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Abstract 

Title of Dissertation: The endogenous metabolite 5-Methoxytryptophan as a potential novel 
therapy for pancreatic cancer  

Emma Elizabeth Murdoch, Master of Science, 2017 

Directed by: Professor Ke-he Ruan, Department of Pharmacological and Pharmaceutical 
sciences, University of Houston 

Pancreatic adenocarcinoma is a highly aggressive cancer, and due to a lack of early 
detection methods, is often diagnosed in the late stages of the disease. One reason for the poor 
prognosis in pancreatic cancer is the repopulation of tumors, which is driven by pathological 
cyclooxygenase-2 production. The L-tryptophan metabolite 5-MTP has previously been shown 
to reduce COX-2 transcription via the p300 histone acetyltransferase. In a scratch test assay 
using the PANC-28 cell line, we demonstrated that PANC-28 cell invasion could be reduced by 
treatment with 5-MTP at the micromolar level. This project included molecular modeling of 5-
MTP at the PGE2 receptor EP3. 5-MTP showed a strong binding score, in a similar location to 
that of the endogenous prostaglandins. A cell counting kit was used to measure cell survival 
following 5-MTP administration, and showed that 5-MTP was non-toxic to cells. Given our 
results, it is possible that 5-MTP may have a beneficial role in pancreatic cancer. Future studies 
will include biochemical and ligand binding assays to build upon these findings.  
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Key terms 

COX-2 Cyclooxygenase-2 

PGE2 Prostaglandin E2 

5-MTP 5-methoxytryptophan 

P300 HAT P300 Histone Acetyltransferase 

EP  Prostaglandin E2 receptors 

 

Background/Context 

Pancreatic adenocarcinoma is a highly aggressive cancer, with a five-year survival rate of 
only 7%. Surgical resectioning is an established approach which increases the five-year survival 
rate to 10%. Unfortunately, the percentage of tumors that are treatable through resectioning is 
low. Furthermore, patients who undergo surgical resectioning often experience recurrence, due to 
tumor repopulation by cancer stem cells (National Cancer Database, managed by the American 
College of Surgeons and American Cancer Society, 2017). Survival rates differ based on the 
stage of diagnosis. For example, if pancreatic adenocarcinoma is diagnosed at Stage IA, where 
the tumor is under 2 cm across and isolated to the pancreas (no spread to lymph nodes or other 
organs) the survival rate is 14%. However, if the cancer is identified late (Stage IV), and has 
already spread to other sites, the survival rate is just 1%. The low survival rate even in cancers 
diagnosed early speaks to the aggressiveness of this disease (Bilimoria et al, 2007; American 
Joint Committee on Cancer, 2017). It is the second deadliest cancer, surpassed only by Diffuse 
Intrinsic Pontine Glioma (Howlader et al., 2017). The Surveillance, Epidemiology, and End 
Results program, run by the National Cancer Institute of the NIH, projects that both the new 
cases and deaths per 100,000 people have not significantly changed since 1975 (Howlader et al., 
2017).  

The onset of pancreatic cancer has some key features. Chronic pancreatitis is often, but 
not always, a precursor symptom, which can develop into pancreatic cancer. However, most 
patients with chronic pancreatitis do not see their condition progress into pancreatic cancer. 
Alcohol use, workplace chemical exposure, and smoking are prominent risk factors (Ilic and Ilic, 
2016). Diabetes is another risk factor, as it affects the pancreas. Men are slightly more likely than 
women to develop the disease, and African American patients are slightly more likely to develop 
pancreatic cancer than white non-hispanic patients. Pancreatic cancer can be familial, and a 
family history of pancreatic cancer increases individual risk. Overall, the estimated likelihood of 
developing pancreatic cancer at some point is about 1 in 65 people (Howlader et al., 2017). 
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There are a number of mutations, particularly in the Kras gene locus, which have been associated 
with pancreatic cancer. Around 95% of pancreatic cancer patients exhibit mutations in the Kras 
gene, which normally functions as a GTPase. Overall, those patients with inherited genetic 
mutations only represent about 10% of all pancreatic cancer patients (National Cancer Database, 
managed by the American College of Surgeons and American Cancer Society, 2017).  

Pancreatic cancer is an insidious disease, as tumor development often starts long before 
treatment begins (Hruban et al., 2008). This late diagnosis increases the likelihood of remote 
metastasis. Surgical resectioning is only an option in about 20% of cases, while 80% of those 
who undergo resectioning still experience recurrence (PANCAN Impact Report, 2016).  

Problem: Limitations in treatment  

One reason for the poor prognosis in pancreatic cancer is the repopulation of tumors by 
cancer stem cells, which is driven by pathological cyclooxygenase-2 (COX-2) production (Colby 
et al., 2008). Cyclooxygenase-2 and PGE2 overproduction have been implicated as contributing 
factors in cancer recurrence and reduced survival times in pulmonary metastasectomy (Lang et 
al., 2017). This feature, along with increased angiogenesis at tumor sites, has been observed in 
triple negative breast cancer (Tian et. al, 2017), as well as pancreatic cancer (Hu et al., 2017). 
COX-2 has also been implicated in the stemness of cancer cells, a term used to describe the stem 
cell-like features observed in cancer stem cells (Tian et al., 2017).  

