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Introduction n 

INTRODUCTION N 

Factorr VIM is a plasma protein, which functions as a cofactor in the intrinsic coagulation 
cascade.. In the circulation factor VIII is present as inactive precursor, tightly associated 
withh its carrier protein von Willebrand factor (VWF). After vascular damage, the 
coagulationn system is triggered, eventually leading to fibrin formation. Activation of factor 
VIMM is an intermediate step in this process. As a cofactor, activated factor VIM (factor Villa) 
togetherr with factor IXa will proteolytic convert factor X into factor Xa. Subsequently, this 
willl lead to the formation of thrombin and thrombin-mediated conversion of fibrinogen into 
fibrin.. Together with platelets fibrin forms an insoluble network, thereby arresting the 
bleedingg at the site of vascular injury (1). Factor VIII deficiency causes a bleeding 
tendency,, known as hemophilia A. Hemophilia A is an X-linked bleeding disorder affecting 
11 in approximately 5000 males (2). The length of the factor VIM gene is 186 kb and is one 
off the largest genes known. The transcription comprises 26 exons, resulting in the 
synthesiss of a 330 kDa protein. Factor VIM shows a distinct domain structure, arranged in a 
sequence,, denoted as: A1-a1-A2-a2-B-a3-A3-C1-C2. Due to intracellular proteolysis factor 
VIMM circulates in plasma as a heterodimeric protein consisting of metal ion-linked heavy -
lightt chain species. The heterogeneous heavy chain (90-220 kDa) contains the A1-a1-A2-
a2-BB domain. The heterogeneity is caused by partial proteolytic cleavage of the B domain. 
Thee light chain (80 kDa) consists of domains a3-A3-C1-C2 (ref: 3-5). 

Althoughh the molecular structure of factor VIM and its functional properties are 
knownn for a few decades and insights into its cofactor function at the molecular level have 
beenn obtained (Table 1), the site of synthesis and cells responsible for factor VIM synthesis 
aree less well understood. Similarly, little is known about the mechanisms responsible for 
thee commonly observed fluctuations of the plasma concentration of factor VIM. This thesis 
willl focus on these issues. 

BIOSYNTHESISS OF FACTOR VIII 

Ourr current knowledge on the biosynthesis and cellular distribution of factor VIM synthesis 
iss limited and has been (and still is) a controversial issue for many years. Transplantation 
studiess in both hemophilic animals and patients with hemophilia A clearly demonstrated 
thatt the liver is the primary site of factor VIII synthesis (6-9). After liver transplantation the 
factorr VIM deficiency and associated hemorrhagic tendency is corrected. On the other 
hand,, when normal dogs received a hemophilic liver, factor VIII levels never fell below 10-
20%% of the initial plasma factor VIII concentration, indicating an additional extra-hepatic 
sourcee of factor VIII (10). The contribution of extra-hepatic tissues to the plasma factor VIM 
pooll is clearly of significance. However, tissues and cells that are responsible for extra-
hepaticc factor VIII synthesis, have not been identified. Northern blot analysis revealed that 
factorr VIM mRNA, besides in the liver, is present in a variety of tissues, such as kidney, 
spleen,, lymph node and lung (11-14). Similarly, by immunohistochemical techniques factor 
VIIII could be detected in spleen, lymph node, placenta and lung (15,16). Taken together, 
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Chapterr 1 

thesee observations indicate that extra-hepatic factor VIII synthesis occurs, although the 
relativee contribution of the various extra-hepatic tissues to the factor VIII plasma pool has 
nott been established. 

Tablee 1. Characteristics of factor VIII and von Willebrand factor. 

Disease Disease 

Gene Gene 

Location Location 

Size Size 

Structure Structure 

mRNA mRNA 

Protein Protein 

Structure Structure 

Synthesis Synthesis 

Location Location 

Function Function 

Facto rr  VIII 

Hemophiliaa A, 

vonn Willebrand's disease 

X-chromosome e 

1866 kb 

266 exons 

9kb b 

330330 kD 

Liver,, spleen, 

kidney,, lung 

Bloodd plasma 

Cofactorr of coagulation cascade 

Vonn Willebran d facto r 

VonVon Willebrand's disease 

Chromosomee 12 

1755 kb 

522 exons 

9kb b 

2500 kD—Dimer—Polymer 

Endotheliall cells, 

megakaryocytes s 

Endotheliall cells, extra-cellular matrix, 

bloodd platelets, blood plasma 

Chaperonee of factor VIII, 

platelett adhesion and aggregation, 

biogenesiss of Weibel-Palade bodies 

Thee biosynthesis and the properties of factor VIII and VWF have been reported in comprehensive reviews 

(17-19). . 

Thee cellular distribution of factor VIII protein in the liver is still controversial. Some 
studiess demonstrated factor VIII protein in sinusoidal endothelial cells (15,16,20,21), while 
otherr studies suggested that also hepatocytes are involved in factor VIM synthesis (22,23). 
Probablyy these discrepancies are due to different detection techniques. Factor VIII was 
detectedd in sinusoidal endothelial cells by immunoperoxidase staining (20)(Figure 1), while 
inn hepatocytes factor VIM was detected by electron microscopy (23) and functional assay 
(22).. Recently, factor VIII mRNA was primarily found in sinusoidal endothelial cells (14,24), 
supportingg the view that this cell type contributes to factor VIII synthesis. 

Spleenn perfusion and transplantation studies supported the notion that this organ 
playss a role in the regulation of plasma factor VIII levels, either as a site of synthesis or as 
aa storage reservoir (25,26). From these studies it can be speculated that the spleen may 
accountt for more than 15 % of the factor VIII synthesis in the human body (25). In addition, 
inn asplenic patients it was demonstrated that the factor VIII activity response was 
significantlyy lower after 1-deamino-8-D-arginine vasopressin (DDAVP) administration 
comparedd to normal subjects (27). Also the lung has been suggested as an extra-hepatic 
sourcee of factor VIM synthesis (28). A small increase of plasma factor VIII levels was 
demonstratedd by grafting normal lungs into hemophilic dogs. In contrast, virtually no factor 
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VIIII protein was detected in renal tissue, despite the presence of factor VIII mRNA, 
althoughh in one study (15) a faint, scattered immunohistochemical staining of factor VIM 
wass observed in the glomerulus of the kidney. Furthermore, a successful renal 
transplantationn in a patient with hemophilia A had no effect on plasma factor VIII levels 
(29).. Similarly, kidney transplantation was ineffective in restoring plasma factor VIII levels 
inn hemophilic dogs (10). Overall, these observations are consistent with the view that 
besidess the liver, also spleen and lung and perhaps kidney may play a role in the 
synthesiss of factor VIII. However, the cell types that are responsible for factor VIM 
synthesis,, notably cells of extra-hepatic tissue, have not been identified. 

Figuree 1. Immunostainin g of huma n live r wit h monoclona l antibod y CLB-Cag A (a monoclona l 

antibod yy directe d agains t facto r VIII) and counter-staine d wit h Mayer' s haematoxylin . Strong 

cytoplasmicc staining was observed in endothelial cells (ec) lining the sinusoids (s). Hepatocyes (hp) 

displayedd no factor VIII staining (20). 

VONN WILLEBRAN D FACTOR AND THE INTERACTION WITH FACTOR VIM 

Vonn Willebrand factor (VWF) plays a dual role in hemostasis: it is required for proper 
adhesionn and aggregation of platelets at sites of vascular injury, and serves as a carrier 
proteinn for factor VIII in plasma (19,30). VWF forms a tight, non-covalent complex with 
factorr VIII, thereby regulating its function and biological half-life (18). VWF protects factor 
VIIII from phospholipid-dependent proteolysis, by factor IXa, factor Xa and activated protein 
C.. In addition, VWF inhibits factor VIM interaction with low-density lipoprotein receptor-
relatedd protein (LRP), thereby suppressing cellular uptake and degradation of factor VIM 
(31)(seee below). 

