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Upregulated inflammatory response and apoptosis, both triggered by ischemia, are the most destructive pathologic 

processes developed after acute ischemic stroke (IS) at both central and peripheral levels. Identification of 

molecular mediators of these processes and understanding of their pathomechanisms will support the development 

of therapies, which can significantly improve outcomes of IS-affected subjects.Mannan-binding lectin (MBL), 

ficolin L (FL), ficolin H (FH) and C3 complement proteins participate in apoptotic cells recognition and clearance 

through various mechanisms. In the present study we performed comparative determination of the blood levels of 

MBL, FL and FH, and hemolytic activity of C3 protein (C3H50) as well as apoptosis marker protein, circulating 

annexin V (cANXV), and inflammatory marker C-reactive protein (CRP) in 99 patients with acute IS on the first 

day of stroke onset and 110 healthy subjects. Potential correlation between all measured parameters was analyzed. 

Methods included enzyme-linked immunosorbent, hemolytic, and immunonephelometric assays; statistics were 

performed by Student's t-test and Pearson's correlation analysis. The obtained data demonstrated significantly 

increased and correlated with each other blood levels of MBL and C3H50, cANXV and CRP in patients compared 

to controls. Slight, while significant, changes in the blood levels of FL and FH were also observed. We concluded 

that post-ischemic response at the first day of IS onset is characterized by sufficiently elevated and positively 

correlated with each other blood levels of MBL, C3H50, cANXV and CRP as well as by slightly increased blood 

levels of FH and FL. The obtained results suggest that MBL and C3 protein are implicated in upregulated 

inflammatory response and apoptosis developed after IS onset at a peripheral level, and that these pathological 

processes are interrelated and interdependent. 
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Introduction 

Inflammatory response is a part of the innate immune 

response and plays a crucial role in the pathophysiology of 

ischemic stroke (IS). This response is developed to remove 

a necrotic tissue from an ischemic area. However, it also 

enlarges the ischemic area, and the disease severity [1]. The 

detailed mechanism of post-stroke inflammation is 

unknown. Several studies indicate that neuronal cells 

apoptosis, which is triggered by ischemia/reperfusion, 

results to accumulation of the inflammatory cells in the 

ischemic brain and induces the development of 

postischemic inflammatory response [2, 3].  Administration 

of kallikrein encoding human gene into rat brain 

immediately after middle cerebral artery occlusion protects 

against ischemic brain injury by inhibiting apoptosis [4]. 

Within minutes of a focal IS onset, a part of brain tissue, 

which is exposed to a maximum dramatic blood flow 

reduction, becomes irreversibly damaged and cells in this 

zone then dye by necrosis. This necrotic core is surrounded 

by a zone of less severely injured and potentially 

recoverable tissue known as the “ischemic penumbra” [5]. 

The cells in this zone are characterized by the increased 

apoptotic rate and during the initial stages of ischemia may 

constitute as much as half of the total lesion [2, 5-7]. Recent 

studies have clearly indicated that many neuronal cells in 

the ischemic penumbra may undergo apoptosis after 

several hours or days [6, 7]. These cells are potentially 

recoverable for some time after the onset of IS [6, 7]. 

Therefore, a primary aim of acute stroke therapy is to 

prevent these not yet irreversibly damaged cells from death 
[6]. Upregulated inflammation and apoptosis after stroke 

onset are observed not only in the brain but as well in 

peripheral tissues and circulation [8-10]. Cerebral ischemia 

triggers two general pathways of apoptosis: the intrinsic 

pathway, which originates from mitochondrial release of 

cytochrome c and associated activation of caspase-3; and 

the extrinsic pathway, which originates from the activation 

of cell surface death receptors and stimulates caspase-8 [7, 

11, 12]. Further progress in our knowledge on molecular 

mediators and pathomechanisms of upregulated apoptosis 

and inflammation triggered by ischemia will support the 

development of therapies, which can significantly improve 

patient outcomes after IS.  

Mannan-binding lectin (MBL), ficolin L (FL) and ficolin 

H (FH) are multivalent serum proteins, components of the 

complement lectin pathway, recognizing microbial and 

apoptotic cells. These collectins either act as opsonins 

facilitating the uptake of apoptotic cells by phagocytes or 

participate in the clearance of apoptotic cells through 

activation of the complement lectin pathway [13-18]. C3 is 

another multi-functional component of the complement 

system. This protein initiates the alternative pathway, is the 

main component of the classical pathway, and represents a 

converge point of all three pathways of the complement 

activation, the classical, alternative and lectin [19, 20]. The C3 

protein consists of two polypeptide chains, α and β. 