Chemotherapy and radiation treatments, coupled with antineoplastic drugs and tyrosine 
kinase inhibitors, are commonly used for treatment of late-stage pancreatic adenocarcinoma 
(National Comprehensive Cancer Network Clinical Practice Guidlines, 2016). Unfortunately, the 
LAP-07 clinical trials demonstrated that radiation did not significantly improve survival rates 
among patients undergoing chemotherapy (Hammel et al., 2016). Furthermore, this same study 
showed that, in patients undergoing maintenance therapy, the use of antineoplastic drugs in 
addition to tyrosine kinase inhibitors did not significantly improve patient outcomes. 

A lack of diagnostic methods contributes to the lethality of this disease. However, a 
limited patient sample size makes diagnostic research in relevant populations difficult (Petrone 
and Arcidiacono, 2016). Patients are often asymptomatic until the cancer has progressed to the 
later stages. Ongoing efforts have focused on a combination of therapeutic and diagnostic 
particles, termed “theranostic” treatments (King et al., 2017). Monoclonal antibodies have been a 
focal area of research in the field of oncology for some time, and the development of pH-targeted 
nanoparticles containing fluorescent dye and monoclonal antibodies has shown promise (King et 
al., 2017). Circulating tumor DNA is a feature seen in many cancers with a propensity for 
metastasis, including pancreatic adenocarcinoma (Pietrasz et al., 2017). One common feature of 
circulating tumor DNA is hypermethylation, which was recently identified as a potential 
diagnostic tool in pancreatic cancer (Henriksen et al., 2016). Identification of hypermethylated 
regions of circulating tumor DNA can help inform drug targeting efforts, as well as identify 
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regional localization of hypermethylation. Combined use of high-fidelity imaging coupled with 
targeted drug treatment is another growing area of research in oncology (Zhu et al., 2017). Use 
of such targeted methods help to minimize systemic exposure to chemotherapeutic drugs, but 
further research is needed before they are put into broad use. Continued research into early 
diagnostic methods will be a key factor in future treatments for pancreatic cancer. The use of 
LCMS to measure key metabolites in the blood following treatment with standard anti-cancer 
therapies can also help to determine whether the drug is having an effect on its target. This field, 
termed plasma metabolomics, could change the way drug regimens are tailored to treatment 
response in individual patients (Ang et al, 2016).  

Overview of the inflammatory pathway in cancer 

The inflammatory and anti-inflammatory milieus of the body exert their opposing effects 
to regulate vasoconstriction, immune cell recruitment, and overall endothelial function. 
prostaglandin E2 receptors 1-4 are responsible for a variety of anti-inflammatory and pro-
inflammatory responses (Ushikubi et al., 2000). This inflammatory and anti-inflammatory 
signaling is required to maintain regular vascular and immune function. Inflammatory responses 
are necessary to respond to tissue damage and induce fever in response to infection. However, 
upsetting the balance between these systems through overexpression of inflammatory factors can 
lead to the development of endothelial dysfunction (Huang et al., 2003). This is particularly 
dangerous in patients with conditions that directly or indirectly involve the vascular system, 
including arthritis, myocardial infarction, and cancers of the GI tract (Rajendran et al., 2013). 
Tumor development requires oxygen and nutrients, and there are a number of ways aggressive 
cancers can respond to a lack of these necessary environmental factors. During metastasis, small 
stem cells can detach from the tumor mass and travel to and invade lymph nodes and other 
remote sites (Van Zijl et al., 2011). Tumors can also begin to secrete inflammatory signals, 
recruiting a host of immune cells to the area (Lehmann et al., 2017). Both facilitatory and 
inhibitory signaling can trigger angiogenesis, making this a complex facet of the disease to treat 
(Nishida et al., 2006). Reciprocal communication between cancer and immune cells, as well as 
inflammatory factors such as cytokines and interleukins, can support cancer survival 
(Grivennikov et al., 2010). Furthermore, carcinoma cells can manipulate the local immune 
environment to drive production of pro-inflammatory factors that mediate metastasis (Kim et al., 
2009). In rat insulinoma cells, PGE2 and PGD2 were shown to regulate the expression of both 
COX-2 and receptors EP3 and EP4 (Burke et al., 2011).  