Thee importance of the interaction between VWF and factor VIII is supported by the 
followingg observations. In patients with decreased plasma VWF levels, the plasma 
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concentrationn of factor VIII is decreased as well. Furthermore, infusion of factor VIII in 
patientss with von Willebrand disease, type 3, a variant of von Willebrand disease 
characterizedd by a virtually complete VWF deficiency, the half-life of factor VIII is shorter 
thann normally observed (32,33). In addition, VWF levels in severely affected hemophilia A 
patients,, showed a positive correlation with the half-life of infused recombinant factor VIII 
(34).. When VWF levels are increased by intranasal delivery of DDAVP, it was 
demonstratedd that factor VIII half-life of infused recombinant factor VIII was prolonged in 
hemophiliaa A patients (35). Furthermore, it was demonstrated that individuals with blood 
groupp O and concomitant reduced VWF levels, the plasma factor VIII concentration in 
individualss with blood group O is also lower than in individuals with other blood groups. 
Similarly,, factor VIII half-life of infused factor VIII in hemophilia A patients with blood group 
OO is reduced (36). Together, these observations demonstrate a positive correlation 
betweenn VWF- and factor VIII plasma levels. 

InputInput  VWF synthesi s facto r VIM synthesi s 
(endothelia ll  cells ) (live r cells,...? ) 

EliminationElimination  eliminatio n eliminatio n eliminatio n of VWF = 
off  VWF of facto r VIII eliminatio n of boun d facto r VIM 

(byy LRP) 

Figuree 2. Dynami c equilibriu m betwee n boun d and unboun d facto r VIII and VWF in blood . Factor VIII 

andd VWF form a tight, reversible complex. The input normally consists of endogenous synthesized factor VIII 

andd VWF, but may also consist of therapeutically administrated factor VIII or VWF. This model gives 

accuratee quantitative predictions of decreased and elevated steady-state concentrations of factor VIII in 

clinicall conditions associated with decreased and elevated factor VIII levels (Adapted from (37)). (LRP, low-

densityy lipoprotein receptor-related protein) 

Thee kinetics of the interaction between factor VIII and VWF can be described by a 
mathematicall model of law of mass action (37). This model assumes that in the circulation 
factorr VIM and VWF in bound and unbound form, are in a dynamic equilibrium (Figure 2). 
Thiss model confirms that in most physiological and pathophysiological conditions plasma 
factorr VIII levels are governed by VWF. To date, no evidence has been presented that 
plasmaa VWF levels are influenced by factor VIII levels. For example, severe hemophilia A, 
duee to complete absence of factor VIII protein, is not associated with VWF deficiency. 
Althoughh VWF is a multivalent binding protein (17,19), only a fraction of potential factor VIII 
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bindingg sites that are available in VWF multimers, are occupied by factor VIII (38). The 
tightt binding between factor VIII and VWF predicts that not only factor VIII biosynthesis is 
importantt in maintaining factor VIM plasma levels but also the synthesis of VWF. 

BIOSYNTHESISS OF VWF 

VWFF is synthesized and stored in vascular endothelial cells and megakaryocytes (17,19). 
Beforee newly produced VWF leaves the endothelial cell, it undergoes a number of post-
translationall modifications, including polymerization and endoproteolytic cleavage of its 
propeptide.. Together with its propeptide, VWF is either stored in intracellular secretory 
organelles,, known as Weibel-Palade bodies, or secreted via the constitutive pathway. In 
bothh resting and activated endothelial cells VWF and propeptide are released in equimolar 
amountss (39). In healthy individuals plasma propeptide levels are about ten times lower, 
onn a molar basis, compared to the plasma concentration of VWF (40,41). This is due to a 
fourr to five fold faster disappearance of propeptide from the circulation compared to 
maturee VWF. So, the difference in steady state levels of each protein reflects the 
differencess in their half-lives. This knowledge served as a basis to discriminate between 
acutee and chronic vascular activation. It was demonstrated that elevated propeptide levels 
(togetherr with elevated VWF concentrations) is a marker of acute, but transient endothelial 
celll activation. In patients with acute perturbation of the endothelium, like sepsis and 
thromboticc thrombocytopenic purpura (TTP), both VWF and propeptide are increased. In 
contrast,, patients suffering from chronic diseases, like diabetes or venous 
thromboembolismm only VWF is markedly elevated (41). 

Nott all vascular endothelial cells synthesize VWF to the same extent. VWF is 
mainlyy produced in lung tissue, as demonstrated by relatively high mRNA- and protein 
levelss (42). Virtually no VWF synthesis is seen in the liver, a major site of factor VIII 
synthesiss (vide supra). This raises the question: where do factor VIII and VWF form a 
complex,, where do these proteins meet? To date there is no clear answer to this question. 
Ass VWF has been identified throughout the vascular endothelium whereas factor VIII 
synthesiss is primarily confined to cells of non-vascular origin, it seems likely that complex 
formationn occurs in the blood circulation. 

CATABOLIS MM OF FACTOR VIII 

Recently,, it was demonstrated that LRP serves as a clearance receptor for factor VIII. LRP 
iss a receptor with a broad ligand specificity (43,44). It mediates catabolism of a large 
numberr of proteins involved in blood coagulation and fibrinolysis, like IXa (45), Xa (46), 
plasminogenn activators and their complexes with inhibitors (47,48). It is also involved in the 
transportt of factor VIII from the cell-surface to the endosomal degradation pathway 
(31,49).. LRP is expressed in a large number of tissues but most prominently by 
hepatocytess (50). Further, LRP is found on macrophages, smooth muscle cells, fibroblasts 
andd monocytes. 
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Inn LRP-deficient mice factor VIII levels are about 2-fold higher than levels in control 
mice.. In addition, in clearance experiments LRP-deficient mice display a 1.5-fold 
prolongationn of factor VIM mean residence time (51). Similarly, administration of receptor-
associatedd protein (RAP), a LRP ligand which efficiently inhibits binding and endocytosis 
off all known LRP ligands (52), triggers a sustained rise in factor VIII levels. Together, 
thesee observations strongly suggests that LRP contributes to the clearance of plasma 
factorr VIM. The observation that injected radiolabelled factor VIII is predominantly found in 
thee liver (53) is in agreement with the observation that LRP is mainly expressed on 
hepatocytess (50). 

Forr many LRP ligands, LRP-mediated endocytosis is facilitated by cell-surface 
heparann sulfate proteoglycans (HSPGs). The contribution of HSPGs to factor VIM 
catabolismm was demonstrated by studying factor VIM clearance in the presence of 
protaminee sulfate, which prevents HSPGs from interaction with their ligands (54). In the 
latterr study a prolongation of 1.6-fold was found for factor VIM half-life, indicating that 
HSPGss indeed contributes to factor VIII clearance (55). Current knowledge of the role of 
HSPGss and LRP in factor VIM catabolism suggests that HSPGs facilitates interaction of 
factorr VIM/VWF complexes with LRP on the cell surface. 

SCOPEE OF THIS THESIS 

Thee past decade has contributed considerably to our knowledge about the structure and 
functionn of factor VIM. However, as outlined above the cellular origin of factor VIM and its 
expressionn at the cellular level is still not well understood. Furthermore, it is not known if, 
andd to what extent different cell types control the synthesis and assembly of factor VIII-
VWFF complexes. In this thesis we have studied the distribution of factor VIII and VWF 
genee expression in vivo on a quantitative basis (chapter 2). Particularly the liver, an 
importantt site of factor VIII synthesis, was studied in detail. Chapter 3 focuses on the 
phenomenonn that in patients with severe liver disease factor VIM levels are markedly 
increased,, while other hepatic coagulation factors are reduced. This is unexpected 
becausee in liver disease protein synthesis is, in general, severely affected. This prompted 
uss to study factor VIM expression and expression of VWF and LRP, potential modulators of 
factorr VIM plasma levels, in liver tissue of patients with hepatic disease. 

Chapterr 4 describes the role of extra-hepatic tissues in factor VIM synthesis in an 
anhepaticc pig model. This model provides an unique opportunity to demonstrate extra-
hepaticc factor VIM synthesis in an unequivocal manner. Factor VIII gene expression and 
cellularr distribution of factor VIM protein was studied in spleen, kidney and lung before and 
afterr hepatectomy. 

