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Plasmin is an enzyme which is responsible for digesting several proteins that hold the tissues surrounding solid

tumors together.
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1. Introduction

A tumor is a heterogenous multicellular organ comprised of not only cancer cells but also supporting stromal cells.

The environment surrounding the tumor mass is known as the tumor microenvironment (TME). TME is composed

of stromal cells that are of diverse types, including fibroblasts, adipocytes, infiltrating lymphocytes and

macrophages, lymphatic and vascular networks, and most importantly the extracellular matrix (ECM). Fibrinogen

and fibrin are important components of the ECM. The enhanced conversion of plasminogen to plasmin is not only

associated with increased invasive and metastatic potential of tumor cells but also contributes to tumor growth by

activating growth factors and cytokines that are present in the ECM.

2. Plasmin–Plasminogen Activation System

The fibrinolytic system is involved not only in homeostasis but also in the progression of several pathological

conditions, such as cardiovascular diseases; angiogenesis; and tumor invasion and metastasis . The critical

mediator of fibrinolysis is plasmin—a potent serine protease. Plasmin also plays a key role in ECM degradation

directly and also indirectly by activating many of the proteases that function in matrix degradation. Plasminogen is

synthesized and secreted into the blood by the liver as a zymogen which is converted to plasmin by the action of

plasminogen activators . In processes, such as wound healing and tissue remodeling that occurs in the TME,

uPA is the predominant form of plasminogen activator, whereas tPA is the primary activator in the circulation . The

activities of both tPA and uPA are regulated by plasminogen activator inhibitor (PAI)-1  and PAI-2 , whereas the

activity of plasmin itself is inhibited by α2-antiplasmin  and α2-macroglobulin  (Figure 1). Plasminogen

receptors localize the bound plasminogen near the vicinity of the tumor cell, allowing easy access by uPAR-bound

uPA. Plasminogen receptors are also present on the cells of the TME, including endothelial cells, activated

myofibroblasts, and macrophages.
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Figure 1. Overview of components and functions of plasminogen-activation system: Plasminogen is activated to

the serine protease plasmin by a multicomponent system comprised of plasminogen receptors (PgR), urokinase-

type-plasminogen activator (uPA), and tissue-plasminogen activator (tPA). uPA is bound to its receptor urokinase-

plasminogen activator receptor (uPAR) whereas in most cases tPA is bound by the PgR. The activity of tPA and

uPA are inhibited by the plasminogen-activator-inhibitor 1, 2 (PAI-1, PAI-2), of which PAI-1 is a more potent

inhibitor. PAI-1 also promotes cellular proliferation, apoptosis, and migration. Plasmin activity is directly regulated

by inhibitors α2 anti-plasmin and α2-macroglobulin. Plasmin mediates its physiological effects by virtue of its

protease dependent and independent activities. Plasmin proteolytically activates other proteases such as matrix

metalloproteinases (MMPs) that along with plasmin is involved in the degradation of extracellular matrix proteins

(ECM) which promotes inflammation including leukocyte infiltration in tumors, cancer cell invasion and metastasis.

Plasmin promotes tumor growth by proteolytically activating nascent growth factors in the ECM. Intracellular

signaling by plasmin via several receptors (described above) mediates a plethora of effects that include expression

of cytokines and chemokines, cell migration and inflammation. uPA and uPAR function both in plasminogen-

dependent (protease activity) and plasminogen-independent mechanisms that promote multiple cellular responses.

uPAR functions independently of uPA by binding to vitronectin and co-receptors such as integrins, to promote

intracellular signaling, which result in tumor and stromal cell proliferation, adhesion, migration, invasion, epithelial-

mesenchymal-transition (EMT), cell differentiation, metastasis and chemoresistance in cancer cells.

3. Structure and Function of Plasminogen and Plasmin

Plasminogen is a 92–94 kilodalton protein that circulates as a zymogen in the blood. Plasminogen is a 92–94

kilodalton protein that circulates as a zymogen in the blood. The variation in molecular weight is due to
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glycosylation differences, discussed further below. Plasminogen, like many hemostatic proteins, is produced in the

liver and is found at a concentration of approximately 2 µM in the plasma . It is a multidomain protein, comprised

of an amino (N)-terminal peptide domain, five kringle domains, and the serine protease domain . The classical

catalytic triad is located within the serine protease domain: Histidine 603, Aspartate 646, and Serine 741.

Both, the rate, and location of plasmin formation, are tightly controlled. Plasmin generation is typically restricted to

the sites of thrombosis and angiogenesis and the sites of ECM remodeling. Unrestrained plasmin generation is a

factor in the depletion of pro-coagulant proteins in disseminated intravascular coagulation . Plasmin generation

on the surface of tumor cells leads to cell invasion and metastasis . Local surfaces play a part in plasmin

generation; both the fibrin surface and cell surface carry out a similar regulatory role .