Cyclooxygenase, or prostanoid endoperoxide synthase, is an enzyme that produces 
prostanoids from arachidonic acid. Arachidonic acid is freed from the phospholipid bilayer of 
cells throughout the body, and is primarily utilized in the body as a signaling substrate via 
eicosanoid pathways. Arachidonic acid supplementation has shown promise as an anti-
inflammatory substance, by reducing IL-6 levels in participants who are engaged in strength 
training (Roberts et al., 2007). Therefore, arachidonic acid likely plays both pro- and anti-
inflammatory roles in the body, depending on additional factors. Arachidonic acid can be 
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isolated from cellular bilayers by either diacyl glycerol or phospholipase A2. Once arachidonic 
acid is freed, it is used as a substrate by either 5-lipooxygenase (which leads to downstream 
production of leukotrienes) or cyclooxygenase enzymes. Diversion to the cyclooxygenase 
pathway leads to production of prostaglandins, thromboxanes, or prostacyclin by their respective 
synthase enzymes. Two cyclooxygenase isoforms are present in the body: COX-1, which is 
constitutively expressed, and COX-2, which is produced during inflammation. The COX-2 
enzyme produces inflammatory prostaglandin-E2 (PGE2) from arachidonic acid via microsomal 
PGE2 synthase, which stimulates cell proliferation and tumorigenesis in pancreatic cancer 
(Yoshida et al., 2005). COX-2 is overexpressed in pancreatic cancer (Yip-Schneider, 2000). 
Specific COX-2 inhibitors have been used in cancer treatment, but they carry a serious risk of 
cardiovascular complications (Carnevali et al., 2017; Nzeako and Gores, 2002). COX-2 is held 
under the transcriptional control of histone acetyltransferase p300, which acts at the COX-2 
promoter to induce transcription. In fact, p300 itself has been identified as a target for anti-cancer 
therapies (Yang et al., 2013). 5-Methoxytryptophan (5-MTP) is an L-tryptophan metabolite first 
discovered in the retina which exhibits global anti-inflammatory properties (Wu et al., 2014). 5-
MTP has been shown to reduce COX-2 transcription via action on the p300 HAT transcription 
factor (Deng et al., 2004). We used the PANC-28 cell line, which uniquely exhibits both acinar 
and ductal cell properties, making it an ideal model of the in vivo tumor environment. Increased 
COX-2 expression also drives angiogenesis and tumor repopulation (Pang et al., 2016). 
Inhibition of COX-2 has also been found to reduce vascular endothelial growth factor (VEGF)-
dependent angiogenesis in tumors (Hu et al., 2017). COX-2 overexpression is associated with 
poor prognosis in a number of patients, including those who have undergone pulmonary 
metasectomy (Lang et al., 2017) and pancreatic cancer (Matsubayashi et al., 2007). Furthermore, 
COX-2 overexpression along with p300 HAT overexpression is associated with poor prognosis 
in laryngeal squamous cell carcinoma (Chen et al., 2013). This supports the theory that the 
interaction of COX-2 and p300 can drive cancer pathology.  
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Figure 1. The cyclooxygenase pathway 

Cyclooxygenase inhibitors have long been used for the treatment of inflammatory 
conditions, including arthritis. Aspirin, perhaps the most readily recognizable non-steroidal anti-
inflammatory drug (NSAID), has been in clinical use since its introduction by Bayer over 100 
years ago. Aspirin works via irreversible inhibition of the COX enzymes. Since the turnover of 
these enzymes is relatively slow, fibrinogen remains inhibited, causing a decrease in platelet 
aggregation (Schafer, 1995). Following the overuse of steroids in the 1950’s, over the counter 
NSAIDs (including aspirin and ibuprofen) emerged as the predominant class of maintenance 
drugs for treatment of inflammatory conditions (Buer JK, 2014). Such non-specific inhibitors 
(which inhibit both constitutively expressed COX-1 and inducible COX-2) can be effective anti-
inflammatory drugs, but their continued use should be monitored. Long-term use of these drugs 
in patients with chronic inflammatory conditions often causes gastrointestinal complications, due 
to inhibition of COX-1 enzymes in the GI tract (Graham et al., 2005). As a result, inhibitors were 
developed to specifically target COX-2. Unfortunately, these drugs also proved dangerous, as 
long-term use of drugs such as Celecoxib can increase the occurrence of myocardial infarction 
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(Baigent and Patrono, 2003). This was illustrated when rofecoxib was released by Merck for the 
treatment of arthritis, but was removed from the market in 2004 due to safety concerns. COX-2 
inhibitors have been used short-term in the treatment of various cancers, but the cardiovascular 
effects of these drugs limit their clinical use. Celecoxib, or NS-398, is a drug that has shown 
promise in preventing recurrence in colorectal adenocarcinoma, but cardiovascular complications 
have resulted in the suspension of multiple clinical trials (Thompson et al., 2016). As of now, 
there is no way to mitigate the cardiovascular risks associated with long-term use of celecoxib, 
but use of inhibitors of TXA2 (which is COX-1 dependent) has been proposed (Meek et al., 
2010). Furthermore, the broad efficacy of complete inhibition of COX-2 in COX-2 
overexpressing cancers has come into question.  One phase III clinical trial studied the use of 
celecoxib in conjunction with traditional chemotherapy regimens in advanced non-small-cell 
lung cancer, and found that high COX-2 expression using immunohistochemistry in biopsied 
tissue, did not effectively predict patient improvement. However, high COX-2 expression in 
cancer and leukemia group B (CALGB 30203) did correlate with improvement in patients 
treated with celecoxib (Edelman et al., 2017).  

