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ABSTRACT 
 

Background: Sickle cell disease which is considered to be a hypercoagulable state has a 
worldwide distribution. Protein C is a naturally occurring anticoagulant with anti inflammatory and 
fibrinolytic properties.  
Objective: To evaluate the level of Protein C in Nigerian Patients with sickle cell anaemia (SCA) in 
steady state. 
Methods: This is a comparative cross sectional study carried out in Ibadan on 40 HbSS patients in 
steady state attending Haematology clinic at University College Hospital, Ibadan and 40 age and 
sex matched healthy normal HbAA control. Protein C was assayed with Amax Destiny 
Coagulometer using clot based method. Liver function test (LFT) was done with Hitachi 912.  
Results: A significant decrease in Protein C was found in HbSS patients in steady state (median 
value 62.8%) compared with HbAA control Subjects (74.6%) (p = 0.00). 
There was no significant difference in the LFT of the HbSS patients and the control HbAA subjects, 

Original Research Article  



 
 
 
 

Ibijola et al.; BJMMR, 11(9): 1-5, 2016; Article no.BJMMR.21539 
 
 

 
2 
 

P > 0.05 in all the parameters measured. (Alanine Transaminase (ALT), P = 0.82; Albumin, P = 
0.12; Total Protein, P =0.37). 
Conclusion: The low Protein C level observed in HbSS patients in steady state may not be due to 
hepatic dysfunction as LFT in the subjects were found to be normal. 
 

 
Keywords: HbSS; Protein C; LFT; hypercoagulable state. 
 

1. INTRODUCTION 
 
Sickle cell anaemia is a genetic disease 
characterized by hypercoagulable state in which 
various hemostatic systems both in steady state 
and during vaso-occlusion are perturbed. This 
contributes to the characteristic acute and 
chronic multisystem failure associated with        
the disease [1]. The pathogenesis of 
hypercoagulability is multifactorial, and include:  
certain characteristics of sickle cells such as 
abnormal adhesivity to endothelium and loss of 
lipid asymmetry; increase in white cell 
populations and alterations in components of 
haemostatic system [2,3]. Every component of 
haemostasis including platelet function, the 
procoagulant, anti-coagulant and fibrinolytic 
system is perturbed in SCA [4-5]. Various studies 
have documented high levels of thrombin, 
abnormal activation of fibrinolysis and decreased 
levels of Protein C, Protein S and Anti thrombin 
III (ATIII) [6-7]. The decreased in levels of natural 
coagulation inhibitors has been attributed to 
consumption or hepatic dysfunction [8-10]. 
 
Protein C is a vitamin K dependent serine 
protease which is synthesized by liver 
parenchymal cells and plays a role in the 
regulation of haemostasis. Protein C exists in an 
inactive form and is activated by the thrombin-
thrombomodulin complex. Its activated form 
(activated protein C -APC) controls the 
coagulation process by cleaving and inactivating 
factors VIIIa and Va in the presence of protein S, 
which acts as a cofactor for APC, down-
regulating clot formation [11]. APC enhances 
fibrinolysis by inhibiting   plasma inhibitors of 
tissue plasminogen activator [12].  
 
Aside its anticoagulation role, Protein C exhibits 
anti-inflammatory effects which include inhibition 
of neutrophil chemotaxis, reduction of adhesion 
molecules expression on endothelial cells, 
suppression of production and release of pro-
inflammatory cytokines in monocyte and 
endothelial cells and increase production of anti-
inflammatory cytokines. [13-16]. Considering the 
close link between coagulation and inflammation 
on the pathophysiologic processes of SCA [6] 
protein C would be an important protein to study 

because of its anticoagulation and anti 
inflammatory characteristics.  
 
Despite the high prevalence of SCA in Nigeria 
and the potential role of Protein C in coagulation 
and inflammation, there is a paucity of data on 
the levels of Protein C in patients with SCA in the 
sub-region. The aim of this study is to assess the 
level of Protein C in Nigerian Patients with sickle 
cell anaemia in steady state and find influence of 
hepatic function on it.   
 
2. MATERIALS AND METHODS 
 
2.1 Study Design  
 
The study was carried out at the University 
College Hospital, Ibadan, Nigeria after obtaining 
Ethics committee approval. The study population 
comprised of 40 sickle cell anaemia patients in 
steady state (point in time with no painful 
episodes within 1 month before the observation) 
[17] compared with 40 age and sex-matched 
healthy HbAA control. 
 
