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Summary 
Members of platelet derived growth factor (PDGF) play important roles in stimulating cell 
growth, differentiation, survival and motility. By binding to its receptor, PDGF leads to 
receptor dimerization, which in turn causes the autophosphorylation between the two 
receptors, allowing binding and activation of the cytoplasmic Src homology 2 protein domain 
(SH-2 domain) containing downstream signal transduction molecules. Thereby different 
signalling pathways are initiated, leading to cytoskeletal rearrangement as well as modulation 
of gene transcription, which causes physiological effects. 
 
Several tyrosine phosphatases have been shown to dephosphorylate specific tyrosine residues 
on the platelet-derived growth factor receptor (PDGFR). This suggests that the activity of a 
selective phosphatase could modulate specific signalling pathways induced by PDGFR 
activation. By regulating the expression and activation of protein tyrosine phosphatases, the 
cell could modulate PDGF-induced signals, and regulate its cellular response to the 
surrounding environment. 
 
The leukocyte common antigen-related (LAR) subfamily of receptor protein-tyrosine 
phosphatase (RPTP) is mainly composed of three homologs, LAR-RPTP, RPTP-σ and 
RPTP-δ. A few protein tyrosine kinases such as Src, RET (rearranged during transfection 
protein), LCK (leukocyte-specific protein tyrosine kinase) and FYN have been shown to be 
the substrates of LAR-RPTP. The fact that LAR-RPTP regulates the activation of the 
signalling pathways of tyrosine kinase growth factor receptors such as epidermal growth 
factor receptor (EGFR) suggests that LAR-RPTP could also have effects on the PDGFR 
phosphorylation and its signal transduction.   
 
By using wild type mouse embryonic fibroblasts (MEF) and MEFs with the LAR RPTP gene 
knocked out, experiments were carried out in this degree project to analyze the 
phosphorylation of the PDGF receptor and the representative signalling molecules of most 
PDGFR downstream signalling pathways including extracellular signal regulated kinases 
(ERK) 1/2, Akt (protein kinase B, PKB), PLCγ (phospholipase C γ) and Src. Interestingly, the 
PDGF receptor and its downstream signalling effectors showed a decrease of phosphorylation 
level in the LAR knock out cells, indicating that LAR-RPTP positively regulates the PDGF 
receptor signalling system. Since Src kinase can be activated by phosphatases, the activity of 
Src kinase was measured as the phophorylation of its Y416 residue, which was found to be 
less phosphorylated in the LAR knocked out MEFs. Phosphorylation of PDGF receptor leads 
to receptor internalization and degradation, therefore receptor degradation in the two cell 
types was analyzed. Increased degradation rate of the PDGFR was found in the absence of 
LAR-RPTP indicating that the presence of LAR stabilizes the receptor. To investigate the role 
of LAR on the physiological effects of PDGFR signalling, the cell migration was analyzed. 
However, no significant difference between the two cell lines could be detected, which 
indicates that the difference in activation of the PDGF receptor and signalling molecules in 
the two cell types was not big enough to cause significant difference in migration. 
Alternatively, LAR may negatively regulate other pathways involved in cell migration. 
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1. Introduction 

 
1.1 PDGF stimulate PDGF receptor and its downstream signal transduction 
 
Members of the platelet derived growth factor (PDGF) family play important roles in 
stimulating growth, differentiation, survival and motility of connective tissue cells such as 
fibroblasts and smooth muscle cells (Raines et al., 1990; Heldin et al., 1996). By binding to 
its receptor, PDGF leads to receptor dimerization, which in turn causes the 
autophosphorylation between the two receptors, allowing binding and activation of the 
cytoplasmic SH-2 domain containing signal transduction molecules (Heldin et al., 1996). 
Thereby different signalling pathways are initiated, leading to cytoskeletal rearrangement as 
well as modulation of gene transcription which causes physiological effects. 
 
1.1.1 PDGF and PDGF receptor isoforms 
 
PDGF is a dimeric molecule consisting of disulfide-bonded homodimers of A, B, C and D 
polypeptide chains as well as an AB heterodimer. These PDGF isoforms exert their effect on 
target cells by activating two structurally related protein tyrosine kinase receptors which are 
PDGF α receptor and PDGF β receptor. Since the PDGF isoforms are dimeric, each of them 
has two receptor binding epitopes. Therefore, they bind two receptors simultaneously and thus 
dimerize the receptors upon binding. The PDGF α receptor binds to both A and B chains of 
the PDGF dimmer, while the β receptor only binds to the B-chain. Therefore, PDGF-AA 
induces αα receptor dimerization, PDGF-AB causes the formation of αα or αβ receptor 
dimmers, and PDGF-BB binds to all three types of receptor dimmers. PDGF-CC and 
PDGF-DD were shown to preferentially signal through αα and ββ receptor homodimmers 
respectively (Li et al., 2000; Bergsten et al., 2001; LaRochelle et al., 2001)  (FIG. 1). 
 
