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GPR17, a uracil nucleotide cysteinyl leukotriene receptor, belongs to the GPCR 

(G protein coupled receptor) family.  It has been shown recently that inhibiting this 

protein in the nervous system in mice can lead to blockage of oligodendrocyte 

maturation, which supports myelin repair. Interestingly, our laboratory found GPR17 in 

thrombocytes. However, we do not know whether it has any function in thrombocyte 

aggregation or the nature of the ligand. In this paper, we studied the role of GPR17 in 

hemostasis, which is a fundamental defense mechanism in the event of injury. Using 

zebrafish as a model system, our laboratory has studied specifically thrombocytes, 

which play a significant role in hemostasis. The major reasons to use zebrafish as a 

model system are that their thrombocytes are functionally equivalent to human platelets, 

the adult fish are amenable to knockdown experiments, and they are readily available in 

the market. This study was performed by using a piggy back knockdown method where 

we used a chemical hybrid of control morpholino and an antisense oligonucleotide 

sequence leads to the degradation the mRNA for GPR17. After knockdown GPR17 in 

thrombocytes, the percent difference of the thrombocytes aggregation between the 

control and knockdown blood samples was measured by flow cytometry. We used 

various thrombocyte agonists to study differences in aggregation between the control 

and knockdown blood samples. The study showed that knockdown of GPR17 resulted 

in no significant differences in percent thrombocyte aggregation between



control and agonist treated samples except for a slight increase in collagen-treated 

samples. Thus, it appears that GPR17 has no significant role in hemostasis. 
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INTRODUCTION 

When there is a vessel injury, blood will flow out of the vessel. As a response to 

prevent loss of blood at the site of the injury, a process called hemostasis occurs. 

Hemostasis is a very rapid and coordinated process that will seal the injury first through 

platelets that are the primary cell components of blood. They are tiny cells derived from 

megakaryocytes of the bone marrow and are shed off into the blood circulation. They 

flow normally in the blood in an inactivated state. Once they encounter a damaged 

blood vessel, components present in the sub-endothelial matrix trigger them to be 

activated. Then more components are contributed to platelet plug formation. The most 

important components are VWF ( von willebrand factor), collagen, and fibrinogen. 

In order to transform platelets from an inactive to an active state, the following 

three steps need to occur: adhesion, aggregation and secretion. The initiation of 

adhesion is performed by VWF, produced from the endothelial cells close to the injury 

seal. This factor will bind to its receptor glycoprotein (GP) Ib/IX/V complex. This binding 

first will make platelets slow down at the site of the injury. Then GPVI in platelets 

interacts with collagen in the sub endothelial matrix. The interactions with sub 

endothelial proteins allow the platelets to release the contents of dense granules such 

as ADP, which acts as an agonist, and also to release α-granule contents like fibrinogen 

which will be converted to fibrin that will act as a bridge between the activated platelets. 

Thus, a deposition of more platelets will occur and adhere to one another resulting in 

platelet plug formation. Many intracellular messengers are released as a result of the 

interaction between platelets and their agonists, which will facilitate more platelets 



 

 

 

2 
 

activation. The activation of platelets will first result in a shape change (spherical) in the 

platelet and adhere more closely to the vessel wall (1), (2). Some platelet agonists such 

as ADP, thrombin, and thromboxanes interact with seven transmembrane receptors 

called G protein-coupled receptors (GPCRs). The activation of these receptors will lead 

to G protein interaction (3).  

In humans, more than 800 GPCR proteins are encoded by the genome (4). 

These proteins are important for several functions in the body such as taste, sense of 

smell, vision, and platelet aggregation (5), (6). GPR17, the GPCR on which I focus in 

this dissertation, belongs to P2Y family receptors in the nervous system because it has 

P2Y like homology (7), (8). However, it is still an orphan receptor and its ligand and 

function are unknown in platelet aggregation. In the cardiovascular system, more than 

100 different GPCRs (33) participate and some of them are contributing to platelet 

aggregation. However, the number of GPCRs that are important for  platelet 

aggregation in hemostasis is not known, and the GPCRs received a great deal of 

attention in the scientific literature. 

In 2012, the Nobel Prize in chemistry was awarded to two scientists—Brian K. 

