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BIOGRAPHICAL SKETCH 
Provide the following information for the Senior/key personnel and other significant contributors in the order listed on Form Page 2. 

Follow this format for each person.  DO NOT EXCEED FOUR PAGES. 

NAME POSITION TITLE 

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, include postdoctoral training and 
residency training if applicable.) 

INSTITUTION AND LOCATION DEGREE 
(if applicable) MM/YY FIELD OF STUDY 

A. Personal Statement

The long-term goal of my research is to understand how apoptosis contributes biliary cancer. By modulating 
cell death pathways, we hope to improve liver health. Specifically, we are studying apoptosis resistance 
mechanisms in cholangiocarcinoma with therapeutic intent. My post-doctoral research career included a T32-
funded fellowship followed by a mentored K01 career development award studying microRNA control of 
apoptosis in cholangiocarcinoma. My combined training in medicine and biochemistry has provided a 
perspective that incorporates molecular mechanism studies and retains an appreciation for the clinical context 
of disease. I have significant molecular and cell biology experience through my graduate work on 
mitochondrial signaling in cardiomyopathy as well as my postdoctoral studies on apoptosis signaling 
pathways in liver disease. As a newly-independent investigator, I have gained experience and expertise in 
cholangiocarcinoma research and have been developing a surgical model to inject human 
cholangiocarcinoma cell lines into immunodeficient mice. I have microsurgical training in addition to significant 
experience in liver cancer research. My lab has developed a number of unique tools to investigate FGFR4 
signaling, including isogenic cells lines that express or lack the receptor. I have demonstrated research 
success and anticipate continued productivity investigating the functional pathways in cholangiocarcinoma. 
My research defining a role for miR-29 in Mcl-1 regulation has had an impact within and beyond hepatobiliary 
disease. I am within 6 years of my first independent faculty appointment (2011) and am thus eligible for the 
current mechanism.

B. Positions and Honors

Positions and Employment
2008 - 2011 Associate Consultant in Research (mentored junior faculty member), Mayo Clinic,

2011 -  

Department of Internal Medicine, Rochester, MN

Assistant Professor, University of Nebraska Medical Center, Department of 
Biochemistry and Molecular Biology, Omaha, NE

Other Experience and Professional Memberships
2011 - 

2012 -  

2012 -  

2013 

Associate Member, Fred & Pamela Buffett Cancer Center 

Investigator, Nebraska Gateway to Nutrigenomics, University of Nebraska Lincoln Academic 

Editor, PLOS ONE

Co-moderator, Basic Mechanisms of Hepatotoxicity and Fibrosis. Digest Disease Week

Justin L. Mott
Assistant Professor
Biochemistry and Molecular Biology

University of Denver, CO BS 06/95 Biology and Biochemistry
Saint Louis University, MO PhD 01/03 Molecular Microbiol & Immunology
Saint Louis University, MO MD 05/04 
Mayo Clinic, Rochester, MN Resident   07/05 Internal Medicine
Mayo Clinic, Rochester, MN Postdoc    07/08 MicroRNAs in cholangiocarcinoma
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Honors

1994 Phi Beta Kappa (Junior year), University of Denver

1995 Distinguished Undergraduate Thesis, University of Denver, Department of Biology

2000 Distinguished Ph.D. Minor Proposal, Saint Louis University

2006 NIH Training Grant Fellow, Mayo Clinic, Division of Gastroenterology

2014 Section Editor: MicroRNA in Pathobiology, Current Pathobiology Reports

2015 Section Editor: RNA Processing in Pathobiology, Current Pathobiology Reports

C. Selected Peer-reviewed Publications

Most relevant to the current application

1. Wehrkamp CJ, Gutwein AR, Natarajan SK, Phillippi MA, Mott JL*. (2014) XIAP antagonist
embelin inhibited proliferation of cholangiocarcinoma cells. PLOS ONE, 9(3):e90238. DOI:
10.1371. PMC3946004 [*Corresponding author].

2. Razumilava N, Bronk SF, Smoot RL, Fingas CD, Werneburg NW, Roberts LR, Mott JL*.
(2012) miR-25 Targets TRAIL Death Receptor-4 and Promotes Apoptosis Resistance in
Cholangiocarcinoma. Hepatology 55(2):465-75. PMC3268937. [*Corresponding author].

3. Fingas CD, Bronk SF, Werneburg NW, Mott JL, Guicciardi ME, Cazanave SC, Mertens
JC, Sirica AE, Gores GJ. (2011) Myofibroblast-derived PDGF-BB Promotes Hedgehog Survival
Signaling in Cholangiocarcinoma Cells. Hepatology, 54(6):2076-88. PMC3230714

4. Kurita S, Mott JL, Almada LL, Bronk SF, Werneburg NW, Sun S-Y, Fernandez-Zapico ME,
Gores GJ. (2010) GLI3-Dependent Repression of DR4 Mediates Hedgehog Antagonism of
TRAIL-Induced Apoptosis. Oncogene, 29(34):4848-58. PMC2928864

5. Fingas CD, Blechacz BA, Smoot RL, Guicciardi ME, Mott J, Bronk SF, Werneburg NW,
Sirica AE, Gores GJ. (2010) A Smac Mimetic Reduces TRAIL-Induced Invasion and Metastasis of
Cholangiocarcinoma Cells. Hepatology, 52(2):550-61. PMC2957364

6. Mott JL, Kobayashi S, Bronk SF, Gores GJ. (2007) mir-29 Regulates Mcl-1 Protein
Expression and Apoptosis. Oncogene 26(42):6133-40. PMC2432524 [“Featured Article” by
journal; currently cited over 440 times]

Additional publications of importance to the field

7. Mohr AM and Mott JL*. (2015) Overview of MicroRNA Biology (Invited review). Seminars
in Liver Disease, 35(1):3-11. [*Corresponding author].