1.1.2 Autophosphorylation and Dimerization of PDGF receptor  
 
Dimerization of the PDGF receptors is the prerequisite for the activation of the receptors. It 
juxtaposes the intracellular domains of the receptors which leads to kinase activation and the 
autophosphorylation between the two receptors in the complex (Kelly et al., 1991). An 
important function of autophosphorylation is to allow site-specific recruitment of signal 
transduction molecules to the activated receptor, so that the signal can be passed downstream 
(Heldin et al., 1998). Most of the known autophosphorylation sites are localized outside the 
kinase domain of the α and β receptors; studies have found that 11 out of 15 tyrosine residues 
in the non-catalytic intracellular part of the β receptor are autophosphorylation sites, and as 
well as the β receptor, α receptor is also heavily autophosphorylated upon dimerization 
(Claesson Welsh et al., 1994) (FIG. 2). Most of the signal transduction molecules that were 
identified to bind to the autophosphorylation site of PDGF receptors have been found to 
contain Src homology 2 (SH2) domains, a domain that recognizes phosphorylated tyrosine 
residues in specific environments (Pawson and Scott, 1997). 
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FIG. 1 Interaction between PDGFR isoforms and PDGF isoforms. The dimeric PDGF molecule is a 
disulfide-bonded homodimer of A, B, C and D polypeptide chains or an AB heterodimer. The PDGF isoforms 
target the PDGF α receptor and PDGF β receptor. PDGF-AA induces αα receptor dimerization, PDGF-BB cause 
the formation of αα or αβ receptor dimmer, and PDGF-BB binds to all three types of receptor dimmers. 
PDGF-CC and PDGF-DD were shown to preferentially signal through αα and ββ receptor dimers respectively 
(from Ludwig institute for cancer research, BMC). 
 
 
 
 
 
 
 
 

 6



 
 
 
 
 
 
 

 
    
 
FIG. 2 Interaction of PDGF α- and β-receptors with SH2-domain containing signal transduction molecules. The 
intracellular parts of homodimeric complexes of α- and β-receptors are depicted. All tyrosine residues outside the 
catalytic domains and their numbers are indicated; known autophosphorylation sites are indicated by an 
encircled P. The conserved tyrosine residues in the kinase domains, which are involved in the regulation of the 
catalytic activities, are also indicated. The known interactions between individual phosphorylated tyrosine 
residues and different SH2 domain containing signal transduction molecules are shown (Heldin et al., 1998). 
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Several different SH2 domain containing signal transduction molecules with enzymatic 
activity have been identified to bind to different autophosphorylation sites in the PDGF 
receptors, including phosphatidylinositol 3’ kinase (PI3 kinase), the Src family of protein 
tyrosine kinases, phospholipase C-γ (PLCγ), protein tyrosine phosphatase SHP-2, GTPase 
activating protein (GAP) and adaptor molecules such as Grb2, Shc, Nck, Grb7 and Crk (FIG. 
2). It was shown that the three to six amino acid residues downstream of the phosphotyrosine 
residue decide the specificity in SH2 domain binding, therefore different SH2 domain 
containing signal transduction molecules bind to different autophosphorylation sites on the 
PDGF receptor specifically (Songyang et al., 1993). 
 
1.1.2.1 The mitogen activated protein kinase (MAP kinase) pathway 
Growth factor receptor-bound protein 2 (Grb2) is an adaptor molecule that binds to the 
phosphorylated PDGF receptor. Upon stimulation of PDGFR, son of sevenless homolog 1 
(Sos1) forms a complex with Grb2 and acts as a nucleotide exchange factor for Ras. This 
converts Ras from the GDP-bound inactive form to its GTP-bound active form (Schlessinger 
et al., 1993). The GTP-bound Ras then interacts with and activates the downstream Raf-1 
molecule. As the first kinase in the MAP kinase cascade, Raf-1 phosphorylates and activates 
mitogen activated protein kinase kinase (MAPKK, MEK), which in turn phosphorylates and 
activates the MAP kinases Erk1 and Erk2, which are translocated into the cell nucleus and 
regulate the activity of several transcription factor, and therefore lead to the stimulation of cell 
growth, differentiation and migration (Satoh et al., 1993; Nanberg et al., 1993) (FIG. 3). 
 
1.1.2.2 PI3-kinase pathway 
Certain isoforms of the PI3-kinase have been shown to bind to the autophosphorylation sites 
on PDGF receptors (Kaslauskas et al., 1989; Auger et al., 1989; Coughlin et al., 1989), 
leading to a conformational change of PI3-kinase and an increase in its enzymatic activity 
(Panayotou et al., 1992; Backer et al., 1992) Several intracellular molecules are considered to 
be the downstream signal transduction molecules of PI3-kinase, including serine/threonine 
kinase Akt (Burgering et al., 1995; Franke et al., 1995; Klippel et al., 1997), certain membrers 
of the protein kinase C family (Moriya et al., 1996; Nakanishi et al., 1993;  Toker et al., 
1994; Akimoto et al., 1996), p70 S6 kinase (Cheatham et al., 1994; Chung et al., 1994), c-Jun 
N-terminal kinase (Lopez-Ilasaca et al., 1997), and small GTPases of the Rho family 
(Hawkins et al., 1995). It was found that PI3-kinase activates its downstream effector 
molecule Akt by using its product Phosphatidylinositol (3,4,5)-trisphosphate (PI(3,4,5)P3) or 
Phosphatidylinositol (3,4)-bisphosphate (PI(3,4)P2) that binds to the pleckstin homology(PH) 
domain of Akt/PKB. This causes a conformational change in Akt that allows Thr308 on Akt to 
be phosphorylated, leading to Akt/PKB kinase activation (Klippel et al., 1997; Stokoe et al., 
1997; Franke et al., 1997), Akt then exerts its anti-apoptosis effect by inhibiting BAD 
molecule that plays a role in stimulating cell apoptosis (Heldin et al., 1998) (FIG. 3). 
 