Kobilka and Robert J. Lefkowitz—for studies in G protein-coupled receptors. Kobilka 

and Lefkowitz discovered how these proteins function in the cells and discussed that 

ligands, which affect the receptor’s function, could be antagonists, agonists or inverse 

agonists. Agonists have a positive signaling and activate platelets whereas antagonists 

will prevent the binding of agonists (5), (6), (9). 
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          GPCRs in eukaryotes are the biggest group of the cell membrane receptors, and 

they take their name from their function. They are embedded in the plasma membrane, 

and they  interact with G proteins. In GPCRs, the intracellular portion is a carboxy 

terminal tail (C-terminus) and the amino terminal (N-terminus) part resides outside the 

cell which, in some cases, could play a role in ligand binding (8). Once the ligand binds 

to its receptor, a conformational change happens for GPCR. This change then 

stimulates the interaction between GPCR (the receptor) and the closest G protein. G 

proteins have (heterotrimeric) three subunits: alpha, beta, and gamma. In resting state 

where there is no binding of ligand to the GPCR, α subunit is bound to GDP in a 

complex, and this complex stays closer to GPCR. However, if a ligand binds to its 

receptor, GPCR will make G protein active, GDP is exchanged, and GTP attaches to 

the α subunit. Then G protein will separate into β-ϒ dimer and α subunit. They will be 

dissociated from the GPCR, and can no longer  interact with other membrane proteins. 

Once GTP is hydrolyzed to GDP, G protein will return to the heterotrimeric complex 

(10). 

Several studies were conducted on G protein-coupled receptors using different 

model systems such as rats, mice, and zebrafish (34). Many experimental methods are 

available in zebrafish research such as morpholino knockdown and microinjections (11).  

Zebrafish have been introduced by our laboratory to study mammalian hemostasis and 

thrombosis (14).  They are amenable for large scale mutagenesis and high fecundity 

(15),  (16), and are an attractive model because their thrombocytes have most of the 

platelet factors for adhesion, activation, and aggregation (12). Studies to identify novel 
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proteins that are associated with platelet signaling pathways in hemostasis required a 

good model system that is inexpensive, efficient, and has high throughput capabilities 

(5), (13). Zebrafish thrombocytes play a significant role in hemostasis, and they appear 

to be equivalent to human platelets even though they differ by having a nucleus and a 

thin cytoplasm (6). As it is mentioned in the beginning, many agonists are involved in 

thrombocyte aggregation (3), including collagen, ADP, arachidonic acid, and par-1-

peptide which I have used in my work.  

The following is a brief description for these platelet agonists and their role in 

thrombocyte aggregation: 

 ADP: Adenosine diphosphate is an important agonist that induces platelet 

aggregation. ADP binds to two platelet receptors, P2Y1 and P2Y12 (5), (12), 

(17), (18). These receptors are members of 7–trans membrane receptors. When 

the platelet responds to ADP, P2Y1 is involved in ADP-induced shape change in 

platelets. P2Y1 is also involved in calcium mobilization. When ADP interacts with 

P2Y12, the interaction inhibits adenylate cyclase (18). Then secretion of platelet 

dense granule, aggregation, and thromboxaine formation will occur (19). Also, α 

granule secretion occurs as a result of ADP induced platelet activation (20). 

 Collagen: Collagen is a protein required for platelet adhesion and required for 

plug formation. It binds to two human platelet receptors, GPVI, and integrin α2β1 

(21), (22), whereas in zebrafish thrombocytes it binds to G6f-like receptor instead 

of GPVI (23). Glycoprotein VI (GPVI) is a member of the immunoglobulin super 

family (24), (25). After GPVI induces platelet activation, expression of α2β1 

further enhances collagen binding to platelets (25). 
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 Arachidonic Acid (AA): After collagen binding and ADP activation, arachidonic 

acid is released from membrane phospholipids. Phospholipase activity is 

expressed and responsible for synthesis of arachidonic acid from the 

phospholipid complex. This phospholipase activity is already induced by thrombin 

that is generated on the surface of platelet aggregates (26), (27).  

