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ABSTRACT 

Prostaglandin F2 alpha (PGF2a) regulates physiological responses including 

lowering of intraocular pressure, luteolysis, and parturition. FP prostanoid receptors are 

GPCRs mediating the actions of PGFia- mRNA splice variants exist for the ovine FP 

receptor gene and are designated FPA and FPB. Thus far, receptor heterogeneity for the 

human FP receptor gene has yet to be established. This dissertation identifies human FP 

receptor isoforms and their pharmacological significance. 

Utilizing PGR, a putative human FPB (hFPB) ortholog from placenta and CX-1 

(colon adenocarcinoma) cDNA was identified. These clones produced similar cDNA 

sequence both containing inverted repeat sequences. However, the mechanism by which 

the hFPe is produced appears different from alternative mRNA splicing and remains 

unexplained. Pharmacological characterization of the IiFPb ortholog is ongoing and its 

significance remains unknown. 

Additionally, we report the cloning of a FP receptor mRNA splice variant from 

human heart and placenta cDNA, named human FP sevenless (hFPs). The cDNA 

encoding hFPs has a 71 base pair insert that produces a frame shift resulting in a 

truncated receptor lacking transmembrane-? and a carboxyl tail. This sequence is 

identified as a distinct exon localized on the human FP receptor gene. hFPs mRNA are 

expressed in human skeletal muscle, heart and placenta. Immunohistochemical staining 

showed positive immunoreactivity in vascular endothelium, trophoblast, and decidual 

cells from placenta. hFPs represents the first confirmed alternative splice variant of the 

human FP prostanoid receptor gene, however, its function is unknown. 
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Pharmacological characterization of hFPs demonstrated no significant PGFaa 

binding or PGFaa-mediated inositol phosphate hydrolysis. FLIPR high throughput 

screening membrane potential assays yielded four potential agonists for hFPs activation 

that were not observed in (-)293-EBNA cells; oxytocin, PGB2, AGNA9B9, and 

AGNAIOBIO. These potential agonists require further investigation for hFPs selectivity 

and until such data is determined, hFPs should continue to be considered an orphan 

receptor. 

In conclusion, these studies demonstrate one FP receptor splice variant of the six 

transmembrane (6TM) nature exists in humans. In addition, preliminary evidence 

suggests the existence of a hFPB receptor ortholog potentially generated from a 

mechanism other than traditional mRNA splicing and could contribute to the 

development of colon carcinogenesis. 
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CHAPTER ONE: 

INTRODUCTION 

Portions of this chapter have appeared previously in Vielhauer G.A., Fujino H., Regan 

J.W. (2004) Cloning and localization of hFPs: a six-transmembrane mRNA splice variant 

of the Human FP Prostanoid Receptor. Archives of Biochemistry and Biophysics 421: 

175-185. 
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1.1 Introduction 

Prostaglandins are a group of ubiquitously released autacoids that have a history 

dating back to 1930 where Kurzrok and Lieb observed that human semen can cause either 

uterine contraction or relaxation (Kurzrok and Lieb 1930). Around that same time at the 

Karolinska Institute in Sweden, Goldblatt (Goldblatt 1933) and von Euler (Euler 1934) 

noted that semen extracts could display hypotensive effects leading von Euler to coin the 

term "prostaglandin" (Euler 1935, Euler 1937). After World War II, Bergstrom and 

Sjovall (1957) described these extracts to contain various hydroxylated fatty acids that 

were non-nitrogenous and biologically active. These observations, made 68 years ago, 

led to the birth of the prostaglandin field and ultimately their adoption into the autacoid 

family. 

Autacoids are biologically active hormones that are locally released in many 

tissues to exert their physiologic or pathologic effects at multiple receptor subtypes. 

Eicosanoids are a class of autacoids produced by oxygenation of polyunsaturated long 

chain fatty acids. Arachidonic acid, a 20-carbon aliphatic acid containing four double 

bonds, is the most abundant precursor utilized for eicosanoid biosynthesis. Arachidonate 

is primarily mobilized from membrane phospholipids via phospholipase A2 (PLA2) and 

can be further metabolized by lipoxygenases, epoxygenases, cyclooxygenases and free 

radicals to form leukotrienes, epoxides, prostaglandins, and isoprostanes, respectively. 

Figure 1.1 depicts the mobilization of arachidonate from phospholipids and subsequent 

enzymatic or non-enzymatic (free radical) metabolism to the various eicosanoids. 
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Prostanoids are formed from unstable intermediates prostaglandin G2 and H2 

(PGG2 and PGH2, respectively) produced by the metabolism of arachidonate via 

cyclooxygenase isozymes (COX-1 and COX-2). COX-1 (formerly PGH synthase-1) is 

ubiquitously expressed and has been detected in nearly every cell type (O'Neill and Ford-

Hutchinson 1993). Conversely, COX-2 (formerly PGH synthase-2) is nearly 

undetectable in unstimulated cells yet is capable of being induced (Crofford, Pillemer et 

al. 1994). Nonsteroidal anti-inflammatory drugs (NSAIDS) can inhibit COX enzymes 

either irreversibly (e.g. aspirin) or reversibly (e.g. ibuprofen) resulting in a decrease in 

prostanoid production. COX-1 is thought to serve as a housekeeping protein (e.g., gastric 

cytoprotection), whereas COX-2 is capable of being induced 10 to 18 fold by specific 

promoters and is thought to be upregulated in inflammatory, as well as pathological, 

conditions. This upregulation corresponds to an increase in inflammatory prostaglandins 

in vivo (Masferrer, Zweifel et al. 1994). There are five naturally occurring prostanoid 

metabolites produced in vivo', PGD2, PGE2, PGI2, PGF2a, and TXA2. Interestingly, PGI2 

and TXA2 are highly unstable compared to the other prostanoids with a half-life of 

approximately 30 seconds. The specific thromboxane and prostaglandins are produced 

by their respective isomerase (sjaithase) from the PGH2 intermediate. For example, 

PGH2 is acted upon by PGD synthase to produce PGD2. In addition to its own synthase, 

PGFxa can also be created from PGE2 by PGE 9-ketoreductase. The prostanoid 

nomenclature is characterized first by their backbone structure, prostanoic acid, then by 

their substitution pattern on the cyclopentane ring and finally by the number of double 

bonds contained within their backbone. 
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Prostanoids play important roles in several physiological processes. In the female 

reproductive system PGE2 and FGFia have potent oxytocic actions. When given in the 

first two trimesters, these prostaglandins efficiently terminate pregnancy and are used to 

prime or ripen the cervix before abortion. However, when administered towards the end 

of a pregnancy, PGE2 and PGFaa facilitate labor and have a similar efficacy compared to 

oxytocin. In the male reproductive system, alprostadil (PGEi analog) is used in the 

treatment of erectile dysfunction. In fetal development, local PGE2 and PGI2 production 

are believed to be required for maintaining patency of the ductus arteriosus. In 

congenital heart disease, neonatal patency of the ductus arteriosus is maintained by 

administering PGEi before surgery. Conversely, failure of the ductus arteriosus to close 

after birth is treated with indomethacin to inhibit PGE2 and PGI2 production. In the 

respiratory system, PGE2 is a bronchodilator and selective PGE2 agonists are currently 

under development for the treatment of asthma. Misoprostol, a PGEi analog, is used for 

its cytoprotective effect in the gastrointestinal tract. PGF2a and TXA2 are strong 

bronchoconstrictors and were once thought to play a role in the pathophysiology of 

asthma. However, their clinical efficacy remains questionable. In the immune system, 

prostanoids play a central role in signaling lymphocytes and macrophages in either an 

inhibitory or stimulatory fashion depending on the individual agonist. NSAIDS are 

commonly used in the treatment of many arthritic conditions to block prostaglandin 

production. In the treatment of glaucoma, PGF2a analogs have been shown to be equally 

potent at lowering intraocular pressure when compared to beta-blockers. Since 

prostanoids display diverse functions, investigating prostanoids and their receptors may 
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not only yield new physiologic roles, but also new target identification. 
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Figure 1.1 Schematic pathways of eicosanoid synthesis from arachidonic acid 

release and metabolism. Arachidonate is produced from either phospholipids (PL) 

or phosphatidylinositides by PLA2 or PLC, respectively. Arachidonic acid is then 

subjected to further metabolism by lipoxygenases, epoxygenases, cyclooxygenases, 

or free radicals to produce the various classes of eicosanoids. hidividual isomerases 

(e.g. PGFia synthase) convert unstable PGH2 to the five major prostanoid 

subclasses, PGD2, PGE2, PGI2, PGF2a, and TXA2. 
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1.2 Prostanoid receptors 

Prostanoid receptors are heptahelical proteins spanning seven transmembrane 

domains with an extracellular amino terminus and an intracellular carboxyl tail. The 

overall homology between these receptors is low (30%) indicating that they arise from 

different genes. However, some amino acids, especially the putative transmembrane 

domains, are highly conserved (Thierauch, Dinter et al. 1994). The 7TM domain 

displays the highest degree of homology between the prostanoid receptors (Narumiya, 

Sugimoto et al. 1999). Prostanoid receptors are classified G-protein coupled receptors 

(GPCR) given that they couple to intracellular heterotrimeric G-proteins. Binding of 

agonist leads to a receptor conformational change resulting in G-protein dissociation, via 

an exchange of the guanine nucleotide GDP for GTP, resulting in a second messenger 

downstream signaling cascade. 

Prostanoid receptors are classified by the endogenous ligand that results in their 

activation. Of the five major naturally occurring prostanoids, PGDa, PGE2, PGF2a, PGI2 

and TXA2, each has its own endogenous G-protein coupled receptor that has been 

pharmacologically defined. Thus, the DP, EP, FP, IP and TP receptors bind PGD2, PGE2, 

PGF2a, PGI2 and TXA2, respectively (Coleman, Smith et al. 1994). Several key features 

on the prostanoids are important for their ability to bind to these receptors. First, the 

substitution pattern on the cyclopentane ring is important for discrimination between the 

prostanoid receptors and their specific prostaglandin. Second, the C-1 carboxylic acid 

and the 15-hydroxyl group have been shown to be important functional moieties for 

interacting with the ligand binding domain. Specifically, the negatively charged C-1 
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carboxylic acid is thought to have hydrogen and ionic interactions with the positively 

charged arginine located at the distal end of TM-7. This arginine residue is conserved 

throughout all prostanoid receptors and mutation of this amino acid results in a dramatic 

loss of ligand binding shown by analysis of EP3 and TP receptors (Funk, Furci et al. 

1993; Chang, Negishi et al. 1997). Third, stereochemical changes in a single bond on the 

carbon backbone can cause a complete loss in binding. The naturally occurring 

isoprostane, 8-iso-PGF2a, is produced by non-enzymatic free radical peroxidation of 

arachidonic acid that changes the stereochemistry at the C-8 position resulting in a 

complete loss of binding. The five major classes of prostanoid receptors can be further 

categorized by their ability to display receptor heterogeneity and their second messenger 

signaling. 

Molecular biology identified the individual subtypes and splice variant isoforms 

encoding all the prostanoid receptors and their subsequent activation and signal 

transduction (Pierce and Regan 1998). Each of the prostanoid receptors as well as the 

multiple EP receptor subtypes have been shown to arise from distinct genes. Each of 

these EP receptor subtypes, designated EPi, EP2, EP3, and EP4, display differential 

signaling in response to PGE2. With respect to signal transduction, the DP, EP2, EP4 and 

IP receptors all couple to Gs resulting in activation of adenylate cyclase and accumulation 

of cyclic adenosine monophosphate (cAMP). The EP3 receptors couple to Gi and inhibit 

adenylate cyclase. The EPi, FP, and TP receptors couple to Gq and stimulate 

phospholipase C (PLC), liberating inositol triphosphate and diacylglycerol from 

phosphatidylinositides. 
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By mechanism of alternative mRNA splicing within a distinct gene, receptor 

heterogeneity has been established for the EPi, EP3, FP and TP receptors. The prostanoid 

receptor gene, in general, has two known splice donor sites that allow for alternative 

splicing to occur. The first is located near the latter half of TM-6 while the second is 

located in the carboxyl tail approximately ten amino acids from TM-7. Figure 1.2A 

depicts a schematic representation of the general splicing pattern for the prostanoid 

genes. Heteronuclear RNA alternative splicing at the first location occurs in all 

prostanoid receptor pre-mRNAs, with the exception of EPi and FP receptors, which do 

not lead to alternative transcripts. The rat EPi-variant and bovine 6TM FP varieints arise 

from an insertion at the TM-6 splice site, causing a frame shift in the coding sequence, 

which results in a truncated receptor lacking an intracellular carboxyl tail. mRNA 

splicing at the second location generates carboxyl terminal isoforms of the EP3, FP and 

TP receptors. These receptors and their respective isoforms demonstrate alternative 

splicing at the second splice site with identical nucleotide sequence throughout their 

seven transmembrane domains. Thus, divergence of the nucleotide sequence at this site 

results in receptor isoforms with intracellular carboxyl tails of different lengths. 

Phylogenetic analysis of the cloned prostanoid receptors, based on their signal 

transduction and existence of receptor isoforms, reveals two main branches shown in 

figure 1.2B. In this analysis, receptors that share the same second messenger coupling 

are more closely related than receptors that share the same endogenous ligand (Pierce and 

Regan 1998). The upper branch contains the DP, EP2, EP4, and IP receptors due to their 

coupling to the Gs transduction pathway and lack of receptor isoforms. The lower branch 
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consists of the prostanoid receptors that display receptor heterogeneity, EP], EP3, FP and 

TP, coupling to either the Gq transduction pathway (EPi, FP, and TP) or the Gi inhibitory 

pathway (EP3). These analyses suggest that the ancestral prostanoid receptor was of EP 

origin from which all other prostanoid receptors evolved (Pierce and Regan 1998). To 

date, the ligand binding properties of the prostanoid receptor isoforms produced by 

mRNA splicing remain intact. It is interesting to note that even the r-EPi-variant, lacking 

an intracellular carboxyl terminus, demonstrates significant binding to PGE2 (Okuda-

Ashitaka, Sakamoto et al. 1996). Conversely, the effects of mRNA alternative splicing 

appear to have a more pronounced effect on the differential signaling exhibited by each 

isoform rather than the endogenous ligand they bind (Breyer, Bagdassarian et al. 2001). 

Each of these receptors will be discussed further individually with special attention to the 

FP receptor isoforms in relation to their human significance. 
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Figure 1.2 General structure of the prostanoid receptor gene (A) and phylogenetic 

analysis of the prostanoid receptors (B). A) General model for the exon-intron 

organization of the prostanoid receptor gene. The numbers refer to the regions encoding 

transmembrane domains while open boxes depict the amino terminus, intracellular and 

extracellular loops as well as the carboxy terminus. Arrows depict the two known splice 

donor si tes where alternative splicing results  in prostanoid receptor genes.  B) 

Phylogenetic schematic of the two main branches of the prostanoid receptors. Receptors 

that share the same second messenger are more closely related than receptors that share 

the same endogenous ligand. Therefore, the upper branch containing the DP, EP2, EP4 

and IP receptors are more closely related given their coupling to stimulation of adenylate 

cyclase. In the lower branch, EPi, FP and TP receptors, which couple to stimulation of 

inositol phosphate turnover as well as calcium mobilization and are more closely related 

than the EP3 receptor which is coupled to inhibition of adenylate cyclase (Pierce and 

Regan 1998). 
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1.3 TP receptors 

The human thromboxane A2 (TP) receptor was the first eicosanoid receptor to be 

cloned encoding a 343 amino acid protein (Hirata, Hayashi et al. 1991). This receptor 

has also been isolated from rat, monkey and mouse. Two alternative splice variants of 

the TP receptor have been described to exist, designated TPa and TPp and were initially 

cloned from the placenta and endothelium, respectively (Raychowdhury, Yukawa et al. 

1994). These two isoforms are identical through their seventh transmembrane domain 

diverging in their amino acid sequence at the carboxyl terminal of the receptor. The TPp 

receptor encodes for a 407 amino acid protein resulting in a longer intracellular carboxyl 

tail relative to the TPa isoform. In other species, alternative splicing of the TP receptor 

have not been described. However, the apparent lack of homology in the variant region 

between the mouse TP receptor carboxy terminus and either of the human isoforms has 

been proposed as evidence for the possible existence of further undiscovered splice 

variants (Narumiya, Sugimoto et al. 1999). Several synthetic TXA2 analogs have been 

designed to investigate TPa and TPp specific binding due to the unstable nature of the 

endogenous ligand, TXA2. The synthetic compound SQ29548 demonstrates a similar Kj, 

10 and 12.4 nM, for the TPa and TPp isoforms. TP receptors typically couple to the Gq 

protein resulting in mobilization of Ca^"^ and DAG. However, recent evidence suggests 

the TP receptor can also couple to Gn, G12, G13 and the transglutaminase Gh. Northern 

blot analysis of mouse tissue revealed the highest levels of TP mRNA to be expressed in 

the thymus, followed by spleen, lung, and kidney, with lower levels observed in the heart, 

uterus, and brain (Namba, Sugimoto et al. 1992). 
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TXA2 is a potent mediator of platelet aggregation as well as smooth muscle 

contraction and proliferation. Increased production of TXA2 has been linked to 

cardiovascular disease that includes acute myocardial ischemia, heart failure, and renal 

disease. Acetylsalicylic acid prevents the formation of TXA2 by inhibiting COX in 

platelets, thereby reducing morbidity of thrombotic and vascular diseases. In knockout 

mice, TP receptor deficient mice demonstrated an increased bleeding tendency, and were 

resistant to cardiovascular shock induced by intravenous infusion of a TP agonist and 

arachidonic acid (Thomas, Maimon et al. 1998). Considering the involvement of TXA2 

in the pathophysiology of certain diseases, TP receptor antagonists have the potential for 

therapeutic agents. 

1.4 EPi receptors 

EPi receptors mediate the contraction of smooth muscle in various tissues 

including the gastrointestinal tract, respiratory tract, vas deferens, myometrium and iris 

sphincter muscle (Coleman and Kennedy 1985). Additionally, EPi receptors mediate 

neurotransmitter release (Ehrenpreis, Greenberg et al. 1973). The cloned human EPi 

receptor cDNA encodes a 402 amino acid protein isolated from an erythroleukemia cell 

line (Funk, Furci et al. 1993). Initially, activation of the EPi receptors was thought to be 

mediated by Gq leading to phosphatidyl inositol hydrolysis and increased intracellular 

Ca^"^. However, agonist stimulation of the cloned mouse EPi receptor causes a robust 

increase in intracellular Ca^"^ but only a modest increase in inositol-3, 4, 5-triphosphates 

(IP3) suggesting that the EPi receptor might not couple to Gq signaling. In subsequent 

experiments, the PGE2 stimulated increase in intracellular Ca^"^ by EPi receptors 
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expressed in Chinese hamster ovary (CHO) cells was abolished by the removal of 

extracellular Ca^"^ (Negishi, Sugimoto et al. 1995). Similarly, any PGE2 stimulated 

phosphoinositide metabolism was also completely removed by the absence of 

extracellular Ca^"^ (Katoh, Watabe et al. 1995). 

EPi receptors were the first prostanoid receptor to demonstrate alternative splicing 

at the TM-6 site. The rat EPi-variant arises from a 425 bp insert in the TM-6 splice site, 

giving rise to a frame shift, and resulting in a protein of 366 amino acids that was cloned 

from uterine cDNA and shown to be highly expressed in the kidney (Okuda-Ashitaka, 

Sakamoto et al. 1996). This EPi-variant was shown to bind PGE2 with similar 

dissociation constant {KD) and maximal binding (Bmax) to that of the rat EPi receptor. 

However no signal transduction could be identified. Okuda-Ashitaka et al. (1996) went 

on to demonstrate that coexpression of the EPi-variant along with either the EPi or 

endogenous EP4 receptors in CHO cells could antagonize their respective signal 

transduction pathway. The pharmacological significance of this truncated EPi alternative 

variant remains unclear. 

1.5 EP3 receptors 

The EP3 receptors display the most diversity of all the prostanoid receptors when 

generating multiple alternative splice variants. Currently, there are eight human isoforms 

of the EP3 receptor, all of which are produced at the carboxyl-terminal splice site. EP3 

receptors mediate various physiological responses including contraction of the uterus 

(Krall, Barrett et al. 1984), inhibition of gastric acid secretion (Chen, Amirian et al. 

1988), modulation of neurotransmitter release (Ohia and Jumblatt 1990), lipolysis in 
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adipose tissue (Richelsen, Eriksen et al. 1984), sodium and water reabsorption in kidney 

tubules (Garcia-Perez and Smith 1984), and stimulation of catecholamine release from 

adrenal chromaffin cells (Tanaka, Yokohama et al. 1990). Recently, EP3 receptors were 

implicated in acid-induced duodenal bicarbonate secretion, which is physiologically 

relevant in the mucosal defense against acid injury (Takeuchi, Ukawa et al. 1999). 

An essential question that a number of studies have attempted to answer is the 

pharmacological significance of these alternative splice variants. Potential functional 

differences between EP3 isoforms include signal transduction, receptor phosphorylation, 

receptor desensitization, and intracellular localization. These splice variants normally 

inhibit cAMP production through a pertussis toxin-sensitive Gi-coupling. However, 

supplementary signaling mechanisms coupling to Gs as well as calcium release appear to 

be differentially activated by different carboxy-terminal tails. The Rho-dependent signal 

transduction pathway can be initiated by constitutively active forms of the G12, Gn, or Gq 

proteins (Katoh, Aoki et al. 1998). Studies of the bovine EP3 isoform implicate 

downstream activation of the Rho-dependent signal transduction pathway suggesting the 

EP3 receptor may activate these G-proteins (Aoki, Katoh et al. 1999). The EP3 receptor 

also activates PKC and cAMP-independent cAMP-response element (CRE) mediated 

gene transcription in HEK-293 cells. In canine kidney cells, different patterns of EP3 

receptor localization were shown depending on which mouse EP3 isoform was expressed, 

suggesting that splice variants may direct receptors to the nuclear membrane versus the 

plasma membrane in vivo (Hasegawa, Katoh et al. 2000). Currently, the physiological 

significance of the EP3 receptor isoforms remains uncertain. 
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1.6 FP receptors 

PGF2a receptors (FP) have been shown to subsist in numerous tissues from a 

variety of different species. Northern blot analysis of 12 human tissues revealed mRNA 

expression in the heart, skeletal muscle, colon, kidney, small intestine, placenta and lung 

(unpublished data). Functional expression of FP receptors has been shown in human 

granulosa cells and osteoblasts. These receptors are expressed at a high level in the 

corpus luteum, where they mediate luteolysis. In the myometrium as well as smooth 

muscle, FP receptors have been shown to elicit contractile responses. The human eye 

represents the tissue most widely scrutinized for FP receptor expression and function. To 

date, molecular biology, including functional studies, in situ and in vitro have shown FP 

receptor expression in trabecular meshwork (Anthony, Pierce et al. 1998), lens epithelium 

(Mukhopadhyay, Bhattacherjee et al. 1999), ciliary epithelial and ciliary muscle 

(Mukhopadhyay, Geoghegan et al. 1997), as well as the iris sphincter muscle 

(Mukhopadhyay, Bian et al. 2001). 