1.1.2.3 Src kinase pathway 
The members of Src kinase family are generally characterized by the presence of an SH2 
domain, an SH3 domain and a kinase domain (Erpel et al., 1995). The Tyrosine 527 residue 
located in the C-terminal of the Src molecule regulates the activity of the kinase. Upon  
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FIG. 3 Schematic illustration of selected signalling pathways that are initiated at the PDGF β-receptor, which 
lead to cell growth, migration and anti-apoptosis. Arrows indicate experimentally verified stimulatory 
interactions, which, however, may not be direct. Inhibitory interactions are also indicated ( ). Note that in 
addition to the role of SHP-2 in activation of Src and Ras, it may also have an inhibitory role through its capacity 
to dephosphorylate the autophosphorylated receptor and its substrates. Src may also have a dual role; in addition 
to its stimulatory effect on cell growth it may inhibit chemotaxis. (Heldin et al., 1998). 
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phosphorylation, tyrosine 527 mediates an intramolecular interaction with the SH2 domain, 
therefore renders the Src kinase in the inactive state (Kypta et al., 1990). Upon binding to the 
PDGF receptors, tyrosine 527 will be displaced from the SH2 domain, and this allows other 
tyrosine residues such as tyrosine 416 located in the SH2 and SH3 domains to be 
phosphorylated and leads to the activation of Src kinase and stimulation of cell growth 
eventually (Alonso et al., 1995; Stover et al., 1996; Broome et al., 1997) (FIG. 3). 
 
1.1.2.4 The PLC-γ pathway 
PLC-γ has been shown to bind to PDGF receptor autophosphorylation sites and get 
phosphorylated and activated at the same time (Ronnstrand et al., 1992; Kashishian et al., 
1993; Valius et al., 1993; Eriksson et al., 1995; Kumjian et al., 1991; Morrison et al., 1990; 
Meisenhelder et al., 1989; Wahl et al., 1989; Margolis et al., 1990; Nishibe et al., 1990). 
PLCγ has PI(4,5)P2 as its preferred substrate with inositol(1,4,5)trisphosphate and 
diacylglycerol as the main products which act as downstream effectors. Upon activation of 
PLC-γ by the PDGF receptors, inositol(1,4,5)trisphosphate mobilizes the intracellular stores 
of Ca2+ and thereby increases the cytoplasmic Ca2+ concentration, while diacylglycerol 
activates certain members of the PKC family. As a result of these events, cell growth and 
motility are stimulated (Berridge et al., 1993) (FIG. 3). 
 
1.1.3 PDGF receptor internalization and degradation 
 
The binding of PDGF ligand to its receptor leads to internalization of the ligand-receptor 
complex into endosomes, and as a result of fusion between endosomes and lysosomes, the 
complex is degraded (Heldin et al., 1982; Sorkin et al., 1991). Activated PDGF receptors 
could also be ubiquitinated and targeted into the proteasomes for cytoplasmic degradation 
(Mori et al., 1992; Mori et al., 1995). In summary, activated PDGF receptors will be 
inactivated by degradation within 30 to 60 minutes following internalization (Sorkin et al., 
1993). The internalization and degradation rate of PDGF receptor is dependent on the kinase 
activity and autophosphorylation of the receptor (Sorkin et al., 1991). 
 
 
1.2 Protein tyrosine phosphatases and LAR-RPTP play important cellular role 
 
1.2.1 Protein tyrosine phosphatases and their general structures 
 
The balanced action of protein tyrosine kinase and protein tyrosine phosphatase (PTP) plays a 
role in governing reversible tyrosine phosphorylation and regulates important signalling 
pathways which are involved in the control of cell proliferation, adhesion and migration 
(Ostman et al., 2006). Since the first PTP was purified in 1988, it has been found that PTPs 
constitute a large structurally diversed family of highly specific enzymes with important 
regulatory roles.  
 
Generally PTPs can be divided into receptor like forms and non-receptor forms. The 
receptor-like PTPs (RPTP) consists of an intracellular part, a single transmembrane domain 
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and variable extracellular domains. The intracellular parts of most of the receptor-like PTPs 
contain two tandem PTP domains that are also the catalytic active part of the whole protein. 
The extracellular domains include immunoglobulin-like domains and fibronectin type III 
domains. Non-receptor PTPs have large structural diversity and generally contain sequences 
that enable them to bind to specific proteins (Mauro et al., 1994). 
 
1.2.2 Important role of PTP in PDGFR and its downstream signalling pathways 
 
Several PTPs including PTP-1B, TC-PTP, PTP-PEST and SHP-2 have been identified to 
interact with and specifically dephosphorylate the PDGF receptor tyrosine residues 
phosphorylated during ligand binding (Markova et al., 2003; Persson et al., 2003). This 
suggests the possibility that the activity of a phosphatase could modulate specific signalling 
pathways induced by PDGF receptor activation. By regulating the expression and activation 
of protein tyrosine phosphatases, the cell could modulate PDGF-induced signals, and regulate 
its cellular response to surrounding environment (Persson et al., 2003). 
 
