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ADVANCES IN THE UNDERSTANDING OF PROTEIN C AND PROTEIN S DEFICIENCIES: FROM MOLECULAR MECHANISMS TO THERAPEUTIC STRATEGIES


ABSTRACT
Background: Protein C (PC) and Protein S (PS) deficiency, either inherited or acquired, are rare but a significant cause for thrombophilia. These vitamin K-dependent plasma glycoproteins collaborate in the anticoagulant pathway to regulate thrombin generation and maintain vascular integrity.
Objective: To examine the molecular foundations, physiological processes, disease development, diagnostic methods, and treatment strategies related to Protein C and Protein S deficiencies, highlighting the latest findings on genetic variations, clinical manifestations, and therapeutic options.
Methods: We conducted a thorough examination of the existing literature, encompassing peer-reviewed studies, clinical case reports, and respected haematology reference materials, concentrating on the genetic characteristics related to PC and PS deficiencies.
Results: Protein C deficiency primarily results from pathogenic mutations in the PROC gene, while Protein S deficiency is caused by variations in the PROS1 gene. Both deficiencies increase the risk of venous thromboembolism (VTE) and, in severe instances, can lead to purpura fulminans and disseminated intravascular coagulation (DIC). Heterozygous forms exhibit variable penetrance and typically present as recurrent VTE. Confirming the diagnosis requires functional and antigenic assays, as well as molecular testing to detect any underlying mutations. Treatment options include anticoagulation using heparin or direct oral anticoagulants (DOACs), protein replacement therapy, and, in severe cases involving neonates, liver transplantation.
Conclusion:  Early detection and accurate molecular diagnosis of PC and PS deficiencies are essential for decreasing thrombotic morbidity and mortality. Standardization of diagnostic assays and personalized long-term anticoagulation regimens continue to be important factors for optimizing patient care.
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INTRODUCTION
Protein C (PC) deficiency, whether congenital or acquired, is a significant predisposing factor for thrombophilia. Clinical manifestations range from being asymptomatic to the development of venous thromboembolism and, in severe cases, neonatal purpura fulminans- a potentially life-threatening condition. Protein C (PC) is a vitamin K–dependent zymogen that plays a vital role in maintaining haemostatic balance and preventing thrombosis in humans. It was first isolated and described by Stenflo in 1976. Although severe forms of PC deficiency (homozygous or compound heterozygous) are extremely rare, occurring in roughly 1 in 500,000 to 1 in 750,000 live births, partial (heterozygous) deficiencies are significantly more prevalent, affecting approximately 1 in 200 to 1 in 500 individuals. (Dinarvand & Moser, 2019)The incidence of Protein C deficiency among individuals presenting with clinical symptoms is estimated to be approximately 1 in 20,000.
Protein S deficiency is an autosomal dominant disorder present in up to 10% of families with congenital thrombophilia. Because heterozygous individuals from these families have an elevated risk of venous thromboembolic events, it is vital to establish a clear and accurate diagnosis.(Comp & Esmon, 1997) Anticoagulant protein S (PS) was identified in the 1970s as a novel vitamin K–dependent plasma glycoprotein containing γ-carboxyglutamic acid residues. Further investigations showed that protein S (PS) acts as a cofactor for the anticoagulant enzyme activated protein C (APC) in the degradation of factor Va. (Dahlback, 2007)
The exact prevalence and incidence of hereditary protein S deficiency in the general population remains unclear, likely because of its rarity and the difficulty in making a precise diagnosis (Ten Kate & van deer, 2008)
DEFINITION
Protein C deficiency is a rare disorder, characterized by a reduction in the activity of protein C, A plasma serine protease that plays a key role in blood coagulation; this reduced activity leads to an increased tendency for abnormal blood clot formation, a condition known as thrombophilia. (Gupta & Patibandla, 2023)
Protein S deficiency is a rare condition, defined by decreased activity of protein S, a plasma serine protease that plays multifaceted roles in coagulation, inflammation, and apoptosis.it is characterized by a reduced capacity to regulate the coagulation process, which can result in excessive blood clot formation (thrombophilia) and an elevated risk of venous thromboembolism (VTE).( Tun, A, Gupta, & Tuma, 2022)
EPIDEMIOLOGY