The FP receptor has been cloned from several different species including human, 

bovine, mouse and ovine (Abramovitz, Boie et al. 1994; Sakamoto, Ezashi et al. 1994; 

Sugimoto, Hasumoto et al. 1994; Graves, Pierce et al. 1995). The human ortholog of the 

FP receptor was cloned from kidney cDNA encoding a 359 amino acid protein that has 

seven putative transmembrane domains. The ovine ortholog was isolated from a large 

luteal cell cDNA library (prepared from day 10 mid-luteal phase RNA) and encodes a 

protein of 362 amino acids. Similar to the EPi, EP3, and TP receptors, FP receptors 

display mRNA alternative splicing. 
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Within the branch of prostanoid receptors that display receptor isoforms, the FP 

receptors are unique in that they demonstrate alternative splicing at both splice donor 

sites in the prostanoid receptor gene. The first FP isoform to be unveiled was the ovine 

FPB alternative splice variant (Pierce, Bailey et al. 1997). Using a combination of 

homology-based screening with the original ovine FP receptor as a probe and PCR 

amplification. Pierce et al. (1997) cloned a carboxyl-terminal isoform from the same 

ovine mid-cycle large cell corpus luteum library. The strategy for cloning this receptor 

was based on two important facts. First, prostanoid receptors (EPi and TP at the time) of 

the same phylogeny and signal transduction pathway demonstrated receptor isoforms. 

Second, Northern blot analysis showed the overall abundance of mRNA for the FP 

receptor in the mid-cycle corpus luteum library to be unusually high at 0.1% of the total 

message (Graves, Pierce et al. 1995). Therefore, it was hypothesized that splice variants 

of the FP receptor exist and could be identified using a library with high FP receptor 

expression. The resulting isoform discovered from this strategy was designated FPB 

compared to the original isoform, which was further defined as FPA. The ovine FP splice 

variants are identical in amino acid sequence until they diverge at a tyrosine residue nine 

amino acids into the carboxy tail. The FPA isoform continues for 46 amino acids 

downstream of the splice site while the FPB has only one additional residue (isoleucine) 

resulting in a truncated receptor relative to the FPA (Figure 1.3). Recently, a third FP 

receptor isoform was cloned from bovine corpus luteum that is created from alternative 

mRNA splicing at the 6TM site (Ishii and Sakamoto 2001). The bovine 6TM FP receptor 

splice variant arises from an insertion, which like the 6TM EPi variant, causes a frame 
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shift and premature stop. Unlike the EPi variant, however, the bovine 6TM FP variant is 

not likely to form a seventh TM domain and its carboxyl terminus is probably 

extracellular. Pharmacological characterization of these isoforms demonstrated common 

as well as unique properties. Additionally, five bovine FP receptor isoforms have been 

isolated from corpus luteum cDNA demonstrating alternative mRNA splicing at both the 

6TM (2 isoforms) and 7TM (3 isoforms) splice donor sites (Sakamoto, Ishii et al. 2002). 

However, their protein expression and pharmacology remain to be characterized. 
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Figure 1.3 Generalized schematic of the ovine FP carboxyl tail receptor isoforms. 

The arrow indicates where alternative mRNA splicing produces divergence of amino 

acid sequence for the respective FPA and FPB receptor isoforms. Shown at the right is 

the last conserved tyrosine residue (Y) followed by the unique amino acid sequences 

for each receptor isoform. 
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Of the three FP receptor isoforms that have been pharmacologically investigated, 

the bovine 6TM variant is the least characterized. In COS-7 cells, Ishii et al (2001) 

demonstrated that coexpression of the 6TM variant with the original FP receptor resulted 

in a suppression of PKC activity stimulated by PGFaa- No PKC activity was observed in 

cells only expressing the 6TM variant and PGF2a radioligand binding of this truncated 

bovine FP receptor was not reported. 

Evidence for functional activation of the original FP receptor, FPA, by PGFIA via 

coupling to the Gq signaling cascade is widely present throughout the literature. Initial 

pharmacological characterization comparing the FPA and the FPB isoforms revealed that 

both isoforms stimulate PKC activation, IP accumulation and calcium mobilization 

through coupling to the Gq/Gn protein subunits (Pierce, Bailey et al. 1997). It was noted 

in these initial experiments that the FPB isoform, at the basal level, had IP accumulation 

that was ~130% of the FPA isoform. This result was interpreted as the FPB isoform being 

more constitutively active relative to the FPA isoform. The constitutive activity, defined 

as activity independent of agonist, was observed in COS-7 as well as human embryonic 

kidney 293-EBNA cells suggesting that this result was not cell specific. 

After establishing that both receptors link to Gq signal transduction, efforts were 

directed at investigating the differences between these isoforms. It was discovered that 

PGF2a-stimulated cardiomyocytes induced hypertrophy and atrial natriuretic factor 

expression independent of PKC activation (Adams, Migita et al. 1996). The lack of 

sensitivity of PKC inhibitors to PGFia-stimulated cardiac hypertrophy brought attention 

to the fact that PGFaa could potentially activate additional transduction pathways other 
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than the Gq and On pathways. Furthermore, linking the effects of PGFia specific signal 

transduction to the FPB isoform in cardiomyocytes could produce significant evidence for 

the presence of a human FPB ortholog. Likewise, understanding the relationship of 

PGF2a signaling as it relates to the pathophysiology of cardiac hypertrophy could be 

useful for potential therapeutic drug targets. To identify the unique signal transduction 

pathways activated by the FPA and FPB receptor isoforms, 293-EBNA stable cell lines 

were generated expressing each of the respective isoforms. 

Early on, subtle differences in cell morphology between the FPA and FPB receptor 

expressing cell lines could be observed under a microscope. Unexpectedly, PGF2a 

treatment of the FPA or FPB cell lines led to the retraction of filapodia, cell rounding, and 

a cobblestone appearance of the cells (Pierce, Fujino et al. 1999). This result was not 

observed in untransfected 293-EBNA cells and could not be blocked by inhibiting PKC 

using bisindolylmaleimide I (BIM). Eventually, phalloidin labeling of the FP receptor 

expressing cells treated with PGF2a identified the induction of stress fibers by binding to 

filamentous actin that was not observed in untransfected 293-EBNA cells. Utilizing a 

specific inhibitor of the small G-protein Rho, C3-exoenzyme, the morphological shape 

change observed in transfected FP receptor cells was blocked. Correspondingly, pi25 

focal adhesion kinase (FAK), downstream of the Rho pathway, demonstrated an increase 

in tyrosine phosphorylation by PGF2a stimulation, which could be largely inhibited by 

pretreatment with C3-exoenzyme. These data suggest that FPA and FPB receptors are 

capable of coupling to both the Gq and Rho signal transduction pathways. Currently, the 

pathway from FP receptor to Rho remains undefined. However, the most likely effectors 
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linking the FP receptors to the Rho pathway are G12 and G13. Previously, these two G-

proteins have been implicated in the formation of stress fibers and FAK phosphorylation 

(Needham and Rozengurt 1998). However, thus far no discernible differences could be 

determined between these FP isoforms. 

The first functional differences between the FPA and FPB receptors signaling were 

observed in their differential regulation by PKC (Fujino, Srinivasan et al. 2000). The 

FPA and FPB cell lines stimulate IP formation with maximal response and similar EC50 

values. However, when pretreated with BIM, the FPA expressing cells demonstrate 

enhanced PGF2a-stimulated IP accumulation and maximal response in the dose response 

curve not observed in the FPB expressing cells. The differential sensitivity to the PKC 

inhibitor could be explained by the presence of four potential PKC phosphorylation sites 

in the unique amino acids of the FPA carboxyl tail. Whole cell lysate along with a 

GST/FPA fusion protein utilized in phosphorylation assays demonstrated that the FPA 

isoform undergoes a large degree of phosphorylation, while the FPB isoform 

demonstrates minimal phosphorylation (Fujino, Srinivasan et al. 2000). Therefore, the 

inhibition of PKC by BIM results in a decrease of FPA receptor phosphorylation, thereby 

preventing its desensitization (negative feedback) causing enhanced PGF2a-stimulated 

total IP formation in the dose response curve. These data represent the first evidence for 

differential regulation of second messenger signaling by the FP receptor isoforms 

mediated through PKC dependent phosphorylation. Later pharmacological differences 

between the FPA and FPB receptors were identified with respect to their ability to activate 

2 1 
Ca dependent CI" conductance when expressed in xenopus oocytes (Anthony, Fujino et 
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al. 2002). More recently, fundamental differences between these isoforms were 

identified in that the FPA receptor undergoes a classic agonist-induced and clathrin-

dependent internalization, whereas the FPB receptor undergoes an agonist-independent 

constitutive internalization that does not involve clathrin (Srinivasan, Fujino et al. 2002). 

The PGF2a induced morphological shape change of these isoforms was further 

investigated leading to a reversal of cell rounding and receptor resensitization discovery. 

The cell rounding that occurs in cell lines stably expressing each of the FP receptor 

isoforms were shown to revert back to its original shape more quickly in the FPA 

expressing cells than in the FPB cells. The FPA cells reversal of cell rounding appears to 

be complete in an hour whereas the FPB cells demonstrate no reversal of cell rounding 

even after two hours (Fujino, Pierce et al. 2000). Figure 1.4 illustrates the differences 

between the FPA and FPB isoforms with regard to reversal of cell rounding after either 

vehicle or PGF2a treatment for one hour followed by washing of the cells. 

Correspondingly, the disappearance of stress fibers and dephosphorylation of pi25 FAK 

following removal of agonist are much slower in FPB expressing cells versus FPA cells. 

This result can potentially be explained by a mechanism of receptor resensitization 

following removal of PGF2a. Whole cell radioligand binding as well as functional 

studies showing agonist induced phosphatidyl inositol hydrolysis and intracellular Ca^"^ 

release demonstrate the FPB isoform resensitizes more slowly than the FPA isoform. The 

results of these studies suggest that the carboxyl terminus of the FPA receptor is critical 

for resensitization and that the delayed resensitization of the FPB receptor results in 
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prolonged signaling. These findings also establish clear pharmacological differences in 

the activation of these FP receptor alternative splice variants. 
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Figure 1.4 PGF2iE-induced cell rounding {top) 

and its reversal following agonist wash-out 

{bottom) in 293-EBNA cells stably expressing 

the ovine FPA and FPB prostanoid receptor 

isoforms. Two plates each of FPA- and FPB-

expressing cells were treated with either vehicle 

(panels a) or 1 |aM PGF2i3t (panels b) for 60 min at 

37 °C and were then examined for their initial 

response to these treatments (top). Three plates 

each of FPA- and FPS-expressing cells were 

subjected to the same initial treatment with either 

vehicle (one plate) or 1 |jM PGF21* (two plates) 

and were washed out by rinsing three times with Opti-MEM followed by the addition of 

media containing either vehicle alone (panels c and panels e) or 1 |iM PGF2n: (panels d). 

After a 60 minute incubation at 37°C, the cells were examined for reversal of cell 

rounding. The notation to the left of the bottom panels refers to the initial 

treatment/treatment after washout (e.g. in panels c, the initial treatment was with 1 |jM 

PGF21*, and the treatment after wash-out was with vehicle). Images were obtained at a 

magnification of x75. These results are all from one experiment that was repeated over 

10 times with virtually identical results. (Reproduced with permission from Fujino and 

Pierce et al., 2000) 

FPA cells FPB sells 
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The most significant finding demonstrating differential FP receptor isoform signal 

transduction involved a molecular mechanism that links the constitutive agonist-

independent internalization of the FPB isoform with the selective activation of T-cell 

factor (Tcf)/p-catenin signaling by the FPR isoform and not the FPA isoform (Fujino and 

Regan 2001). An important finding from this study was agonist-induced Tcf/^-catenin 

transcriptional activation could be blocked by inhibiting the Rho-mediated cellular shape 

change pathway. In a second report, several additional findings were reported describing 

the cellular conditioning of the FPB expressing cells, involving phosphatidyl inositol-3-

kinase (PI3K), [3-catenin and E-cadherin (Fujino, Srinivasan et al. 2002). The FPB 

receptor interacts with the p85 subunit of PI3K that can be disrupted upon receptor 

activation by PGFia. Inhibiting PI3K blocks the basal constitutive internalization of the 

FPB receptor, which results in an accumulation of receptor on the plasma membrane. It 

also results in an increase in membrane-associated expression of E-cadherin, (3-catenin, 

and PI3K. Together with the FPB receptor, these proteins form a macromolecular 

complex that undergoes constitutive internalization, in the absence of PGF2a, that can be 

blocked by wortmannin, a specific PI3K inhibitor (Fujino, Srinivasan et al. 2002). It is 

important to note that the expression of E-cadherin and P-catenin are significantly greater 

in FPB expressing cells when compared to FPA cells. Upon PGFia stimulation of FPB 

cells, increased expression of p-catenin was also observed to undergo a major 

reorganization along the regions of cell to cell contact, not observed in FPA cells (Fujino 

and Regan 2001). As a result of this work, a two step mechanism was proposed in which 

FPB expressing cells first undergo an agonist-independent conditioning step involving 
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constitutive internalization of the FPB receptor followed by an agonist-dependent 

activation step leading to Tcf transcriptional activation through a p-catenin signaling 

pathway. Figure 1.5 represents a schematic of the common, as well as unique, signal 

transduction pathways for the FP receptor isoforms. It also has been reported that the 

FPB isoform stimulates COX-2 promoter activity in 293-EBNA cells suggesting the 

potential for increased COX-2 expression, which may result in increased prostaglandin 

production (Fujino and Regan 2003a). Interestingly, it has been established that 

abnormal activation of Tcf/|3-catenin signaling is associated with the development of 

colorectal cancer (Korinek, Barker et al. 1997; Morin, Sparks et al. 1997; Peifer and 

Polakis 2000) and that inhibition of COX by NSAIDs can slow tumor progression 

(Smalley and DuBois 1997). Given the recent data published on the ovine FPB receptor 

and the evidence surrounding the etiology of colorectal cancer, colon cancer cells 

represent a potential target for the identification of a human FPB ortholog. 
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Second Messenger Pathways from FP Receptor Isoforms 
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Figure 1.5 Common and unique signal transduction pathways for the FP receptor 

isoforms. Both FPA and FPB receptor isoforms are capable of coupling to the GQ protein 

hydrolyzing phosphatidylinositol lipids resulting in activation of PKC and Ca^"^ 

mobilization. Individually, the FPA receptor isoform undergoes a negative feedback 

desensitization through a PKC mediated phosphorylation while the FPB receptor 

activates Tcf/P-catenin signal transduction. Both isoforms activate the small G-protein 

Rho resulting in a morphological change that can be reversed in FPA expressing cells 

but not FPB. APC: adenomatous polyposis coli, GSK-3(3: glycogen synthase kinase-3, 

PLC: phospholipase C. 
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1.7 Hypothesis and aims 

Alternative mRNA splice variants have been demonstrated for the EPi, EP3, FP, 

and TP prostanoid receptors. To date, only the EP3 and TP receptors have displayed 

receptor heterogeneity in human. With respect to FP receptors, the bovine and ovine 

species demonstrate alternative mRNA receptor isoforms at two separate splice donor 

sites within the FP prostanoid receptor gene. The bovine isoforms display alternative 

splicing at both the 6TM and carboxyl tail splice donor sites while the ovine generates its 

receptor isoforms utilizing the carboxy terminal splice site. The overall hypothesis of 

my dissertation is that human FP receptor mRNA alternative splice variants in the 

coding region exist and demonstrate physiological and pharmacological differences 

relative to the known FP receptor. 

To examine this hypothesis, molecular biology techniques will be utilized to 

identify unique cDNA clones, which will be further scrutinized using an array of 

pharmacological assays to identify its pharmacological and physiological relevance. 

These assays will employ the use of a stable cell line created in 293-EBNA cells as well 

as any human tissue and cell line that may endogenously express an FP alternative splice 

variant. The pharmacological assays will include identification of ligand (endogenous or 

exogenous) and characterization of signal transduction with an emphasis on second 

messenger signaling, gene transcription, and mobilization of intracellular ions as well as 

membrane phospholipids. If possible, specific antibodies will be generated to the unique 

amino acid sequence displayed by newly identified FP receptor isoform(s) for the 
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purpose of distinguishing differences in localization, internalization and desensitization 

from the known FP receptor. 
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CHAPTER TWO: 

CLONING OF A PUTATIVE HUMAN FPb ORTHOLOG FROM CX-1 COLON 

ADENOCARCINOMA AND PLACENTA cDNA 
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2.1 Introduction 

To date, alternative splice variants of the human FP receptor have yet to be 

identified, although bovine and ovine receptor isoforms have been established. The ovine 

isoforms demonstrate alternative mRNA splicing in the carboxy terminus of the FP 

prostanoid receptor gene resulting in a truncated FPB splice variant. It is important to 

note that the FPA and FPB receptor isoforms are identical in amino acid sequence up to 

the tyrosine residue in the carboxyl terminus. After the tyrosine residue, alternative 

splicing produces the truncated FPB isoform that continues for one additional amino acid, 

an isoleucine, while the FPA isoform continues for 46 additional amino acids producing a 

longer intracellular carboxyl tail (Figure 1.3). 

Previously, in 293-EBNA cells stably expressing the FPB receptor, activation of 

the Tcf/p-catenin signaling pathway was observed (Fujino and Regan 2001). Activation 

of this pathway is believed to be an important event in the development of colon cancer 

(Srivastava, Verma et al. 2001). Furthermore, mutations in either P-catenin or the 

adenomatous polyposis coli (APC) protein resulting in unregulated Tcf/p-catenin 

signaling are responsible for 65% of patients with hereditary nonpolyposis colorectal 

cancer (Srivastava, Verma et al. 2001). Early adenoma markers demonstrate increases in 

cytosolic P-catenin and successive formation of a P-catenin/Tcf complex leading to the 

induction of COX-2 expression that is characteristic of late adenoma and carcinoma 

(Srivastava, Verma et al. 2001). Another characteristic marker of colon cancer cells is a 

robust expression of PI3K (Petiot, Ogier-Denis et al. 2000). Similarly, cells expressing 

the FPB receptor show a constitutive PI3K activity that may lead to an increase role of P-
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catenin expression (Fujino, Srinivasan et al. 2002). Clinical studies have demonstrated 

PI3K activity that was approximately four-fold higher in colorectal tumor tissue as 

compared with normal tissue from the same patient (Phillips, St Clair et al. 1998), which 

strikingly resembles the four-fold increase in PI3K activity observed in FPB cells relative 

to control FPA cells (Fujino, Srinivasan et al. 2002). The FPB expressing cells also 

demonstrate a Rho-dependent PGFia activation of a COX-2 promoter (Fujino and Regan 

2003a). Collectively, the unique pharmacological signal transduction of the FPB 

expressing cells, but not the FPA cells, demonstrates remarkable similarities to those 

observed in human colon cancer cell lines. Therefore, the pharmacological 

demonstration of the FPB receptor as well as the effects of NSAIDS as chemopreventive 

agents against colon cancer provides a possible link to cancer. 

In humans, it is my hypothesis that a human FPB ortholog exists demonstrating a 

similar carboxy terminus splice donor site (near the tyrosine residue) and amino acid 

sequence resulting in a truncated receptor. Alternatively, it is important to note that the 

FPB isoform may be generated by a means independent of alternative mRNA splicing. It 

is feasible for a human FPB ortholog to be produced by post-translational proteolytic 

cleavage of the FPA receptor or by post-transcriptional alteration of the FPA mRNA. 

In this chapter we report the identification of a human FPB ortholog that was 

cloned from placenta as well as a CX-1 human colon cancer cell line. However, the 

mechanism by which it is produced appears to be different from alternative mRNA 

splicing and remains difficult to explain. Furthermore, attempts at functional 

characterization of this receptor will be presented. 
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2.2 Experimental procedures 

2.2.1 cDNA cloning 

Human heart, uterus, placenta and CX-1 colon adenocarcinoma Marathon 

Ready^'^ cDNA was obtained from Clontech Laboratories (Palo Alto, CA). PGR 

reactions were performed according to the manufacturer's protocol using the Advantage 

Taq polymerase from Clontech (product #8417-1). The initial PGR program used was 

95°C for 5 min, 95°C for 1 min, 70°C for 1 min, 72°C for 6 min repeat steps 2-4 for five 

cycles, then 95C° for 1 min, 68°C for 1 min, 72°C for 6 min repeat steps 6-8 for five 

cycles, then 95°C for 1 min, 66°C for 1 min, 72°C for 6 min repeat steps 10-12 for 20 

cycles then 72°C for 15 min followed by a 4°C hold. This reaction utilized a FP sense 

primer, corresponding to Genbank accession no. L24470 nucleotide 613, 

GGCAGTGTGATGGCCATTGAGCGGTGTATTGG, with the anti-sense adaptor 

primer (API). All adaptor primers, API and AP2, used in the Rapid Amplification of 

Complimentary Ends (RACE) PGR were included in the Marathon Ready'^'^ cDNA kit. 