Previous work has identified the role of PGE2 in promoting cancer cell proliferation via 
cAMP stimulation in colorectal cancer cells (Löffler et al., 2008). In this study, a dose response 
curve for mitogenicity was established using PGE2 at both nanomolar and micromolar 
concentrations in four colorectal cancer cell lines. While this data is not directly applicable to 
pancreatic cancer, the two diseases display many of the same molecular and pathological 
features. For instance, COX-2 expression and PGE2 levels are found to be elevated in both 
cancers, and specific PGE2 receptor levels are also found to be overexpressed. Local 
inflammation can further promote disease progression, as can increased PGE2 expression. The 
role of cAMP in the promotion of cell invasion was confirmed in a separate line of research 
using pancreatic cancer cells (Zimmerman et al., 2015). This supports the theory that cAMP 
promotes the invasion and mitogenicity of pancreatic cancer.  

Crystal structures for G-protein coupled receptors (GPCRs) are exceedingly difficult to 
obtain, as adequate protein purification is a limiting factor. Sybyl is a 3D molecular modeling 
program that allows the user to virtually dock any compound to a receptor or non-receptor 
protein. Our lab has previously used this program to virtually dock natural products and 
synthesized compounds to a variety of prostaglandin receptors (Akasaka et al., 2016). It has also 
allowed for us to identify key structural components of receptors when crystal structures are not 
available. We previously utilized Sybyl X to construct a model of the prostaglandin E2 receptor 3 
(EP3). We then used this model to test the predicted binding score of 5-methoxytryptophan to the 
EP3 receptor. GPCRs display a level of structural conservation across families (Kinoshita and 
Okada, 2015). As such, we used the crystal structure of the β2 adrenergic receptor as a model, 
and fitted the sequence of the EP receptor to create a homology model. Details such as the 
presence of a disulfide bridge at one of the TMDs were included. A visual was generated and 
used to generally assess the likely binding characteristics of the compound at receptor EP3. 
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Previous research has shown that 5-methoxytryptophan reduces COX-2 production and, in turn, 
PGE2 production in the endothelium. Additionally, 5-methoxytryptophan reduces cAMP 
production in the endothelium. Due to the dual effects on the PGE2 pathway and cAMP 
pathway, it is possible that 5-methoxytryptophan is binding to a PGE2 receptor. Among the EP 
receptors, EP3 is the main receptor modulating cAMP production. Therefore, it would be the 
only likely EP receptor to which 5-methoxytryptophan would bind.  

COX-2 is associated with prostaglandin receptors, which are differentially expressed in 
various cancer types. For instance, colorectal cancer strains have been shown to overexpress 
receptor EP1 (Watanabe et al., 1999). EP4 receptor antagonism has been shown to limit 
metastasis in a murine model of breast cancer (Kundu et al., 2009). In vitro studies using 
pancreatic adenocarcinoma lines have shown that high EP2 receptor expression is associated 
with worse outcome, while EP4 receptors may act to inhibit adenocarcinoma growth via PKA 
(Schmidt et al., 2017).  

5-Methoxytryptophan (5-MTP) is an L-tryptophan metabolite that was first identified in 
the retina, and which exerts anti-inflammatory effects throughout the body. After its initial 
identification, two decades passed before the therapeutic role of 5-MTP was discovered in 
myocardial infarction (MI) patients (Lin et al., 2016). In these patients, plasma 5-MTP was 
measured at various time points post-myocardial infarction. It was found that, among 26 patients, 
5-MTP levels were reduced for six months immediately following MI. 5-MTP levels in these 
patients were not restored to baseline until beyond 1 year post-mortem, and 5-MTP levels were 
found to be predictive of long-term post-MI mortality. 5-MTP was also found to protect 
endothelial barrier cells by blocking the proliferative p38 MAPK pathway (Chu et al., 2016). 
Additionally, 5-MTP was found to be produced by HS-68 human foreskin fibroblasts in cell 
culture. In this study, cancer cell lines were compared in vitro, and it was found that cancer cell 
lines including A549 (adenocarcinoma of human alveolar basal epithelial cells) produced far less 
5-MTP than non-cancerous HS-68 fibroblasts. 5-MTP was found to suppress COX-2 expression 
in cancer cells, thus reducing prostaglandin production, specifically PGE2 (Cheng et al., 2012).  

