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Pancreatic ductal adenocarcinoma 
(PDAC) survival statistics illustrate the 

need for new therapies.

 5-year survival ~ 8%

 4th in US cancer-related deaths

 Gemcitabine: 

one-year survival rate ~ 18% 

 PDAC > 85% of pancreatic cancers.
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https://seer.cancer.gov/statfacts/html/pancreas.html

Presenter
Presentation Notes
Pancreatic cancer has a 5 year survival rate of about 8% and is the 4th leading cause of cancer related deaths in the US. Surgical resections, the only curative treatment for pancreatic cancer, is only an option for about 10% of patients since most patients present with advanced stages at diagnosis. This is partially due to the fact that pancreatic cancer can progress with few symptoms and is commonly already metastasized at diagnosis. Chemotherapy and radiotherapy have only marginally improved patient survival. The standard of care for advanced pancreatic cancers since 1977, gemcitabine, was only able to improve the one year survival rate to 18% and median survival to 5.65 months. Pancreatic ductal adenocarcinoma, or PDAC, constitutes at least 85% of pancreatic cancers.

Used in combination



Oncogene dependence in PDAC is a 
rationale for the use of Ras regulation 

for treatment

 pancreatic intraepithelial neoplasia 
(PanINs)

 Activating mutations of K-Ras > 90% of 
PDAC patients 

 K-Ras mutations are early genetic 
events.
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Orlando MT. Adapted from Hruban RH, Et Al 2000
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Presentation Notes
PDAC commonly arises from pancreatic intraepithelial neoplasia, or PanIN, that occur in the duct cells which form the epithelial lining of the branched tubes that deliver enzymes produced by pancreatic acinar (ass-in-are) cells into, the first section of the small intestines. As PanINs progress to high grade dysplasia then into invasive carcinoma they accumulate mutations. Though PDAC is a heterogenous disease, activating K-Ras mutations are found in over 90% of PDAC patients. These K-Ras mutations occur early in the onco-transformation of PanINs and increase with increasing atypia of the duct lesions. This makes Ras an attractive target for therapies. Though targeting of Ras directly is made difficult by its unique constitutively active conformation, targeting of downstream effectors of Ras has been FDA approved with the MEK inhibitor, and PI3K inhibitor, in combination with other therapies being used for the treatment of melanoma and chronic lymphocytic leukemia suggesting inhibition of this pathway is pharmacologically possible.

CDKN2A – p16 and p14

Head-of-pancreas most aggressive and most common. Near duct which allows for spreading to other organs, same embryonic precursor cells to the duodenum

Fibrous stroma, poor vasculature, hypoxia. PanINs can’t be visualized by scans

Pancreatic cancers often spread to the lining of the abdominal cavity called the peritoneum and to the liver. They can also spread to the lungs, bone and brain among other organs.
Same embryonic precursor



Inhibition of the transport to the cell 
membrane impedes Ras activity

 (A) Prenylation by farnesyltransferase 

 (B) Cleavage the terminal -AAX motif 
by Ras converting enzyme 1 (RCE1)

 (C) Methylation by isoprenylcystein
carboxyl methyltransferase (ICMT)

 (D) Alternative prenylation by 
geranylgeranyl transferase (GGTASE).
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Adapted from Cox D. Et Al. 2015
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Presentation Notes
A novel mechanism that can be used to target Ras more directly is the disruption of the plasma membrane localization that is necessary for Ras function. Ras localization to the cell membrane is a multi-step process. First, Ras undergoes prenylation by farnesyltransferase and subsequently has its terminal AAX motif proteolytically cleaved by Ras converting enzyme 1 or RCE1 before methylation by isoprenylcysteine carboxyl methyltransferase (ICMT) can occur. Ras can then be transferred to the recycling endosome or Golgi to be shuttled directly by vesicular transport to the plasma membrane. Initial attempt to inhibit this process focused on targeting farnesyltransferase but it was discovered that in the presence of farnesyltransferase inhibitors, K-Ras is prenylated by geranylgeranyl transferase. Available ICMT inhibitors have also failed due to limited physical properties for clinical development. However, RCE1 inhibitors recently derived from previously reported RCE1 inhibitor, NSC1011, have shown promise in disruption of Ras localization in yeast and colon carcinoma cell line, HCT-116




Ras converting enzyme 1 (RCE1) 
inhibition can be used to regulate Ras 

membrane localization
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Adapted from Mohammed I. Et Al. 2016
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Structure-activity relationships analysis of previously reported RCE1 inhibtor, NSC1011 was performed to generate a new library of RCE1 inhibitors. The ability of these inhibitors to block CaaX proteolytic cleavage by human RCE1 was measured using an established in vitro fluorescence-based assay based on RCE1-dependent cleavage of quenched fluorogenic K-Ras4b-derived peptide using membranes derived from yeast expressing Human RCE1. Several of these inhibitors were able to inhibit AAX cleavage by 50% at concentrations of 10 micromolar or less.

To ensure the compounds weren’t cytotoxic to human cell lines, human colon carcinoma cells HCT 116 were treated with the inhibitors for 20 hours at a concentration of 25 micromolar, more than twice what is needed to inhibit RCE1 AAX cleavage. Nine compounds that induced 50% decrease is AAX cleavage at concentrations of 10 micromolar, induced less than a 20% cell death as measured by CellTiter-Blue assay based on the ability of living cells to convert a redox dye (resazurin) into a fluorescent end product (resorufin). 