The initial case of PC deficiency was reported by Griffin and colleagues in 1981 and PS deficiency was initially documented in 1984 by Comp and Esmon. (Comp & Esmon, 1984) The general population has an unexpectedly high estimated prevalence of PC deficiency, standing at 0.4%. Although the prevalence of PS deficiency appears to be lower, the data remains ambiguous, primarily due to challenges in laboratory diagnosis. (Tait et al., 1995) The occurrence of PC deficiency among individuals displaying clinical symptoms has been approximated at 1 in 20,000.(Dinarvand & Moser, 2019).While the incidence of PS deficiency, while rare in the overall population, is observed in about 2% of unselected individuals and between 1% to 13% of thrombophilia patients experiencing VTE. Moreover, increasing evidence suggests that a deficiency in PS is more common among Japanese and Chinese groups. The estimated occurrence in the overall Japanese population ranges from 1% to 2%. various diagnostic assessments for identifying PS deficiency, or the widespread occurrence of a particular PROS1 mutation limited to a specific region. (Ten Kate & Van der, 2008)
CLASSIFICATION OF PROTEIN C AND PROTEIN S ON GENETIC BASIS
Protein C deficiency is an uncommon genetic condition resulting from changes in the PROC gene found on chromosome 2q14.3. Both dominant and recessive autosomal inheritance patterns can result in the onset of diseases. The occurrence of protein C deficiency varies between 1 in 40,000 and 1 in 250,000 individuals. (Ryu & Hong, 2021).
The rare and severe form of Protein C deficiency, which is autosomal recessive, has an incidence rate of 1 in 4 million (Nourbaksh et al., 2023)
Hereditary PC deficiency is an autosomal dominant condition linked to a significant risk of venous thromboembolism VTE. (Xie & Chen, 2017).
whereas PS deficiency type 1 is a monogenic condition caused by variations in PROS 1 gene, while PS deficiency type III probably represents a more complex or diverse condition. (Ten Kate et al., 2006)
Protein S is produced by the active PROS 1 gene located on chromosome 3, while there is also an inactive pseudogene, PROS 2, found on the same chromosome. However, PROS 2 is not transcribed and shares a 97% similarity with PROS 1, differing mainly due to the lack of exon 1 and the presence of stop codons within the sequence. It can be anticipated that mutations leading to defects in protein S will be found within the PROS 1 gene. (Xie, Liu, Chen, 2017)
According to the Human Gene Mutation Database, 450 mutations in the PROS1 gene have been identified as contributors to protein S deficiency, with a majority being missense or nonsense mutations (56%). (Mustafa et al., 1995) 
PHYSIOLOGY OF PROTEIN C AND PROTEIN S
Synthesis (liver, vitamin K dependency)
Protein C and Protein S are glycoproteins that depend on vitamin K and are primarily produced in the liver. Vitamin K serves as a cofactor for the γ-carboxylation of glutamic acid residues on these proteins, a crucial step for their ability to bind calcium and phospholipids — vital for their role in anticoagulation (15, 16). Both proteins are present in the plasma: Protein C exists as an inactive zymogen, while Protein S is found in both free (active) and bound (inactive) forms, with approximately 40% in the active free form (Wypasel et al., 2021).
Role in the Anticoagulant Pathway (protein c)
Activation of Protein C helps to regulate blood coagulation and protect endothelial cells. This process begins when thrombin binds to thrombomodulin on the endothelial surface, forming a complex that alters thrombin’s role from a procoagulant enzyme to one that activates the anticoagulant Protein C. (Gierula & Ahnström, 2020)
This activated protein c (APC) inactivates coagulation Factors Va and VIIIa, which are essential cofactors for generating thrombin. By degrading these factors, APC reduces thrombin formation and slows down the clot amplification and aids in maintaining blood fluidity. (Dahlbäck, 1999), (Dahlbäck & Villoutreix, 2005).
While the Protein S serves as a non-enzymatic cofactor for Activated Protein C (APC), significantly enhancing APC’s ability to inactivate coagulation Factors Va and VIIIa. In addition to this cofactor function, Protein S directly contributes to anticoagulation by assisting the Tissue Factor Pathway Inhibitor (TFPI) and by modestly inhibiting the tenase and prothrombinase complexes. (Esmon, 2003)
Approximately 40% of circulating Protein S exists in a free, active form, while the remaining portion is bound to C4b-binding protein and is therefore inactive
Deficiencies or dysfunction in these Protein C, Protein S, or their receptors can disturb regulatory pathway. This leads to excess thrombin generation, predisposing to venous thrombosis, disseminated intravascular coagulation (DIC), or purpura fulminans (Rezaie, 2010) 
PATHOGENESIS OF PROTIEN C & PROTIEN S DEFICIENCY
A. PATHOGENESIS OF PROTIEN C
1. SYNTHESIS BY HEPATOCYTES: 
The liver (especially hepatocytes) generates Protein C and releases it into the bloodstream in an inactive form known as a zymogen.
