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Figure 25 Noscapine induces changes in Bel-XL expression and caspase-3
activation. SKOV3 cells were treated with either a negative control
siRNA 24 h prior to treatment with 25 pM noscapine. Western blotting
analysis was then performed on whole-cell lysates using a mouse anti-
caspase-3 pl1 antibody and rabbit anti-Bcl-XL antibodies. "-tubulin was
included as a loading control. Figure is a representative blot of n =3
experiments.
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3.6 ANNEXIN V APOPTOSIS ASSAY WITH NOSCAPINE

As exposure to noscapine for 24 hours modulated apoptotic signals, and noscapine has

. . . . 1
been documented to induce apoptotic cell death in ovarian cancer ** "’

, an apoptosis
assay was performed to determine whether Tas2R14 expression produced noticeable
effects on the rates of apoptotic cell death in SKOV3 cells. Annexin V and propidium
1odide staining was used on siRNA transfected SKOV3 cells that had been treated with
noscapine for 24 hours or vehicle. Cells staining for annexin V (AV) only or both AV
and propidium iodide (PI) were counted, and the ratios of AV+/PI- and AV+/PI+ cells
were calculated to determine the percentage of cells in the early stages of apoptosis and
of cells whose cell membrane has begun to break down, respectively. SKOV3 cells
transfected with negative control siRNA and stimulated with NOS for 24 h displayed a
17% increase in AV labelled cells (Figure 26A). This effect was lost upon knockdown of

the receptor with Tas2R14-specific siRNAs. Additionally, treatment with noscapine led

to a 9.6% increase in cells staining for both AV and PI (Figure 26B).
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Figure 26 Exposure to noscapine increases rates of SKOV3 cells staining for

annexin V and propidium iodide. Cells were grown on coverslips and
transfected with scrambled siRNA (-) or anti-TAS2R14 siRNA (+) for 24
hours, then treated with DMSO or 25uM noscapine (NOS) for 24 hours.
Cells staining for (A) annexin V (AV) only or (B) both propidium iodide
and annexin V (PI/AV) were counted from 6 random fields of view on a
fluorescence microscope. n = 3, two-tailed, paired t-test. **=p<0.01.
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CHAPTER4 DISCUSSION

41 GENERAL OVERVIEW

GPCRs make up one of the largest families of signaling proteins in vertebrates, and
mediate many diverse signaling cascades. Given that most human tissues express GPCRs
on their cell membranes and that they display a wide range of signaling abilities, it is not
surprising that GPCR signaling is a major point of consideration in the development of
new pharmaceutical strategies. We know that GPCRs can propagate signals by
interacting with heterotrimeric G proteins, and that these signaling cascades can impact
the transcription of genes associated with proliferation, differentiation, cell survival and
cancer'"°. Thus, uncovering the biological implications of functional GPCR expression in
a given tissue and characterizing that GPCRs signaling will better help those in the
pharmaceutical industry develop new pharmacological strategies for diseases in which

few robust treatment options exist.

Despite their obvious promise in the pharmaceutical world, present attempts aimed at
identifying robust GPCR-targeting drugs are slow-moving, particularly in cancer. This is
due in part to the relative lack of crystal structures available to predict receptor-ligand
interactions'”*'®, but also because of industrial practices using high-throughput screen-
friendly synthetic chemical libraries and rapid hit-to-lead drug discovery tactics that
largely omit the discovery of naturally derived and safer GPCR drugs'®’. Therefore,

investigating the potential of GPCRs that have known natural ligands with well-
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established risk profiles in tissues of interest can help researchers to identify new

therapies for diseases with reduced side effect profiles.

Nearly two decades ago, the Tas2R subfamily of GPCRs was identified as the family of
receptors responsible for the transduction of bitter taste stimuli in the oral cavity of
vertebrates™> * % 184185 Tt {5 believed that Tas2Rs originally evolved as a protective
mechanism to ingesting toxic bitter-tasting metabolites, and that Tas2R repertoires are
impacted primarily by environmental and dietary factors. Some studies have observed a
significant correlation between bitter tasting ability and the amount of plant material in an
animal’s diet®™ ** '8¢1%: however, these studies fail to explain why some non-herbivorous
species, such as the coelacanth (Latimeria chalumnae) and the domestic cat (Felis catus)
encode more TAS2R genes than some herbivores. These discrepancies in Tas2R
repertoires have been explained away as being impacted by the co-evolution of improved
degradation systems in some species'™, as well as being influenced by the non-strict
correlation between toxicity and bitter taste’>. Additionally, since some bitter tasting
phytochemicals exhibit some positive health benefits, it would be expected that active

190, 191 1,
70, It is, however,

seeking behaviours would alter the gene repertoires of some species
the discovery of extra-orally expressed bitter taste receptors that has provided a concrete

explanation for why diet does not always negatively or positively influence Tas2R

repertoires, and has caused many to reconsider their roles beyond bitter taste".
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The first extra-orally expressed bitter taste-recognition molecules were identified in 1996
after several groups observed similarities between enteroendocrine cells of the
gastrointestinal tract and taste receptor cells lining the tongue’ °°. The activation of these
intestinal Tas2Rs was found to impact appetite as well as gastric motility and marked the
first time that direct activation of non-oral Tas2Rs had physiological consequences.
Another major milestone in the characterization of these receptors came in 2010 when

Deshpande et al.''®

observed robust Tas2R-dependent relaxation of airway smooth
muscle cells upon administration of an aerosolized bitter ligand. Since these initial
discoveries, Tas2Rs have been documented in a multitude of non-oral tissues: for
example, human, mouse and rat cardiac cells appear to express Tas2Rs, and their
expression can be upregulated during periods of starvation'®’; RT-PCR analyses and
calcium mobilization assays revealed that functional Tas2Rs are expressed in the brain
stem, cerebellum, nucleus accumbens and cerebral cortex! 17; and functional assays have
revealed the involvement of Tas2Rs in spermatogenesis and sperm motility' > 1.
Perhaps the most interesting developments in the identification of extra-orally expressed

Tas2Rs however are those involving the deregulation of bitter taste receptors in several

human diseases.

As of now, there have been around 15 different disorders in which Tas2Rs are in some
way implicated'*?, whether it be through correlative studies or being deregulated in
various pathological states. In some tissues, such as the thyroid''’, heart'** and oral

195, 196

gingiva , varying stages of disease correlate well with Tas2R SNP haplotype. In

others, the expression of some taste receptor mRNA transcripts has been found to be
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upregulated (TAS2R 13, TAS2R14 and TAS2R19 in human leukocytes of asthma
patients'”’; TAS2R10 and TAS2R13 in Parkinson’s disease patient brains'*") or
downregulated (TAS2R5 and TAS2R50 in Parkinson’s disease'?'; TAS2R4, TAS2RS5,
TAS2R14 and TAS2R50 in schizophrenia patient brains'>’; TAS2R4 in breast cancer

12
cells'?

). Stimulation of Tas2Rs expressed on lipid droplets of pancreatic ductal
adenocarcinoma tumour-derived cells even lead to changes in the expression of active
mediators of apoptosis and cell survival'*’, demonstrating the functional consequences of
targeting Tas2Rs in diseases such as cancer. As there is an ever-present need to identify
new therapeutic drug targets for chronic diseases, further characterization of Tas2Rs in

diseased tissues for which few therapeutic strategies exist or that are prone to relapse

should be prioritized.

One chronic illness which suffers a relatively low 5-year survival rate due to pathological
reoccurrence is ovarian cancer. A lack of robust screening techniques as well as a
frequently late stage of presentation of most cases contribute to this statistic; however,
resistance to treatment with first-line therapies poses a significant challenge to improving
patient outcomes. The standard treatment procedure consists of carboplatin-paclitaxel
combination chemotherapy following cytoreductive surgery'®’. Sadly, relapse may occur
as early as 4 weeks following combination therapy, leaving clinicians with little to no
options for low-toxicity second-line therapies'**. Thus, the treatment of recurrent and
inevitably fatal epithelial ovarian cancers is more palliative in nature, focusing primarily

on controlling symptoms and improving the quality of life of patients'®’.
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Interestingly, several natural bitter compounds have shown promise as both sensitizing
and cytotoxic agents in recalcitrant epithelial ovarian cancers. Extracts from the Chinese
bitter melon Momordica charantia were shown by Yung et al.">* to inhibit EOC cell
growth through AMPK signaling and to improve the efficacy of platinum-based
chemotherapies. Additionally, an alkaloid from the opium poppy (Papaver somniferum),
noscapine, was shown to sensitize paclitaxel-resistant and cisplatin-resistant EOC cells,
as well as: induce apoptosis through c-Jun signaling; decrease the expression of the pro-
survival factors XIAP, survivin and NF-«kB; increase pro-apoptotic caspase-3 expression;
inhibit HIF-1a; and increase the proportion of Go/M cells'* '**177 Despite these
observations, the molecular basis of the perceived benefit of natural bitter products in the
treatment of cancer has not been well defined. As noscapine is a ligand for the human
bitter taste receptor Tas2R 14, we sought to determine whether the anti-tumourogenic
effect of noscapine was due to its interaction with ovarian Tas2R14 or by altering

microtubule dynamics as it has been previously described to elicit its effects.

4.2 TAS2R MRNA AND PROTEIN IS EXPRESSED IN EPITHELIAL

OVARIAN CANCER

The measure of differentially expressed mRNA transcripts is a rapid and quantitative
technique that has been used to diagnose and predict treatment outcomes of many cancers

. 174
for some time'’

. Since differentially regulated mRNAs better correlate with protein
expression levels than non-differentially regulated transcripts®”’, and Tas2R mRNAs

appear to be differentially regulated in at least one type of cancer'*’, qPCR analysis was
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performed to determine the levels of several TAS2R transcripts in several EOC cell lines
and patient derived tissue samples (Figures 5-14). At least five bitter taste receptors are
expressed in ovarian cancer, and the transcriptional regulation of these receptor genes is
variable in high grade serous and low grade serous ovarian cancer cell lines. While the
expression of some receptors mRNAs such as TAS2R14 and TAS2R38 was repressed in
nearly all cell lines observed (Figures 11-14), the expression of others such as TAS2R4
(Figures 7 & 8) and TAS2R10 (Figures 9 & 10) were increased compared to control tissue
samples. These findings are similar to those documented in breast cancer cells, whereby
Tas2R expression in breast cancer is altered compared to healthy breast cells'>. These
changes in TAS2R mRNA raise several questions with regards to bitter taste receptor
expression in tissues and how their expression is controlled. As there are still few
published studies indicating the roles of Tas2Rs in cancer, further investigation is
necessary to determine whether tissues specifically up- or down-regulate the expression
of TAS2R transcripts and the mechanism of regulation or if other factors participate in the
control of Tas2R expression in these types of cancer. Typically, changes in expression of
mRNAs stem from genomic changes such as mutations, deletions or amplifications in

protein coding genes”’

. We therefore performed cross-cancer queries through the
cBioPortal for Cancer Genomics (http://cbioportal.org) to identify potential changes in
copy number alterations (CNAs), mutations and deletions of TAS2R genes. Interestingly,
79% of breast cancer patients exhibited increased amplification levels of the 5 TAS2Rs
investigated in this study, followed by 29% and 24% of prostate and ovarian cancer

patients, respectively. These changes in amplification in TAS2R genes lend credence to

the notion that Tas2Rs could be involved in multiple cancers, as genes that are encoded in
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amplified (i.e. duplicated) regions of the genome typically correlate well with

tumerogenicity”*.