Methodology  

CCK-8 Assay to determine cell viability  

HEK and PANC-28 cells were plated at a density of 0.00147 x 106 cells per milliliter in a 
96-well plate in 1X Dulbecco’s Modified Eagle’s Medium (DMEM) containing 10% fetal bovine 
serum and 1% antibiotic-antimycotic. Culture medium was mixed with 5-methoxytryptophan 
(diluted to 100 mM with dimethyl sulfoxide (DMSO)), to prepare the following sample groups: 
No treatment (medium only), DMSO only, 1 μM 5-MTP, 3 μM 5-MTP, and 10 μM 5-MTP. The 
volume of DMSO used in the DMSO control group matched the volume of DMSO used in the 
10 μM 5-MTP group. Cells were cultured for 24 hours at 37 degrees C at 5% CO2. 10 μL (10% 
total well volume) of CCK-8 fluid was then added and cells were incubated for 2.5 hours at 37 
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degrees C in 5% CO2. The CCK cell counting kit-8 (Biotool, Houston, TX) is a colorimetric 
assay measuring cell viability. This kit utilizes a tetrazolium salt which is converted to a 
formazan dye following dehydrogenase activities in the cytoplasm that are indicative of normal 
cellular metabolism. The formazan dye, which is soluble in cell culture medium, can then be 
measured using a Varioskan Flash plate reader at 450 nm (Thermo Scientific, St. Louis, MO), 
with OD values (optical density) representing the number of viable cells in a sample. We 
performed this assay twice to generally determine whether 5-MTP administration resulted in 
toxicity in either HEK or PANC-28 cells. Toxicity is indicated by very low OD values (less than 
1.) This indicates a loss of mitochondrial function. 

Cell Invasion Assay to determine cell proliferation  

The cell invasion assay (also known as the “scratch test”) is useful for qualifying the rate 
of cell growth in a sample. This is commonly used in cancer cells, as cancer cell lines, 
particularly more aggressive cancers, will exhibit a high rate of invasion. Experiments were 
repeated for five trials. Cells were collected from a 10 cm plate (8.8 x 106 cell density) and 
suspended in 4 mL of 1X Dulbecco's Modified Eagle's Medium (DMEM) containing 10% fetal 
bovine serum and 1% antibiotic-antimycotic. 50 μL was transferred to each well of a 24 well 
plate and grown in complete medium (total well volume 500 μL) for 24 hours, to 90% 
confluence. Cells were scraped in a crosshair pattern, and the center open area was measured. 
This ensures that the same location will be imaged at every time point. Following the 24 hour 
culture period, cells were “scratched” from the surface of the plate using a modified cell scraper. 
Each well was then checked under a confocal microscope to ensure that the scratch was complete 
and formed a crosshair section. Scratches had to be performed more than once in some wells to 
ensure that all cells in that region had been removed. Once all scratches were completed, 
medium was removed and cells were washed with warm 1X phosphate buffered saline. Medium 
was then replaced with complete medium, or medium containing DMSO or 5-MTP to produce 
the following treatment groups: No treatment, DMSO only, 1 μM 5-MTP, 10 μM 5-MTP, 30 μM 
5-MTP, and 100 μM 5-MTP with an N=4 wells for all groups. The volume of DMSO used in the 
DMSO control group matched the volume of DMSO used in the highest dose 5-MTP group. 
Cells were imaged at 0, 24, 48, and 72 hour time points. In early preliminary replicates, cell 
number was calculated at each time point using Image J software (NIH). An exclusion grid was 
included to ensure that the same area was being imaged at each time point. Later replicates 
employing the “crosshair” scratch assay were analyzed by measuring the open area (in pixels) 
where cells had not invaded. The crosshair pattern ensures that the same area is being measured 
across time points. Each corner of the center region was marked with (x,y) pixel coordinates, and 
the total area of the center was calculated. The center region was measured at each subsequent 
time point. Standard deviation was calculated for each sample, and data processing was 
completed using SPSS (IBM, North Castle, NY). Results were analyzed using a one-way 
analysis of variance (ANOVA) for percentages. All other steps of the assay were completed in 
accordance with the scratch test protocol from Ibidi (Munich, Germany). We performed four 
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trials of this assay, with four replicates per sample group. A specific COX-2 inhibitor, NS-398 
was tested during a single replicate, but proved too toxic to compare, as it obscured all scratch 
measurements by 48 hours.  

 

Figure 2. Diagram showing the layout scratches in each well. Crosshair center is indicated by dashed lines, while 
red markings indicated where (x,y) coordinates were measured for analysis.  

 

Molecular Modeling 

We tested the predicted binding of 5-MTP to the EP3 prostaglandin E2 receptor using Sybyl X 
molecular modeling software (Certara, St. Louis, MO). The framework was constructed using 
the crystal structure of the human β2 adrenergic receptor as a template. The known sequence of 
the human EP3 prostaglandin E2 receptor was laid over this framework. A protomol was 
developed using a version of the EP3 predicted model, which had undergone 1000 steps of 
energy minimization, and had the N-terminus removed. N-terminus removal provided the user to 
visualize the docking at the binding site more effectively, without interfering with binding 
ability. Previous work in our lab identified Serine 211 as the critical amino acid residue involved 
in the binding of the major ligands of the EP3 receptor, PGE1 and PGE2 (Chillar et al., 2008; 
Akasaka et al., 2017). As such, Serine 211 was used as the basis of protomol construction of the 
recognition site. Residues within an area of 3 Å from Serine 211 were included in the final 
protomol. PGE1, PGE2, and 5-MTP were then individually docked to the protomol, and binding 
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score and crash scores were calculated. Binding site construction was carried out by selecting all 
helical residues in the protein, and allowing the program to predict the best binding site within 
these residues. Only the helical residues of the protein were included in this model, and the 
cytoplasmic and extracellular regions were eliminated. Protein motif sequence is shown below 
with a key.  