 PAR-1-Peptide: This activates a protease activated receptor 1 that is the first 

protease activated receptor identified, and it is one of the G-coupled protein 

receptors that is cleaved by thrombin at its NH2 terminal end. After the cleavage, 

N-terminal peptide is released and the newly generated N-terminal amino acids 

work as tethered ligand that will bind to the receptor at the active site.  Activated 

PAR1 leads to release of intracellular calcium. PAR1 activation results in 

activating platelet aggregation, secretion of platelet granules, and platelet shape 

change (2), (28). PAR-1-peptide essentially mimics thrombin action. 
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PROJECT DESCRIPTION 

It was shown that GPR17, uracil nucleotide cysteinyl leukotriene receptor (29) 

that was encoded by GPR17 gene, has been identified recently to support myelin repair 

in multiple sclerosis and blocks the oligodendrocyte maturation in mice (30). In our lab, 

we have found that GpR17 is present in thrombocytes, but we do not know whether it 

has a function in hemostasis. Furthermore, we do not know the ligand for GPR17. This 

finding induced us to think that GPR17 may be involved in hemostasis. We 

hypothesized that GPR17 may play a role in thrombocyte aggregation. Knockdown of 

GPR17 may enhance or decrease thrombocyte aggregation. Questions following this 

hypothesis are: Would using thrombocyte agonists decrease or increase thrombocyte 

aggregation when GPR17 mRNA expression is reduced? Would GPR17 be involved in 

thrombocyte development?  

To address these questions, I have raised three aims. 
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SPECIFIC AIMS 

This thesis has three aims based on the previous description. 

Aim 1. The first aim of my thesis was to knockdown GPR17 by the piggyback 

knockdown method (Figure1) and demonstrate whether knockdown has occurred in 

thrombocytes. To accomplish this aim we performed knockdown of GPR17 mRNA in 

adult zebrafish thrombocytes by using the piggyback knockdown method that is 

designed to degrade the mRNA. We injected a hybrid chemical containing control Vivo-

morpholino and an oligonucleotide antisense to GPR17 mRNA into adult zebrafish. This 

method is inexpensive and the proof of principle has been shown using knockdown of 

αIIb and measuring the thrombocyte function (31). Then RT-PCR and agarose gel 

electrophoresis were performed to check the expression of the mRNA. 

Aim 2. The second aim of my project was to characterize the function of zebrafish 

thrombocyte where GPR17 expression was reduced by knockdown method. To 

accomplish this aim, a flow cytometry machine was used to analyze the blood samples 

after injection of control Vivo morpholino and antisense oligonucleotide hybrid. We 

proposed also to treat the blood samples with thrombocyte agonists that may alter the 

function of zebrafish thrombocytes. We used ADP, arachidonic acid, par-1-peptide, and 

collagen as agonists. 

Aim 3. The third aim was to characterize the function of zebrafish thrombocytes in 

thrombocyte development where GPR17 expression is diminished by the piggy back 

knockdown method. Flow cytometry was also used to accomplish this aim. 
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MATERIAL AND METHODS 

Piggyback hybrid preparation 

The antisense oligonucleotide (aSO) of GPR17 sequences was designed (5'-

TAGCAATGAAGGGTGGTGTGAAAGCTATAAATTGTAACTG-3') and purchased from 

Invitrogen (Carlsbad, CA). The control Vivo-morpholino (cVMO) sequence 

(5′CCTCTTACCTCAGTTACAATTTATA3′) was purchased from Gene Tools (Philomath, 

OR). 2.5μl of 0.5mM of control Vivo morpholino was mixed with 2.5μl of 0.5mM of 

antisense oligonucleotides and 0.5μl of 10X thermo polymerase reaction buffer for 

experimental injection. 2.5μl of 0.5mM of control Vivo morpholino was mixed with 2.5μl 

of 0.5mM of sense oligonucleotides (cSO) sequence of GPR17 and 0.5μl of 10X thermo 

polymerase reaction buffer for control injection. Then the hybrid of either control Vivo 

morpholino and the antisense oligonucleotides sequence or the hybrid of the control 

Vivo morpholino and the sense oligonucleotides was prepared by heating the mixture to 

90°C and cooling to room temperature. 
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Zebrafish Injection 

5 µl of the mixture of either  control or experimental sample was injected into an 

adult zebrafish intravenously at the region between the third and the second body 

stripes close to the anal pore by using a 27G x 1 ¼ needle. 