1.2.3 LAR-RPTP and its potential role in regulating PDGF receptor signalling 
 
The leukocyte common antigen-related (LAR) subfamily of (receptor protein-tyrosine 
phosphatase) RPTP is mainly composed of three homologs, LAR-RPTP, RPTP-σ and RPTP-δ 
(Chagnon et al., 2004). LAR-RPTP is broadly distributed into several different tissue types 
including epithelial, neuronal, cardiac and fibroblast cells (Streuli et al., 1992). The 
extracellular domains of LAR-RPTP consist of three immunoglobulin-like domains and eight 
fibronectin type III domains (Pulido et al., 1995). The hydrophobic transmembrane stretch 
part is followed by two intracellular PTP domains, a membrane proximal domain (D1) that 
has robust catalytic activity and a membrane distal (D2) domain that has weak catalytic 
activity (FIG. 4) (Streuli et al., 1990). Studies have suggested that the activity of D1 maybe 
regulated by D2. The receptor-like structure of LAR allows them to sense the extracellular 
environment and transduce signals intracellularly via the cytosolic PTP domains. LAR-RPTP 
is known to have a predominant function in nervous system development. Studies have shown 
that LAR-RPTP is involved in the regulation of neurite growth and nerve regeneration 
(Chagnon et al., 2004). A recent study demonstrated that LAR interacts with insulin growth 
factor-1 receptor (IGF-1R) and inhibits IGF-1 induced signalling in vascular smooth muscle 
cells, therefore down-regulates the proliferation and migration in response to IGF-1 (Niu et al., 
2007). On the other hand, another study has shown that LAR interacts with receptor tyrosine 
kinase TrkB, and promotes the BDNF-induced neurotrophic activity and activity of 
downstream signalling molecules in neuron cells (Yang et al., 2006). These studies and many 
other similar researches suggest that, depending on the context, LAR-RPTP may serve to 
either up- or down- regulate cell function in certain cell types. 
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FIG. 4 Schematic representation of LAR-RPTP. The extracellular domains of LAR-RPTP consist of three 
immunoglobulin-like domains and eight fibronectin type III domains (Pulido et al., 1995). The hydrophobic 
transmembrane stretch part is followed by two intracellular PTP domains, a membrane proximal domain (D1) 
that has robust catalytic activity and a membrane distal (D2) domain that has weak catalytic activity. 
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A few protein tyrosine kinases such as Src, RET, LCK and FYN have been shown to be the 
substrates of LAR-RPTP (Tsujikawa et al., 2002). The fact that LAR-RPTP regulates tyrosine 
kinase growth factor receptors including epidermal growth factor receptor (EGFR), 
hepatocyte growth factor receptor (HGFR), IGF-1R and TrkB suggests that LAR-RPTP could 
also have effects on PDGF receptor phosphorylation and signal transduction.  
 
 
1.3 Aim 
 
The aim of this project was to investigate the role of LAR-RPTP in regulating PDGF receptor 
phosphorylation and its downstream signal transduction including the phosphorylation of 
ERK1/2, Akt, Src and PLCγ. As internalization and degradation rate of stimulated PDGF 
receptor is dependent on the PDGF receptor kinase activity and phosphorylation level, the 
effect of LAR-RPTP on PDGF receptor degradation was also analyzed. Since most of the 
signalling pathways downstream PDGF receptor lead to the cell migration stimulation, studies 
of the effect of LAR-RPTP on PDGF stimulated cell migration were carried out as well.  
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2. Results 
 
2.1 Hypophosphorylation of PDGF receptors in the LAR-/- MEFs 
 
To investigate the effect of LAR-RPTP on the phosphorylation level of PDGF receptor upon 
stimulation, PDGF receptors were collected from WT (wild type) and LAR-/- (LAR-RPTP 
knocked out) mouse embryonic fibroblasts (MEFs) at different time points after stimulation 
(FIG. 5). In both of the cell lines, phosphorylation of the PDGF receptor increased to a peak 
within ten minutes after the addition of PDGF and then decreased gradually. Interestingly, the 
PDGF receptor phosphorylation level in the LAR-/- cells is significantly lower than the WT 
cells at each time points. This indicates that, instead of acting as a direct protein tyrosine 
phosphatase of PDGF receptor, LAR-RPTP could have a potential role in assisting ligand 
stimulated PDGF receptor phosphorylation. 
 
 
 

0  3    5  10  20   0  3    5  10  20  (min)  

LAR-/- MEFWT MEF 

PDGFR (CTβ) 

Phosphotyrosine (PY99)  

 
 
Figure 5: PDGF receptor phosphorylation level in the WT and LAR-/- cell types. WT and LAR-/- MEFs were 
stimulated with 20 ng/ml PDGF-BB before the cell lysate was collected. PDGF receptors were precipitated with 
WGA (wheat germ agarose) beads from Sigma and analyzed by western blot for PDGF receptor phosphorylation 
level. PY99 antibodies detect phosphorylated PDGF receptor, while the total PDGF receptor amount was detected 
with CTβ antibody. This experiment was carried out at least three times with similar results. 
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2.2 Hypophosphorylation of ERK1 and ERK2 in LAR-/- MEFs 

o investigate whether the found hypophosphorylation of PDGFR in LAR-/- MEFs could 
 
T
affect the downstream signalling pathways, the phosphorylation level of the MAP kinases 
ERK1 and ERK2 was analyzed. Total cell lysate collected from both cell types at several 
different time points after stimulation was subject to the western blot analysis (FIG. 6). In both 
cell lines, the ERK1/2 phosphorylation level was observed to increase to a peak value 
immediately after PDGF stimulation at the first time point, 3 minutes, and then decrease 
slowly between 3 and 5 minutes time points until the phosphorylation level dropped down 
significantly to a lower level at 10 minutes. This phosphorylation level was sustained until 20 
minutes. Although there was almost no difference in ERK1/2 phosphorylation between the 
WT and LAR-/- MEFs between 0 and 5 minutes after stimulation, a slight difference was 
observed at 10 and 20 minutes with lower phosphorylation level in the LAR-/- MEFs than the 
WT cells. 
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F : Phosphorylation level of ERK1/2 in the two cell type upon PDGF-BB stimulations. WT and LAR-/- 

0   3 0  20   0   3   20    (min)     5  1    5  10

LAR-/- MEFWT MEF 

Phospho-ERK1/2 

ERK1/2 protein 

MEFs were stimulated with 20 ng/ml PDGF-BB before the total cell lysate was collected and analyzed with 
western blot for ERK1/2 phosphorylation level. Total ERK1/2 protein was detected as a control. The experiment 
was carried out at least three times with similar results. 
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2.3 Hypophosphorylation of Akt in LAR-/- MEFs 

o find out if other PDGF downstream signalling pathways than MAP kinase were affected 
 