 

Figure 3. Sequence of EP3 receptor, coded by motif 

Image Analysis  

Images were processed in Image J software to standardize all images as 16-bit with high 
contrast. Points of invasion were then mapped using (x,y) coordinates, and used to calculate the 
area of the center region. Boundaries were mapped at the 0 hour time point, and percentage 
change was calculated using the images from the final 72 hour time point. The first assay in the 
crosshair scratch test group was calculated using the 24 hour time point as a starting point, as the 
microscope being used for calculations was unavailable. The total open area was calculated at 
the starting point and end point. The difference A total of 96 images were processed for each 
data set, and results were calculated using a one-way ANOVA test.  
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Results 

CCK-8 

CCK-8 runs indicated that there were no significant differences in OD values between 
HEK cells and PANC-28 cells. This indicated that there was no direct 5-MTP toxicity detected in 
either HEK or PANC-28 cells. Standard deviations were calculated, and were minimal between 
groups and between cell types. This appears to confirm that 5-MTP does not induce its effects 
through apoptosis. 

 

Figure 4. OD values obtained from averaging 15 replicate wells for each sample group. Standard Deviation was 
minimal, suggesting that samples from PANC-28 and HEK groups did not differ significantly.  

Scratch Test assay 

Images were analyzed using the Image J parameters described in the methodology 
section. Central areas were calculated based on the percentage of the image that was comprised 
of open space. Percent change of total open space from the 0 hour time point to the 72 hour time 
point was calculated, and percent changes were averaged for each group. Standard deviation and 
standard error were calculated and a one-way ANOVA was conducted for each trial. 
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Image 1A. Control group (no treatment) at 0 hr time point (top) and 1B. 72 hour time point (bottom). 
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Image 2A. DMSO treated group at 0 hour time point (top) and 2B. 72 hour time point (bottom).  
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Image 3A. 1μM 5-MTP treatment group at 0 hour time point (top) and 3B. 72 hour time point (bottom).  
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Image 4A. 10 μM 5-MTP treatment group at 0 hour time point (top) and 4B. 72 hour time point (bottom).  
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Image 5A. 30 μM 5-MTP treatment group at 0 hour time point (top) and 5B. 72 hour time point (bottom).  
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Image 6A. 100 μM 5-MTP treatment group at 0 hour time point (top) and 6B. 72 hour time point (bottom).  
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Data from scratch test was analyzed for standard error. The graphs below show percent change 
from control (negative numbers indicate a percent reduction from control in cell invasion.)  

 

Figure 5. Trial one. Results are significant at a p-value of 0.025. Standard error (SE) shown.  

 

Figure 6. Trial two. Results are significant at a p-value of 0.028. Standard error (SE) shown. 
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Figure 7. Results shown not significant. Provided to illustrate trend. Standard error (SE) shown.  

Sybyl X Docking results  

As previously stated, multiple protomols were produced to mimic the multiple sites of the 
EP3 receptor. Previous research in our lab indicates that the EP3 receptor has two likely sites of 
interaction with its ligands (Chillar et al., 2008). The recognition site interacts with incoming 
ligands and differentiates between prostaglandins PGE1 and PGE2. Upon binding at the 
recognition site, the receptor likely undergoes a conformational change to allow for binding of 
ligands to the internal channel of the receptor, which is lined by helical residues.  

To develop the helical protomol, only helical residues were selected during the protomol 
construction, with extracellular and C- and N-terminal residues eliminated. As 1000 steps of 
energy minimization had already been performed on the protein model in its entirety, additional 
energy minimization steps were not included. Threshold was set to 3 Å, with bloat set to 0. 5-
MTP showed a binding score of 4.0 with a crash score of -.6. H-bond interactions were identified 
with Valine 177, which is contained within helix 4. PGE2 showed binding at the same site, with 
a binding score of 7.14 and a crash score of -2.0. PGE2 exhibited H-bond interactions with 
Leucine 179 (within helix 4) and Serine 144 (within helix 3). PGE1 showed similar binding at 
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the helical site, with a binding score of 7.14 and a crash score of -1.3. PGE1 exhibited H-bond 
interactions with similar residues to PGE2.  

The recognition site protomol was based on previous mutagenesis and binding 
experiments in our lab that indicated Serine 211 is the primary residue involved in identification 
of endogenous prostaglandins (Chillar et al., 2008). Ser 211 was selected as the primary residue, 
and a radius of 3 Å was included, with a bloat of 0. 5-MTP showed a binding score of 6.26 and a 
crash score of -0.78, and showed H-bond interactions with Glu 320, His 318, Asn 36, Arg 34, 
and Gly 309. Additional information regarding the molecular interactions of 5-MTP is shown in 
figure 11C. This image was obtained by using a limited portion of the EP3 receptor 3D model, 
run through Biovia Software (Accelrys, San Diego, CA). PGE2 showed a binding score of 6.28 
and a crash score of -1.64 and H-bond interactions with Arg 39, Lys 316, and Glu 28. PGE1 
showed a binding score of 6.87 and a crash score of -1.23, with H-bond interactions with Arg 39, 
Lys 316, `Ser 30, and Glu 28.  