8. Natarajan SK, Ingham SA, Mohr AM, Wehrkamp CJ, Ray A, Roy S, Cazanave SC, Phillippi
MA, Mott JL*. (2014) Saturated free fatty acids induce cholangiocyte lipoapoptosis. Hepatology
60(6):1942-1956. [*Corresponding author; Highlighted by the journal in an accompanying editorial
by Martínez and Glaser]

9. Gupta S, Read DE, Deepti A, Cawley K, Gupta A, Oomen D, Verfaillie T, Matus S, Smith
MA, Mott JL, Agostinis P, Hetz C, and Samali A. (2012) Perk-dependent repression of
miR-106b-25 cluster is required for ER stress-induced apoptosis. Cell Death and Disease 3,
e333. PMC3388242

10. Mott JL, Bronk SF, Mesa RA, Kaufmann SH, Gores GJ. (2008) BH3 Only Protein Mimetic
Obatoclax Sensitizes Cholangiocarcinoma Cells to Apo2L/TRAIL-Induced Apoptosis.  Molecular
Cancer Therapeutics, 7(8):2339-2347. PMC2562222
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11. Mott JL*, Kurita S, Cazanave SC, Bronk SF, Werneburg NW, Fernandez-Zapico ME. (2010)
Transcriptional Suppression of mir-29b-1/mir-29a Promoter by c-Myc, Hedgehog, and NF-kappaB.
Journal of Cellular Biochemistry, 110(5):1155-64. PMC2922950 [*Corresponding author; most
highly-cited 2010 article for this journal]

12. Steele R, Mott JL, Ray RB. (2010) MBP-1 upregulates miR-29b that represses Mcl-1,
collagens, and matrix metalloproteinase-2 in prostate cancer cells. Genes & Cancer, 1(4):381-387.
PMC2908325

13. Mott JL.* (2009) MicroRNAs Involved in Tumor Suppressor and Oncogene Pathways;
Implications for Hepatobiliary Neoplasia. (Invited review) Hepatology, 50(2):630-7. PMC2721015
[*Corresponding author]

14. Isomoto H, Mott JL, Kobayashi S, Bronk SF, Werneburg NW, Haan S, Gores GJ. (2007)
Sustained IL-6/STAT-3 Signaling in Cholangiocarcinoma Cells due to SOCS-3 Epigenetic Silencing.
Gastroenterology 132(1):384-96. PMC2203612

15. Mott JL, Gores GJ. (2007) Piercing the Armor of Hepatobiliary Cancer: Bcl-2 Homology
Domain 3 (BH3)-mimetics and Cell Death.  Hepatology, 46(3):906-911. PMID: 17654739

D. Research Support

Active:
2016-33     PI: Mott, JL   7/1/2015-6/30/2016
NE DHHS - LB506       $50,000
Cholangiocarcinoma cell proliferation driven by FGFR4
Goal: This 1-year project will determine the role of FGFR4 in cancer cell proliferation at S-
phase and the protein domain that targets the receptor to mitotic spindles. 

1 P20 GM104320-01A1 PI: Zempleni  08/05/2014 - 05/31/2019 
NIH/NIGMS $450,000 (directs to Mott)
Nebraska Center for the Prevention of Obesity Diseases
Within this grant, Dr. Mott is the PI of Project #1, “Palmitoleate Protects against Cholangiocyte 
Lipoapoptosis.” The goal of this 3-year project is to determine the role of dietary free fatty acids in 
protecting against lipoapoptosis in bile duct epithelial cells. 

5 P20 GM103480-08 PI: Bronich 09/26/2008 - 05/21/2018
NIH/NIGMS $25,000 (directs to Mott)
Nebraska Center for Nanomedicine
The goal of this 1-year project is to demonstrate proof-of-principle for an innovative combined 
treatment of cholangiocarcinoma based on simultaneous inhibition of miR-106b and the chemokine 
receptor CXCR4 in a patient-like animal model. 
Dr. Mott serves as leader of a pilot project in the nanomedicine center. 
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5 P30 GM106397-02 PI: Johnson 09/05/2013 - 07/31/2018
DHHS/NIH/NIGMS $50,000 (directs to Mott)
Nebraska Center for Cellular Signaling
This COBRE Phase III application proposes to continue The Nebraska Center for Cellular 
Signaling which was established to strengthen research within the University of Nebraska 
Medical Center (UNMC)
Role: Dr. Mott serves as PI for a 1-year pilot project studying inflammatory responses to free 
fatty acids.