After characterizing the expression of all five Tas2Rs at the mRNA level, protein
expression of three Tas2Rs, Tas2R1, Tas2R4 and Tas2R14 was quantified by Western
blot analysis in OVCAR4 (Figure 17) and SKOV3 (Figure 18) cells. Using receptor-
specific siRNAs, knockdown of these three Tas2Rs was also observed to varying degrees,
demonstrating both the lack of non-specific binding of antibody as well as the ability to
modulate the expression of Tas2Rs in EOC cells for functional assays. Additionally, the
expression of Tas2R14 in primary epithelial ovarian tumour samples was characterized
by immunocytochemistry (ICC, Figure 15) and immunohistochemistry (IHC, Figure 16).
ICC revealed expression of Tas2R14 in both EOC and precursor tissue cells of the
fallopian tube, and expression of Tas2R14 was demonstrated in several primary epithelial

ovarian cancer tissue samples.

These results are intriguing; however, their implications are limited. No analyses of
baseline protein levels of Tas2R14 in non-cancerous tissue were conducted, therefore it
remains unknown as to whether the expression of Tas2Rs is altered in ovarian cancers
compared to physiologically normal ovarian tissue. Similarly, it remains unknown
whether the varied levels of mRNA expression of these receptors are due primarily to
changes in tissue pathology or factors such as tissue specific promotors, as the levels of
some TAS2R transcripts seem to change in ovarian cancer cells while others do not

change from baseline levels of measurement. Despite this, these results indicate that
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Tas2R mRNAs and proteins are expressed in HGSEOCs and LGSEOCs and their

expression can be modulated in EOC cell lines with siRNAs.

4.3 TAS2R14 1S FUNCTIONAL IN BOTH HGSEOC AND LGSEOC CELLS

As Tas2R activation leads to increases in intracellular calcium release, the activities of
Tas2Rs 4, 14 and 38 were established by conducting calcium mobilization assays by
using receptor-specific ligands colchicine, noscapine and PROP’™ over a 50-second time
course (Figures 19-24). In OVCARA4 cells, stimulation of Tas2Rs 14 (Figure 21) and 38
(Figure 23) with noscapine and PROP, respectively, lead to modest increases in
intracellular calcium, while stimulation of Tas2R4 (Figure 19) with colchicine resulted in
no change in calcium mobilization. Interestingly, SKOV3 cells appeared to express
functional Tas2R4 (Figure 20) and Tas2R 14 (Figure 22) but non-functional Tas2R38
(Figure 24). These results are interesting for two reasons: firstly, they suggest that
although HGSEOCs and LGSEOCs may express the same Tas2Rs at relatively similar
levels, they are not all functional in both subtypes of EOC. This finding is intriguing as it
suggests that the future development of chemotherapeutic agents targeting some Tas2Rs
may only benefit a subset of EOC patients, while agents targeting other functional
Tas2Rs may have a broader scope of action. Secondly, that cancers in different tissues
express different functional Tas2Rs. For example, functional Tas2R38 and Tas2R4 was
demonstrated in pancreatic cancer tumour-derived cell lines'*® and breast cancer cells'®,
while in some ovarian cancers Tas2R38 and Tas2R4 stimulation does not elicit changes
in intracellular calcium mobilization. Thus, to develop safe therapies aimed at stimulating

or inhibiting Tas2Rs, functional analyses of Tas2Rs in tissues other than the target tissue
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should be carried out to minimize potential side effects. However, some anomalies in the
calcium traces for Tas2Rs 4, 14 and 38 in SKOV3 and OVCAR4 cells should be noted.
Most of the compounds that were used during these experiments are not wholly specific
to any one Tas2R, which could account for some of the observed increases in
intracellular calcium release post-transfection with Tas2R siRNAs. Additionally, due to
the relative hydrophobicity of the three ligands used, differences in solubility of these
compounds could help to explain the varied degrees of activation (i.e. gradual versus
rapid release of intracellular calcium) observed between Tas2R4/Tas2R14 and Tas2R38
(Figures 19-24). Therefore, to accurately determine the activity of these and other Tas2Rs
in EOC cells and tissues, additional study of these receptors is necessary to assess
whether ligand solubility or co-activated receptors are responsible the varied levels of

activation that were observed during these experiments.

As previously mentioned, several studies have investigated the pro-apoptotic and anti-
tumourogenic properties of noscapine in ovarian cancer'>” 1" 10225 A5 noscapine is an
agonist of Tas2R14"* and our Western blotting and calcium mobilization analyses
revealed that functional Tas2R 14 protein is expressed in both HGSEOC and LGSEOC
cells, we sought to determine whether noscapine’s pro-apoptotic effects are dependent on
Tas2R14 expression. The functional consequence of noscapine treatment was the
induction of significant changes in Bcl-XL and cleaved caspase-3 expression, which was
dependent on Tas2R 14 protein expression (Figure 25). Despite being a Tas2R14 agonist,
noscapine is more commonly known to induce apoptosis by directly binding to tubulin

subunits, alter microtubule assembly and induce apoptosis in actively cycling cells*** 2°>
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Our results demonstrate that noscapine’s pro-apoptotic effect in this case acts through the
activation of an apoptotic pathway dependent on Tas2R14. This effect was demonstrated
again by conducting an annexin V apoptotic assay in which exposure to noscapine
significantly increased the number of apoptotic cells in EOC cell populations expressing
Tas2R14 (Figure 26A). Interestingly, SKOV3 cell populations of all four treatment
conditions (i.e. negative control siRNA, Tas2R14 siRNA, + noscapine or — noscapine)
exhibited high baseline levels of late apoptotic or necrotic cells; in some cases, over 80%
of cells that were counted were AV+ or AV+/PI+ (Figure 26B). These levels are higher
than basal levels of apoptosis in cancer cells, and could be due to many factors such as
cellular stress induced by cell culture in absence of any growth serum, siRNA
transfection or inadequate cellular conditions (incubations at room temperature versus
37°C). However, the observed increase in cells that were early apoptotic (AV+)
demonstrates that noscapine’s pro-apoptotic effect is indeed mediated through Tas2R14

in EOC cells.

The observation that noscapine may induce apoptosis through the activation of Tas2R14
is novel. As noscapine has already been used in clinical trials for several different
cancers”’® 2”7, it is important to determine all of noscapine’s potential methods of action
to reduce off target effects and to minimize toxicity. Noscapine’s role in altering
microtubule assembly dynamics has been well established'””2°" 2% although the
mechanism by which noscapine enters the cell to affect microtubule dynamics has yet to

be discovered. Interestingly, Tas2R 14 protein expression was observed not only on at the

cell membrane, but in the cytosolic compartment of CaOV3 and patient derived EOC
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cells as well (Figure 15). It is possible that this increased cytosolic expression of
Tas2R14 could be explained as being a product of cellular internalization of membrane-
bound Tas2R 14, and that upon binding to cell-surface Tas2R 14 noscapine is internalized

through an endocytic process.

4.4 DOES TAS2R14 SIGNAL THROUGH RAC-1 IN EOC?

As previously mentioned, Tas2Rs signal in a Go,-dependent manner through association
with the G proteins Goyus, GB3 and Gy13. Upon activation and binding of a bitter ligand,
Gogust inhibits the conversion of ATP to cAMP by inhibiting AC and the GBy
heterodimer activates PLC. PLC converts PIP, to DAG and IPs, the latter of which binds
to IP; receptors on the smooth ER and stimulates the release of intracellular calcium. In
the oral cavity, rises in intracellular calcium activate TRPMS channels, leading to cellular
depolarization and release of ATP from TRCs. However, the role of Tas2R-mediated
calcium release in activating intracellular signaling cascades or other components of the
bitter taste cascade as secondary messengers is not as well understood. To date, only
several extra-oral signaling mechanisms of Tas2Rs have been proposed: on airway

116, 209,

smooth muscle cells and tissue ; on ciliated cells of the airway epithelium®'*>'?;

on

. . . 104.213 - .
enteroendocrine cells of the gut epithelium'***"; in the vomeronasal organ in rats and

human SCCs in the nasal canal'®” '3 114214215, o yrethral brush cells®'®; and tuft cells of
the gut related to immunity from parasitic infection”'*'°. Unfortunately, only the effects
of bitter ligand stimulation of tissues on paracrine signaling have been observed, and until

recently there had been no documented examples of Tas2R signaling regulating

mitogenic or anti-proliferative signaling cascades. Additionally, the molecular basis
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behind the observed effects of bitter extracts and compounds on cancer cells has not been
well described. Our findings in EOC suggest that Tas2R 14 mediates the bitter ligand-
induced anti-tumourogenic effect of noscapine. Although promising, further experiments
will be needed to completely explain the series of events that eventually lead to the

activation of caspase-3 and apoptosis in EOC cells following treatment with noscapine.

Recently, Sidhu ef al. demonstrated in a Tas2R4/Goyus-expressing model that stimulating
Tas2R4 could affect the activity of the Rac-1 GTPase*’. Rac-1 (Ras-related C3
botulinum toxin substrate 1), which is a Rho-family GTPase that is activated by a wide

range or receptor tyrosine kinases and GPCRs**'

, plays a role in regulating the cell cycle
and has been associated to influence tumourogenesis and metastasis in its active form***
2 TInterestingly, HEK293T cells treated with quinine, a Tas2R4 agonist, significantly
reduced the activity of Rac-17*". This effect was reversed by using an inverse agonist of
Tas2R4, No,Na-bis(carboxymethyl)-L-lysine, or BCML. Additionally, they found that
intracellular calcium only partially impacts Rac-1 activity after pre-treating quinine-
treated cells with a Ca>" chelator, indicating an additional yet to be discovered pathway,
possibly through the activation of Racl-specific GAPs influencing the levels of active
Rac-1. These findings are intriguing to our study of Tas2Rs in EOC, as they provide a
potential connection to the activation of caspase-3 and induction of apoptosis. Active

226-229

Rac-1 has been shown to promote cell survival in several cell models ,and a

reduction in the GTP-bound form of Rac-1 has been shown to increase the activation of
230

pro-apoptotic ERK signaling via a PI3K/Akt/ MEK pathway independent of Ras™".

Additionally, active Rac-1 was shown to increase the amount of Bad phosphorylation and
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lead to a decrease in pharmacologically induced caspase-mediated apoptosis®'. Thus,
monitoring the levels of GTP-bound Rac-1 after stimulation with noscapine or other
Tas2R 14 agonists could provide insight into the entire mechanism of Tas2R14-induced
apoptosis in epithelial ovarian cancer. One way in which to monitor whether the Rac-1
GTPase is involved in Tas2R 14 signaling would be to observe whether Tas2R activation
presented any effects on cellular morphology. As Rac-1 knockouts in mouse embryonic
fibroblasts have been shown to have reduced organization of the actin cytoskeleton and
lowered focal adhesion®?, it would be expected that noscapine would impact cytoskeletal

organization if Rac-1 were implicated in the pathway downstream of Tas2R14.

