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Plasminogen Activation 

�  Plasminogen activators (PA) are proteins that convert the 
plasma zymogen, plasminogen, into the serine protease 
plasmin 

�  Cleavage occurs at the Arg561-Val562 peptide bond 

�  Two major forms of  PA: urokinase-type plasminogen 
activator (uPA) and tissue-type plasminogen activator (tPA) 

�  Plasmin is the key enzyme in fibrinolysis (clot break-down), 
embryo implantation, and wound healing 
�  Participates in several other physiological processes, including 

ovulation and mediation of  cell migration in embryogenesis 

�  Plasmin is also involved in tumor growth, acute and chronic 
inflammation, preeclampsia, and intrauterine growth 
retardation 
 



Urokinase-type Plasminogen Activator 

�  uPA is found in urine, plasma, and seminal plasma 

�  50 kD glycoprotein 

�  Binds to its receptor uPAR (molecular mass 55-60 kD) 

�  Exists in two forms: a single chain (sc-uPA), and an 
active two-chain (tc-uPA) form 

�  Conversion from sc-uPA to tc-uPA is catalyzed by 
plasmin 

�  tc-uPA contains an A-chain (20 kD) and a B-chain (30 
kD) linked by a disulfide bond 



Urokinase-type Plasminogen Activator 
Structure 

�  Contains one epidermal growth factor-like domain, 
one kringle domain, and the serine protease 
domain 



Urokinase-type Plasminogen 
Activator Function 

�  Two crucial regions: N-terminal domain, known as 
the amino terminal fragment (ATF), which binds the 
receptor; and the C-terminal domain, which 
provides catalytic activity 

�  When bound to uPAR, proteolysis is focused on the 
cell surface  

�  Involved in cell migration, cell adhesion, and cell 
proliferation 

�  Marker of  cancer development and metastasis 



Tissue-type Plasminogen Activator 

�  Found in all tissues in varying amounts, but most 
notably in saliva, plasma, seminal plasma, tears, uterine 
fluid, and urine 

�  70 kD 

�  Exists in two forms: single chain (sc-tPA) and two-chain 
(tc-tPA) 

�  Conversion of  sc-tPA to tc-tPA is catalyzed by plasmin, 
tissue kallikrein, and blood coagulation factor Xa 

�  tc-tPA contains an A-chain (40 kD) and a B-chain (30 
kD) linked by a disulfide bond 



Tissue-type Plasminogen 
Activator Structure 

�  tPA contains a fibronectin finger-like domain, an 
epidermal growth factor-like domain, two kringle domains, 
and a serine protease domain 



Tissue-type Plasminogen 
Activator Function 

�  Involved in clot lysis 

�  Has a strong affinity for fibrin 

�  Maintains homeostasis of  extracellular matrix and 
modulates activation of  growth factors 



Plasminogen Activator Inhibitors 

�  Plasminogen activator inhibitors (PAI) belong to a 
super family of  serine protease inhibitors 
(SERPINS) 

�  Two principal inhibitors regulate PA activity: PAI-1 
and PAI-2 

�  PAI-1 is regarded as the inhibitor for tPA, and PAI-2 
for uPA 



�  PA are produced during early embryonic 
development 
�  Rodents – as early as day 6, with the peak amount at 

day 8 
�  Ovine – as early as day 7, maximum at day 15 
�  Swine – detected days 10-16, greatest at day 12 

when the blastocyst is in the early elongation phase 
 

Plasminogen Activators in Early 
Embryonic Development 



Plasminogen Activators in Early 
Embryonic Development 

�  Bovine 
�  Initiation and completion of  hatching is accelerated as 

plasminogen concentration in culture medium is increased 
(Menino and Williams 1987) 

�  Total PA production is positively correlated with embryonic 
size, developmental stage, and cell number. Hatched 
embryos produce more total PA than those failing to hatch 
(Kaaekuahiwi and Menino 1990) 