Completed support
2015-36    PI: Mott 07/01/2014 - 06/30/2015
NE DHHS - LB506  $50,000
Role of FGFR signaling in cholangiocarcinoma
The long-term goal of this project is to describe altered cell death signaling in 
cholangiocarcinoma cells to identify targets that will overcome apoptosis resistance and 
improve response to chemotherapy.

1 R03 DK092263-01  PI: Mott, JL 8/1/2011 – 6/30/2013
NIH/NIDDK  $100,000
Apoptosis Effectors Targeted By Hedgehog-Supported MicroRNAs
Goal: This proposal will investigate the mechanisms by which Hedgehog signaling controls 
expression of the microRNA cluster, mir-106b~mir-25. In addition, the mechanisms by which 
miR-106b, miR-93, and miR 25 repress apoptosis-related targets will be explored. 

1 K01 DK079875-01 PI: Mott, JL 9/1/2007 - 8/31/2013
NIH/NIDDK  $598,414
Cholangiocyte microRNAs Regulate Mcl-1 and Cell Death
Goal: This proposal is designed to investigate microRNA control of cell death mechanisms 
important in cholangiocarcinoma. As a career development award, it is designed to promote 
training in GI cancer biology and establish the investigator as an independent scientist.
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Other Support: 
Active: 
2016-33    PI: Mott, JL  7/1/2015-6/30/2016  0.6 months 
NE DHHS - LB506   $50,000 
Cholangiocarcinoma cell proliferation driven by FGFR4 
Goal: This 1-year project will determine the role of FGFR4 in cancer cell proliferation at S-phase and 
the protein domain that targets the receptor to mitotic spindles. 
 
1 P20 GM104320-01A1  PI: Zempleni  08/05/2014 - 05/31/2019 6 months 
NIH/NIGMS    $450,000 (directs to Mott) 
Nebraska Center for the Prevention of Obesity Diseases 
Within this grant, Dr. Mott is the PI of Project #1, “Palmitoleate Protects against Cholangiocyte 
Lipoapoptosis.” The goal of this 3-year project is to determine the role of dietary free fatty acids in 
protecting against lipoapoptosis in bile duct epithelial cells. 
Role: Dr. Mott is Project Leader 
 
5 P20 GM103480-08  PI: Bronich   09/26/2008 - 05/21/2018 0.36 months 
NIH/NIGMS    $25,000 (directs to Mott) 
Nebraska Center for Nanomedicine 
The goal of this 1-year project is to demonstrate proof-of-principle for an innovative combined 
treatment of cholangiocarcinoma based on simultaneous inhibition of miR-106b and the chemokine 
receptor CXCR4 in a patient-like animal model. 
Role: Dr. Mott serves as leader of a pilot project in the nanomedicine center. 

 
5 P30 GM106397-02  PI: Johnson   09/05/2013 - 07/31/2018 0.6 months 
DHHS/NIH/NIGMS   $50,000 (directs to Mott) 
Nebraska Center for Cellular Signaling 
This COBRE Phase III application proposes to continue The Nebraska Center for Cellular Signaling 
which was established to strengthen research within the University of Nebraska Medical Center 
(UNMC). 
Role: Dr. Mott serves as PI for a 1-year pilot project studying inflammatory responses to free fatty 
acids. 
 
Pending: 
1 R01 CA206072-01  PI: Mott, JL   04/01/2016 - 03/31/2021 5.4 months 
NIH/NCI    $1,250,000 
FGFR4 promotes tumor progression in cholangiocarcinoma 
Goal: The goal of this project is to determine the role of canonical and non-canonical FGFR4 
signaling in cholangiocarcinoma apoptosis and proliferation signaling. Experiments will examine 
recepter-mediated effects on apoptotic mediators, the machinery of cell division, and tumor 
progression. Receptor processing to a shorter, kinase-active fragment will also be investigated. Study 
section review is scheduled for late Oct 2015. 
 
Overlap 
The current application has approximately 50% overlap with the pending NCI application. If both 
applications are funded, the balance for the current proposal would be returned. 



PROJECT TITLE: Targeting FGFR4 for cholangiocarcinoma treatment 

Scientific abstract: 
The overall objective of this project will establish FGFR4 as a therapeutic target and begin to consider sex as a 
biological variable in cholangiocarcinoma. Cholangiocarcinoma is a primary liver tumor with poor overall 
survival that differentially affects men and women. Fibroblast growth factor 19 (FGF19) is a tumor driver that 
preferentially signals through FGF receptor-4 (FGFR4) promoting tumor cell proliferation and preventing cell 
death. Cholangiocytes are one of only two adult cell types that express FGF19 (the other is the intestinal 
epithelium), making this signaling axis particularly relevant for biliary tract cancers. Recently, FGFR4 was 
shown to be highly expressed in patient samples of cholangiocarcinoma. We have preliminary data in 
malignant cholangiocarcinoma cell lines demonstrating that (i) FGF19 and FGFR4 are expressed and 
functional; (ii) inhibition of FGFR4 increased sensitivity to TRAIL-induced apoptosis; and (iii) FGFR4 inhibition 
decreased cell growth. FGFR4 was strongly expressed in tumor samples from rats with orthotopic 
cholangiocarcinoma tumors. FGFR is important in tumors as well as in culture, as inhibition of FGFR signaling 
in this animal model reduced tumor weight by 56%. We have employed a novel FGFR4 specific inhibitor as 
well as shRNA strategies to confirm that FGFR4 and not FGFR1-3 is responsible for malignant features. Our 
studies will build on our unique new model that allows the use of human cells in a mouse orthotopic tumor 
model to test FGFR4 as a target for therapy. Further, despite sex-based differences in tumor incidence, our 
understanding of sex differences cholangiocarcinoma is limited in part due to few experimental tools. This 
proposal will investigate sex as a biologic variable (SABV) in cholangiocarcinoma. Specific Aim 1 will 
determine the effect of FGFR4 depletion or inhibition on tumor burden. Specific Aim 2 will demonstrate the 
tumor incidence and growth characteristics of cholangiocarcinoma in male versus female mice. 

