCK rat, an animal model of ARPKD, cholangiocytes have distorted cilia, elevated 
cAMP levels and decreased intracellular calcium levels. The decreased intracellular calcium has a 
permissive effect on the activation of the B-Raf/Erk signaling pathway by cAMP, leading to 
hyperproliferation. Therefore, we hypothesized that restoration of intracellular calcium levels by 
pharmacological activation of TRPV4 could reverse the hyperproliferative phenotype of PCK 
cholangiocytes. 
 
Methods:  
TRPV4 expression was assessed by quantitative PCR, western blot and confocal immunofluorescence in 
cholangiocytes from normal and PCK rat. Intracellular calcium was estimated using the fluorescent 
calcium sensitive dyes Fura-2 and Fluo-4. Cholangiocyte proliferation was assessed by MTS assay and 
cyst growth was examined in 3-D culture system.  
 
Results:  
In PCK cholangiocytes, TRPV4 was overexpressed ~ 8 times at the mRNA levels and ~ 3 times at the 
protein level. The overexpression was confirmed by confocal immunofluorescence and TRPV4 was 
mainly localized at cholangiocyte membranes. The treatment of cultured PCK cholangiocytes with a 
specific TRPV4 agonist, 4αPDD, induced an increase in intracellular calcium concentration in a dose- 
dependent manner. Other activators of TRPV4, EET and the combination of nifedipine and arachidonic 
acid, also increased intracellular calcium. The activation of TRPV4 by three different agonists inhibited the 
proliferation rate of cholangiocytes by ∼25%. Furthermore, in 3-D culture the growth of freshly isolated 
PCK cysts was impaired by TRPV4 activation.  
 
In summary, PCK cholangiocytes overexpress the calcium channel TRPV4, and its activation by different 
agonist induces an intracellular calcium restoration and subsequently decreases cholangiocyte 
proliferation. These data suggest that TRPV4 might be considered as a potential therapeutic target in 
polycystic liver diseases. 
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HIGH LEVELS OF CD44 EXPRESSION BY PROLIFERATING BILIARY EPITHELIA IN COUPLING 
WITH PORTAL TRACT ACCUMULATION OF HYALURNON ON CHOLESTATIC LIVERS:  DOES 

CD44-HA INTERACTION PLAY A PATHOGENIC ROLE? 
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Purpose/Background: 
CD44 is a multifunctional cell surface molecule involved in a variety of cell biological activities, including 
cell adhesion, migration and proliferation. Biliary epithelia express high levels of CD44 in hepatobiliary 
diseases. The role of CD44-hyaluronic acid (HA) interaction in biliary pathology, however, is poorly 
understood.    
 
Methods: 
A rat model of cholestatic liver induced by bile duct ligation (BDL) was utilized to investigate hepatic CD44 
expression and extracellular hyaluronan distribution. Biliary epithelial culture experiments were employed 
to examine whether HA can regulate cholangiocyte growth through interacting with adhesion molecule 
CD44.  
 
Results: 
Biliary epithelial cells expressed the highest level of CD44 mRNA among four major types of non-
parenchymal liver cells (NPLC), which was 8-, 8- and 5-fold higher than that of Kupffer cells (KC), hepatic 
stellate cells (HSC) and liver sinusoidal endothelial cells (LSEC) (P<0.01, respectively).  CD44positive 
BEC lining the intrahepatic bile ducts was geographically associated with extracellular HA accumulated in 
the portal tracts, suggesting a role for CD44 and HA in the development of biliary proliferation. An 
immortalized mouse BEC line (mIBEC) was used to examine the biological effect of CD44-HA interaction 
on biliary epithelia. The effect of HA on BEC proliferation was evaluated in a cell proliferation assay which 
quantifies the number of viable cells in culture.  Results showed that significantly higher rates of cell 
growth were present in cultures with HA at different time points from 24 to 96 hours. In addition, mIBEC 
harvested at 24, 48 and 72 hours in the cultures with HA simulation expressed significantly higher levels 
of CD44 and Ki67 (a cell proliferation marker) mRNA as compared with controls. Cell proliferation 
was antagonized by anti-CD44 treatment.  
 