T
by the presence of LAR-RPTP, the phosphorylation levels of a few other signalling molecules 
chosen as representative effectors of their signalling pathways were analyzed. As Akt is the 
main effecter of the PI3-kinase pathway, its phosphorylation level was analyzed with the total 
cell lysate collected from both types of MEFs (FIG. 7). The phosphorylation level of Akt was 
slightly lower in LAR-/- MEFs compared to WT MEFs at all time points. Also, the 
phosphorylation level of Akt reached a peak after 5 min of stimulation in WT MEFs whereas 
the peak was observed after 3 min in LAR-/- MEFs. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

igure 7
 
F : Phosphorylation level of Akt in the two cell type upon PDGF-BB stimulations. WT and LAR-/- MEFs 

-ct  +c (min) 

were stimulated with 20 ng/ml PDGF-BB before the total cell lysate was collected and analyzed by western blot for 
Akt phosphorylation level. The total amount of Akt protein was used as a control.  
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2.4 Hypophosphorylation of Src kinase in LAR-/- MEFs 

ince the Src kinase is activated by the PDGF receptor directly upon stimulation, the 

.5 Hypophorsphorylation of PLCγ in LAR-/- MEFs following PDGF stimulation 

LCγ binds to the autophosphorylation sites of PDGF receptor directly, and is also activated 

.6 Higher degradation rate of PDGF receptor in LAR-/- MEFs 

 is known that phosphorylation of the PDGF receptor is followed by receptor internalization 

 
S
activation of the Src kinase was also analyzed by detecting the phosphorylation level of its 
activation site, tyrosine residue 416 (FIG. 8A). As the 2X sample buffer was used for 
extracting the Src protein, the protein concentration in the lysate could not be measured. 
Therefore the same volume of samples was loaded onto the gel for western blot, and 
densitometry analysis was used to analyze both the phosphorylated Src protein and total Src 
protein amount. The ratio between the two was used as a measure of the Src kinase protein 
phosphorylation level upon stimulation (FIG. 8B). Result shows that the Src kinase 
phosphorylation level in both cell types increased to a peak before decreasing, with the WT 
MEFs peaking at 3 minutes and LAR-/- MEFs peaking at 5 minutes. Again, the LAR -/- cell 
had lower Src kinase phosphorylation level than the WT at each time point. 
 
2
 
P
by the PDGF receptor. The phosphorylation of this molecule was analyzed as well (FIG. 9). 
Similar to the phosphorylation pattern of previously analyzed signalling proteins, the 
phosphorylation level of PLCγ of both cell types increased to a peak at 10 minutes before 
decreasing, with a much lower phosphorylation level in the LAR-/- MEFs than in the WT 
cells. 
 
2
 
It
and degradation, and conversely degradation of the receptor is related to its phosphorylation. 
To investigate if the absence of the LAR-RPTP also had an effect on PDGF receptor 
degradation, total cell lysates were collected at different time points and analyzed by western 
blot. As the ERK1/2 phorsphorylation signal is known to be more sustained compare to most 
of the other signaling molecues, phosphorylation of ERK1/2 was also analyzed in parallel. 
Results showed that the LAR-/- MEFs had a higher receptor degradation rate than the WT 
cells. Further more, ERK1/2 phosphorylation is more sustained in the LAR-/- MEFs (FIG. 10 
A). The level of ERK1/2 phosphorylation in WT cell seemed to be slightly higher than the 
LAR-/- cells in the first 1 hour, while between 1 and 2 hour LAR-/- cells showed higher 
phosphorylation levels. Data from four separate repeats of this experiment were analyzed. 
(FIG. 10B) The differences were not significant; but there is a clear tendency that the PDGF 
receptor degrades faster in the LAR-/- than the WT.  
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F : Phosphorylation level of Src Y416 in both cell types upon PDGF-BB stimulation. WT and LAR -/- MEF 
cells were stimulated with 20ng/ml PDGF-BB containing starvation medium after around 24 hours starvation 
before the total cell lysate was collected and analyzed with western blot for Src phosphorylation level. (A) western 
blot result for Src phosphorylation analysis at different time points. The amount of Src protein was analyzed at the 
same time to be used as a reference in Src phosphorylation measurement. (B) Ratio of phosphorylated Src Y416 to 
total Src protein for wild type and LAR-/- MEFs at different time points. The experiment was repeated at least three 
times with similar results 
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F : Phosphorylation state of PLCγ in both cell types upon PDGF-BB stimulation. WT and LAR-/- MEF cells 
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were stimulated with 20 ng/ml PDGF-BB before the cell lysate were collected. PLCγ proteins were then 
immunoprecipitated with PLCγ antibody and protein A agarose beads and were analyzed with western blot for 
PLCγ phosphorylation level. PLCγ protein amount was used as a control. 
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F : Degredation of PDGFR in both cell types upon PDGF-BB stimulation. WT and LAR-/- MEF cells were 
stimulated with 20 ng/ml PDGF-BB before the total cell lysate was collected and analyzed with western blot for 
PDGF receptor and ERK1/2 phosphorylation level at different time point. (A) Western blot result of PDGF receptor 
amount and ERK1/2 phosphorylation level at different time points, ERK1/2 protein amount was used as a loading 
control. (B) 0 time point PDGF receptor amount was normalized to 100% to analyze the degradation of PDGF 
receptor at different time points of both of the WT and LAR-/- MEFs (results of four independent repeats of this 
experiment were used for statistic analysis) Error bars: standard deviation.  
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2.7 No significant difference in the cell migration activity between the WT 

AP kinase and PLCγ were both shown to play a role in stimulating cell motility and 

  

andLAR-/- MEFs 
 
M
migration. (FIG. 3) Although Akt does not stimulate cell migration itself, the PI3 kinase 
pathway that Akt belongs to can act to stimulate migration of the cell. Src kinase can also 
interact with the MAP kinase cascade and up-regulate cell motility and migration indirectly. 
To investigate if the LAR-RPTP affected phosphorylation level of the analysed signalling 
effectors could lead to changes in cell migration, both cell types was analyzed in a 
wound-healing assay (FIG. 11). The results showed no significant difference in the cell 
migration activity between the WT and LAR-/- MEFs. 