Chapterr 5 emphasizes the significance of the vascular endothelium as a reservoir of 
potentiallyy active VWF. This study documents, as demonstrated by markedly increased 
VWFF and propeptide levels, that in patients with Plasmodium falciparum malaria the 
vascularr endothelium is substantially perturbed. This feature relates to disease activity. 
Expressionn of factor VIII in bone marrow cells is described in chapter 6. Factor VIII 
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deficientt mice underwent a bone marrow transplantation receiving bone marrow from 
wildtypee littermates. Subsequently, factor VIII expression in various tissues was studied, 
ass well as the effect of transplantation on plasma factor VIM levels. 

REFERENCES S 

1.. Mann KG, Nesheim ME, Church WR, et al. Surface-dependent reactions of the vitamin K-dependent 

enzymee complexes. Blood 1990; 76: 1-16 

2.. Kaufman RJ, Antonarakis SE, Fay PJ. Factor VIII and Hemophilia A. In: Hemostasis and thrombosis; 

Basicc principles & clinical practice. Lippincott Williams & Wilkins 2001; 135-56 

3.. Wood Wl, Capon DJ, Simonsen CC, et al. Expression of active human factor VIII from recombinant 

DNAA clones. Nature 1984; 312: 330-7 

4.. Vehar GA, Keyt B, Eaton D, et al. Structure of human factor VIII. Nature 1984; 312: 337-42 

5.. Toole JJ, Knopf JL, Wozney JM, et al. Molecular cloning of a cDNA encoding human antihaemophilic 

factor.. Nature 1984; 312: 342-7 

6.. Marchioro TL, Hougie C, Ragde H, et al. Hemophilia: role of organ homografts. Science 1969; 163: 

188-90 0 

7.. Lewis JH, Bontempo FA, Spero JA, et al. Liver transplantation in a hemophiliac. N Engl J Med 1985; 

312:: 1189-90 

8.. Bontempo FA, Lewis JH, Gorenc TJ, et al. Liver transplantation in hemophilia A. Blood 1987; 69: 1721-

4 4 

9.. Lerut JP, Laterre PF, Lavenne-Pardonge E, et al. Liver transplantation and haemophilia A. J Hepatol 

1995;; 22: 583-5 

10.. Webster WP, Zukoski CF, Hutchin P, et al. Plasma factor VIII synthesis and control as revealed by 

caninee organ transplantation. Am J Physiol 1971; 220: 1147-54 

11.. Wion KL, Kelly D, Summerfield JA, et al. Distribution of factor VIII mRNA and antigen in human liver 

andd other tissues. Nature 1985; 317: 726-9 

12.. Levinson B, Kenwrick S, Gamel P, et al. Evidence for a third transcript from the human factor VIII 

gene.. Genomics 1992; 14: 585-9 

13.. Elder B, Lakich D, Gitschier J. Sequence of the murine factor VIII cDNA. Genomics 1993; 16: 374-9 

14.. Hollestelle MJ, Thinnes T, Crain K, et al. Tissue distribution of factor VIM gene expression in vivo—a 

closerr look. Thromb Haemost 2001; 86: 855-61 

15.. van der Kwast TH, Stel HV, Cristen E, et al. Localization of factor Vlll-procoagulant antigen: an 

immunohistologicall survey of the human body using monoclonal antibodies. Blood 1986; 67: 222-7 

16.. Kadhom N, Wolfrom C, Gautier M, et al. Factor VIM procoagulant antigen in human tissues. Thromb 

Haemostt 1988; 59: 289-94 

17.. Wagner DD. Cell biology of von Willebrand factor. Annu Rev Cell Biol 1990; 6:217-46.: 217-46 

18.. Lenting PJ, van Mourik JA, Mertens K. The life cycle of coagulation factor VIII in view of its structure 

andd function. Blood 1998; 92: 3983-96 

19.. Sadler JE. Biochemistry and genetics of von Willebrand factor. Annu Rev Biochem 1998; 67:395-424.: 

395-424 4 

17 7 



Chapterr 1 

20.. Stel HV, van der Kwast TH, Veerman EC. Detection of factor VIIl/coagulant antigen in human liver 

tissue.. Nature 1983; 303: 530-2 

21.. Hellman L, Smedsrod B, Sandberg H, et al. Secretion of coagulant factor VIII activity and antigen by in 

vitroo cultivated rat liver sinusoidal endothelial cells. Br J Haematol 1989; 73: 348-55 

22.. Kelly DA, Summerfield JA, Tuddenham EG. Localization of factor VIIIC: antigen in guinea-pig tissues 

andd isolated liver cell fractions. Br J Haematol 1984; 56: 535-43 

23.. Zelechowska MG, van Mourik JA, Brodniewicz-Proba T. Ultrastructural localization of factor VIII 

procoagulantt antigen in human liver hepatocytes. Nature 1985; 317: 729-30 

24.. Do H, Healey JF, Waller EK, et al. Expression of factor VIII by murine liver sinusoidal endothelial cells. 

JJ Biol Chem 1999; 274: 19587-92 

25.. Kelly G, Pechet L, Eiseman B. Synthesis of antihemophilic globulin by the isolated perfused spleen. 

Surgg Gynecol Obstet 1970; 131: 473-85 

26.. Liu L, Xia S, Seifert J. Transplantation of spleen cells in patients with hemophilia A. A report of 20 

cases.. Transpl Int 1994; 7: 201-6 

27.. Garcia W , Coppola R, Mannucci PM. The role of the spleen in regulating the plasma levels of factor 

Vll l-vonn Willebrand's factor after DDAVP. Blood 1982; 60: 1402-6 

28.. Veltkamp JJ, Asfaou E, Torren Kvd, et al. Extrahepatic factor VIM synthesis. Lung transplants in 

hemophilicc dogs. Transplantation 1974; 18: 56-62 

29.. Koene RA, Gerlag PG, Jansen JL, et al. Successful haemodialysis and renal transplantation in a 

patientt with haemophilia A. Proc Eur Dial Transplant Assoc 1977; 14:401-6: 401-6 

30.. Ruggeri ZM. Structure and function of von Willebrand factor. Thromb Haemost 1999; 82: 576-84 

31.. Lenting PJ, Neels JG, van den Berg BM, et al. The light chain of factor VIII comprises a binding site for 

loww density lipoprotein receptor-related protein. J Biol Chem 1999; 274: 23734-9 

32.. Lethagen S, Berntorp E, Nilsson IM. Pharmacokinetics and hemostatic effect of different factor Vlll/von 

Willebrandd factor concentrates in von Willebrand's disease type III. Ann Hematol 1992; 65: 253-9 

33.. Morfini M, Mannucci PM, Tenconi PM, et al. Pharmacokinetics of monoclonally-purified and 

recombinantt factor VIII in patients with severe von Willebrand disease. Thromb Haemost 1993; 70: 

270-2 2 

34.. Fijnvandraat K, Peters M, ten Cate JW. Inter-individual variation in half-life of infused recombinant 

factorr VIII is related to pre-infusion von Willebrand factor antigen levels. Br J Haematol 1995; 91: 474-6 

35.. Deitcher SR, Tuller J, Johnson JA. Intranasal DDAVP induced increases in plasma von Willebrand 

factorr alter the pharmacokinetics of high-purity factor VIII concentrates in severe haemophilia A 

patients.. Haemophilia 1999; 5: 88-95 

36.. Vlot AJ, Mauser-Bunschoten EP, Zarkova AG, et al. The half-life of infused factor VIII is shorter in 

hemophiliacc patients with blood group O than in those with blood group A. Thromb Haemost 2000; 83: 

65-9 9 

37.. Noe DA. A mathematical model of coagulation factor VIII kinetics. Haemostasis 1996; 26: 289-303 

38.. Vlot AJ, Koppelman SJ, van den Berg MH, et al. The affinity and stoichiometry of binding of human 

factorr VIII to von Willebrand factor. Blood 1995; 85: 3150-7 

39.. Wagner DD, Fay PJ, Sporn LA, et al. Divergent fates of von Willebrand factor and its propolypeptide 