Conclusion: 
The study concludes with compelling evidence to suggest that proliferative BEC lining the intrahepatic bile 
ducts are the major source of hepatic CD44. CD44-HA interaction, by enhancing biliary 
proliferation, may play a pathogenic role in the development of cholestatic liver diseases. 
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Supporting Graphs/Figures: 
 
        (A)               (B) 
   
 
 
 
 
 
 
 
 
 
                                 
                                (C)                                                                (D) 

 
High levels of CD44 expression by intrahepatic biliary epithelia are coupled 
with portal tract accumulation of HA. (A) Macroscopic view of a cholestatic liver 
induced by common bile duct ligation. (B) Proliferative intrahepatic bile ducts stained 
by CK7-PE. (C) Biliary epithelia labeled by CD44-FITC. (D) Hyaluronan accumulation 
in portal tracts demonstrated by immunohistochemical staining of HA binding protein. 
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LIPOPOLYSACCHARIDE INITIATES A POSITIVE FEEDBACK OF THE EPIDERMAL GROWTH 
FACTOR RECEPTOR SIGNALING BY PROSTAGLANDIN E2 IN HUMAN BILIARY CARCINOMA 

CELLS 
 
L. Finzi1,2,6, M. Shao5,6, F. Paye1,2,3, C. Housset1,2,4, J. Nadel5 

1 UPMC Univ Paris 06, UMRS-893, CdR Saint-Antoine, F-75012, Paris, France; 
2 INSERM, UMRS-893, CdR Saint-Antoine, F-75012, Paris, France; 
3 AP-HP, Hôpital Saint-Antoine, Service de Chirurgie Digestive, F-75012, Paris, France; 
4 AP-HP, Hôpital Tenon, Service de Biochimie-Hormonologie, F-75020, Paris, France; 
5 Cardiovascular Research Institute and Departments of Medicine and Physiology,    
   University of California, San Francisco, CA 94143-0130 
6 These authors contributed equally. 
 
Background:  
Bacterial products [e.g., lipopolysaccharide (LPS)] are viewed as critical stimuli in inflammation-
associated cancer. In the hepato-biliary tract, COX-2, a major effector of LPS, and EGFR, are both 
key to carcinogenesis. We hypothesized that the exposure of biliary epithelial cells to LPS could 
initiate a signaling cascade involving EGFR activation, COX-2-derived PGE2 production, and a 
second cycle of EGFR activation initiated by secreted PGE2.  
 
Methods:  
We examined the effect of LPS in biliary carcinoma cells (Mz-ChA-1 and KMBC cells), which 
displayed constitutive COX-2 expression and PGE2 production, and in normal human biliary epithelial 
cells, in which COX-2/PGE2 expression was virtually absent.  
 
Results:  
A time course analysis over 10 h showed that, in both types of cells, LPS induced early 
phosphorylation of EGFR and ERK1/2, which reached maximum levels within 30 min (first phase). 
Interestingly, the carcinoma cells, but not the normal cells, showed a second significant rise in both 
EGFR and ERK phosphorylation 6 h after exposure to LPS (second phase). Inhibition of EGFR 
activation prevented both phases of EGFR and ERK1/2 phosphorylation, whereas inhibition of COX-2 
activity prevented only the second phase of phosphorylation, implicating COX-2 in the induction of the 
second phase. LPS induced COX-2-derived PGE2 production via EGFR-ERK1/2 cascade time-
dependently, reaching maximum at 4 h, a time consistent with the initiation of the second rise in the 
phosphorylation. In normal biliary epithelial cells that do not express COX-2, the addition of 
exogenous PGE2 caused EGFR activation via a cell surface signaling pathway that implicated TACE 
and the release of soluble TGF-α.  
 
Conclusion: We conclude that in biliary carcinoma cells, LPS triggers a self-amplifying loop between 
EGFR signaling and COX-2-derived PGE2 production, whereby activation of EGFR and downstream 
ERK1/2 first causes COX-2-derived PGE2 biosynthesis. In turn, PGE2 stimulates TACE-dependent 
release of EGFR ligand, leading to a second wave of EGFR and ERK1/2 activation. In the biliary tract 
where carcinoma generally arises in a background of chronic inflammation, this self-amplifying loop 
triggered by LPS between COX-2/PGE2 and EGFR signaling cascade could contribute to the 
promotion of carcinogenesis. 
 
Disclosure:  
Grant support was provided by Association pour la Recherche sur le Cancer (ARC 3307) and by 
Institut national du Cancer (INCa, PL-027). 

81



# 13 
Corresponding Author: Jonathan A. Dranoff, MD 
Yale University, Section of Digestive Diseases 

Department of Internal Medicine 
1 Gilbert Street 

New Haven, CT 06520 
 

Phone: 203-785-6028 Fax: 203-785-7273 
Email Address: jonathan.dranoff@yale.edu 

 
Presenting Author: Jin Yu , MD, PhD 

 
TRANSCRIPTIONAL REGULATION OF IL-6 IN BILE DUCT EPITHELIA BY EXTRACELLULAR ATP 

 
Jin Yu, Nina Sheung, Elwy Soliman and Jonathan A Draoff  
Yale University, New Haven, CT 06520 
 
Background: 
Bile duct epithelia (BDE) release the pro-inflammatory cytokine IL-6, which is upregulated in biliary 
cirrhosis. Recently we demonstrated that release of IL-6 induces downregulation of the ecto-nucleotidase 
NTPDase2, a critical regulator of bile ductular proliferation, by portal fibroblasts. However, the 
mechanisms regulating release of IL-6 by BDE have not been defined. Several groups have identified 
multiple P2Y receptors for ATP and other nucleotides expressed by BDE. The purpose of our study is to 
determine whether extracellular ATP regulated BDE IL-6 upregulation and to identify the molecular 
mechanisms regulating this process. 
 