 
Figure 11: M tion activity of both cell types upon PDGF-BB stimulation. Wild Type and R -/- MEFs were 

0 hours 4 hours 8 hours 24 hours 

WT CT 

WT SCT 

WT BB 

LAR-/- BB 

LAR-/- CT 

LAR-/- SCT 

igra LA
starved over night before a scratch was made on the cell layer. The cells were stimulated with 10 ng/ml PDGF-BB, 
and pictures were taken at the indicated time points at the same pre-marked position. WT: wild type MEF, LAR -/-: 
LAR-RPTP knocked out MEF. CT: control cells in starvation medium, SCT: control cells in DMEM + 10% FBS 
medium, BB: cells in stimulation medium DMEM containing PDGF-BB. The experiment was carried out at least 
three times with similar results. 
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3. Discussion 
 
LAR-RPTP has been shown previously to negatively regulate the autophosphorylation 
activity of EGFR, HGFR and IGFR (Mooney et al., 1997), and positively regulate the 
phosphorylation of TrkB (Yang et al., 2005). In this study, the results showed that the knock 
out of LAR-RPTP in MEF cells leads to a decrease of the PDGF receptor phosphorylation 
level and the difference can be passed through several downstream signalling pathways of the 
PDGF receptor. So far, it has not been found that LAR-RPTP has any kinase activity, and 
there have been results showing that LAR-RPTP does not dephosphorylate PDGF receptors 
directly as well, therefore LAR-RPTP could interact indirectly via one or more intermediate 
proteins capable of regulating PDGF receptor function. 
 
3.1 Src kinase as a potential intermediate player of LAR-RPTP related alteration 
of PDGF receptor phosphorylation 
 
One of the possible mechanisms of the intermediate player is through Src kinase. As one of 
the important signalling regulator with widespread involvement in many different types of 
signalling systems, Src kinase plays a crucial rule in PDGF initiated signalling as well. In 
PDGF receptor signalling pathways, Src kinase directly interacts with the PDGF receptor and 
can be phosphorylated and activated by the PDGF receptor. After activation, Src is able to 
phosphorylate back on the PDGF receptor. At the same time, Src kinase also directly 
communicates with a few other downstream signalling effectors involved in almost all the 
known PDGF receptor downstream signalling pathways respectively, including Ras GAP, 
PLCγ, SHP-2 and Shc. As Ras is also known to interact with PI3-kinase, Src kinase activity 
could indirectly affect the activity of PI3-kinase signalling pathway as well (DeMali et al., 
1999). 
 
Before Src kinase is activated, the inhibitory tyrosine residue, Y527, in the carboxyl-terminal 
tail of the protein is phosphorylated and therefore permits binding of Src kinase’s SH2 domain 
to its tail which prevents the SH2 domain from binding to other substrates and thereby renders 
the Src kinase inactive (DeMali et al., 1999). As mentioned above, many of the Src kinase 
family members are substrates of LAR-RPTP, which dephosphorylates the inhibitory tyrosine 
residue Y527, thereby promoting Src kinase activation (Tsujikawa et al., 2002). When 
LAR-RPTP is completely knocked out in the MEF cells, theY527 residue on Src will be in a 
more phosphorylated state, therefore Src kinase will be less active as a protein kinase. As a 
result of this, the PDGF receptor may be subject to less phosphorylation by Src which may 
lead to a lower-than-normal phosphorylation of its downstream signalling effectors. 
Furthermore, as Src kinase is known to interact dirrectly with the signalling molecules in 
several of the PDGF receptor down stream signalling pathways, LAR-RPTP knocked out cells 
with lower Src kinase activity would have lower Src-mediated phosphorylation on the 
signalling molecules down stream the PDGF receptor. 
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It has also been suggested that the phosphorylated juxtamembrane domain of the PDGFR 
competes off the phosphorylated tail of Src from its SH2 domain and further promotes Src 
kinase activity (DeMali et al., 1999). As the general indicator of the Src kinase activity, 
phosphorylation of Y416 on Src protein was measured, and results showed this PDGF 
responded increase activity of Src kinase. The lower Src kinase activity in the LAR-/- MEFs 
than in the WT cells in my results also could be caused by the lower phosphorylation level of 
the PDGF receptor in the LAR-/- MEFs. The results still indicate that the absence of 
LAR-RPTP could lead directly to a decrease of Src kinase activity for the reason of reduced 
dephosphorylation of the inhibitory tyrosine residue of Src kinase. 
 
3.2 Other studies indicating a positive role of LAR-RPTP in receptor tyrosine 
kinase signalling 
 
Although there have been few studies concentrated on LAR-RPTP, several of those studies 
have described a role for LAR-RPTP in regulating intracellular signal transduction. In the 
study of Niu et al., (2007), the PDGFβ receptor immuno-precipitated from the LAR-/- 
vascular smooth muscle cell which was stimulated with 10 ng/ml PDGF was subject to in 
vitro dephosphorylation by recombinant LAR. The results showed no decrease of PDGFβ 
receptor phosphorylation level, which suggests that the PDGFβ receptor is not a direct 
substrate of LAR-RPTP. Therefore a knock out of LAR-RPTP should not directly cause any 
increase of PDGF receptor phosphorylation upon stimulation, which is consistent with my 
present findings.  
 