�  tPA is found in extracts of  bovine oocyte cortical granules 
(Rekkas et al. 2002) 
�  Activity varies during the duration of  oocyte in-vitro 

maturation 
�  Suggests tPA may have a role in the maturation or 

fertilization of  oocytes 



Objective 

�  To identify the PAs produced by elongating day 14 
bovine embryos 
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Hepatocyte Growth Factor/c-met 
History 

�  1984 – Hepatocyte Growth Factor (HGF) was originally 
identified from research in rats investigating the 
phenomena of  liver regeneration 

�  1989 – cDNA cloned, primary structure sequenced, 
location determined to be on Chromosome 7 in human 
DNA 

�  1991 – Determined to be the same molecule as the 
previously identified Scatter Factor (“scattered” cells in 
hepatocyte aggregates)  

�  1991 – Receptor for HGF, c-met, found to be the product 
of  a proto-oncogene 



Hepatocyte Growth Factor 
Structure   

�  Secreted by mesenchymal cells as an inactive, 
single-chain precursor of  728 amino acids, 
molecular mass of  94 kD 

�  Once cleaved, activated HGF is a heterodimeric 
molecule composed of  between 692 and 697 
amino acids and has alpha and beta chains 

�  Beta chain is an inactive serine protease 

�  The structure of  activated HGF differs from 
plasminogen by the absence of  just one kringle 
domain  



Hepatocyte Growth Factor 
Structure 

Plasminogen 



Hepatocyte Growth Factor 
Activation 

�  Must be activated through cleavage to become an 
active growth factor 

�  Five proteases have been identified as HGF 
activators, including uPA 

�  HGF activator (HGFA) is the most potent activator 

�  Thrombin is responsible for the activation of  HGFA, 
suggesting a link between tissue damage/blood 
clotting and HGF activation 



C-met Structure 

�  Tyrosine kinase activity for the signal transduction 
system 

�  Active heterodimeric form, must be cleaved to be 
activated 



Hepatocyte Growth Factor/c-met 
Function 

�  Paracrine regulation – HGF mainly secreted from 
cells of  mesenchymal origin (e.g. fibroblasts), while 
c-met is found mainly in endothelial and epithelial 
cells 

�  Primary role in hepatocyte proliferation 

�  HGF has also been detected in the brain, thymus, 
small intestine, placenta, kidney, spleen, CNS, 
retinal tissue, and hair follicles 

�  Suggested involvement in tumor suppression, 
inappropriately expressed HGF/c-met has a 
proposed role in the proliferation of  cancerous 
tumors 



Hepatocyte Growth Factor/c-met 
Role in Human Development 

�  High levels of  HGF mRNA and HGF present in 
human placental villi  

�  Placental HGF/c-met expression increases from the 
first to second trimester before decreasing into the 
third trimester and to term 

�  HGF has been shown to be secreted by villious core 
tissues and mesenchymal cells of  second trimester 
and term placenta 



Human Development 

�  In placentas with severe intrauterine growth 
restriction (IUGR), HGF levels are reduced while c-
met levels do not deviate 

�  Lower levels of  HGF found in individuals suffering 
from preeclampsia, a disease characterized by lack 
of  trophoblast invasion  

�  Suggests that a decrease in HGF may result in 
embryonic growth deficiencies  



Hepatocyte Growth Factor/c-met 
Role in Murine Development 

�  HGF stimulates embryogenesis and organogenesis 
during mouse fetal development, promoting cellular 
migration, cellular growth, and anti-apoptosis 

�  HGF has been found in mesenchyme derived tissue and 
c-met in the epithelial or endothelial tissue of  the lung, 
tooth, neural tube, liver, and kidney at various stages of  
development – suggests paracrine mode of  action 

�  HGF knockout mice died in utero, but could be rescued 
with an injection at day 9.5 post-conception 

