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HISTORICAL

Fibrin Plate Assay

Normal Tissue Cancer Tissue

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,

p I asm I nogen » 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

Figure 2. The plasminogen-dependent production of lytic zones by foci of RSV-CEF. CEF (10¢ per 60 mm plate) were infected with Rous
sarcoma virus, subgroup A, and overlaid with agar as described by Temin and Rubin (1958). After 5 days, the agar was removed and
he fibrin-agar overlay applied, using 5% final concentration of acid-treated fetal bovine serum. The plates were then incubated at 37°C
or 18 hr.

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

Min Yu et al.

Science 339, 580 (2013);
N 10 lan~s

Circulating Breast Tumor Cells Exhibit Dynamic Changes in Epithelial
and Mesenchymal Composition

—» RNA-seq
Analysis

CTCs captured against posts on CTC-chip

|.D. EMT GENES

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

Genes upregulated in (HCC) compared to normal liver samples.
Genes upregulated in A4573 cells
Genes upregulated in

Genes upregulated in samples compared to fetal kidney
Genes upregulated in (PTC) compared to normal tissue
Genes upregulated in RD cells ( )
Genes specifically expressed in samples from patients with pediatric (AML)
bearing inv(16) translocation
« Genes upregulated in that developed metastatic disease
. Genes upregulated in samples
. Genes specifically expressed in FAB subtypes M2, M4, M5 and M7 of pediatric (acute myeloid
leukemia).

. Genes specifically expressed in samples from patients with pediatric acute myeloid leukemia ( ) bearing
11923 rearrangements.
. Neural related genes upregulated in 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 spil



RELATIONSHIP BETWEEN PLASMIN, HEMOSTASIS

AND CANCER
_ PLASMINOGEN
Plasminogen Cellular Receptors for
_ activators Plasminogen
Oncogenesis  mmp u-PA
- |- g
t-PA . PLG,
. Histone H2B
. Amphoterin
. Cytokeratin 8
. . S100A4
, Plasmin \
proteolysis signaling
®Degradation of ECM (laminin, fibronectin/Fibrin) CDCP1
® MMP activation (MMP-3,-9,-12, and -13) PAR-1
® Growth factor activation (TGFD, Indirect (TLR4, growth factors)

h-EGF, FGF)






THE CENTRAL THEME

e S100A10 (p11l) plays a key role in plasmin
regulation.

e p11 is utilized by cancer cells for growth,
Invasion and metastasis.

e pl1 is utilized by endothelial cells to regulate
plasmin-dependent fibrinolysis.

e pl11 is utilized by APL (NB4) cells for
chemotaxis.



IN VITRO ANALY SIS OF THE
REGULATION OF PLASMIN
GENERATION BY S100A10



PLASMIN GENERATION ASSAY WITH PURIFIED
COMPONENTS AND CHROMOGENIC SUBSTRATE
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PLASMINOGEN BINDING ASSAYS USING SURFACE PLASMON

RESONANCE




PLASMINOGEN BINDING TO Allt and SUBUNITS
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CONCLUSION |

P11 isan EMT gene

P11 binds tPA and plasminogen and
activates tPA-dependent plasmin
generation



DOES S100A10 PLAY AROLE IN
TUMOR GROWTH/METASTASIS ?



S100A10 MOIETY OF AIIT REGULATES
PLASMIN GENERATION
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BOYDEN CHAMBER
INVASION ASSAY

Plasminogen,
uPA, +\-
/ inhibitors

atrigel

Chemoattractant
(MCP-1, C5a)



Invasiveness of HT1080 Cells

123
7]
]
c
(]
=
n
o
>
=
(-
o~

. S7 wio Pg
[T AS5w/o Pg
=3 Vec-1w/o Pg
1 nHTw/o Pg
N S7 w/Pg
[ ASS5 w/ Pg
B Vec-1w/ Pg

=1 nHT w/ Pg

Migrarion (relative fluorescence)




Growth of HT1080 Tumors in SCID Mice
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Metastatic Potential of HT 1080 Cells in SCID Mice
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REDUCTION IN P11 LEVELS AFFECTS
PLASMIN FORMATION BY HUMAN
COLORECTAL CARCINOMA CELLS
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CONCLUSION 11

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



Clot Dissolution Is the Responsibllity 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.
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@ S100A10-/- mice have impaired ability to clear induced fibrin clots.
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DEPLETION OF S100A10 RESULTS IN DECREASED
ENDOTHELIAL CELL PLASMIN GENERATION.
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CONCLUSION 111

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
survelillence system



ROLE OF P11 IN ACUTE
PROMYELOCYTIC LEUKEMIA



ACUTE PROMYELOCYTIC LEUKEMIA
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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
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ATRA BLOCKS S100A10
PROTEIN EXPRESSION IN
NB4 CELLS
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DEPLETION OF S100A10
FROM NB4 CELLS
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INDUCTION OF PML-RAR
ONCOPROTEIN INCREASES
P11 AND P36 LEVELS IN PR-9
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INDUCTION OF PML-RAR
ONCOPROTEIN INCREASES
P11 LEVELS
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PLASMINOGEN BINDING AND
PLASMIN GENERATION IS
INCREASED BY PML-RAR IN
PR-9 CELLS

shRNA-Scr shRNA-1 shRNA-5




PML-RAR EXPRESSION
ACTIVATES FIBRINOLYSIS
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CONCLUSIONS IV

S100A10 (p1l) plays a key role in plasmin
regulation.