2. PRESENCE IN PLASMA:
Inactive Protein C circulates through the plasma as a molecule composed of two chains (light and heavy chains).
3. ACTIVATION ON ENDOTHELIAL SURFACE:
When thrombin interacts with the endothelial receptor thrombomodulin (TM), it switches from being pro-coagulant to an activator of Protein C. The endothelial Protein C receptor (EPCR) also binds to Protein C, enhancing the rate at which it is converted to activated Protein C (APC).
4. FORMATION OF ACTIVATED PROTEIN C (APC):
The thrombin–thrombomodulin complex, along with EPCR, converts Protein C into APC.
5. KEY FUNCTIONS OF APC:
a. Anticoagulant function:
Inactivates Factors Va and VIIIa, which slows down the generation of thrombin and the formation of clots.
b. Promotion of fibrinolysis:
Interacts with plasminogen-activator inhibitor-1 (PAI-1), boosting the activity of tissue plasminogen activator (tPA), which aids in the breakdown of clots.
c. Anti-inflammatory & protective roles:
Engages with the PAR-1 receptor via EPCR, helping to stabilize the endothelium and mitigate inflammation.
6. TYPICAL OUTCOME:
A well-regulated anticoagulant and fibrinolytic system prevent unnecessary clot formation while ensuring hemostasis.
7. IN CASES OF PROTEIN C DEFICIENCY:
Resulting from mutations in the PROC gene located on chromosome 2q14.3
More than 160 genetic variants have been identified
Leads to inadequate or dysfunctional Protein C
Ineffective in deactivating Factors Va and VIIIa
Causes increased thrombin production
Results in a hypercoagulable condition and a heightened risk of thrombosis. (Dinarvand & Moser, 2019)
B. PATHOGENISIS OF PROTIEN S
1. SITE OF SYNTHESIS:
Protein S is predominantly synthesized in the liver by hepatocytes, but it is also produced by endothelial cells, megakaryocytes, osteoblasts, Leydig cells, and vascular smooth muscle cells.
2. PRESENCE IN PLASMA :
Protein S is present in plasma at concentrations of approximately 20–25 mg/L, with about 60% bound to complement component C4b-binding protein (C4BP) and the remaining portion existing as free and biologically active.
3. KEY FUNCTIONS OF PS:  
Protein S performs two primary anticoagulant functions:  
• APC-dependent (serves as a cofactor for Activated Protein C)  
• APC-independent (acts directly on clotting factors)
4. APC-DEPENDENT PATHWAY:
a. Protein S serves as a cofactor for Activated Protein C (APC)  
Together, they inactivate Factors Va and VIIIa, thereby reducing thrombin production.  
b. The PS–C4BP complex also assists APC in degrading Factor Va (although less efficiently than free PS, it remains functional).  
c. It enhances fibrinolysis by facilitating the APC-mediated neutralization of plasminogen activator inhibitor 1 (PAI-1), which promotes the breakdown of clots.
5. APC-INDEPENDENT PATHWAY:
a. Protein S inhibits the tenase and prothrombinase complexes directly, leading to a decrease in early thrombin generation.  
b. It limits the activation of thrombin-activatable fibrinolysis inhibitor (TAFI), which promotes the breakdown of fibrin.  
c. Protein S acts as a cofactor for tissue factor pathway inhibitor (TFPI), hindering tissue factor–induced coagulation by enhancing the interaction between TFPI and FXa.