Methods:  
Immuno-isolated rat BDE was used for all studies. The effects of the following nucleotides (ATP, M each) 
on IL-6 mRNA expression were determined byμADP, AMP, UTP, and UDP; 100  quantitative RT-PCR. 
The effect of cytosolic Ca2+ was determined using the Ca2+ chelator BAPTA/AM, and the effect of cAMP 
was determined using the cAMP-dependent protein kinase inhibitor Rp-cAMP. The effects of ATP on BDE 
cAMP levels was determined by ELISA. The role of cAMP response element (CRE) was determined by 
site-directed mutagenesis and dual-Luciferase Reporter Assay Systems.  
 
Results:  
ATP upregulated IL-6 mRNA expression to 2.18 ± 0.37 –fold of control (p < 0.0001), yet ADP, UTP, UDP 
did not upregulate IL-6 transcription. No effect was noted with AMP (negative control), and the effect M; p 
= 0.0001 vs. ATP). Theμof ATP was blocked by the P2Y inhibitor suramin (50 pharmacologic profile for 
IL-6 upregulation was most consistent with the newly identified P2Y11 receptor. Since the P2Y11 receptor is 
coupled to both cytosolic Ca2+ and cAMP generation, we assessed the effect of inhibition of Ca2+ signals 
and cAMP on ATP-dependent IL-6 upreguation. Both BAPTA/AM and Rp-cAMP inhibited the IL-6 
upregulation, consistent with the known pharmacology for P2Y11. Furthermore, extracellular ATP 
upregulation of BDE cAMP levels (from 1.82 ± 0.59 to 3.14 ± 0.24 fmol/104 cells; p < 0.5). 
 
Conclusion: 
Extracellular ATP acts through a mechanism involving a rat analog of the human P2Y11 receptor, and the 
IL-6 promoter CRE to upregulate transcription of IL-6 via Ca2+- and cAMP-dependent pathways in BDE. 
These experiments suggest that purinergic regulation of cytokine release is a novel mechanism that is 
important in the pathogenesis of biliary cirrhosis. 
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REGENERATION OF THE HUMAN EXTRAHEPATIC BILE DUCT: THE ROLE OF PROGENITOR 
CELLS 

 
M. Sutton1, D. Visser1, T. Lisman1, A.S.H. Gouw2, R.J. Porte1.  
1) Section of Hepatobiliary Surgery and Liver Transplantation, Department of Surgery and 2) Department 
of Pathology, University Medical Center Groningen, The Netherlands.  
 
Purpose/Background:  
Although regeneration and proliferation of intrahepatic bile ducts (IHBD) is extensively studied and 
progenitor cells have been identified inside the liver, very few studies have focussed on the extrahepatic 
bile duct (EHBD). Based on the close embryological relationship between IHBD and EHBD, we 
hypothesized that local progenitor cells are present in the EHBD. In the current study we aimed to identify 
the origin of EHBD regeneration and to investigate the role of progenitor cells in the EHBD in humans. 
 
Methods:  
Biopsies of normal human EHBD, obtained from twelve donor livers before transplantation, and surgical 
resection specimens of diseased EHBD (recurrent cholangitis or ischemic-type cholangiopathy) were 
used in this study. Double immunostaining for CK-19 and the proliferation marker Ki-67 was performed to 
identify and localize proliferating cells and to estimate the demand for regeneration. Using conventional 
reverse transcriptase PCR, normal EHBD specimens were analyzed for the expression of putative 
hepatobiliary progenitor cell markers (c-Kit, Thy-1, Musashi-1, alpha-fetoprotein (AFP)) and of 
hepatobiliary cell markers albumin and cytokeratin 19 (CK19). In addition, immunohistochemical analysis 
of normal and diseased EHBD was performed to identify and localize cells expressing putative progenitor 
cell markers.  
 