To show Ras mislocalization from the plasma membrane, HCT116 cells were transiently transfected with EGFP conjugated K-Ras4b and treated with the compounds for 20 hours. RCE1 siRNA knockdown was also used as a genetic control for the inhibition to show that the mislocalization was specific to the loss of RCE1 activity and not due to an off target effect of the inhibitors. RCE1 siRNA knockdown was able to decrease membrane localization to 30%. Three of the inhibitors that had IC50s for RCE1 of less than 10 micromolar and decrease viability of mammalian cells by less than 20% showed to have decrease K-Ras membrane localization by at least 30%, as much or more than the RCE1 siRNA knockdown.



Novel RCE1 inhibitors show specificity 
for RCE1 AAX cleavage
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Adapted from Mohammed I. Et Al. 2016
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These inhibitors, NSC1011-2, NSC1011-6 and NSC1011-17 also showed specificity for RCE1 over another CaaX protease, Sterile mutant 24 or Ste24, which is essential for the maturation of Lamin A . The ability of these compounds to inhibit human RCE1 without affecting Ste24 was measured using a similar in vitro fluorescence-based assay as described before using peptides based on the K-Ras4b C-terminal sequence and membranes from yeast expressing either human RCE1 or Ste24 membranes derived from yeast expressing Human RCE1. These 3 compound did not cause more than a 25% reduction in Ste24 activity while decreasing RCE1 activity by 60% or more.


Defects in Ste24 activity lead to the development of laminopathies such as muscular dystrophy. 

Lipinski’s Rule of 5 (For oral drugs) - no more than one violation of the following:
No more than 5 hydrogen bond donors (the total number of nitrogen-hydrogen and oxygen-hydrogen bonds)
No more than 10 hydrogen bond acceptors (all nitrogen or oxygen atoms0
A molecular mass less than 500 Dalton
An octanol-water partition coefficient log P not greater than 5
Less than 10 rotatable bonds

ADME – absorption, distribution, metabolism, and excretion

Toxic groups- Azides(R-N3), Simple anilines (Phenyl-NH), thiols (R-SH), phenols (R-Phenyl-OH), disulphides(R-S-S-R), nitrosos (r-N=O)




Hypothesis and specific aims

 I hypothesize that inhibition of RCE1 will be effective in treating pancreatic 
ductal adenocarcinoma with Ras mutations.

To test this hypothesis I propose the following specific aims:

 Aim 1: Determine whether inhibition of RCE1 will decrease cell growth and 
viability of pancreatic ductal adenocarcinoma in vitro and in vivo.

 Aim 2: Determine whether RCE1 inhibition will have synergistic effects in 
combination with inhibitors of downstream effectors.
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Because of these findings,



Aim 1: Determine whether inhibition of RCE1 
will decrease cell growth and viability of 

pancreatic ductal adenocarcinoma

I hypothesize the inhibition of RCE1 in pancreatic ductal adenocarcinoma will 
reduce Ras localization to the plasma membrane and Ras-dependent 
downstream phosphorylation, which will result in decreased pancreatic 
adenocarcinoma cell viability, migration and growth.

 Aim 1.1: Determine molecular effects of RCE1 inhibition on PDAC. 

 Aim 1.2: Determine cellular effects of RCE1 inhibition on PDAC.

8
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… to test this I will first …. Then I will…





Aim 1.1: Determine molecular effects 
of RCE1 inhibition on PDAC. 

 Ras localization to the membrane
 Fluorescent confocal microscopy

 Subcellular fractionation

 Ras - dependent downstream phosphorylation
 ERK and Akt phosphorylation
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First to determine molecular effects of RCE1 inhibition I will evaluate



Cell lines

 Panc 02.03 and Panc 04.03
 commercially available

 possess K-Ras oncogenes

 form tumors in nude or SCID mice

 harvested in 1995 from the head-of-the-pancreas
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To test this in vitro, I will use the Panc 02.03 and Panc 04.03 cell lines, these cell lines are…

pancreatic adenocarcinoma patients, specifically a 64 year old white female and 70 year old white male, respectively

Well characterized in the MD Andreson Cell Line Project, The Cancer Cell Line Encyclopedia project, the catalogue of somatic mutations in cancer (or COSMIC) data base and the Proteomics Identifications (or PRIDE) database

According to COSMIC Panc 02.03 only has a KRAS g12D mutation and Panc 04.03 has KRAD G12D and TP53 G245S

HPV16-E6E7 (H6c7) derived from normal pancreatic ductal epithelial transduced with KRADG12V

ATCC pancreatic cancer panel : Capan-2 (1975/ 56 male), Panc10.05 (1992), CFPAC-1 (1988?/liver metastasis/26 male), HPAF-ii (1982?/Peritoneal ascetic fluid metastasized live, diaphragm and lymph nodes/ 44 male) SW 1990 (1978/ 56 male) BxPC-3 (61 female/ 1982 *wildtype Ras) AsPC-1 ( 1981/ 62 female/ nude mouse xenograft initiated with cells from the ascities of a patient with cancer of the pancreas)



Expected outcome: Ras localization to 
the membrane is impeded by RCE1 

inhibition in PDAC cells
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For the fluorescent microscopy, cells from both cell lines will be seeded at 60% confluency on coverslips, then treated with the RCE1 inhibitors at the optimal concentrations determined beforehand or vehicle control for 24 hours. RCE1 and control siRNA knockdown will be used a genetic control to ensure results are specific for RCE1 and not an artifact of off-target effects of the inhibitors. K-Ras antibody, DAPI nuclear stain and CellBrite plasma membrane stain will be utilized and co-localization of the Ras antibody to the membrane will be analyzed using ZEN imaging software and statistical significance will be determined by one-way ANOVA and Tukey’s multiple comparison on GraphPad prism software. In the cells treated with control siRNA and vehicle control, I expect to see high co-localization of the K-RAS, here is green to indicate a FITC-conjugated antibody, and the CellBrite membrane stain, in red, which produces a yellow ring around the cell when colocalized. In the RCE1 siRNA and inhibitor treated cells, I expect to K-Ras localization to the membrane to decrease and see more K-Ras in the cytosol.



