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[Abstract] Fibrinolysis is an integral part of the matrix remodeling process that contributes to tissue
repair. Fibrin clots are broken down during fibrinolysis in a controlled process. Fibrin degradation
products (FDPs) have also been shown to have a role in the regulation of cell growth and are implicated
in various vascular diseases. This protocol was designed to quantitatively measure the extent of fibrin
breakdown and how this can be adapted as a tool to further investigate the pathway involved in
fibrinolysis or fibrin degradation products. Until now, we haven’t found an alternative method to analysis
fibrinolysis.
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[Background] In hemostasis, fibrin plays a crucial role as both the ultimate substrate for fibrinolysis and
the primary product of the coagulation cascade (Cesarman-Maus and Hajjar, 2005; Chapin and Hajjar,
2015). In addition, fibrin has been found to mediate the acute inflammatory response to implanted
biomaterials and it has been suggested that fibrin plays a prominent role in leukocyte transmigration and
thereby inflammation (Yakovlev and Medved, 2018). Fibrinolysis is a tightly regulated process by which
a fibrin-rich thrombus is formed and degraded, to prevent blood clots from growing (Amengual and
Atsumi, 2016) and to contribute to tissue repair (Houslay et al., 2019). In Fibrinolysis, a fibrin clot (the
product of coagulation) is broken down. Fibrin degradation products (FDPs), fibrous proteins that act as
mitogenic factors, can promote the proliferation of endothelial cells, smooth muscle cells and fibroblasts,
and cholesterol deposition (Dong et al., 2017). Numerous studies have shown that FDPs are involved
in various vascular diseases. For example, FDPs induce the adhesion and gathering of leucocytes,
damaging blood vessel endothelium (Dong et al., 2017). Also, FDPs have been approved that have
diverse effects in inflammatory processes and acute phase responses, such as activating TLR-4 and
integrin and cell adhesionor migration (Schuliga, 2015). They inhibit several neutrophil functions crucial
to the bactericidal role of these inflammatory cells (Gerdin et al., 1980). It is vital that a more complete
understanding of the mechanisms behind the FDPs formation and related pathway is gained. In sight of
this, we present an assay called the Fibrin breakdown assay to use in laboratory research. This assay
is designed to measure the extent of fibrin degradation quantitatively. Until now, we have found no

alternative method to analysis fibrinolysis.
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Materials and Reagents

1. 24-well cell culture plates (Corning®, catalog number: 3524-SLS)

2. TC Dish 100 mm (Corning®, catalog number: 430167-SLS)

3. TC Plate 6-well (Corning®, catalog number: 3516-SLS)

4. 50 ml Falcon tube

5. 12-well plate

6. NIH3T3 cells: fibroblasts from Swiss mouse embryo tissue with the ‘3T3’ designation referring
to the abbreviation of “3-day transfer, inoculum 3 x 10° cells”

7. Mouse embryonic Fibroblast (MEF) cells: isolated from the bodies of c57 black mouse embryos
Dulbecco’s modified Eagle’s medium (500 ml) DMEM HIGH GUCOSE no
glutamine/sod.pyruvate (Sigma-Aldrich, catalog number: D5671)

9. Phosphate Buffered Saline (PBS) 1 tablet/200 ml (Sigma-Aldrich, catalog number: P4417-
100TAB)

10. Trypsin EDTA (1x) (Gibco, catalog number: 15400-054)

11. Thrombin (Sigma-Aldrich, catalog number: 10602400001)

12. Factor XIIl (Sigma-Aldrich, catalog number: 233501-100UG-M)

13. Fibrinogen (Sigma-Aldrich, catalog number: F3879-100MG)

14. Na-citrate (Sigma-Aldrich, catalog number: 234265-100G)

15. Sodium chloride (VWR CHEMICALS, catalog number: 27810.295P)

16. Plasminogen (Sigma-Aldrich, catalog number: P7999-5UN)

17. Newborn Calf Serum (NCS) (Sigma-Aldrich, catalog number: 12023C-500ML)

18. Penicillin/Streptomycin (Sigma-Aldrich, catalog number: PO781-100ML)

19. L-glutamine (Sigma-Aldrich, catalog number: G7513-100ML)

20. Complete Dulbecco’s modified Eagle’s medium (DMEM) (see Recipes)

21. Fibrin Matrices (see Recipes)

Equipment

1. TC Flasks 150 cm vented (Corning®, catalog number: CLS430825-50EA)

2. Analytical Balance (Sartorius, catalog number: CP124S)

3. Phase contrast microscope (Zeiss)

4. Cell culture incubator (Thermo Scientific Heraeus®)

5. Centrifuge (MSE Mistral 1000)

Software
1. GraphPad Prism 7 (GraphPad, https://www.graphpad.com/)
2. Excel (Microsoft, https://www.microsoft.com/en-ca/)
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3.