(vonn Willebrand antigen II) after secretion from endothelial cells. Proc Natl Acad Sci U S A 1987; 84: 

1955-9 9 

18 8 



Introduction n 

40.. Vischer UM, Ingerslev J, Wollheim CB, et at. Acute von Willebrand factor secretion from the 

endotheliumm in vivo: assessment through plasma propeptide (vWf:Agll) Levels. Thromb Haemost 

1997;77:387-93 3 

41.. van Mourik JA, Boertjes R, Huisveld IA, et at. von Willebrand factor propeptide in vascular disorders: A 

tooll to distinguish between acute and chronic endothelial cell perturbation. Blood 1999; 94:179-85 

42.. Yamamoto K, de Waard V, Fearns C, et al. Tissue distribution and regulation of murine von Willebrand 

factorr gene expression in vivo. Blood 1998; 92: 2791-801 

43.. Gliemann J. Receptors of the low density lipoprotein (LDL) receptor family in man. Multiple functions of 

thee large family members via interaction with complex ligands. Biol Chem 1998; 379: 951-64 

44.. Willnow TE, Nykjaer A, Herz J. Lipoprotein receptors: new roles for ancient proteins. Nat Cell Biol 

1999;; 1:E157-E162 

45.. Neels JG, van den Berg BM, Mertens K, et al. Activation of factor IX zymogen results in exposure of a 

bindingg site for low-density lipoprotein receptor-related protein. Blood 2000; 96: 3459-65 

46.. Narita M, Rudolph AE, Miletich JP, et al. The low-density lipoprotein receptor-related protein (LRP) 

mediatess clearance of coagulation factor Xa in vivo. Blood 1998; 91: 555-60 

47.. Orth K, Madison EL, Gething MJ, et al. Complexes of tissue-type plasminogen activator and its serpin 

inhibitorr plasminogen-activator inhibitor type 1 are internalized by means of the tow density lipoprotein 

receptor-relatedd protein/alpha 2-macroglobulin receptor. Proc Natl Acad Sci U S S A 1992; 89: 7422-6 

48.. Nykjaer A, Petersen CM, Moller B, et at. Purified alpha 2-macroglobulin receptor/LDL receptor-related 

proteinn binds urokinase.plasminogen activator inhibitor type-1 complex. Evidence that the alpha 2-

macroglobulinn receptor mediates cellular degradation of urokinase receptor-bound complexes. J Biol 

Chemm 1992; 267: 14543-6 

49.. Turecek PL, Schwarz HP, Binder BR. In vivo inhibition of low density lipoprotein receptor-related 

proteinn improves survival of factor VIII in the absence of von Willebrand factor. Blood 2000; 95: 3637-8 

50.. Moestrup SK, Gliemann J, Pallesen G. Distribution of the alpha 2-macroglobulin receptor/low density 

lipoproteinn receptor-related protein in human tissues. Cell Tissue Res 1992; 269: 375-82 

51.. Bovenschen N, Boertjes RC, Van Stempvoort G, et al. Low density lipoprotein receptor-related protein 

andd factor IXa share structural requirements for binding to the A3 domain of coagulation factor VIII. J 

Bioll Chem 2003;; 278: 9370-7 

52.. Williams SE, Ashcom JD, Argraves WS, et al. A novel mechanism for controlling the activity of alpha 2-

macroglobulinn receptor/low density lipoprotein receptor-related protein. Multiple regulatory sites for 39-

kDaa receptor-associated protein. J Biol Chem 1992; 267: 9035-40 

53.. Saenko EL, Yakhyaev AV, Mikhailenko I, et at. Role of the low density lipoprotein-related protein 

receptorr in mediation of factor VIII catabolism. J Biol Chem 1999; 274: 37685-92 

54.. Narita M, Bu G, Olins GM, et al. Two receptor systems are involved in the plasma clearance of tissue 

factorr pathway inhibitor in vivo. J Biol Chem 1995; 270: 24800-4 

55.. Sarafanov AG, Ananyeva NM, Shima M, et al. Cell surface heparan sulfate proteoglycans participate 

inn factor VIII catabolism mediated by low density lipoprotein receptor-related protein. J Biol Chem 

2001;; 276: 11970-9 

19 9 





Chapte rr  2 

Tissu ee distributio n of facto r VIII gene expressio n 

inin  vivo  - a close r loo k 

Martinee J. Hollestelle1, Terri Thinnes2, Karen Crain2, Ann Stiko2, Johan K. Kruijt3, Theo 
J.C.. van Berkel3, David J. Loskutoff2, and Jan A. van Mourik1'4 

Fromm the department of Blood Coagulation and Department of Plasma Proteins, CLB, Amsterdam, The 

Netherlands,, the department of Vascular Biology (VB-3), The Scripps Research Institute, La Jolla, CA, the 
3Divisionn of Biopharmaceutics, Leiden-Amsterdam Center for Drug Research, Sylvius Laboratories, Leiden, 

Thee Netherlands and department of Vascular Medicine, Academic Medical Center, University of 

Amsterdam,, Amsterdam. 

Thromb.Thromb. Haemost. (2001) 86, 855-61 





Tissuee distribution of factor VIM 

ABSTRAC T T 

Previouss studies have shown that factor VIII (FVIII) is expressed by multiple tissues. 
However,, little is known about its cellular origin or its level of expression in different 
organs.. In the present study, we examined FVIII gene expression in different tissues on a 
quantitativee basis. Most of the tissues, especially liver and kidney, expressed high levels of 
FVIIII mRNA compared to their level of expression of other hemostatic proteins, including 
vonn Willebrand factor (VWF). This was unexpected since FVIII is a trace protein. In situ 
hybridizationn analysis confirmed that liver and kidney were rich in FVIII mRNA. In the liver, 
aa clear hybridization signal was detected in cells lining the sinusoids. FVIII mRNA analysis 
off purified liver cells confirmed the expression of FVIII mRNA by sinusoidal endothelial 
cellss and Kupffer cells. Low but significant levels of FVIII mRNA were also detected in the 
hepatocytes.. VWF mRNA was not detectable in these cells. Similarly, 
immunohistochemicall staining of liver tissue revealed that FVIII protein is primarily 
associatedd with sinusoidal cells. VWF protein was predominantly located in the 
endotheliumm of larger vessels. In the kidney, FVIII synthesis was localized to the glomeruli 
andd to tubular epithelial cells. Taken together, these results suggest that besides 
hepatocytes,, non-parenchymal cells (e.g. sinusoidal endothelial cells) contribute to FVIII 
synthesis.. VWF synthesis is primarily confined to extra-hepatic tissues. 

INTRODUCTION N 

Factorr VIII (FVIII) is a plasma protein that plays an essential role in the hemostatic system. 
Inn the intrinsic coagulation cascade it acts as a cofactor for the factor X-activating complex 
consistingg of activated FVIII, the serine protease factor IXa, calcium ions and phospholipid 
membraness (1). FVIII is deficient or defective in the bleeding disorder hemophilia A. FVIII 
iss synthesized as a single chain protein and, because of endoproteolytic processing, 
circulatess as a heterodimeric protein. In addition, FVIII forms tight, non-covalently linked 
complexess with von Willebrand factor (VWF), its carrier protein. This interaction protects 
FVIIII against proteolytic inactivation and premature clearance (2,3). 