The resulting placenta PGR reaction was diluted 1:5 in water and nested PCR was 

performed. The colon adenocarcinoma amplified products were directly ligated into 

pGEM-T (below), as nested PCR was not required. The nested placenta PCR was 

identical to the previous program, except the total number of cycles was decreased to 20. 

The nested PCR reaction utilized a FP sense primer, corresponding to Genbank accession 

No. L24470 nucleotide 736, GCTTTGCTGCCCATCCTTGGACATCGAGAC, with the 

anti-sense nested adaptor primer (AP2). Products from the entire PCR amplification 
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were purified using Gene Clean II according to the manufacturer's instructions (BioRad 

product #1001-200). 

Purified PGR products were ligated into the pGEM-T vector using a cloning kit 

(Promega #Q5601; Madison, WI) and the instructions provided therein. Following the 

ligation, bacteria were transformed and positive colonies were selected for the 

preparation of plasmid DNA using a crude alkaline lysis protocol (23iou, Yang et al. 

1990). 

Purified plasmid DNA was digested with restriction enzymes specific to the 

multiple cloning site and electrophoresed on 1.2% agarose gels to separate the PGR 

inserts from the pGEM-T backbone. The gel was then denatured, neutralized and DNA 

was transferred to a nylon membrane by blotting overnight using 20x SSG. Following 

transfer the membrane was washed and baked for 2 hr at 80°G in preparation for Southern 

blot analysis. 

2.2.2 Southern blot analysis 

A 228 bp probe, starting in the third intracellular loop and spanning the 7TM, was 

prepared by digesting hFPA/pcDNAs with Bglll and Hindlll and radiolabeled with 

[^^P]dGTP using a nick translation kit (Gibco product #18160-010). Following 

purification with an Amicon spin column (Millipore product #42409), the probe was used 

for Southern blot analysis according to standard protocols (Maniatis, Fritsch et al. 1982). 

Glones containing positive inserts were digested with Bglll and Hindlll, which yielded a 

single 228 base pair product corresponding to the previously cloned human FP receptor. 
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Positive clones that did not yield this product were sent for DNA sequencing. The 

resulting DNA sequences were analyzed (Macvector 7; Accelrys, Burlington, MA) and 

compared to the previously cloned human FP receptor. This strategy yielded four out of 

44 clones from placenta and nine out of 12 clones from colon adenocarcinoma of putative 

hPFs/pGEM-T. To avoid confusion, the previously cloned human FP receptor will 

hereafter be referred to as hFPA-

2.2.3 Construction of a putative hFPB expression vector 

hFPfi/pcDNAs, a full-length clone encoding human FPB, was prepared by 

digesting the hFPA/pcDNAs and hFPB/pGEM-T clones with Bglll that cuts at nucleotide 

958 (Fig. 2.1, double underline) in the coding sequence of both hFPA and hFPs. The 

digests were then treated with NotI which cuts in the multiple cloning site of pcDNAs and 

pGEM-T. The larger fragment from the digest of hFPA/pcDNAs (containing the 5' end of 

the hFPA receptor) and the smaller fragment from the digest of tiFPa/pGEM-T 

(containing the 3' end of the hEPs clone) were purified using Gene Clean II, then ligated 

and subcloned to yield hrPs/pcDNAs. 

2.2.4 Transient transfection protocol and cell culture 

293-EBNA cells used for radioligand binding, IP accumulation and 

Tcf/lymphocyte enhancer binding factor (Lef) reporter gene assays were all transfected in 

the same fashion. Cells were split into 10 cm dishes and the next day were transiently 

transfected using FuGENE-6 (Roche Molecular Biochemicals) with 10 |^g/dish of the 

respective cDNA plasmid for each of the individual experiments. Untransfected as well 
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as transiently transfected 293-EBNA cells were maintained in Dulbecco's modified 

Eagle's medium (DMEM, Life Technologies, Inc.) containing 10% fetal bovine serum 

(FBS), 250 M-g/ml Geneticin and 100 jig/ml gentamicin. 293-EBNA cells stably 

expressing the ovine FPB receptor were maintained in the same media as untransfected 

293-EBNA cells only hygromycin (200 |a.g/ml) was included to maintain receptor 

expression. CX-1 cells were maintained in RPMI 1640 with 10% FBS (Life 

Technologies, Inc.) and 1% pen/strep antibiotic (L-glutamine, 100 units/ml penicillin G, 

and 100 mg/ml of streptomycin; Life Technologies, Inc.) 

2.2.5 Membrane enrichment and whole cell radioligand binding 

Radiolabeled [^HJPGFia (218 Ci/mmol) and unlabeled PGFaa were obtained from 

Amersham and Cayman Chemical, respectively. CX-1 cells were first membrane 

enriched as previously reported (Woodward, Fairbaim et al. 1995). Briefly, cells were 

washed with PBS, trypsinized and neutralized with media. Cells were centrifuged for 10 

minutes at 400 x g using a Beckman tabletop centrifuge with swinging buckets and 

resuspended in 2 ml homogenization buffer (0.25 M sucrose, 5 mM MES, 1 |J,M 

indomethacin, pH 7.4). The cells were then homogenized using a polytron homogenizer 

layered onto an equal volume of 1 M sucrose then centrifuged at 112,700 x g for 22 

minutes using a Beckman ultracentrifuge and NVT 100 rotor. The pellet fraction was 

collected and resuspended in homogenization buffer and centrifuged at 304,000 x g for 9 

min using the same centrifuge. The pellet was collected and resuspended in MES 

working buffer (10 mM MES, 0.4 mM EDTA and 10 mM MnCl2) containing 1 |xM 

indomethacin. Protein assay were performed to determine the amount of protein added to 
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each tube and membranes were subsequently used for radioligand binding. Total and 

nonspecific binding was determined in triplicate for each experiment. Total and 

nonspecific binding samples contained 100 |al enriched membrane added to a final assay 

volume of 200 |il containing MES working buffer (diluent), 2.5 n M [^HJPGFaa alone 

(total binding) or 2.5 nM [^HJPGFaa plus 10 |aM unlabeled PGF2a (nonspecific binding), 

respectively. Samples were incubated for 1 hr at room temperature then reactions were 

terminated by filtration through Whatman GF/C glass filters using a cell harvester (M-

24R, Brandel) and washed in ice cold MES working buffer. Samples were then 

determined on the scintillation counter and specific binding calculated 

Cells, used for whole cell radioligand binding, were washed in PBS, trypsinized, 

gently centrifuged and washed once more in MES working buffer. Following the final 

wash, cells were resuspended in MES working buffer at a concentration of 10^ cells/ml, 

and 100 |J1 was added to a final assay volume of 200 |il containing MES working buffer 

(diluent), 2.5 nM [^H]PGF2a alone (total binding) or 2.5 nM [^HJPGFia plus 10 [iM 

unlabeled PGF2a (nonspecific binding), respectively. Incubations were for 1 hr at room 

temperature and reactions were terminated as previously described. Filters were washed 

five times with ice-cold MES working buffer, and radioactivity was determined on the 

scintillation counter and specific binding calculated. 

2.2.6 Inositol phosphate (IP) assay 

293-EE NA cells were transfected with either the human FPA/PCDNA3 or 

FPfi/pcDNAs receptor plasmid and grown to a confluence of approximately 90-100%. 

Cells were maintained as previously described, and the night before the experiment 0.2 



55 

uM myo-[2-^H]Inositol (Amersham, 16.6 Ci/mmol) were added to the cells in regular 

DMEM containing no serum. The following morning cells were washed with PBS then 

trypsinized and 10^ cells were aliquoted per sample. Cells were then centrifuged in a 

Beckman tabletop centrifuge and resuspended in DMEM containing 10 mM LiCl 

(Sigma) to prevent breakdown of IPs. Cells were allowed to equilibrate for 10 min at 

37°C/5% CO2. Treatment groups were performed in duplicate with each sample 

receiving either vehicle (0.002% NaCOs) or 1 |a,M PGFaa for one hour. After 1 hr, 

samples were centrifuged and washed with PBS followed by total inositol extraction by 

adding 2.5 ml of methanol/chloroform/water (1:1:0.5). Samples were then vortexed and 

centrifuged (4°C). After centrifugation, the aqueous phase was added to H2O and loaded 

onto the elution columns. Poly-Prep chromatography columns 0.8 x 4 cm (Bio-Rad) 

were loaded with 10% AG 1-X8 resin (Bio-Rad) and washed with H2O. The columns 

were then washed three times with H2O and two times with five mM sodium tetraborate 

(borax, Sigma)/60 mM sodium formate (Sigma). The ^H-IP were eluted with 0.2 M 

ammonium formate/0.1 M formic acid (Sigma) and radioactivity determined by liquid 

scintillation counting. Data analyzed using PRISM software. 

2.2.7 RNA collection 

CX-1 cells were collected and centrifuged at 4°C, then suspended in ice-cold lysis 

buffer and placed on ice. Lysis buffer contained 140 mM NaCl, 1.5 mM MgCl2, 10 mM 

Tris-HCl (pH 8.6), 0.5% Nonidet P-40 (NP40), and 10 mM vanadyl ribonucleotide 

complexes (RNase inhibitor). The cell mixture was slowly loaded onto an equal volume 

of sucrose lysis buffer then centrifuged at 4°C for 10 min. Sucrose lysis buffer contained 
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24% sucrose, 140 mM NaCl, 1.5 mM MgCh, 10 mM Tris-HCl (pH 8.6), 0.5% Nonidet 

P-40 (NP40), and 10 mM vanadyl ribonucleotide complexes (RNase inhibitor). The 

supernatant was mixed with an equal volume 0.2 M Tris-HCl (pH 7.5), 25 mM EDTA, 

0.3 M NaCl, 2% sodium dodecyl sulfate (SDS) and 200 |J,g/ml of proteinase K, incubated 

at 37°C for 40 minutes, extracted with phenol then precipitated with sodium acetate and 

ethanol. 

2.2.8 Northern blot analysis 

For each sample 30 fxg total RNA were added to an equal volume of 4x sample 

buffer (6.4 M formaldehyde, 40 mM sodium-phosphate buffer pH 7.4, 2 mM EDTA (pH 

8.0) in DEPC-H2O) and 2x the volume of formamide. RNA samples were denatured at 

65°C for 5 min then VA the volume of sample application buffer (0.5% SDS, 0.025% 

bromophenolblue dye, 25% glycerol, 25 mM EDTA in H2O) was added to each sample. 

Samples were electrophoresed in a 1% formaldehyde/sodium-phosphate agarose gel (2.2 

M formaldehyde, 0.02 M phosphate buffer (pH 7.4), in DEPC- H2O) at 70 V. The gel 

was transferred overnight onto a nylon membrane (BioRad) using 20x SSC and 

subsequently cross-linked by baking at 80°C for 2 hours. A hybridization solution 

containing 50% formamide, Ix SSC, 0.1% SDS, Denhardt's Reagent, and DNA salmon 

sperm was prepared to block the membrane overnight at 42°C. A 228 base pair probe, 

starting in the third intracellular loop and spanning the 7TM, was prepared by digesting 

hFPA/pcDNAa with Bglll and Hindlll and was radiolabeled with [^^P]dCTP using a nick 

translation kit (Gibco product #18160-010). Probes were purified utilizing an Amicon 

spin column (Millipore product #42409). Membranes were blocked, hybridized and 
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washed in a low salt buffer (O.Olx SSC, 0.1% SDS) then exposed to X-ray film and 

developed. 

2.2.9 CX-1 colon adenocarcinoma and normal human colon RT-PCR 

Two micrograms of either CX-1 RNA from above or normal human colon RNA 

(Stratagene, #735009) were treated with DNase (Life Technologies, Inc.) then 25 mM 

EDTA was added and the reaction was inactivated at 65°C for 10 min. Oligo(dT) were 

added and first strand synthesis carried out by adding half of the above RNA mix to two 

tubes along with the reverse transcription (RT) mix. The RT mix contained 5 |a,l first 

strand buffer (250 mM Tris-HCl, pH 8.3, 375 mM KCl, 15 mM MgCli), 1 |al dNTP (10 

mM), 2 )il DTT (0.1 M), and DEPC-H2O per 10 |xl RNA. For each sample, two treatment 

groups were performed, one with reverse transcriptase (RT+) and one without (RT-). 

The samples were then incubated for 50 min at 42°C followed by 15 min at 70°C and ice 

for 5 min. RNase H (4 units) was added to each tube and incubated for 20 min at 37°C. 

CX-1 cDNA PCR was performed using primers designed to the human FP 

receptor as well as glyceraldehyde-3-phosphate (GAPDH). The FP primers consisted of 

two generic sets (FPgeni, FPgena) capable of amplifying any FP receptor isoform and a 

specific set (FPA) discriminating the known human FP receptor. The first set of generic 

primers (FPgeni) consisted of a sense primer, 

GGCAGTGTGATGGCCATTGAGCGGTGTATTGG and an anti-sense primer, 

ATTCCATGTTGCCATTCGGAGAGC, corresponding to Genbank accession no. 

L24470 nucleotides 613 and 1124, respectively. The second set of generic primers 

(FPgeni) consisted of sense primer, AACAGCCTTGCCATCGCCATTCTC, and anti-
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sense primer, GGTTTTGTGACTCCAATACACCGCTC, corresponding to Genbank 

accession no. L24470 nucleotides 367 and 656, respectively. The FPA specific set used 

the same FPgeni sense primer from above (nt 613) and a FPA specific anti-sense primer, 

CTAGGTGCTTGCTGATTTCTCTGCAACTGG, corresponding to nucleotide 1317. 

Human GAPDH primer pair included the following sequences; GAPDH sense 

TGGGTGTGAACCATGAGAAG; and GAPDH anti-sense, 

TCTACATGGCAACTGTGAGG. Each PGR reaction contained 0.4 |iM of the 

respective primer sets (FPA, FPGENI, FPGENI or GAPDH), 0.2 mM dNTP, 1.5 mM MgCb, 

Ix PGR buffer [20 mM Tris-HCl (pH 8.4), 50 mM KCl], 0.5 U Taq polymerase (Gibco) 

and nuclease free water per 50 |a,l reaction. The PGR amplification were run under the 

following conditions 95°C for 5 min initial denaturing step, followed by 95°C for 

Iminute, 58°C for 1 min, 72°C for 1 min for 35 cycles and ending with 72°C for 15 min. 

PGR reactions were electrophoresed on a 1.2% agarose gel and visualized for FPgeni, 

FPgen2, FPA and GAPDH specific PGR product sizes of 511, 289, 704 and 736 base pairs, 

respectively. 

Human colon cDNA PGR was performed utilizing two sets of primers designed to 

the human FP receptor as well as GAPDH. The FP primer sets consisted of a generic set 

(FPgeni) and a specific FPA set discriminating the known human FP receptor. Primer 

sequences are as follows; the FP generic PGR reaction utilized the same primer set listed 

above (FPgeni), while the FPA specific set used the same FPgeni sense primer from above 

(nt 613) and a FPA specific anti-sense primer, 

GGAAGTGGTGAGTGAGAAATAGGAGG (nt 1295). Human GAPDH primers were 



59 

the same as previously stated. Each PGR reaction was set up as previously reported. The 

PGR amplification cycle consisted of 95°G for 5 min initial denaturing step, followed by 

95°C for 1 min, 62"C for 1 min, 72°G for 1 min for 45 cycles and ending with 72°G for 15 

min. PGR reactions were electrophoresed and visualized for FPGENI, FPA, and GAPDH 

specific PGR product sizes of 511, 682, and 736 base pairs, respectively. 

2.2.10 Tcf/Lef reporter gene assay 

GX-1 cells or 293-EBNA cells stably expressing the ovine FPB receptor were split 

into 10 cm dishes and the next day were transiently transfected as previously described 

with either the wildtype Tcf/Lef reporter plasmid TOPflash or the mutant plasmid 

FOPflash. FOPflash differs from TOPflash by the mutation of its Tcf binding sites and 

serves to differentiae Tcf/P-catenin-mediated signaling from background (Upstate 

Biotechnology, Inc.). Gells were incubated overnight then treated for 1 hr at 37°G with 

either vehicle or 1 |J.M PGF2a- They were then rapidly washed three times each with 

Opti-MEM (Life Technologies, Inc.) as described previously (Fujino and Regan 2001) 

and incubated for 16 h at 37°G in 10 ml of their respective media. Gells were placed on 

ice, rinsed twice with ice-cold PBS and extracts were prepared using the Luciferase 

Assay System (Promega). Luciferase activity in the extracts (-500 ng protein/ sample) 

was measured using a Turner TD-20/20 luminometer and was corrected for background 

by subtraction of FOPflash values from corresponding TOPflash values. 

2.3 Results 

A combination of RAGE PGR, Southern blot analysis, restriction enzyme 

mapping and DNA sequencing were used to identify potential human FP mRNA 
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alternative splice variants screened from human heart, uterus, placenta and colon 

adenocarcinoma cDNA libraries. Two cDNA's, one from placenta and one from CX-1 

colon adenocarcinoma cDNA libraries were cloned that encode a human ortholog of the 

ovine FPB receptor, Figure 2.1 and Figure 2.2, respectively. These figures depict the 

partial cDNA and amino acid sequences obtained from placenta and CX-1 colon 

adenocarcinoma starting at nucleotide 900 of the GenBank accession no. L24470. The 

human FPA and placenta FPB isoform are identical up to nucleotide 1183, at which point 

there is a divergence in the FPB receptor nucleotide sequence relative to the FPA. The 

FPB isoform continues for only 37 nucleotides before reaching its poly-A tail resulting in 

a 7TM truncated receptor with a significantly shorter intracellular carboxyl tail. 

Comparing the ovine FP receptor isoforms to human, the splice donor site is in the exact 

location that would be predicted, nine amino acid residues into the carboxyl tail with 

tyrosine being the last conserved residue. Following this tyrosine residue, the ovine FPB 

isoform continues on for one amino acid (isoleucine) while the human ortholog (317 

amino acids.) contains three additional amino acids, proline, arginine, and isoleucine 

before reaching its stop codon. For the human FPA (359 amino acids), it continues for 40 

additional amino acids downstream of the tyrosine residue resulting in the longer 

intracellular carboxyl tail. The rectangular boxes indicate an inverted repeat region that 

appears to be responsible for the unique coding of the hPFs receptor isoform and may 

indicate that this isoform is generated by a means different than that of alternative mRNA 

splicing. The unique 37 nucleic acids in the human FPB sequence shown, downstream of 

the putative splice donor site (gray and italics), are comprised of 33 bp from the inverted 
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repeat region and four bp outside the inverted repeat region making up the final portion 

of the 3 "UTR before the poly-A tail. 

The FPB CDNA sequence from colon CX-1 adenocarcinoma is very similar to the 

placenta in that it produces a similar unique amino sequence downstream of the carboxyl 

terminal splice donor site and also contains an inverted repeat region. However, the 

nucleotide sequence and inverted repeat region in the CX-1 sequence display some 

differences when compared to the placenta FPB sequence. Figure 2.2 depicts the partial 

cDNA and amino acid sequence starting at nucleotide 900 of the GenBank accession no. 

L24470. The cDNA sequence is identical to that of the previously cloned hFPA 

(Abramovitz, Boie et al. 1994) up to nucleotide 1147 where the FPB isoform diverges 

resulting in a 7-TM truncated receptor. Similarly, the last four residues of the CX-1 FPB 

are conserved compared to the placenta FPB. The CX-1 FPB also contams an inverted 

repeat sequence shown in boxes that is in the same region relative to the placenta FPB but 

is three nucleotides shorter. The CX-1 FPB receptor differs from the placenta FPB 

receptor nucleotide sequence at positions 1147-1149, 1156-1173 and 1180-1182. 

Interestingly, in both ILPPB CDNA sequences the inverted repeat region surrounds 

nucleotides 1147-1149 as well as 1180-1182. It seems unlikely that in two distinct 

tissues, placenta (healthy specimen) and CX-1 (diseased specimen) that these virtually 

identical sequences could be produced at this exact location as a result of inefficient 

mRNA processing either naturally or artificially. If these data were artifact, it seems 

more likely that the mechanism by which they arise would differ slightly with respect to 

their location. Therefore it can be hypothesized that these two nucleotide sequences 
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(1147-1149 and 1180-1182) are very important for the generation of the hFPB ortholog 

and should be subsequently investigated further to support the presence of a hPFs 

ortholog. The pharmacological significance of the hPPB ortholog will be determined by 

utilizing the placenta cDNA sequence to construct a plasmid. 

Interestingly from the cDNA cloning studies, mRNA expression levels of hPPA: 

FPB receptor isoforms from placenta yielded a ratio of approximately 9:1 upon in silico 

DNA analysis. However, in the CX-1 colon adenocarcinoma in silico DNA analysis the 

ratio of hPPA: PPB receptor isoform mRNA was estimated to be 0:9. To further 

investigate this result, RNA was collected from a CX-1 cell line and analyzed by 

Northern blot analysis as well as RT-PCR. 
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Figure 2.1 Partial cDNA and deduced amino acid sequences of the placenta human 

FPB isoform. The cDNA sequence is based on the previously cloned human FP 

receptor (Abramovitz, Boie et al. 1994) and starts with nucleotide 900 of the Genbank 

accession no. L24470. These FP receptor isoforms have identical nucleotide sequence 

up to nucleotide 1183 where the FPB isoform diverges at the carboxy terminus splice site 

{large arrow) resulting in a 7-TM truncated receptor with a shorter carboxyl tail. The 

transmembrane domains (TM) are underlined and numbered TM6 and TM7. The 

unique nucleotide as well as amino acid sequence appear as gray, bold and italics (nt. 

1183). The double underline represents the Bglll site (nt. 958) that was utilized to create 

a full-length hFPB coding sequence. The boxes depict the inverted repeat sequence that 

is responsible for generating the human FPB ortholog. 
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Figure 2.2 Partial cDNA and deduced amino acid sequences of the CX-1 colon 

adenocarcinoma human FPB isoform. The cDNA sequence is based on the previously 

cloned human FP receptor (Abramovitz, Boie et al. 1994) and starts with nucleotide 900 

of the Genbank accession no. L24470. These FP receptor isoforms have identical 

nucleotide sequence up to base nucleotide 1147 where the FPB isoform diverges 

resulting in a 7-TM truncated receptor with a shorter carboxyl tail. The transmembrane 

domains (TM) are underlined and numbered TM6 and TM7. The unique nucleotide as 

well as amino acid sequence appear as gray, bold and italics (nt. 1147). The boxes 

depict the inverted repeat sequence that is responsible for coding the human FPB 

ortholog. 
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Northern blot analysis of CX-1 RNA utilizing a generic probe recognizing any FP 

receptor isoform failed to yield any conclusive results (data not shown). One explanation 

is that the message level of the hFPB ortholog is below the limits of detection by northern 

blot analysis. 