Results:  
In normal EHBD, very few Ki-67 positive cells were detected, whereas large numbers of Ki-67 positive 
cells were found in diseased EHBD. In EHBD after recurrent cholangitis, proliferating Ki-67 positive cells 
were mainly located in the basal layer of the lumen. In EHBD from patients with ischemic-type 
cholangiopathy and histological signs of epithelial cell loss, a large number of Ki-67 positive cells was 
observed in the peribiliary glands. In all 12 specimens of normal EHBD, mRNA transcripts for c-Kit, Thy-1, 
CK19 were present, whereas AFP and Musashi-1expression was detected in 7/12 and 11/12, 
respectively. Using immunohistochemistry, c-Kit expression was localized in single cells throughout the 
EHBD wall. The localization and morphology of these c-Kit positive cells was highly suggestive of cells of 
Cajal and mast cells. Thy-1 immunostaining was abundantly present in stromal cells as well as nerve 
bundles within the EHBD. No Thy-1 positive epithelial cell was detected.  
 
Conclusions:  
In EHBD with ischemic cholangiopathy and loss of biliary epithelial cells, an increased number of 
proliferating cells was observed in the peribiliary glands, suggesting that they may serve as a reservoir for 
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progenitor cells and epithelial regeneration. Although mRNA transcripts of the putative progenitor cell 
markers c-Kit and Thy-1 was present in EHBD, immunohistochemistry demonstrated that these markers 
were expressed by a variety of cell types. Based on morphology and the high number of positive cells, 
these cells were not likely to be progenitor cells, making c-kit and Thy-1 not reliable for the identification of 
progenitor cells in EHBD.  
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REACTIVATION OF EMBRYONIC SIGNAL TRANSDUCTION PATHWAYS (HEX, HNF3α, AND 

HNF3ß) DURING LIVER REGENERATION VIA ADULT HEPATIC PROGENITOR CELLS 
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Purpose/Background:  
Adult hepatic progenitor cells (HPC) are regarded as bipotential stem cells capable to differentiate along a 
hepatocytic or biliary cell lineage. The factors controlling the proliferation and differentiation of HPC are 
mainly unknown. The homeobox transcription factor Hex and transcription factors HNF-3α and HNF-3ß 
are supposed to be essential for early hepatogenesis in mice. We postulated that the signal transduction 
pathways necessary for liver development may be reactivated during conditions of HPC proliferation.  
 
Methods:  
Gene expression of Hex, HNF-3α and HNF-3ß was studied by Real-time PCR with SYBR-Green as 
detecting reagent (ABI Prism 7000). RNA was extracted from livers of rat embryos at days 12, 14, 16, 18, 
20 and newborn. RNA was also extracted from regenerating livers at different time points after liver 
injury/resection (acute toxic liver injury by CCl4; 2/3rd partial hepatectomy, PH). Liver regeneration via 
hepatic progenitor cells was studied by PH and simultaneous administration of 2-acetylaminofluorene (2-
AAF; modified Solt-Farber protocol). Normal, corn oil-treated or sham-operated animals were used as 
controls. Ubiquitin C and GAPDH were used as internal controls and the relative expression level was 
analyzed in adult rats using normal liver as a calibrator. 
 
Results:  
Hex mRNA was found in decreasing amounts in the developing rat liver at stages E12 to E20. Similarly, 
HNF-3α mRNA was found at very low steady levels from E12 to E20. After birth, Hex and HNF-3α 
expression increased significantly (15 fold or 8 fold vs. E20, respectively). Gene expression of HNF-3ß 
did not alter significantly between different stages of developing or postnatal liver.  
In regenerating adult livers, HNF-3α and HNF-3ß were transiently down-regulated at 12 hours after acute 
liver injury by CCl4 (Hex -24.1 ±4 fold; HNF3α -11.2 ±2.5 fold; HNF3ß -7.9 ±3 fold), and reached control 
levels again at 48 hours. Similarly, Hex, HNF-3α and HNF-3ß gene expression was down-regulated after 
standard PH (Hex -12.7 ±3 fold at 4 hours; HNF-3α -18.4 ±4 fold at 16 hours; HNF-3ß -20 ±2.8 fold at 4 
hours), and remained below control level until 72 hours after PH. All three factors were early up-regulated 
in sham-operated animals (Hex 2.8 fold,  HNF-3α 6 fold, HNF-3ß 3.5 fold), and fell to control levels at 24 
hours (Hex) or 48 hours (HNF-3α, HNF-3ß), respectively. In AAF-treated rats, Hex, HNF-3α and HNF-3ß 
were significantly up-regulated after PH (Hex +5 ±2 fold at day 7; HNF3α +1.6 ±0.6 fold at day 3; HNF-3ß 
+4 ±1 fold at day 7). In AAF/sham-operated rats, Hex, HNF-3α and HNF-3ß gene expression were 
significantly below PH-operated rats (Hex +2.4 ±1 fold at day 7; HNF-3α +0.5 ±0.8 fold at day 3; HNF-3ß 
+0.2 ±1 fold at day 7). 
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Conclusion:  
In vivo, we could not detect any up-regulation of Hex, HNF-3α and HNF-3ß gene expression during rat 
hepatogenesis. Hex, HNF-3α and HNF-3ß were down-regulated in different models of adult liver 
regeneration, but were up-regulated in models of HPC activation. We suppose that embryonic signalling 
pathways are not involved during regeneration (proliferation) of adult hepatocytes, but may be necessary 
for activation and differentiation of adult HPC towards a biliary lineage.  
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1 Laboratory of Experimental and Molecular Hepatology, Division of Gastroenterology and Hepatology, 
Department of Internal Medicine, Medical University, Graz, Austria 
2 Department of Pediatrics, Division of Pediatric Gastroenterology, Hepatology, and Nutrition, Texas 
Children's Liver Center; Department of Molecular and Cellular Biology, Baylor College of Medicine, 
Houston, Texas 
3 Institute of Pathology, Medical University, Graz, Austria 
 