�  HGF Activator Inhibitor-1 (HAI-1) is also essential for the 
development of  the basement membrane in the 
placental labyrinth 



Hepatocyte Growth Factor/c-met 
Role in Early Murine Embryo 

Development  

�  C-met is present in mouse trophoblast, HGF is 
present in mouse uterus  

�  Postulated mechanism: uterine HGF binds 
blastocyst c-met and stimulates trophoblast 
proliferation 



Hepatocyte Growth Factor/
c-met Function 

HGF secreted by mesoderm acts on c-met receptors in the endodermal layer 



Hepatocyte Growth Factor/c-met in 
Bovine Mammary Tissue 

�  HGF and c-met have both been identified in bovine 
mammary tissue 

�  When exposed to HGF, bovine mammary epithelial 
cells respond with cellular proliferation, motility, 
and three-dimensional differentiation  

�  Suggests that HGF/c-met plays an important role 
in the growth, development, and morphogenesis of  
bovine mammary tissue 



Hepatocyte Growth Factor in 
Bovine Embryos 

�  Bovine embryos were cultured in 0, 10, or 100 ng/
ml HGF (Hayes and Menino, 2014) 
�  More blastocysts attached to the substratum in 10 

ng/ml HGF 
�  Development to the blastocyst and expanded 

blastocyst stages was accelerated in medium with 
100 ng/ml HGF 

�  Embryos cultured in 100 ng/ml produced more PA 
than embryos cultured in 0 or 10 ng/ml HGF  

�  HGF may exert growth factor effects on bovine 
embryos 



Bovine Embryo Development 

Day 1         Day 3      Day 5 

Day 9 
Day 11 

Dat 13-14 

•  Day 1: fusion of  male and female pronuclei 
•  Day 3: four cell embryo 
•  Day 5: morula  
•  Day 9: blastocyst 
•  Day 11: hatching blastocyst 
•  Day 13-14: elongating hatched blastocyst 



Implantation 
Invasive Implantation 
•  Rodents and primates (discoid placenta) 
•  Implant aggressively immediately after  

hatching 
•  By day 5 (murine) or day 7 (primates),  

trophoblast is engaging the endometrium 
•  No mesoderm development at time of   

implantation 

Non-invasive Implantation 
•  Bovine (cotelydonary placenta) 
•  Interval between hatching and attachment is a period of  extended 

embryonic growth 
•  Initiation of  implantation or attachment occurs two weeks after hatching – 

day 25 
•  Mesoderm is well developed by this time 



Objective 

�  To determine if  the mechanism for HGF/c-met 
interaction is similar in the bovine as proposed for 
the mouse 
�  HGF is expressed by uterine tissue 
�  C-met found in the embryo 



Methods 



Embryo Preparation 

�  Day 14 embryos were removed from storage in 
liquid N2 and thawed 

�  Equivalent amount of  sodium dodecyl sulfate (SDS) 
sample buffer (0.5M Tris-HCL, glycerol, 10% SDS, 
and 0.5% bromophenol blue) containing 5% B-
mercaptoethanol were added to the volume of  
embryo and medium contents, and the mixture was 
homogenized by repeated aspiration with a 
micropipetter  

�  Samples and standards were boiled at 95oC for 5 
min to denature all proteins prior to loading 



SDS-PAGE Procedure 

�  SDS-polyacrylaminde gel electrophoresis  

�  Used to separate proteins based on their 
electrophoretic mobility 



SDS-PAGE Procedure 
�  Discontinuous polyacrylamide gel consisting of  a 4% stacking gel and 

a 10% running gel  

�  Mixed and set gels per standard electrophoresis protocol 

�  Pipetted 20-30 ul of  sample into lanes according to calculations for 
load 

�  Ran gel at 200 V for approximately 30 minutes 



Western Blotting Procedure 

�  Western Blotting, also known as immunoblotting, is 
a widely used method for the detection and 
analysis of  proteins 



