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Metastatic Cascade 

I. Initiation-cellular 

transformation resulting in 

tumor growth 

  

II. Progression-acquisition 

of the metastatic phenotype. 

Invasion (EMT), intravasation 

and extravasation. 

 

III. Colonization-MET, 

micrometastasis (4-50 cells)  

macrometastases 

 

IV. Promoters 

ECM (Premetastatic niche) 

Inflammation 

Angiogenesis 
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HISTORICAL 

• 

Normal Tissue Cancer Tissue 

Fibrin Plate Assay 

Fisher (1925) observed that avian tissue explants transformed to malignancy 
 by viruses generate high levels of fibrinolytic activity under conditions  
in which cultures of normal cells do not. The enzyme responsible for the  
fibrinolytic activity was called fibrinolysin and later identified as the enzyme 
plasmin. Plasmin is produced from the conversion of the blood protein, 
plasminogen. Fischer, A. 1925. Beitrag zur Biologic der Gewebezellen Eine vergleichendbiologische Stadie der normalen und malignen Gewebezellen in vitro. Arch. 

Entwicklungsmech. Org. (Wilhelm Roux). 104:210. 



Active Fibrinolysis By Transformed Cells 

Reich 1975 

  
serum 

 No  
serum 

CEF +RSV CEF +RSV 

The serum contained plasminogen the inactive (zymogen) form of plasmin.  
The fibrinolytic protease was called malignant protease by Reich. 



HOW DO WE 

IDENTIFY THE 

PROTEINS THAT 

REGULATE 

PROTEOLYTIC 
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INVADING CANCER 
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 The CTC chip has gone through several iterations, but originally it contained hundreds of thousands   
of micropillars coated with antibodies, which bind to CTCs in a blood sample without binding normal blood cells.  A 
set of 170 transcripts was enriched in CTCs captured at a mesenchymal predominant time point 

  RNA-seq  
     Analysis 
 
I.D. EMT GENES 



 Genes upregulated in hepatocellular carcinoma (HCC) compared to normal liver samples. 
 Genes upregulated in A4573 cells 
 Genes upregulated in pancreatic ductal adenocarcinoma 
 Genes upregulated in Wilm's tumor samples compared to fetal kidney 
 Genes upregulated in papillary thyroid carcinoma (PTC) compared to normal tissue 
 Genes upregulated in RD cells (embryonal rhabdomyosarcoma) 
 Genes specifically expressed in samples from patients with pediatric acute myeloid leukemia (AML)  
  bearing inv(16) translocation 
 Genes upregulated in melanoma tumours that developed metastatic disease 
 Genes upregulated in basal subtype of breast cancer samples 
 Genes specifically expressed in FAB subtypes M2, M4, M5 and M7 of pediatric AML (acute myeloid 

leukemia). 
 Genes specifically expressed in samples from patients with pediatric acute myeloid leukemia (AML) bearing 
  11q23 rearrangements. 
 Neural related genes upregulated in melanoma tumors that developed metastases compared to primary 

melanoma that did not. 
 
 Genes with promoter regions [-‐2kb,2kb] around transcription start site containing the motif TGANTCA  
  which matches annotation for JUN: jun oncogene\ 
 Genes with promoter regions [-‐2kb,2kb] around transcription start site containing the motif GGGTGGRR 
  which matches annotation for PAX4: paired box gene 4 
 Genes  with promoter regions [-‐2kb,2kb] around transcription start site containing the motif 
  RCAGGAAGTGNNTNS which matches annotation for ETS1: v-‐ets erythroblastosis virus E26 
  oncogene homolog 1 (avian) 
 Genes with promoter regions [-‐2kb,2kb] around transcription start site containing the motif RGAGGAARY 
   which matches annotation for SPI1: spleen focus forming virus (SFFV) proviral integration oncogene spi1 

THE LIST OF GSEA GENE SIGNATURES ENRICHED IN THE 
LIST OF 170 EMT GENES-p11 
 



PLASMINOGEN 

Plasmin 

u-PA 

 

 

proteolysis signaling 

Oncogenesis 

RELATIONSHIP BETWEEN PLASMIN, HEMOSTASIS  

AND CANCER 

Degradation of ECM (laminin, fibronectin/Fibrin) 

 MMP activation (MMP-3,-9,-12, and -13) 

Growth factor activation (TGFb, 

h-EGF, FGF) 

CDCP1 

PAR-1 

Indirect (TLR4, growth factors) 

 

 

Hemostasis 

Cellular Receptors for  

Plasminogen 

 S100A10 
 Enolase 
 PLG

rkt 

 Histone H2B 
 Amphoterin 
 Cytokeratin 8  
 S100A4 

Plasminogen 

activators 

t-PA 



Plasminogen 

uPAR 

uPA 

Arg561-Val562 

annexin A2 
(p36) 
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p11 p11 

tPA 
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Intracellular 
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THE CENTRAL THEME 

 
● S100A10 (p11) plays a key role in plasmin 

regulation. 