 

Image 7A. 5-MTP bound to helical protomol in 7 member transmembrane domain  

(Image shown with coloration by cavity depth)  
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Image 7B. 5-MTP bound to helical protomol in 7 member transmembrane domain  

(Image shown in ribbon form with secondary structures and residues sharing H-bonds) 

 

Image 7C. 5-MTP bound to helical protomol in 7 member transmembrane domain  

(Image shown in space filling model with color by atom type)  

 

 



22 

 

Image 8A. PGE2 bound to helical protomol in 7 member transmembrane domain  

(Image shown in ribbon form with secondary structures and residues sharing H-bonds) 

 

Image 8B. PGE2 bound to helical protomol in 7 member transmembrane domain  

(Image shown with coloration by cavity depth)  
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Image 9A. PGE1 bound to helical protomol 

(Image shown in ribbon form with secondary structures and residues sharing H-bonds) 

 

Image 9B. PGE1 bound to helical protomol 

(Image shown with coloration by cavity depth)  
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Image 10. Serine 211 in recognition site protomol  

 

 

Image 11A. 5-MTP bound to Ser 211 recognition site  

(Image shown with coloration by cavity depth)  
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Image 11B. 5-MTP bound to Ser 211 recognition site  

(Image shown in ribbon form with secondary structures and residues sharing H-bonds) 
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Figure 11C. Results of 5-MTP binding recognition site of the EP3 receptor with additional molecular interactions, 
provided by BIOVIA software, Discovery Studio.  

 

 

Image 12A. PGE2 bound to S211 recognition site  

(Image shown with coloration by cavity depth)  
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Image 12B. PGE2 bound to S211 recognition site  

(Image shown in ribbon form with secondary structures and residues sharing H-bonds) 

 

Image 13A. PGE1 binding Ser 211 recognition site  

(Image shown with coloration by cavity depth)  



28 

 

Image 13B. PGE1 binding Ser 211 recognition site  

(Image shown in ribbon form with secondary structures) 

 

Image 13C. PGE1 binding Ser 211 recognition site  

(Image shown in ribbon form with secondary structures and residues sharing H-bonds) 
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Discussion 

Pancreatic cancer is a deadly disease, and a lack of diagnostic and treatment options 
contribute to its mortality rate. We investigated whether in vitro treatment with the endogenous 
metabolite 5-MTP could slow or inhibit pancreatic cancer cell invasion. Previous research has 
suggested that 5-MTP contributes to both maintenance of endothelial function and regulation of 
cell growth in quiescent fibroblasts, which display higher expression of pro-inflammatory actors 
(Cheng et al., 2012). Prior to this study, the ability of this endogenous compound to mediate 
growth of highly aggressive cancers remained unexplored. Utilizing a crosshair scratch test 
assay, we investigated whether 5-MTP can slow the growth of PANC-28 cancer cells in an in 
vitro setting. Our results showed that 5-MTP does prevent cell invasion and wound healing in a 
scratch test assay. Using the molecular modeling software Sybyl X, we constructed a likely 
binding model of 5-MTP to the prostaglandin E2 3 receptor (EP3). Our molecular binding results 
demonstrated that 5-MTP can bind both recognition and helical sites in the EP3 receptor with a 
relatively high binding score for a small molecule. Furthermore, the interactions of 5-MTP with 
these two sites was similar to that of the endogenous ligands for the receptor, PGE1 and PGE2. 
This evidence supports our hypothesis that 5-MTP can reduce cancer growth and interact with 
the prostaglandin receptors downstream of the COX-2 pathway.  

EP receptors perform diverse functions in the body, and mediate a number of major 
processes involved in endothelial dysfunction, inflammatory disorders, and cancer. Their 
involvement alongside COX-2 is well-documented in various cancer types, and there has been a 
recent push to focus research on their role as targets in cancer therapeutics (O’Callaghan et al., 
2015). The purpose of this work was to identify the potential inhibitory effects of 5-MTP on 
pancreatic cancer growth, as well as its potential interaction with the EP3 receptor.  