Hydrolysis of a short fragment (C3a) from the amino 

terminus of the α-chain, which is catalyzed by the enzyme 

C3 convertase, generates C3b split product. C3b covalently 

binds to a surface of apoptotic cell and acts as an opsonin 

activating leukocytes bearing complement receptors. 

Cleavage of C3b produces iC3b, which is more effective 

opsonin. Further splitting of iC3b generates C3c and C3d. 

Fragments of C3 deposited on the apoptotic cells bind the 

complement receptors (CR1, CR3, and CR4) on 

phagocytes to facilitate aid recognition and clearance [20-22]. 

Disturbances in the levels of MBL, FL and FH are detected 

in pathogenesis of diseased conditions characterized by 

upregulated inflammation and/or apoptosis [23, 24].  

In the present study we performed comparative 

determination of the blood levels of MBL, FL, FH, and 

hemolytic activity of C3 protein as well as apoptosis marker 

protein, circulating annexin V (cANXV), and inflammatory 

marker C-reactive protein (CRP) in patients with acute IS 

and healthy subjects. Potential correlation between all 

measured parameters was analyzed.  

Materials and methods 

Study population 

A total of 94 patients with the first-episode IS (mean age 

± SD: 67 ± 9 years, females/males: 59/35) and 110 healthy 

subjects (mean age ± SD: 57 ± 9 years, females/ males: 

62/48) were enrolled in this study.  All subjects were 

unrelated Caucasians of Armenian ancestry. Patients were 

recruited among those, whose stroke occurred within the 

prior 24 hours (before any medication was applied), who 

were consecutively admitted to the Emergency Department 

of the "Armenia" Republican Medical Center of the 

Ministry of Health (MH) of RA. Diagnosis of IS was based 

on clinical history and neurological examination and was 

confirmed by brain computer tomography (CT) imaging 

and standard laboratory analyses. Patients with signs of 

brain trauma, cerebral hemorrhage or tumors were 

excluded from the study group.  Stroke subtype was 

assessed according to definitions of TOAST [25]. Patients 

with large vessel atherothromboembolic stroke (n=77) and 

cardioembolic stroke (n=17) were selected for this study; 

those with lacunar stroke syndromes were excluded from 

the study group. Severity of neurological deficit was 

defined using the National Institutes of Health Stroke Scale 

(NIHSS). In the present study, patients with a moderate to 

severe impairment (average NIHSS score 17) were 

involved. Healthy subjects (controls) were volunteers from 

the institutes of NAS RA reported no personal or family 
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history of IS, myocardial infarction, and any other 

cerebrovascular or cardiovascular disease. They had no 

serious medical disorder or treatment during the past 12 

months. Exclusion criteria for all subjects included chronic 

inflammation or/and infectious diseases, present or past 

history of metabolic (diabetes mellitus, etc.), 

neuropsychiatric, immune system and oncological 

disorders, myocardial infarction or any other serious 

medical conditions. All subjects or their legal 

representatives gave their informed consent to participate 

in the study, which was approved by the Ethical Committee 

of the Institute of Molecular Biology NAS RA (IRB 

#00004079).  

Collection of blood and preparation of serum 

Practically fasting blood samples were collected by 

venipuncture in appropriate tubes and kept on ice for 60 

min. After that the coagulated blood was centrifuged at 

3000 g for 15 min at 4°C to separate serum from blood 

corpuscles. The obtained serum samples were stored in 

aliquots at -30°C and thawed immediately prior to use.  

Enzyme-linked immunosorbent assay (ELISA) based 

measurements of MBL, FH, FL, and cANXV levels in the 

blood serum 

A sandwich ELISA was used to measure concentrations 

of MBL, FH, FL, and cANXV in the blood serum of study 

subjects. Concentration of MBL was determined by the 

earlier described procedure in which ELISA plates were 

coated with mannan [26]. Concentration of MBL was 

expressed in g per ml of serum (g/ml). Concentrations of 

FH, FL and cANXV were determined using commercially 

available kits (Hycult Biotech and Uscn Life Science, 

respectively) according to manufacturers' instructions. 