4.5 FUTURE WORK

Much more work is necessary to fully characterize the intracellular signaling of Tas2R14
and the long-term implications of its activity in EOC. The realization that Tas2Rs may
act to inhibit Rho family GTPases®’ is interesting, and measuring the amount of active
Rac-1, ERK, PI3K and AKT could help us in elucidating the entirety of the Tas2R14
apoptotic cascade induced by noscapine. Including other pro-survival and pro-apoptotic
proteins such as XIAP, survivin, APAF-1 and NF-kB would help to provide a better
picture of the overall biology of EOC Tas2R14 activation, as changes in these proteins
were observed by Shen ez al.' after treating platinum-resistant ovarian cancer cells with
noscapine. As previously mentioned, many studies have used natural bitter compounds
such as noscapine to treat cancers and have observed changes in the proportions of G

and Go/M cells'*” 1611022083 Therefore, it would be interesting to perform FACs analysis
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on EOC cells expressing and lacking Tas2R14 to determine whether noscapine induces

receptor-specific changes in the number of cells at various stages of the cell cycle.

Another interesting avenue in which to continue these studies would be to investigate the
dietary regulation of Tas2R mRNAs and proteins in EOC. Previous studies concerning

Tas2Rs in the heart'®

have demonstrated that forced starvation and re-implementation of
bitter compound-rich diets in mice influence changes in Tas2R mRNA and protein
expression. Thus, cell and in vivo models that monitored the changes in the expression of
ovarian Tas2Rs after sustained high or low bitter diet, or treatment with Tas2R ligands
such as noscapine, would provide insight into whether Tas2Rs are viable and robust
chemotherapeutic targets for EOC. Additionally, there has been a growing interest in
identifying endogenous bitter ligands that could influence extra-oral Tas2R activation
such as hormones and amino acids’'. As the ovaries, much like the heart, are outside of
the gastrointestinal tract and do not interact directly with bitter compounds in food, the
changes in their expression could be attributed to hormonal influences. Thus,

characterizing the molecules involved in internal Tas2R regulation could better help us

identify novel therapeutic approaches in ovarian and other cancers.

4.6 CONCLUSIONS

It has become increasingly difficult to consider Tas2Rs as merely the receptors
responsible for the perception of bitter taste, as the body of evidence suggesting their
roles beyond the oral cavity is ever-growing. In this study, we show that bitter taste

receptor mRNAs and proteins are expressed in ovarian carcinomas, and that the
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activation of Tas2R 14 with a bitter ligand affects cell survival. Our results identify
another type of cancer, after colorectal'>, breast'> and pancreatic cancers'*’, to express
functional bitter taste receptors. Our findings are preliminary, and demonstrate that
noscapine’s pro-apoptotic effect in epithelial ovarian cancer cells is mediated through a
receptor-mediated process, likely in addition to its effect on microtubule dynamics. To
fully understand whether Tas2Rs present a possible new target in EOC and other cancers,
further investigation of this receptor family’s intracellular signaling pathways is
necessary to aid in the discovery of new and potentially safer therapeutic strategies for

cancer patients.

98



10.

BIBLIOGRAPHY

Rosenbaum, D.M., Rasmussen, S.G. & Kobilka, B.K. The structure and function
of G-protein-coupled receptors. Nature 459, 356-363 (2009).

Fredriksson, R., Lagerstrom, M.C., Lundin, L.G. & Schioth, H.B. The G-protein-
coupled receptors in the human genome form five main families. Phylogenetic

analysis, paralogon groups, and fingerprints. Mol Pharmacol 63, 1256-1272
(2003).

Lander, E.S. et al. Initial sequencing and analysis of the human genome. Nature
409, 860-921 (2001).

de March, C.A., Kim, S.K., Antonczak, S., Goddard, W.A., 3rd & Golebiowski, J.
G protein-coupled odorant receptors: From sequence to structure. Protein Sci 24,
1543-1548 (2015).

Hanlon, C.D. & Andrew, D.J. Outside-in signaling--a brief review of GPCR
signaling with a focus on the Drosophila GPCR family. J Cell Sci 128, 3533-3542
(2015).

Tautermann, C.S. GPCR structures in drug design, emerging opportunities with
new structures. Bioorg Med Chem Lett 24, 4073-4079 (2014).

Schumock, G.T. et al. National trends in prescription drug expenditures and
projections for 2016. Am J Health Syst Pharm 73, 1058-1075 (2016).

Filmore, D. It’s a GPCR world. Modern Drug Discovery 7, 24-28 (2004).

Schoneberg, T., Hofreiter, M., Schulz, A. & Rompler, H. Learning from the past:
evolution of GPCR functions. Trends Pharmacol Sci 28, 117-121 (2007).

de Mendoza, A., Sebe-Pedros, A. & Ruiz-Trillo, I. The evolution of the GPCR
signaling system in eukaryotes: modularity, conservation, and the transition to
metazoan multicellularity. Genome Biol Evol 6, 606-619 (2014).

99



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Nordstrom, K.J., Sallman Almen, M., Edstam, M.M., Fredriksson, R. & Schioth,
H.B. Independent HHsearch, Needleman--Wunsch-based, and motif analyses

reveal the overall hierarchy for most of the G protein-coupled receptor families.
Mol Biol Evol 28, 2471-2480 (2011).

Tuteja, N. Signaling through G protein coupled receptors. Plant Signal Behav 4,
942-947 (2009).

Marinissen, M.J. & Gutkind, J.S. G-protein-coupled receptors and signaling
networks: emerging paradigms. Trends Pharmacol Sci 22, 368-376 (2001).

Wu, J., Xie, N., Zhao, X., Nice, E.C. & Huang, C. Dissection of aberrant GPCR
signaling in tumorigenesis--a systems biology approach. Cancer Genomics
Proteomics 9, 37-50 (2012).

Bockaert, J. & Pin, J.P. Molecular tinkering of G protein-coupled receptors: an
evolutionary success. EMBO J 18, 1723-1729 (1999).

Schioth, H.B. & Fredriksson, R. The GRAFS classification system of G-protein
coupled receptors in comparative perspective. Gen Comp Endocrinol 142, 94-101
(2005).

Attwood, T.K. & Findlay, J.B. Design of a discriminating fingerprint for G-
protein-coupled receptors. Protein Eng 6, 167-176 (1993).

Attwood, T.K. & Findlay, J.B. Fingerprinting G-protein-coupled receptors.
Protein Eng 7, 195-203 (1994).

Kolakowski, L.F., Jr. GCRDb: a G-protein-coupled receptor database. Receptors
Channels 2, 1-7 (1994).

Gray, K.A., Yates, B., Seal, R.L., Wright, M.W. & Bruford, E.A. Genenames.org:
the HGNC resources in 2015. Nucleic Acids Res 43, D1079-1085 (2015).

Lagerstrom, M.C. & Schioth, H.B. Structural diversity of G protein-coupled
receptors and significance for drug discovery. Nat Rev Drug Discov 7, 339-357
(2008).

100



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Harmar, A.J. Family-B G-protein-coupled receptors. Genome Biol 2,
REVIEWS3013 (2001).

Kunishima, N. et al. Structural basis of glutamate recognition by a dimeric
metabotropic glutamate receptor. Nature 407, 971-977 (2000).

Taipale, J. et al. Effects of oncogenic mutations in Smoothened and Patched can
be reversed by cyclopamine. Nature 406, 1005-1009 (2000).

Nagayama, S. et al. Therapeutic potential of antibodies against FZD 10, a cell-
surface protein, for synovial sarcomas. Oncogene 24, 6201-6212 (2005).

Liebmann, C. & Bohmer, F.D. Signal transduction pathways of G protein-coupled
receptors and their cross-talk with receptor tyrosine kinases: lessons from
bradykinin signaling. Curr Med Chem 7, 911-943 (2000).

Waltereit, R. & Weller, M. Signaling from cAMP/PKA to MAPK and synaptic
plasticity. Mol Neurobiol 27, 99-106 (2003).

Hilgemann, D.W., Feng, S. & Nasuhoglu, C. The complex and intriguing lives of
PIP2 with ion channels and transporters. Sci STKE 2001, re19 (2001).

Mizuno, N. & Itoh, H. Functions and regulatory mechanisms of Gg-signaling
pathways. Neurosignals 17, 42-54 (2009).

Kang, J.-H. Protein Kinase C (PKC) Isozymes and Cancer. New Journal of
Science 2014, 36 (2014).

Strathmann, M. & Simon, M.I. G protein diversity: a distinct class of alpha
subunits is present in vertebrates and invertebrates. Proc Natl Acad Sci U S A 87,
9113-9117 (1990).

Wilkie, T.M. & Yokoyama, S. Evolution of the G protein alpha subunit multigene
family. Soc Gen Physiol Ser 49, 249-270 (1994).

Worzfeld, T., Wettschureck, N. & Offermanns, S. G(12)/G(13)-mediated
signalling in mammalian physiology and disease. Trends Pharmacol Sci 29, 582-
589 (2008).

101



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Buhl, A.M., Johnson, N.L., Dhanasekaran, N. & Johnson, G.L. G alpha 12 and G
alpha 13 stimulate Rho-dependent stress fiber formation and focal adhesion
assembly. J Biol Chem 270, 24631-24634 (1995).

Mochizuki, N. et al. Activation of the ERK/MAPK pathway by an isoform of
rapl GAP associated with G alpha(i). Nature 400, 891-894 (1999).

Vossler, M.R. et al. cAMP activates MAP kinase and Elk-1 through a B-Raf- and
Rap1-dependent pathway. Cel/ 89, 73-82 (1997).

York, R.D. et al. Rapl mediates sustained MAP kinase activation induced by
nerve growth factor. Nature 392, 622-626 (1998).

Ishimaru, S., Williams, R., Clark, E., Hanafusa, H. & Gaul, U. Activation of the
Drosophila C3G leads to cell fate changes and overproliferation during
development, mediated by the RAS-MAPK pathway and RAP1. EMBO J 18,
145-155 (1999).

Liu, P., Shah, B.P., Croasdell, S. & Gilbertson, T.A. Transient receptor potential
channel type M5 is essential for fat taste. J Neurosci 31, 8634-8642 (2011).

Behrens, M. & Meyerhof, W. Oral and extraoral bitter taste receptors. Results
Probl Cell Differ 52, 87-99 (2010).

Nelson, G. ef al. An amino-acid taste receptor. Nature 416, 199-202 (2002).

Shapiro, T.A., Fahey, J.W., Wade, K.L., Stephenson, K.K. & Talalay, P.
Chemoprotective glucosinolates and isothiocyanates of broccoli sprouts:

metabolism and excretion in humans. Cancer Epidemiol Biomarkers Prev 10,
501-508 (2001).

Adler, E. et al. A novel family of mammalian taste receptors. Cel/l/ 100, 693-702
(2000).