AA number of reports suggest that the liver is the principal site of FVIII synthesis (4-
9).. This hypothesis is consistent with the observation that plasma FVIII levels in 
hemophiliaa A patients are restored upon liver transplantation (10). To date, it is unclear 
whichh cell type in the liver produces FVIII. Both hepatocytes and sinusoidal endothelial 
cellss have been implicated, although studies on the identification of the specific cells in the 
liverr responsible for FVIII synthesis are somewhat controversial (4-6). Moreover, non-
hepaticc cells may also produce FVIII. For example FVIII mRNA was detected in a variety 
off extra-hepatic tissues, including kidney, spleen and lymph node (5,7-9). However, 
neitherr the cell types that are responsible for this extra-hepatic FVIII synthesis, nor their 
relativee level of FVIII gene expression have been established. Knowledge of these 
featuress may help to understand the potential role of FVIII in controlling local and systemic 
hemostaticc processes. 
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Inn this report, a quantitative reverse transcription-polymerase chain reaction (RT-
PCR)) assay was used to determine FVIII mRNA levels in various tissues of the mouse. In 
situsitu hybridization was employed to identify FVIII-producing cells in these tissues. In 
addition,, we measured FVIII mRNA levels in purified liver cells. The presence of FVIII 
antigenn in liver was studied by immunohistochemical staining. High levels of FVIII mRNA 
weree detected both in the liver and the kidney, with lower but significant levels in the 
spleen,, lung, brain and testis. The in situ hybridization studies of liver sections and RT-
PCRR analysis of purified liver cells demonstrated FVIII mRNA primarily in cells lining the 
sinusoids.. In the kidney FVIII mRNA was most predominant in glomerular and peritubular 
cells.. Similarly, FVIII antigen was only detected in the sinusoidal endothelial cells and 
Kupfferr cells. On the other hand, VWF mRNA concentration in the liver and kidney was 
loww relative to FVIII mRNA. VWF antigen was primarily located in larger vessels. 

MATERIAL SS AND METHODS 

RNARNA and tissue preparation 

Two-month-oldd male and female C57BI/6 mice (Scripps Research Institute Rodent 
Breedingg Colony, La Jolla, CA and CLB, Amsterdam, The Netherlands), were used for all 
experiments.. The mice were sacrificed and various tissues were removed surgically and 
immediatelyy frozen in liquid nitrogen. Total RNA was isolated from the frozen tissues by 
acidd guanidium thiocyanate-phenol-chloroform extraction as previously described (11), and 
thenn treated with RNase-free DNase (Promega Corp., Madison, Wl). RNA was quantified 
byy measuring absorption at 260 nm. Tissues to be used for in situ hybridization were 
rapidlyy removed and then fixed for 4 hours by immersion in zinc formalin, transferred to 
70%% ethanol overnight and embedded in paraffin. Tissue sections (2-5 urn) were used for 
analysis. . 

IsolationIsolation of liver cells 

Malee C57BI/6 mice (4-month-old; Sylvius Laboratories, Leiden, The Netherlands) were 
anesthetizedd and the liver cells were isolated as described earlier (12). After collagenase 
perfusion,, a liver lobule was tied off, excised and stored in liquid nitrogen. Hepatocytes 
weree separated from nonparenchymal cells by differential centrifugation and the viability 
wass determined by counting in a Biirker chamber after incubation with trypan blue. The 
viabilityy of the cell preparations varied from 70% to 95%. Nonparenchymal cells were 
isolatedd by density-gradient centrifugation with Nycodenz. Then the sinusoidal endothelial 
cellss were separated from the Kupffer cells by centrifugal elutriation. The purity of the 
sinusoidall endothelial cells and Kupffer cells was determined by staining with 3,3'-
diaminobenzidinee for endogenous peroxidase activity. The sinusoidal endothelial cells 
weree more than 95% pure. The purity of the Kupffer cells was 70-90%. Total RNA from 
liverr lobule, hepatocytes, sinusoidal endothelial cells and Kupffer cells was isolated as 
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describedd above. The identity of hepatocytes was also confirmed by factor V (FV) mRNA 
analysiss (see below). 

QuantitativeQuantitative PCR 

AA synthetic DNA template composed of oligomers specific for murine FVIII and a number 
off other hemostatic genes, was constructed by cloning fragments containing either 5' or 3' 
primerss into pCR 2.1 (Invitrogen, The Netherlands). Briefly, the primer cassette described 
previouslyy (13,14) was cut out of the vector with Xbal and Kpnl. Phosphorylated 5' and 3' 
primerss containing a part of the FVIII sequence and a part of the PAI-1 sequence were 
mixedd with this cassette and amplified by PCR. The PCR product was then cloned into the 
TAA cloning site of pCR 2.1. In addition, parts of the murine FV sequence were inserted in 
thee cassette by this procedure. The sequence of the final fragment was confirmed by DNA 
sequencee analysis. 

Thee plasmid described above was linearized by digestion with Kpnl. A cRNA 
standardd was then prepared (using the linearized plasmid as template) by in vitro 
transcriptionn from the T7 promoter using the Riboprobe in vitro transcription system 
accordingg to the manufacturer's instruction (Promega). Finally, the purified cRNA standard 
(6699 nucleotides) was diluted to a concentration of 1012 molecules/ul. 

Thee concentration of various mRNAs (i.e. FVIII; FV; VWF; urokinase-type 
plasminogenn activator, uPA; and tissue factor, TF) was determined using a quantitative 
RT-PCRR method as described previously (13,14). Total tissue RNA (1 ug) and a fixed 
concentrationn of the cRNA standard (varying from 104 to 107 molecules) were mixed and 
reversee transcribed. Serial two-fold dilutions of the cDNA mixture were each amplified 
usingg specific primers for both the target and the standard products, and containing 1 x 106 

cpmm of 32P-end labeled forward primer. The amount of incorporated 32P was determined by 
firstt running 36 u.1 of the PCR mixture on a 1.5% agarose gel, in the presence of ethidium 
bromide.. The appropriate bands corresponding to the internal standard cRNA product and 
thee target mRNA product (for FVIII measurements, 485 bp and 359 bp, respectively) were 
thenn cut out from the gel and radioactivity was determined by Cerenkov counting. The 
radioactivityy in the PCR product was plotted against the number of standard cRNA 
molecules,, using a double-logarithmic scale. This standard curve was used to extrapolate 
thee number of target mRNA molecules per ug total RNA, according to the procedure 
describedd by Wang et al. (15). The estimation of the concentration of endogenous target 
mRNAA was calculated as follows: 

pgg target mRNA No. of molecules of target mRNA 

ugg of total tissue RNA ug of total tissue RNA 

(No.. of nucleotides of full-length mRNA for target gene)(321))(1012) 

6.0233 X1023 

25 5 



Chapterr 2 

wheree the number of nucleotides in full-length mRNA is 7,493 for FVIII (9); 6,585 for FV 
(16);; 1,800 for TF (13); 2,300 for uPA (13) and 8,800 for VWF (14); where 321 is the 
averagee molecular weight of a nucleotide; and where 6.023 x 1023 is Avogadro's number. 
Thee possibility that PCR products were generated from contaminating genomic DNA was 
ruledd out because the upstream [5'-GAGGAACCACCGTCAAGCTTCATT-3', position 
1301-13244 (9)] and downstream [5'-CTGAAGGTGCATAGTCCCAGTCTT-3\ position 
1636-1659]] primers for FVIII anneal in two different exons. For FV mRNA derived from 
tissuess the PCR product generated using the upstream [5'-
ATCAGAGCCCAGGTCAGAGA-3',, position 1269-1288 (16)] and downstream [5'-
GAGTGCCCAGTGAAGTGGAT-3',, position 1869-1888] FV primers resulted in a fragment 
off 620 bp corresponding to the target mRNA and a band of 525 bp corresponding to the 
standardd cRNA. 

RiboprobeRiboprobe preparation 

AA 627 bp murine FVIII cDNA fragment consisting of part of the A2 domain of FVIII (position 
1697-2323)) was subcloned into the vector pGEM-5Zf(+) (Promega). The vector was 
linearizedd and used as a template for in vitro transcription of radiolabeled antisense or 
sensee riboprobes using SP6 or T7 polymerase (Promega), respectively, in the presence of 
[35S]UTPP (>1,200 Ci/mmol; Amersham Corp, Arlington Heights, IL). Vector DNA was 
removedd by digestion with RQ1 DNase (Promega) for 15 minutes at , and the 
riboprobess were purified by phenol extraction and ethanol precipitation. In addition to FVIII, 
aa 596-bp mouse factor VII (FVII) cDNA fragment containing nucleotides 500-1095 (17) 
wass subcloned into the vector pCRII (Invitrogen). This vector was linearized and used as 
templatee for in vitro transcription of radiolabeled antisense or sense riboprobes using SP6 
orr T7 RNA polymerase, respectively, in the presence of [35S]UTP. 