In another study (Yang et al., 2005), LAR-RPTP was found to play very similar roles in the 
signalling pathway of the TrkB receptor tyrosine kinase in mouse embryonic hippocampal 
neuron cells to the finding in this degree project. Upon the stimulation of TrkB, there was a 
decrease in the receptor related neurotrophic response, TrkB receptor phosphorylation, Shc 
adaptor protein phosphorylation and activation of several downstream pathways in the LAR-/- 
cells. Also, there was an increase in the phosphorylation of the negative regulatory domain of 
Src kinase which resulted in lower Src activity in the LAR-/- cells and LAR siRNA-treated 
cells. When LAR-RPTP was transfected into the LAR-/- cells, the neurotrophic response was 
increased. These observations of the reduced TrkB receptor phosphorylation and downstream 
signalling in the absence of LAR-RPTP are very similar to the finding in this degree project 
regarding the PDGF receptor and its downstream signalling effectors. Although these are two 
different signalling systems, as a tyrosine kinase receptor TrkB and its signalling system 
certainly have similar properties as the PDGF receptor, and in both of the two tyrosine kinase 
receptor signalling systems, LAR-RPTP seems to play positive regulatory roles in the 
phosphorylation of receptor and downstream effectors. Also, in both studies, the knockdown 
of LAR-RPTP seems to decrease the activity of Src kinase with this degree project showing 
the Src kinase activity representative Y416 to be less phoshphorylated and Yang et al., 2005 
proving the negative regulatory residue Y527 to be more phosphorylaed. This implies that 
LAR-RPTP acts by increasing the phosphorylation level of the receptor through 
dephosphorylation and activation of the intermediate player Src kinase. 
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3.3 Possible interpretation of higher degradation rate in LAR-/- cells 
 
The activation and phosphorylation of the PDGF receptor leads to internalization and 
degradation of the receptors. However, the present results showed that in LAR-/- cells that 
have lower phosphorylation level of PDGF receptors, the rate of PDGF receptor degradation 
increased. One possible cause of this might be that although the WT cells have a higher 
phosphorylation on PDGF receptor, LAR-RPTP directly or indirectly plays an inhibitory role 
in the receptor internalization and/or degradation. 
 
3.4 Lack of difference in cell mobility following loss of the LAR-RPTP  
 
The lower phosphorylation level in the PDGF receptor and all the four down stream signalling 
molecules analyzed in the LAR-/- cells was considered to be able to cause the LAR-/- cell to 
have a lower mobility than WT cell. However, in my cell migration study, results showed no 
significant difference of the cell migration between the WT and LAR-/- cell types. In the 
wound healing experiment, it is difficult to obtain identical initial wound size in all plates, and 
it is very difficult to measure the wound size precisely after stimulation. There could be a 
small difference of the mobility between the two cell types, which would be too small to be 
detected with this test. Alternatively, the decreased signalling downstream of the receptor is 
too small to produce a difference in cell migration. Furthermore, LAR-RPTP could affect the 
signals downstream of integrins which could counteract the effects on PDGF receptor 
signalling. 
 
3.5 Further Studies: 
 
By analyzing the phosphorylation level of the negative regulatory residue Y527 on Src kinase 
in the WT and LAR-/- MEFs, it could be further proved whether Src kinase is 
dephosphorylated by LAR-RPTP on this residue and therefore activated in MEF cells. By 
knocking down Src kinase or introducing Src kinase specific inhibitors in the WT MEF, it 
could be analyzed if Src kinase phosphorylates PDGF receptor upon PDGF stimulation. The 
effect of the knock out of LAR-RPTP on the PDGF internalization rate should be determined 
to investigate the cause of LAR knocked out related lower PDGF receptor degradation rate. 
Cell growth rate upon PDGF stimulation of the WT and LAR-/- MEFs could be analyzed to 
further investigate the physiological effect that could be altered by the role of LAR-RPTP. 
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4. Materials and Methods 
 
4.1 Antibodies 
 

Table I:  Antibody solution used in this study. 
 

  Antibody Source Company 
 PY99(anti phosphotyrosine) mouse Santa Cruz Biotechnology, CA
 CTβ (anti PDGF receptor) rabbit home made 
 anti phospho ERK 1/2  rabbit Cell Signalling Technology 
 anti ERK 1/2 protein rabbit Cell Signalling Technology 

Primary Antibodies anti phospho Akt (Thr 308) rabbit Cell Signalling Technology 
 anti Akt protein rabbit Cell Signalling Technology 
 anti phospho Src (Tyr 416) rabbit Cell Signalling Technology 
 anti Src protein rabbit Cell Signalling Technology 
 anti PLCγ protein rabbit home made 
    

Secondary 
Antibodies 

anti rabbit IgG, peroxidase-linked 
species-specific whole antibody donkey GE Healthcare, UK 

  
anti mouse IgG peroxidase-linked 
species specific whole antibody sheep GE Healthcare, UK 

 
4.2 Cells and cell culture 
 
Mouse embryonic fibroblasts wild type cells from wild type mice (WT MEF) and fibroblasts 
from the mice with the LAR-RPTP gene knocked out (MEF LAR-/-) were gifts from Wiljan 
J.A.J Hendriks, University of Nijmegen. Cells were grown in DMEM (Dulbercco’s Modified 
Eagle’s Medium) supplemented with 10% fetal calf serum (FBS), 100 U/ml penicillin, 100 
μg/ml streptomycin, 100 μg/ml amphotericin and 5 μg/ml plasmocin. The cells were counted 
before the same amount of cells was seeded into each 6 cm plate for each experiment. As the 
LAR-RPTP expression was shown to be increased with cell density in several cell lines 
(Symons et al., 2002), both cell lines were cultured until high confluence level after seeding. 
The cells were then starved for 24 hours with starvation medium containing DMEM medium 
supplemented with 1 mg/ml bovine serum albumin (BSA) before each experiment.  
 
