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PROTEIN  S AND C 

DEFICIENCIES.

Protein S Deficiency (PSD) is a rare 
blood disorder that affects just a few 
thousand people worldwide. It is one of 
several known risk factors for thrombo-
philia and can increase the risk of blood 
clots such as Deep Vein Thrombosis 
(DVT) and Pulmonary Embolism (PE).

There are three types of Hereditary 
Protein S Deficiency:

- Type I - Decreased Protein S activ-
ity: low levels of free Protein S, normal 
levels of bound Protein S 

- Type IIa - Decreased Protein S 
activity: low levels of free Protein S, low 
levels of bound Protein S 

-Type IIb - Decreased Protein S 
activity: normal levels of free Protein S, 
normal levels of bound Protein S 

It is also possible to have an ac-
quired deficiency of Protein S, which is 
seen in some cases of DIC, DVT, PE, 
pregnancy and liver disease and during 
treatment with anticoagulants such as 
warfarin.

 
Estimates
Protein S Deficiency occurs in about 

1 in 20,000 people. Of those less than 
half develop thrombosis, usually between 
the ages of 20 and 30. Of all the inherited 
thrombophilic conditions, it remains the 
most difficult to diagnose.

 Protein C Deficiency

Protein C deficiency is a genetic trait 
that also predisposes one to the formation 
of venous clots. There are two classifica-

tions of protein C deficiency: type I and 

type II. Type I protein C deficiency re-

sults from an inadequate amount of pro-

tein C present . The protein C that is pre-

sent functions normally, but the amount 

of protein C present is insufficient to 

control the coagulation cascade. Type II 

protein C deficiency is characterized by 

defective protein C molecules The 

amount of protein C present is normal, 

but it is unable to interact normally with 

the other molecules involved in coagula-

tion to perform its function. Numerous 

defects in the protein C molecule have   
been described that alter its interactions 

with thrombomodulin, phospholipids, 

factor Va and factor VIIIa as well as oth-

ers.

Figure 1.                                                     
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IN THE NEWS

WHAT IS PROTEIN S

Protein S is a Vitamin K-
dependent plasma glycoprotein 
synthesized in the liver and it 
functions as a cofactor to Protein 
C in the inactivation of Factors Va 
and VIIIa. In the circulation, Pro-
tein S exists in two forms: a free 
form and a complex form bound 
to complement protein C4b. Only 
the free form has cofactor activity.

THE ROLE OF PROTEIN C
The function of protein C is to 
inactivate factor Va and factor 
VIIIa (the 'a' denotes the active 
form). The first step in this proc-
ess is the activation of thrombo-
modulin by thrombin. Subse-
quently, protein C combines with 
thrombomodulin in order to pro-
duce activated Protein C (see Fig-
ure 1). Activated protein C then 
combines with protein S on the 
surface of a platelet  Activated 
protein C can then degrade factor 

Va and factor VIIIa (see Figure 
1).



Epidemiology of Protein C Deficiency:
 Protein C deficiency is present in 
approximately 0.2% of the general popu-
lation.
 
Risks of Protein C Deficiency:
 The overall estimated incidence 
(annual occurrence) of deep venous 
thrombosis is 1 episode for every 1000 
persons. This figure does not separate 
patients who had predisposing conditions 
from those who do not. 
 For patients that are born with 
both of the copies of the protein C gene 
abnormal (called homozygous), the result 
is often a severe form of thrombosis 
called purpura fulminans. Purpura fulmi-
nans involves severe clotting throughout 
much of the body, ultimately causing 
death to the tissues. This is a life-
threatening condition.
 At this time, the data available do 
not suggest any role between protein C 
deficiency and arterial thrombosis 
(stroke, heart attack).
 
Treatment of Protein C Deficiency:
 Treatment of a patient with pro-
tein C deficiency depends upon the indi-
vidual patient's risk of thromboembolic 
disease. When a patient has a venous clot, 
regardless of what thrombophilic state(s) 
they may have, they will receive antico-
agulation. This is accomplished by sev-
eral different medications: 1) heparin, 2) 
warfarin and 3) low-molecular-weight 
heparins. These medications are generally  
continued for 3-6 months.
 Patients that have had multiple 
thromboembolic episodes or are at high 
risk of further episodes (for example, 
multiple deficiencies) may be considered 
for long-term oral anticoagulation (war-
farin). Because studies have demon-
strated an increased risk of recurrent 
venous thromboembolic disease in pa-
tients with protein C deficiency, long-
term oral anticoagulation) is recom-
mended. Long-term anticoagulation has 
risks associated with it (approximately a 
3% chance per year of having a major 
hemorrhage, of which approximately 1/5 
are fatal). Beginning long-term antico-
agulation is influenced by the patient's 
overall risk of recurrent thrombosis bal-
anced against the risks associated with 
long-term anticoagulation on an individ-
ual basis.
 In patients who are homozygous, 
the risk of death from thrombosis is im-
minent. As a result, treatment necessitates 
providing a source of protein C. This can 
be done through blood products such as 
fresh frozen plasma (FFP). In addition, a 
form of human protein C concentrates 
has become available in the United 
States. This has been used previously in 

Europe. At this time, there are no studies 
comparing the efficacy of FFP versus the 
protein C concentrates in severe protein 
C deficiency related thrombosis.
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