InIn situ hybridization 

InIn situ hybridizations were performed as described previously (18). After hybridization, the 
slidess were dehydrated by immersion in a graded alcohol series containing 0.3 M NH4AC, 
driedd overnight, dipped in NTB2 emulsion (Kodak, Rochester, NY; 1:2 in water), and 
exposedd in the dark at  for 4 to 12 weeks. Slides were developed for 2 minutes in D19 
developerr (Kodak), fixed, washed in water, and counterstained with hematoxylin and 
eosin.. The amount of non-specific hybridization in each experiment was detected in 
parallell sections using 35S-labeled sense probes. 

Immunohistochemistry Immunohistochemistry 

AA polyclonal antibody against FVIII light chain was obtained by immunizing rabbits 
accordingg to standard procedures with FVIII light chain purified as described previously 
(19).. Acetone-fixed frozen liver sections were incubated with primary rabbit antibodies 1:10 
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dilutionn of anti-human FVIII light chain, preabsorbed with recombinant VWF (kindly 
providedd by Dr. H P . Schwarz, Immuno/Baxter, Vienna) or 1:100 dilution of anti-human 
VWFF IgG (Dakospatts, Glostrup, Denmark). The slides were then washed at C with 
PBSS and sequentially treated with FITC labeled horse anti-rabbit IgG (CLB, Amsterdam) 
forr 30 minutes. After washing the slides at C with PBS, they were mounted with 
Vectashieldd mounting medium (Vector Laboratories, Ine, Burlingame, CA) and examined 
byy confocal laser scanning microscopy. 

RESULTS S 

DistributionDistribution of FVIII mRNA in murine tissues 

Too examine the expression of FVIII in vivo, total RNA was isolated from tissues of adult 
C57BI/66 mice, and the concentration of FVIII mRNA was determined (see Materials and 
Methods).. In the initial experiments, the level of FVIII mRNA was determined semi-
quantitativelyy by RT-PCR amplification of serial, two-fold dilutions of the cDNA mixture in 
thee presence of different concentrations of the cRNA standard (Fig.1). This pilot 
experimentt clearly shows that the target band for FVIII in the liver was the most prominent, 
whilee skeletal muscle had the least intense band. This observation was confirmed using 
thee quantitative RT-PCR assay (Fig.2). The liver and the kidney contained similar amounts 
off FVIII mRNA (257 pg/ug and 209 pg/ug total RNA, respectively). Significantly less 
(p<0.001)) FVIII mRNA was detected in testis (48 pg/ug) and spleen (47 pg/ug), while 
relativelyy low levels of FVIII mRNA were present in heart (8.6 pg/ug) and skeletal muscle 
(3.55 pg/ug). Large inter-individual variations of FVIII mRNA levels were apparent in the 
differentt tissues. The variation coefficient of the analysis of individual samples was about 
30%% (n = 5), whereas inter-individual variation was about 65% (SD, n = 14, Fig.2). Thus, 
thee observed variation between individual mice seems to reflect differences in endogenous 
transcriptionn levels rather than experimental variation. 

Live rr  Spleen Muscl e 
1077 106 105 

standard d 
target t 

Figuree 1. FVIII mRNA expressio n in murin e tissues . One |ig of RNA from each tissue and a fixed 

concentrationn of cRNA standard (the number of molecules of standard used is depicted above the picture) 

weree mixed and transcribed. Serial two-fold dilutions of the cDNA mixture were amplified using FVIII-specific 

primers.. The top band (485 bp) represents the cRNA standard and the bottom band (359 bp) is the PCR 

productt derived from endogenous FVIII mRNA. Differences in FVIII expression levels can be visualized by 

comparingg the intensity of both bands between the different tissues. 
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Thee concentration of FVIII mRNA in various tissues was 10-100 times higher than 
thee concentration of a number of other hemostatic genes, such as TF, uPA and VWF 
(Tablee 1). The mRNA levels of these genes were similar to those determined previously 
(13,14).. Thus, it appears that in all tissues examined, FVIII mRNA levels are considerably 
higherr (10- to 100-fold) than the mRNA levels of the other hemostatic genes examined. 

Figuree 2. Expressio n level s o f FVIII mRN A in 

murin ee tissues . The concentration of FVIII 

mRNAA was determined using a quantitative RT-

PCRR assay (Materials and Methods). The mean 

valuess are indicated and are the results from two 

orr more separate analyses of each sample. The 

numberr between brackets shows the number of 

micee analyzed for FVIII mRNA levels. •, results 

off individual mice. Li, liver; Ki, kidney; Te, testis; 

Sp,, spleen; Ov, ovary; Lu, lung; Br, brain; He, 

heart;; Mu, muscle. 

Lii Ki Te Sp Ov Lu Br He Mu 
(14)) (12) (5) (9) (5) (14) (13) (13) (14) 

Tablee 1. Quantitativ e analysi s of FVIII, VWF, uPA and TF gene expressio n in murin e tissue s 

RNA A FVIII I VWF F uPA A TF F 

Total3 3 

Mg/tissue e 

mRNA" " 

xx 103 fmol/Mg 

mRNA A 

fmol/tissue e 

mRNA" " 

xx 10"3fmol/pg 

mRNA A 

fmol/tissue e 

mRNA" " mRNAA mRNA" 

xx 10"3fmol/ug fmol/tissue x 10"3 fmol/ug 

mRNA A 

Liverr 7,294 60.0 3 (4) 438 

Kidneyy 1,219 53.0 5 (5) 73 

Lungg 320 13.0  3.0(4) 19 

Brainn 621 8.6  2.3(5) 37 

Heartt 220 8.8  2.3(4) 13 

0.0022  0.001 (5) 0.017 nd nd nd nd 

0.0033 1 (3) 0.003 0.83  0.35 (5) 1.01 0.62  0.30 (4) 0.75 

0.1655 0 (4) 0.001 nd nd 0.83 1 (3) 0.20 

0.0455  0.024 (5) 0.001 0.03  0.02 (4) 0.52 1.59 7 (4) 0.38 

0.0144 8 (4) 0.001 nd nd 0.22 ) 0.14 

aAveragee of 3 experiments. 

Resultss are the mean  SEM. Number of observations is given in parentheses, (nd, not determined) 
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LocalizationLocalization of FVIII mRNA in murine tissues 

Too identify the cellular sites of FVIII mRNA expression in murine tissue in vivo, the isolated 
andd paraffin-embedded tissues were analyzed by in situ hybridization using a 35S-labeled 
A22 probe of FVIII. Representative sections from the liver and kidney are shown in Fig.3. 
Thee hybridization signal was primarily confined to non-parenchymal cells, probably 
sinusoidall endothelial cells and/or Kupffer cells (Fig.3A). In these experiments, no or little 
FVIIII mRNA could be detected in hepatocytes. This pattern was distinct from that of F.VH 
mRNA,, which was most prominent within the hepatocytes (Fig.3B). These latter cells are 
easilyy identified by their large, round and centrally located nuclei which contained 
scatteredd clumps of chromatin. FVIII mRNA was also readily detected in isolated liver cell 
fractionss by RT-PCR (Fig.4). By this technique FVIII mRNA was not only detected in the 
sinusoidall endothelial cells, but also in the hepatocyte and Kupffer cell fraction. Very low 
levelss of VWF mRNA were detected in total liver relative to FVIII mRNA. No VWF mRNA 
wass detectable in the purified cells of the liver, neither the sinusoidal endothelial cells, nor 
hepatocytess and Kupffer cells (Fig.4). There was no detectable mRNA for FV, a 
hepatocytee marker, in the sinusoidal endothelial cell or Kupffer cell fraction (Fig. 4). 