Purpose/Background: 
We aimed to test whether curcumin, a natural extract from turmeric may protect bile duct injury in a 
murine model of sclerosing cholangitis due to anti-inflammatory and anti-oxidative properties. 
 
Methods: 
Mdr2-/- mice received 4 % w/w curcumin-enriched diet for 4 weeks. Serum liver tests, liver histology, bile 
duct proliferation, cholangiocyte activation, as well as fibrosis markers and cytokine expression were 
analyzed. Bile flow and composition were also investigated after 7-days. 
 
Results: 
Dietary consumption and gain in body weight were unchanged in mice receiving either control or 
curcumin-supplemented diets. Curcumin feeding decreased serum parameters of liver damage compared 
to untreated controls (ALT: 384 ± 43 vs. 173 ± 28 U/L, ALP: 338 ± 35 vs. 241 ± 13 U/L, bile acids: 58 ± 11 
vs. 30 ± 2 μM/L; P<0.02). Liver histology and fibrosis markers (hepatic hydroxyproline content: 166 ± 2 
vs. 130 ± 8 mg/g. liver, Col1a2 expression: 2-fold reduction; P<0.05) also improved after curcumin 
feeding. Cholangiocellular proliferation as well as immunohistochemical staining for cholangiocyte 
activation marker Vascular Cell Adhesion Molecule-1 was reduced by curcumin. Recruitment of 
granulocyte neutrophiles decreased; however, cytokine expression (TGF-β, TNF-α, IL-1β) was not altered 
at the mRNA level in Mdr2-/- mice after 4 weeks of curcumin feeding. In addition, curcumin increased bile 
flow (1.2 ± 0.2 vs. 1.8 ± 0.2 μL/min/g. liver; P<0.02) and biliary glutathione content (1 ± 0.3 vs. 2.2 ± 1.3 
μM/μL; P<0.02). 
 
Conclusions: 
Curcumin improves bile duct disease in a mouse model of sclerosing cholangitis. Protective properties of 
curcumin in Mdr2-/- mice may be mediated by its anti-oxidative effects. 
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DEGRADED RNA ISOLATED FROM BILE AND BILIARY BRUSHINGS IS STUITABLE FOR 

DOWNSTREAM APPLICATIONS SUCH AS qPCR 
 
1Chapman M.H, 1Andreola F, 1Sandanayake N, 2Dooley J.S and 1Pereira S.P. 
1Institute of Hepatology and 2Centre for Hepatology, Royal Free & University College London Medical 
School, London, UK 
 
Purpose & Background: 
RNA isolated from bile or biliary brushings taken at endoscopic retrograde cholangiopancreatography 
(ERCP) is highly degraded, even when intact cells are seen on cytology. Recent advances in molecular 
biology now permit degraded RNA to be used in downstream applications such as real time quantitative 
polymerase chain reaction (qPCR) and microarray analysis. We aimed to assess whether: (i) RNA 
isolated from bile or biliary brushings is useful for qPCR; and (ii) bile or x-ray contrast (iohexol 
[Omnipaque®]) used at the time of ERCP could be responsible for the RNA degradation observed in 
detached cells.  
 