6. OVERALL EFFECT:
Protein S sustains a balanced hemostatic environment by:  
• Regulating thrombin production  
• Promoting the breakdown of clots (fibrinolysis)  
• Preventing unnecessary thrombosis
7. IN CASES OF PROTEIN S DEFICIENCY:
Protein S deficiency may be:  
• Inherited (resulting from genetic mutations)  
• Acquired (due to factors such as vitamin K antagonists, oral contraceptives, pregnancy, liver disease, nephrotic syndrome, disseminated intravascular coagulation (DIC), or chronic infections like HIV). (Ten Kate et al., 2008)

CLINICAL MANIFESTATIONS
The cause of PC deficiency might be inherited (congenital) or acquired. Congenital diseases can be heterozygous or homozygous. The majority of patients with PC deficiency have heterozygous deficit. The presentation of heterozygous PC deficiency ranges from asymptomatic to problems such as venous thromboembolism (VTE) and pulmonary embolism. Heterozygous PC-deficient patients who develop VTE may have additional acquired risk factors, such as immobilisation, surgery, drugs, or pregnancy, which contribute to VTE. (Dinarvand & Moser, 2019) this indicates that DVT or PE will occur in roughly one out of every 100 to 500 patients with one of these deficits each year. Less common symptoms of PC/PS insufficiency include superficial, cerebral, visceral, or axillary vein thrombosis. (Wypasek & Undas, 2013).
Homozygous PC deficiency is uncommon, with an estimated prevalence of 1 in 500,000 to 1 in 750,000. It appears 2 hours to months after birth, or with delayed symptoms, with potentially fatal thrombosis involving the central nervous system, eyes, kidneys, and skin (purpura fulminans). Non-reactive pupils, leukocoria, chemosis, periorbital edema, shallow anterior chamber, dilated iris vessels, posterior synechia, retinal artery and vein blockage, retinal dysplasia and microphthalmos are some of the ophthalmic signs. Purpura fulminans, hematomas, epistaxis, prolonged bleeding, hydrocephalus, subarachnoid haemorrhage, pulmonary embolism, thrombotic haemorrhagic gastrointestinal and genitourinary mucosal infarctions of renal and deep vein thrombosis alongside the pulmonary embolism, and candida sepsis are examples of systemic manifestations. (Ghasssemi et al., 2020)
Protein S usually affects young patients who have venous thrombosis in the deep veins of the lower limbs, sometimes involving axillary, mesenteric or cerebral veins. Recently, a young man with protein S deficiency was reported to have a central retinal artery blockage. (Greven et al., 1991) Although extremely unusual, homozygous or compound heterozygous PS deficiency is characterised by severe VTE or purpura fulminans at birth. Without treatment, this will most likely be fatal. However, in some infants, severe retinopathy of prematurity may be the primary initial sign.
Heterozygous PS deficiency is a known risk factor for VTE, but its penetrance is incomplete and varied, and symptoms usually appear before the age of 50. However, due to the use of oral contraceptives and pregnancy or puerperium, PS-deficient women appear to be at a higher risk of developing VTE early in life (<30 years) than PS-deficient men. (Ten Kate et al., 2008)
PROGNOSIS
There are limited studies on the long-term outcomes for individuals with severe protein C deficiency. However, maintaining long-term anticoagulation therapy places patients at risk for bleeding incidents. It has been observed that patients undergoing liver transplants to treat PC deficiency had long-term survival free of thrombotic problems and without the need for PC replacement or anticoagulation. (Dinarvand & Moser, 2019)
Utilizing home INR monitors and swiftly addressing low INR levels with short-term heparin treatment or protein C replacement can successfully avert severe clotting issues like VTE (venous thromboembolism), DIC (disseminated intravascular coagulation), and purpura fulminans. This strategy enables numerous patients to avoid frequent hospital visits. Individuals with milder (heterozygous) protein C deficiency may suffer from recurrent DVTs and develop post-thrombotic syndrome (PTS), leading to painful, and slow-healing leg ulcers. (Gold et al., 2008)
Patients exhibiting low levels of protein C following an acute stroke generally have a poorer outcome, experiencing more severe disabilities and a higher rate of death within six months compared to those with normal protein C levels. Conversely, low levels of free protein S, though observed in a considerable number of patients, seem to be temporary. These fluctuations in protein S do not correlate with the severity of the stroke or the mortality rate. In contrast, stroke patients with reduced protein C levels face a worse prognosis, whereas low protein S levels appear to have minimal influence on the outcome. (Anzola et at., 1993)
DIAGNOSTIC APPROACH
As both PC and PS deficiencies can be acquired. Given that various mutation sites in the PROC and PROS1 genes have been identified, and no specific "hot spot" has been found within these genes, DNA sequencing is considered the most dependable approach for making a genetic diagnosis. (Yin et al., 2007) DNA sequencing for genetic analysis serves as a crucial method for diagnosing deficiencies in PC and PS. The existence of the PS pseudogene necessitates meticulous primer design to prevent the amplification of fragments from the pseudogene. (Garcia et al., 2007)
In mutational analysis, testing for PROC1 mutations is performed after preliminary tests suggest a possible protein C deficiency. This testing can aid in offering genetic counselling to patients and improving the understanding of the disease’s natural progression. (Padda et al., 2025) 
Plasma levels of Protein C activity can be assessed using either a clotting-based assay or a chromogenic (amidolytic) assay and Plasma levels of Protein S can be assessed using both immunologic (antigen-focused) and functional (activity-focused) assays. Initially, total PS was analyzed through complex techniques like PEG precipitation to isolate free PS (the active variant). Currently, ELISA tests, particularly monoclonal free PS ELISAs, are widely used and provide greater accuracy. (Marlar & Gausman, 2014)
The chromogenic assay of PC involves adding a chromogenic substrate to the APC produced in the diluted plasma sample. This assay specifically evaluates two functional domains of PC: its activation and active site. (Angelo et al., 1989)
Clotting-based tests primarily use the PTT, assays utilizing the PT or RVVT have been created. whereas higher levels of PS can result in an overestimation of the PC value in plasma, this diminishes the lower threshold for PC detection and raises the cost of the assay.