Expected outcome: Ras localization to 
the membrane is impeded by RCE1 

inhibition in PDAC cells
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Next to confirm this by subcellular fractionation, the ultra-centrifugation protocol available through Abcam will be performed to separate the nuclear cytoplasmic, mitochondrial and membrane fractions of lysates from 10 million cells from both cell line treated with RCE1 inhibitors at the optimal concentrations or vehicle control for 24 hours RCE1 and control siRNA knockdown will be used a genetic control to ensure results are specific for RCE1 and not an artifact of off-target effects of the inhibitor. The fractions will be probed for K-Ras, GAPDH, cytochrome c, laminin A/C and Na/K ATPase by immunoblotting techniques to determine the separation of the cytosolic, mitochondria, nuclear and membrane faction respectively. The blots will be quantified by densitometry using ImageJ software. I expect to see the K-Ras in the plasma membrane and cytosolic fractions in the cells treated with control siRNA or vehicle control. In the cells treated with the RCE1 siRNA or RCE1 inhibitors I expect to see a decrease in KRAS in the membrane bound fraction and an increase in the KRAS in the cytosolic fraction.


Molecular Weights: KRAS-21 or 22, NA/K ATPase-100, GAPDH-40



Expected outcome: Ras - dependent 
phosphorylation prevented by RCE1 

inhibition in PDAC cells
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Once I confirm that the RCE1 inhibitors are able to prevent RAS localization to the membrane, I will want to determine if this had an effect on Ras-dependent phosphorylation of downstream signaling pathways. To investigate this I will utilize immunoblotting techniques to analyze phosphorylated Akt and ERK. I will treat 5 million of each cells with RCE1 inhibitors at the optimal concentrations or vehicle control for 24 hours. RCE1 and control siRNA knockdown will be used a genetic control to ensure results are specific for RCE1 and not an artifact of off-target effects of the inhibitor. Equal total protein amounts will be run by SDS-PAGE and immunoblotted for phosphorylated and total Akt and ERK, as well as actin to control for loading. Again they will be quantified by densitometry using ImageJ software. I expect to see phosphorylation of Akt and ERK1/2 in the cells treated with control siRNA or vehicle control, which will be decrease in the cells treated with RCE siRNA or the RCE1 inhibitors. 


Molecular weights: ERK1/2-44/42, Akt-60, Actin-45

Phosphorylation sites: Akt-Ser473, Erk1/2-Thr202/Tyr204



Aim 1.2: Determine cellular effects of RCE1 
inhibition on PDAC.

 Viability and cell growth
 Trypan blue assay

 Migration and Invasion
 Scratch Test

 Matrix Invasion Assay

 In vivo tumor burden, metastasis and survival

14
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Once I have determined the molecular effects of RCE1 inhibition, I will evaluate the cellular effects of RCE1 inhibition on PDAC such as …



Expected outcome: RCE1 inhibition 
decreases viability and cell growth in 

PDAC cell
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First, to determine how RCE1 inhibition affects viability and growth in PDAC cells, I will conduct trypan blue exclusion tests and cell count assays. I will treat 500,000 cells from each cell line with the RCE1 inhibitors at the optimal concentrations or vehicle control for 24 hours then viability and cell count will be measured by trypan blue using the Vi-Cell cell counter. The cell growth will be determined from the cell count compared to control. RCE1 and control siRNA knockdown will be used as a genetic control to ensure results are specific for RCE1 and not an artifact of off-target effects of the inhibitor. I expect viability and cell growth to decrease in the cells treated with RCE1 siRNA or RCE1 inhibitors compared to control siRNA or vehicle control treated cells, respectively.

Ki67-cell marker for proliferation, During interphase Ki67 antigen can be exclusively detected within the cell nucleus, whereas in mitosis most of the protein is relocated to the surface of the chromosomes. Cellular content of Ki-67 protein markedly increases during cell progression through s phase of the cell cycle

PI-Propidium iodide/ fluorescent intercalating agent, insertion of molecules between planar bases of DNA. Cannot cross the membrane of live cells.



Expected Outcome: RCE1 inhibition 
decreases migration and invasiveness 

of PDAC cells 
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Next, migration will be measured by seeding a confluent monolayer of cell lines treated with the RCE1 inhibitors at the optimal concentrations or vehicle control for 24 hours in a tissue culture dish. The surface of the dish will be scratched with a pipette tip and images of the dish will be taken by IncuCyte every 2 hours for 48 hours. RCE1 and control siRNA knockdown will be used as a genetic control to ensure results are specific for RCE1 and not an artifact of off-target effects of the inhibitor. Distance between the sides of the scratch will be analyzed by Media Cybernetics Image Pro-Plus software. I expect the % of migrated cells will decrease in the RCE1 siRNA or RCE1 inhibitor treated cells compared to the control siRNA or vehicle control treated cells, respectively. 