Methods: 
Fresh bile and biliary brushings were obtained at the time of ERCP or percutaneous biliary drainage. 
Biliary brushings were snap frozen in liquid nitrogen. Samples were stored at -80oC. TFK-1 cells (an 
extrahepatic cholangiocarcinoma cell line) were cultured for 0 to 24 hours in filtered bile or Omnipaque 
solution (25% or 50%). RNA samples were isolated using TRI reagent® and, to avoid genomic DNA 
contamination, treated with DNase I followed by spin column purification. RNA was quantified by 
NanoDrop spectrophotometer and its quality assessed by both gel electrophoresis and Agilent 2100 
Bioanalyzer. cDNA synthesis reactions were primed with random hexamers. qPCR was performed using 
SYBR Green dye. The expression of the housekeeping gene GAPDH was assessed using three sets of 
primers producing amplicons of variable length (87, 130 and 220 bp). Amplification of genes expressed by 
biliary epithelial cells (CK19 and EGFR) as well as CD45 (to exclude leukocytes as the major source of 
RNA in clinical samples) was also performed. 
 
Results: 
RNA isolated from bile and biliary brushings was of variable quantity (100-1500ng), relatively poor quality 
(RNA Integrity Number (RIN) <5) and highly degraded, as assessed by agarose gel electrophoresis and 
Agilent Bionalyzer. In contrast, RNA samples isolated from TFK-1 cells cultured for at least 6 hours in bile 
or Omipaque solution was of excellent quality (RIN >8.5). In bile and biliary brushings, RNA fragments 
were estimated to be primarily 100 to 600 base pairs long. When assessing GAPDH mRNA expression in 
the clinical samples, the lowest Ct values (i.e. greatest amplification) were consistently obtained using 
primers for the short 87bp amplicon; however, due to the RNA degradation in these samples, Ct values 
rose significantly in a stepwise fashion when primers generating larger amplicons were used. In contrast, 
stable Ct values were observed when amplifying GAPDH from intact control RNA (TFK cells), regardless 
of the primer set used. When assessing other genes of interest, appropriate Ct values were obtained in 
both control and clinical samples using primers amplifying regions <100bp. 
 

88



 
Conclusions: 
Despite being highly degraded, RNA isolated from bile and biliary brushings is suitable for downstream 
applications such as qPCR using appropriately designed gene-specific primers amplifying regions shorter 
than 100bp. This data suggests that RNA isolated from bile and biliary brushings should also be useful for 
high throughput techniques such as gene expression arrays.   
 
Supporting graphs/figures for inclusion in poster 
1. Agilent electropherograms for bile, brushings and spiked TFK-1 cells 
2. qPCR amplification pots for variable length GAPDH amplicons 
3. qPCR plots for CK19, EGFR and CD45 
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MAJOR IMPACTS OF SIDE-CHAIN-MODIFICATION ON THE PHYSIOLOGIC AND 

THERAPEUTIC PROPERTIES OF 24-NORURSODEOXYCHOLIC ACID IN THE TREATMENT OF 
SCLEROSING CHOLANGITIS IN MDR2 KNOCKOUT MICE 

 
E. Halilbasic1, P. Fickert1, R. Fiorotto2, H.U. Marschall3, T. Moustafa1, A. Fuchsbichler4, J. Gumhold1, 
D. Silbert1, C. Langner4, U. Maitra5, H. Denk4, M. Strazzabosco2, 5, 6, M. Trauner1 
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Internal Medicine, School of Medicine, Yale University, New Haven, USA; 3 Karolinska University Hospital 
Huddinge, Stockholm, Sweden;  4 Institute of Pathology, Medical University Graz, Austria; 5 Department of 
Organic Chemistry, Indian Institute of Science, Bangalore, India, 5CeLiveR, Ospedali Riuniti di Bergamo, 
Bergamo, 6Department of Clinical Medicine, University of Milano-Bicocca, Milan, Italy 
 
Purpose/Background: 
Side-chain-modified bile acids (e.g. norUDCA) represent a promising option in the treatment of chronic 
cholestatic liver injury by modifying bile acid hydrophobicity, bile flow, biliary bicarbonate secretion and 
induction of phase I-III detoxification systems. Therefore, we aimed to test whether side chain 
modification and taurine-conjugation resistance of norUDCA has major impacts on its therapeutic 
properties. 
  
Methods:  
Mdr2-/- mice were fed either standard chow or diet containing norUDCA, tauro-norUDCA or bis-norUDCA 
for 4 weeks. Liver histology, serum liver enzymes, bile flow and composition, markers of liver fibrosis as 
well as mRNA expression of key detoxification and transport systems were compared. Direct choleretic 
mechanisms in cholangiocytes were addressed in isolated bile duct units (IBDUs).  
 