Utilizing hPPA specific primers and two different sets of generic primers (hPPgeni 

and hPPgeni) capable of amplifying any hPP isoform, RT-PCR was performed with CX-1 

RNA shown in Figure 2.3 (top and middle panels). If the CX-1 cells express only a hPPe 

ortholog as predicted by the cDNA cloning data, then PCR with the above primers should 

produce only a product with the hFPgen primers. In Figure 2.3, lane 1 in the top (n=2) and 

middle panels (n=l) shows a PCR product obtained with the two separate sets of hFPgeni 

and hFPgen2 primers corresponding to the correct sizes of 511 bp and 289 bp, respectively. 

Conversely, lane 4 shows no products were observed of the expected size, 704 bp, in 

either the top or middle panel utilizing the hPPA specific primers. Lane 7 depicts a 

product (736 bp) of the expected size for the GAPDH positive control primers. Lanes 2, 

5, and 8 correspond to negative controls in which CX-1 cDNA template was omitted for 

the reaction while lanes 3, 6, and 9 represent negative controls reactions where RT was 

not used. 

To confirm expression of the hPPA receptor in normal colon tissue, the same RT-

PCR strategy described for the CX-1 tissue was utilized. Figure 2.3 (bottom panel) 

depicts RT-PCR utilizing the hFPgen, hFPA and GAPDH primers sets. Lane 1, in the 

bottom panel, shows a PCR product obtained with the hFPgeni primers corresponding to 

the correct size of 511 bp. Lane 4 depicts the PCR product (685 bp) obtained with the 
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hFPA specific primers described in experimental procedures. Lane 7 illustrates the PGR 

product (736 bp) obtained with the GAPDH specific primers. Lanes 2, 5, 8 and 3, 6, 9 

represent the corresponding negative controls as previously described above. The cDNA 

cloning data, along with the observations from the CX-1 PGR reactions, suggest mRNA 

for the human FPA receptor are expressed in normal human colon tissue but not in at least 

one type of cancerous colon tissue. 
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Figure 2.3 RT-PCR of CX-1 (colon adenocarcinoma) cell RNA (top and middle 

panels) and human colon RNA {bottom panel) utilizing HFPGENI and HFPGEN2 primers 

{lanes 1-3), IIFFA primers {lanes 4-6) and GAPDH primers {lanes 7-9). Lane 1 {top 

and bottom panels) depicts a PGR product (511 bp) using a hFPgeni (nt 613-1124) 

primer set. Lane 1 {middle panel) shows a PGR product (289 bp) obtained with a 

second set of hFPgpn? (nt. 367-656) primers. Lane 4 {top, middle, and bottom panels) 

illustrates the absence {top and middle panel, 704 bp) and presence {bottom panel, 682 

bp) of PGR products utilizing hFPA specific primer sets. Lane 7 {middle and bottom 

panels) demonstrates PGR products (736 bp) for the GAPDH primer set. Lanes 2,5 and 

8 are corresponding negative controls lacking cDNA template, while lanes 3, 6, and 9, 

represent negative control reactions where RT was not used. A 100 bp ladder is shown 

between lanes 3 and 4. Tick marks indicate the location of the 500 bp standard. 
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The placenta hFPB cDNA sequence was placed in a pcDNAs expression vector to 

investigate the radioligand binding properties as well as its pharmacological significance. 

Radioligand binding of ["^HjPGFaa was performed on 293-EBNA cells transiently 

transfected with vector, hFPB, or hFPA plasmid. Likewise, CX-1 cells were investigated 

for [ HJPGFia radioligand binding to corroborate the endogenous expression of the hEPn 

receptor. Figure 2.4 depicts total and non-specific binding for the CX-1 adenocarcinoma 

cells as well as the transiently transfected 293-EBNA cells. Panel A depicts the total and 

non-specific binding of 293-EBNA cells transfected with (left to right) vector alone, 

hFPB or hFPA receptor. The total binding in these studies is the difference between the 

total and nonspecific radioligand activity. Both the hFPA and hFPs receptors display 

significant specific PGFia binding, however these results are from a single experiments 

and could not be further repeated. Panel B shows the radioligand binding of endogenous 

putative hFPB receptor thought to be expressed in CX-1 cells as compared to mouse JB6 

epidermal cells used as a positive control for expression of an endogenous FP receptor. 

These data represent a single experiment and suggest a small amount of specific binding 

when compared to the JB6 cell line. 
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Figure 2.4 [^H]PGF2a Radioligand binding competition studies of transiently 

transfected 293-EBNA or CX-1 cells. A) Whole cell radioligand binding as 

described in EXPERIMENTAL PROCEDURES of 293-EBNA cells transiently 

transfected with vector, hPPB, or hPPA plasmid. B) Membrane enriched radioligand 

binding of CX-1 and mouse JB6 epidermal cells (positive control). Data are a means 

± of a single experiment for each panel performed in duplicate. 
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CX-1 colon adenocarcinoma cells were further investigated for a PGF2a functional 

response by evaluating phosphatidylinositol hydrolysis. CX-1 cells were pretreated with 

indomethacin (right) or vehicle (left) overnight to block any endogenous prostaglandin 

production via the COX pathway. Cells were then stimulated with PGFia and total IP 

accumulation was determined. Figure 2.5 shows a moderate IP accumulation in both 

PGFaa treatment groups compared to vehicle treated controls. Pretreatment with 

indomethacin did not appear to have any effect on increasing IP accumulation in these 

cells. The data suggest the possible presence of an endogenous FP receptor within this 

cell line. 
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Figure 2.5 PGF2A stimulated IP accumulation in cells endogenously expressing the 

putative IIFPB isoform. Columns three and four (left to right) were pretreated with 

indomethacin overnight while columns one and two received only vehicle. The next 

day CX-1 cells were subsequently treated with either vehicle (Na2C03) or PGF2a and 

total IP accumulation were determined. Data are a means + of a single experiment for 

each column and treatment groups were performed in triplicate. 
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Previously it has been demonstrated that the ovine FPB expressing cells, upon PGFaa 

stimulation, activate Tcf/[3-catenin mediated signaling (Fujino and Regan 2001). 

Aberrant activation of Tcf/p-catenin signaling is associated with the development of 

colorectal cancer (Korinek, Barker et al. 1997; Morin, Sparks et al. 1997; Peifer and 

Polakis 2000). It is plausible, therefore, to hypothesize that if an hFPB ortholog exists 

in the CX-1 cell line, as the data suggest, it should activate a Tcf/Lef P-catenin reporter 

construct upon PGF2a stimulation. To test this hypothesis, CX-1 cells or ovine FPB 

expressing cells were transiently transfected with a Tcf/Lef reporter gene construct then 

stimulated with PGF2a. Figure 2.6 depicts P-catenin mediated reporter gene activation 

of CX-1 and ovine FPB cells upon PGF2a stimulation. 
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Figure 2.6 PGFia stimulation of Tcf/Lef-responsive luciferase reporter gene activity 

in ovine FPB and CX-1 adenocarcinoma ceils. A) Ovine FPB expressing cells and B) 

CX-1 cells after 1 hr treatment with either vehicle or PGFia, then washed extensively 

and incubated for 16 hr at 37°C in drug-free media. Luciferase data represent a single 

experiment each performed in duplicate. 
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2.4 Discussion 

Previously, FP receptor mRNA alternative splice variants were identified from a 

ovine mid-cycle large cell luteal library and were named FPA and FPB (Graves, Pierce et 

al. 1995; Pierce, Bailey et al. 1997). Recently, six bovine FP receptor isoforms were 

cloned from a bovine corpus luteal library (Sakamoto, Ishii et al. 2002). These isoforms 

display mRNA alternative splicing at both splice donor sites previously described, three 

diverge their nucleotide sequence at the 6TM site and three at the carboxyl terminal 

splice site. It is feasible that one of these three splice variants at the carboxyl terminal 

splice site could be a bovine FPB ortholog. Interestingly, in looking at the amino acid 

sequence of these three isoforms, one clone (FP-A) has two conserved residues at the end 

similar to the human FPR. Where the HFPB ends with the amino acid sequence proline, 

arginine, and isoleucine the bovine FP-a ends with an arginine, isoleucine, and 

asparagine. However, the bovine carboxy terminal splice variants physiological and 

pharmacological significance remains uncertain, as only their cDNA sequence has been 

reported. Likewise, since these isoforms have not been submitted to GenBank, it is not 

possible to investigate the carboxy terminal splice variant's for the presence of an 

inverted repeat in their respective cDNA sequence. Two cDNAs, one from placenta and 

one from a CX-1 colon adenocarcinoma, were cloned encoding a putative human FPa 

receptor isoform. The placenta ortholog bears a more striking resemblance to the ovine 

FPB than the CX-1 isoform in that it diverges at the exact location, a tyrosine residue in 

the carboxyl tail, as do the ovine FP isoforms. Both human FPB clones share similar 

properties, in that the last four amino acid residues are conserved and they both contain 



75 

an almost identical inverted repeat that is responsible for generating their unique amino 

acid sequence. The CX-1 ortholog nucleotide sequence diverges upstream of the tyrosine 

residue resulting in a slightly different amino acid sequence relative to the placenta hFPB-

The differences between the putative hFPB receptors in CX-1 and placenta nucleotide 

sequence can be explained by two possibilities. First, the CX-1 unique nucleotide 

sequence could result from DNA aberrations or recombination that are commonly seen in 

a malignant cell lines. Second, the amino acid sequence within the region of the inverted 

repeat may not be as important as the actual truncation of the receptor itself, for protein 

function, resulting in small but insignificant differences in amino acid sequence. The 

inverted repeat in each of these cDNA clones causes some concern and suggest two 

possibilities for their occurrence. First, they are generated by a mechanism other than 

mRNA alternative splicing, possibly post-transcriptional modification of the original 

human FP receptor (hFPA) message RNA. Second, these orthologs are simply a cloning 

artifact produced from PCR or a result of an engineered cDNA library. The former 

seems to be the most likely scenario to be the most likely for the following reasons: first, 

the chances that an FPB ortholog could be produced as an artifact diverging its sequence 

at the exact location that was predicted from the ovine FP isoforms seem highly unlikely. 

Second, the fact that the IIFPB isoform was cloned from two separate cDNA libraries and 

produces virtually the same sequence further strengthens the arguments that it exists. 

Finally, the unique amino acid sequence and truncated carboxyl tail closely resemble the 

ovine FPB isoform in that of the three unique amino acids, the last is an isoleucine residue 

that is conserved between human and ovine species. Interestingly, there are reports in the 
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literature of 3' UTR terminal inverted repeat mRNA sequences that have been 

hypothesized to function in a capacity that increases stability or represses protein 

translation of specific mRNA. 

Attempts to functionally characterize these two clones were made by transiently 

transfecting the placental hFPfi clone or using the CX-1 cell line as an endogenous system 

to gain a functional response to PGF2A. While, initial studies in radioligand binding, IP 

accumulation and Tcf/Lef reporter gene activation of this receptor were successful; repeat 

studies are required to determine their reproducibility. One concern for the 

reproducibility in these experiments lie in the fact that the inverted repeat hairpin 

sequence prevents complete translation of the protein thereby rendering it inactive. It 

seems plausible to suggest that the hFRs inverted repeat sequence may require some sort 

of regulatory protein to dissociate the hairpin structure facilitating proper translation. In 

addition, in-vitro translation experiments can be performed utilizing the IIFPB plasmid to 

determine if it is capable of being expressed as a full-length protein. 

RT-PCR on CX-1 cells using a strategy of hFP generic and hPPA specific primers 

seemed to suggest the presence of an FP isoform other than hFPA indicating that the 

cDNA cloning data may be significant. It is interesting to note that the IIFPA receptor 

mRNA is expressed in normal human colon tissue but not in the CX-1 diseased colon 

tissue as observed from the cloning ratio of hFPAihFPB and RT-PCR studies. It could be 

hypothesized that post-transcriptional transformation of hFPA mRNA message to the 

hFPs isoform may lead to the pathophysiology of colorectal cancer. As previously noted, 

the ovine FPB receptor has been linked to increased PI3K basal activity that mediates 
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Tcf/(3-catenin signal transduction and demonstrates potential for increased COX-2 

expression (Fujino and Regan 2003a; Fujino and Regan 2003b). Interestingly, virtually 

identical characteristics of colon cancer include; increased basal PI3K activity, increased 

Tcf/p-catenin signaling, increased COX-2 expression and increased prostaglandin 

synthesis (Phillips, St Clair et al. 1998; Petiot, Ogier-Denis et al. 2000; Srivastava, Verma 

et al. 2001). Collectively, the data presented here, as well as by Dr. Hiromichi Fujino and 

colleagues with respect to the ovine FPB isoform, strongly suggest the presence of an 

liFPfi ortholog. However, whether or not the actual hPPB DNA sequence is that which 

has been identified herein remains circumspect. 
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CHAPTER THREE: 

CLONING AND LOCALIZATION OF hFPs: A SIX-TRANSMEMBRANE mRNA 

SPLICE VARIANT OF THE HUMAN FP PROSTANOID RECEPTOR 

Portions of this chapter have appeared previously in Vielhauer G.A., Fujino H., Regan 

J.W. (2004) Cloning and localization of hFPs: a six-transmembrane mRNA splice variant 

of the Human FP Prostanoid Receptor. Archives of Biochemistry and Biophysics 421: 

175-185. 
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3.1 Introduction 

Prostanoids are locally acting hormones synthesized from arachidonic acid via the 

cyclooxygenase pathway (Goodman, Oilman et al. 1996). There are five primary 

metabolites of arachidonic acid, which include prostaglandin Da (PGD2), PGE2, PGFIA, 

PGI2 (prostacyclin), and thromboxane A2 (TXA2). Pharmacologically the receptors for 

these hormones are classified by the endogenous prostanoid they bind. Therefore, PGD2 

activates the DP receptors, PGE2 activates the EP receptors and PGFaa, PGI2 and TXA2 

respectively activate the FP, IP and TP receptors (Coleman, Smith et al. 1994; Sugimoto, 

Ushikubi et al. 1999). Prostanoid receptors are typically seven transmembrane (TM) G-

protein coupled receptors (GPCR) that have an extracellular amino terminus and 

intracellular carboxyl terminus. Prostanoid receptors can be subdivided into two major 

groups based upon phylogenic analysis (Regan, Bailey et al. 1994; Toh, Ichikawa et al. 

1995). The first group consists of the EP2, EP4, DP and IP receptors, which all couple to 

Gs and stimulate intracellular cAMP formation. The second group, consists of the EPi, 

EP3, FP, and TP receptors, all of which couple to either Gq or Gi and either stimulate 

phosphatidyl inositol hydrolysis or inhibit cAMP formation. Interestingly, all the 

members of this second group exist as multiple isoforms, which are generated by 

alternative mRNA splicing (Pierce and Regan 1998). This alternative mRNA splicing 

occurs at two distinct locations in the prostanoid receptor genes. The first location 

corresponds to the middle of TM-6 and the second is approximately 10 amino acids 

downstream of TM-7 in the carboxyl terminus. Splicing at the first location occurs in all 

prostanoid receptor pre-mRNA, but with the exception of the EPi and FP receptors does 
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not lead to alternative transcripts (Okuda-Ashitaka, Sakamoto et al. 1996; Ishii and 

Sakamoto 2001). mRNA splicing at the second location generates carboxyl terminal 

isoforms of the EP], FP and TP receptors (Pierce and Regan 1998). 

The first prostanoid receptor isoform to be characterized involving splicing at the 

TM-6 site was an EPi variant that was cloned from rat uterus cDNA and shown to be 

highly expressed in the kidney (Okuda-Ashitaka, Sakamoto et al. 1996). This EPi variant 

arises from a 425 base pair insert in the TM6 splice site giving rise to a frame shift 

resulting in a protein of 366 amino acids. The amino acid sequence of this variant up to 

the splice site is the same as the original rat EPi isoform, however because of the insert 

and frame shift, the amino acid sequence downstream of the splice site is divergent. 

Although the EPi 6TM isoform appears to be capable of forming a 7TM domain, it does 

not share any homology with the 7TM domains of other prostanoid receptors. 

Previously two FP receptor isoforms were cloned from ovine corpus luteum that 

represent alternative mRNA splicing at the C-terminal site (Graves, Pierce et al. 1995; 

Pierce, Bailey et al. 1997). These two isoforms, termed FPA and FPB, are identical up to 

and including tyrosine 317, which are nine amino acids downstream of TM-7 in the 

intracellular carboxy terminus. In the FPA receptor isoform there are 46 additional amino 

acids downstream of tyrosine 317, while in the FPB isoform there is just one amino acid 

(an isoleucine) following tyrosine 317 (Pierce, Bailey et al. 1997). This leads to a 

truncated version of the FPA receptor with a shortened intracellular carboxy terminus. 

Recently, a third FP receptor isoform was cloned from the bovine corpus luteum that is 

created from alternative mRNA splicing at the 6TM site (Ishii and Sakamoto 2001). This 
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bovine 6TM FP receptor splice variant arises from an insertion, which like the 6TM EPi 

receptor variant causes a frame shift and premature stop. Unlike the 6TM EPi variant, 

however, the bovine 6TM FP variant is unUkely to form a seventh TM domain and its 

carboxyl terminus is probably extracellular. 

To date only one human FP receptor has been cloned which represents the human 

ortholog of the ovine FPA (Abramovitz, Boie et al. 1994), the bovine FP (Sakamoto, 

Ezashi et al. 1994) and the mouse FP (Sugimoto, Hasumoto et al. 1994). To identify 

possible isoforms of the human FP prostanoid receptor we used PCR to screen human 

cDNA libraries for the presence of potential FP receptor mRNA splice variants. In this 

chapter, we report the cloning and characterization of a 6TM alternative mRNA splice 

variant of the human FP receptor. This variant, named hFPs (sevenless) has a 71 base 

pair insert in the 6TM splice site that results in a frame shift and premature stop much 

like the bovine 6TM FP variant. The hFPs mRNA is present in several human tissues 

and appears to be expressed as a protein but it does not bind PGF2a and its function is 

presently unknown. 

3.2 Experimental procedures 

3.2.1 cDNA cloning 

Human placenta, heart, uterus, and colon adenocarcinoma Marathon Ready^'^ 

cDNA was obtained from Clontech Laboratories (Palo Alto, CA). PCR reactions were 

performed according to the manufacturer's protocol using the Advantage Taq polymerase 

from Clontech (product #8417-1). The initial PCR program used was 95°C for 5 min. 
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95°C for 1 min, 70°C for 1 min, 72°C for 6 min repeat steps 2-4 for five cycles, then 95°C 

for 1 min, 68°C for 1 min, 72°C for 6 min repeat steps 6-8 for five cycles, then 95°C for 1 

min, 66°C for 1 min, ITC for 6 min repeat steps 10-12 for 20 cycles then 72°C for 15 min 

followed by a 4°C hold. This reaction utilized a FP sense primer (nt. 613), 

GGCAGTGTGATGGCCATTGAGCGGTGTATTGG, with the anti-sense adaptor 

primer (API). All adaptor primers used in the RACE PCR were included in the 

Marathon Ready^J^ cDNA kit. The resulting PCR reaction was diluted 1:5 in water and a 

nested PCR reaction was performed. The nested PCR was identical to the previous 

program, except the total number of cycles was decreased to 20. The nested PCR 

reaction utilized a FP sense primer (nt. 736), 

GCTTTGCTGCCCATCCTTGGACATCGAGAC, with the anti-sense nested adaptor 

primer (AP2). Products from the entire PCR reaction were purified using Gene Clean II 

according to the manufacturer's instructions (BioRad product #1001-200; Hercules, CA). 

Purified PCR products were ligated into the pGEM-T vector using a cloning kit 

(Promega #Q5601; Madison, WI) and the instructions provided therein. Following the 

ligation, JM109 cells were transformed and positive colonies were selected for the 

preparation of plasmid DNA using a crude alkaline lysis protocol (Zhou, Yang et al. 

1990). 

Purified plasmid DNA was digested with restriction enzymes directed to the 

multiple cloning site and electrophoresed on 1.2% agarose gels, to separate the PCR 

inserts from the pGEM-T backbone. The gel was then denatured and neutralized and the 

DNA was transferred to a nylon membrane by blotting overnight using 20x SSC. 
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Following transfer the membrane was washed and baked for two hours at 80°C in 

preparation for Southern blot analysis. 

3.2.2 Southern blot analysis 

A 228 bp probe, starting in the third intracellular loop and spanning the 7TM, was 

prepared by digesting human FP/pcDNAs with Bglll and Hindlll and was radiolabeled 

with [^^P]dCTP using a nick translation kit (Gibco product #18160-010; Carlsbad, CA). 