 

● p11 is utilized by cancer cells for growth, 

invasion and metastasis. 

 

● p11 is utilized by endothelial cells to regulate 

plasmin-dependent fibrinolysis. 

 

● p11 is utilized by APL (NB4) cells for 

chemotaxis. 



IN VITRO ANALYSIS OF THE 
REGULATION OF PLASMIN 
GENERATION BY S100A10  



PLASMIN GENERATION ASSAY WITH PURIFIED 

COMPONENTS AND CHROMOGENIC SUBSTRATE 
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AIIT ACCELERATES tPA-DEPENDENT  

PLASMINOGEN ACTIVATION 
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PLASMINOGEN BINDING ASSAYS USING SURFACE PLASMON 
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PLASMINOGEN BINDING TO AIIt and SUBUNITS 

Req (RU)

100 150 200 250

R
eq

/C
  (

R
U

/ 


M
)

0

500

1000

1500

2000 B 
Kd= 1.09 X 10-7M 

Time (seconds)

0 200 400 600 800 1000

Re
sp

on
se

 (R
U)

0

100

200

300
AIIt A 

Plasminogen 

Buffer 

1  

[Pg] M 

0.5  
0.25  

0.1 

0.05  

0.025  

R
eq

 (RU)

0 200 400 600 800 1000

R
eq

/C
  (

R
U

/ 


M
)

0

400

800

1200

1600

F 

Kd= 1.81 X 10-6M 

Time (seconds)

0 50 100 150 200 250 300

Re
sp

on
se

 (R
U)

0

200

400

600

800

1000 Thiol-Linked 

S100A10 

E 

1  

[Pg] M 

0.5  

0.25  
0.1 

0.063  0.031  

Time (seconds)

0 100 200 300

Re
sp

on
se

 (R
U)

0

50

100

150
C Annexin A2 

Plasminogen 

S100A10 

Time (seconds)

0 20 40 60 80 100 120 140 160

R
es

po
ns

e 
(R

U
)

0

50

100

150

200

250

300

350

D 

AIIt 

S100A10 

S100A10desKK 

Anx2 

Amine-Linked 

Plasminogen 

Pg 



CONCLUSION I 
 
 

P11 is an EMT gene 
 

P11 binds tPA and plasminogen and 
activates tPA-dependent plasmin 

generation 



DOES S100A10 PLAY A ROLE IN 
TUMOR GROWTH/METASTASIS ? 



S100A10 MOIETY OF AIIT REGULATES 

PLASMIN GENERATION  
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HT1080 Fibrosarcoma Cells 

Normal 

P11 Depleted 

P11 Overexpressed 



BOYDEN CHAMBER 

INVASION ASSAY 

Matrigel 

Plasminogen, 

uPA,  +\- 

inhibitors 

Cells 

Chemoattractant 

(MCP-1, C5a) 



Invasiveness of HT1080 Cells  



Growth of HT1080 Tumors in SCID Mice 

1 cm 

vector 

p11 AS 

I II III IV V 

I II III IV V 



Metastatic Potential of HT1080 Cells in SCID Mice 
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REDUCTION IN P11 LEVELS AFFECTS 

PLASMIN FORMATION BY HUMAN 

COLORECTAL CARCINOMA CELLS 



CONCLUSION II 
 
 

P11 regulates plasmin generation by 
cancer cells 

 
P11 plays a role in oncogenesis    



THE S100A10 KNOCKOUT MOUSE 

Per Svenningsson, Karolinska Institute, Stockholm, Sweden 

 What is the role of S100A10 in normal physiological 
processes (hemostasis, inflammation) 

 
 What is the role of S100A10 in pathological processes 
(cancer) 



ROLE OF P11 IN HEMOSTASIS 



Pg 

Pg 

Pg 
Pg 

Pg 

Pm 

Pg 

Pg 
tPA 

Clot Dissolution is the Responsibility of  
Plasmin 

Plasminogen (Pg) is present in the blood while tissue plasminogen activator (tPA)  
is released from the endothelial cells. These proteins bind to receptors on the surface  
of the endothelial cell and as a result plasmin (Pm) is generated.  
What is the identity of these cellular receptors? 



Loss of S100A10 results in increased tissue fibrin deposition.  