 

Blood collection and thrombocyte aggregation 

48 hours after injection, 1µl of blood was collected using a micropipette after 

making a short incision on the caudal vessel from both the control and experimental fish 

(31). The blood was collected for both the control, and experimental fish, already 

injected with fish. Then it was added to 0.25µl of 3.5% sodium citrate, mixed, and 

transferred to two wells of microtiter plate that already had 9µl of phosphate saline 

buffer (1XPBS). The samples were left for 12 minutes to allow thrombocytes to 

aggregate. After that they were transferred to eppendorf tubes that contained 100µl of 

1XPBS buffer and 10µl of 10mM fluorescent mepacrine dye. The dye labels the blood 

cells so that they can be detected, separated and counted by the flow cytometry. The 

above tubes were centrifuged at 500g for 2 minutes. This helped to separate the red 

blood cells and thrombocyte aggregates from the total blood aggregates so that the red 

blood cells would not interfere in thrombocyte counting. The supernatant, which is 

enriched with white cells, was taken and loaded into a new tube and analyzed by the 

flow cytometry machine. This procedure was done for the control and experimental 

samples at the same time. 
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 The experiment described above was performed without using thrombocyte 

agonists. After that the experiment was repeated. However, in other experiments, 

samples were treated separately with ADP, arachidonic acid, par-1-peptide, and 

collagen. The same procedure was performed for all samples using the agonists. The 

only different step was to add 1μl of each agonist to the 9μL of 1XPBS that was already 

added to the well of the microtiter plate. The agonist was added to both: control and 

experimental samples. The final concentration of the agonists was as the follows: ADP 

(0.02mM), arachidonic acid (1.2mM), collagen (0.01mg/ml), and par-1 peptide 

(0.05mM). All agonists were purchased form Sigma-Aldrich, St. Louis, MO. 

Thrombocyte count assay without aggregation 

For counting thrombocytes, the same hybrid and mixture described previously 

was prepared either for the control (cVMO/cSO) or experimental (cVMO/aSO) samples. 

Also, the same procedure was performed except no thrombocyte aggregation was 

done. At 48 hours post injection, the blood was collected from the fish and directly 

added to a 1.5ml eppendorf tube that contained 100μl of 1XPBS buffer and 10μl of 

10mM mepacrine dye for both the control and knockdown sample. Then the tube was 

centrifuged at 500g for 2 minutes, and the supernatant was collected and analyzed 

using flow cytometer.  
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Reverse transcriptase- polymerase chain reaction (RT-PCR) and agarose gel 

electrophoresis 

Superscript one step RT-PCR kit with Platinum Taq was purchased from 

Invitrogen. I used the forward primer, 5'-AATAGCCTTGCCCTGTGGAT-3' and reverse 

primer, 5'-GCCAGACGACAAGGGATTTC-3' for GPR17. At 48 hours post injection, 

blood was collected from the zebrafish injected either with control or knockdown hybrid, 

and RNA was extracted from the whole blood. Then RT-PCR was performed using the 

superscript one step RT-PCR kit with Platinum Taq and GPR17 forward and reverse 

primers. Elongation factor 1 alpha (Ef-1 alpha) was used as an internal control. The 

forward primer, 5'-CGGTGACAACATGCTGGAGG-3' and the reverse primer, 5'-

ACCAGTCTCCACACGACCCA-3′ of Ef-1 alpha were used in the RT-PCR reactions. 

The resulting amplified products were resolved by electrophoresis using 1.5% agarose 

gel. 1X Tris-acetate-EDTA (TAE) buffer was used. The gel contained ethidium bromide 

10mg/ml. 
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STATISTICAL ANALYSIS 

All data were analyzed by Sigma Plot software and the statistical significance between 

the samples was calculated. Graphs were plotted by the same software. Statistical 

analysis was performed using One-way ANOVA, and the P value below 0.05 was 

considered a significant value. 

RESULTS 

 

Since the antisense deoxyoligonucleotides have been proven to successfully 

block gene function (31), I used the piggy back knockdown method. In this method, 

the Vivo-morpholino will deliver the antisense oligonucleotide into a thrombocyte. 

The Vivo-morpholino contains a morpholino oligo with a covalently linked delivery 

moiety. This delivery moiety has an octa-guanidine dendrimer group. First, we 

prepared the hybrid of control vivo morpholino and the antisense sequence to 

GPR17. Then this hybrid was injected into zebrafish intravenously, and would inter 

blood circulation and carried to the kidney marrow where thrombocytes are made. 