2.2 Blood Collection and Storage  
 
9.5 ml of venous blood was collected from each 
subject, 4.5 ml of blood was transferred into 0.5 
ml of Trisodium Citrate at ratio of 9:1 for the 
determination of protein C while 5 ml of blood 
was transferred into Lithium Heparin specimen 
bottle for LFT. Citrated venous blood was 
centrifuge at 3,000 revolutions per min for 15 
minutes to make platelet poor plasma which was 
stored at -20ºC until it was used for Protein C 
Assay. 
 
2.3 Diagnostic Method  
 
Platelet poor plasma obtained from citrated 
venous blood collected from the subjects is 
processed by Amax Destiny plus Coagulometer 
manufactured by Trinity Biotech (2007) using 
clotting based assay. Protein C clotting assay 
uses an APTT reagent incorporating a protein C 
activator, Protein C deficient plasma and calcium 
chloride. The degree of prolongation of the 
clotting is proportional to the concentration of 
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protein C in the patient plasma when patient 
plasma is mixed with protein C deficient plasma. 
 
Plasma obtained from lithium Heparin specimen 
bottle is processed by the Hitachi 912 
autoanalyser for Liver function tests- alanine 
transaminase, albumin and total protein. 
 
2.4 Statistical Analysis 
 
Data was analyzed using Statistical Package for 
the Social Sciences (SPSS) version 17. 
Categorical variables were summarized with 
frequencies and percentages, while the 
quantitative data were summarized with median 
because their observations were not normally 
distributed.  
 
The inferential analyses were carried out using 
non parametric methods such as median test, 
Spearman rank correlation and chi-square test to 
test for the significance of the relationship and 
association between the Protein C concentration 
and the other variables. All the statistical tests 
were two tailed and were done at a probability 
level of 5% (P = 0.05) 
 
3. RESULTS 
 
Eighty (80) participants were recruited for the 
study comprising of 40 HbSS and 40 HbAA as 
controls.   
 
3.1 Socio-demographic Characteristics of 

the Study Subjects (Table 1)  
 
Forty HbSS (18 males and 22 females) aged 18 
to 50 years were selected for the study and 40 
HbAA (23 males and 17 females) aged 20 to 50 
years were used as control. The median age of 
the HbSS patients was 24.5 years which was 
comparable with that of the control with median 
age of 26 years (P=0.37). The study groups were 
similar based on gender also (P = 0.39). 
 
3.2 Comparison of Median Values of 

Protein C and Liver Function Tests of 
the HbSS Patients and Controls 

 
Table 1 presents the median estimates of Protein 
C, Total protein, Albumin and Alanine 
Transaminase (ALT) of the HbSS patients and 
control HbAA subjects. The control group had 
significantly higher median estimate of Protein C 
than the HbSS patients, however the two groups 
had similar Total protein, albumin and ALT. 

3.3 Relationship of Protein C with LFT in 
HbSS Patients 

 
Protein C had a weak inverse non significant 
relationship with Total protein, albumin and ALT 
as shown in Table 2. 
 
4. DISCUSSION 
 
In this study there was a significant decrease in 
Protein C levels in HbSS patients in steady state 
compared with the Protein C levels of HbAA 
healthy individuals. This was consistent with 
other reports from previous studies [18,19]. The 
decreased level of Protein C may be partly 
attributed to the persistent low grade 
inflammation in SCA [20]. Ischemic damage to 
tissues as a result of vaso-occlusion elicits an 
inflammatory response which activates 
endothelial cells to produce pro-inflammatory 
cytokines that promote thrombin generation by 
increasing tissue factor expression that initiates 
the coagulation cascade [21].   
 
Also reports have shown elevated plasma levels 
of thrombin-antithrombin (TAT) complexes, 
prothrombin fragment 1 + 2 (F1 + 2),  plasmin-
antiplasmin complexes (PAP), D-dimers  and 
fibrinopeptide A which are markers of thrombin 
generation, in patients with SCA in steady state 
and even more in bone pain crises [22-25]. 
These abnormalities of the hemostatic system in 
SCA confirm activation of coagulation and 
fibrinolytic systems in steady state which could 
lead to increase the risk of thrombosis.  
 
The finding of this study is in contrast to report of 
Pandey et al. [26] where no significant difference 
was found in similar population. This could be 
due to the differences in the methods of assay 
used. Whereas they used chromogenic method, 
Protein C assay was done using the clotting 
based method in this study. The Protein C 
clotting assay measures total functionality of the 
molecule as well as both Type I and Type II 
Protein C defects. Assays based on chromogenic 
method measure only amidolytic activity. 
Approximately 30-40% of type II Protein C defect 
involves functional domains not associated with 
amidolytic activity. The Protein C clotting assay 
will detect dysfunction in functional domains not 
associated with amidolytic activity and in addition 
measures the functionality of the amidolytic 
domains. 
 