Surette A P et al. Blood 2011;118:3172-3181 

©2011 by American Society of Hematology 



©2011 by American Society of Hematology 

S100A10−/−micehaveimpairedabilitytoclearinducedfibrinclots. 

Surette A P et al. Blood 2011;118:3172-3181 

Mouse + 125I-fibrinogen + batroxobin            125I-fibrin clot formation 
                     (soluble)                                          (insoluble) 



Bleeding time in WT and S100A10−/−mice. 

Surette A P et al. Blood 2011;118:3172-3181 

©2011 by American Society of Hematology 

Clot Formation 

Clot Dissolution 

Clot Formation 

Clot Dissolution 

Normal 

No S100A10 

Blood Clot forms faster in S100A10-null mouse because clot dissolution is slower. 

Stimulus 

Stimulus 



DEPLETION OF S100A10 RESULTS IN DECREASED  
ENDOTHELIAL CELL PLASMIN GENERATION.  

Surette A P et al. Blood 2011;118:3172-3181 

©2011 by American Society of Hematology 

Mouse Endothelial cells Human Endothelial cells 



CONCLUSION III 
 
 

P11 regulates plasmin generation by endothelial cells 
 
P11 plays a role in hemostasis by regulating 
fibrinolysis ie. P11 is a key player in the fibrinolytic 
surveillence system 



ROLE OF P11 IN ACUTE 
PROMYELOCYTIC LEUKEMIA 
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THE CELL LINES 

NB4 cells 

  derived from a patient with APL 

   t(15:17) translocation 

   constitutively express PML-RAR fusion 
protein 

 

PR9 

   derived from U937 (human monocyte 
lymphoma) 

   inducible expression of PML-RAR fusion 
protein 

 



ATRA BLOCKS PLASMINOGEN 

BINDING AND PLASMIN 

GENERATION 

Plasmin Generation Plasminogen Binding 

Invasion Invasion 

70% 

30% 

40% 

60% 



ATRA BLOCKS S100A10 

PROTEIN EXPRESSION IN 

NB4 CELLS 

mRNA  levels of S100A10 were unchanged 
 

Promyelocyte 

Myelocyte 

ATRA 



DEPLETION OF S100A10 

FROM NB4 CELLS 

Plasminogen Binding 
Plasmin Generation 

Total Protein Cell Surface Protein Levels 

80% 

65% 

70% 

50% shRNA5 

70% shRNA1 

shRNAScr 



ASSAY OF INVASION BY 

S100A10 DEPLETED NB4 

CELLS 

18% 60% 



INDUCTION OF PML-RAR 

ONCOPROTEIN INCREASES 

P11 AND P36 LEVELS IN PR-9 

CELLS 

Zn2+ 

PR9 + Zn++                     PML-RAR  expression activated 



INDUCTION OF PML-RAR 

ONCOPROTEIN INCREASES 

P11 LEVELS 

Zn2
+ 



PLASMINOGEN BINDING AND 

PLASMIN GENERATION IS 

INCREASED BY PML-RAR IN 

PR-9 CELLS 

Zn2+ 



PML-RAR EXPRESSION 

ACTIVATES FIBRINOLYSIS 

Cells were placed on a  
fibrin layer for 24 hours  
in the presence or  
absence of Zn2+, and  
the conditioned media  
was collected and  
assayed for D-dimer 



S100A10 (p11) plays a key role in plasmin 

regulation. 

 

p11 is a major player in the fibrinolytic pathway of 

APL cells. 

 

The PML-RAR oncoprotein activates p11 protein 

expression. 

 

S100A10 is at the cross roads of hemostasis and 

oncogenesis 

CONCLUSIONS IV 



WHERE DO WE GO FROM 

HERE ? 

Identify how S100A10 interacts with tPA and plasminogen.  

Identify how cell surface levels of p11 are regulated. 

Does p11 play a role in the fibrinolytic surveillance system—

stroke and MS. 

Role of p11 in cancer using genetically engineered mouse 

models (GEMM) (PYMT and iKras). 

Role of p11 in the Epithelial Mesenchymal Transition and 

invadapodia. 
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GEMM  
Malignant cells invade 

neighboring tissues, enter 
blood vessels, and 
metastasize to different 
sites 

Benign tumor cells  
grow only locally and 
cannot spread by 
invasion or 
metastasis 

Time 

PYMT or KRas 

Tissue expression of CRE recombinase and constitutive expression of TTA. 
Kras has a LSL stop and is activated by the TO ie. tissue specific and inducible  
expression of Kras. 
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GENES ENRICHED IN THE DCIS to IC TRANSITION 