The hybrid would enter the thrombocyte and hybridize the GPR17 mRNA. The 

antisense oligonucleotide was a 40 nucleotides long sequence where 15 nucleotides 

at 3`-end will hybridize with the control Vivo morpholino, and the remaining 25 

nucleotides are antisense to GPR17mRNA and thus bear with this mRNA resulting 

in degradation of mRNA as shown in Figure 1. However, for control samples, the 

same hybrid was prepared, but sense oligonucleotides of GPR17 were used that 
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would not affect the mRNA expression. Control Vivo morpholino was used because 

it does not knockdown any gene, and it is not specific for a particular gene. The 

effect of the knockdown occurs at 24 hours post-injection (32) and reaches the 

maximum at 48 hours. After injection, samples were kept and fed for 48 hours.  

 

 

 

 

Figure1.  A schematic diagram showing the piggy back knockdown method. A hybrid of 

control Vivo- morpholino (cVMO) and the antisense oligonucleotide is prepared. Then 

the resulting hybrid will pair with the mRNA and degrade the mRNA level. 
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  To explore whether GPR17 expression was reduced due to the piggy 

back knockdown method, RT-PCR was performed on whole blood RNA. The RT-PCR 

amplification products were then resolved on agarose gel electrophoresis as described 

previously. Three zebrafish were used each for the control and experimental samples. 

The result is shown in Figure 2 and Figure 3.  

The relative mRNA levels were quantified by comparing the intensities of the 

agarose gel bands using image J software. The percentage of the relative ratio of 

intensities between Ef-1 alpha and GPR17 bands was calculated for each sample and 

plotted using sigma plot. The results are shown in figure 4. 

 

 

 

Figure2. Agarose gel electrophoresis of RT-PCR amplification product shows the 

mRNA expression of EF-1 alpha as an internal control and control GPR17. 
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Figure3. Agarose gel electrophoresis showing the mRNA expression of EF-1 alpha as 

an internal control and knockdown GPR17. The GPR17 mRNA expression was reduced 

due to the knockdown method. 

 

 

 

 

 

 

Figure4. Graphs show a significant difference in the percentage of relative intensities of 

the agarose gel electrophoresis bands for both control and knockdown samples. 

p=0.013 
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After confirming that the knockdown occurred at the level of RNA, I performed 

thrombocyte aggregation and thrombocyte count without aggregation on the control and 

GPR17 knockdown blood samples. For this I used the following flow cytometry method. 

Below, I will describe the principle used in this method.  

The flow cytometry method was developed in our lab to quantify zebrafish 

thrombocyte aggregation. Using this assay, our laboratory identified many genes 

involved in hemostasis (manuscript in preparation). This flow cytometry has three 

important systems: the fluidics system, that will transfer particles as a stream to 

interrogate them, the optics system, which consists of a sophisticated array of lasers to 

light the sample’s particles in the samples stream, and the electronic system, that will 

convert the obtained light signals to electronic signals so that they could be analyzed 

through the computer. The optics system has also optical filters to transfer the obtained 

light signals from the cells to the detectors as they pass through the laser one cell at a 

time. 

In thrombocyte aggregation assay, the blood collected from the control 

and knockdown samples were allowed to aggregate as described above, and the 

total white cell population was subjected to flow cytometry. The results showed 

two populations: the white blood cells and non-aggregated thrombocytes. The 

plot of the cell populations was gated, and the percent of non-aggregated 

thrombocytes was obtained. The experiment was repeated five times using 5 

independent knockdowns and different fish and the percentage of aggregation of    



 

 

 

17 
 

control and knockdown was plotted and compared. The results are shown in 

Figure 5. 

   

 

 

 

 

 

 

 

 

 

 

Figure5.  A) Dot plots from flow cytometery machine show two populations of cells. 

Gated areas show the percent of non-aggregated thrombocytes in the left and the 

percent of white blood cells in the right side. B) Graphs show no significant difference in 

CONTROL 

%T 

gpr17 

A) 

B) 
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the percent of thrombocyte aggregation between control and experimental samples 

when no agonist was used. N=5. 

 

To test whether we will find any difference in thrombocyte aggregation for both 

control and experimental samples in the presence of agonists, the same experiment 

was performed using four different thrombocyte agonists. Blood samples for the control 

and knockdown were treated with ADP, arachidonic acid, par-1 peptide, and collagen 

respectively.  Then they were allowed to aggregate as mentioned previously. The total 

supernatant enriched white cells were collected and analyzed using flow cytometry. The 

plot of the cell populations was gated, and the percent of non-aggregated thrombocytes 

was obtained. The experiment was repeated five times using independent knockdowns 

and the percentage of aggregation was plotted and compared between the control and 

knockdown samples. The results are shown in Figures 6, 7, 8, and 9. 
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Figure 6. A) Dot plots taken from flow cytometry machine show similar  percentage of 

non-aggregated thrombocytes in both the control and knockdown between the control 

and knockdown samples, when blood samples were treated with ADP agonist. 