Inn the kidney, FVIII mRNA was primarily detected in the glomeruli, in epithelial cells 
off the collecting tubules and occasionally in cells lining veins or arteries (Fig.3C). FVIII 
mRNAA was also detected in the germinal cells of the testis and ovary, in the oviduct, and in 
thee adrenal and thymus (data not shown). No specific signal for FVIII mRNA could be 
detectedd in the lung, aorta, skeletal muscle, gut, and adipose tissue. Although FVIII mRNA 
wass detected within the spleen by quantitative RT-PCR, we failed to detect a specific FVIII 
mRNAA signal in this tissue by in situ hybridization (data not shown). 

FVIIIFVIII and VWF antigen in liver 

Immunohistochemicall analysis of FVIII and VWF antigen in the liver revealed two different 
patterns.. FVIII antigen was predominantly observed in sinusoidal endothelial cells or 
possiblyy Kupffer cells (Fig.5A), whereas VWF antigen was primarily present in larger 
vesselss (Fig.5B). Also the boundries of the hepatocytes stained positive for FVIII, though 
weakly.. No FVIII antigen was demonstrated in endothelial cells of larger vessels. Only 
weakk staining of VWF was observed in microvascular endothelial cells. 
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Figuree 3. High-resolution in situ hybridization analysis of 

FVIIII and FVII mRNAs in different tissues of healthy 

mice.. In the liver (A) FVIII mRNA is primarily detected in the 

sinusoidall cells indicated with arrows, while FVII mRNA (B) 

iss predominantly detected in the hepatocyte fraction of the 

liver.. Arrowheads denote the hepatocytes. In the kidney (C) 

FVIIII is expressed in the glomeruli (open arrow). Solid 

arrowss denote tubular epithelial cells; arrowhead indicates 

cellss lining a vein. All slides were exposed for 12 weeks at 

,, except the FVII in situ hybridization slides, which were 

exposedd for 8 weeks. (Magnification x400) 

Figuree 5. Immunofluorescent staining analysis of FVIII and VWF antigens in murine liver sections. 

FVIIII antigen (A) was mainly localized to the sinusoidal endothelial cells, while VWF antigen (B) was 

predominantlyy observed in relatively large vessels. Solid arrows denote sinusoidal endothelial cells; 

arrowheadd indicates large vessels. Scale bar = 20 urn 
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Figuree 4. Cellula r distributio n of FVIII, VWF and FV mRNA in live r tissue . (A) One ug of RNA from each 

tissuee and 1 x 105 molecules of cRNA standard were mixed, transcribed and subjected to PCR. For FVIII 

measurementss the top band (485 bp) represents the cRNA standard and the bottom band (359 bp) is the 

PCRR product derived from endogenous FVIII mRNA. In the VWF and FV assay the top band (respectively 

11300 and 620 bp) represents the (target) mRNA band and the bottom band (respectively 172 and 525 bp) is 

thee PCR product derived from the cRNA standard. Differences in factors V, VIII and VWF expression levels 

cann be visualized by comparing the intensity of both bands between the different cell types. (B) The results 

presentedd in A were used to optimize the relative concentration of cRNA standard to be used in the more 

quantitativee assay using 32P-labeled primers as described in Materials and Methods. The mean 

concentrationn is calculated from four different mice for the liver lobule (Li) and hepatocytes (Hp), and from 

twoo different preparations for the sinusoidal endothelial cells (EC) and Kupffer cells (KC). The standard error 

off the mean is indicated by error bars. The levels of FV mRNA in the sinusoidal endothelial cells and Kupffer 

cellss fractions were less than 1 pg/ug total tissue RNA; VWF mRNA levels in sinusoidal endothelial cells, 

hepatocytes,, and Kupffer cells were less than 0.01 fg/ug total tissue RNA. 
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DISCUSSION N 

Thiss study addresses two important questions that have been the subject of many studies 
inn the past, but have not been answered satisfactorily. First, which tissues or organs play a 
significantt role in expressing the FVIII gene and, secondly, which cell(s) within them 
producee FVIII and at what level? The unique use of quantitative RT-PCR, in situ 
hybridizationhybridization and cell fractionation techniques described here has allowed the first direct 
analysiss of FVIII mRNA levels on a quantitative basis. These studies confirm and extend 
thee observations that FVIII is expressed in a variety of tissues (5,7-9). In particular, 
relativelyy high levels of FVIII mRNA were detected in the liver and kidney by RT-PCR, and 
significant,, though less prominent expression was observed in a number of other tissues 
(Fig.2).. Clearly FVIII gene expression is not tissue-specific. However, because of their 
relativelyy large size and high steady-state levels of FVIII mRNA expression, the liver and 
kidneyy most likely represent the major sources of plasma FVIII. Comparing the volume and 
specificc FVIII mRNA contents of the liver and kidney, the data suggest that the liver may 
accountt for about 75% of plasma FVIII and the kidney for 12.5% (Table 1). This suggests 
thatt hepatic rather than renal synthesis primarily contributes to the production of plasma 
FVIII.. Indeed, it has been reported that FVIII deficiency can not be restored by kidney 
transplantationn (20,21). On the other hand, liver transplantation in patients with severe 
FVIIII deficiency clearly corrected the inborn metabolic error (10). Paradoxically, in patients 
withh severe liver failure, FVIII levels are frequently substantially elevated (22), suggesting 
aa role for extra-hepatic sites of FVIII synthesis under these conditions. Indeed, organ 
transplantt studies raise the possibility that the spleen (23), lung (24) and lymphatic tissue 
(25)) may compensate for aberrant production of FVIII by the liver. Alternatively, it is 
possiblee that certain subsets of cells responsible for FVIII synthesis in the liver (e.g. 
sinusoidall endothelial cells, see below) are still capable of producing FVIII, even under 
conditionss of severe liver insufficiency. 

AA prominent feature of the present study is the apparent high steady state level of 
FVIIII mRNA in the liver, kidney, and other tissues examined compared to the mRNA levels 
off a number of other hemostatic genes (Fig.2, Table 1). For example, FVIII mRNA levels 
weree 10 to 100 times higher, both in hepatic and in extra-hepatic tissues compared to 
VWF,, uPA and TF (13,14) (Table 1). These observations indicate that the FVIII gene is 
efficientlyy transcribed. The relatively high levels of FVIII mRNA in tissues is in sharp 
contrastt with the relatively low levels of plasma FVIII. This is unexpected. Compared with 
otherr hemostatic proteins such as protein C, vitronectin, or VWF, there seems to be a lack 
off correspondence between mRNA and protein levels. It is estimated that the plasma FVIII 
concentrationn is 100- to 10,000-fold lower than expected based on of the respective mRNA 
andd corresponding blood levels and biological half-lives of these proteins (13,14,26,27). 
Apparently,, FVIII mRNA is not efficiently translated or, alternatively, FVIII is poorly 
transportedd to the outside of the cell (28). In addition, it should be noted that there was 
considerablee inter-individual variation in FVIII mRNA level in all tissues examined (Fig.2). 
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Thiss observation suggests that the transcriptional activity of the FVIII gene is not a critical 
factorr in controlling FVIII plasma levels. 

Thee cellular origin of FVIII is one of the most controversial issues in this field. The 
dataa presented here demonstrate for the first time, the localization of FVIII mRNA in cells 
byy in situ hybridization. Within the detection limit of this approach, expression of FVIII 
mRNAA was localized to cells lining the micro-vasculature of the liver, most likely sinusoidal 
cellss and/or Kupffer cells (Fig.3A). We failed to detect a specific signal for FVIII mRNA 
withinn hepatocytes, even though FVIII mRNA was detected in purified hepatocytes by RT-
PCRR (Fig. 4). Apparently, the level of FVIII mRNA in hepatocytes is below the sensitivity of 
thee in situ hybridization method. Also previous studies have shown that the sensitivity of in 
situsitu hybridization appears to be lower than mRNA levels measured by quantitative RT-
PCRR (26,27). This notion could also explain why spleen FVIII mRNA was only detectable 
byy RT-PCR and not by in situ hybridization. In any case, the in situ hybridization pattern for 
FVIIII was clearly distinct from the cellular distribution pattern of FVII mRNA, a typical gene 
productt of liver parenchymal cells (5). Unlike FVIII mRNA, the FVII transcript was detected 
onlyy within hepatocytes by this technique (Fig.3B). 