Following purification with an Amicon spin column (Millipore product #42409; 

Billerica, MA), the probe was used for Southern blot analysis according to standard 

protocols (Maniatis, Fritsch et al. 1982). Clones containing positive inserts were digested 

with Bglll and Hindlll, which will yield a single 228 base pair product with the 

previously cloned human FP receptor. Positive clones that did not yield this product 

were sent for DNA sequencing. The resulting DNA sequences were analyzed 

(Macvector 7; Accelrys, Burlington, MA) and compared to the previously cloned human 

FP receptor. This yielded two clones of hFPs/pGEM-T, one from the heart library and 

one from the placenta. To avoid confusion, the previously cloned human FP receptor will 

hereafter be referred to as IIFPA-

3.2.3 Construction of an hFPs expression vector and stable cell line 

hFPs/pcDNAs, a full-length clone encoding human FPs, was prepared by 

digesting the hFPA/pcDNAs and hFPs/pGEM-T clones with Bglll that cuts at nucleotide 

958 (Fig. 1, double underline) in the coding sequence of both IIFPA and hFPs. The 

digests were then treated with NotI which cuts in the multiple cloning site of pcDNAa and 
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pGEM-T. The larger fragment from the digest of hFPA/pcDNAa (containing the 5' end of 

the hFPA receptor) and the smaller fragment from the digest of hFPs/pGEM-T 

(containing the 3' end of the hFPs clone) were purified using Gene clean II, and were 

then ligated and subcloned to yield hFPs/pcDNAs. To prepare a plasmid for stable 

expression of hFPs in 293-EBNA cells, Nhel and Xhol sites were introduced by PGR of 

hFPs/pcDNAa with the following primers: sense, CAGCTAGCATGAACAATTCCAAA; 

anti-sense, TTCTCGAGTTGTTCTAAGCCCCACAC. The product was isolated and 

subcloned into pGEM-T to yield hFPsNX/pGEM-T. The later was digested with Nhel 

and Xhol and the fragment encoding hFPs was isolated and ligated with FLAG-

FPA/PCEP4, which had been digested with Nhel and Xhol to remove the fragment 

encoding ovine FPA- The resulting plasmid, FLAG-hFPs/pCEP4, was then used to stably 

transfect 293-EBNA cells by limiting dilution and hygromycin selection as previously 

described (Fujino, Srinivasan et al. 2000). 

3.2.4 Immunoprecipitation & immunoblot analysis 

Cells were plated at a low density and grown to confluence then washed with Ix 

phosphate-buffered saline (PBS). The cells were scraped and sonicated in a lysis buffer 

consisting of 20 mM Tris-HCl (pH 7.5), 10 mM EDTA, 2 mM EGTA, 2 mM 

phenylmethylsulfonyl fluoride, 0.1 mg/ml leupeptin, and 2 mM sodium vanadate. 

Samples were centrifuged (16,000 x g) for 15 min at 4°C, the supernatant (cytosolic 

fraction) was removed and the pellet (particulate fraction) was solublized with lysis 

buffer containing 0.05% Triton X-100 and centrifuged again to remove insoluble debris 

as previously described (Fujino and Regan 2001). Protein concentrations were 



85 

determined using a Bio-Rad assay kit (Bio-Rad Laboratories, Hercules, CA) and samples 

were immunoprecipitated overnight utilizing a FLAG-M2 agarose antibody (Sigma 

product #A-2220; St. Louis, MO). Samples were then centrifuged for 3 min at 3000 rpm 

and washed with lysis buffer. Laemmli buffer (5x) was added and the samples were 

heated for 10 min at 55°C then placed on ice for 5 min and centrifuged. Samples were 

then separated on a 10% SDS-polyacrylamide gels, transferred to nitrocellulose 

membranes, and blocked with 1.5% nonfat milk in Tris-buffered saline (TBS) containing 

0.1% polyoxyethylenesorbitan monolaurate (TBST) for one hour at room temperature 

with rotation. The membrane was then incubated with anti-FLAG-M2 antibodies 

(1:1000, Sigma #F-3165) overnight at 4°C with rotation. The membranes were washed in 

TBST and incubated with anti-mouse secondary antibodies conjugated to horseradish 

peroxidase (1:10,000, Jackson Laboratories) for one hour at room temperature. The 

membranes were washed, and visualized by enhanced chemiluminescence (SuperSignal; 

Pierce). 

3.2.5 Immunofluorescence microscopy 

293-EBNA cells untransfected or stably expressing the hFPs receptor were grown 

in six-well plates containing 22-mm round glass cover slips for 3-4 days. Cover slips 

were washed, fixed, and incubated with either hFPs polyclonal (1:500 dilution) or FLAG-

M2 monoclonal primary antibodies (1:500, Sigma #F-3165) in 5% Blotto (nonfat dry 

milk in TBS). They were then washed and incubated (1:1000 dilution) with either a 

fluorescein isothiocyanate (FITC) conjugated goat anti-rabbit secondary antibody (Sigma 

# F-1262) for the hFPs antibody, or a tetramethylrhodamine isothiocyanate (TRITC) goat 
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anti-mouse secondary antibody (Sigma # T-7782) for the FLAG-M2 antibody. Cover 

slips were subsequently washed, mounted on slides, and examined with a 60x PlanApo 

oil objective, by epifluorescence microscopy using an Olympus 1X70 microscope. Images 

were obtained and processed using an Olympus Magna Fire camera and software (model 

#899806). 

3.2.6 Human heart and placenta PGR 

To confirm specific mRNA expression of the hPPs we performed PGR and RT-

PGR utilizing hFPs and hFPgen (generic region) specific primers. Primers to 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served as a positive control. The 

PGR utilized the heart and placenta RAGE cDNA from above and the following primers: 

hFPs sense, TTTGTGGGATAGAGAATAATTTTG; hFPge„ sense, 

GGTGGTGGGGATAATGTGTGTGTG; hFPge„ anti-sense, 

GGAAGTGGTGAGTGAGAAATAGGAGG; GAPDH sense, 

TGGGTGTGAAGGATGAGAAG; and GAPDH anti-sense, 

TGTAGATGGGAAGTGTGAGG. The PGR reaction was run under the following 

conditions 95°G for five min, 95°G for one min, 62°G for one min, 72°G for one min 

repeat steps two to four for 45 cycles, 72°G for 15 min and 4°G hold. PGR reactions were 

amplified using heart or placenta RAGE cDNA. Each PGR reaction contained 10 mM of 

the respective primers (hFPs, hFPgen or GAPDH), 0.2 mM dNTP, 1.5 mM MgCl2, Ix 

PGR buffer (20 mM Tris-HGl, pH 8.4, 50 mM KGl), 2.5 units Taq polymerase (Gibco) 

and nuclease free water. 
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3.2.7 Human umbilical vein endothelial cell RT-PCR 

Cytoplasmic RNA (4.5 |ag) was prepared as previously described and treated with 

DNase for 15 min at room temperature, then 25 mM EDTA was added and the reaction 

inactivated at 65''C for 10 min. Oligo (dT) were added and the reaction heated for 10 min 

at 70°C. First strand synthesis was carried out by adding half of the above RNA mix to 

two tubes along with the RT mix. The RT mix contained first strand buffer 5 |a.l (250 

mM Tris-HCl, pH 8.3, 375 mM KCl, 15 mM MgCl2), 1 \il dNTP (10 mM), 2 |il DTT (0.1 

M), and diethyl pyrocarbonate (DEPC)-H20 per 10 ^il RNA. For each sample, two 

treatment groups were performed, one with RT+ and one without RT-. The samples were 

then incubated for 50 min at 42°C followed by 15 min at 70°C and ice for 5 min. RNase 

H (4 units) was added to each tube and incubated for 20 min at 37°C. 

PGR was performed using the same primers described above for the hFPs, hPPgen 

and GAPDH nucleotide sequences except the hFPgen sense primer was replaced with the 

following sense primer, GCTTTGCTGCCCATCCTTGGACATCGAGAC, 

corresponding to nucleotide 736 of the Genbank accession no. L24470. PGR reactions 

were amplified using cDNA from the above RT reaction. Each PGR reaction contained 

0.2 mM of the respective primers (hFPs, hFPgen or GAPDH), 0.2 mM dNTP, 1.5 mM 

MgCla, Ix PGR buffer (20 mM Tris-HCl, pH 8.4, 50 mM KCl), 2.5 units Taq polymerase 

(Gibco) and nuclease free water. The PGR amplification cycle consisted of 95°C for 5 

min, initial denaturing step, followed by 95°C for 1 min, 55°C for 1 min, 72°C for 1 min 

for 45 cycles and ending with 72°C for 15 min for the hFPs specific reaction. The PGR 

amplification cycle for the hFPgen specific reaction consisted of 95°C for 5 min, initial 
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denaturing step, followed by 95°C for 1 min, 63°C for 1 min, 72°C for 1 min for 45 cycles 

and ending with ITC for 15 min. Due to the differences in annealing temperature of the 

hFPs and hFPgen specific primers two separate reactions were performed and thus the 

corresponding GAPDH reaction for each. PGR products were analyzed by 

electrophoresis on an agarose gel. All reagents utilized for RT-PCR were from Gibco/ 

Invitrogen. 

3.2.8 Northern blot analysis 

A multiple human tissue northern blot was obtained from Clontech (#7780-1) and 

was hybridized with either hFPs or hFPgen specific probes or with a probe to GAPDH. 

The hFPs specific probes consisted of four 20-bp synthetic oligonucleotides that were 

nr\ 

end-labeled with [ P]yATP and together spanned the entire 71 bp exon that is unique to 

hFPs. The hFPgen probe consisted of a 948 bp cDNA fragment produced by cutting hFPA/ 

pCDNAs plasmid with Nhel and Hindlll restriction enzymes. The hFPgen and GAPDH 

probe was prepared utilizing a standard nick translation kit (Gibco). The hybridization 

solution for the hFPs northern blot was 20% formamide (Sigma), 10% dextran sulfate 

(Sigma), 1% SDS-DEPC, 1 M NaCl-DEPC, 0.1 mg/ml sonicated DNA salmon sperm 

(Sigma). The hybridization solution for the GAPDH northern blot was identical to that 

for the hFPs except 50% formamide was substituted for 20%. Membranes were blocked, 

hybridized and washed at 39-42°C. The hFPs northern was washed with only a high salt 

buffer (2x SSC, 0.1% SDS) while the GAPDH northern was washed with a high salt 

buffer as well as a low salt buffer (O.Olx SSC, 0.1% SDS). Membranes were then 

exposed to X-ray film and developed. 
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3.2.9 Preparation of hFPs antibodies and immunohistochemical staining 

Rabbit polyclonal antibodies were prepared by Covance (Princeton, N.J.) to a 

GST-hFPs fusion protein containing the 31 amino acids that are unique to hFPs (267-297, 

Fig. 1). The antibodies were purified by affinity chromatography using a pMAL-hFPs 

fusion protein containing the same 31 amino acids that had been immobilized to agarose 

beads. 

Human placenta was obtained from the University of Arizona, University Medical 

Center Labor and Delivery Unit. Tissue samples were formalin fixed, paraffin 

embedded, and four-micron slices were placed on glass slides. Slides were then 

deparaffinized and subjected to antigen retrieval in 0.01 M citrate buffer, (citric acid and 

sodium citrate, pH 8.0, Sigma). They were then blocked in series with 3% H202/97% 

MeOH, a Vector lab blocking kit (product #SP-2001; Burlingame, CA), and finally by 

10% goat serum (Sigma) with a PBS wash between each blocking agent. Primary 

antibodies were added overnight at 4°C and slides received either a negative control 

rabbit primary IgG isotype antibody (Zymed #08-6199), the hFPs polyclonal antibodies 

(1:100 dilution in 2% goat serum/PBS) or the hFPs antibody incubated overnight with the 

GST-hFPs fusion protein. Slides were washed and a secondary goat anti-rabbit IgG 

antibody added (1:300, Vector labs #BA-1000) at room temperature. The slides were 

washed and a Vectastain elite ABC kit was utilized (PK-6100) according to manufacturer 

instructions. Following another wash, slides were placed in 250 |Jg/ml diaminobenzidine 

tetrahydrochloride (DAB, Simga), rinsed in H2O and counterstained with a 1:4 dilution of 

VMS hematoxylin (diluent; 30% polyethylene glycol, 64.2% distilled H2O, and 5.8% 
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glacial acetic acid). Slides were dehydrated and glass coverslips were attached using 

Cytoseal. 

3.3 Results 

Human heart, placenta, uterus and colon adenocarcinoma cDNA libraries were 

screened by a combination of PGR, Southern blot analysis, restriction enzyme mapping 

and DNA sequencing to identify potential alternative mRNA splice variants of the human 

FP prostanoid receptor. Two identical cDNAs, one from the heart and one from the 

placenta, were cloned that encoded a novel splice variant, which we have named hFPs to 

distinguish it from the previously cloned human FP receptor that we will refer to as hFPA. 

Figure 3.1 shows the cDNA and deduced amino acid sequences of the hFPs isoform. The 

hFPA and hFPs isoforms are identical up to nucleotide 1036, at which point there is an 

insertion of 71 nucleotides relative to the hFPA sequence. This 71 bp insert causes a 

frame shift and results in a premature stop 24 nucleotides past the end of the insert (nt. 

1131). There are several consequences of this in terms of the primary and secondary 

structure of hFPs. First, the amino acid sequence of hFPs diverges from that of hFPA at 

leucine-266, which is close to the predicted carboxyl terminal end of TM-6. Second there 

are only 31, mostly hydrophilic, amino acids before the end of the predicted amino acid 

sequence. For the hFPA there are a total of 93 amino acids downstream of leucine-266 

that constitute the third extracellular loop (-19 amino acids), TM-7 (~22 amino acids) 

and the intracellular carboxyl terminus (-52 amino acids). We predict based on the 

number of hydrophilic residues and the absence of a contiguous stretch of 20-24 

hydrophobic residues that hFPs does not have a 7TM domain and that its carboxy 
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terminus is extracellular. Furthermore, even if this divergent sequence was capable of 

forming a 7TM segment, it lacks any amino acid homology to the 7TM domain of other 

prostanoid receptors. Except for this 71 bp insert the nucleotide sequence of hFPs and 

hPPA are the same, including the 3'-untranslated region. 



160 180 200 220 
gcctgggatgacaagatgtctggactgcaatcctgcacagttttgagagggagatgacttgagtggttggctttt 
cggaccctactgttctacagacctgacgttaggacgtgtcaaaactctc cctctactgaactcaccaaccgaaaa 

240 260 280 
atctccacaaca ATG TCC ATG AAC AAT TCC AAA CAG CTA GTG TCT CCT GCA GCT GCG CTT 
tagaggtgttgt TAG AGG TAG TTG TTA AGG TTT GTC GAT CAC AGA GGA CGT CGA CGC GAA 

M S M N N S K Q L V S P A A A L  

300 320 340 
CTT TCA AAC ACA ACC TGC CAG ACG GAA AAC CGG CTT TCC GTA TTT TTT TCA GTA ATC 
GAA AGT TTG TGT TGG ACG GTC TGC CTT TTG GCC GAA AGG CAT AAA AAA AGT CAT TAG 

L S N T T C Q T E N R L S -JL. -X. T TMl 
360 380 

TTC ATG ACA GTG GGA ATC TTG TCA AAC AGC CTT GCC ATC GCC ATT CTC ATG AAG GCA 
AAG TAC TGT CAC CCT TAG AAC AGT TTG TCG GAA CGG TAG CGG TAA GAG TAC TTC CGT 
F M T V G I L S N S L A I A I L M K A 

400 420 440 
TAT CAG AGA TTT AGA CAG AAG TCC AAG GCA TCG TTT CTG CTT TTG GCC AGC GGC CTG 
ATA GTC TCT AAA TCT GTC TTC AGG TTC CGT AGC AAA GAC GAA AAC CGG TCG CCG GAC 
Y Q R F R Q K S K A S F L L L A S G L TM2 

460 480 500 
GTA ATC ACT GAT TTC TTT GGC CAT CTC ATC AAT GGA GCC ATA GCA GTA TTT GTA TAT 
CAT TAG TGA CTA AAG AAA CCG GTA GAG TAG TTA CCT CGG TAT CGT CAT AAA CAT ATA 

V I T D F F G H L I N G A I A V F V Y 

520 540 560 
GCT TCT GAT AAA GAA TGG ATC CGC TTT GAC CAA TCA AAT GTC CTT TGC AGT ATT TTT 
CGA AGA CTA TTT CTT ACC TAG GCG AAA CTG GTT AGT TTA CAG GAA ACG TCA TAA AAA 

A S D K E W I R F D Q S N V L C S I F TM3 
580 600 620 

GGT ATC TGC ATG GTG TTT TCT GGT CTG TGC CCA CTT CTT CT A GGC AGT GTG ATG GCC 
CCA TAG ACG TAC CAC AAA AGA CCA GAC ACG GGT GAA GAA GAT CCG TCA CAC TAC CGG 
G I C M V F S G L C P L Ti L G S V M A 

640 660 680 
ATT GAG CGG TGT ATT GGA GTC ACA AAA CCA ATA TTT CAT TCT ACG AAA ATT ACA TCC 
TAA CTC GCC ACA TAA CCT CAG TGT TTT GGT TAT AAA GTA AGA TGC TTT TAA TGT AGG 
I E R C I G V T K P I F H S T K I T S 

700 720 740 
AAA CAT GTG AAA ATG ATG TTA AGT GGT GTG TGC TTG TTT GCT GTT TTC ATA GCT TTG 
TTT GTA CAC TTT TAC TAC AAT TCA CCA CAC ACG AAC AAA CGA CAA AAG TAT CGA AAC 

K H V K M M L S G V C L F A V F I A L TM4 

760 780 
CTG CCC ATC CTT GGA CAT CGA GAC TAT AAA ATT CAG GCG TCG AGG ACC TGG TGT TTC 
GAC GGG TAG GAA CCT GTA GCT CTG ATA TTT TAA GTC CGC AGC TCC TGG ACC ACA AAG 

I. P I L H R D Y K I Q A S R T W C F 
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Figure 3.1 cDNA and deduced amino acid sequences of the human FPs isoform. The 

cDNA sequence is based on the previously cloned human FP receptor (Abramovitz, Boie 

et al. 1994) and starts with nucleotide 151 of GenBank accession No. L24470. The 

GenBank accession number of hFPs is AY485530. Numbering of the amino acid 

sequence is shown on the far right. The transmembrane (TM) domains are underlined 

(solid) and are numbered TM1-TM6 on the right. The 31 hFPs specific amino acids are 

indicated with a dashed underline and the corresponding cDNA sequence is in bold 

italics. The BglW site (nt. 958) that was utilized to create a full-length hFPs coding 

sequence is shown as a double underline. 
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In silico analysis was used to locate the hFPs specific 71 bp insert in the human 

genome. A perfect match was found on chromosome-1 (lp22.3-31.2) within an 

approximate 135 kilobase sequence containing the FP prostanoid receptor gene. The 

hFPs specific 71 bp sequence was flanked by an upstream splice acceptor site (AG) and a 

downstream splice donor site (GT). The presence of these splice donor and acceptor sites 

are typical of intron/exon boundaries and indicate that this 71 bp insert represents a 

previously unknown exon in the FP receptor gene. Figure 3.2 shows the organization of 

the human FP gene as it is presently known. There are at least four exons. The first 

encodes most of the 5'-UTR while the second encodes the remaining 5'-UTR and the 

coding sequence up to leucine 266 near the end of TM6. The third exon represents the 

hFPs specific 71 bp insert and the fourth encodes the rest of the coding sequence and the 

3'-UTR. 

RT-PCR with hFPs specific primers and with a generic set of primers (hFPgen) 

that could amplify either hFPs or hFPA was used to verify the expression of hFPs 

message in cDNA from human heart (Figure 3.3, top panel) and placenta (Figure 3.3, 

bottom panel). Lane 1 shows that a product of the expected size (326 bp) was obtained 

with both heart and placenta cDNA using hFPs specific primers. On the other hand, lane 

3 shows the generic set of primers yielded a major product of the size expected for the 

hFPA (308 bp) and a minor product of the size expected for hFPs (379 bp). The data are 

consistent with the presence of mRNA encoding IIFPA and hFPs IN both the human heart 

and placenta. 
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Figure 3.2 Organization of the human prostaglandin F2a receptor gene. 

Comparison of the human FP gene and the two FP isoforms generated by mRNA 

alternative splicing. There are four exons located on the gene indicated by the crossed 

boxes. The diagonal and gray shaded boxes represent the 5'-UTR and 3'-UTR 

regions, respectively. The black boxes indicate the coding sequence for the FP 

receptor isoforms. The hFPs isoform consists of all four exons while the hFPA 

consists only of exons 1, 2, and 4. Exon-3, which is specific for hFPs consists of 71 

base pairs. Sizes of the boxes are not to scale. 
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Figure 3.3 Photograph of PGR products following agarose gel electrophoresis 

utilizing hFPs specific and hFP generic (hFPgen) primers. The top panel shows the 

PGR products obtained using human heart cDNA while the bottom panel shows the 

products obtained with placenta cDNA. Lane 1 {top and bottom) shows the hFPs 

specific product with lane 2 being the corresponding negative control (H2O). Lane 3 

shows the hFPgen products with its negative control in lane 4. Lane 5 shows GAPDH as 

a positive internal control with its negative control in lane 6. The size of the expected 

products are as follows: hFPs, 326 bp; hFPgen, 308 bp, and 379 bp; and GAPDH, 736 bp. 

A 100 bp DNA ladder is shown between lanes 2 and 3. Tick marks indicate the location 

of the 500 bp standard. 
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Northern blotting was used to further examine the expression of mRNA encoding 

hFPs in twelve human tissues. As shown in Figure 3.4 (top, left panel), an hPPs specific 

probe detected two major transcripts of approximately 6.8 and 4.9 kb in RNA from 

human heart and skeletal muscle (lane 2 and 3, respectively). The hybridization of the 

hFPs probe was not related simply to the amount of RNA loaded on the gel as reflected 

by the amount of GAPDH message (bottom, right panel). For example, hybridization of 

the hFPs probe was much greater to RNA from the heart as compared to the skeletal 

muscle, whereas the GAPDH probe showed the opposite, hi addition, as shown in the 

bottom left panel, the hFPs probe was very specific for hFPs cDNA and did not cross 

react with hFPA cDNA even at the highest amounts applied. Northern blot with a hFPgen 

specific probe (top, right panel) depicts the presence two major FPgen transcripts similar 

in size to that observed with the hFPs specific probes, 4.9 and 6.8 kb, respectively. It is 

important to note that the FPgen probe will hybridize to hFPs, hFPA or any other hFP 

splice variant containing RNA sequence up to and including TM7. In the skeletal 

muscle, colon, kidney, small intestine and placenta both major transcripts are observed 

while only the 4.9 kb transcript is clearly observed in the heart and lung. 
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Figure 3.4 Northern blot of mRNA from 12 human tissues using hFPs (top, left 

panel), hFPgen (top, right panel) and GAPDH (bottom, right panel) radioactive 

probes. Tissues are as follows: lane 1, brain; lane 2, heart; lane 3, skeletal muscle; 

lane 4, colon; lane 5, thymus; lane 6, spleen; lane 7, kidney; lane 8, liver; lane 9, 

small intestine; lane 10, placenta; lane 11, lung; lane 12, peripheral blood leukocyte. 