Chandrashekar, J. ef al. T2Rs function as bitter taste receptors. Cell 100, 703-711
(2000).

102



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Martin, L.T.P.D., D.J. in Encyclopedia of Signaling Molecules, Vol. 2. (ed. S.
Choi) (Springer, New York; 2016).

Feng, P., Zheng, J., Rossiter, S.J., Wang, D. & Zhao, H. Massive losses of taste
receptor genes in toothed and baleen whales. Genome Biol Evol 6, 1254-1265
(2014).

Picone, B. ef al. Taste and odorant receptors of the coelacanth--a gene repertoire
in transition. J Exp Zool B Mol Dev Evol 322, 403-414 (2014).

Dong, D., Jones, G. & Zhang, S. Dynamic evolution of bitter taste receptor genes
in vertebrates. BMC Evol Biol 9, 12 (2009).

Li, D. & Zhang, J. Diet shapes the evolution of the vertebrate bitter taste receptor
gene repertoire. Mol Biol Evol 31, 303-309 (2014).

Wu, S.V., Chen, M.C. & Rozengurt, E. Genomic organization, expression, and
function of bitter taste receptors (T2R) in mouse and rat. Physiol Genomics 22,
139-149 (2005).

Behrens, M. & Meyerhof, W. Vertebrate Bitter Taste Receptors: Keys for
Survival in Changing Environments. J Agric Food Chem (2017).

Glendinning, J.1. Is the bitter rejection response always adaptive? Physiol Behav
56, 1217-1227 (1994).

Bachmanov, A.A. & Beauchamp, G.K. Taste receptor genes. Annu Rev Nutr 27,
389-414 (2007).

Andres-Barquin, P.J. & Conte, C. Molecular basis of bitter taste: the T2R family
of G protein-coupled receptors. Cell Biochem Biophys 41, 99-112 (2004).

Di Pizio, A. et al. Comparing Class A GPCRs to bitter taste receptors: Structural
motifs, ligand interactions and agonist-to-antagonist ratios. Methods Cell Biol
132, 401-427 (2016).

Dong, B., Nishimura, N., Vogel, C.F., Tohyama, C. & Matsumura, F. TCDD-
induced cyclooxygenase-2 expression is mediated by the nongenomic pathway in

103



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

mouse MMDDI1 macula densa cells and kidneys. Biochem Pharmacol 79, 4877-
497 (2010).

Shi, P. & Zhang, J. Contrasting modes of evolution between vertebrate
sweet/umami receptor genes and bitter receptor genes. Mol Biol Evol 23, 292-300
(2006).

Go, Y. & Investigators, S.T.-N.Y. Proceedings of the SMBE Tri-National Young
Investigators' Workshop 2005. Lineage-specific expansions and contractions of
the bitter taste receptor gene repertoire in vertebrates. Mol Biol Evol 23, 964-972
(2006).

Shi, P., Zhang, J., Yang, H. & Zhang, Y.P. Adaptive diversification of bitter taste
receptor genes in Mammalian evolution. Mol Biol Evol 20, 805-814 (2003).

Gloriam, D.E., Fredriksson, R. & Schioth, H.B. The G protein-coupled receptor
subset of the rat genome. BMC Genomics 8, 338 (2007).

Conte, C., Ebeling, M., Marcuz, A., Nef, P. & Andres-Barquin, P.J. Evolutionary
relationships of the Tas2r receptor gene families in mouse and human. Physiol
Genomics 14, 73-82 (2003).

Conte, C., Ebeling, M., Marcuz, A., Nef, P. & Andres-Barquin, P.J. Identification
and characterization of human taste receptor genes belonging to the TAS2R
family. Cytogenet Genome Res 98, 45-53 (2002).

Fredriksson, R. & Schioth, H.B. The repertoire of G-protein-coupled receptors in
fully sequenced genomes. Mol Pharmacol 67, 1414-1425 (2005).

Jiang, P. et al. Major taste loss in carnivorous mammals. Proc Natl Acad Sci U S
4109, 4956-4961 (2012).

Lagerstrom, M.C. et al. The G protein-coupled receptor subset of the chicken
genome. PLoS Comput Biol 2, €54 (2006).

Nelson, G. et al. Mammalian sweet taste receptors. Cell 106, 381-390 (2001).

104



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Li, X. et al. Human receptors for sweet and umami taste. Proc Natl Acad Sci U S
A 99, 4692-4696 (2002).

Damak, S. ef al. Detection of sweet and umami taste in the absence of taste
receptor T1r3. Science 301, 850-853 (2003).

Zhao, G.Q. et al. The receptors for mammalian sweet and umami taste. Cell 115,
255-266 (2003).

Kuhn, C., Bufe, B., Batram, C. & Meyerhof, W. Oligomerization of TAS2R bitter
taste receptors. Chem Senses 35, 395-406 (2010).

Behrens, M. et al. The human taste receptor hTAS2R 14 responds to a variety of
different bitter compounds. Biochem Biophys Res Commun 319, 479-485 (2004).

Bufe, B., Hofmann, T., Krautwurst, D., Raguse, J.D. & Meyerhof, W. The human
TAS2R16 receptor mediates bitter taste in response to beta-glucopyranosides. Nat
Genet 32, 397-401 (2002).

Bufe, B. et al. The molecular basis of individual differences in
phenylthiocarbamide and propylthiouracil bitterness perception. Curr Biol 15,
322-327 (2005).

Meyerhof, W. ef al. The molecular receptive ranges of human TAS2R bitter taste
receptors. Chem Senses 35, 157-170 (2010).

Kim, U., Wooding, S., Ricci, D., Jorde, L.B. & Drayna, D. Worldwide haplotype
diversity and coding sequence variation at human bitter taste receptor loci. Hum
Mutat 26, 199-204 (2005).

Wooding, S. et al. Natural selection and molecular evolution in PTC, a bitter-taste
receptor gene. Am J Hum Genet 74, 637-646 (2004).

Dotson, C.D. et al. Bitter taste receptors influence glucose homeostasis. PLoS
One 3, €3974 (2008).

105



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Kim, U.K. ef al. Positional cloning of the human quantitative trait locus
underlying taste sensitivity to phenylthiocarbamide. Science 299, 1221-1225
(2003).

Soranzo, N. et al. Positive selection on a high-sensitivity allele of the human
bitter-taste receptor TAS2R16. Curr Biol 15, 1257-1265 (2005).

Wiener, A., Shudler, M., Levit, A. & Niv, M.Y. BitterDB: a database of bitter
compounds. Nucleic Acids Res 40, D413-419 (2012).

McLaughlin, S.K., McKinnon, P.J. & Margolskee, R.F. Gustducin is a taste-cell-
specific G protein closely related to the transducins. Nature 357, 563-569 (1992).

Wong, G.T., Gannon, K.S. & Margolskee, R.F. Transduction of bitter and sweet
taste by gustducin. Nature 381, 796-800 (1996).

Behrens, M. & Meyerhof, W. Mammalian bitter taste perception. Results Probl
Cell Differ 47, 203-220 (2009).

Kinnamon, S.C.M., R.F. 4.10 - Taste Transduction, in The Senses: A
Comprehensive Reference. (ed. T.D.A. Richard H. Masland, Richard H. Masland,
Peter Dallos, Donata Oertel, Stuart Firestein, Gary K. Beauchamp, M. Catherine
Bushnell, Allan I. Basbaum, Jon H. Kaas and Esther P. Gardner) 218-236
(Academic Press, New York; 2008).

Finger, T.E. et al. ATP signaling is crucial for communication from taste buds to
gustatory nerves. Science 310, 1495-1499 (2005).

Ruiz-Avila, L. et al. Coupling of bitter receptor to phosphodiesterase through
transducin in taste receptor cells. Nature 376, 80-85 (1995).

Avau, B. & Depoortere, I. The bitter truth about bitter taste receptors: beyond
sensing bitter in the oral cavity. Acta Physiol (Oxf) 216, 407-420 (2016).

Chandrashekar, J., Hoon, M.A., Ryba, N.J. & Zuker, C.S. The receptors and cells
for mammalian taste. Nature 444, 288-294 (2006).

106



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Mueller, K.L. et al. The receptors and coding logic for bitter taste. Nature 434,
225-229 (2005).

Matsunami, H., Montmayeur, J.P. & Buck, L.B. A family of candidate taste
receptors in human and mouse. Nature 404, 601-604 (2000).

Caicedo, A. & Roper, S.D. Taste receptor cells that discriminate between bitter
stimuli. Science 291, 1557-1560 (2001).

Behrens, M., Foerster, S., Staehler, F., Raguse, J.D. & Meyerhof, W. Gustatory
expression pattern of the human TAS2R bitter receptor gene family reveals a

heterogenous population of bitter responsive taste receptor cells. J Neurosci 27,
12630-12640 (2007).

Lossow, K. ef al. Comprehensive Analysis of Mouse Bitter Taste Receptors
Reveals Different Molecular Receptive Ranges for Orthologous Receptors in
Mice and Humans. J Biol Chem 291, 15358-15377 (2016).

Fujita, T. Taste cells in the gut and on the tongue. Their common, paraneuronal
features. Physiol Behav 49, 883-885 (1991).

Hofer, D., Puschel, B. & Drenckhahn, D. Taste receptor-like cells in the rat gut
identified by expression of alpha-gustducin. Proc Natl Acad Sci U S 4 93, 6631-
6634 (1996).

Sutherland, K., Young, R.L., Cooper, N.J., Horowitz, M. & Blackshaw, L.A.
Phenotypic characterization of taste cells of the mouse small intestine. Am J
Physiol Gastrointest Liver Physiol 292, G1420-1428 (2007).

Kim, K.S., Egan, J.M. & Jang, H.J. Denatonium induces secretion of glucagon-
like peptide-1 through activation of bitter taste receptor pathways. Diabetologia
57,2117-2125 (2014).

Suh, H.W. et al. A bitter herbal medicine Gentiana scabra root extract stimulates
glucagon-like peptide-1 secretion and regulates blood glucose in db/db mouse. J
Ethnopharmacol 172, 219-226 (2015).

Yu, Y. et al. Berberine induces GLP-1 secretion through activation of bitter taste
receptor pathways. Biochem Pharmacol 97, 173-177 (2015).

107



100. Kim, K.S. ef al. Transcriptomic analysis of the bitter taste receptor-mediated
glucagon-like peptide-1 stimulation effect of quinine. Biochip J 7, 386-392
(2013).

101. Janssen, S. et al. Bitter taste receptors and alpha-gustducin regulate the secretion
of ghrelin with functional effects on food intake and gastric emptying. Proc Natl
Acad Sci U S A 108, 2094-2099 (2011).

102.  Avau, B. et al. Targeting extra-oral bitter taste receptors modulates
gastrointestinal motility with effects on satiation. Sci Rep 5, 15985 (2015).

103. Foster, S.R. et al. Expression, regulation and putative nutrient-sensing function of
taste GPCRs in the heart. PLoS One 8, €64579 (2013).