Results:  
While norUDCA significantly improved liver injury and fibrosis, tauro-norUDCA was ineffective and bis-
norUDCA (although further side-chain-shortened) even deteriorated the cholestatic phenotype. The 
expression of Mrp4, Cyp2b10 and Sult2a1 were induced by norUDCA and bis-norUDCA, but unaffected 
by tauro-norUDCA. Hepatic and serum bile acids were significantly enriched only in norUDCA-fed mice, 
suggesting cholehepatic shunting of norUDCA and its metabolites. Biliary bicarbonate output was 
significantly higher in norUDCA- compared to tauro-norUDCA-treated animals and unchanged by bis-
norUDCA treatment. After incubation of IBDUs with nor-bile acids, norUDCA directly stimulated fluid and 
bicarbonate secretion in cholangiocytes and its choleretic properties were superior to those of tauro- and 
bis-norUDCA.  
 
Conclusions:  
The combination of side-chain-modification and conjugation resistance of confirms norUDCA unique in 
the treatment of cholestatic liver injury and fibrosis. Our data support the concept that cholehepatic 
shunting of non-amidated C23-acids serves as a principal therapeutic mechanism targeting bile duct 
injury.  
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NOVEL THERAPIES FOR CHOLANGIOCARCINOMA BASED ON PHENTOYPE-BASED GENE 

EXPRESSION PROFILES 
  

E. Swenson, C. Braconi,  T. Patel 
 
Background:  
The need for new and effective therapies for cholangiocarcinoma is emphasized by the lack of response 
to current treatments and the poor prognosis of this cancer. Increased production of Interleukin-6 (IL-6) in 
cholangiocarcinoma promotes cell survival, tumor growth and chemoresistance.  Our aim was to identify 
biologically active compounds capable of ameliorating the effects of IL-6 and to evaluate their use for the 
treatment of cholangiocarcinoma.    
 
Methods:  
Whole genome mRNA expression was performed using Affymetrix U133A plus 2 chips to derive a gene 
expression profile in Mz-ChA-1 cholangiocarcinoma cells that had been stably transfected with full-length 
IL-6. Subsequently bioinformatics analysis was performed to query this signature against a dataset of 453 
gene expression profiles representing the effects of 164 bioactive small molecules. Gene expression 
changes were analyzed using the Kolmogorov-Smirnov statistic to identify those compounds showing 
gene changes with a highly negative correlation to that of the query signature. The effects of selected 
compounds on cytotoxicity in human cholangiocarcinoma cells were verified experimentally using cell 
viability assays. Interactions between these compounds and selected chemotherapeutic agents namely 
gemcitabine, camptothecin and 5-fluorouracil was then assessed by deriving a combination index (CI) 
using the median effects analysis of Chou and Talalay, with a CI < 1 indicating a synergistic effect.   
 
Results:  
A genomic signature associated with enforced IL-6 expression in MzChA-1 cells was derived and used for 
bioinformatic analysis. Several compounds with a highly significant negative correlation to the query 
signature were identified. These included a group of compounds, nitrendipine, nifedipine and felodipine, 
that are structurally similar and members of the family of calcium channel blockers. All three compounds 
were cytotoxic with an IC50 for felodipine of 33 μM, nitrendipine 34 μM and nifedipine 19 μM in Mz-ChA-1 
cells. Similar results were observed in KMCH, CC-LP-1 and TFK-1 cholangiocarcinoma cell lines. An 
increase in apoptosis was noted: 6.4-fold with 30 μM nitrendipine, and 6.0-fold with nifedipine after 24 
hours. The interactions between either nifedipine or nitrendipine and selected conventional 
chemotherapeutic agents were then assessed. At a fractional effect of 0.5, a synergistic effect occurred 
between nifedipine and campothecin (CI < 0.005), gemcitabine (CI = 0.645), and 5-fluorouracil (CI = 
0.402) in MzChA-1 cells.   
 
Conclusions:  
These studies validate the use of computational bioinformatics based on genomic expression to identify 
potential candidates for evaluation as therapeutic agents in cholangiocarcinoma. Calcium channel 
blockers represent a new class of compounds with the potential for therapeutic use in 
cholangiocarcinoma, as single agents or in combination with other compounds. 
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INFECTION OF HUMAN CHOLANGIOCYTES AND HUMAN HEPATOCYTES WITH SA11 ROTAVIRUS 
(THE VIRUS USED FOR THE MURINE BILIARY ATRESIA MODEL) 

 
MG Clemente1; Z Taraporewala2, J Patton2, R Anders3, KB Schwarz1. 1Division of Pediatric 
Gastroenterology and Nutrition Johns Hopkins University School of Medicine; 2 National Institute of 
Health/National Institute of Allergy and Infectious diseases NIH/NIAID; 3Pathology Johns Hopkins 
University School of Medicine 
 
Background:  
“Acquired Biliary Atresia (BA)”, may be of viral origin as suggested by seasonality, time space clustering 
and the inflammatory obliterative cholangiopathy noted on liver biopsy. The Rotavirus (RV) mouse model 
(a very transient infection produced by SA11) has been well characterized but RV has seldom been found 
in livers of infants with BA.  
 