B) Graphs show no significant difference in the percent of thrombocyte aggregation 

between control and experimental samples when ADP was used as an agonist. N=5. 
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Figure 7. A) Dot plots taken from flow cytometry show similar percentage of non-

aggregated thrombocytes in both the control and knockdown samples when arachidonic 

acid was used as an agonist. B) Graphs show no significant difference in the percent of 
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thrombocyte aggregation between the control and experimental samples when 

arachidonic acid was used as an agonist. N=5. 
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Figure 8. A) Dot plots taken from flow cytometry show similar percentage of non-

aggregated thrombocytes in the control and knockdown samples when par-1 peptide 

was used as an agonist. B) Graphs show no significant difference in the percent of 

thrombocyte aggregation between control and experimental samples when par-1 

peptide was used as an agonist. N=5. 
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Figure9. A)Dot plots taken from flow cytometery show a slight increase in the percent of 

non-aggregated thrombocytes between the control and experimental samples when 

collagen was used as an agonist. B) Graphs show a modest increase in the percent of 

thrombocyte aggregation where GPR17 expression was reduced by the knockdown 

method, and collagen was used as an agonist. 

 

To tests whether GPR17 has a role in thrombocytes development, I counted the 

total number of thrombocyte  without aggregation by the flow cytometry. The zebrafish 

were injected with the knockdown hybrid, blood was collected and centrifuged, and the 

supernatant was collected and subjected to the flow cytometry as described previously. 

The number of non-aggregated thrombocytes were obtained for both the control and 

experimental samples. The experiment was repeated five times using independent 

knockdowns and the thrombocytes count were plotted for the control and experimental 

samples and compared. The results are shown in Figure 10.  

     

CONTROL gpr17 
A) 
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Figure 10. A) Dot plots taken from flow cytometry show similar percentage of 

thrombocytes between the control and knockdown samples. B) Graphs show no 

significant difference in the percent of thrombocyte count between the control and 

experimental samples in thrombocyte counting assay. N=5. 

 

DISCUSSION 

In this thesis, we investigated possible role of GPR17 in thrombocyte aggregation 

by using the piggyback knockdown method and the flow cytometery. The piggy back 

knockdown method used in this work is a novel method to discover the function of 

unknown genes and proteins. Even though control Vivo morpholino is already known 
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that it doesn’t affect the cell, in this method it was used to deliver the antisense 

oligoneucleotides into zebrafish thrombocyte and degrade the mRNA expression level. 

Also, a densitometric study of RT-PCR was performed that gave positive results. 

Previous studies by Ciana et al. (2006) mentioned the importance of GPR17 in 

therapeutic intervention in other systems such as the nervous system, but there was no 

such study that mentioned the role of GPR17 in hemostasis. In our lab, GPR17 was 

found earlier in zebrafish thrombocytes  when a study was performed  by Kulkarni to 

discover the GPCRs that are present in zebrafish thrombocytes. She also found that G 

protein-coupled receptor 18 is  very important receptor for thrombocyte aggregation. 

However, our study showed that the GPR17 has no significant role in thrombocyte 

aggregation during hemostasis, even though it was shown as an important receptor in 

therapeutic intervention in the nervous system. In this work we used two different 

assays: thrombocyte aggregation assay with and without agonists, and thrombocyte 

count assay without aggregation. In the thrombocyte aggregation assay, when there 

was no agonist, there was no signficant  difference in the percentage of thrombocyte 

aggregation between control and experimental GPR17 knockdown samples except in  

the presence of collagen. Interestingly, in the case of collagen, there was  a slight 

significant increase in the percentage of thrombocyte aggregation where the expression 

of GPR17 was reduced by the knockdown method. It is entirely possible that the slight 

increase may be due to the inhibition of GPR17 resulting in the activation of collagen 

pathway. Thus, the function of GPR17 in thrombocyte aggregatio requires further 

exploration. 
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FUTURE EXPERIMENT 

The finding that lack of GPR17 increases collagen induced aggregation needs to 

be verified with other methods. Further exploration is needed to identify the mechanism 

of the above increases in aggregation. Also, more experiments should be done on 

GPR17 using another agonist in the absence of GPR17, and experiments to discover 

the potential ligand of GPR17 in hemostasis. One could also knockout GPR17 in 

zebrafish thrombocytes and do more experiments to find the function of GPR17 in 

hemostasis or also use collagen that showed a modest increase in thrombocytes 

aggregation and perform further explorations using different techniques.  