104. Jeon, T.I., Zhu, B., Larson, J.L. & Osborne, T.F. SREBP-2 regulates gut peptide
secretion through intestinal bitter taste receptor signaling in mice. J Clin Invest
118, 3693-3700 (2008).

105. Vegezzi, G. et al. Diet-induced regulation of bitter taste receptor subtypes in the
mouse gastrointestinal tract. PLoS One 9, €107732 (2014).

106. Merigo, F., Benati, D., Tizzano, M., Osculati, F. & Sbarbati, A. alpha-Gustducin
immunoreactivity in the airways. Cell Tissue Res 319, 211-219 (2005).

107.  Finger, T.E. et al. Solitary chemoreceptor cells in the nasal cavity serve as
sentinels of respiration. Proc Natl Acad Sci U S A 100, 8981-8986 (2003).

108.  Sbarbati, A. et al. Identification and characterization of a specific sensory
epithelium in the rat larynx. J Comp Neurol 475, 188-201 (2004).

109. Lin, W., Ogura, T., Margolskee, R.F., Finger, T.E. & Restrepo, D. TRPM5-
expressing solitary chemosensory cells respond to odorous irritants. J
Neurophysiol 99, 1451-1460 (2008).

110. Tizzano, M., Merigo, F. & Sbarbati, A. Evidence of solitary chemosensory cells
in a large mammal: the diffuse chemosensory system in Bos taurus airways. J
Anat 209, 333-337 (2006).

108



111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Gulbransen, B.D., Clapp, T.R., Finger, T.E. & Kinnamon, S.C. Nasal solitary
chemoreceptor cell responses to bitter and trigeminal stimulants in vitro. J
Neurophysiol 99, 2929-2937 (2008).

Lee, R.J. et al. Bitter and sweet taste receptors regulate human upper respiratory
innate immunity. J Clin Invest 124, 1393-1405 (2014).

Tizzano, M. et al. Nasal chemosensory cells use bitter taste signaling to detect
irritants and bacterial signals. Proc Natl Acad Sci U S A 107, 3210-3215 (2010).

Saunders, C.J., Christensen, M., Finger, T.E. & Tizzano, M. Cholinergic
neurotransmission links solitary chemosensory cells to nasal inflammation. Proc
Natl Acad Sci U S 4 111, 6075-6080 (2014).

Einstein, R. et al. Alternative splicing of the G protein-coupled receptor
superfamily in human airway smooth muscle diversifies the complement of
receptors. Proc Natl Acad Sci U S A 105, 5230-5235 (2008).

Deshpande, D.A. ef al. Bitter taste receptors on airway smooth muscle
bronchodilate by localized calcium signaling and reverse obstruction. Nat Med 16,
1299-1304 (2010).

Singh, N., Vrontakis, M., Parkinson, F. & Chelikani, P. Functional bitter taste
receptors are expressed in brain cells. Biochem Biophys Res Commun 406, 146-
151 (2011).

Li, F. Taste perception: from the tongue to the testis. Mol Hum Reprod 19, 349-
360 (2013).

Clark, A.A. et al. TAS2R bitter taste receptors regulate thyroid function. FASEB J
29, 164-172 (2015).

Ansoleaga, B. et al. Decrease in olfactory and taste receptor expression in the
dorsolateral prefrontal cortex in chronic schizophrenia. J Psychiatr Res 60, 109-
116 (2015).

Garcia-Esparcia, P. ef al. Functional genomics reveals dysregulation of cortical
olfactory receptors in Parkinson disease: novel putative chemoreceptors in the
human brain. J Neuropathol Exp Neurol 72, 524-539 (2013).

109



122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Lu, P., Zhang, C.H., Lifshitz, L.M. & ZhuGe, R. Extraoral bitter taste receptors in
health and disease. J Gen Physiol 149, 181-197 (2017).

Carrai, M. et al. Association between TAS2R38 gene polymorphisms and
colorectal cancer risk: a case-control study in two independent populations of
Caucasian origin. PLoS One 6, €20464 (2011).

Choti, J.H. ef al. Variations in the bitterness perception-related genes TAS2R38
and CA6 modify the risk for colorectal cancer in Koreans. Oncotarget 8, 21253-
21265 (2017).

Singh, N., Chakraborty, R., Bhullar, R.P. & Chelikani, P. Differential expression
of bitter taste receptors in non-cancerous breast epithelial and breast cancer cells.
Biochem Biophys Res Commun 446, 499-503 (2014).

Gaida, M.M. et al. Expression of the bitter receptor T2R38 in pancreatic cancer:
localization in lipid droplets and activation by a bacteria-derived quorum-sensing
molecule. Oncotarget 7, 12623-12632 (2016).

Shaw, J.P. et al. Identification of a putative regulator of early T cell activation
genes. Science 241, 202-205 (1988).

Jauliac, S. et al. The role of NFAT transcription factors in integrin-mediated
carcinoma invasion. Nat Cell Biol 4, 540-544 (2002).

Ryeom, S. et al. Targeted deletion of the calcineurin inhibitor DSCR1 suppresses
tumor growth. Cancer Cell 13, 420-431 (2008).

Reid, B.M., Permuth, J.B. & Sellers, T.A. Epidemiology of ovarian cancer: a
review. Cancer Biol Med 14, 9-32 (2017).

Ferlay, J. ef al. Cancer incidence and mortality worldwide: sources, methods and
major patterns in GLOBOCAN 2012. Int J Cancer 136, E359-386 (2015).

Hausler, S.F. ef al. Whole blood-derived miRNA profiles as potential new tools
for ovarian cancer screening. Br J Cancer 103, 693-700 (2010).

110



133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Vaughan, S. et al. Rethinking ovarian cancer: recommendations for improving
outcomes. Nat Rev Cancer 11, 719-725 (2011).

Sankaranarayanan, R. & Ferlay, J. Worldwide burden of gynaecological cancer:
the size of the problem. Best Pract Res Clin Obstet Gynaecol 20, 207-225 (2006).

McCluggage, W.G. Morphological subtypes of ovarian carcinoma: a review with
emphasis on new developments and pathogenesis. Pathology 43, 420-432 (2011).

Prat, J. Ovarian carcinomas: five distinct diseases with different origins, genetic
alterations, and clinicopathological features. Virchows Arch 460, 237-249 (2012).

Marquez, R.T. et al. Patterns of gene expression in different histotypes of
epithelial ovarian cancer correlate with those in normal fallopian tube,
endometrium, and colon. Clin Cancer Res 11, 6116-6126 (2005).

Piek, J.M. et al. Dysplastic changes in prophylactically removed Fallopian tubes
of women predisposed to developing ovarian cancer. J Pathol 195, 451-456
(2001).

Przybycin, C.G., Kurman, R.J., Ronnett, B.M., Shih Ie, M. & Vang, R. Are all
pelvic (nonuterine) serous carcinomas of tubal origin? Am J Surg Pathol 34,
1407-1416 (2010).

Piek, J.M. et al. BRCA1/2-related ovarian cancers are of tubal origin: a
hypothesis. Gynecol Oncol 90, 491 (2003).

Kindelberger, D.W. et al. Intraepithelial carcinoma of the fimbria and pelvic
serous carcinoma: Evidence for a causal relationship. Am J Surg Pathol 31, 161-
169 (2007).

Kuhn, E. et al. TP53 mutations in serous tubal intraepithelial carcinoma and
concurrent pelvic high-grade serous carcinoma--evidence supporting the clonal
relationship of the two lesions. J Pathol 226, 421-426 (2012).

Dietl, J. Revisiting the pathogenesis of ovarian cancer: the central role of the
fallopian tube. Arch Gynecol Obstet 289, 241-246 (2014).

111



144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Sieh, W. ef al. Tubal ligation and risk of ovarian cancer subtypes: a pooled
analysis of case-control studies. Int J Epidemiol 42, 579-589 (2013).

Vang, R., Shih Ie, M. & Kurman, R.J. Fallopian tube precursors of ovarian low-
and high-grade serous neoplasms. Histopathology 62, 44-58 (2013).

Veras, E. ef al. Cystic and adenofibromatous clear cell carcinomas of the ovary:
distinctive tumors that differ in their pathogenesis and behavior: a
clinicopathologic analysis of 122 cases. Am J Surg Pathol 33, 844-853 (2009).

Wiegand, K.C. ef al. ARID1A mutations in endometriosis-associated ovarian
carcinomas. N Engl J Med 363, 1532-1543 (2010).

Yamamoto, S. ef al. PIK3CA mutation is an early event in the development of
endometriosis-associated ovarian clear cell adenocarcinoma. J Pathol 225, 189-
194 (2011).

Hull, M.L. et al. Endometrial-peritoneal interactions during endometriotic lesion
establishment. Am J Pathol 173, 700-715 (2008).

Dasari, S. & Tchounwou, P.B. Cisplatin in cancer therapy: molecular mechanisms
of action. Eur J Pharmacol 740, 364-378 (2014).

Weaver, B.A. How Taxol/paclitaxel kills cancer cells. Mol Biol Cell 25, 2677-
2681 (2014).

Matulonis, U.A. et al. Ovarian cancer. Nat Rev Dis Primers 2, 16061 (2016).

Bax, H.J. et al. Therapeutic targets and new directions for antibodies developed
for ovarian cancer. MAbs 8, 1437-1455 (2016).

Yung, M.M. et al. Bitter Melon (Momordica charantia) Extract Inhibits
Tumorigenicity and Overcomes Cisplatin-Resistance in Ovarian Cancer Cells
Through Targeting AMPK Signaling Cascade. Integr Cancer Ther 15, 376-389
(2016).

112



155.

156.

157.

158.

159.

160.

l161.

162.

163.

164.

Kwatra, D. et al. Methanolic extracts of bitter melon inhibit colon cancer stem
cells by affecting energy homeostasis and autophagy. Evid Based Complement
Alternat Med 2013, 702869 (2013).

Kwatra, D. ef al. Bitter melon extracts enhance the activity of chemotherapeutic
agents through the modulation of multiple drug resistance. J Pharm Sci 102,
4444-4454 (2013).

Ru, P., Steele, R., Nerurkar, P.V., Phillips, N. & Ray, R.B. Bitter melon extract
impairs prostate cancer cell-cycle progression and delays prostatic intraepithelial
neoplasia in TRAMP model. Cancer Prev Res (Phila) 4,2122-2130 (2011).

Ray, R.B., Raychoudhuri, A., Steele, R. & Nerurkar, P. Bitter melon (Momordica
charantia) extract inhibits breast cancer cell proliferation by modulating cell cycle
regulatory genes and promotes apoptosis. Cancer Res 70, 1925-1931 (2010).

Shen, W., Liang, B., Yin, J., Li, X. & Cheng, J. Noscapine Increases the
Sensitivity of Drug-Resistant Ovarian Cancer Cell Line SKOV3/DDP to Cisplatin
by Regulating Cell Cycle and Activating Apoptotic Pathways. Cell Biochem
Biophys 72, 203-213 (2015).

Barken, 1., Geller, J. & Rogosnitzky, M. Noscapine inhibits human prostate
cancer progression and metastasis in a mouse model. Anticancer Res 28, 3701-
3704 (2008).