4.3 Cell stimulation, lysis and cell lysate purification 
 
The starvation medium was removed and the cells were stimulated with starvation medium 
containing 20 ng/ml PDGF-BB for the indicated time period. To terminate the stimulation, 
cell plates were put on ice and rinsed twice in ice cold phosphate buffered saline (PBS, from 
Medicago, Uppsala, Sweden). The cells were then lysed with lysis buffer that contained 20 
mM Tris-HCl, pH 7.5, 0.5% Triton X-100, 0.5% deoxycholate, 150 mM NaCl, 10 mM EDTA, 
0.5 mM Na3VO4, and 1% trasylol, for 15 min on ice. The cell lysate was collected by scraping 
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the plate surface, and the suspension was then incubated for 15 minutes on ice. The lysates 
were then centrifuged at 9447 g for 15 minutes at 4°C. The supernatant was used as total cell 
lysate and was transferred into new tubes and kept on ice for further experiments.  
 
4.4 Sodium dodecyl sulfate polyacrylamide gel electrophoresis and western 
blotting 
 
20 μl of total cell lysate sample collected was mixed with 1ml of BCA assay reagent A and B 
(50:1, from Pierce) mixture and incubated at 37°C for about 30 minutes before the mixture 
absorbance value at 562 nm was analyzed by a spectrophotometer spectroscopy machine. The 
relative protein concentration of each sample was calculated and different volumes containing 
same amount of protein for each sample was used for either protein precipitation with beads 
or western blotting. 50 μl of 2X sample buffer (125mM Tris HCl pH 6.8, 20 % glycerol, 4% 
sodium dodecyl sulphate (SDS), 0.02% bromphenol blue) was then added to 50μl of the total 
cell lysate. The mixture was held at 95°C for five minutes before the mixture samples were 
loaded into polyacrylamide gel (7% gel for PDGFR analysis with separation gel containing 
17.4% of 40% acrylamide (from Saveen Werner AB), 19.8% of 2 M Tris-Cl (from Sigma) 
pH6.8, 0,5% of 20% SDS (from Sigma), 61.8% distilled water, 0,1% of TEMED (N, N, N’, 
N’-tetramethylethylenediamine, MERCK) and 0,4% APS (ammonium persulfate, from 
Sigma) and with the staking gel containing 10% of the 40% acrylamide, 13.8% of 0,5 M 
Tris-Cl pH6.8, 5% of 20% SDS solution, 13.1% of glycerol, 62.2% distilled water, 0.1% 
TEMED and 5% of 10% APS) and electrophoresed with elution buffer (from Medicago) 
containing 5% of 20% SDS) at 150 volts. The samples on the gel were then transferred to 
nitrocellulose membranes by electrical transferring machine (BIO-RAD SD, SEMI-DRY 
TRANSFER CELL) at 15 volts for one hour. In the case of Src protein analysis, cells were 
scraped into 2X sample buffer. Ten seconds sonication was then performed at BANDELIN 
SONOPULS sonicator at 37% power to cut the viscous DNA in the cell and lysate followed 
by five minutes boiling at 95°C, the same volume of the treated samples were then used for 
SDS-PAGE as described above. 
 
4.5 PDGF receptor precipitation and PLCγ immunoprecipitation 
 
The mature PDGF receptor is generally highly glycosylated, and the PDGF receptor was 
precipitated by incubating the collected total cell lysate samples containing the same amount 
of protein content with 45 μl of WGA (wheat germ agarose from Sigma Chemical) beads, that 
bind efficiently to the glycosylated protein. PLCγ protein was isolated by incubating the total 
cell lysate samples containing equal amount of total protein with anti-PLCγ antibody for three 
hours while inverting the mixture followed by one hour incubation with 45 μl protein A 
agarose beads (from Sigma) that bind to the PLCγ antibodies. During both incubations, the 
total content in Eppendorff tubes was topped up to 1 ml with the lysis buffer for each sample 
to prevent sticking of the beads to the tube wall. The beads were then rinsed three times with 
lysis buffer to eliminate unbound proteins after precipitation. The beads were boiled in 50 μl 
2X sample buffer and the beads precipitated proteins were separated by SDS-PAGE. 
 

 26

http://en.wikipedia.org/wiki/Ammonium_persulfate


4.6 Immunoblottings 
 
Nitrocellulose membranes were incubated with the 1 in 300 dilution of the indicated 
antibodies in 1% BSA with 0.01% azide overnight, before they were removed and rinsed in 
Tris buffer saline (TBS, from Medicago) with 0.05% Tween-20 for 6X5 minutes to removed 
the unbound antibodies. Then the 1 in 10000 dilution of the peroxidase attached secondary 
antibody solutions were added. The membranes were incubated with the secondary antibodies 
for one hour followed by another six times of five minutes wash with T-TBS. The membranes 
were then incubated for one minute with the pro-chemiluminescent reagent (ECL western 
blotting detection reagents from GE healthcare) which is converted to chemiluminescent 
molecule by peroxidase attached to the secondary antibodies and produce a light signal. A 
CCD camera was used to detect the light signal produced which is a representation of the 
interested protein amount. 
 
4.7 Cell migration assay 
 
After starvation, confluent plates of both cell types were wounded by scratching with sterile 
pipette tips followed by stimulation with starvation medium containing 10 ng/ml PDGF-BB. 
Plates incubated with DMEM + 10% FBS or with only starvation medium were used as 
controls. Each plate was photographed after 0, 4, 8 and 24 hours at the same pre-marked 
position to examine the cell migration rate of each cell line upon stimulation.    
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