ImageJ bundled with 64-bit Java 1.8.0 (NIH, https://imagej.nih.gov/ij/)

Procedure

A. Maintenance of cell lines

1.

10.

Progate the cells in growth media containing Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 0.1% penicillin/streptomycin (10,000 U/ml), 2 mM glutamine and 10%
newborn calf serum (NCS).

The cells were passaged when approximately 70-90% confluence was reached.

To passage the cells, remove the growth media and add 5 ml of sterile pre-warmed phosphate
buffer saline (PBS) to gently wash the cells to get rid of the remaining growth media.

Note: Remaining media will reduce the efficiency of trypsin.

Remove the PBS and add 5 ml of trypsin-EDTA solution. Incubate the cells for 5 min at 37 °C.
Agitate the cells vigorously and then analyze the cells under the microscope to ensure complete
cell detachment.

Add 5 ml of growth media containing NCS to inactivate the trypsin-EDTA solution.

Collect the cells by centrifugation at 80 x g for 3 min at room temperature.

Remove the growth media and trypsin-EDTA solution. Re-suspend the cell pellet in 5 ml of fresh
growth media.

Once fully resuspended, add 1 ml of cells to fresh growth media in sterile flasks, 100 mm dishes
or six well plates.

Incubate the cells at 37 °C in an atmosphere of 95% humidity, 5% CO2 and ambient O2 until

required or confluent.

B. Fibrin matrices preparation

1.

Add 0.1 U/ml thrombin into a 50 ml Falcon tube with a mixture of 2.5 U factor XIlII, 2 mg fibrinogen,
2 mg Na-citrate, 0.8 mg NaCl, and 3 ug plasminogen per ml DMEM medium without indicator
(Lansink et al., 1998).

Add 300 pl of the mixture into each well of a 12-well plate. Let mixture clot at room temperature.

C. Cell seeding and measurement

1.
2.
3.

Add 0.5 ml DMEM supplemented with 10% NCS and 1% penicillin/streptomycin.

Weigh out the fibrin matrices with 12-well plate before adding medium and seeding cells.

Seed the cells at 1 x 10° per well of a 12-well plate containing fibrin matrices, in order to obtain
confluent monolayers cultured in DMEM (without indicator) supplemented with 10% NCS, 2 mM
-glutamine and 1% penicillin/streptomycin.

Incubate the plates for 8-12 days at the same environment as described above.

Add test compounds together with fresh medium every 2-3 days.
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6. Collect the medium and replace with new media every 2 to 3 days along with new test
compounds.

7. Use phase contrast microscope to analyze invading cells in three-dimensional fibrin matrix, take
10x magnification images of the fibrin gels and lytic zones.

8. Aspirate the fibrin degradation supernatant, weigh out the remaining gel with 12-well plate using
an analytical balance.

9. Decrease in gel weight corresponds to increased fibrin degradation.

Data analysis

1. Use phase contrast microscopy to analyze cell invasion into the 3D fibrin matrix.

2. To quantify fibrin degradation, the supernatant was aspirated, cells were removed before
weighing, and the remaining gel was weighed using an analytical balance. Decrease of gel
weight corresponded to increased fibrin gel degradation.

3. Values are presented as mean + S.E.M. from at least three independent experiments.
Statistically significant between groups were determined using Student’s t-test. Values were
considered significant if P < 0.05.

4. Asetofimages and statistic analysis:
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Figure 1. Expression of p75NTR regulates fibrinolysis in NIH3T3 fibroblasts and is PDE4
dependent. NIH3T3 cells and NIH3T3 p75NTR stable cells were seeded into 3-Dimensional
fibrin gels and incubated at 37 °C for 9 days. Cells were either left untreated or subjected to
prolonged treatment with the PDE4-specific inhibitor, rolipram (10 uM) for 8 days. A is 10x
magnification images of fibrin gels and lytic zones. B is quantification of degradation of the 3D
fibrin gels calculated by weighing after 9 days. All data shown are representative mean data +

standard deviation of three separate experiments.

Notes

The negative control and positive control condition should be considered, a well with fibrin matrix
but no cells, or a well with cells but no fibrin matrix, and treated under the same treatment for
negative control; fibrin matrices + cells + pro-fibrin degradation compound(s) that have been
validated in literature, or fibrin matrix + diseased-vascular cells that are known to become fibrotic as
a positive control.

Recipes

1. Complete Dulbecco’s modified Eagle’s medium (DMEM)
10% newborn calf serum (NCS)

0.1% penicillin/streptomycin (10,000 U/ml)
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2 mM glutamine in 500 ml DMEM
Store at 4 °C
2. Fibrin Matrices
0.1 U/ml thrombin
2.5 U factor Xl
2 mg fibrinogen
2 mg Na-citrate
0.8 mg NaCl

3 ug plasminogen in per ml comlplete DMEM growth media
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