Aneja, R. et al. Development of a novel nitro-derivative of noscapine for the

potential treatment of drug-resistant ovarian cancer and T-cell lymphoma. Mol
Pharmacol 69, 1801-1809 (2006).

Su, W. et al. Noscapine sensitizes chemoresistant ovarian cancer cells to cisplatin
through inhibition of HIF-1alpha. Cancer Lett 305, 94-99 (2011).

Shepherd, T.G., Theriault, B.L., Campbell, E.J. & Nachtigal, M.W. Primary
culture of ovarian surface epithelial cells and ascites-derived ovarian cancer cells
from patients. Nat Protoc 1, 2643-2649 (20006).

Theriault, B.L., Portelance, L., Mes-Masson, A.M. & Nachtigal, M.W.
Establishment of primary cultures from ovarian tumor tissue and ascites fluid.
Methods Mol Biol 1049, 323-336 (2013).

113



165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

Karst, A.M. & Drapkin, R. Primary culture and immortalization of human
fallopian tube secretory epithelial cells. Nat Protoc 7, 1755-1764 (2012).

Schmittgen, T.D. & Livak, K.J. Analyzing real-time PCR data by the comparative
C(T) method. Nat Protoc 3, 1101-1108 (2008).

Livak, K.J. & Schmittgen, T.D. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods 25,
402-408 (2001).

Young, B., Purcell, C., Kuang, Y.Q., Charette, N. & Dupre, D.J. Superoxide
Dismutase 1 Regulation of CXCR4-Mediated Signaling in Prostate Cancer Cells
is Dependent on Cellular Oxidative State. Cell Physiol Biochem 37,2071-2084
(2015).

Bowtell, D.D. ef al. Rethinking ovarian cancer II: reducing mortality from high-
grade serous ovarian cancer. Nat Rev Cancer 15, 668-679 (2015).

Kurman, R.J. & Shih Ie, M. The origin and pathogenesis of epithelial ovarian
cancer: a proposed unifying theory. Am J Surg Pathol 34, 433-443 (2010).

Doddapaneni, R., Patel, K., Chowdhury, N. & Singh, M. Noscapine
chemosensitization enhances docetaxel anticancer activity and nanocarrier uptake
in triple negative breast cancer. Exp Cell Res 346, 65-73 (2016).

de Sousa Abreu, R., Penalva, L.O., Marcotte, E.M. & Vogel, C. Global signatures
of protein and mRNA expression levels. Mol Biosyst S, 1512-1526 (2009).

Vogel, C. & Marcotte, E.M. Insights into the regulation of protein abundance
from proteomic and transcriptomic analyses. Nat Rev Genet 13, 227-232 (2012).

Fekete, T. et al. Meta-analysis of gene expression profiles associated with
histological classification and survival in 829 ovarian cancer samples. Int J
Cancer 131, 95-105 (2012).

Orsmark-Pietras, C. et al. Transcriptome analysis reveals upregulation of bitter
taste receptors in severe asthmatics. Eur Respir J 42, 65-78 (2013).

114



176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

Alkuraya, F.S. Human knockout research: new horizons and opportunities. Trends
Genet 31, 108-115 (2015).

Zhou, J. et al. Paclitaxel-resistant human ovarian cancer cells undergo c-Jun NH2-
terminal kinase-mediated apoptosis in response to noscapine. J Biol Chem 277,
39777-39785 (2002).

Dorsam, R.T. & Gutkind, J.S. G-protein-coupled receptors and cancer. Nat Rev
Cancer 7, 79-94 (2007).

Wu, H. et al. Structure of the human kappa-opioid receptor in complex with
JDTic. Nature 485, 327-332 (2012).

Manglik, A. et al. Crystal structure of the micro-opioid receptor bound to a
morphinan antagonist. Nature 485, 321-326 (2012).

Wu, B. et al. Structures of the CXCR4 chemokine GPCR with small-molecule
and cyclic peptide antagonists. Science 330, 1066-1071 (2010).

Huang, J., Chen, S., Zhang, J.J. & Huang, X.Y. Crystal structure of oligomeric
betal-adrenergic G protein-coupled receptors in ligand-free basal state. Nat Struct
Mol Biol 20, 419-425 (2013).

Koehn, F.E. & Carter, G.T. The evolving role of natural products in drug
discovery. Nat Rev Drug Discov 4, 206-220 (2005).

Pantages, E. & Dulac, C. A novel family of candidate pheromone receptors in
mammals. Neuron 28, 835-845 (2000).

Pronin, A.N., Tang, H., Connor, J. & Keung, W. Identification of ligands for two
human bitter T2R receptors. Chem Senses 29, 583-593 (2004).

Wang, X., Thomas, S.D. & Zhang, J. Relaxation of selective constraint and loss
of function in the evolution of human bitter taste receptor genes. Hum Mol Genet
13, 2671-2678 (2004).

115



187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

Kishida, T., Thewissen, J., Hayakawa, T., Imai, H. & Agata, K. Aquatic
adaptation and the evolution of smell and taste in whales. Zoological Lett 1, 9
(2015).

Liu, Z. et al. Dietary specialization drives multiple independent losses and gains
in the bitter taste gene repertoire of Laurasiatherian Mammals. Front Zool 13, 28
(2016).

Freeland, W.J. & Janzen, D.H. Strategies in Herbivory by Mammals - Role of
Plant Secondary Compounds. Am Nat 108, 269-289 (1974).

Koshimizu, K., Ohigashi, H. & Huffman, M.A. Use of Vernonia amygdalina by
wild chimpanzee: possible roles of its bitter and related constituents. Physiol
Behav 56, 1209-1216 (1994).

Villalba, J.J., Miller, J., Ungar, E.D., Landau, S.Y. & Glendinning, J. Ruminant
self-medication against gastrointestinal nematodes: evidence, mechanism, and
origins. Parasite 21, 31 (2014).

Parmentier, M. et al. Expression of members of the putative olfactory receptor
gene family in mammalian germ cells. Nature 355, 453-455 (1992).

Li, F. & Zhou, M. Depletion of bitter taste transduction leads to massive
spermatid loss in transgenic mice. Mol Hum Reprod 18, 289-297 (2012).

Shiffman, D. et al. Association of gene variants with incident myocardial
infarction in the Cardiovascular Health Study. Arterioscler Thromb Vasc Biol 28,
173-179 (2008).

Wendell, S. et al. Taste genes associated with dental caries. J Dent Res 89, 1198-
1202 (2010).

Gil, S. et al. Genotype-specific regulation of oral innate immunity by T2R38 taste
receptor. Mol Immunol 68, 663-670 (2015).

Kaye, S.B. Reversal of drug resistance in ovarian cancer: Where do we go from
here? Journal of Clinical Oncology 26,2616-2618 (2008).

116



198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

Au, K.K., Josahkian, J.A., Francis, J.A., Squire, J.A. & Koti, M. Current state of
biomarkers in ovarian cancer prognosis. Future Oncology 11, 3187-3195 (2015).

Oronsky, B. et al. A brief review of the management of platinum-resistant-
platinum-refractory ovarian cancer. Med Oncol 34, 103 (2017).

Koussounadis, A., Langdon, S.P., Um, I.H., Harrison, D.J. & Smith, V.A.
Relationship between differentially expressed mRNA and mRNA-protein
correlations in a xenograft model system. Sci Rep 5, 10775 (2015).

Cooper, T.A., Wan, L. & Dreyfuss, G. RNA and disease. Cell 136, 777-793
(2009).

Matsui, A., Thara, T., Suda, H., Mikami, H. & Semba, K. Gene amplification:
mechanisms and involvement in cancer. Biomol Concepts 4, 567-582 (2013).

Tomar, V., Kukreti, S., Prakash, S., Madan, J. & Chandra, R. Noscapine and its
Analogs as Chemotherapeutic Agent: Current updates. Curr Top Med Chem 17,
174-188 (2017).

Rida, P.C., LiVecche, D., Ogden, A., Zhou, J. & Aneja, R. The Noscapine
Chronicle: A Pharmaco-Historic Biography of the Opiate Alkaloid Family and its
Clinical Applications. Med Res Rev 35, 1072-1096 (2015).

Ye, K. et al. Opium alkaloid noscapine is an antitumor agent that arrests
metaphase and induces apoptosis in dividing cells. Proc Natl Acad Sci U S A 95,
1601-1606 (1998).

Aneja, R. et al. Preclinical pharmacokinetics and bioavailability of noscapine, a
tubulin-binding anticancer agent. Cancer Chemother Pharmacol 60, 831-839
(2007).

Sung, B., Ahn, K.S. & Aggarwal, B.B. Noscapine, a benzylisoquinoline alkaloid,
sensitizes leukemic cells to chemotherapeutic agents and cytokines by modulating
the NF-kappaB signaling pathway. Cancer Res 70, 3259-3268 (2010).

DeBono, A., Capuano, B. & Scammells, P.J. Progress Toward the Development
of Noscapine and Derivatives as Anticancer Agents. J Med Chem 58, 5699-5727
(2015).

117



209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

Zhang, C.H. et al. The cellular and molecular basis of bitter tastant-induced
bronchodilation. PLoS Biol 11, 1001501 (2013).

Salathe, M. Regulation of mammalian ciliary beating. Annu Rev Physiol 69, 401-
422 (2007).

Shah, A.S., Ben-Shahar, Y., Moninger, T.O., Kline, J.N. & Welsh, M.J. Motile
cilia of human airway epithelia are chemosensory. Science 325, 1131-1134
(2009).

Wei, M.Y. et al. Involvement of large-conductance Ca2+-activated K+ channels
in chloroquine-induced force alterations in pre-contracted airway smooth muscle.
PLoS One 10, 0121566 (2015).

Cummings, D.E. & Overduin, J. Gastrointestinal regulation of food intake. J Clin
Invest 117, 13-23 (2007).

Ogura, T., Krosnowski, K., Zhang, L., Bekkerman, M. & Lin, W.
Chemoreception regulates chemical access to mouse vomeronasal organ: role of
solitary chemosensory cells. PLoS One S5, €11924 (2010).

Krasteva, G. ef al. Cholinergic chemosensory cells in the trachea regulate
breathing. Proc Natl Acad Sci U S 4 108, 9478-9483 (2011).

Deckmann, K. et al. Bitter triggers acetylcholine release from polymodal urethral
chemosensory cells and bladder reflexes. Proc Natl Acad Sci U S A 111, 8287-
8292 (2014).

Gerbe, F. et al. Intestinal epithelial tuft cells initiate type 2 mucosal immunity to
helminth parasites. Nature 529, 226-230 (2016).

Howitt, M.R. et al. Tuft cells, taste-chemosensory cells, orchestrate parasite type
2 immunity in the gut. Science 351, 1329-1333 (2016).

von Moltke, J., Ji, M., Liang, H.E. & Locksley, R.M. Tuft-cell-derived IL-25
regulates an intestinal [ILC2-epithelial response circuit. Nature 529, 221-225
(2016).

118



220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

Sidhu, C., Jaggupilli, A., Chelikani, P. & Bhullar, R.P. Regulation of Rac1
GTPase activity by quinine through G-protein and bitter taste receptor T2R4. Mol
Cell Biochem 426, 129-136 (2017).