Invasiveness will be assessed by seeding cells from each cell line treated with the RCE1 inhibitors at the optimal concentrations or vehicle control for 24 hours at 70% confluency on an upper compartment containing a cell permeable membrane coated with basement membrane extract at low, medium and high density available through R&D Systems. The cells will want to travel from the serum free upper compartment to the serum rich lower compartment and cells that degrade the matrix and migrate through the membrane will be stained and counted after 48 hours. RCE1 and control siRNA knockdown will be used as a genetic control to ensure results are specific for RCE1 and not an artifact of off-target effects of the inhibitor. I expect the percent of invasive cells will decrease in the RCE1 siRNA or RCE1 inhibitor treated cells compared to cells treated with control siRNA or vehicle control respectively.


Invasion Markers – urokinase-type plasminogen activator (uPA) – serine protease involved in degradation of the extracellular matrix and possibly tumor cell migration and proliferation, Matrix metalloproteinase-1 (MMP-1) - involved in the breakdown of extracellular matrix in normal physiological processes, such as embryonic development, reproduction, and tissue remodeling, as well as in disease processes, such as arthritis and metastasis. Specifically, MMP-1 breaks down the interstitial collagens, types I, II, and III. (Pancreatology 2012 Dr. Conlon)
Vimentin (VIM) – type III intermediate filament protein expressed in mesenchymal cells (Proteome Science 2009 Dr. Dowling)

Migration markers – plasma tissue factor pathway inhibitor (TFPI) tenascin C (TNC_FN III_C) (Journal of NCI 2017 Dr. Killary)
Transmembrane 4 L6 Family member 1 (TM4SF1) (International Journal of oncology) Dr. Tanaka 2015



Expected outcome: Rce1 inhibition 
decreases tumor burden, metastasis and 
increases survival in PDAC mouse models

17

D M S O  N S C 1 0 1 1 -2 /6 /1 7
0

5 0

1 0 0

1 5 0

T
u

m
o

r 
b

u
rd

e
n

 (
%

C
o

n
tr

o
l)

****

D M S O  N S C 1 0 1 1 -2 /6 /1 7
0

5 0

1 0 0

1 5 0

M
e

ta
s

ta
s

is
 (

%
C

o
n

tr
o

l)

****

0 5 0 1 0 0 1 5 0 2 0 0
0

5 0

1 0 0

D a y s  e la p s e d

P
e

rc
e

n
t 

s
u

rv
iv

a
l

N S C 1 0 1 1 -2 /6 /7

D M S O

Luciferase Tagged
Panc04.03/
Panc02.03

NSC1011-2/6/17

DMSO

Engraftment

Visualization by luciferin 
bioluminescence

Presenter
Presentation Notes
Lastly, to determine the effects of RCE1 inhibition on tumor burden, metastasis and survival, I will use a xenograft mouse model. To measure tumor burden and metastasis by luciferin bioluminescence, I will transduce Panc 02.03 and Panc 04.03 cells with a luciferase tag. This will allow for non-invasive imaging of the cells using IVIS 100 or IVIS Spectrum in vivo imaging systems provided by the small animal imaging facility at MD Anderson Cancer Center. Dose response assays will be performed on the transduced cells to ensure the vector and luciferase tag have not altered the cells response to the RCE1 inhibitors. For the in vivo experiments, a cell line derived orthotopic xenograft athymic nude mouse model will be utilized Athymic nude mice will be grouped into 4 arms containing 5 mice each will be injected orthotopically with 200,000 cells from each cell line tagged with luciferase, once the cells have engrafted as determined by luciferin bioluminescence the mice will be injected intravenously with the RCE1 inhibitor that caused the greatest decrease in viability, cell growth, migration and invasion at the optimal dose determined beforehand or vehicle control every 24 hours. Survival will be assessed as well as tumor burden and metastasis as measured by luciferin bioluminescence every 7 days for 120 days. Animal studies will be performed in accordance with the Animal Care and Use Committee of the University of Texas M.D. Anderson Cancer Center. Animals will be sacrificed once the tumor has reached a diameter of 1.5cm or at signs of distress, such as inability to access food or water or labored respiration.
I expect to see an increase in survival in the mice treated with RCE1 inhibitor compared to vehicle control treated mice. I also expect to see a decrease in tumor burden and metastasis in the mice treated with RCE1 inhibitor compared to vehicle control.

Additionally I will look at downstream phosphorylation in cells harvested from the tumors and normal pancreas tissue, this will confirm if any decrease in tumor burden or metastasis or increase in survival is due to the inhibition of the Ras Pathway. I expect to see a decrease in phosphorylation of downstream effectors of Ras in the tumors of the mice treated with RCE1 inhibitor compared to control.


Athymic nude mice with right flank 1,000,000 AsPC-1 xenograft (40-65 days) 46 hour doubling time Hawkins 2014 Molecular Oncology. Panc 04.03 doubling time 50.5 hours, Panc 02.03 doubling time 28.2 hours.

60% of pancreatic cancer specimens in these models display locoregional spread and metastasis. Tumors developed from cell lines do not show a dense stromal reaction as observed with human disease. 

Pancreatic cancers often spread to the lining of the abdominal cavity called the peritoneum and to the liver. They can also spread to the lungs, bone and brain among other organs.



Aim 1 - Pitfalls/Alternative approach:

 If this is not seen in vitro, alternate time points and concentrations will be 
determined by time curve and dose response, respectively.