Concentrations of MBL, FH, and FL were expressed in g 

per ml of serum (g/ml) and in case of cANXV in ng per 

ml of serum (ng/ml). In each assay, we run duplicates of 

each sample, standard, and blank control (zero standard) on 

the same microplate. Cases and controls were run on the 

same microplate. Also, duplicates of the same cases and 

controls (three of each) were run in each assay/on each 

microplate. The calculated overall intra-assay coefficient of 

variation was 5%, and the calculated overall inter-assay 

coefficient of variation was 8%. Standard curves were 

reproducible with coefficient of variation <4.   

Determination of the C3 hemolytic activity in the blood 

serum 

A hemolytic assay of the C3 protein (C3H50) was based 

on the standard test for the classical pathway of human 

serum complement. Sheep erythrocytes sensitized with 

rabbit anti-sheep erythrocyte antibodies were used as target 

cells. The hemolytic activity was expressed in units per ml 

of serum (U/ml). One unit of hemolytic activity is defined 

as an amount of serum that causes a 50% hemolysis of 

erythrocytes in an incubation mixture. The hemolytic titer, 

a number of units in 1 ml of serum, is calculated as the 

reciprocal of the serum dilution giving 50% cell lysis. C3-

deficient human serum was obtained by the affinity 

chromatography [27, 28]. In this assay triplicates of each 

sample and control were analyzed. 

Determination of CRP levels in the blood serum 

Concentration of CRP in the serum samples was 

measured by immunonephelometric method on a BN II 

automated analyzer (Dade Behring) using commercially 

available kit (Dade Behring) as described by the 

manufacturer. Measurements were performed in "Siemens 

N Cuvette Segments for BN II" at wavelength of 840 nm 

against a buffer. In this assay duplicates of each sample and 

control were analyzed. Concentration of CRP was 

expressed in mg per liter of serum (mg/l). In this assay 

duplicates of each sample and control were analyzed. 

Statistical analysis 

For data analysis Student's unpaired two-tailed t-test and 
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Pearson's correlation analysis with calculation of 

correlation coefficient (r) were performed using GraphPad 

Prism 3.03 (GraphPad Software Inc) software. Data was 

presented as mean ± SD. P values < 0.05 were considered 

significant. 

Results 

According to the results obtained, statistically 

significant 2.9-fold increase of the mean serum level of 

MBL in IS patients compared to controls was detected, and 

statistically significant, but negligible, increase in the mean 

serum levels of FH and FL was found.  The mean serum 

levels of apoptotic marker, cANXV protein, as well as the 

inflammatory marker, CRP, in patients were significantly 

2.6 and 6.0 times, respectively, higher than in controls. 

Regarding the activity of C3 complement protein, we 

revealed statistically significant elevation of the mean 

value of C3H50 is the serum of IS patients as compared to 

controls. The results obtained are presented in Table 1. We 

detected no difference in the mean values measured 

parameters when comparing females and males or non-

smokers and smokers in both study groups. Statistically 

significant positive correlations between all measured 

parameters, excluding FH and FL blood levels, in case of 

IS patients were detected (Table 2). In controls no 

significant correlations between measured parameters were 

observed (Table 2).  

Discussion 

The results of this study clearly demonstrated the 

excessive production of proinflammatory and proapoptotic 

mediator, MBL, as well as hyperactivation of the C3 

complement protein in acute IS in human. The increased 

blood levels of MBL and C3 hemolytic activity positively 

correlated with each other as well as with elevated cANXV 

and CRP blood levels of IS-affected subjects. In addition, 

the present study revealed slight, while significant, changes 

in the blood levels of FL and FH on the first day of IS onset.  

A number of animal and human studies [29-39], including 

our own [40-42], demonstrated that activation of the 

complement system play a decisive role in the 

pathophysiology of IS. No study has reported data on 

functional state of FH and FL in this disorder. Few reports 

have explored the role of MBL in IS progression [42-46]. In 

our previous study [42], we demonstrated the involvement of 

the complement lectin pathway in pathomechanisms of IS: 

the increased blood levels of MBL and activities of MBL-

associated serine proteases, including MASP-1 and MASP-

2, were detected in IS patients (from day 1 to day 14 of the 

onset of stroke) compared to healthy subjects [42]. Our 

present study confirmed the association of the increased 

blood levels of MBL with IS, and, in addition, revealed 

positive correlation between the levels of MBL, cANXV, 

CRP and C3 complement protein hemolytic activity in the 

blood of IS-affected subjects. Interestingly, recent study 

indicated that elevated MBL levels could be considered as 

an independent stroke risk factor in Chinese population [46]. 