Wertheimer, E. ef al. Rac signaling in breast cancer: a tale of GEFs and GAPs.
Cell Signal 24, 353-362 (2012).

Burridge, K. & Wennerberg, K. Rho and Rac take center stage. Cel/l 116, 167-179
(2004).

Jaffe, A.B. & Hall, A. Rho GTPases: biochemistry and biology. Annu Rev Cell
Dev Biol 21, 247-269 (2005).

Malliri, A. et al. Mice deficient in the Rac activator Tiam1 are resistant to Ras-
induced skin tumours. Nature 417, 867-871 (2002).

Bid, H.K., Roberts, R.D., Manchanda, P.K. & Houghton, P.J. RACI: an emerging
therapeutic option for targeting cancer angiogenesis and metastasis. Mol Cancer
Ther 12, 1925-1934 (2013).

Deshpande, S.S., Angkeow, P., Huang, J., Ozaki, M. & Irani, K. Racl inhibits
TNF-alpha-induced endothelial cell apoptosis: dual regulation by reactive oxygen
species. FASEB J 14, 1705-1714 (2000).

Joneson, T. & Bar-Sagi, D. Suppression of Ras-induced apoptosis by the Rac
GTPase. Mol Cell Biol 19, 5892-5901 (1999).

Pervaiz, S., Cao, J., Chao, O.S., Chin, Y.Y. & Clement, M.V. Activation of the
RacGTPase inhibits apoptosis in human tumor cells. Oncogene 20, 6263-6268
(2001).

Ruggieri, R., Chuang, Y.Y. & Symons, M. The small GTPase Rac suppresses
apoptosis caused by serum deprivation in fibroblasts. Mol Med 7, 293-300 (2001).

Zugasti, O. et al. Raf-MEK-Erk cascade in anoikis is controlled by Racl and
Cdc42 via Akt. Mol Cell Biol 21, 6706-6717 (2001).

119



231.

232.

Zhang, B., Zhang, Y. & Shacter, E. Racl inhibits apoptosis in human lymphoma
cells by stimulating Bad phosphorylation on Ser-75. Mol Cell Biol 24, 6205-6214
(2004).

Guo, F., Debidda, M., Yang, L., Williams, D.A. & Zheng, Y. Genetic deletion of
Rac1 GTPase reveals its critical role in actin stress fiber formation and focal
adhesion complex assembly. J Biol Chem 281, 18652-18659 (2006).

120



APPENDIX 1 COPYRIGHT PERMISSION FOR FIGURE 1

3/31/2017

Copyright
f‘_‘ Clearance
o

Center

Copyright Clearance Center

Note: Copyright.com supplies permissions but not the copyrighted content itself.

Step 3: Order Confirmation

3
CONFIRMATION

info@copyright.com. This is not an invoice.

Thank you for your order! A confirmation for your order will be sent to your account email address. If you have
questions about your order, you can call us 24 hrs/day, M-F at +1.855.239.3415 Toll Free, or write to us at

Confirmation Number: 11635501
Order Date: 03/31/2017

Payment Information

Louis Martin
louis.martin@dal.ca
+1 (902) 422-1338
Payment Method: n/a

Order Details

If you paid by credit card, your order will be finalized and your card will
be charged within 24 hours. If you choose to be invoiced, you can
change or cancel your order until the invoice is generated.

Cancer Genomics and Proteomics : Methods and Protocols

Order detail ID: 70374603
Order License Id: 4079391347801

Permission Status: G Granted

Permission type: Republish or display content

ISBN_= . 9781493946549 Type of use: Thesis/Dissertation

Publication Type: Book

Publisher: Humana Press o
Requestor type Academic institution
Format Electronic
Portion chart/graph/table/figure
Number of
charts/graphs/tables/f 1
igures
Title or numeric
reference of the Figure 1.
portion(s)
Title of the article or g':g;cglm:] olfir;Abienrrant
chapter the portion is >lgnaling
from Tumorlgeng5|s -A

Systems Biology Approach
Editor of portion(s) N/A
Author of portion(s)
https://www.copyright.com/printCoiConfirmPurchase.do?operation=defaultOperation&confirmNum=11635501&showTCCitation=TRUE 1/7

121



Copyright Clearance Center

Volume of serial or
monograph

Issue, if republishing
an article from a serial

Page range of portion

Publication date of
portion

Rights for

Duration of use

Creation of copies for
the disabled

With minor editing
privileges

For distribution to

In the following
language(s)

With incidental
promotional use

Lifetime unit quantity of
new product

Made available in the
following markets

The requesting
person/organization

Order reference number

Author/Editor

The standard identifier
of New Work

Title of New Work

122

Jinhua Wu, Na Xie, Xia
Zhao, Edouard C. Nice and
Canhua Huang

37-50

February 2012

Main product

Life of current edition

no

yes

Worldwide

Original language of
publication

no

Up to 499

academic

Louis T. P.
Martin/Dalhousie
University

Louis T. P. Martin

MSc thesis

The bitter taste receptor
Tas2R14 is expressed in
ovarian cancer and
mediates apoptotic
signaling

https://www.copyright.com/printCoiConfirmPurchase.do?operation=defaultOperation&confirmNum=11635501&showTCCitation=TRUE

2/7



3/31/2017

Note: This item will be invoiced or charged separately through CCC's RightsLink service. More info

Copyright Clearance Center

Publisher of New Work Dalhousie University

Expected publication

date May 2017

Estimated size (pages) 100

Total order items:

1

This is not an invoice.

Order Total: 0.00 USD

https://www.copyright.com/printCoiConfirmPurchase.do?operation=defaultOperation&confirmNum=11635501&showTCCitation=TRUE

123

$0.00

3/7



3/31/2017 Copyright Clearance Center
Confirmation Number: 11635501

Special Rightsholder Terms & Conditions
The following terms & conditions apply to the specific publication under which they are listed

Cancer Genomics and Proteomics : Methods and Protocols
Permission type: Republish or display content
Type of use: Thesis/Dissertation

TERMS AND CONDITIONS
The following terms are individual to this publisher:

Other Terms and Conditions:

STANDARD TERMS AND CONDITIONS

1. Description of Service; Defined Terms. This Republication License enables the User to obtain licenses for republication
of one or more copyrighted works as described in detail on the relevant Order Confirmation (the “Work(s)"”). Copyright
Clearance Center, Inc. ("CCC") grants licenses through the Service on behalf of the rightsholder identified on the Order
Confirmation (the “Rightsholder”). “Republication”, as used herein, generally means the inclusion of a Work, in whole or
in part, in a new work or works, also as described on the Order Confirmation. “User”, as used herein, means the person
or entity making such republication.

2. The terms set forth in the relevant Order Confirmation, and any terms set by the Rightsholder with respect to a
particular Work, govern the terms of use of Works in connection with the Service. By using the Service, the person
transacting for a republication license on behalf of the User represents and warrants that he/she/it (a) has been duly
authorized by the User to accept, and hereby does accept, all such terms and conditions on behalf of User, and (b) shall
inform User of all such terms and conditions. In the event such person is a “freelancer” or other third party independent
of User and CCC, such party shall be deemed jointly a “User” for purposes of these terms and conditions. In any event,
User shall be deemed to have accepted and agreed to all such terms and conditions if User republishes the Work in any
fashion.

3. Scope of License; Limitations and Obligations.

3.1 All Works and all rights therein, including copyright rights, remain the sole and exclusive property of the Rightsholder.
The license created by the exchange of an Order Confirmation (and/or any invoice) and payment by User of the full
amount set forth on that document includes only those rights expressly set forth in the Order Confirmation and in these
terms and conditions, and conveys no other rights in the Work(s) to User. All rights not expressly granted are hereby
reserved.

3.2 General Payment Terms: You may pay by credit card or through an account with us payable at the end of the month.
If you and we agree that you may establish a standing account with CCC, then the following terms apply: Remit Payment
to: Copyright Clearance Center, 29118 Network Place, Chicago, IL 60673-1291. Payments Due: Invoices are payable
upon their delivery to you (or upon our notice to you that they are available to you for downloading). After 30 days,
outstanding amounts will be subject to a service charge of 1-1/2% per month or, if less, the maximum rate allowed by
applicable law. Unless otherwise specifically set forth in the Order Confirmation or in a separate written agreement signed
by CCC, invoices are due and payable on “net 30” terms. While User may exercise the rights licensed immediately upon
issuance of the Order Confirmation, the license is automatically revoked and is null and void, as if it had never been
issued, if complete payment for the license is not received on a timely basis either from User directly or through a
payment agent, such as a credit card company.

3.3 Unless otherwise provided in the Order Confirmation, any grant of rights to User (i) is “one-time” (including the
editions and product family specified in the license), (ii) is non-exclusive and non-transferable and (iii) is subject to any
and all limitations and restrictions (such as, but not limited to, limitations on duration of use or circulation) included in the
Order Confirmation or invoice and/or in these terms and conditions. Upon completion of the licensed use, User shall either
secure a new permission for further use of the Work(s) or immediately cease any new use of the Work(s) and shall
render inaccessible (such as by deleting or by removing or severing links or other locators) any further copies of the Work
(except for copies printed on paper in accordance with this license and still in User's stock at the end of such period).

3.4 In the event that the material for which a republication license is sought includes third party materials (such as
photographs, illustrations, graphs, inserts and similar materials) which are identified in such material as having been
used by permission, User is responsible for identifying, and seeking separate licenses (under this Service or otherwise)
for, any of such third party materials; without a separate license, such third party materials may not be used.

3.5 Use of proper copyright notice for a Work is required as a condition of any license granted under the Service. Unless
otherwise provided in the Order Confirmation, a proper copyright notice will read substantially as follows: “Republished
with permission of [Rightsholder’s name], from [Work's title, author, volume, edition number and year of copyright];
permission conveyed through Copyright Clearance Center, Inc. ” Such notice must be provided in a reasonably legible
font size and must be placed either immediately adjacent to the Work as used (for example, as part of a by-line or
footnote but not as a separate electronic link) or in the place where substantially all other credits or notices for the new
work containing the republished Work are located. Failure to include the required notice results in loss to the Rightsholder

https://www.copyright.com/printCoiConfirmPurchase.do?operation=defaultOperation&confirmNum=11635501&showTCCitation=TRUE

124




3/31/2017 Copyright Clearance Center

and CCC, and the User shall be liable to pay liquidated damages for each such failure equal to twice the use fee specified
in the Order Confirmation, in addition to the use fee itself and any other fees and charges specified.

3.6 User may only make alterations to the Work if and as expressly set forth in the Order Confirmation. No Work may be
used in any way that is defamatory, violates the rights of third parties (including such third parties' rights of copyright,
privacy, publicity, or other tangible or intangible property), or is otherwise illegal, sexually explicit or obscene. In
addition, User may not conjoin a Work with any other material that may result in damage to the reputation of the
Rightsholder. User agrees to inform CCC if it becomes aware of any infringement of any rights in a Work and to
cooperate with any reasonable request of CCC or the Rightsholder in connection therewith.

