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Abstract
We have studied a 60 year old male of Chinese descent who presented with combined deficiency of the anticoagulant proteins C and S. Molecular genetic analysis of 
the patient’s PROC gene revealed a novel heterozygous mutation that resulted in a V221G mutation. Two mutations were identified in the patient’s PROS1 gene: 
(1) an E67E mutation that has been reported previously and is associated with severe protein S deficiency, and (2) a novel mutation in the 5’ flanking sequence that 
changes a putative binding site for the transcription factor Sp 1. Together, these mutations are consistent with the combined protein C and S deficiency symptoms 
presented by the patient.
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Introduction
Proteins C and S (PC and PS) are vitamin K-dependent plasma 

glycoproteins that exert their anticoagulant actions through the 
degradation of clotting factors VIIIa and Va. After activation by the 
thrombin-thrombomodulin complex, activated protein C (APC) 
acts as a specific protease with PS acting as a non-enzymatic cofactor 
[1,2]. The human gene encoding PC (PROC) is located on the long 
arm of chromosome 2 (2q13-q14) and contains 9 exons that code for 
461 amino acid residues [3,4]. The human PS gene (PROS1) resides 
on chromosome 3 (3p11.1-q11.2) and contains 15 exons coding for 
636 amino acid residues [5-7]. The human genome also contains 
a pseudogene for protein S (PROSP or PROS2) also located on 
chromosome 3 (3p21-cen) [5-7].

Hereditary deficiencies of either PC or PS are rare autosomal 
dominant disorders in which patients have functional levels of the 
respective proteins that are typically half those of normal controls, 
resulting in increased propensity toward thromboembolic disease 
[2,8,9]. Like other inherited hemostatic disorders, deficiencies of PC 
or PS are the result of heterogeneous deletions and mutations that 
affect protein secretion, stability and/or function. Although over 150 
PC [8] and 200 PS [10] mutations have been identified, mutations 
in the PS gene can only be identified in about 50% of cases with PS 
deficiency leading to the suggestion that causative genetic defects may 
be located close to the PS gene in these cases [11]. Combined PC and PS 
deficiency is a very rare disorder and few cases have been described in 
the literature [12]. Combined PC and PS deficiency is associated with 
increased risk of thrombosis [12-17] and stroke [18]. The molecular 
basis of the combined deficiency was determined in one family and 
revealed independently-segregating mutations in the PROS and PROC 
genes [13].

In this paper, we describe a patient who has combined deficiency 
of both PC and PS. Molecular genetic analysis of the patient’s genomic 

DNA revealed two previously unreported heterozygous mutations in 
the PC and PS genes. These genetic mutations are consistent with the 
low levels of proteins C and S that were observed in this patient. 

Materials and methods
Case summary

The propositus is a 60 year old male of Chinese ancestry with 
no history of thrombosis. The propositus’ brother developed an 
unprovoked deep vein thrombosis at age 47 and was found to 
be deficient in both PC and PS. A thrombophilia work up on the 
propositus revealed a PC proteolytic activity level of 0.33 (normal > 
0.50), a PTT-based PS activity level of 0.45 (normal > 0.60), and an 
ELISA-based PS free antigen level of 0.50 (normal > 0.50). These results 
were nearly identical to those of his brother and are consistent with 
combined heterozygous deficiencies of both anticoagulant proteins. In 
addition, the propositus’ sister was found to be deficient in PC but had 
completely normal PS levels and no history of thromboembolic disease. 
Unfortunately, the patient’s parents and siblings were unavailable for 
comparative molecular analysis.

Molecular genetic analysis

To determine the molecular basis for the PC and PS deficiencies in 
the propositus, informed consent was obtained and DNA was purified 
from citrated blood using the QIAamp DNA Isolation Kit (Qiagen, 
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Mississauga, ON, Canada). Polymerase Chain Reaction (PCR) 
amplifications were performed using oligonucleotide primers flanking 
all exons and adjacent intron sequences of the PROC and PROS1 genes 
(primer details are available from the corresponding author). The 
PCR products were purified with the QIAquick PCR Purification Kit 
(Qiagen), and their nucleotide sequences were determined using the 
BigDye Terminator v3.0 Cycle Sequencing Kit (Applied Biosystems, 
Foster City, CA, USA). Reaction products were analyzed on an Applied 
Biosystems 3700 DNA Analyzer located at the British Columbia Centre 
for Excellence in HIV/AIDS at St. Paul’s Hospital (Vancouver, BC). 
DNA sequences were determined on both strands of DNA and analyzed 
using Chromas 2.33 software (Technelysium Pty Ltd, Tewantin, 
Australia) and the basic local alignment search tool (BLAST) from the 
National Center for Biotechnology Information (NCBI). Assignment 
of nucleotide numbering was according to NCBI accession numbers 
NM_000312.2 for PROC and NM_000313.1 for PROS1.