Lay abstract: 
Cancer treatments have improved significantly in recent years with many patients achieving long-term 
remission. Because of this success, the percent of cancer patients alive five years after diagnosis has 
increased from slightly less than 50% in the 1970’s to almost 70% now. Not all cancers have seen similar gains 
in treatment success, however, and liver cancer deaths are increasing. Liver cancer is on pace to become the 
third leading cause of cancer deaths in the U.S. by 2030. Liver cancer is an aggressive type of cancer that 
uses tumor growth signals found in the liver to keep cancer cells alive and protected from the immune system 
or from chemotherapy. Thus, therapy is aimed at decreasing growth and killing tumor cells but must overcome 
these growth signals. One particularly devastating type of liver cancer develops in the bile ducts and is termed 
cholangiocarcinoma. Cholangiocarcinoma is more common in men than women, though it can arise in anyone. 
The reason men get this cancer more frequently is not known. It is also unknown whether treatments that work 
in men will work as well in women, and vice-versa. The current project will block the activity of a tumor growth 
signal to determine if this approach will shrink tumors. Treatment will be tested in both male and female mice to 
begin to assess any differences we may expect in men and women. We will also study the early stages of 
tumor formation to learn of any differences between male and female mice that might explain the increased 
rate of cholangiocarcinoma in men.  
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A. SPECIFIC AIMS.
Overall objective. This project will establish FGFR4 as a therapeutic target and begin to consider sex as a
biological variable in cholangiocarcinoma.

Cholangiocarcinoma is a primary liver tumor with poor overall survival that differentially affects men and 
women. Fibroblast growth factor 19 (FGF19) is a tumor driver located at chromosome 11q13, a locus that is 
amplified in cholangiocarcinoma [1, 2]. FGF19 preferentially signals through FGF receptor-4 (FGFR4) 
promoting activation of AKT, ERK, and STAT3. Thus, FGF19-FGFR4 may play a role in hepatobiliary cancer 
by promoting proliferation and preventing tumor cell death. Cholangiocytes are one of only two adult cell types 
that express FGF19 (the other is the intestinal epithelium), making this signaling axis particularly relevant for 
biliary tract cancers. Recently, FGFR4 was shown to be highly expressed in patient samples of 
cholangiocarcinoma [3-5]. We have preliminary data in malignant cholangiocarcinoma cell lines demonstrating 
that (i) FGF19 and FGFR4 are expressed and functional; (ii) inhibition of FGFR4 increased sensitivity to 
TRAIL-induced apoptosis; and (iii) FGFR4 inhibition decreased cell growth. FGFR4 was strongly expressed in 
tumor samples from rats with orthotopic cholangiocarcinoma tumors. FGFR is important in tumors as well as in 
culture, as inhibition of FGFR signaling in this animal model reduced tumor weight by 56%. We have employed 
a novel FGFR4 specific inhibitor, BLU9931, that covalently binds a cysteine residue found in FGFR4 but not in 
FGFR1, -2, or -3 [6]. This cysteine residue is conserved in many species but notably not in rats, rendering one 
of the preferred models in the field unusable for preclinical testing of BLU9931 or other small molecules that 
use a similar targeting strategy. Thus, a new model that allows the use of human tumor cells is needed. 
Further, despite sex-based differences in tumor incidence, our understanding of sex differences 
cholangiocarcinoma is limited in part due to few experimental tools. This proposal will investigate FGFR4 as a 
therapeutic target in cholangiocarcinoma and will include sex as a biologic variable (SABV). We have 
established orthotopic xenograft tumors in NOD/scid mice using well-characterized human cholangiocarcinoma 
cell lines, creating a new disease model that will be used for the current study. 