 If this is not seen in vivo, I will alter the concentration and dosing schedule 
of the inhibitor injections.

 If this is still not seen, RNASeq and CyTOF will be performed to identify 
which genes or proteins that may be acting as compensatory mechanisms

 Tumor burden and metastasis can be determined postmortem.  

 Cell line derived orthotopic xenograft “humanized” NOD/SCID mouse 
models or PDX-1-Cre, LSL-KrasG12D, LSL-Trp53R172H/- (KPC) genetically 
engineered mouse models (GEMMs) can be used

 Tumors can be harvested to determine the efficacy of RCE1 inhibition in 
vivo

18
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Presentation Notes
Loss and inhibition of RCE1 have already been reported to decrease KRAS membrane localization. K-Ras activation is dependent on K-Ras membrane localization, therefore if mis-localization of KRAS is seen, downstream phosphorylation will decrease. KRAS activation is dependent on KRAS membrane localization, therefore if mis-localization of KRAS is seen, viability, cell growth, migration and invasiveness will decrease. If there is a decrease in viability, cell growth, migration and/or invasiveness in vitro, there will likely be a decrease in tumor burden and metastasis and an increase in survival in vivo. 

used instead of athymic nude mice, if engraftment of PDAC cells does not occur in athymic nude mice or if cell line derived orthotopic xenograft do not resemble the histopathology of human PDAC (23). 

as measured by the cleavage of terminal –AAX motif of Ras and/or Ras membrane localization. These tumors can also be used to identify other proteins that may be acting as compensatory mechanisms in the presence of RCE1 inhibition.




Aim 2: Determine synergistic effects of 
targeting RCE1 in combination with 

inhibitors of downstream effectors in PDAC

I hypothesize that RCE1 inhibition will have synergistic effects in combination 
with downstream inhibitors, such as MEK, Akt or PI3K inhibitors, in pancreatic 
ductal adenocarcinoma.

 Aim 2.1: Determine synergistic effects of RCE1 inhibitors in combination 
with MEK, Akt or PI3K inhibitors

 Aim 2.2: Evaluate effects of RCE1 inhibition in combination with MEK, Akt, 
PI3K inhibition on migration, invasion and in vivo tumor burden, metastasis 
and survival.

19
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Presentation Notes
A phase 2 clinical trial of the MAPK/ERK kinase (MEK) inhibitor, selumetinib, in combination with the FDA approved EGFR inhibitor, erlotinib, in previously treated advanced stage PDAC had promising results with a median progression-free survival of 1.9 months and a median overall survival of 7.3 months. However, a phase 2 clinical trial to study the effects of selumetinib in combination with the Akt inhibitor, MK-2206, showed no improvement in overall survival. Taken together, this demonstrates that inhibition of the Ras pathway is pharmacologically and physiologically possible, however further research is needed to optimize the effective use of these inhibitors in the treatment of pancreatic ductal adenocarcinoma. 




Aim 2.1: Determine synergistic effects 
of RCE1 inhibitors in combination with 

MEK, Akt or PI3K inhibitors

 Combination dose response assays for viability and cell growth in PDAC 
cells

20



Expected outcome: Combined RCE1and 
MEK, Akt or PI3K inhibition decreases viability 

and cell growth in PDAC cells

21

Akt/MEK/PI3K Inhibitor

RC
E1

In
hi

bi
to

r

Presenter
Presentation Notes
First, to determine the synergistic effects of RCE1 inhibition in combination with MEK Akt or PI3K inhibition on viability and growth in PDAC cells, I will conduct trypan blue exclusion tests and cell count assays. As before, I will treat 500,000 cells from each cell line with the RCE1 inhibitors at 1, 3, 10 and 30 micromolar as the IC50 of the RCE1 inhibitors has been reported at about 10 micromolar or vehicle control in combination with AKT, MEK or PI3K inhibitors at concentrations above and below their IC50 values or vehicle control for 24 hours then viability and cell count will be measured by trypan blue using the Vi-Cell cell counter. The cell growth will be determined from the cell count compared to control. RCE1 and control siRNA knockdown will be used as a genetic control to ensure results are specific for RCE1 and not an artifact of off-target effects of the inhibitor. I expect viability and cell growth to decrease in the cells treated with RCE1 siRNA or RCE1 inhibitors compared to control siRNA or vehicle control treated cells, respectively.



As the RCE1 inhibitors were previously reported to have IC50s of about 10 μM (21), the concentrations of RCE1 inhibitors for the dose response will be 1, 3, 10 and 30 μM. The MEK inhibitor, selumetinib, which has been used in clinical trials for PDAC (13, 14) has an IC50 of 14nM according to the Selleckchem technical datasheet and is able to reduce cell phosphorylation of ERK1/2 in vitro at concentrations of less than 0.5 μM (24) therefore selumetinib at the concentrations of 0.01, 0.03, 0.1, 0.3 and 1 μM will be used in the dose response. Since the Akt inhibitor, MK-2206, has IC50s for Akt 1, 2, and 3 of 8, 12 and 65 nM, respectively, according to the Selleckchem technical datasheet, and all three isoforms have been shown to play a role in chemoresistance (25) MK-2206 at the concentrations of 3, 10, 30, and 100 nM will be used for the dose response. Lastly, the PI3K inhibitor, idelalisib, currently FDA-approved for the treatment of chronic lymphocytic leukemia, has an IC50 of 2.5 nM for the p110δ subunit of PI3K according to the Selleckchem technical datasheet and has been shown to decrease viability of multiple myeloma patient samples by 50% with no effect to healthy cells at concentrations lower than 20μM (26). Therefore, I will use idelalisib at the concentrations of 0.01, 0.1, 1 and 10 μM for the dose response.