Western Blotting Procedure 

�  Proteins transferred from SDS-PAGE gel to a 0.45 
um nitrocellulose membrane for antibody binding 
and detection 

�  Ran at 100 V for 1 hour 



Antibody Incubation Procedure 

�  Block in 3% BSA + TTBS solution for 90 minutes to 
prevent non-specific interactions between the 
membrane, proteins, and antibody 

�  Rinse in TTBS for 3x for 30 minutes, changing 
solution every 10 minutes  

�  Incubate in primary antibody overnight 
�  Appropriate dilutions of  first antibody were determined 

as per manufacturer's instructions  

�  Rinse in TTBS for 3x for 30 minutes, changing 
solution every 10 minutes to remove unbound 
primary antibody 



Antibody Incubation Procedure 

�  Incubate in secondary antibody for 90 minutes 

�  Secondary antibody was alkaline-phosphatase linked 

�  Appropriate dilutions of  second antibodies were 
determined as per manufacturer’s instructions  

�  Rinse in TTBS for 3x for 30 minutes, changing 
solution every 10 minutes to remove unbound 
secondary antibody 

�  Color-stain nitrocellulose to view protein bands with 
Bio-Rad AP Conjugate Substrate Kit  



Antibody Incubation Procedure 



Results 



Antibody Conditions: uPA/tPA 

uPA 

�  Primary: goat anti-
human uPA 
�  Dilution 1:200 

�  Secondary: mouse anti-
goat/sheep IgG 
�  Dilution 1:2000 

tPA 

�  Primary: goat anti-
human tPA 
�  Dilution 1:1000 

�  Secondary: mouse anti-
goat/sheep IgG 
�  Dilution 1:2000 



uPA Results: Embryo 1 

!

Lane 1 2 3 4 5 6 7 8 9 10 
Sample 180ng 

uPA 
90ng 
uPA 

18ng 
uPA 

0ng 
uPA 

NE E #1 K E #1 180ng 
uPA 

X 

Result + + +   +     

Comments: BSA artifact on embryo lane in both control and sample 

Control 



uPA Results: Embryo 3 

 

Lane 1 2 3 4 5 6 7 8 9 10 
Sample 180ng 

uPA 
90ng 
uPA 

18ng 
uPA 

0ng 
uPA 

NE E #3 K E #3 NE 180ng 
uPA 

Result + + +   +     

Control 



tPA Results: Embryo 1 

 
Lane 5 6 7 8 9 10 

Sample K E #1 NE 0ng 
tPA 

10ng 
tPA 

50ng 
tPA 

Result     + + 



tPA Results: Embryo 2 

 
Lane 5 6 7 8 9 10 

Sample K E #2 NE 0ng 
tPA 

10ng 
tPA 

50ng 
tPA 

Result     + + 



Antibody Conditions: HGF/c-met 

HGF 

�  Primary: Rabbit anti-
human HGF 
�  Dilution: 1:1000 

�  Secondary: Goat anti-
rabbit IgG 
�  Dilution: 1:1000 

c-met 

�  Primary: Mouse anti-
human c-met 
�  Dilution: 1:1000 

�  Secondary: anti-mouse 
IgG 
�  Dilution: 1:1000 



HGF Results: Embryo 3 

 

Lane 1 2 3 4 5 6 7 8 9 10 
Sample X X 200ng 

HGF 
100ng 
HGF 

50ng 
HGF 

0ng 
HGF 

K E #3 X X 

Result   + + +   +   



Applications of  Research 
�  Adds fundamental knowledge to understanding 

bovine embryo development  

�  Develop new culture and transfer media for bovine 
embryos 

�  Potential development of  a test for viability of  
embryos based on PA production 

�  Future experiments:  
�  PAI-1 and PAI-2 in the endometrium 
�  uPAR in the embryo 

�  HGF/c-met in the endometrium and embryo 



Questions? 