The bottom left panel shows a positive control membrane spotted left to right with 4, 

40, 400 and 4,000 |a,g of either hFPs or hFPA plasmid cDNA. Shown at the left are 

molecular weight markers (kb). 
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To examine the functional expression of hFPs, 293-EBNA cells were stably 

transfected with a recombinant hFPs construct containing a FLAG-epitope on the amino 

terminus. A clonal cell line was chosen based upon positive immunofluorescence 

staining with both FLAG and hFPs specific antibodies and was further confirmed by 

immunoblot analysis with anti-FLAG antibodies. Figure 3.5 (top panel) shows that in 

cells stably transfected with FLAG-hFPs a band of the expected size (32.7 kDa) was 

present in the particulate fraction, but not in the cytosolic fraction (lanes 2). Furthermore, 

a band of this size was not present in either untransfected 293-EBNA cells (lanes 1) or in 

293-EBNA cells stably transfected with the ovine FLAG-FPA (lanes 3). 

Immunofluorescence labeling of the FLAG-hFPs cell line with either FLAG-M2 

monoclonal antibodies (panels A-D) or hFPs polyclonal antibodies (panels E-H) clearly 

show hFPs specific immunoreactivity (white arrows). As shown in panels A, C, E, and 

G, hFPs immunoreactivity was not observed in the untransfected 293-EBNA cells. 

Panels C, D, G and H represent a 3x magnification of the area within the white boxes 

shown in panels A, B, E and F, respectively. These magnified images show that the 

predominant expression of hFPs is in the perinuclear region within the cell, most likely in 

association with the endoplasmic reticulum and/or Golgi apparatus. Overall these 

findings, along with the immunoprecipitation data, indicate that the hFPs cDNA can be 

expressed as a membrane associated protein in these stably transfected 293-EBNA cells. 

These cells were also used to examine PGFia stimulated IP hydrolysis and the 

radioligand binding of [^HjPGFia- As predicted by the absence of TM7, there was no 

significant stimulation of IP hydrolysis or binding of [^H]PGF2a (data not shown). 
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Figure 3.5 Immunoblotting (top panel) and immunofluorescence microscopy {bottom 

panels A-H) of human embryonic kidney (293-EBNA) cells stably transfected with 

FLAG-hFPg. For immunoblotting, 60 |j,g (protein) of the ovine FPa particulate fraction 

and 300 |ag of all other fractions were immunoprecipitated with an anti-FLAG antibody. 

The following lanes represent the particulate and cytosolic fractions of the different cell 

lines utilized in this experiment: lanes 1, 293-EBNA; lanes 2, hPPs; and lanes 3, ovine 

FPa- The expected sizes of the hFPs and ovine FP^ proteins are approximately 32.7 and 

40.5 kilo Daltons (kDa), respectively. Tick marks indicate the positions of the 40 kDa 

protein standard (upper) and 28 kDa standard (lower). These results are representative of 

three independent experiments. For immunofluorescence microscopy, untransfected 

HEK cells (panels A, C, E, G) and HEK cells transfected with FLAG-hFPs (panels B, D, 

F, H) were labeled with either anti-FLAG-M2 antibodies (panels A-D) or anti-hFPs 

polyclonal antibodies (panels E-H) as described in Experimental Procedures. Panels C, 

D, G and H show a 3x magnification of the area inside the white boxes shown in panels 

A, B, E and F, respectively. These results are representative of three independent 

experiments with each antibody. 
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Polyclonal antibodies were generated to the 31 carboxyl terminal amino acids of 

hFPs and were used for the immunohistochemical localization of hFPs in the placenta. 

Figure 3.6 shows three sets of two separate fields (all at 170x magnification) of the 

immunohistochemical staining of human placenta with either control rabbit primary IgG 

isotype antibodies (top panels), hFPs antibodies (middle panels) or hFPs antibodies that 

had been preincubated overnight with hFPs fusion protein to block specific labeling 

(bottom panels). As shown in the middle panels, positive hFPs immunoreactivity 

(brown) was observed to endothelial cells (large arrows) and trophoblast cells (small 

arrows). This labeling was specific and was not observed with either the control primary 

rabbit isotype antibodies (top panel) or the hFPs antibodies that had been pre-incubated 

with hFPs fusion protein (bottom panel). Figure 3.7 shows four separate fields (all at 60x 

magnification) of the immunohistochemical staining of human placenta with hFPs 

antibodies. Again, positive hFPs immunoreactivity was observed to endothelial cells 

(large arrows) and trophoblast cells (small arrows). In addition, the arrowheads show 

hFPs staining of decidual cells. 



Figure 3.6 Photomicrographs of human placenta following immunohistochemical 

labeling with a hFPs specific antibody (170x magnification). Top panels depict the 

negative controls that were prepared using a generic rabbit primary IgG isotype 

antibody. Middle panels are human placenta labeled with the hFPg antibody (1:100 

dilution). Bottom panels are human placenta labeled with the hFPg antibody that had 

been preincubated overnight with the GST-hFPs fiision protein. All slides were 

stained with hematoxylin to reveal cellular morphology. The light blue color 

indicates background while the dark blue (or purple) indicates nuclear staining. The 

brown color indicates positive immunoreactivity for the hFPg protein. The large 

arrows point to endothelial cells while the small arrows point to trophoblast cells. 

These results are representative of three independent experiments. 
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Figure 3.7 Photomicrographs of human placenta following immunohistochemical 

labeling with a hFPs antibody (60x magnification). The four panels represent four 

separate fields of human placenta labeled with the hFP^ antibody (1:100 dilution). 

Large arrows point to endothelial cells, small arrows point to trophoblast cells, and 

arrowheads point to decidual cells. These results are representative of the same three 

independent experiments depicted in Figure 3.6. 
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RT-PCR using RNA from human umbilical vein endothelial cells (HUVEC) was done to 

corroborate the positive hFPs immunostaining that was observed in endothelial cells from 

human placenta. For these experiments two sets of primers were used; one specific for 

hPPs and a second generic set capable of amplifying both hPPA and hFPs (hFPgen). Lane 1 

in the top panel of Figure 3.8 shows that a product of the expected size (326 bp) was 

obtained with the hFPs specific primers. Lane 1 of the middle panel shows that with the 

hFPgen primers a major product of the size expected for hFPs (631 bp) was observed, with 

no apparent product of the size expected for hFPA (560 bp). Lane 1 in the bottom panel 

shows a product of the expected size (736 bp) was obtained using primers for GAPDH. 

Lanes 2 and 3 in all these panels represent negative controls in which either the HUVEC 

cDNA template was omitted from the reactions (lane 2) or the RT reactions were not 

performed (lane 3). These data support presence of mRNA encoding hFPs, but no hFPA, 

in HUVEC cells. 
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Figure 3.8 RT-PCR of human umbilical vein endothelial cell (HUVEC) RNA 

utilizing hFPs {top panel), hFPgen {middle panel) and GAPDH {bottom panels) 

specific primers. As described in Experimental Procedures, the hFPs primers were 

designed to amplify hFPs while the hFP generic (hFPgen) were designed to amplify both 

hFPA and hFPs. The lanes are represented as follows: lane 1, cDNA prepared from RNA 

utilizing reverse transcriptase; lane 2; corresponding negative control lacking cDNA 

template; lane 3, RNA without reverse transcriptase after RNase treatment. The size of 

the expected PGR products are as follows: hFPs, 326 bp; hFPgen, 560 bp and 631 bp; and 

GAPDH, 736 bp. A 100 bp DNA ladder is shown at the right in the upper panel and at 

the left in the lower panels. Tick marks indicate the location of the 500 bp standard. 

These results are representative of three independent experiments. 
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3.4 Discussion 

In the present study we have cloned an alternative mRNA splice variant of the 

human FP receptor that appears to encode a 6TM receptor with an extracellular carboxyl 

terminus. This receptor, named hFPs, is generated by the insertion of a 71 bp exon into a 

well conserved splice site corresponding to the distal end of TM-6. Recently a similar 

6TM-FP receptor variant was cloned from the bovine corpus luteum (Ishii and Sakamoto 

2001). Like hFPs, this bovine variant is generated by an insertion into the TM-6 splice 

site giving rise to a truncated receptor that lacks TM-7 and appears to have an 

extracellular carboxy terminus. Relative to the previously cloned FP receptors, the 

bovine 6TM-splice variant has 28 unique amino acids downstream of the splice site, 

whereas, hFPs has 31. Despite this apparent structural similarity, however, there is no 

apparent homology in the amino sequence downstream of the splice site between these 

two receptors. Nevertheless, it is of interest to note that both of these 6TM variants have 

the dipeptide sequence, arginine-isoleucine, almost immediately downstream of the splice 

site. Basic residues are often found at the ends of transmembrane segments and in this 

case may demarcate the distal end of TM-6. Similarly, three other cDNA sequences were 

also reported as 6TM bovine FP receptor splice variants. One of these isoforms was the 

previously reported 6TM-FP-variant described above while the other two were unique 

6TM FP receptor isoforms, named FP-6 and FP-e (Sakamoto, Ishii et al. 2002). Relative 

to the hFPs receptor, the bovine FP-5 and FP-e share very little amino acid homology. 

Previously, it has been reported that the intron located between exon two and 

what was previously exon three on the human FP gene was similar to that reported in the 
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mouse, 6.1 and 7.5 kb, respectively (Ishikawa, Tamai et al. 1996; Betz, Lagercrantz et al. 

1999). Utilizing in-silico analysis, we were able to identify the unique hFPs sequence as 

the third exon on the human prostaglandin FP receptor gene. Exon three is flanked by 

two introns, 4.3 and 38.5 kb, respectively. Collectively, these two introns as well as exon 

three (42.8 kb) are similar in size corresponding to the bovine gene, 33 kb (Ezashi, 

Sakamoto et al. 1997). In light of this and the presence of 6TM variants in the bovine 

and human, it seems reasonable that the bovine FP gene is more similar to the human 

than the mouse and possibly the ovine FP gene. Therefore, it is possible to hypothesize 

that more than one human 6TM and quite possible 7TM FP alternative splice variant 

exists warranting future cloning experiments. 

We have good evidence that hFPs is expressed both at the mRNA and protein 

levels in recombinant cells and human tissues. First, cDNAs encoding hFPs were cloned 

separately from both the human heart and placenta and the presence of mRNA encoding 

hFPs was confirmed by RT-PCR in both of these tissues. Second, Northern blot analysis 

showed the presence of hFPs transcripts in human heart and skeletal muscle. Third, 

immunohistochemistry with hFPs specific antibodies showed positive hFPs 

immunoreactivity in several cell types from the human placenta. Finally, Western blot 

analysis and immunofluorescence microscopy of a cell line stably transfected with hFPs 

showed the de novo expression of a protein of the appropriate size and localized in a 

membrane fraction of the cell lysate. Immunofluorescence microscopy showed that hFPs 

was highly expressed in the perinuclear region of the cell in possible association with the 

endoplasmic reticulum and/or Golgi apparatus. This suggests that hFPs niight not be 
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processed correctly in 293-EBNA cells and that it is accumulating in these intracellular 

compartments. Further studies will be needed to determine if this is true or whether it 

simply reflects slow processing of hFPs during transit to the plasma membrane. 

Our failure to detect a clear hFPs transcript in the Northern blot analysis of human 

placenta is probably because of the very limited expression of hFPs in this tissue. Thus 

as shown by immunohistochemistry (Figures 3.6 and 3.7), the number of cells labeled in 

the placenta was small relative to the total cellular mass of this tissue. Although the 

presence of an hFPs transcript could be detected by sensitive techniques such as RT-PCR 

(Figure 3.3) and by immunohistochemistry, the amount of hFPs mRNA was insufficient 

for detection by Northern blot analysis. The presence of hFPs message in highly 

vascularized tissue, such as the heart, placenta, and skeletal muscle, is interesting 

especially given the selective immunohistochemical identification of hFPs in endothelial 

cells, trophoblast, and decidual cells. 

Given that trophoblast and decidual cells were intensely stained for the hFPs 

protein, it is important to understand the function of these cells as it may be useful for the 

functional characterization of hFPs. Due to the apparent high expression level of hFPs in 

these cells it can be hypothesized that hFPs serves an important physiological function. 

Trophoblasts are the first cells to undergo differentiation in the embryo being 

derived from the trophoectoderm of the developing bastocyst and are essential for the 

maintenance as well as inception of a successful pregnancy (Goldman-Wohl and Yagel 

2002). In the nonpregnant state, the uterine vessels carry less than 1% of the maternal 

cardiac output, while in pregnancy the uteroplacental blood flow increases to about 25% 
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of total cardiac output (Kliman 2000). Trophoblasts are thought to displace the 

endothelial cell lining of the spiral arteries participating in degradation of smooth muscle 

and the elastic coat which maintains vessel integrity (Goldman-Wohl and Yagel 2002). 

This process of loosening maternal spiral arteries, called conversion, forms a vessel of 

low resistance and high capacitance in order to meet the demands of increased blood flow 

to the placenta (Goldman-Wohl and Yagel 2002). Trophoblasts have been shown to 

express angiogenic, anti-angiogenic, and vasoactive factors, including the most widely 

known angiogenic factor, vascular endothelial growth factor (VEGF) (Cross, Hemberger 

et al. 2002). Dysfunction of trophoblast is thought to contribute to preeclampsia which is 

a condition characterized by proteinuria as well as edema and is believed to occur due to 

shallow trophoblast invasion leading to unremodeled spiral arteries (Kliman 2000; Debra 

Goldman-Wohl 2002). 

Decidualization involves the transformation of endometrial stromal fibroblasts to 

decidual cells following pregnancy and these cells play important roles in implantation, 

nutritional support for the embryo as well as protecting the mother and embryo from their 

respective invading cells (Kliman 2000; Fazleabas and Strakova 2002). The decidua 

interact with the trophoblast, restricting their movement by providing a physical barrier 

and generating a local cytokine environment that promotes trophoblast attachment rather 

than invasion (Kliman 2000). Interestingly, both these cells as well endothelial cells that 

we have identified to express hFPs have been demonstrated to interact and play important 

roles in the reproductive process. It will be interesting to determine the extent to which 

hFPs is involved in these physiological processes. 
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Recently, a study involving prostaglandin FP receptor gene knockout mice was 

published describing apoptosis and related proteins in placenta and decidual tissue (Mu, 

Kanzaki et al. 2003). In wild type mice fetuses were delivered to term, while FP 

knockout mice were incapable of parturition at any point in the pregnancy resulting in 

reabsorption of the fetuses. The authors noticed that FP knockout mice had a higher 

percent apoptotic index in placenta and decidua tissue when compared to wild type mice. 

This result was attributed to increased activated caspase-3 proapoptotic protein 

expression and decreased Bcl-2 anti-apoptotic protein expression in FP knockout mice 

that was not observed in wild type mice. The Bcl-2 family of proteins is known to 

regulate caspase activity. The expression of the Bax: Bcl-2 ratio increased approximately 

3.4 fold in placenta and 2.3 fold in decidua of the knockout mice compared to wild type. 

Similarly, increases in trophoblast apoptosis were found in placenta tissue from women 

with pregnancies complicated by preeclampsia and intrauterine growth restriction 

compared to controls (Smith, Baker et al. 1997; Allaire, Ballenger et al. 2000). Our 

immunohistochemical data utilizing hFPs and FPA specific antibodies demonstrate 

positive hFPs as well as negative FPa immunoreactivity in human decidual and 

trophoblast cells. These data indicate that the hFPs receptor, and not the hPPA receptor, 

is present in these cells. Supporting this data is the lack of PGF2a signaling determined in 

trophoblasts treated with PGFia that was observed in myometrium known to express the 

hFPA receptor, unpublished data (Mu, Kanzaki et al. 2003). These studies suggest that at 

least some of the effects observed in FP knockout mice and pregnancy are mediated by a 

FP receptor gene product that does not bind PGF2a, possibly a hFPs ortholog. Currently, 
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a murine ortholog of the hFPs receptor does not exist but the data published by Mu et al. 

implicates the exact cell types, decidual as well as trophoblast cells, positive for hFPs 

immunoreactivity. Therefore, it is tempting to speculate that the effects seen in these 

cells as it relates to pregnancy and apoptosis could be a result of knocking out a murine 

hFPs ortholog. If this were proven true, hFPs may function in a proto-oncogene capacity 

as a result of its direct involvement with Bcl-2 by inhibiting apoptosis. 

Unfortunately, a biochemical function of hFPs has yet to be identified. hFPs does 

not bind [^H]PGF2a with any significant affinity and PGFaa did not stimulate 

phosphoinositol hydrolysis in cells stably transfected with hFPs. This is not too 

surprising given the importance of TM-7 in the binding of prostanoids. Thus, it is 

generally accepted that arginine-291, which is universally conserved in prostanoid 

receptors, is the counter ligand for binding of the C-1 carboxylate group of prostanoids 

(Narumiya, Sugimoto et al. 1999; Neuschafer-Rube, Engemaier et al. 2003). PGF2a 

stimulation of the bovine FP 6-TM splice variant also failed to activate PKC, although it 

appeared to suppress PGFaa mediated activation of PKC by the bovine FPa receptor (Ishii 

and Sakamoto 2001). In our hands, coexpression of the hFPs with IIFPA did not appear to 

modulate the PGFia stimulation of inositol phosphate hydrolysis by the IIFPA isoform; 

however, we did not examine PGFaa activation of PKC. It is significant that alternative 

mRNA splicing involving the TM-6 splice site, to yield a truncated FP receptor, appears 

to have been conserved across species. It has, likewise, been conserved across at least 

two subtypes of prostanoid receptors. Thus, in addition to the 6TM-FP receptor splice 

variants, a 6TM splice variant of the rat EPi receptor has also been characterized (Okuda-
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Ashitaka, Sakamoto et al. 1996). The rat 6TM-EP1 splice variant has 49 unique amino 

acids downstream of the splice site and the authors hypothesize that it is capable of 

forming TM-7 even though it is not homologous to the 7TM domain of other prostanoid 

receptors. Unlike the 6TM-FP splice variants, the rat 6TM-EP1 variant does appear to 

bind an endogenous ligand, prostaglandin E2 (PGE2), although it fails to activate a known 

second messenger response. Similarly, like the bovine 6TM-FP variant, the rat 6TM-EP1 

variant suppresses Ca^"^ signaling by the EPi receptor when they are co-expressed. Based 

on PGR, Northern blot analysis and western blot analysis, the 6TM-EP1 variant appears 

to be expressed endogenously, especially in the rat kidney. 

Although the bovine FP and rat EPi receptors are known to be single copy genes, 

their genomic organization is unknown, as it concerns the formation of their 

corresponding 6TM-splice variants. On the other hand, we have specifically identified 

the exon that gives rise to hPPs. It is a 71 bp sequence that is separated from exon-2 by 

4.3 kb and from exon-4 by 38.5 kb. Exon-2 encodes some 5'-UTR and the coding 

sequence up to the 6TM splice site. Exon-4 encodes the sequence downstream of the 

6TM splice site including TM-7, the carboxyl terminus and the 3'-UTR. hFPA lacks 

exon-3, while hFPs contains all four exons. Previously, it was thought that only 6.1 kb 

separated exon-2 and exon-4 and that the human FP gene consisted of only three exons 

(Betz, Lagercrantz et al. 1999). It is obvious that the FP gene has at least four exons and 

if carboxyl terminal splice variants exist there will be at least five exons. In this regard, it 

has been recently reported that there is two additional 6TM and three additional carboxy 

terminal splice variants of the bovine FP receptor (Sakamoto, Ishii et al. 2002). The 
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biochemical function of hFPs is presently unknown, but its localization in endothelial 

cells and in highly vascularized tissues suggests a role in cardiovascular function. 
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CHAPTER FOUR: 

PHARMACOLOGICAL CHARACTERIZATION OF THE SIX-

TRANSMEMBRANE ORPHAN RECEPTOR, hFPg 
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4.1 Introduction 

GPCRs have historically been established to be valuable drug targets. It is 

estimated that 40-50% of marketed drugs are modulators of GPCR activity. To date, 

public databases demonstrate approximately 110 orphan GPCRs (oGPCRs) for which a 

natural ligand has yet to be identified, including hFPs. Analysis of the human genome 

sequence is estimated to discover an additional 200 GPCRs, which will represent new 

drug targets for a wide variety of medical needs. Traditional methods for investigating 

orphan receptors have involved signal transduction assays that analyze a specific aspect 

of a signaling pathway, i.e. cAMP accumulation. However, these methods have proven 

to be narrow minded, time consuming and laborious with respect to identifying an 

endogenous ligand. To adapt orphan receptors, not only oGPCRs, into drug targets 

methods are needed that allow ligand occupancy to be turned into generalized robust 

assays that are acquiescent to high throughput screening (HTS) analysis. One approach is 

utilization of a fluorescence imaging plate reader (FLEPR) that gives a robust signal upon 

increased intracellular calcium binding to a FLOURO-4 fluorescent dye that has been 

loaded into experimental cells. Intracellular calcium accumulation is a product of several 

signaling pathways that results from release of intracellular stores and/or from the 

opening of a membrane calcium channel allowing an influx of extracellular calcium. 

FLIPR calcium assays have recently been used as a generalized high throughput 

screening method for characterizing GPCR agonist activity. To further expand this high 

throughput screening process, promiscuous G-proteins can be transfected into specific 

cell lines acting as an adaptor protein to furmel GPCR signal transduction to a common 
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pathway. Promiscuous G-proteins can be naturally occurring G-proteins (Gie), a member 

of the Gq family, or a chimera of two separate G-proteins, Gqs. The Gqs protein replaces 

the five C-terminal residues of Gq with the corresponding Gg sequence and directs some 

Gs-linked receptors to stimulate PLC-p resulting in calcium mobilization. Several 

oGPCRs have undergone "deorphaning" utilizing the FLIPR instrument along with Gie 

(Milligan and Rees 1999; Chambers, Macdonald et al. 2000; Elshourbagy, Ames et al. 