Protein c antigenic assays identify the presence of PC molecules but do not assess their function or activity. The purpose of the PC antigen test is to differentiate between Type I and Type II deficiencies. Tests for PC antigen, both commercially available and those developed in laboratories, utilize methodologies such as ELISA or radial immunodiffusion (RID) (Mackie et al., 2013)
Whereas the to assess for PS deficiency, compare the patient's results to the reference ranges that are suitable for their age and gender based on the specific PS assay used. PS assays should be avoided during pregnancy, hormone treatments, or when the patient is taking vitamin K antagonists (VKA) or direct oral anticoagulants (DOAC).(Marlar  & Gausman, 2014)
Protein S antigenic assays determine the existence of PS molecules in the plasma. By utilizing free PS antigen as a proxy to evaluate PS activity, most cases of PS deficiency (Types I and III) can be diagnosed, numerous laboratories choose not to conduct this assay because it increases costs while providing minimal clinical insights for managing patients with PS deficiency. Both commercial assays and laboratory-developed tests for PS antigen have been created, such as the ELISA or latex particle turbidimetric assay. These assays for activity and antigen levels are utilized to differentiate between Type I and Type III or Type II defects. (Mackie et al., 2013)
Table 1: Recommended tests for protein C, protein S, and antithrombin in the thrombophilia panel (Marlar & Gausman, 2014) [image: ]
MANAGEMENT
CLINICAL MANAGEMENT OF PC DEFIENCY
Monitoring neonatal PF can only be done through PC replacement using either fresh frozen plasma (FFP) or a human plasma-derived, viral inactivated PC concentrate (Ceprotin). Infants who are most affected have been treated with long-term secondary prophylaxis using PC concentrate or therapeutic anticoagulation, which may include either low-molecular-weight heparin (LMWH) or high-intensity warfarin. Assessing D-dimer levels for indications of coagulation activation is beneficial to verify sufficient replacement or anticoagulation treatment. (Gold et al., 2008)
Patients diagnosed with venous thrombosis, including deep vein thrombosis (DVT) or pulmonary embolism, are typically commenced with acute management on heparin treatment, while oral anticoagulants like Heparin and warfarin are progressively introduced. (Brummel et al., 2012)
Long-term management of PC deficiency, whether in a heterozygous or homozygous state, generally involves oral anticoagulation. Replacement therapy using PCC can be beneficial, although it may exacerbate the patients’ symptoms and worsen the condition due to the presence of procoagulants. Low-molecular-weight heparin (LMWH) is an effective and valuable treatment option since it is relatively safe and the subcutaneous formulation is easy to use. It does not necessitate frequent monitoring and lowers the risk of undesirable bleeding incidents, although it can be quite expensive. A potential risk associated with prolonged LMWH use is the development of osteoporosis, which is particularly concerning in infants. (Dreyfus, 2003)
The administration of heparin or oral anticoagulants in the management of protein C deficiency carries potential complications. Although adverse events are relatively uncommon, they can result in significant morbidity and mortality. The pathogenesis of coumarin-induced skin necrosis (CISN) remains incompletely understood; however, it is believed to arise from a transient hypercoagulable or inflammatory state that develops as protein C levels further decline following the initiation of coumarin therapy. (Garcia de frutos et al., 2007)

CLINICAL MANAGEMENT OF PS DEFIENCY
Management of venous thromboembolism in patients with protein S deficiency is not substantially different from that in those who have no known thrombophilia, except for the duration of anticoagulation. Treatment with intravenous unfractionated heparin or LMWH + warfarin is initiated, until an INR of 2.0–3.0 is reached over 2 days. Heparin should be administered for a minimum of 5 days to avoid skin necrosis, an uncommon side effect reported in early warfarin-treated patients with PS and PC deficiency. Warfarin can be given for 2 years or more if there are other thrombophilic defects, but in the absence of any that period generally averages 3–6 months after provoked first VTE. (Pilli et al., 2018)