CENTRAL HYPOTHESIS: FGFR4 inhibition or depletion in cholangiocarcinoma will decrease tumor 
progression. 
Aim 1: Determine the effect of FGFR4 depletion or inhibition on tumor burden. Inhibition of FGFR4 in cell 
culture increased sensitivity to TRAIL-induced apoptosis and sensitized cells to chemotherapy 
(gemcitabine/cisplatin). We will use a newly described FGFR4-specific inhibitor BLU9931 as well as stable cell 
lines generated in our lab that express or lack FGFR4 but are otherwise the same. Orthotopic mouse 
cholangiocarcinoma tumors will be studied to determine tumor progression in: 

Mice injected with cells lacking FGFR4 compared to the same cell line expressing FGFR4 
Tumor-bearing mice treated with either vehicle or the FGFR4 inhibitor BLU9931 

Aim 2: Demonstrate the tumor incidence and growth characteristics of cholangiocarcinoma in male 
versus female mice. Cholangiocarcinoma is more common in men while gallbladder cancer is more common 
in women. While sex-based differences in incidence can be determined from epidemiological data, differences 
in response to promising anti-cancer therapies is generally not included in preclinical studies. Thus, drugs that 
preferentially benefit only one sex may be overlooked or their efficacy may be overestimated. Our orthotopic 
cholangiocarcinoma model is well-suited to begin to address SABV in cholangiocarcinoma. We will assess 
sex-based differences in: 

Tumor incidence in male versus female mice in a limiting dilution assay 
Tumor progression of male versus female mice followed for tumor size and metastasis 

Impact. The experiments described in this proposal will form the basis for targeting FGFR4 in 
cholangiocarcinoma. Further, these studies will provide the tools and initial data to carefully investigate SABV. 
Data generated will contribute to an application for a federally-funded program to systematically address 
cholangiocarcinoma from a molecular understanding. 

B. Background and Significance
Cholangiocarcinoma: Liver cancer is projected to become the third-leading cause of cancer deaths in the
U.S. by 2030, behind lung and pancreatic cancer [7]. Worldwide, liver cancer is now second only to lung for
cancer-related deaths, having recently overtaken stomach cancer in mortality numbers. Hepatocellular
carcinoma and cholangiocarcinoma are the most common primary liver cancers and arise from hepatocytes
and cholangiocytes, respectively. The incidence of cholangiocarcinoma is increasing [8, 9] and unfortunately
mortality is high. Five-year survival is less than 10% and recent studies using combined gemcitabine plus
cisplatin have only extended survival by 2-3 months [10]. Cholangiocarcinoma often presents at a late stage,
exhibiting stark resistance to chemotherapy. Due to the increasing incidence and high mortality, there remains
an unmet need for treatment strategies that take into consideration the particular characteristics of this liver
tumor.
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FGF19 in the liver: FGF19 plays a hormonal role in liver 
physiology. Bile acid uptake in the small intestine induces 
intestinal FGF19 expression and secretion. FGF19 then circulates 
to the liver where it acts on FGFR4 to reduce bile acid synthesis 
[11, 12]. The biliary epithelium is also a source of FGF19 [13] and 
serum and liver FGF19 levels are increased by extrahepatic 
cholestasis [14]. FGF19 promotes cell proliferation and protects 
liver cells from injury and cell death [15, 16]. These data indicate 
FGF19 is a liver-derived growth factor that is elevated during 
cholestasis - a hallmark of cholangiocarcinoma. FGF19 is also 
recognized as a tumor promoter [17] and tumor driver [18]. 

FGFR4 in cancer: FGFR4 is one of four tyrosine kinase receptors 
for FGFs and is the preferred receptor for FGF19 [19]. Upon 
ligand binding, FGFR4 forms a dimer and phosphorylates the 
tyrosine kinase domain of the cytoplasmic portion of the receptor. 
This stimulates downstream pathways including MAPK, AKT, 
STAT and PLC-gamma signaling [20, 21]. Recently, increased 
FGFR4 expression was found in 50-80% of human 
cholangiocarcinoma samples and correlated with mutations in 
IDH1/2 or with poor prognosis [3-5].  

FGFR2 gene fusions are found in cholangiocarcinoma (8-13%) 
and 2 patients responded to ponatinib which inhibits all 4 FGFRs 
[4, 22-24]. FGFR2 fusions demonstrate the relevance of FGFR 
signaling in cholangiocarcinoma, however few patients had these 
fusions. For the majority of patients who lack FGFR2 fusions, 
FGFR4 signaling due to increased FGF19 levels may promote 
tumor progression.  

Sex as a biological variable (SABV): Men are more likely to 
develop cholangiocarcinoma while women are more likely to 
develop gallbladder cancer [25, 26]. Sex-based differences may 
be due to social factors (food choices) in countries where liver 
parasites are the major cause of cholangiocarcinoma [27] but this 
would not explain variations in countries such as the U.S. where 
liver flukes are not found. Note that while the terms ‘gender’ and 
‘sex’ are similar, gender is a social construct that does not apply to 
lab animals. The NIH has recently identified a need for including 
SABV in studies; proper tools for such assessment are necessary. 

C. Preliminary Studies. Cholangiocarcinoma cells secreted
FGF19, seen by dot blot (Fig. 1). KMCH cells had the highest
expression of both FGF19 and FGFR4, followed by H69 and
Mz-ChA-1. HuCCT cells do not express FGFR4 (Fig. 1). Full-
length FGFR4 is a doublet of about 100 and 120 kDa, possibly
due to glycosylation. Co-expression of ligand and receptor
provides evidence that FGFR4 is active in an autocrine fashion.
Absence of FGFR4 in HuCCT cells reflects heterogeneity and
provides a useful cell line in which to restore expression.
Inhibition of FGFR1-4 by BGJ398 or FGFR4 by BLU9931
sensitized Mz-ChA-1 and KMCH cells to TRAIL-induced
apoptosis, measured either by apoptotic nuclei (Fig. 2A) or by
caspase 3/7 activity (Fig. 2B).