 

 

 

 

 

 

 

 

 

 



 

 

 

27 
 

REFERENCES 

1_ Dorsam, Robert T., and Satya P. Kunapuli. "Central role of the P2Y< sub> 12</sub> receptor 

in platelet activation." The Journal of clinical investigation 113.3 (2004): 340-345. 

2_  Vretenbrant Öberg, Karin. "The role of platelet thrombin receptors PAR1 and PAR4 in 

platelet activation." (2009). 

3_  Sharathkumar, Anjali A., and Amy Shapiro. "Platelet function disorders." Treatment For 

Hemophilia 19 (2008). 

4_  Fredriksson, Robert, et al. "The G-protein-coupled receptors in the human genome form five 

main families. Phylogenetic analysis, paralogon groups, and fingerprints." Molecular 

pharmacology 63.6 (2003): 1256-1272. 

5_  Hsi‑ Hsien Lin: G‑ protein‑ Coupled Receptors and Their (Bio) Chemical Significance Win 

2012 Nobel Prize in Chemistry. J biomed 2014, Volume 37, Issue 5. 

6_  Vrinda A. Kulkarni, M.Sc. Expression of G protein coupled receptors in young and mature 

thrombocytes and knockdown of GPR18 in zebrafish. 2013 

7_  Kwan, Yen Yen. Phylogenomic analysis of metabotrophic P2Y receptor family and its 

expression in zebrafish, Danio rerio. Diss. Universität zu Köln, 2008. 

8_  Tuteja, Narendra. "Signaling through G protein coupled receptors." Plant Signal Behav 4.10 

(2009): 942-947.   

9_  Kroeze, Wesley K., Douglas J. Sheffler, and Bryan L. Roth. "G-protein-coupled receptors at a 

glance." Journal of cell science 116.24 (2003): 4867-4869. 

10_  Li, J. et al. The Molecule Pages database. Nature 420, 716-717 (2002). 

11_ MATER METHODS 2012;2:109. 

12_  Lang MR, Gihr G, Gawaz MP, Mu¨ller II. Hemostasis in Danio rerio: is the zebrafish a useful 

model for platelet research? J Thromb Haemost 2010; 8: 1159–69. 

13_  Jagadeeswaran P, Gregory M, Day K, Cykowski M, Thattaliyath B. Zebrafish: a genetic 

model for hemostasis and thrombosis. J Thromb Haemost 2005; 3: 46–53. 

14_  P. Jagadeeswaran, J.P.Sheehan, F.E.Craig, D.Troyer: Identification and characterization of 

zebrafish thrombocytes. J British Haematology 1999, 107, 731_738 . 

15_  Hughes CE, Radhakrishnan UP, Lordkipanidze ´ M, Egginton S, Dijkstra JM, et al. (2012) G6f-

Like Is an ITAM-Containing Collagen Receptor in Thrombocytes. PLoS ONE 7(12): e52622. 

doi:10.1371/journal.pone.0052622. 



 

 

 

28 
 

 

16_  Khandekar, Gauri, Seongcheol Kim, and Pudur Jagadeeswaran. "Zebrafish thrombocytes: 

functions and origins." Advances in hematology 2012 (2012). 

17_  Léon, Catherine, Monique Freund, Catherine Ravanat, Anthony Baurand, Jean-Pierre 

Cazenave, and Christian Gachet. "Key Role of the P2Y1 Receptor in Tissue Factor–Induced 

Thrombin-Dependent Acute Thromboembolism Studies in P2Y1-Knockout Mice and Mice 

Treated With a P2Y1 Antagonist." Circulation 103, no. 5 (2001): 718-723. 

18_  Wijeyeratne, Yanushi Dullewe, and Stan Heptinstall. "Anti‐platelet therapy: ADP receptor 

antagonists." British journal of clinical pharmacology 72, no. 4 (2011): 647-657. 

20_  Quinton, T. M., S. Murugappan, S. Kim, J. Jin, and S. P. Kunapuli. "Different G protein‐

coupled signaling pathways are involved in α granule release from human platelets." Journal of 

Thrombosis and Haemostasis 2, no. 6 (2004): 978-984. 