Oral anticoagulants are an effective therapy for heterozygous and protein S deficiencies; however, skin necrosis is a possible side effect, particularly in those with protein-C deficiency. (Garcia de frutos et al., 2007)
A lower level of PS seems to be related to lifestyle changes aimed at addressing obesity and insulin resistance, even though there is a general decrease in thrombophilia with a reduction in prothrombotic factors. It is important to remember that hypoxia can lead to a deficiency in PS. (Pilli et al., 2018)
However, in the case of PS insufficiency, rivaroxaban and apixaban, the DOACs mentioned in this research, may provide more predictable results. Fixed dosage, few drug interactions, and the ability to reverse anticoagulant activity with Andexanet alfa are additional benefits of DOACs. (Wigle et al., 2019)
However, showed rivaroxaban was a successful treatment for PS deficiency-related recurrent arterial ischemic stroke. An agreement should be made to switch to new oral anticoagulants like rivaroxaban and enoxaparin–VKA. These can keep PS levels stable during clotting episodes. (Naghavi et al., 2021)

DISCUSSION
Protein C and Protein S play a crucial role in the anticoagulant pathway that protects against excessive thrombin production. Mutations in the PROC and PROS1 genes can result in either quantitative or qualitative defects, leading to a hypercoagulable state. Heterozygous individuals often remain without symptoms until other risk factors—such as immobility, pregnancy, surgery, or estrogen use—trigger venous thromboembolic occurrences. In contrast, homozygous or compound heterozygous variations can be devastating, frequently presenting in newborns as purpura fulminans or severe thrombosis.
Recent advances in genetic sequencing have identified more than 160 mutations in the PROC gene and over 450 in the PROS1 gene, mostly involving missense or nonsense changes. These mutations hinder γ-carboxylation, disrupt calcium binding, and modify protein structure, all of which reduce the effectiveness of anticoagulation. While functional assays continue to be the cornerstone for diagnosis, molecular confirmation is essential for accurate diagnosis and aids in genetic counselling.
Management strategies are influenced by the severity of the deficiency and the clinical symptoms presented. For acute thrombotic incidents, bridging with heparin or low-molecular-weight heparin (LMWH) is necessary, followed by long-term oral anticoagulant treatment. Although warfarin is still commonly used, caution is needed when starting it due to the potential for coumarin-induced skin necrosis resulting from temporary drops in PC levels. Direct oral anticoagulants (DOACs) like rivaroxaban and apixaban present benefits, such as fixed dosages and fewer interactions. In severe congenital cases, human plasma-derived PC concentrates (Ceprotin) or fresh frozen plasma can provide critical replacement therapy.
Recent case reports highlight the diverse clinical manifestations of these deficiencies among different populations, with a noted higher prevalence in specific ethnic groups, including Japanese and Chinese individuals. Additionally, the connection between hypoxia and decreased PS levels suggests emerging links between environmental factors and molecular contributors to thrombophilia. On-going research is essential to develop standardized screening protocols and to better understand genotype-phenotype relationships.

CONCLUSION
Deficiencies of protein C and protein S are important but under recognized causes of inheritable, and acquired thrombophilia. Clinical presentation varies from asymptomatic states to severe neonatal thrombosis. Accurate testing in the laboratory — confirmation on genetic testing is important for a definitive diagnosis and individualized treatment. Early detection, appropriate anticoagulation therapy and genetic counselling may substantially reduce the risk of recurrence of thrombosis and improve prospects in long-term follow up. On-going investigations of molecular pathways and therapeutic evolutions will continue to improve strategies for the prevention and management of these complex bleeding disorders.
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