Plasmin has proteolytic activity against a broad range of substrates, such as syndecans , laminins, fibronectin

, vascular cell adhesion protein 1 , and vitronectin . The broad range of substrates results in an extensive

range of processes, both physiologic and pathologic, in which plasmin participates. These processes include

fibrinolysis, signaling pathways, cell migration, wound healing, inflammation, and oncogenesis . Stimulation of

monocytes by plasmin results in enhanced expression of inflammatory cytokines (tumor necrosis factor-alpha

(TNFα), interleukin (IL)-6, IL-1α/β, CD40) and chemokines (monocyte chemoattractant protein (MCP)-1/CCL2),

tissue factors, and lipid mediators via activation of AP-1 and nuclear factor-kappa (NF-κB) transcription factors . 

4. Plasminogen Activators and Plasminogen Activation
Inhibitors

There are two physiologic activators of plasminogen—uPA and tPA—which are used clinically as thrombolytic

therapeutics . Both tPA and uPA are multidomain proteases. The active forms of each of these enzymes are

inhibited by PAI-1 and PAI-2. PAI-1 is a 379-amino acid serine protease inhibitor that inhibits the activity of tPA and

uPA  which is associated with inflammation and tumorigenesis. Interestingly although PAI-1 functions as an

inhibitor of uPA and tPA, it serves a pro-tumorigenic role in various cancers such as lung and breast . PAI-

2, although originally identified as a less potent inhibitor of uPA, is a 47 kDa protein. It has been now shown to

having a predominantly intracellular function and has been discovered to be a modulator of proteotoxic stress 

unrelated to plasminogen activation/uPA inhibition.

5. Plasminogen Receptors

Plasminogen receptors serve as anchoring sites for plasminogen on the cell surface. The binding of plasminogen

to these receptors involves the interaction between lysine residue(s) of the plasminogen receptor and the kringle

domains of plasminogen. This interaction results in a conformational change in plasminogen which makes it a

increases the rate of local plasmin generation. Many proteins have been identified as potential plasminogen

receptors. Most of these proteins have C-terminal lysines which form binding sites for plasminogen. Included in this

group are receptors such as α-enolase, histone H2B, S100A10 (p11) and Plg-RKT, However, other plasminogen
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receptors do not possess C-terminal lysines but still bind plasminogen in a lysine-dependent manner. Examples of

plasminogen receptors that do not have the classic C-terminal lysine residue include high mobility group box-1

protein (HMGB-1)  (also known as amphoterin) and integrins of the β2 integrin family  and glucose-regulated

protein 78 .

Interestingly, the majority of plasminogen receptors function in tumor-stromal cross-talk during cancer progression.

The expression of plasminogen receptors, such as p11 and Plg-RKT, in macrophages, promote pro-tumorigenic

phenotype in animal models. Importantly, these receptors have been shown to play a predominant role in

macrophage recruitment to tumor sites and during inflammation. 

6. Plasmin Functions in the Tumor Microenvironment—
Regulation of Macrophage Function

The plasminogen-activation system plays a pivotal role in macrophage biology, specifically macrophage migration

and phagocytosis. Aligned with the role of plasminogen in macrophage recruitment (summarized in Figure 3),

depletion of several plasminogen receptors results in a phenotype resembling that in plasminogen-deficient mice.

The role of plasminogen receptors on monocyte migration was mostly studied using an inflammation model.

Figure 3. Role of the plasminogen activation system in tumor growth, angiogenesis, macrophage infiltration, and

invasion. Activation of plasminogen bound to plasminogen receptors at the cell surface of macrophages and tumor

cells is mediated by uPA bound to uPAR. This results in the production of plasmin which activates matrix

metalloproteinases and together these proteases play a key role in the infiltration of macrophages to tumor sites. At

the tumor site, macrophages promote tumor growth, angiogenesis, and metastasis. Plasmin produced by the tumor

cells mediates tumor cell migration and invasion both by protease dependent and independent mechanisms.
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7. The Role of the Plasmin and Plasminogen System as
Biomarkers in Cancers

Cancer biomarkers are most often used as aid in diagnosis but can also be useful to determine tumor

aggressiveness. Biomarkers also play a key role in identifying new personalized targets depending on the

aggressiveness of the disease and toxicity to the therapeutic agents. In order for personalized therapies to be

effective we require validated novel biomarkers for predicting aggressive vs. non-aggressive cancer, response to

therapy and therapeutic resistance, and for predicting therapeutic side-effects and toxicity . The best-established

cancer biomarkers are uPA/uPAR and PAI-I . Of the various cancers, the best-established case for the

utilization of uPA/PAI-1 as biomarkers is for breast cancer.

8. Summary

Plasmin-mediated proteolysis contributes to the degradation of ECM, which can directly or indirectly affect tumor

stroma formation, angiogenesis, and dissemination. Plasmin generation by stromal cells, such as macrophages is

critical for tumor growth and progression in many forms of cancer including breast cancer. In this regard, the

plasminogen receptors play a key role in regulating plasmin generation. 
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