The elevated blood levels of C3 complement protein in IS 

patients have been reported earlier by us [47], as well as by 

other research groups [48-52]. However, this is the first study 

demonstrated the increased hemolytic activity of C3 in the 

blood of IS-affected subjects.  

It has to be also mentioned that whereas the elevated 

levels of CRP in circulation of IS-affected individuals has 

been demonstrated in many studies [reviewed in 53], 

increased blood levels of cANXV in IS-affected 

individuals has been reported here for the first time. ANXV 

belongs to a recently discovered family of proteins, the 

annexins, is a convenient instrument for the apoptotic cells 

detection, because in the presence of Ca2+ this protein 

preferentially binds to phosphatidylserines and other 

anionic phospholipids (PLs) [54, 55]. ANXV is an important 

modulator of the immune response against PS-exposing 

particles like apoptotic cells. Anionic PLs exposure on the 

cell surface, due to loss of plasma membrane asymmetry, 

is an early sign of apoptosis and is observed before 

apoptosis-specific changes in cell morphology as well as 

loss of the cell plasma membrane integrity have occurred. 

The apoptotic cells are cleared via an anti-inflammatory 

pathway, and the above mentioned sign is a major "eat-me" 

signal that they send to phagocytes [54, 55]. ANXV may 

interfere in vivo with the immunosuppressive effects of 

apoptotic cells, since it binds PS with high selectivity and 

inhibits the uptake of apoptotic cell by phagocytes [54, 55].  

This protein is expressed by many types of cells and is an 

in vivo marker of cellular injury and death. cANXV can be 

released from smooth muscle cells and endothelial cells of 

the vascular wall, hepatic and splenic secretory cells or 

from apoptotic particles derived from injured tissues, 

lymphocytes, monocytes, etc [56, 57]. High blood levels of 

cANXV indicate high rate of apoptosis and the severity of 

cell damage [56, 57]. Therefore, the present study 

demonstrating elevated levels of cANXV in the blood of 

IS-affected individuals provide  additional evidence on 

increased rate of apoptosis after IS on a systemic level.  

Further, positive correlation between MBL, C3H50, 

cANXV, and CRP levels detected in this study in IS-

affected subjects strongly suggest interrelation between 

upregulated inflammation and apoptosis in IS progression. 

Conclusions 

In summary we concluded that post-ischemic response 

at the first day of stroke onset is characterized by 

sufficiently elevated and positively correlated with each 

other blood levels of MBL, C3H50, cANXV and CRP as 

well as by slightly increased blood levels of FH and FL. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3002897/#B12
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3002897/#B13
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3002897/#B12
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3002897/#B13
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3002897/#B12
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3002897/#B13
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The results obtained suggest that MBL and C3 are 

implicated in upregulated inflammatory response and 

apoptosis developed after IS onset at a peripheral level, and 

that these pathological processes are interrelated and 

interdependent. The latest should be taken into 

consideration upon developing therapeutic measures 

pointed towards neutralization of the negative effects of 

stroke-induced post-ischemic response. 

 Conflicting interests 

The authors have declared that no competing interests 

exist. 

References 

1. Chamorro A, Hallenbeck J. The harms and benefits of 

inflammatory and immune responses in vascular disease. 

Stroke 2006; 37:291-293.  

2. Love S. Apoptosis and brain ischaemia.  Prog 

Neuropsychopharmacol Biol Psychiatry 2003; 27:267-282. 

3. Culmsee C, Zhu C, Landshamer S, Becattini B, Wagner E, 

Pellecchia M, et al. Apoptosis-inducing factor triggered by 

poly(ADP-ribose) polymerase and Bid mediates neuronal cell 

death after oxygen-glucose deprivation and focal cerebral 

ischemia. J Neurosci 2005; 25:10262-10272. 