2000). While these are only two examples of promiscuous G-proteins, there are several 

others that are beyond the scope of this dissertation. However, using the FLIPR and 

promiscuous G-protein technology does have its limitations. First, potential high 

throughput screening (HTS) hits will be overlooked if the orphan receptor does not 

couple to a G-protein or does not signal through a calcium-mediated pathway. Second, 

the mammalian cell line used in these experiments is of importance because differences 

in promiscuous G-protein function exist between cells lines. To address these limitations, 

we will attempt to utilize different FLIPR assays that measure endpoints other than 

intracellular calcium. In addition to measuring calcium, FLIPR instruments are also 

capable of measuring changes in intracellular pH and membrane potential. 

The NaVH"^ exchanger (NHE) contributes to the pH stability of the cytoplasm by 

exporting protons out of the cells and importing sodium ions. BCECF is a pH sensitive 

dye with a high extinction coefficient in an alkaline environment and low coefficient in 

an acid atmosphere. This dye can be used to monitor the NHE activity by measuring 

changes in intracellular pH following an artificial acid-load of the cells. The activation of 
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many GPCR causes acid excretion, mostly via NHE activity, and it is therefore plausible 

to measure the response of these receptors to ligand by observing NHE activity. 

Thus far, most membrane potential experiments have used a DiBAC dye indicator 

with the FLIPR instrument. DiBAC is a lipophillic, anionic, bis-oxonol dye that 

partitions slowly across the cytoplasmic membrane of live cells, depending on the 

membrane potential across the plasma membrane. DiBAC dye fluorescence intensity 

increases when the dye is bound to cytosolic proteins. Therefore, equilibrium is 

produced at a basal level when the dye is loaded into the cells. Upon addition of ligand, 

the cells may become depolarized or hyperpolarized for an unspecified amount of time. 

When the cells are depolarized, more DiBAC enters the cells and the increased 

concentration of DiBAC binding to intracellular lipids and proteins results in an increased 

fluorescence signal. Conversely, if a hyperpolarized state exists, the opposite effect 

occurs with DiBAC exiting the cells resulting in a decreased signal. 

Previously, only a narrow focus has been achieved into the pharmacological 

characterization of hFPs- It had been established that hFPs does not bind PGF2a and is 

not capable of mobilizing inositol phosphate accumulation in a FLAG-hFPs stably 

transfected cell line. However, these experiments were not performed with the wildtype 

hFPs protein. Since our data represent the first identification of this protein with its 

function still pending, we hypothesize that the addition of the FLAG tag sequence to the 

hFPs protein could hinder its ability to elicit a functional response. With respect to the 

radioligand binding data, only whole cell radioligand binding was performed on the 

FLAG-hFPs stably transfected cell line. Considering the previously reported 
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immunofluorescence microscopy of FLAG-hFPs stably transfected cell line, it appears 

that the hFPs protein may be expressed primarily perinuclear. One concern is that whole 

cell radioligand binding experiments would inhibit the transport of agonist across the cell 

membrane thereby preventing agonist binding to an intracellular expressing receptor. To 

circumvent this problem, we will utilize crude membrane fractions from the wildtype 

hFPs cell line in radioligand binding assays. Additionally, we further hypothesize that 

the hFPs receptor may function differently than traditional GPCRs and that non-

traditional methods should be employed in attempts to identify its function. Herein, we 

report the attempts made to elucidate a function for hFPs utilizing a newly created 

wildtype hFPs expressing stable cell lines in 293-EBNA cells. 

4.2 Experimental procedures 

4.2.1 Creation of a wildtype hFPs stable cell line in 293-EBNA cells 

Utilizing the restriction enzymes BamHI and Xhol, a 1330 bp fragment was 

isolated from hFPs/pcDNAa. The fragment was isolated and subcloned into a pCEP4 

expression vector that had been digested with the same enzymes listed above. The 

resulting plasmid, wildtype hFPs/pCEP4, was then used to stably transfect 293-EBNA 

cells by limiting dilution and hygromycin selection as previously described (Fujino, 

Srinivasan et al. 2000). Simultaneously, 293-EBNA cells were also transfected with 

empty pCEP4 plasmid and subjected to the same selection process for the purpose of a 

negative control cell line. This cell line will be utilized along side the hFPs stably 

transfected cell line in all experiments and will be designated (-)293-EBNA. 
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4.2.2 Transient transfection protocol and cell culture 

293-EBNA cells used for radioligand binding and IP accumulation were all 

transfected in the same fashion. Cells were split into 10 cm dishes and the next day were 

transiently transfected using FuGENE-6 (Roche Molecular Biochemicals) with the 

respective cDNA plasmid for each of the individual experiments. Untransfected as well 

as transiently transfected 293-EBNA cells were maintained in DMEM (Life 

Technologies, Inc.) containing 10% fetal bovine serum (FBS), 250 |ig/ml Geneticin and 

100 |Xg/ml gentamicin. 293-EBNA cells stably expressing the wildtype hFFs receptor or 

pCEP4 vector alone were maintained in the same media as untransfected 293-EBNA cells 

only hygromycin (200 |Xg/ml) was included to maintain receptor expression. 

4.2.3 Membrane fraction radioligand binding 

Cells were first washed three times using cold MES buffer consisting of 10 mM 

MES (pH 6.0), 0.4 mM EDTA, and 10 mM MnCla, then subjected to probe sonication 

(three seconds). Following sonication, cells were centrifuged and the resulting pellet 

n 

collected, resuspended in ice-cold MES buffer at a concentration of 10 cells/ml, and 100 

pi was added to a final assay volume (200 pi) containing 2.5 nM [^H]PGF2a (total 

-5 

binding) or [ HJPGFia plus 10 (a^M unlabeled PGFaa (nonspecific binding). Incubations 

were for 1 hr at room temperature and were terminated by filtration through Whatman 

GF/C glass filters using a cell harvester (M-24R, Brandel). Filters were washed five 

times with ice-cold MES buffer, and radioactivity determined by liquid scintillation 

counting. 
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4.2.4 Inositol phosphate (IP) assay 

293-EBNA cells were transfected with either the human FPa or FPs receptor 

plasmid and grown to a confluence of approximately 90-100%. Cells were maintained as 

previously described. The night before the experiment, 0.2 |iM myo-[2-^H]inositol 

(Amersham, 16.6 Ci/mmol) were added to the cells in antibiotic free regular DMEM 

media containing no serum. The following morning, cells were washed once with Ix 

PBS then trypsinized and 10^ cells were aliquoted per sample. Cells were then 

centrifuged at 2,100 RPM for 5 min in a tabletop centrifuge. The media were aspirated 

then resuspended in DMEM media containing 10 mM LiCl (Sigma). Cells were allowed 

to equilibrate for 10 min at 37°C/5% CO2. Treatment groups were performed in triplicate 

with each sample receiving either vehicle (0.002% NaCOs) or 1 |iM PGF2a for 1 hr. 

After 1 hr, samples were centrifuged for 5 min at 2,100 RPM. Cells were washed with 

PBS and then total inositol extracted by adding 2.5 ml of methanol/chloroform/water 

(1:1:0.5). Samples were then vortex and centrifuged at 4°C for 15 min, 2,100 RPM. 

Poly-Prep chromatography columns 0.8 x 4 cm (Bio-Rad) were loaded with 10% AG 1-

X8 resin (Bio-Rad) and washed with H2O. After 4°C spin, the aqueous phase was added 

to two milliliter H2O and loaded onto the elution columns. The columns were then 

washed three times with H2O and two times with 5 ml of 5 mM sodium tetraborate 

(borax, Sigma)/60 mM sodium formate (Sigma). The ^H-IPs were eluted with 0.2 M 

ammonium formate/0.1 M formic acid (Sigma) and radioactivity determined by liquid 

scintillation counting. Data were analyzed using prism software. 
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4.2.5 Immunoprecipitation and immunoblot analysis 

Cells were plated at a low density and grown to confluence then washed with 

PBS. The cells were scraped and sonicated in a lysis buffer consisting of 20 mM Tris-

HCl (pH 7.5), 10 mM EDTA, 2 mM EGTA, 2 mM phenylmethylsulfonyl fluoride, 0.1 

mg/ml leupeptin, and 2 mM sodium vanadate. Samples were centrifuged (16,000 x g) for 

15 min at 4°C, the supernatant (cytosolic fraction) was removed and the pellet (particulate 

fraction) was solublized with lysis buffer containing 0.05% Triton X-100 and centrifuged 

again to remove insoluble debris as previously described (Fujino and Regan 2001). 

Protein concentrations were determined using a Bio-Rad assay kit (Bio-Rad Laboratories) 

and samples were immunoprecipitated overnight utilizing a hFPs polyclonal antibody 

(1:100). Samples were then centrifuged for 3 min at 3000 rpm and washed with lysis 

buffer. Laemmli buffer (5x) was added and the samples were heated for 10 min at 55°C 

then placed on ice for 5 min and centrifuged. Samples were then separated on a 10% 

SDS-polyacrylamide gel, transferred to nitrocellulose membranes, and blocked with 1.5% 

nonfat milk in TBS containing 0.1% polyoxyethylenesorbitan monolaurate (TBST) for 1 

hr at room temperature with rotation. The membrane was then incubated with hFPs 

polyclonal antibodies (1:1000) overnight at 4°C with rotation. The membranes were 

washed in TBST and incubated with anti-rabbit secondary antibodies conjugated to 

horseradish peroxidase (1:10,000, Jackson Laboratories) for 1 hr at room temperature. 

The membranes were washed, and visualized by enhanced chemiluminescence 

(SuperSignal; Pierce). 
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4.2.6 cAMP accumulation assay 

Cells were grown to 80% confluence in 10 cm plates, washed with Opti-MEM 

(Invitrogen) solution (37°C) containing isobutylmethylxanthine (0.1 mg/ml, Sigma). 

Cells (1 X 10® cells/ml"') were harvested and resuspended in Opti-MEM containing 

isobutylmethylxanthine and were treated with either vehicle or various concentrations of 

the respective agonists for 1 hr at 37°C and 5% CO2. Cells were centrifuged in a 

Beckman tabletop centrifuge at 3000 rpm for 5 min (room temperature). Cells were 

resuspended in ice-cold TE buffer [50 mM Tris-HCl, 4 mM EDTA (pH 7.5)] and 

transferred to microcentrifuge tubes, subsequently reactions were terminated by boiling 

and placed on ice followed by centrifugation at 14,000 rpm for 2 min. Supematants 

(representing -10® cells) were transferred to new tubes wherein an equal volume of 

a 

[ H]cAMP (PerkinElmer Life Sciences) and twice the volume 0.06 mg/ml protein kinase 

A (PKA) [Sigma, product P5511] were added. After vortexing, samples were incubated 

on ice for 2 hr and reaction halted by addition of TE buffer containing 2% bovine serum 

albumin (BSA) and 26 mg/ml activated charcoal. Following a brief vortex and 

centrifugation at 14,000 rpm for 1 min, supematants were added to scintillation vials, 

briefly vortex and radioactivity determined by liquid scintillation counting. The 

quantification of cAMP (expressed as pmol per 10® cells) accumulated in the samples 

was done utilizing a standard cAMP curve. The data was analyzed by Graphpad Prism 

software. 
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4.2.7 Fluorescence imaging plate reader (FLIPR) assay 

Utilizing a FLIPR^^"^ Fluoremetric Imaging Plate Reader System (Molecular Devices), 

experiments were performed measuring intracellular calcium mobilization, pH exchange, 

and membrane potential fluctuations. In all FLIPR assays, unless otherwise noted, 

experiments were conducted per Molecular Devices manufacturer protocol. 

Ninety-six well drug plates for dose response (DR) and high throughput screening 

(HTS) of intracellular calcium mobilization and membrane potential fluctuations were 

comprised of experimental drugs (duplicate) as well as negative (duplicate) and positive 

control drugs (quadruplicate). These drugs were diluted in a solution of Ix Hanks 

Balanced Salt solution containing 20 mM HEPES (HBSS-HEPES) at concentrations of 

30 |iM (experimental drugs) and 3 )iM (positive control drugs), respectively. A total of 

44 experimental drugs were tested per plate. 

Ninety-six well dose response plates were prepared by serial dilution and each 

drug plate contained negative and positive controls in quadruplicate as well as four 

experimental drugs, each in duplicate, serially diluted from 30 |iM to 0.029 nM. 

Promiscuous G-proteins, Gig or Gqs were transiently transfected into hPPs, (-)293-

EBNA, and positive control cells (hFPA or ovine FPB) 72 hrs before the experiment. For 

the transfection, 25,000 cells were plated into each well and allowed to attach to the 96-

well plate. Utilizing FuGENE-6 transfection reagent, each well was transfected with 0.1 

|ig of either Gie or Gqs plasmid per manufacturer protocol. Cells were maintained at 

37°C in 5% CO2 for 72 hrs and FLIPR assay were subsequently performed. 
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FLIPR intracellular calcium assays were performed utilizing manufacturer 

protocol. Briefly, 96-well plates containing either hFPs stably transfected cells or (-)293-

EBNA cells were plated the night before the experiment. On each 96-well plate, six 

wells contained hPPA stably transfected cells. Four of these hFPA wells served as positive 

control wells, while two wells served as negative controls receiving only buffer. In some 

experiments promiscuous G-proteins, Gig or Gqs, were transfected into the hFPs, (-)293-

EBNA, as well as the hFPA cells. The number of cells per well varied between 

experiments, ranging from 12,500 cells to 100,000 cells per well. Within each 

experiment, however, each plate containing the hFPs or (-)293-EBNA cells had the same 

number of cells per well. The 96-well plates were allowed to grow overnight in regular 

media described above, and were maintained at 37°C in 5% CO2. The next day the 96-

well plates were washed (2x) using a cell washer and an equal volume of Fluo-4 working 

dye solution (Molecular Probes) buffer was loaded into each well. Cells were returned to 

37°C in 5% CO2 and incubated for 45 min. Following dye loading, cells were washed 

again (3x) then placed into the FLIPR instrument. Drugs were added from the HTS drug 

plate at one-third the final volume with the final concentration being 10 |a.M and 1 )i,M for 

the experimental and positive control drugs, respectively. Intracellular calcium 

accumulation was measured over five min. The data were exported using the FLIPR 

software and analyzed in Microsoft Excel. 

FLIPR intracellular pH assays were performed utilizing manufacturer protocol. 

Briefly, ninety-six well plates were set up containing hFPs cells or the (-)293-EBNA 

cells. As before, in each 96 well plate, six wells were set up for positive and negative 
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controls (4 wells and 2 wells, respectively) but in these experiments the ovine FPb stably 

expressing cell line was utilized. For these experiments, 50,000 cells per well were 

routinely used and in some experiments promiscuous G-proteins, Gi6 or Gqs, were 

transfected into the hPPs, (-)293-EBNA cells and ovine FPB cell lines as previously 

described. Cells were plated and maintained as previously described in FLIPR 

intracellular calcium assay. Drug plates were prepared at 1.25x (12.5 jiM) the final 

concentration in the same diluent and fashion as described above. The day of the 

experiment cells were washed (2x) in HBSS-HEPES buffer then loaded with an equal 

volume of BCECF working dye solution (7.2 |a.M, Molecular Probes #B-1150). Cells 

were incubated for 45 min at 37°C in 5% CO2. After 45 min, one-tenth volume an acid 

load solution (200 mM NH4CL2 in Ix HBSS-HEPES) was added to each well followed 

by a 15 min incubation at 37°C in 5% CO2. Subsequently, cells were washed 3x with 

wash buffer (20 mM NH4CI2 in HBSS-HEPES). Cell plates were placed in FLIPR 

instrument and drug was added to each well at a final concentration of 10 |J,M. Changes 

in intracellular H"^ ions were measured over ten min. The data were exported the using 

FLIPR software and analyzed using Microsoft Excel. 

FLIPR membrane potential assays were performed utilizing manufacturer 

protocol. In all membrane potential experiments 96 well plates contained hFPs or (-)293-

EBNA cells that were prepared and maintained as previously described in the 

intracellular pH assay. For these experiments the ovine FPb stably expressing cells were 

used as positive control cells. Drug plates for HTS screening were prepared as 

previously described. In some experiments, promiscuous G-proteins, Gie or Gqs, were 



127 

transfected into the hFPs, (-)293-EBNA cells and ovine FPb cell lines as previously 

described. The day of the experiment, cells were washed (2x) and an equal volume of 

DiBAC (molecular probes, #B-438) working dye solution, final concentration 5 |^M was 

added to each well and allowed to equilibrate for 60 min at 37°C in 5% CO2. During the 

incubation, DiBAC dye was added to the drug plate at a final concentration of 5 |iM and 

allowed to incubate at 37°C. After incubation, FLIPR experiments were performed at 

36°C and one-third volume of drug (10 |iM final concentration) was added to each well. 

Membrane potential experimental data were collected over ten min. The data were 

exported using the FLIPR and analyzed using Microsoft Excel software. 
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4.3 Results 

To scrutinize further the functional expression of hFPs, 293-EBNA cells were 

stably transfected with a wildtype hFPs- A clonal cell line was identified for hFPs 

expression based upon immunofluorescence staining (data not shown) and immunoblot 

analysis (Figure 4.1) with hFPs polyclonal antibodies. Figure 4.3.1 depicts differential 

hFPs protein expression, corresponding to the expected size of 32.7 kDa, in the 

particulate (lanes 2-5) but not cytosolic fraction of isolated clonal cell lines. 

Additionally, this band was absent in the control (-)293-EBNA cell line (lane 1). For the 

purpose of future experiments, unless otherwise stated, hFPs clone 18 (lane 3) will be the 

primary cell line utilized to characterize the function of hFPs. Interestingly, while is 

appears from immunofluorescence staining that this receptor is endogenously expressed, 

it still remains in a membrane fraction inside the cell. 

Particulate Cytosolic 

1 2 3 4 5  1 2 3 4 5  

Figure 4.1 Immunoblotting of (-)293-EBNA and wt hFPs stable cell line clones 24, 

18, 21, and 2 corresponding to lanes 1, 2, 3, 4, and 5, respectively. For 

immunoblotting, 180 |a,g of clone 18 and 280 |a,g of all other clones particulate and 

cytosolic protein were immunoprecipitated with polyclonal hFPs antibodies. The 

expected size of hFPs is approximately 32.7 kDa. Tick Mark indicates the position of 

the 25 kDa standard. These results are representative of two independent experiments. 
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Figure 4.2 shows [^H]PGF2a (right) and [^H]PGE2 (left) membrane radioligand 

binding of stably transfected FLAG-hFPs, hFPs, (-)293-EBNA, and hFPA cell lines. The 

two highest expressing wt hFPs stable cell lines (clones 18 and 24) were utilized in these 

binding experiments. PGE2 radioligand binding was determined as a result of a 

serendipitous discovery that suggested PGE2 activation of adenylate cyclase in this cell 

line. Only the hFPA cell line demonstrated significant PGF2a and PGE2 binding in these 

experiments, while it appeared that wt hFPs (clone 18) as well as the FLAG-hFPs did 

demonstrate a small amount of PGE2 binding, initially, these results could not be 

reproduced. These data indicate that whether hFPs is expressed in the cell membrane or 

an intracellular membrane it is not capable of binding PGE2 and PGF2a. 
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Figure 4.2 [^H]PGE2 (left) and [^H]PGF2a (right) membrane fraction radioligand 

binding of stably transfected FLAG-hFPs, hFPs, (-)293-EBNA, and hFPA cell lines. 

Total {checkered boxes) and nonspecific binding {open boxes) is reported for each cell line. 

The specific binding is the total binding minus the non-specific binding. The data for PGFaa 

and PGE2 binding are representative of a single independent experiment. 
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Functional studies to determine PLC mediated IP hydrolysis as well as cAMP 

accumulation through activation of adenylate cyclase were also performed with the 

wildtype hFPs cell line. As predicted by the binding data, no significant stimulation of IP 

hydrolysis was observed with either PGE2 or PGF2a (data not shown). Likewise, no 

agonist dependent adenylate cyclase activity could be determined by measuring cAMP 

accumulation in the hFPs cell line using BW245C (DP agonist), illoprost (IP agonist), 

PGE2, PGFaa, PGJ2, 8-iso-PGE2, and oxytocin (data not shown). 

High throughput screening of the hFPs cell line versus the (-)293-EBNA cell line 

was achieved utilizing a FLIPR instruments measuring changes in intracellular calcium 

mobilization, pH change, and fluctuations in membrane potential. In some experiments 

promiscuous G-proteins were also exploited in these assays for agonist dependent 

stimulation of hFPs cells not observed in (-)293-EBNA cells. Table one list the various 

compounds used in the calcium, pH, and membrane potential FLIPR assays, respectively. 