4. Indemnity. User hereby indemnifies and agrees to defend the Rightsholder and CCC, and their respective employees
and directors, against all claims, liability, damages, costs and expenses, including legal fees and expenses, arising out of
any use of a Work beyond the scope of the rights granted herein, or any use of a Work which has been altered in any
unauthorized way by User, including claims of defamation or infringement of rights of copyright, publicity, privacy or
other tangible or intangible property.

5. Limitation of Liability. UNDER NO CIRCUMSTANCES WILL CCC OR THE RIGHTSHOLDER BE LIABLE FOR ANY DIRECT,
INDIRECT, CONSEQUENTIAL OR INCIDENTAL DAMAGES (INCLUDING WITHOUT LIMITATION DAMAGES FOR LOSS OF
BUSINESS PROFITS OR INFORMATION, OR FOR BUSINESS INTERRUPTION) ARISING OUT OF THE USE OR INABILITY TO
USE A WORK, EVEN IF ONE OF THEM HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. In any event, the
total liability of the Rightsholder and CCC (including their respective employees and directors) shall not exceed the total
amount actually paid by User for this license. User assumes full liability for the actions and omissions of its principals,
employees, agents, affiliates, successors and assigns.

6. Limited Warranties. THE WORK(S) AND RIGHT(S) ARE PROVIDED "“AS IS”. CCC HAS THE RIGHT TO GRANT TO USER
THE RIGHTS GRANTED IN THE ORDER CONFIRMATION DOCUMENT. CCC AND THE RIGHTSHOLDER DISCLAIM ALL OTHER
WARRANTIES RELATING TO THE WORK(S) AND RIGHT(S), EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT
LIMITATION IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. ADDITIONAL
RIGHTS MAY BE REQUIRED TO USE ILLUSTRATIONS, GRAPHS, PHOTOGRAPHS, ABSTRACTS, INSERTS OR OTHER
PORTIONS OF THE WORK (AS OPPOSED TO THE ENTIRE WORK) IN A MANNER CONTEMPLATED BY USER; USER
UNDERSTANDS AND AGREES THAT NEITHER CCC NOR THE RIGHTSHOLDER MAY HAVE SUCH ADDITIONAL RIGHTS TO
GRANT.

7. Effect of Breach. Any failure by User to pay any amount when due, or any use by User of a Work beyond the scope of
the license set forth in the Order Confirmation and/or these terms and conditions, shall be a material breach of the
license created by the Order Confirmation and these terms and conditions. Any breach not cured within 30 days of written
notice thereof shall result in immediate termination of such license without further notice. Any unauthorized (but
licensable) use of a Work that is terminated immediately upon notice thereof may be liquidated by payment of the
Rightsholder's ordinary license price therefor; any unauthorized (and unlicensable) use that is not terminated
immediately for any reason (including, for example, because materials containing the Work cannot reasonably be
recalled) will be subject to all remedies available at law or in equity, but in no event to a payment of less than three
times the Rightsholder's ordinary license price for the most closely analogous licensable use plus Rightsholder's and/or
CCC's costs and expenses incurred in collecting such payment.

8. Miscellaneous.

8.1 User acknowledges that CCC may, from time to time, make changes or additions to the Service or to these terms and
conditions, and CCC reserves the right to send notice to the User by electronic mail or otherwise for the purposes of
notifying User of such changes or additions; provided that any such changes or additions shall not apply to permissions
already secured and paid for.

8.2 Use of User-related information collected through the Service is governed by CCC'’s privacy policy, available online
here: http://www.copyright.com/content/cc3/en/tools/footer/privacypolicy.html.

8.3 The licensing transaction described in the Order Confirmation is personal to User. Therefore, User may not assign or
transfer to any other person (whether a natural person or an organization of any kind) the license created by the Order
Confirmation and these terms and conditions or any rights granted hereunder; provided, however, that User may assign
such license in its entirety on written notice to CCC in the event of a transfer of all or substantially all of User’s rights in
the new material which includes the Work(s) licensed under this Service.

8.4 No amendment or waiver of any terms is binding unless set forth in writing and signed by the parties. The
Rightsholder and CCC hereby object to any terms contained in any writing prepared by the User or its principals,
employees, agents or affiliates and purporting to govern or otherwise relate to the licensing transaction described in the
Order Confirmation, which terms are in any way inconsistent with any terms set forth in the Order Confirmation and/or in
these terms and conditions or CCC's standard operating procedures, whether such writing is prepared prior to,
simultaneously with or subsequent to the Order Confirmation, and whether such writing appears on a copy of the Order
Confirmation or in a separate instrument.

8.5 The licensing transaction described in the Order Confirmation document shall be governed by and construed under
the law of the State of New York, USA, without regard to the principles thereof of conflicts of law. Any case, controversy,
suit, action, or proceeding arising out of, in connection with, or related to such licensing transaction shall be brought, at
CCC's sole discretion, in any federal or state court located in the County of New York, State of New York, USA, or in any
federal or state court whose geographical jurisdiction covers the location of the Rightsholder set forth in the Order
Confirmation. The parties expressly submit to the personal jurisdiction and venue of each such federal or state court.If
you have any comments or questions about the Service or Copyright Clearance Center, please contact us at 978-750-
8400 or send an e-mail to info@copyright.com.

vi1il

https://www.copyright.com/printCoiConfirmPurchase.do?operation=defaultOperation&confirmNum=11635501&showTCCitation=TRUE

125




3/31/2017 Copyright Clearance Center
L

Close

https://www.copyright.com/printCoiConfirmPurchase.do?operation=defaultOperation&confirmNum=11635501&showTCCitation=TRUE

126




3/31/2017 Copyright Clearance Center
Confirmation Number: 11635501

Citation Information

Order Detail ID: 70374603

Cancer Genomics and Proteomics : Methods and Protocols by Humana Press. Reproduced with permission of
Humana Press in the format Thesis/Dissertation via Copyright Clearance Center.

Close

https://www.copyright.com/printCoiConfirmPurchase.do?operation=defaultOperation&confirmNum=11635501&showTCCitation=TRUE

127

717



4/3/2017

APPENDIX Il COPYRIGHT PERMISSION FOR FIGURE 2/FIGURE 3

RightsLink Printable License

SPRINGER LICENSE
TERMS AND CONDITIONS

Apr 03, 2017

This Agreement between Louis Martin ("You") and Springer ("Springer") consists of your
license details and the terms and conditions provided by Springer and Copyright Clearance

Center.

License Number
License date

Licensed Content Publisher

Licensed Content Publication

Licensed Content Title
Licensed Content Author
Licensed Content Date
Type of Use

Portion

Number of
figures/tables/illustrations

Author of this Springer
article

Order reference number
Original figure numbers

Title of your thesis /
dissertation

Expected completion date
Estimated size(pages)

Requestor Location

Billing Type
Billing Address

Total

Terms and Conditions

Introduction

4081440316203

Apr 03, 2017

Springer

Springer eBook

Bitter Taste Receptors
Louis T. P. Martin

Jan 1, 2016
Thesis/Dissertation
Figures/tables/illustrations

2

Yes and you are a contributor of the new work

Figure 1, Figure 2

The bitter taste receptor Tas2R14 is expressed in epithelial ovarian
cancer and mediates apoptotic signaling

May 2017
100

Louis Martin
1532 Larch St

Halifax, NS B3H 3W8
Canada
Attn: Louis Martin

Invoice

Louis Martin
1532 Larch St

Halifax, NS B3H 3W8
Canada
Attn: Louis Martin

0.00 CAD

The publisher for this copyrighted material is Springer. By clicking "accept" in connection
with completing this licensing transaction, you agree that the following terms and conditions
https://s100.copyright.com/AppDispatchServlet 1/4

128



4/3/2017 RightsLink Printable License

apply to this transaction (along with the Billing and Payment terms and conditions
established by Copyright Clearance Center, Inc. ("CCC"), at the time that you opened your
Rightslink account and that are available at any time at http://myaccount.copyright.com).
Limited License

With reference to your request to reuse material on which Springer controls the copyright,
permission is granted for the use indicated in your enquiry under the following conditions:
- Licenses are for one-time use only with a maximum distribution equal to the number stated
in your request.

- Springer material represents original material which does not carry references to other
sources. If the material in question appears with a credit to another source, this permission is
not valid and authorization has to be obtained from the original copyright holder.

- This permission

* is non-exclusive

« is only valid if no personal rights, trademarks, or competitive products are infringed.

« explicitly excludes the right for derivatives.

- Springer does not supply original artwork or content.

- According to the format which you have selected, the following conditions apply
accordingly:

¢ Print and Electronic: This License include use in electronic form provided it is password
protected, on intranet, or CD-Rom/DVD or E-book/E-journal. It may not be republished in
electronic open access.

¢ Print: This License excludes use in electronic form.

¢ Electronic: This License only pertains to use in electronic form provided it is password
protected, on intranet, or CD-Rom/DVD or E-book/E-journal. It may not be republished in
electronic open access.

For any electronic use not mentioned, please contact Springer at permissions.springer@spi-
global.com.

- Although Springer controls the copyright to the material and is entitled to negotiate on
rights, this license is only valid subject to courtesy information to the author (address is
given in the article/chapter).
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alter or modify text in any manner. Abbreviations, additions, deletions and/or any other
alterations shall be made only with prior written authorization of the author(s).

Reservation of Rights
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details provided by you and accepted in the course of this licensing transaction and (ii) these
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Jurisdiction
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shall be settled exclusively by arbitration, to be held in the Federal Republic of Germany, in
accordance with German law.

Other conditions:

V 12AUG2015

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.
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established by Copyright Clearance Center, Inc. ("CCC"), at the time that you opened your
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adopts on its own behalf the limitations and disclaimers established by CCC on its behalf in
its Billing and Payment terms and conditions for this licensing transaction.

Indemnity

You hereby indemnify and agree to hold harmless Springer and CCC, and their respective
officers, directors, employees and agents, from and against any and all claims arising out of
your use of the licensed material other than as specifically authorized pursuant to this
license.

No Transfer of License

This license is personal to you and may not be sublicensed, assigned, or transferred by you
without Springer's written permission.

No Amendment Except in Writing

This license may not be amended except in a writing signed by both parties (or, in the case
of Springer, by CCC on Springer's behalf).

Objection to Contrary Terms

Springer hereby objects to any terms contained in any purchase order, acknowledgment,
check endorsement or other writing prepared by you, which terms are inconsistent with these
terms and conditions or CCC's Billing and Payment terms and conditions. These terms and
conditions, together with CCC's Billing and Payment terms and conditions (which are
incorporated herein), comprise the entire agreement between you and Springer (and CCC)
concerning this licensing transaction. In the event of any conflict between your obligations
established by these terms and conditions and those established by CCC's Billing and
Payment terms and conditions, these terms and conditions shall control.

Jurisdiction

All disputes that may arise in connection with this present License, or the breach thereof,

https://s100.copyright.com/AppDispatchServlet 3/4

135



7/5/12017 RightsLink Printable License

shall be settled exclusively by arbitration, to be held in the Federal Republic of Germany, in
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