Results from our experiments showed that 5-MTP can decrease pancreatic cell cancer 
growth in vitro. Data from previous preliminary trials showed similar trends in reduction of cell 
counts. This agrees with previous findings by Cheng et al., which established that 5-MTP can 
inhibit epithelial mesenchymal transition in A549 cancer cells in co-culture with HS68 
fibroblasts. As previous research from Wu et al. shows, 5-hydroxytryptophan serves as a 
precursor to 5-MTP. When 5-hydroxytryptophan is administered to fibroblasts, it is converted to 
active 5-MTP. 5-MTP then acts to inhibit pathological COX-2 overexpression by reducing p300 
activation (Wu et al., 2014). As previously mentioned, COX-2 is held under transcriptional 
control by the p300 histone acetyltransferase. This family of creb binding proteins regulates the 
function of oncoproteins through direct binding with conserved regions CR1 and CR2. This 
CBP/p300 binding to oncoprotein regions stimulates cell cycle progression, which can promote 
pathological cell growth, particularly in cancer cells (Shikama et al., 1997). Work by Cheng et al. 
in 2014 confirmed that 5-MTP can reduce p300 HAT activation in quiescent fibroblasts.Cells 
were treated with the tumor promoter phorbol 12-myristate 13-acetate (PMA), which induces 
p300 activation, and were then treated with 5-MTP. 5-MTP reduced p300 activation and thus 
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COX-2 transcription (Cheng et al., 2014). We would like to explore the role of p300 in future 
work to build upon the findings described here. Our results show that 5-MTP reduces pancreatic 
cancer cell invasion, but the roles of COX-2 and p300 in this reduction are as yet unexpored.  

The exploration of endogenous compounds in cancer therapies is not without precedent. 
Endostatin, a compound produced by hemangioendothelioma, was shown to reduce angiogenesis 
in a murine primary tumor model (O’Reilly et al., 1997). These effects were cell type specific 
and did not produce any toxic effects. Another study of endogenous compound research 
determined the effects of retinoids on COX-2 production in oral squamous carcinoma cells. 
Results showed that retinoid treatment reduced epidermal growth factor-induced COX-2 
transcription in this cancer type (Mestre et al., 1997). The cysteine proteinase family of 
cathepsins also play a role in cancers. Endogenous inhibitors of cathepsins, including cystatins, 
were measured in the body fluids of cancer patients, and results showed that imbalances in 
cathepsin-cystatin expression could help determine survival time (Kos et al., 1998). While most 
therapeutics research focuses on novel immunotherapies and exogenous compounds, the study of 
endogenous compounds is less common. Our results show that at doses above physiological 
levels, non-toxic endogenous compounds could prove beneficial in reducing invasion of cancer 
cells. Although it remains untested, it is possible that endogenous compounds could even act 
synergistically with traditional treatment methods to increase effectiveness.    

We employed molecular modeling to calculate the binding interaction between 5-MTP 
and the prostaglandin E2 3 (EP3) receptor, which is primarily responsible for calcium release in 
response to prostaglandin binding. Given the involvement of the EP receptors in the COX-2 
signaling pathway, we constructed likely binding models of 5-MTP to the EP3 receptor at two 
sites. The first model was designed around the Serine 211 residue, which was identified in 
previous work by our lab to be the key residue involved in differentiating PGE1 from PGE2. 
Results indicated that 5-MTP binds relatively strongly for a small molecule to this region, 
suggesting that 5-MTP could have some activity at the EP3 receptor in vivo. Importantly, 5-MTP 
bound to the same spatial region as the endogenous ligands of the EP3 receptor, PGE1 and 
PGE2. Prior research in our lab established the means through which discrete prostaglandin 
signaling cascades occur at the EP3 receptor. While further research is needed, preliminary 
computer modeling suggests that 5-MTP could strongly interact with the EP3 receptor in vivo.  

Future work in this project will include investigating the effects of 5-MTP in multiple 
cancer cell lines to identify whether its effects are dependent on signaling mechanisms that are 
unique to cancer cell type. cAMP levels should be tested before and after 5-MTP treatment to 
validate the p300 signaling mechanism proposed by previous researchers. We also hope to do 
future testing in an in vivo model using rats. Human cells would be administered via 
intraperitoneal injection to establish a tumor model. Alternatively, human biopsy samples could 
be used to establish a xenograft model. Further dosage testing would be required to determine the 
most effective dose. Most importantly, the mechanism of action of 5-MTP must be established to 
determine the role which cAMP and transcriptional modulation of COX-2 play. Binding studies 
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should be employed as well. Based on our molecular model, the amino acids predicted to interact 
with 5-MTP could be mutated, and then binding could be tested in wild-type and mutant 
receptors in vitro.  

Pancreatic cancer is a disease with few treatments and a very high mortality rate. 
Intervention options such as surgical resectioning do little to increase the survival rate among 
patients suffering from this disease. As such, any compound which shows some efficacy in 
reducing the spread of pancreatic cancer would provide a great benefit to patients. While we do 
not suggest 5-MTP will act as a curative therapy for pancreatic cancer, its ability to reduce the 
rate of pancreatic cancer cell growth may make it suitable for use in combination with traditional 
treatment methods. Importantly, 5-MTP did not induce any toxicity in HEK or PANC-28 cells, 
up to 100 micromolar doses. Additional testing will be necessary to confirm that these results 
remain consistent in vivo. This work demonstrates that 5-MTP slows invasion of metastatic 
PANC-28 cells, and could interact with the EP3 receptor in vivo. 5-MTP could serve as a novel 
endogenous compound for use in pancreatic cancer treatment.  
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