4. Xia CF, Yin H, Yao YY, Borlongan CV, Chao L, Chao J. 

Kallikrein Protects Against Ischemic Stroke by Inhibiting 

Apoptosis and Inflammation and Promoting Angiogenesis and 

Neurogenesis. Human Gene Therapy 2006; 17(2):206-219.  

5. Ginsberg MD. Adventures in the pathophysiology of brain 

ischemia: penumbra, gene expression, neuroprotection: the 

2002 Thomas Willis lecture. Stroke 2003; 34(1):214-223. 

6. Sairanen T, Karjalainen-Lindsberg ML, Paetau A, Ijäs P, 

Lindsberg PJ. Apoptosis dominant in the periinfarct area of 

human ischaemic stroke - a possible target of antiapoptotic 

treatments. Brain 2006; 129(Pt 1):189-199. 

7. Broughton BRS, Reutens DC, Sobey CG. Apoptotic 

mechanisms after cerebral ischemia. Stroke 2009; 40:e331-

e339. 

8. Di Napoli M, Arakelyan A, Boyajyan A,  Godoy A,  Papa F. 

Chapter III: The acute phase inflammatory response in stroke: 

systemic inflammation and neuroinflammation. In Progress in 

Inflammation Research. Edited by Pitzer JA. USA: Nova 

Science Publishers Inc; 2005: 95-145. 

9. Whiteley W,  Chong WL, Sengupta A, Sandercock P. Blood 

markers for the prognosis of ischemic stroke. A systematic 

review. Stroke. 2009; 40:e380-e389. 

10. Mahovic D, Zurak N, Lakusic N, Sporis D, Zarkovic N, Stancin 

N, et al. The dynamics of soluble Fas/APO 1 apoptotic 

biochemical marker in acute ischemic stroke patients. Adv Med 

Sci 2013; 23:7-12. 

11. Sims NR, Anderson MF. Mitochondrial contributions to tissue 

damage in stroke. Neurochem Int 2002; 40:511-526. 

12. Sugawara T, Fujimura M, Noshita N, Kim GW, Saito A, 

Hayashi T, et al. Neuronal death/survival signaling pathways 

in cerebral ischemia. NeuroRx 2004; 1:17-25. 

13. Nauta AJ, Daha MR, van Kooten C, Roos A. Recognition and 

clearance of apoptotic cells: a role for complement and 

pentraxins. Trends Immunol 2003; 24(3):148-154. 

14. Kuraya M, Ming Z, Liu X, Matsushita M, Fujita T. Specific 

binding of L-ficolin and H-ficolin to apoptotic cells leads to 

complement activation. Immunobiology 2005; 209(9):689-

697. 

15. Jensen ML, Honore C, Hummelshoj T, Hansen BE, Madsen 

HO, Garred P. Ficolin-2 recognizes DNA and participates in 

the clearance of dying host cells. Mol Immunol 2007; 

44(5):856-865. 

16. Thielens NM,. Gaboriaud C, Arlaud GJ. Ficolins: innate 

immune recognition proteins for danger sensing. Inmunología 

2007; 26(3):145-156. 

17. Nauta AJ, Raaschou-Jensen N, Roos A, Daha MR, Madsen 

HO, Borrias-Essers MC, et al. Mannose-binding lectin 

engagement with late apoptotic and necrotic cells. Eur J 

Immunol 2003; 33(10):2853-2863. 

18. Endo Y, Matsushita M, Fujita T. The role of ficolins in the 

lectin pathway of innate immunity. Int J Biochem Cell 

Biol 2011; 43(5):705-712.  

19. Sarma JV, Ward PA.The complement system. Cell Tissue Res 

2011; 343(1):227-235.  

20. Sahu A, Lambris JD. Structure and biology of complement 

protein C3, a connecting link between innate and acquired 

immunity. Immunol Rev 2001; 180:35-48. 

21. Fishelson Z, Attali G, Mevorach D. Complement and 

apoptosis. Mol Immunol 2001; 38:207-219.  

22. Verbovetski I, Bychkov H, Trahtemberg U, Shapira I, 

Hareuveni M, Ben Tal O, et al. Opsonization of apoptotic cells 

by autologous iC3b facilitates clearance by immature dendritic 

cells, down-regulates DR and CD86, and up-regulates CC 

chemokine receptor 7. J Exp Med 2002; 196:1553-1561. 

23. VanOss CJ. The human complement system in health and 

disease. New York: M Dekker; 1998:423-455. 