HuCCT clones were generated expressing wild-type (WT) or 
constitutively active FGFR4 (535K and 550E; generously provided 
by Dr. Javed Khan) (Fig. 3A). FGFR4 protected cells from 
apoptosis compared to parental cells or clones transfected with 
empty vector (Fig. 3B). These data confirm that FGFR4 protects 
cholangiocarcinoma cells against apoptosis.  

Figure 3. FGFR4 protects against apoptosis. 
(A) Stable HuCCT cell lines expressing FGFR4
(wild-type WT and kinase-domain mutants N535K
& V550E) were generated. (B) Clones were tested
for TRAIL sensitivity. Both wild-type and activating
mutant forms of FGFR4 protected cells. * p < 0.05;
*** p <0.001 versus TRAIL-treated parental cells;
ANOVA.

A. 

B. 

Figure 1. FGF19 and 
FGFR4 expression. 
Conditioned media was 
probed for FGF19, 
compared to recombinant 
human FGF19 (350 ng) or 
media (background). 
Lysates were evaluated 
for FGFR4.  

Figure 2. Inhibition of FGFR4 sensitized cells 
to apoptosis. (A) The pan-FGFR inhibitor 
BGJ398 or the FGFR4-selective inhibitor, 
BLU9931, increased TRAIL-induced apoptosis 
and (B) TRAIL-induced caspase 3/7 activity. 
** p<0.01; ***p<0.001; ANOVA. 

A. B.
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We have generated paired cell lines that express or lack FGFR4. Specifically, we have 
KMCH control-transduced cells (shGFP) that express robust amounts of FGFR4 and 
paired KMCH shFGFR4 cells with minimal FGFR4 expression; we also have HuCCT 
parental cells (empty vector) that naturally lack FGFR4 and paired stably-transfected 
HuCCT cells expressing FGFR4 (Fig. 4).  

The malignant human cholangiocarcinoma cell line, Mz-ChA-1, was injected into 
NOD/scid mice after selective bile duct ligation to induce tumor formation in a cholestatic 
liver, mimicking human disease. After 3 weeks of growth, animals were sacrificed and 
livers collected for histology. Because the tumors are derived from human samples they 
express HLA-A antigen while the host mouse liver is negative for HLA-A staining. We 
observed nests of tumor cells with gland-like appearance within a 
desmoplastic matrix (Fig. 5). We have generated tumors from HuCCT and 
KMCH cells as well (not shown). This demonstrates that the surgical and 
technical introduction of tumor cells into mice is feasible and will serve as a 
new mouse model of disease for current and future studies.  

D. Progress Report- N/A
E. Research Design and Methods- Aim 1
Determine the effect of FGFR4 depletion or inhibition on tumor burden.
Rationale: Preliminary studies showed increased cell death and decreased
proliferation in cultured cells when FGFR4 was inhibited. Additionally, the
pan-FGFR inhibitor PD173074 decreased tumor size in rats (not shown).
Human tumor cell lines will be injected into the liver of NOD/scid mice to test
the role of FGFR4 in tumor progression. Our working hypothesis is that 
FGFR4 signaling drives tumor progression. Because PD173074 is a pan-FGFR inhibitor, it cannot be used to 
distinguish FGFR4-dependent signaling from other FGF receptors. Our cell culture studies best support 
FGFR4 as the predominant contributor to cell survival, but to test FGFR4 in vivo, we will employ our paired 
human cell lines that express or lack FGFR4. Separately, we will use a newly described FGFR4-specific 
inhibitor, BLU9931. This inhibitor specifically targets Cys552 of FGFR4 [6], which is at the entrance to the ATP 
binding site [28]. The corresponding residue in rat FGFR4 is a Tyr, requiring the use of our mouse model.  

Experimental design: We will selectively ligate the bile duct draining the median and left-lateral lobes in 
NOD/scid immunodeficient mice to cause obstructive cholestasis. Stably modified human cell lines with or 
without FGFR4 expression (KMCH-shGFP vs KMCH-shFGFR4; HuCCT-empty vs HuCCT-FGFR4) will then be 
injected (2 X 106 cells/mouse) into the cholestatic left-lateral lobe. Tissue collected at sacrifice (3-4 weeks after 
injection) will be used to assess cell death, proliferation, and markers of FGFR4 activity. Tumor weights and 
metastatic disease will be measured (12 mice/group; 6 each, male and female). A total of 48 mice will be used 
in this subaim. 

For pharmacological inhibition of FGFR4, we will treat a parallel group of mice with BLU9931, a selective 
FGFR4 inhibitor. KMCH or Mz-ChA-1 cells (FGFR4-positive) will be injected as above. After 1 week to allow for 
tumor cell engraftment, mice will be treated daily with vehicle or BLU9931 (100 mg/kg, p.o., BID). After 2 
weeks of BLU9931 treatment, mice will be sacrificed to measure tumor weight, collect samples, and assess 
metastatic disease. Tissue collected at sacrifice will be used to assess cell death, proliferation, and markers of 
FGFR4 activity. A total of 24 mice will be used in this subaim (12 mice/group; 6 each, male and female). 