Aim 2.2: Evaluate effects of combined 
inhibition on migration, invasion and in vivo 

tumor burden, metastasis and survival.

 Migration and Invasion
 Scratch Test

 Matrix Invasion Assay

 In vivo tumor burden, metastasis and survival

22



Expected Outcome: Combined RCE1and 
MEK, Akt or PI3K inhibition decreases 

migration and invasiveness of PDAC cells 

23
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Presenter
Presentation Notes
Migration will be measured by seeding a confluent monolayer of cell lines treated with the RCE1 inhibitors at the optimal concentrations, MEK, AKT or PI3K inhibitor at the optimal concentration, the combination of both or vehicle control for 24 hours in a tissue culture dish. The surface of the dish will be scratched with a pipette tip and images of the dish will be taken by IncuCyte every 2 hours for 48 hours. Distance between the sides of the scratch will be analyzed by Media Cybernetics Image Pro-Plus software. I expect the % of migrated cells will decrease in the RCE1 inhibitor and MEK,AKT or PI3K inhibitor treated cells compared to the vehicle control treated cells this will be further decreased with the combination treatment. 

Invasiveness will be assessed by seeding cells from each cell line treated with the RCE1 inhibitors at the optimal concentrations, MEK Akt or PI3K inhibitor at the optimal concentration, the combination of both or vehicle control for 24 hours at 70% confluency on an upper compartment containing a cell permeable membrane coated with basement membrane extract at low, medium and high density available through R&D Systems. The cells will want to travel from the serum free upper compartment to the serum rich lower compartment and cells that degrade the matrix and migrate through the membrane will be stained and counted after 48 hours. I expect the percent of invasive cells will decrease in the RCE1 siRNA or RCE1 inhibitor treated cells compared to cells treated with vehicle control respectively.


Invasion Markers – urokinase-type plasminogen activator (uPA) – serine protease involved in degradation of the extracellular matrix and possibly tumor cell migration and proliferation, Matrix metalloproteinase-1 (MMP-1) - involved in the breakdown of extracellular matrix in normal physiological processes, such as embryonic development, reproduction, and tissue remodeling, as well as in disease processes, such as arthritis and metastasis. Specifically, MMP-1 breaks down the interstitial collagens, types I, II, and III. (Pancreatology 2012 Dr. Conlon)
Vimentin (VIM) – type III intermediate filament protein expressed in mesenchymal cells (Proteome Science 2009 Dr.Dowling)

Migration markers – plasma tissue factor pathway inhibitor (TFPI) tenascin C (TNC_FN III_C) (Journal of NCI 2017 Dr. Killary)
Transmembrane 4 L6 Family member 1 (TM4SF1) (International Journal of oncology) Dr. Tanaka 2015




Expected outcome: Combined RCE1and 
MEK, Akt or PI3K inhibition increases survival in 

mouse models

24

D M
S O

 

N S C 1 0 1 1 -2
/6

/1
7

M
E K /A

k t/P
I3

K  in
h ib

ito
r

N S C 1 0 1 1 -2
/6

/1
7 +

M
E K /A

k t/P
I3

K  in
h ib

ito
r

0

5 0

1 0 0

1 5 0

T
u

m
o

r 
B

u
rd

e
n

 (
%

C
o

n
tr

o
l)

****

****

****

D M
S O

 

N S C 1 0 1 1 -2
/6

/1
7

M
E K /A

k t/P
I3

K  in
h ib

ito
r

N S C 1 0 1 1 -2
/6

/1
7 +

M
E K /A

k t/P
I3

K  in
h ib

ito
r

0

5 0

1 0 0

1 5 0

M
e

ta
s

ta
s

is
 (

%
C

o
n

tr
o

l)

**** ****

****

0 5 0 1 0 0 1 5 0 2 0 0
0

5 0

1 0 0

D a y s  e la p s e d

P
e

rc
e

n
t 

s
u

rv
iv

a
l

N S C 1 0 1 1 -2 /6 /7

D M S O

M E K /A k t/P 1 3 K  in h ib ito r

N S C 1 0 1 1 -2 /6 /1 7 +
M E K /P I3 K /M A P K  in h ib ito r

Presenter
Presentation Notes
Lastly, to determine the effects of RCE1 inhibition on tumor burden, metastasis and survival, I will use a xenograft mouse model. To measure tumor burden and metastasis by luciferin bioluminescence, I will transduce Panc 02.03 and Panc 04.03 cells with a luciferase tag. This will allow for non-invasive imaging of the cells using IVIS 100 or IVIS Spectrum in vivo imaging systems provided by the small animal imaging facility at MD Anderson Cancer Center. Dose response assays will be performed on the transduced cells to ensure the vector and luciferase tag have not altered the cells response to the RCE1 inhibitors. For the in vivo experiments, a cell line derived orthotopic xenograft athymic nude mouse model will be utilized Athymic nude mice will be grouped into 4 arms containing 5 mice each will be injected orthotopically with 200,000 cells from each cell line tagged with luciferase, once the cells have engrafted as determined by luciferin bioluminescence the mice will be injected intravenously with the RCE1 inhibitor that caused the greatest decrease in viability, cell growth, migration and invasion at the optimal dose determined beforehand or vehicle control every 24 hours. Survival will be assessed as well as tumor burden and metastasis as measured by luciferin bioluminescence every 7 days for 120 days. Animal studies will be performed in accordance with the Animal Care and Use Committee of the University of Texas M.D. Anderson Cancer Center. Animals will be sacrificed once the tumor has reached a diameter of 1.5cm or at signs of distress, such as inability to access food or water or labored respiration.
I expect to see an increase in survival in the mice treated with RCE1 inhibitor compared to vehicle control treated mice. I also expect to see a decrease in tumor burden and metastasis in the mice treated with RCE1 inhibitor compared to vehicle control.


