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Abstract
Since	its	discovery	over	350	years	ago,	studies	of	fibrinogen	have	revealed	remarka-
ble	characteristics.	Its	complex	structure	as	a	large	(340	kDa)	hexameric	homodimer	
supports	complex	roles	in	hemostasis	and	homeostasis.	Fibrinogen	synthesis	is	regu-
lated	 at	 the	 transcriptional	 and	 translational	 levels,	 undergoing	 both	 constitutive	
(basal)	secretion	from	liver,	and	inducible	upregulation	in	response	to	inflammatory	
events.	In	addition,	alternative	splicing	yields	fibrinogen	variants	with	unique	proper-
ties	 and	 contributions	 to	 coagulation	biochemistry.	During	 coagulation,	 fibrinogen	
conversion	to	fibrin	occurs	via	thrombin-	mediated	proteolytic	cleavage	that	produces	
intermediate	protofibrils	and	then	mature	fibers	that	provide	remarkable	biochemical	
and	mechanical	stability	to	clots.	Fibrin	formation,	structure,	and	stability	are	regu-
lated	by	 various	 genetic,	 biochemical,	 and	 environmental	 factors,	 allowing	 for	 dy-
namic	 kinetics	 of	 fibrin	 formation	 and	 structure.	 Interactions	 between	 fibrinogen	
and/or	fibrin	and	plasma	proteins	and	receptors	on	platelets,	leukocytes,	endothelial	
cells,	and	other	cells	enable	complex	functions	in	hemostasis,	thrombosis,	pregnancy,	
inflammation,	infection,	cancer,	and	other	pathologies.	Disorders	in	fibrinogen	con-
centration	and/or	function	increase	risk	of	bleeding,	thrombosis,	and	infection.	This	
illustrated	review	covers	fundamental	aspects	of	fibrinogen	and	fibrin	biology,	bio-
chemistry,	biophysics,	epidemiology,	and	clinical	applications.	Continued	efforts	to	
enhance	our	understanding	of	fibrinogen	and	fibrin	in	these	processes	are	likely	to	
advance	treatment	and	prevention	of	many	human	diseases.
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Essentials
•	 Fibrinogen	is	a	complex	glycoprotein	present	in	high	concentrations	in	plasma.
•	 Fibrinogen	is	converted	to	fibrin,	which	stabilizes	blood	clots	and	promotes	hemostasis.
•	 Fibrin	structure	and	mechanical	properties	are	modified	by	genetic	and	environmental	factors.
•	 Fibrin(ogen)	also	contributes	to	thrombosis,	host	defense,	inflammation,	and	wound	healing.
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Fibrin clot proper�es are clinically-relevant (reviewed in 44,60-65).

Abnormal clot structures predict:
• recurrent deep vein 

thrombosis a�er 
an�coagulant withdrawal

• adverse clinical outcome 
following acute coronary 
syndrome

• recurrent thromboembolic 
events in an�phospholipid 
syndrome

But causality remains to 
be proven!Weaker clots are 

associated with 
bleeding.

Bleeding: congenital 
dysfibrinogenaemia, 
haemophilia, liver 
disease and 
transplanta�on

Other: 
Fibrin’s role in other se�ngs may contribute to 
disease pathogenesis or be a consequence of the 
inflammatory process.

Examples: chronic heart failure with sinus rhythm, 
atrial fibrilla�on, arterial hypertension, aor�c 
aneurysm, disseminated intravascular coagula�on, 
congenital dysfibrinogenemia with thrombosis, 
diabetes mellitus, end stage renal disease, 
malignancy, liver cirrhosis

Chronic inflammatory disease:
Fibrin may increase inflamma�on by recrui�ng 
inflammatory cells and enhancing leukocyte 
reac�vity.

Examples: inflammatory bowel disease, 
an�phospholipid syndrome, rheumatoid arthri�s, 
chronic obstruc�ve pulmonary disease

Clots with densely-packed fibers, increased s�ffness, and resistance to fibrinolysis are 
found in cardiovascular and other diseases.

Venous Thrombosis/
Thromboembolism:
Increased fibrin deposi�on in these 
fibrin-rich thrombi may also 
sequester thrombin within thrombi.

Examples: deep vein thrombosis, 
pulmonary embolism, cerebral 
venous sinus thrombosis

Arterial thrombosis:
Fibrin deposi�on in thrombi enhances 
thrombus resistance to thrombolysis.

Examples:  ischemic stroke, coronary 
artery disease, peripheral arterial 
disease, acute coronary syndrome, 
no-reflow phenomena a	er acute 
myocardial infarc�on, in-stent 
thrombosis

Atherosclerosis: Atherosclerosis: 
Fibrin  in plaques 
contributes to 
plaque growth & 
(in)stability

The remarkable biochemical and mechanical characteris�cs of fibrin(ogen) make it an 
intriguing target for new therapeu�c approaches.

Discord may 
reflect complex 
contribu�ons of 
γA and γ’ 
fibrinogen to clot 
proper�es.67-69

In general, ↑ γ’ is associated with arterial thrombosis, ↓ γ’ with venous thrombosis, although this remains inconclusive.66

Platelet binding Clot s�ffness
Clot structure

FibrinolysisThrombin binding (“an�thrombin I”)
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