Expected outcomes and data analysis: Experiments in this Aim will define the effect of FGFR4 depletion or 
inhibition on disease progression. We expect that FGFR4 will increase tumor progression resulting in larger 
tumors and perhaps more metastases through proliferative and anti-apoptotic signaling. Data will first be 
analyzed by treatment group without stratification by sex. Tumor incidence will be analyzed by the Chi-squared 
test. Tumor weight will be compared between groups using ANOVA (or Kruskal–Wallis one-way ANOVA if the 
data are not normally distributed). Once any treatment differences are determined, sex-based differences will 
be analyzed by subgroup analysis as a secondary outcome with sex as the variable. 

Power analysis: Because our mouse model of cholangiocarcinoma is new, the expected effect size of 
treatment (or FGFR4 depletion) is unknown. Thus, we have not performed a power analysis to determine the 
animal numbers and have instead proposed to use sufficient animals to describe the formation of tumors. 
Based on preliminary tumor formation, we anticipate 200 mg tumors in untreated mice that have FGFR4 
expression. If FGFR4 loss/knockdown/inhibition decreases tumor size to 100 mg with a standard deviation of 
100 mg, then the power to demonstrate a significant difference will be 0.7.  

Figure 4. Paired cell 
lines with or without 
FGFR4 expression. 

Figure 5. Mz-ChA-1 tumor cells were 
injected into the liver of mice. (Left) 
H&E staining showing pseudoglandular 
appearance of tumors. (Right) human-
derived cells in the same region of an 
adjacent section were identified by 
HLA-A staining (brown).  
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Potential pitfalls and alternative approach: We have generated the necessary cell lines and surgical 
approach for the current proposed experiments. We also have a working relationship with Blueprint Medicines, 
the origin of BLU9931. This inhibitor has been shown to be active in mice [6]. A potential pitfall of the current 
approach is that FGFR4 inhibition may not be sufficient to reduce progression in the absence of 
chemotherapeutics. We have shown that FGFR4 inhibition sensitized to TRAIL-induced killing and TRAIL is 
(paradoxically) expressed by cholangiocarcinoma cells in tumors but not in culture [29, 30]. This difference 
appears to be the result of local signals from the liver inducing TRAIL, notably interferon gamma. Because 
cholangiocarcinoma cells in the natural tumor environment in both patient samples [29] and in a rat model [30] 
express TRAIL, we anticipate we will see similar tumor-autonomous expression of TRAIL in our mouse model. 
We will assess TRAIL expression in our samples and consider addition of chemotherapeutics to increase 
effectiveness of FGFR4 inhibition. 

Aim 2 
Demonstrate the tumor incidence and growth characteristics of cholangiocarcinoma in male versus 
female mice. Rationale: Sex-specific differences in liver cancer development and progression may have 
important implications for treatment and understanding tumor biology. For example, HCC cells express the 
estrogen receptor ER-β which acts as a tumor suppressor (in contrast to other hormone-sensitive sites of 
tumor development)[31]. Estrogen signaling in cultured cholangiocytes increased proliferation but decreased 
expression of the ER-β receptor, indicating that feedback signaling may regulate the response [32]. Certainly, 
additional non-hormonal factors may influence tumor biology. This Aim will allow for assessment of differences. 
Our working hypothesis is that male mice will develop tumors from a lower inoculum of tumor cells compared 
to female mice but both sexes will have similar progression when a larger tumor burden is injected. This is 
based on the observation that men develop cholangiocarcinoma more often but there is uniform lethality in 
men and women once disease has taken hold. To assess the susceptibility to tumor engraftment, we will 
enrich for tumor-initiating cells and inject very low numbers of cells into male or female mice. To assess tumor 
progression, the vehicle-treated groups from Aim 1 will be considered; a separate cohort of untreated tumor-
injected mice to assess only sex-based differences in tumor size and metastasis will be generated in this Aim.  

Experimental design: Tumor-initiating cells are also referred to as cancer stem-like cells or side population 
cells. Cells will passively take up Hoechst DNA dye and staining can be measured by flow cytometry. Tumor-
initiating cells are able to pump the dye out of the cell using ATP-binding cassette (ABC) transporters; the ABC 
inhibitor verapamil can then be used to block efflux, leading to a loss of the side-population cells and 
confirming they were Hoechst-low due to ABC activity, consistent with stem-like cells. These cells will be 
enriched by FACS after Hoechst-33342 staining of KMCH cells [33] and soft-agar colony assay will be used to 
confirm enrichment. We have preliminary experience identifying these cells in and observed 1.3% of Mz-ChA-1 
cells in the side population with complete reversion using verapamil preincubation.  