P11l is a major player in the fibrinolytic pathway of
APL cells.

The PML-RAR oncoprotein activates pl1 protein
expression.

S100A10 is at the cross roads of hemostasis and
oncogenesis



WHERE DO WE GO FROM
HERE ?

ldentify how S100A10 interacts with tPA and plasminogen.
ldentify how cell surface levels of p11 are regulated.

Does pll 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 p1l in the Epithelial Mesenchymal Transition and
Invadapodia.
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GEMM

Benign tumor cells
grow only locally and
cannot spread by

Invasion or

metastasis

PYMT or KRas

Malignant cells invade
neighboring tissues, enter
blood vessels, and
metastasize to different
sites

Kelly. © 2004.
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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

Clone 1D t statistic Pvalus Adj. Pvalue* Description

BRIITS 6.86 2.20E-05 0.02683578 IDH2 | isocitrate dehydrogenase 2

504308 046 3.60E-05 0.02683578 FLI10540 | hypothetical protein

825606 5.95 7.10E-05 002683578 KM5L1 | kinesin-like 1

951241 5.92 TA40E-05 002683578 AMKT | nucleolar protein ANKT

280375 5.58 1.20E-04 0.0304866 PROZ2000 | PRO2000 protein

564981 5.58 1.20E-04 0.0304866 Similar to RIKEN cDNA 2810433K01
1476053 5.4 1.50E-04 0.03425014 RADS1

769921 4.97 2.80E-04 004935153 UBE2C | ubiguitin-conjugating enzyme E2C
128711 472 4. 10E-04 0.04935153 AMLN | anillin, actin binding protein
814270 4.61 4 BOE-04 0.05092141 PMSCLT | polymyositis/scleroderma autoantigen 1
209066 4.58 5.00E-04 0.05092141 STK15S | sering/threonine kinase 15
2017415 4.52 5.60E-04 005338307 CENPA | centromere protein A

823598 4.28 B.10E-04 00703179 PSMD12 | proteasome 265 subunit

878330 417 9.60E-04 0.07962393 EST

785368 4.05 1.20E-03 0.0B461982 TOPK | PDZ-binding kinase

839682 3.96 1.30E-03 008461982 UBEZN | ubiguitin-conjugating enzyme E2N
156595 J.B9 1LSOE-03 Logag19g82 £100A70 15100 calcium-binding protein A10
347373 3.Bo 1.60E-03 0.08461982 TCEB1 | transcription elongation factor B
624627 3.B4 1.60E-03 0.0B461982 EST

1517595 3.84 1.60E-03 008461982 RRM2 | ribonudeotide reductase M2
825470 3.83 1.70E-03 008461982 TOP2A | topoisomerase (DNA) Il alpha
259950 3.67 2.20E-03 008771114 CMLeG | CML tumor antigen 66

292936 3.67 2.20E-03 0.08771114 FLI10468 | hypothetical protein

1416055 3.67 2.20E-03 0.08771114 KIAAD165 | homolog of yeast extra spindle poles
744047 3.55 2.60E-03 009967783 PLE | polo-like kinase

T05064 3.44 3.20E-03 0.10860726 TACC3

2322367 3.44 3.20E-03 0.10860726 RTN& | reticulon 4

66406 3.39 3.50E-03 0.116593 EST

462926 3.36 3.60E-03 011872875 MNEKZ | MIMA-related kinase 2

815501 33 4.00E-03 0.12440908 MGC2721 | hypothetical protein

1035796 £y | 4.60E-03 0.13817458 EST

700792 3.15 5.10E-03 0.14848582 CDEN3 | cyclin-dependent kinase inhibitor 3
2018131 3.09 5.80E-03 016117884 RACGAP1 | Rac GTPase activating protein 1
743810 3.03 6.30E-03 0.17362215 MGC2577 | hypothetical protein

781047 2.94 TA0DE-03 0.18297681 RRM2 | ribonucleotide reductase M2
1422338 2.94 TA40E-03 0.18297681 BUE1

796694 2.92 T.70E-03 0.187 20879 BIRCS | survivin

725454 2.87 B.30E-03 0.18975804 CK52 | CDC28 protein kinase 2

Paired t test was performed on 11 patient-matched DCISIDC pairs to identify genes with increased expression in IDC. A total of 85
geneas were identified at one-sided P < 0.01 (Table 7).
*Adjusted P value by the Benjamini and Hochberg procedure. The 39 genes shown here are those also identified in the 100-gene grade
Il signature. Genes in bold are validated by QRT-PCR (Fig. 4B).