Mohsen et al. [27] and Wright et al. [28] 
concluded that the lower Protein C level in HbSS 
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Table 1. Comparison of median values of protein C a nd liver function tests of the HbSS 
patients and controls 

 

Variables  HbSS  patients  Controls  P -value  
median  median  

Protein C (%) activity 62.8 74.6 0.00 
Total protein (mg/dl)  7.4 7.2 0.37 
Albumin (mg/dl) 3.7 3.9 0.12 
ALT (I/U/L) 11.5 11.0 0.82 

 

patients is either due to decreased production or 
increased consumption. In this study liver 
function test of the HbSS patients did not differ 
from the control which may suggest that the 
lower Protein C level is not due to hepatic 
dysfunction. The reduced level of Protein C 
found in HbSS patients in this study and other 
previous studies may be a consequence of 
chronic consumption of Protein C; due to 
increased thrombin generation and activation of 
coagulation factors as studies have shown 
further reduction in Protein C level of SCA in 
acute pain crises [29,30]. However coagulation 
profile was not done in this study. 
 

Table 2. Correlation of protein C with LFT in 
HbSS patients  

 

Protein C  Parameter  r P –value  
 Total protein 

(g/dL) 
-0.02 0.92 

 Albumin 
(g/dL) 

-0.23 0.16 

 ALT (IU/L) -0.10 0.54 
 

5. CONCLUSION 
 
In conclusion, this study has shown that Protein 
C level is lower in HbSS patients in steady state 
compared with their controls, this may contribute 
to increased risk of hypercoagulability and 
thromboembolic complications. However, Liver 
function tests did not differ significantly between 
HbSS subjects in steady state and controls, 
suggesting that the low Protein C level observed 
in the HbSS patients may not be due to hepatic 
dysfunction.  
 
6. RECOMMENDATIONS  
 
The use of Protein C in the treatment of sickle 
cell disease should be advocated especially 
when the patients require oral anticoagulation 
because of its anti-inflammatory and fibrinolytic 
properties. When used, complications of bleeding 
tendency, toxicity and other general side effects 
of currently available anticoagulant agents can 
also be avoided. However, further studies will be 
required to substantiate this fact. 

CONSENT  
 
Informed written consent was obtained from all 
the participants.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Ballas SK, Mohandas N. Sickle red cell 

microrheology and sickle blood rheology. 
Microcirculation. 2004;11:209-225. 

2. Diez-Silva M, Dao M, Han J, Lim C, 
Suresh S. Shape and biomechanical 
characteristics of human red blood cells in 
health and disease. MRS Bull. 2010;35(5): 
382–388. 

3. Dobbe JGG, Hardeman MR, Strekstra GJ, 
Strackee J, Ince C, Grimbergen CA. 
Analysing red blood cell-deformability 
distributions, Blood Cells, molec and Dis. 
2002;28:373-384. 

4. Ataga KI, Cappellini MD, Rachmilewitz EA. 
Beta-thalassaemia and sickle cell anaemia 
as paradigms of hypercoagulability. Br J 
Haematol. 2007;139:3-13. 

5. Ataga KI, Orringer EP. Hypercoagulability 
in sickle cell disease: A curious paradox. 
Am J Med. 2003;115:721–728. 

6. Robert PH, Osarogiagbon RU, Dhanjay K. 
The endothelial biology of sickle cell 
disease: Inflammation and a chronic 
vasculopathy. Microcirculation. 2004;11: 
129-151. 

7. Platt OS. Sickle cell anaemia as an 
inflammatory disease. J. Clin invest 2000; 
106:337-338. 

8.  Bayazit VV, Kilinc Y. Natural coagulation 
Inhibitors (Protein C, Protein S, 
antithrombin) in patients with sickle cell 
anaemia in steady state. Pediatr Inter. 
2001;43(6):592-596.                                                                                      

9. Rahimi Z, Parsian A. Sickle cell disease 
and venous thromboembolism. Mediterr J 
Hematol Infect Dis. 2011;3(1):e2011024.  



 
 
 
 

Ibijola et al.; BJMMR, 11(9): 1-5, 2016; Article no.BJMMR.21539 
 
 

 
5 
 

10. Ataga KI, Nigel SK. Hypercoagulability in 
sickle cell disease: New approaches to an 
old problem. Hematology. 2007;91-96. 

11. Attaval E, Frigyesi A, Sternby B. What is 
the impact of resistance to activated 
protein C (Leiden mutation to factor V) in 
inflammatory bowel disease? Int J 
Colorectal. Dis. 2006;13:1-6. 