24. Zhang XL, Ali MA. Ficolins: structure, function and associated 

diseases. Adv Exp Med Biol 2008; 632:105-115. 

25. Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, 

Gordon DL, et al. Classification of subtype of acute ischemic 

stroke. Definitions for use in a multicenter clinical trial. 

TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke 

1993; 24(1): 35-41. 

26. Arnold JN, Radcliffe CM, Wormald MR, Royle L, Harvey DJ, 

Crispin M, et al. The glycosylation of human serum IgD and 

IgE and the accessibility of identified oligomannose structures 

for interaction with mannan-binding lectin. J Immunol 2004; 

173(11):6831-6840.  

27. Doods AW, Sim RB. Complement. A Practical Approach. 

Oxford: Oxford University Press; 1997. 

28. Morgan BP. Complement methods and protocols: Methods in 

molecular biology. Totowa, NJ: Humana Press; 2000. 

29. Lucchesi BR. Complement activation, neutrophils, and oxygen 

radicals in reperfusion injury. Stroke 1993; 24(Suppl 12):141-

147. 

30. Lindsberg PJ, Ohman J, Lehto T, Karjalainen-Lindsberg ML, 

Paetau A, Wuorimaa T, Carpén O, Kaste M, Meri S. 

Complement activation in the central nervous system following 

blood-brain barrier damage in man. Ann Neurol 1996; 

40(4):587-596. 

31. D'Ambrosio AL, Pinsky DJ, Connolly ES. The role of the 

complement cascade in ischemia/reperfusion injury: 



Inflammation & Cell Signaling 2014; 1: e229. doi: 10.14800/ics.229; © 2014 by Matteo Mariani, et al. 

http://www.smartscitech.com/index.php/ics 
 

Page 6 of 6 
 

implications for neuroprotection. Mol Med 2001; 7(6):367-

382. 

32. Pedersen ED, Waje-Andreassen U, Vedeler CA, Aamodt G, 

Mollnes TE. Systemic complement activation following human 

acute ischaemic stroke. Clin Exp Immunol 2004; 137(1):117-

122. 

33. Széplaki G, Szegedi R, Hirschberg K, Gombos T, Varga L, 

Karádi I, et al. Strong complement activation after acute 

ischemic stroke is associated with unfavorable outcomes. 

Atherosclerosis 2009; 204(1):315-320. 

34. Széplaki G, Varga L, Füst G, Prohászka Z. Role of complement 

in the pathomechanism of atherosclerotic vascular diseases. 

Mol Immunol 2009; 46(14):2784-2793. 

35. Pedersen ED, Løberg EM, Vege E, Daha MR, Maehlen J, 

Mollnes TE. In situ deposition of complement in human acute 

brain ischaemia. Scand J Immunol 2009; 69(6):555-562. 

36. Elvington A, Atkinson C, Zhu H, Yu J, Takahashi K, Stahl GL, 

et al. The alternative complement pathway propagates 

inflammation and injury in murine ischemic stroke. J Immunol 

2012; 189(9):4640-4647. 

37. Ducruet AF, Zacharia BE, Sosunov SA, Gigante PR, Yeh ML, 

Gorski JW, et al. Complement inhibition promotes endogenous 

neurogenesis and sustained anti-inflammatory neuroprotection 

following reperfused stroke. PLoS One 2012; 7(6):e38664. 

38. Brennan FH, Anderson AJ, Taylor SM, Woodruff TM, 

Ruitenberg MJ. Complement activation in the injured central 

nervous system: another dual-edged sword? J 

Neuroinflammation 2012; 21(9):137 

39. Banz Y, Rieben R. Role of complement and perspectives for 

intervention in ischemia-reperfusion damage. Ann Med 2012; 

44(3):205-217.  

40. Boyadjyan A.S., Sim R.B., Eganyan M.N., Arakelyan A.A., 

Pogosyan A.G., Avetisyan G.V.  The dynamics of 

complement activation in acute ischemic stroke. Immunology 

(Moscow) 2004; 25(4):221-224.  

41. Arakelova EA,  Arakelyan AA, Boyajyan AS,  Tsakanova 

GV,  Hakopyan SS,  Morgan BP, et al. Comparative 

determination of the levels of terminal complement complex in 

ischemic stroke complicated and none-complicated with 

diabetes mellitus. Immunology (Moscow) 2010; 31(6):315-

318.  