Downstream phosphorylation

Pancreatic xenograft typical survival

Metastasis sites




Aim 2 - Pitfalls/Alternative approach:

 If this is not seen in vitro, alternate time points and concentrations of both 
inhibitors will be determined by time curve and dose response, 
respectively.

 If this is not seen in vivo, I will alter the concentration and dosing schedule 
of injections of both inhibitors.

 If this is still not seen, RNASeq and CyTOF will be performed to identify 
which genes or proteins may be acting as compensatory mechanisms.

 Tumor burden and metastasis can be determined postmortem.  
 Cell line derived orthotopic xenograft “humanized” NOD/SCID mouse 

models or PDX-1-Cre, LSL-KrasG12D, LSL-Trp53R172H/- (KPC) genetically 
engineered mouse models (GEMMs) can be 

 Tumors can be harvested to determine the efficacy of RCE1 inhibition in 
vivo

25

Presenter
Presentation Notes
KRAS activation is dependent on KRAS membrane localization, therefore if mis-localization of KRAS is seen, viability, cell growt
If there is a decrease in viability, cell growth, migration and/or invasiveness in vitro, there will likely be a decrease in tumor burden and metastasis and an increase in survival in vivo.h, migration and invasiveness will decrease. 



Conclusion

 RCE1 inhibition potentially be used as a treatment in Ras mutated PDAC, 
as Ras localization to the membrane is essential for Ras activity and RCE1-
mediated proteolytic cleavage of the terminal  –AAX motif is an necessary 
step of Ras membrane localization

 Combination treatments of RCE1 inhibitor with MEK, Akt or PI3K inhibitors 
can decrease the concentration of both inhibitors required for effective 
treatment and there for decrease off target effects and toxicities.

26
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Toxicity
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Presentation Notes
Ras proteins must associate with cellular membranes in order to transduce signals. Membrane association constrains Ras in two dimensions and thereby greatly facilitates its interaction with GEFs and GAPs. Indeed, Ras GEFs are primarily regulated through their translocation to membranes via domains that bind membrane proteins (e.g. SH2) or membrane phospholipids (e.g. PH). Activated Ras, in turn, recruits its effectors to membranes. In the case of Raf-1, the membrane itself participates in the activation of this kinase via a poorly understood mechanism40. Thus Ras is not only an allosteric regulator of the Raf-1 kinase but also a membrane tether for the protein

Pancreatic tumor cell xenografts showed a dose dependent reduction of tumor growth following PDE(delta) inhibition (Spiegel 2014, Zimmermann 2013)
Characterization of inducible oncogenic Kras model (iKRasp53L/+) Showed that KRASG12D is required for PDAC maintenance as KRAS extinction by doxycycline removeal led to rapid tumor regression and degeneration of stromal compartment.

G12 (99%, G12D 50%) mutations most common sterically block the orientation of Q61 that is essential for RAS/GAP (GTP-ase activating protein-GTP hydrolysis)
G13 enhances flexibility of GTP binding and leads to faster GTP/GDP cycle.

GEF guanine nucleotide exchange factor

K-Ras first identified in Kirsten rat sarcoma virus, H-Ras identified in Harvey rats and N-Ras in neuroblastoma
KRAS4B (ubiquitous) recycling endosome, KRAS4A (Palmitylated-Golgi), 
Mutant KRAS>(b?)Raf> MEK>ERK> Elk
	> PI3K > AKT
Raf Serine/Threonine –specific protein kinase Rapidly Accelerated Fibrosarcoma
MEK-MAPK/ERK Kinase (mitogen activated protein kinase) mitogen – chemical that encourages cell division and mitosis
ERK-Extracellular signal-regulated kinase
Elk1- transcription factor-ETS domain –Leukemia (Science 1989)
PI3K-Phosphatidylinositol-3-Kinase
Akt – serine/threonine-specific protein kinase “Ak” temporary classification name for mouse and “t” for thymoma

High affinity for GTP, Abundance of GTP in cell



Presenter
Presentation Notes
Though the human RCE1 crystal structure has not been elucidated, there is topology data on RCE1 from yeast and crystal structure of the archaea homolog, which is only 15% similar to human RCE1 and suggests it proteolyzes Ras through a novel mechanism involving an active site glutamate. Published work by Dr. Schmidt in 2013 eliminated the possibility of a cysteine protease mechanism and work published by Dr. Schmidt in 2006 and 2009 showed a glutamate and two histidines are essential for proteolytic activity. The paper in which the inhibitors were described suggest the 1-naphthol derivates 27, 29 and 31 being marginally more potent compared the corresponding 8-hydroxylquinoline analogs 1, 2 and 5 infers that human RCE1 may not be a zinc metalloprotease as 8-hyrdroxylquinoline scaffold chelates zinc and 1-napthol does not, which agrees with structural data reported for the archaea homolog of RCE1.