We will inject 100, 500, or 1,000 cells per animal in matrigel into the liver of 6 male and 6 female mice each. 
Mice will not undergo selective bile duct ligation. While surgical cholestasis enhances tumor growth and mimics 
advanced human disease [34], it is less common early in disease and would introduce a potential of differential 
liver injury causing sex-based differences in engraftment. Mice will be recovered and weighed 3x weekly to 
monitor for tumor-related weight loss over a period of 8 weeks. After surgical recovery, weight loss is a good 
indicator of malignant disease. An initial screen for malignant disease will be weight loss: loss of greater than 
20% of recovered body weight. Mice will then be sacrificed for tissue collection and histologic confirmation of 
tumor formation.  

Comparison of tumor progression will be made using similarly selected cells (tumor initiating cells) but each 
animal will be injected with a burden sufficient to mimic aggressive disease and expected to cause tumors in 
100% of injected mice (10,000 tumor-initiating cells in matrigel/mouse). This independent cohort will include a 
larger number of animals to increase the power to observe a true difference with 12 male and 12 female mice 
included. Again, to avoid the potential of differential injury following selective bile duct ligation, this cohort will 
employ unligated mice. This is anticipated to slow tumor growth somewhat [34], so mice will be sacrificed at 5 
weeks. 

Expected outcomes and data analysis: Experiments in this Aim will establish sex-specific models of 
cholangiocarcinoma, including the use of limiting dilution analysis to assess tumor engraftment rates. We 
anticipate that a higher proportion of male mice injected with the lowest cell number will have tumor formation 
compared to female mice. At higher tumor cell burdens, we anticipate differences will not be apparent, in part 
based on a report of a lack of differences in a hamster model infected with liver flukes which induced rather 
severe injury and inflammation and similar tumor formation in male versus female hamsters [27]. Groups will 
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be compared by Chi-squared analysis of tumor incidence between male and female mice injected with the 
same tumor cell number.  

Power analysis: Because SABV has not been investigated in mice and female models of cholangiocarcinoma 
are not in general use, we have chosen our sample sizes based on convention in the literature (for other 
cancers or other treatment groups) with the expectation of gaining an estimate of expected tumor size in 
untreated male and untreated female mice. Thus, we have not performed a power analysis.  

Potential pitfalls and alternative approach: Because there is no accepted mouse model of 
cholangiocarcinoma or routinely available female model of cholangiocarcinoma, it is unknown if differences in 
mice will mimic those in human disease. Further, human behaviors such as smoking and eating of infected 
fish, or healthcare-seeking tendencies may influence the epidemiology in people, factors not present in animal 
models. Thus, there is a concern that sex is not a significant disease modulator. Another potential pitfall is that 
we are employing a single cell line (KMCH derived from a male patient) for these pioneering studies. Future 
work will require additional studies, including a robust panel of patient-derived cell lines representative of both 
sexes. 

F. Statement of Cancer Relevance
Liver cancer incidence is rising as is the incidence of intrahepatic cholangiocarcinoma [8, 9]. Indeed, worldwide
liver cancer is the second leading cause of cancer deaths. In the U.S. it is projected to become the third
leading cause of cancer deaths by 2030 [7]. Overall survival is measured in months and chemotherapy only
extends survival by 2-3 months. In patients without surgical options (majority), cholangiocarcinoma is uniformly
fatal. This project has direct relevance to cholangiocarcinoma in that studies will use human malignant cells
and in vivo tumor studies to assess the disease features and responsiveness to FGFR4 inhibition. Inhibition of
FGFR4 in preclinical trials was well-tolerated and represents a promising novel approach [6].
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BUDGET JUSTIFICATION: 

Justin Mott, M.D., Ph.D. Dr. Mott is an Assistant Professor in the Department of Biochemistry and Molecular 
Biology at the University of Nebraska Medical Center. Dr. Mott is the Principal Investigator of this proposal. He 
received excellent training in biochemical analysis, mitochondrial function, and cell death signaling pathways 
as a graduate student. After completion of a combined MD/PhD program, he completed one year of Internal 
Medicine residency training at Mayo Clinic, followed by an NIH postdoctoral fellowship (T32 DK07198) 
investigating cell death resistance in cholangiocarcinoma in the laboratory of Dr. Greg Gores. Dr. Mott began 
his independent research career at UNMC in October 2011. Dr. Mott will be directing all aspects of this project 
and will be actively involved in the training of personnel.  

Ashley Mohr, Ph.D., Post-Doctoral Research Associate, will devote 4.8 calendar months of a 1.0 FTE 
appointment to this project. Dr. Mohr has research experience studying GI cancers and is well versed in animal 
models of malignant disease. In addition, she has experience with advanced microscopy techniques as well as 
flow cytometry. Dr. Mohr will be supervised by Dr. Mott and will design, execute, and interpret experiments, 
prepare data for publication and presentation, and write manuscripts. She will be expected to present research 
findings annually at a national meeting relevent to the project, such as Digestive Disease Week, the Liver 
Meeting, or the Annual Meeting of the AACR.  

Supplies-- $20,000 
This project will require disposable plastics necessary to maintain cancer cell lines as well as growth media. 
Significant expense is budgeted for animal costs as most experiments are performed in immunodeficient 
animals that will be ordered from a commercial vendor. FGFR inhibitor BLU9931 is investigation and will be 
supplied by our collaborator. Analysis of tissues will be done after embedding and sectioning by the Tissue 
Sciences Facility. 
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