21_  Kauskot, Alexandre, and Marc F. Hoylaerts. "Platelet receptors." In Antiplatelet Agents, pp. 

23-57. Springer Berlin Heidelberg, 2012. 

22_  Roberts, Diane E., Archibald Mcnicol, and Ratna Bose. "Mechanism of collagen activation in 

human platelets." Journal of Biological Chemistry 279, no. 19 (2004): 19421-19430. 

23_ Hughes CE, Radhakrishnan UP, Lordkipanidzé M, Egginton S, Dijkstra JM, et al. (2012) G6f-

Like Is an ITAM-Containing Collagen Receptor in Thrombocytes. PLoS ONE 7(12): e52622. 

di:10.1371/journal.pone.0052622. 

24_  Ruggeri, Zaverio M., and G. Loredana Mendolicchio. "Adhesion mechanisms in platelet 

function." Circulation research 100, no. 12 (2007): 1673-1685. 

25_ Schulz, Christian, Sandra Penz, Christof Hoffmann, Harald Langer, Angelika Gillitzer, Simon 

Schneider, Richard Brandl et al. "Platelet GPVI binds to collagenous structures in the core region 

of human atheromatous plaque and is critical for atheroprogression in vivo." Basic research in 

cardiology 103, no. 4 (2008): 356-367. 

26_ Bills, T. K., J. B. Smith, and M. J. Silver. "Selective release of archidonic acid from the 

phospholipids of human platelets in response to thrombin." Journal of Clinical Investigation 60, 

no. 1 (1977): 1. 

27_  Halushka, Perry V., Dale E. Mais, Philip R. Mayeux, and Thomas A. Morinelli. 

"Thromboxane, prostaglandin and leukotriene receptors." Annual review of pharmacology and 

toxicology 29, no. 1 (1989): 213-239. 

28_  Claytor, R. Brannon, Alan D. Michelson, Jian-Ming Li, A. L. Frelinger, Michael J. Rohrer, 

Charles SC Garnette, Marc R. Barnard, Lori A. Krueger, and Mark I. Furman. "The cleaved 



 

 

 

29 
 

peptide of PAR1 is a more potent stimulant of platelet-endothelial cell adhesion than is 

thrombin." Journal of vascular surgery 37, no. 2 (2003): 440-445. 

29_ Ciana, Paolo, Marta Fumagalli, Maria Letizia Trincavelli, Claudia Verderio, Patrizia Rosa, 

Davide Lecca, Silvia Ferrario et al. "The orphan receptor GPR17 identified as a new dual uracil 

nucleotides/cysteinyl‐leukotrienes receptor." The EMBO journal 25, no. 19 (2006): 4615-4627. 

30_ Hennen, Stephanie, Haibo Wang, Lucas Peters, Nicole Merten, Katharina Simon, Andreas 

Spinrath, Stefanie Blättermann et al. "Decoding signaling and function of the orphan G protein–

coupled receptor GPR17 with a small-molecule agonist." Science signaling 6, no. 298 (2013): 

ra93. 

31_  Sundaramoorthi, Hemalatha, Gauri Khandekar, Seongcheol Kim, and Pudur 

Jagadeeswaran. "Knockdown of αIIb by RNA degradation by delivering deoxyoligonucleotides 

piggybacked with control vivo-morpholinos into zebrafish thrombocytes." Blood Cells, 

Molecules, and Diseases 54, no. 1 (2015): 78-83. 

32_  Kim, Seongcheol, Uvaraj P. Radhakrishnan, Surendra Kumar Rajpurohit, Vrinda Kulkarni, 

and Pudur Jagadeeswaran. "Vivo-Morpholino knockdown of αIIb: A novel approach to inhibit 

thrombocyte function in adult zebrafish." Blood Cells, Molecules, and Diseases 44, no. 3 (2010): 

169-174. 

33_ Riddle, Evan L., et al. "Multi-Tasking RGS Proteins in the Heart The Next Therapeutic 

Target?." Circulation Research 96.4 (2005): 401-411. 

34_ Fredriksson, R., Höglund, P. J., Gloriam, D. E., Lagerström, M. C., & Schiöth, H. B. (2003). 

Seven evolutionarily conserved human rhodopsin G protein-coupled receptors lacking close 

relatives. FEBS letters, 554(3), 381-388. 

 

 

 

 

 

 

 