Functional FLIPR HTS experiments measuring intracellular calcium and pH 

changes using the compounds from table one demonstrated no observable activation of 

the hFPs cell line versus (-)293-EBNA control cells. Transient transfection of 

promiscuous G-proteins, G16 and Gqs, into the hFPs and (-)293-EBNA cells followed by 

HTS screening also revealed no agonist dependent activation in these cells. In both 

FLIPR assays, positive as well as negative control cell lines demonstrated appropriate 

functional responses, as expected, indicating experimental technique and strongly 

suggesting significant results. 
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i Wells Drua Name Concentration (loa M) * i Wells Drua Name ^Concentration (ICQ M) 
A1-B1 Buffer/experimental cells NC =negative control A1-B1 Buffer /experimental cells NC !=negative control 

i C1-D1 Buffer /ovine FPB cells NC =negative control CI D1 Buffer /ovine FPB cells NC ^negative control 
i E1-H1 17-phenyl-PGF2a/ ovine FPB cells -6 0 =positive control E1-H1 17-phenyl-PGF2a/ ovine FPB cells -6.0 i=positi\e control 

A2&B2 9-deoxy-9-methylene PGE2 -5.0 i A2&B2 R-2 methanandamide -5.0 i 
i C2&D2 16,16-dimethyl PGE2 -5.0 i C2&D2 PGH2 -5.0 i 
i E2&F2 Arachidonyl ethanolamide -5.0 ; E2&F2 unoprostone -5.0 
i G2&H2 PGE2 -5.0 i G2&H2 PGB2 -5.0 i 
: A3&B3 11 -B-PGF2a ethanolamide -5.0 : A3&B3 AL8810 -5.0 i 

: C3&D3 11-deoxy-16,16-dimethyl PGE2 -5.0 I C3&D3 Lingnoceric ceramide -5.0 i 
: E3&F3 11-deoxy-PGE1 -5 0 E3&F3 AH6809 -5.0 ! 
i G3&H3 PGJ2 -5.0 i G3&H3 PGF2a alcohol methyl ester -5.0 
; A4&B4 15-keto-PGE2 -5.0 i A4&B4 PGG2 -5.0 ^ 
i C4&D4 Nervonic Ceramide -5.0 i C4&D4 Pinane TXA2 -5.0 ^ 
: E4&F4 15-deoxy-delta 12,14-PGD2 -5.0 i E4&F4 R-1 methanandamide -5.0 
i G4&H4 Arachidonyl serotonin -5.0 : G4&H4 l-BOP -5.0 

A5&B5 Arachidonyl dopamine -5.0 i A5&B5 SQ 29,548 -5.0 ' 
1 C5&D5 16,16-dimethylPGF2a -5.0 : C5&D5 11 -deoxy-PGE2 -5.0; 
: E5&F5 CAY 10399 -5.0 : E5&F5 TXB2 -5.0 ' 

G5&H5 Butaprost -5.0 : G5&H5 5-trans-U46619 -5.0 ! 
1 A6&B6 PGF2a ethanolamide -5.0 : A6&B6 PGK2 -5.0 i 
; C6&D6 PGE2 ethanolamide -5.0 i C6&D6 Misoprostol -5.6 i 
i E6&F6 8-iso-PGE2 -5.0 I E6&F6 Carbocyclic TXA2 -5.0 ! 
; G6&H6 PGF2a 1,3-gycerol ester -5.0 i G6&H6 15-deoxy-delta 12,14-PGJ2 -5.0 1 

ATI Br PGE2 1,3-glycerol ester -5.0 1 A7&B7 delta 12-PGJ2 -5.0 1 
: C7&D7 Cloprostenol -5.0 i C7&D7 AGN195699 -5.0 S 
i E7&F7 11-B-PGF2a -5.0 i E7&F7 AGN202698 -5.0 ! 

G7&H/ PGA1 -5.0 i G7&H7 AGN202622 -5.0 i i 
i A8&B8 (19) R-hydroxy PGF2a -5.0 : A8&68 AGN195854 -5.0 t 
i C8&D8 la. 11) dihomo PGF2a •5.0 : C8&D8 AGN193261 -5.0 S 

E8&F8 8-iso-PGF2a -5.0 i E8&F8 AGN198267 1 -5.0 ! 
i G8&H8 17-trans-PGE3 -5.0 i G8&H8 AGN202521 -5.0 i 

A9&B9 6-15-diketo-13,14,-dihydro PGFIa -5.0 B9 AGN192185 -5.0 1 
C9&D9 PGF1B -5.0 C9&D9 AGN198518 -5.0 ^ 
E9&F9 15-keto-PGF1a -5.0 E94.F9 AGN198013 t^'^OT I 

i G9&H9 15-deoxy-delta 12,14-PGAI -5.0 i G9&H9 AGN203892 -5!6T [ 
:A10&B10 15-epi-PGA1 -5.0 fAIO&BIO AGN198058 R-SIOT T 
iCIO&DIO 8-IS0-PGE1 -5.0 C10&D10 AGN198421 -5.0 i 
:E10&F10 16,16-dimethyl PGF2a -5.0 E10&F10 AGN192022 ( •"-5.0 i 
:G10&H10 15(s)-15-methyl PGD2 -5.0 1^0&H10 Angiotensin li 1 -5.0 ! 
:A11&B11 Leukotriene B4 ethanolamide -5!O A11&B11 Oxytocin r'-^6"i 
iC11&D11 S-1 methanandamide •Ko iC11&D11 AGN204361 j-5!6L 
iE11&F11 PGF3a -5.6 E11&F11 AGN191995 j"-5^6'1 1 
IGII&HII 5-trans-PGE2 -5.6 IGII&HH AGN193179 1 -5.0 i 
iA12&B12 PGE1 alcohol -5.6" 1A12&B12 AGN191837 i -5.0 i 
iC12&D12 U-46619 -5.0 iC12&D12 AGN192066 T"-5'6"1 
iE12&F12 Cartxjprostacyclin -5!6 E12&F12 AGN193181 |'-5!6'| 
IG12&H12 PGFIa -5.6 IGMH12 15-ket0-PGE1 t i 

Table 4.1 High throughput screening compounds utilized in FLIPR Ca^^, pH, and 

membrane potential assays. Each column represents one 96 well plate identifying the 

location on the plate (wells), drug name, and drug concentration used in the 

experiments. Each drug was done in duplicate and experimental cells were either hFPs 

or (-)293-EBNA stably transfected cells. 
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Utilizing liFPs, (-)293-EBNA and ovine FPb cell lines, FLIPR HTS membrane 

potential analysis demonstrated four potential ligands that appeared to have selective 

activity in hPPs expressing cells that was not observed in (-)293-EBNA cells. These 

ligands include a naturally occurring agonist, oxytocin, as well as the synthetic 

compounds, PGB2 (Cayman), AGNA9B9, and AGNAIOBIO (Allergan Inc.). These 

experiments were repeated twice and demonstrated similar reproducibility. However, 

these are preliminary data and further work is required to determine the potency and 

selectivity of these compounds for the hPPs receptor as well as further defining the 

specific signaling pathway. 

4.4 Discussion 

Herein, we describe the methods used to elucidate the pharmacological 

characterization for the hPPs orphan receptor. Previously, functional characterization of 

hFPs had been determined utilizing a FLAG-hFPs cell line, for which, PGFaa binding and 

IP hydrolysis were not observed. Concerned about the effects the FLAG epitope might 

have on the functional activity of this novel receptor, we generated a stably expressing 

wildtype hFPs receptor cell line in (-)293-EBNA cells. Figure 4.1 demonstrates the 

different magnitude of expression for the hFPs clones that is not observed in (-)293-

EBNA cells. From these experiments, we selected the highest expressing clone 18 to be 

used in a variety of pharmacological assays. Radioligand binding of PGF2a and PGE2 as 

well as IP hydrolysis could not be achieved using the wildtype hFPs cell line. The 

rationale for the binding of PGE2 developed from a serendipitous discovery using the 

FLAG-hFPs cell line in an adenylate cyclase assay. We intended to measure only the 
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basal levels of cAMP accumulation utilizing these cells compared to (-)293-EBNA to 

investigate the possibility of hFFs possible coupling to the Gs pathway. However, 

FLAG-hFPs cells accidentally received PGE2 treatment and upon analysis it initially 

appeared to stimulate a small but significant increase in cAMP accumulation that was not 

observed in vehicle treated FLAG-hFPs cells or (-)293-EBNA cells. When this result 

was more closely scrutinized by measuring cAMP accumulation utilizing a PGE2 dose 

response the data were unremarkable and the PGE2 radioligand binding data appeared to 

support these studies (Figure 4.3.2). Utilizing specific signaling assays and different 

prostaglandins, we were unable to identify any functionality for the hFPs receptor and 

decided further investigations would require more widespread methodology. 

Three different FLIPR HTS assays were performed using an array of agonists on 

hFPs and (-)293-EBNA cells measuring intracellular calcium, pH changes and membrane 

potential fluctuations. While the calcium and pH experiments yielded no functional data, 

the membrane potential assays revealed agonist stimulated results from four compounds, 

three synthetic compounds and one naturally occurring. Interestingly, the oxytocin 

receptor has been shown to have a direct relationship with the FP receptor gene as 

demonstrated in FP knockout mice (Sugimoto, Yamasaki et al. 1997). 

It is well established that FP knockout mice demonstrate an absence of 

parturition, wherein the fetuses die in utero and undergo reabsorption. However, fetuses 

could be rescued by ovariectomy or cesarean operation from these mice before or at the 

expected term (Sugimoto, Segi et al. 1998). Additionally, Sugimoto et.al. observed the 

level of oxytocin receptor mRNA expression to be markedly decreased, days 17-20 of 
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pregnancy, in homozygous FP receptor knockout mice versus wildtype and heterozygous 

mice and that this effect could be reversed by ovariectomy. It has been reported that 

oxytocin receptors are the suspected triggers for parturition (Soloff and Hinko 1993). 

Interestingly, FP wildtype mice demonstrated progressively decreased plasma 

concentrations of progesterone between days 19 and 21 of pregnancy that was not 

observed in FP knockout mice while estrogen levels between the two remained virtually 

unchanged (Sugimoto Y, Segi K, Ichikawa A, 1998). From these studies, there appears 

to be a direct relationship between FP and ox5^ocin receptors that may also be inversely 

related to serum progesterone levels in mice. The fact that we observe a possible 

oxytocin membrane potential stimulation in the hFPs expressing cells that is not seen in 

the (-)293-EBNA cells suggest the hypothesis that hFPs is directly up-regulating the Gq-

coupled oxytocin receptor. Clearly, additional experiments directly measuring oxytocin 

mediated IP hydrolysis in hFPs cells versus (-)293-EBNA cells should be examined. If 

this hypothesis is proven to be valid, then this data along with that published in the 

literature suggests the presence a murine hFPs ortholog, which would support a possible 

function for the hFPs receptor. Currently, although we have established a few potential 

agonists for hFPs, however, a pharmacological function has yet to be determined. 



CHAPTER FIVE: 

SUMMARY, CONCLUSIONS AND FUTURE STUDIES 
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5.1 Summary and conclusions 

In this dissertation, I have described the cloning and characterization of a human 

cDNA ortholog of the ovine FPb receptor isoform as well as a novel human FP receptor 

mRNA alternative splice variant. Prostanoid receptor gene alternative splicing has been 

demonstrated to exist around the middle of TM6 and in the carboxyl tail downstream of 

TM7. Previously, 7TM mRNA alternative splice variants were first identified for FP 

receptors from an ovine mid-cycle corpus luteum library (Graves, Pierce et al. 1995; 

Pierce, Bailey et al. 1997). To date, these FP receptor isoforms represent the most 

distinguished FP splice variants with regard to their pharmacological differences and 

significance. More recently, bovine FP receptor gene splicing has been demonstrated at 

both the TM6 and carboxyl tail splice donor sites. In the bovine corpus luteum, mRNA 

altemative splicing produces three 6TM and three carboxyl tail FP receptor isoforms 

(Ishii and Sakamoto 2001; Sakamoto, Ishii et al. 2002). With respect to their 

pharmacological and physiological characterization, the bovine 6TM and 7TM splice 

variants are poorly defined compared to the ovine FP receptor isoforms. 

Utilizing RACE PCR, we identified two clones from placenta and CX-1 colon 

adenocarcinoma cDNA libraries that appear to be putative human orthologs of the ovine 

FPB receptor. These hFPB orthologs were discovered to have DNA inverted repeat 

sequences common to the hFP receptor that were responsible for their unique cDNA 

sequence. Interestingly, the cDNA sequence splice site for the IIFPB placenta clone is 

located exactly where it would be predicted in relation to the ovine FP isoforms and 

results in a truncated receptor much like the ovine FPB. It is hard to believe that a cloning 
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artifact could be produced with cDNA sequence modifications at the exact location that is 

observed across species. We attempted to functionally characterize the placenta hPPB 

clone using a variety of pharmacological methods and transient transfections. However, 

while initial experiments in these assays appeared to be successful, efforts are required to 

determine their reproducibility. We later attempted to characterize the CX-1 

adenocarcinoma cell line from which a second IIFPB clone was identified. Employing a 

RT-PCR strategy using hPPA as well as hFPgen primers, we demonstrated PGR products 

for the hFPgen primer sets but not the hFPA primer set. This data suggests the presence of 

an FP receptor isoform that is not hFPA, supporting the RACE PGR GX-1 cloning data. 

Consequently, we attempted to gain a PGFaa functional response in these cells to confirm 

the presence of an FP receptor isoform. Again, utilizing a variety of pharmacological 

methods and transient transfections, we were able to gain some initial results that 

suggested this possibility but these results could not be reproduced. The effect the 

inverted repeat DNA sequence has on protein expression is not clear but it could be one 

explanation for the lack of replication in the pharmacological experiments. One obvious 

conclusion that can be made is that if these hFPB cDNA sequences are not cloning 

artifacts, which we believe to be the situation, then these receptor isoforms are generated 

by a means independent of mRNA alternative splicing. However, significant scientific 

data will be required to prove this theory. 

Prostanoid receptor 6TM alternative mRNA splicing had been previously reported 

for the rat EPi and bovine FP receptors. For the rEPi, one isoform exists (rEPi-variant) 

and has been shown to bind PGE2 subsequently suppressing the actions of EPi and EP4 
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when coexpressed in CHO cells. Bovine FP receptors demonstrate three 6TM receptor 

isoforms (FP-5, FP-e, and 6TM-FP-variant), all three have been reported as cDNA 

sequence but only one is moderately characterized. This isoform, (6TM-FP-variant) 

when coexpressed with the bovine FP receptor demonstrates a decrease in PKC activity 

while PGFaa binding data is not reported. We have identified a human 6TM FP receptor 

alternative splice variant, termed hFPs that is generated by an insertion of a 71 bp exon 

into the TM6 splice site corresponding to the distal end of TM6. The bovine 6TM-FP-

variant and hFPs are produced by the same mechanism; an insertion that gives rise to 

truncated receptors lacking TM-7 resulting in an extracellular carboxy terminus. We 

have demonstrated mRNA expression of hFPs in heart, placenta as well as skeletal 

muscle and confirmed protein expression with the use of antibodies in decidual, 

endothelial and trophoblast placenta cell lineages. Interestingly, immunofluorescence 

microscopy of hFPs expressing stable cell lines demonstrates intracellular localization of 

a majority of the receptor suggesting it may not be expressed in the plasma membrane or 

has additional requirements to be expressed in the plasma membrane. Additionally, RT-

PCR of HUVEC cells with hFPs specific and hFPA specific primers reveals only PGR 

products with the hFPs specific primers suggesting that these receptors may demonstrate 

differential cellular expression. 

Pharmacological characterization of wildtype hFPs has demonstrated a lack of 

PGFaa and PGEi binding in addition to PGF2a mediated IP hydrolysis. Adenylate cyclase 

assays with various prostaglandin analogs as well as FLIPR assays measuring 

intracellular calcium and pH changes generated no discernible data. However, FLIPR 
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HTS membrane potential assays did yield four potential agonist for hFPs activation that 

were not observed in (-)293-EBNA cells, namely oxytocin, PGB2, AGNA9B9, and 

AGNAIOBIO. The latter two agonists are synthetic compounds produced by Allergan 

Inc. The effects of oxytocin my not be a direct result of hFPs activation but rather 

activation of an hFPs induced oxytocin receptor (OTR). Previous data reported 

demonstrates FP knockout mice to be deficient in OTR (Sugimoto, Segi et al. 1998). The 

membrane potential agonists need to be further scrutinized for hFPs selectivity in 

addition to their potency and until such data is determined hFPs must be considered an 

orphan receptor. 

In conclusion, I have demonstrated that at least one FP receptor alternative splice 

variant, of the 6TM nature, exists in humans but is currently lacking pharmacological 

function. In addition, I also present evidence for the possible existence of a human FPB 

receptor isoform that may be generated from a mechanism other than traditional mRNA 

alternative splicing and could play a role in the development of colon cancer. 

5.2 Future studies 

As described earlier, FP knockout mice are incapable of delivering their fetus to 

term without the assistance of a cesarean section or an ovariectomy implicating a 

dysfunction in or lack of OTR. Compared to wildtype mice, FP knockout mice are 

deficient in OTR and ovariectomy of FP knockout mice seems to partially restore the 

OTR expression that is not observed in sham-operated mice (Sugimoto Segi 1998). 

FLIPR HTS analysis demonstrates oxytocin activation of an hFPs expressing cell line but 

not observed in control cells. We hypothesize from the FLIPR and knockout mice data 
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that hFPs could potentially up regulate the expression of OTR. Since the OTR is coupled 

to the Gq protein signal transduction pathway, total IP mobilization can be performed 

using oxytocin on (-)293-EBNA, hFPs and hPPA expressing cell lines to test this 

hypothesis. 

Numerous receptors display a degree of basal activity in the absence of agonist 

stimulation. It is not uncommon to observe this basal activity in a functional assay when 

comparing cell lines stably over expressing a given receptor to control cells. While most 

receptors are held largely in the inactive state, basal activity is thought to occur from the 

receptor bouncing in and out of an active conformation. Therefore, it is plausible to 

hypothesize that this basal activity has an effect on the gene expression within the cell it 

is expressed. We believe that microarray analysis of hFPs stably expressing cells 

compared to (-)293-EBNA cells will display a unique pattern of gene expression that is 

related to the basal activity of the hFPs receptor. Identifying the unique genes that are 

regulated by hFPs may give valuable information as to defining its pharmacological and 

physiological function. 

One concern regarding the functional characterization of hFPs that has developed 

from the immunofluorescence staining (figure 3.5) is a large percentage of the receptor 

appears to be localized around a perinuclear intracellular compartment. Interestingly, 

olfactory receptors (ORs) are difficult to functionally express in heterologous cells and 

traffic poorly to the plasma membrane remaining trapped in the endoplasmic reticulum or 

Golgi apparatus, similar to the hFPs receptor. Recently, it has been shown that 

expressing ORs in mature as well as differentiated olfactory cell lines versus 
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undifferentiated cell lines results in receptor trafficking to the plasma membrane 

(Gimelbrant, Haley et al. 2001). Gimelbrant and colleagues also show that certain types 

of ORs require specific chaperone proteins for proper trafficking to the plasma 

membrane. Also, other examples of GPCR whose membrane trafficking in heterologous 

cells improves in the presence of specific accessory proteins have been described 

(Ferreira, Nakayama et al. 1996; Ferreira, Nakayama et al. 1997; McLatchie, Fraser et al. 

1998). These chaperone proteins are only expressed in distinct cell types. 

Immunofluorescence staining of hFPs transiently transfected cell lines that are more 

native or mature and of different lineage (endothelial, decidual and trophoblast) than 293-

EBNA cells can be utilized to determine if differential receptor localization exists similar 

to ORs. Keeping in mind that the hFPs receptor has been shown to be expressed in 

vascular endothelial cells and that the bovine species has demonstrated FP 6TM receptor 

splice variants similar to hFPs, it is possible that these receptors are activated by the same 

endogenous agonist. hFPs cells are maintained in 10% fetal bovine serum that is 

obviously collected from the fractioning of fetal bovine blood. If the bovine 6TM FP 

receptor agonist is present in this serum and is capable of activating hFPs resulting in its 

internalization it would explain the intracellular localization of this receptor. Performing 

immunofluorescence staining in the presence of reduced serum, 0.1% and 1% versus 10% 

perhaps would relocalize the hFPs receptor to the plasma membrane. If this hypothesis 

were proven true then high performance liquid chromatography could then be utilized to 

fractionate the FBS serum isolating the individual components to be used in HTS and 

pharmacological screening for identifying an hFPs agonist. 



142 

An alternative to the FLIPR membrane potential assay would be performing 

electrophysiology experiments on xenopus oocytes. Two advantages appear by utilizing 

this system. First, ion channels targeted to intracellular compartments in mammalian 

cells have been characterized in oocytes because they have been shown to express in the 

plasma membrane. The intracellular expression of hPPs may be overcome and plasma 

membrane expression achieved utilizing the oocyte experimental model subsequently 

resolving the problem of agonist diffusion across the plasma membrane for activation of 

hPPs. Second, if oocyte hFPs receptor expression remains intracellular then patch clamp 

electrophysiology experiments can also be utilized to deliver drug across the plasma 

membrane thereby alleviating the problem of agonist diffusion across the plasma 

membrane. Utilizing this system, various agonist can be screened for hFPs activity 

including the positive agonists from the FLIPR HTS membrane potential assay. 

FP knockout, but not wildtype, mice demonstrated a possible correlation of an 

increased apoptotic index and decreased Bcl-2 expression resulting in active caspase-3 

activity in placenta and decidual tissue. Interestingly, the same cell types, decidual and 

trophoblast cells, that demonstrated the highest rate of apoptosis in FP knockout mice 

were the same cell types positively labeled for hFPs immunoreactivity in human placenta. 

These data collectively suggest the possibility that hFPs may have an anti-apoptotic 

function. Correspondingly, hFPs appears to have an increased growth rate when 

compared to hFPA and (-)293-EBNA cells (unpublished observation). In separate 

experiments conducted by two different investigators, the hFPs expressing cells appeared 

to grow about 25% faster than the control cell lines. A series of experiments utilizing 



143 

flow cytometry can be conducted to investigate the possible function of the hFPs receptor 

with respect to apoptosis. First, the growth phase of each of these cell lines can be 

performed to determine if hFPs expressing cells are in a higher S-phase (DNA 

replication) versus the hFPA and (-)293-EBNA cell lines. Second, differential expression 

of Bcl-2 in each of these cell lines could also be quantitated using flow cytometry and an 

antibody to Bcl-2. Additionally, if Bcl-2 is determined to be expressed in the hFPs cell 

line, as well as the others, RNAi experiments can be conducted to knock down hFPs and 

hFPA receptor expression to measure the effects on Bcl-2 expression thereby establishing 

a direct link between the receptor and Bcl-2. Third, apoptotic index experiments can be 

performed by treating all three cell lines with staurosporine, a known general inducer of 

apoptosis, then subsequently measuring the different markers of apoptosis. 

Recently, reverse pharmacology has become a popular method for identification 

of oGPCRs. These techniques are often fishing expeditions that use the oGPCR as bait in 

order to screen purified organ extracts or vast collections of previously identified 

signaling peptide or chemical compounds. Most of the agonists identified by this method 

are protein in nature. Reverse pharmacology can be performed on hFPs expressing cells 

and protein sequence utilizing human and bovine tissue extract from placenta, heart and 

skeletal muscle. Bovine tissue is a logical choice because it is the only other species, 

beside human, that displays 6TM FP receptor heterogeneity. 
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