Aim:  
The purpose of this study was to determine if human cholangiocytes would be susceptible to the 
Rotavirus strain used to produce the mouse model of BA.  
 
Methods:  
Simian rotavirus strain SA11 was propagated in monkey kidney epithelial cells (MA104 cell line) and used 
to infect human cholangiocytes (H69 cell line kindly supplied by N. La Russo and D. Jefferson)) and 
human hepatocytes (HHL-6 cell line). Different multiplicities of infection (MOI, 1, 10, 20, 50 and 100) were 
used and the viral inoculum was left for 1 hour in MA104 and 1 or 2 hours in H69 and HHL-6 cells. To 
detect infected cells, indirect immunofluorescence experiments were performed at 15 hours post-infection 
using an anti-Rotavirus major inner capsid protein VP6 antibody which gives a characteristic ring-like 
fluorescent pattern in the cytoplasm of infected cells.  
 
Results:  
While a significant cytopathic effect (CPE) was observed in MA104 cells, no CPE was observed in H69 
and HHL-6 cells, even after 5 days post-infection and at the highest MOI. However, IF experiments 
revealed that H69 and HHL-6 cells are susceptible to RV infection, which resulted in multi-nucleated giant 
cell formation with syncytia as early as 15 hours post-infection. These phenomena were not observed in 
MA104 cells. An increased number of infected cells to approximately 30-40%, was reached by 2 hours 
incubation of the viral inoculum. Moreover, SA11 grown in H69 and HHL-6 cells for 2 consecutive 
passages maintained its infectivity, shown by the production of significant CPE in the permissive MA104 
cells.  
 
Conclusions:  
Human cholangiocytes and human hepatocytes are susceptible to infection with the simian RV strain 
SA11 that results in an atypical infection characterized by multinucleated giant cell syncytia. This in vitro 
cell culture model could serve as a useful system to investigate how RV could initiate this cholangiopathy. 
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EVALUATION OF A MOUSE GALLBALADDER CANCER CELL LINE FOR TUMORIGENICITY AND 
PRECLINICAL THERAPEUTIC EFFICACY STUDIES 

 
T. Kitamura, M. Takaishi, K. Connolly, L. Ruffino, J. DIGIovanni, and K. Kiguchi 
UT MD Anderson Cancer Center SPRD 
 
Purpose/Background: 
Biliary tract cancer (BTC) has proven both difficult to detect and challenging to treat, despite recent 
advances in diagnostic and therapeutic techniques.  A better understanding of the mechanisms involved 
in the development of BTC could lead to more effective therapies, significantly improving prognosis.  As 
previously reported, we have generated transgenic mice that overexpress rat ErbB2 mice develop 
adenocarcinoma of the gallbladder cancer cell line, MDAKK-A2 (A2) derived from a gallbladder carcinoma 
from a BK5.erbB2 mouse.  In this study, we report the characteristics of A2 cells and in vitro evaluation of 
the effects of several small molecular weight inhibitors on proliferation ad survival of the cells. 
 
Methods: 
A2 cells were investigated using Western Blot analysis and immunoflourescene staining.  Tumorigenicity 
of A2 cells were evaluated using xeograft and orthograft.  MTT assay and TUNEL staining were used to 
evaluate the effect of small molecular weight inhibitors. 
 
Results: 
A2 cells grew as monolayers showing epithelial-like morphology with a population doubling time of 26.4 hr 
during exponential growth.  Western Blot analysis of A2 cells showed that total ErbB2, total and 
phosphorylated EGFR as well as their downstream signaling molecules were upregualted in this cell lone 
when compared to primary gallbladder cells from non-transgenic mice and human BTC cell lines.  The 
upregulation and activation of these molecules have been frequently reported in human BTC including 
gallbladder carcinomas.  The cell oine proved to be tumorigenic when transplanted into kidnet capsule of 
SCID mice.  In addition, within these tumors lesions formed cyto-keratin positive ductal structures wuth 
high proliferating cell index as confirmed by histological analysis.  We have also investigated the effects of 
small molecule inhibitors, such as rapamycin (mTOR inhibitor) and GW2974 (dual ErbB2/EGFR inhibitor) 
on the A2 cells. Our preliminary data indicates that the growth of A2 cells were inhibited by both 
rapamycin and by GW2974 at concentrations of 10nM. 
 
Conclusion: 
Based on our results, the A2 gallbladder cancer cell lone ,ay prive to be a valuable resource when 
exploring potentially new and effective therapeutic strategies for treating BTC. 
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