12. Joyce DE, Gelbert L, Ciaccia A, Dehoff B, 
Grinnel BW. Gene expression profile of 
anti-thrombotic protein C defines new 
mechanisms modulating inflammation and 
apoptosis. J Biol Chem. 2001;276(14): 
11199-11203. 

13. Stephenson DA, Toltl LJ, Beaudin S, Liaw 
PC. Modulation of monocyte function       
by activated protein C, a natural 
anticoagulant. J Immunol. 2006;15(4): 
2115-2122. 

14. Pereira C, Schaer DJ, Bachli EB,       
Kurrer MO, Schoedon G. Wnt5A/CaMKII 
signaling contributes to the inflammatory 
response of macrophages and is a target 
for the antiinflammatoryaction of activated 
protein C and interleukin-10. Arterioscler 
Thromb Vasc Biol. 2008;28(3):504-510. 

15. Toltl LJ, Beaudin S, Liaw PC. Activated 
protein C up-regulates IL-10 and inhibits 
tissue factor in blood monocytes. J 
Immunol. 2008;181(3):2165-2173. 

16.  Sturn DH, Kaneider NC, Feistritzer C, 
Djanani A, Fukudome K, Wiedermann CJ. 
Expression and function of the endothelial 
protein C receptor in human neutrophils. 
Blood. 2003;102(4):1499-1505. 

17. Ballas SK, Smith ED. Red blood cell 
changes during the evolution of sickle cell 
painfull crisis. Blood. 1992;79(8):            
2154-2163. 

18. Sorour MA, Dabbous SA, Aleem RA, et al. 
Possible role of hemoglobin S in 
implicating hemostatic and inflammatory 
reactions: Study on Saudi Arabian 
population. J App Haematol. 2015;6(2): 
64-69. 

19. Schnog JB, Mac Gillavry MR, Van Zanten 
AP, Meijers JGM, Roger RA, Duits AJ,      
et al. Protein C and S and inflammation in 
Sickle cell disease. American Journal of 
Haematology. 2004;76:26-32. 

20. Stuart MJ, Setty BNY. Hemostatic 
alteration in sickle cell disease: 
Relationships to disease pathophysiology. 
Pediatr Pathol Mol Med. 2001;20:27-46. 

21. Makis AC, Hatzimichael EC, Mavridis A, 
Bourantas KL. Alpha-2-macroglobulin and 
interleukin-6 levels in steady-state sickle 
cell disease patients. Acta Haematol. 
2000;104:164-168.  

22. Mohan JS, Lip GYH, Wright J. Plasma 
levels of tissue factor and soluble E-
selectin in sickle cell disease: Relationship 
to genotype and to inflammation. Blood 
Coagul Fibrinolysis. 2005;16:209–214. 

23. Fakunle EE, Eteng KI, Shokunbi WA. D-D 
dimer levels in patients with sickle cell 
disease during bone pain crises and in the 
steady state. Pathology and Laboratory 
Medicine International. 2012;4: 21-25. 

24. Idris MMH, Rashad MOM, Ghada MM. 
Assessment of hypercoagulability state 
among Sudanese sickle cell patients. 
Journal of Biomedical and Pharmaceutical 
Research. 2015;4(1):95-99. 

25. Ataga KI, Orringer EP. Hypercoagulability 
in sickle cell disease: A curious paradox. 
Am J Med. 2003;115:721-728. 

26. Pandey S, Pandey HR, Mishra MR, 
Pandey SW, Saxena R. Increased 
homocysteine level in Indian sickle cell 
anemia patients. Indian J Clin Biochem. 
2012;27(1):103–104.   

27. Mohsen AF, El-Hazmi, Warsy AS. Blood 
proteins C and S in sickle cell disease. 
Acta haematologica.1993;90(3):114-119. 

28. Wright JG, Matia R, Cooper P, Thomas P, 
Preston F, Serjeant GR. Protein C and S in 
homozygous sickle cell disease: Does 
hepatic dysfunction contribute to low 
levels? Br J Hematol. 1997;98:627-631. 

29. Westerman MP, Green D, Gilman-Sachs 
A, Beaman K, Freels Sally, Boggio L. 
Antiphospholipid antibodies, protein C and 
S, and coagulation changes in sickle cell 
disease. J Lab Clin Med. 1999;134:         
352-362. 

30. El-Hazmi MAF, Warsy AS, Bahakim H. 
Blood proteins C and S in sickle cell 
disease. Acta Haematol. 1993;90:114-119. 

___________________________________________________________________________________________________________________ 
© 2016 Ibijola et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 Peer-review history: 

The peer review history for this paper can be accessed here: 
http://sciencedomain.org/review-history/11864 