42. Boyajyan AS, Tsakanova GV, Zhamgaryan LG, Sim RB, 

Nahapetyan KM.  Involvement of the complement lectin 

pathway in postischemic inflammatory response. Cytokines 

and Inflammation (St. Petersburg) 2010; 9(3):35-39. 

43. Cervera A, Planas AM, Justicia C, Urra X, Jensenius JC, Torres 

F, et al. Genetically-defined deficiency of mannose-binding 

lectin is associated with protection after experimental stroke in 

mice and outcome in human stroke. PLoS One 2010; 

5(2):e8433. 

44. Osthoff  M, Katan M, Fluri F, Schuetz P, Bingisser 

R, Kappos L, Steck AJ, Engelter ST, Mueller B, Christ-Crain 

M, Trendelenburg M. Mannose-binding lectin deficiency is 

associated with smaller infarction size and favorable outcome 

in ischemic stroke patients. PLoS One 2011; 6(6):e21338. 

45. Morrison H, Frye J, Davis-Gorman G, Funk J, McDonagh P, 

Stahl G, et al. The contribution of mannose binding lectin to 

reperfusion injury after ischemic stroke. Curr Neurovasc Res 

2011; 8(1):52-63. 

46. Wang ZY, Sun ZR, Zhang LM. The relationship between 

serum mannose-binding lectin levels and acute ischemic stroke 

risk. Neurochem Res 2014; 39(2):248-253.  

47. Aĭvazian VA, Boiadzhian AS, Manukian LA, Avetisian GV, 

Grigorian GS. Complement componenets, C3 and factors B, in 

the blood of patients with acute ischemic stroke. Zh Nevrol 

Psikhiatr Im SS Korsakova 2005; Suppl 15:57-60. 

48. Tamam Y, Iltumur K, Apak I. Assessment of acute phase 

proteins in acute ischemic stroke. Tohoku J Exp Med 2005; 

206(2):91-98. 

49. Cojocaru IM, Cojocaru M, Tănăsescu R, Burcin C, Atanasiu 

AN, Petrescu AM, et al. Changes in plasma levels of 

complement in patients with acute ischemic stroke. Rom J 

Intern Med 2008; 46(1):77-80. 

50. Pan S, Zhan X, Su X, Guo L, Lv L, Su B. Proteomic analysis 

of serum proteins in acute ischemic stroke patients treated with 

acupuncture. Exp Biol Med (Maywood) 2011; 236(3):325-333. 

51. Stokowska A, Olsson S, Holmegaard L, Jood K, Blomstrand C, 

Jern C, et al. Plasma C3 and C3a levels in cryptogenic and 

large-vessel disease stroke: associations with outcome. 

Cerebrovasc Dis 2011; 32(2):114-122. 

52. Stokowska A, Olsson S, Holmegaard L, Jood K, Blomstrand C, 

Jern C, et al. Cardioembolic and small vessel disease stroke 

show differences in associations between systemic C3 levels 

and outcome. PLoS One 2013; 8(8):e72133. 

53. Calabrò P, Golia E, Yeh ET. Role of C-reactive protein in acute 

myocardial infarction and stroke: possible therapeutic 

approaches. Curr Pharm Biotechnol 2012; 13(1):4-16. 

54. Van Heerde WL, De Groot PG, Reutelingsperger CPM. The 

complexity of the phospholipid binding protein ANV. Thromb 

Haemost 1995; 73:172-179. 

55. Matsuda R, Kaneko N, Kikuchi M, Chiwaki F, Toda M, Ieiri 

T, et al. Clinical significance of measurement of plasma 

annexin V concentration of patients in the emergency 

room. Resuscitation 2003; 57(2):171-177.  

56. Boersma HH, Kietselaer BLJH, Stolk LML, Bennaghmouch A, 

Hofstra L, Narula J, et al. Past, present, and future of Annexin 

A5: from protein discovery to clinical applications. JNM 2005; 

46(12):2035-2050.  

57. Munoz LE, Frey B, Pausch F, Baum W, Mueller RB, 

Brachvogel B, et al. The role of annexin A5 in the modulation 

of the immune response against dying and dead cells. Curr Med 

Chem 2007; 14(3):271-277. 