C – Cysteine 
A - Aliphatic amino
X – one of several
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Presentation Notes
An organoid is a miniaturized and simplified version of an organ produced in vitro in three dimensions that shows realistic micro-anatomy. They are derived from one or a few cells from a tissue, embryonic stem cells or induced pluripotent stem cells, which can self-organize in three-dimensional culture owing to their self-renewal and differentiation capacities. 
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Presentation Notes
FDA Approved:
Fluoruoracil (5-FU) – a pyrimidine analog & antimetabolite which incorporates into the DNA and stops DNA synthesis
Capecitabine (xeloda) metabolized to 5-FU
Folinic Acid – (leucovorin/wellcovorin) – vitamin B derivative that reduced side effects of 5-FU
Irinotecan (Camptosar) (Irin) a topoisomerase inhibitor, prevent DNA from uncoiling and duplicating
Nanoliposomal irinotecan (onivude) – encapsulated liposome that circulated longer
Oxaliplatin (Eloxatin) (Ox)– platinum based antineoplastic agent inhibits DNA repair and/or DNA synthesis
Erlotinib (Tarceva) – EGFR (RTK) inhibitor
Nab-paclitaxel – nanoparticle albumin-bound paclitaxel (Targets tubulin, causes defects in mitotic spindle assembly chromosome segregation and cell division by stabilizing microtubule polymer and protects it from disassembly, thus chromosomes are unable to achieve a metaphase spindle configuration)
Gemcitabine (Gemzar) (G)– triphophorylated gemcitabine mimics cytidine and incorporates into DNA
Cisplatin- platinum based like oxaliplatin 

Phase 3:
Momelotinib – JAK1/2 inhibitor (terminated) +Nabpacitaxel and gemcitabine
Napabucasin – cancer cell stemness inhibitor with potential antineoplastic activity (+Nab paclitaxel and gemcitabine)

Phase 2:
FOL-F-IRIN-OX- 11.1 month survival, highly toxic
Nivolumab (N)– PD-1 Checkpoint inhibitor
Paricalcitol (P)– prevention and treatment of secondary hyperparathyroidism (excessice secretion of parathyroid hormone)
(N-AP-P-C-G) 
Selumetinib – MAPK ERK Kinase inhibitor
AKT inhibitor MK2206
Selumetinib and Erlotinib progressin free 1.9 months overall 7.3 months
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Presentation Notes
Athymic nude mice – NK cells, Bcells, Granulocytes, macrophages, dendritic cells. Not mature T-cells needed for adaptive cytotoxic immune response.









Gemcitabine
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Synthesis of Novel Rce1 Inhibitors
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RCE1 IC50: 8.9 ± 1.08 µM 8.2 ± 1.1 µM 9.8 ± 1.1 µM



40



41

https://en.wikipedia.org/wiki/MAPK/ERK_
pathway#/media/File:MAPKpathway.jpg



42



43



44



45



46



47


	TAP Off-topic Candidacy: �RCE1 inhibition for the treatment of Ras mutated pancreatic ductal adenocarcinoma
	Pancreatic ductal adenocarcinoma (PDAC) survival statistics illustrate the need for new therapies.
	Oncogene dependence in PDAC is a rationale for the use of Ras regulation for treatment
	Inhibition of the transport to the cell membrane impedes Ras activity
	Ras converting enzyme 1 (RCE1) inhibition can be used to regulate Ras membrane localization
	Novel RCE1 inhibitors show specificity for RCE1 AAX cleavage
	Hypothesis and specific aims
	Aim 1: Determine whether inhibition of RCE1 will decrease cell growth and viability of pancreatic ductal adenocarcinoma
	Aim 1.1: Determine molecular effects of RCE1 inhibition on PDAC. 
	Cell lines
	Expected outcome: Ras localization to the membrane is impeded by RCE1 inhibition in PDAC cells
	Expected outcome: Ras localization to the membrane is impeded by RCE1 inhibition in PDAC cells
	Expected outcome: Ras - dependent phosphorylation prevented by RCE1 inhibition in PDAC cells
	Aim 1.2: Determine cellular effects of RCE1 inhibition on PDAC.
	Expected outcome: RCE1 inhibition decreases viability and cell growth in PDAC cell
	Expected Outcome: RCE1 inhibition decreases migration and invasiveness of PDAC cells 
	Expected outcome: Rce1 inhibition decreases tumor burden, metastasis and increases survival in PDAC mouse models
	Aim 1 - Pitfalls/Alternative approach:
	Aim 2: Determine synergistic effects of targeting RCE1 in combination with inhibitors of downstream effectors in PDAC
	 Aim 2.1: Determine synergistic effects of RCE1 inhibitors in combination with MEK, Akt or PI3K inhibitors
	Expected outcome: Combined RCE1and MEK, Akt or PI3K inhibition decreases viability and cell growth in PDAC cells
	Aim 2.2: Evaluate effects of combined inhibition on migration, invasion and in vivo tumor burden, metastasis and survival.�
	Expected Outcome: Combined RCE1and MEK, Akt or PI3K inhibition decreases migration and invasiveness of PDAC cells 
	Expected outcome: Combined RCE1and MEK, Akt or PI3K inhibition increases survival in mouse models
	Aim 2 - Pitfalls/Alternative approach:
	Conclusion
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Gemcitabine
	Synthesis of Novel Rce1 Inhibitors
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47