Results
Both the PROC and PROS1 genes were amplified using specific 

PCR primers, and the resulting DNA fragments were subjected to 
DNA sequence analysis. A heterozygous missense mutation (PROC 
c.882 T>G) was identified in exon 8 of the PROC gene (Figure 1A). 
This mutation results in a valine to glycine substitution of residue 221 
in the proteolytic domain of PC. This mutation has not been reported 
previously and is not reported in the database of PROC mutations 
(http://www.itb.cnr.it/procmd). 

DNA sequence analysis of the patient’s PROS1 gene revealed two 
heterozygous mutations suggesting that the PS deficiency was not 
caused by a gross deletion of one of the alleles [11]. An exon mutation 
(PROS1 c.200 A>C) was identified in exon 2 of the patient’s PROS1 
gene (Figure 1B). This mutation has been reported previously [19] 
and results in the substitution of Glu67 to Ala. Glu67 is required for 
vitamin K-dependent proteins to bind Ca2+ and bind to phospholipid 

membranes [20]. Glu67 also appears to be important for protein S 
secretion from the liver into blood [19]. A second mutation was 
identified in the 5’ flanking sequence of the PROS1 gene (Figure 1B), 
and represented a heterozygous CG nucleotide substitution at a 
position 190 bp upstream of the translational start site (Figure 1C). 
This substitution (PROS1 g.-190 C>G) is present within a proposed 
Sp1 transcription factor binding site that is highly conserved among 
mammals [21]. 

Discussion
In this study, we have identified two novel mutations and a 

previously reported mutation in the PROC and PROS1 genes of a 
patient with combined deficiency of PC and PS. Many different PROC 
mutations have been described in the literature and are involved 
in the various functional domains of this vitamin K-dependent 
zymogen (http://www.itb.cnr.it/procmd). The V221G mutation found 
in the current study has not been described previously in the PROC 
gene. However, there is a report of the mutation of the equivalent 
residue in Factor IX (Val231) being mutated to Phe and resulting in 
a severe hemophilia B with < 1% of normal factor IX activity [22]. 
Unfortunately, no biochemical analysis of the resulting V231F factor 
IX has been reported so the effect of the mutation on factor IX stability 
or enzymatic activity remains unknown. The patient’s low APC activity 
is consistent with the mutation of the equivalent valine residue and 
probably reflects the importance of this residue to the stability or 
activity of the resulting mutated APC.

Two mutations were identified in the patient’s PROS1 gene. 
Because the patient’s parents and siblings are unavailable for molecular 
genetic analysis, we are unable to determine if the two PROS1 gene 
mutations occur on a single allele or are distributed on both alleles. 
However, the G67A mutation alone is sufficient to result in the PS 
deficiency phenotype presented by the propositus [19]. Although 
another mutation has been identified in the PROS1 promoter region in 

Figure 1.DNA sequence analysis of the patient’s genomic DNA.
Panel A:  PROC exon 8 region illustrating heterozygosity for the PROC c.882 T>G missense mutation resulting in a ValGly substitution at residue 221.
Panel B:  PROS1 exon 2 region illustrating heterozygosity for the PROS1 c.200 A>C mutation resulting in a GluAla substitution at residue 67.
Panel C:  PROS1 promoter region illustrating heterozygosity for the PROS1 g.-190 C>G mutation within a highly-conserved proposed Sp1 transcription factor binding site.  
The forward sequence is shown in the top panel and the reverse sequence is shown in the bottom panel.  The mutated nucleotides are indicated by the pink arrows.
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a PS deficient patient [21], the current mutation has not been previously 
reported in the ISTH PROS1 mutation database [10]. Further studies 
would be required to confirm that the mutated sequence reduces the 
promoter activity in the mutant PROS1 gene but a reduction in PROS1 
gene transcription with a resulting reduction in PS mRNA and plasma 
protein is consistent with the patient’s hematological presentation.

In conclusion, we have identified two novel genetic defects that are 
consistent with the causative molecular deficiencies of anticoagulant 
proteins C and S in a patient with heritable thrombophilia. To our 
knowledge, this represents only the second study involving the 
determination of the molecular basis of combined protein C and 
protein S deficiency in an individual.
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