Inn purified sinusoidal endothelial cells, the FVIII mRNA concentration is about 3 fold 
higherr than the FVIII mRNA level in hepatocytes (Fig.4). There was almost no detectable 
(<11 pg/ug total mRNA) mRNA for FV, a typical hepatocyte marker, in the endothelial cell-
andd Kupffer cell preparation, indicating that these latter fractions were not contaminated 
withh hepatocytes. It should be noted, however, that, unlike FV mRNA levels, the steady 
statee FVIII mRNA levels of the purified cells were lower than expected on the basis of the 
mRNAA analysis of total liver lobule extracts (Fig.4). These results suggest that, FVIII 
mRNAA maybe less stable in the isolated cell fractions than in intact tissue, notably cells 
thatt are obtained only a few hours after initiation of the liver perfusion and cell elutriation 
proceduree {i.e. endothelial cells and Kupffer cells). This complicates the interpretation of 
thee quantitative RT-PCR data on the FVIII mRNA levels in the purified cells. In any case, 
ourr results clearly demonstrate that FVIII mRNA is expressed both in hepatocytes and 
sinusoidall endothelial cells, and possibly also Kupffer cells. Similarly, a recent report 
showedd that FVIII mRNA levels are readily detectable in purified murine hepatocytes as 
welll as in sinusoidal endothelial cells (29). Though different liver cell types differ in specific 
FVIIII mRNA content, this does not necessarily reflect differences in translational efficiency 
and/orr protein export from the cell. On the other hand, our immunohistochemical analysis 
andd previous studies on the cellular localization of FVIII protein (4,6) show that FVIII is 
primarilyy localized to microvascular cells, most likely sinusoidal endothelial cells and 
Kupfferr cells (Fig.SA). Also FVIII staining of parenchymal cells could be observed, 
althoughh the signal was relatively weak. These observations suggest that the sinusoidal 
endotheliumm of the iiver contributes to FVIIi synthesis. 

Althoughh the kidney was previously recognized as a site of FVIII gene expression 
(7-9)) (see also Fig.2), the cellular sites of FVIII expression had not been determined. The 
presentt study localizes FVIII mRNA to distinct cell types within this organ (Fig.3C). For 
example,, the in situ hybridization signal for FVIII mRNA is apparent in glomerular cells, 
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andd podocytes, endothelial cells, and macrophages are potential candidates. A more 
detailedd analysis using specific cellular markers is required to identify the cell type (or 
types)) responsible for FVIII expression in this organ. As outlined above, the kidney 
apparentlyy does not contribute substantially to the production of circulating FVIII in 
humans.humans. Whether it does so in the mouse remains to be determined. In any case, our 
observationss raise the possibility that FVIII produced by the kidney, serves a role in 
controllingg local hemostasis. 

Itt is of interest to note that compared to FVIII, the liver is apparently not a significant 
sitee of VWF synthesis, at least at the mRNA level (Table 1, Fig.4) (14). Similarly, purified 
hepatocytes,, sinusoidal endothelial cells and Kupffer cells do not express detectable 
amountss of VWF mRNA, though FVIII mRNA is readily detectable in these cell types. In 
additionn the presence of VWF antigen is mainly confined to the endothelial cells of large 
vesselss (Fig.5B), while FVIII antigen is predominantly expressed in the sinusoidal 
endotheliall cells (Fig.5A). Because of the distinct differences in both tissue- and cell-
specificc expression of each protein, it is possible that FVIII-VWF complex formation is an 
eventt that not only occurs at cellular sites that are in close proximity but also in the blood 
streamm after release from different tissues. 
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Factorr VIII expression in liver disease 

ABSTRAC T T 

Liverr disease is associated with markedly elevated plasma factor VIII (FVIII) levels, 
whereass the synthesis of many other coagulation factors and proteins is reduced. In order 
too define the mechanism of FVIII increase, we have determined the expression levels of 
FVIII,, both at mRNA and protein level, in patients with liver disease who underwent partial 
liverr resection. In addition, the expression of von Willebrand factor (VWF) and low density 
lipoproteinn receptor-related protein (LRP), proteins known for their ability to modulate FVIII 
plasmaa levels, were examined. Tissue samples for RNA extraction were obtained from 4 
patientss with cirrhosis, 9 patients with liver failure without cirrhosis and 6 patients with liver 
metastasiss of a colon or rectum carcinoma (control group). In patients with liver cirrhosis 
hepaticc FVIII and LRP mRNA levels were significantly lower than controls (p < 0.010), 
whilee VWF mRNA was significantly higher (p < 0.050). Immunohistochemical analysis 
revealedd that cellular VWF protein distribution was also increased in cirrhotic livers 
comparedd to liver tissue from patients with non-cirrhotic liver disease. In cirrhotic tissue 
enlargedd portal veins appeared to overgrow FVIII producing sinusoidal endothelial cells. 
Similarly,, the number of LRP-producing cells appeared to be lower in cirrhotic tissue than 
inn controls. The plasma concentration of both FVIII and VWF was significantly higher in 
patientss with cirrhosis than control subjects (p = 0.038 and 0.010 respectively). These 
resultss demonstrate that elevated plasma FVIII levels in liver cirrhosis are associated with 
increasedd hepatic biosynthesis of VWF and decreased expression of LRP, rather than 
increasedd FVIII synthesis. 

INTRODUCTION N 

Inn contrast to other coagulation factors and proteins synthesized by the liver, the plasma 
concentrationn of factor VIII (FVIII) is frequently elevated in liver disease (reviewed in (1,2)). 
Thee pathogenic mechanism for the rise of FVIII is poorly understood but may result from a 
numberr of cellular and humoral abnormalities associated with liver disease. FVIII is 
expressedd in a variety of tissues, including the liver, kidney, spleen, lungs and brain (3,4). 
AA more detailed and quantitative study in mice revealed the highest levels of FVIII mRNA 
inn both the liver and kidney (4). Reverse transcription PCR (RT-PCR) analysis of purified 
liverr cells showed that FVIII gene expression was primarily confined to the sinusoidal 
endotheliall cells (4,5). It is conceivable that in liver disease protein synthesis by sinusoidal 
endotheliall cells and hepatocytes are affected to a different extent. This may explain the 
differencess between the plasma concentration of the coagulation factors produced only by 
hepatocytess and the plasma concentration of FVIII. 

Inn addition, the role of von Willebrand factor (VWF) in controlling FVIII levels should 
bee considered. VWF is found at high levels in plasma in liver disease, particularly in acute 
liverr failure (6) and at even higher levels in patients with liver cirrhosis (7,8). VWF is the 
naturall carrier protein of FVIII. This interaction protects FVIII against proteolytic 
inactivationn and premature clearance (reviewed in (9)). Very low levels of VWF and VWF 
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mRNAA are seen in liver vascular endothelial cells (10); no, or extremely low VWF mRNA 
levelss were detected in the sinusoidal endothelium (3-5). On the other hand, histochemical 
analysiss of liver tissue revealed that in hepatic disease VWF expression is increased 
(11,12).. Therefore, it is possible that elevation of VWF expression in liver disease may 
affectt the plasma level of FVIII as well. 

AA factor that may also serve a role in regulating FVIII levels in plasma is the 
multifunctionall endocytic receptor, low density lipoprotein receptor-related protein (LRP). 
Too date, it has been well established that FVIII comprises multiple binding sites for LRP 
(13,14)) and it has been proposed that LRP serves a role in controlling cellular uptake and 
subsequentt degradation of FVIII (14,15). LRP is particularly expressed in the liver, notably 
Kupfferr cells and hepatocytes (16). Consequently, in liver disease LRP expression might 
bee decreased. This may impair the clearance of FVIII from the circulation, which, in turn, 
willl result in increased plasma FVIII concentration. 

Inn the present study, we measured FVIII gene expression by quantitative RT-PCR 
inn hepatic tissue from patients with liver disease with different etiologies and related FVIII 
mRNAA levels to VWF and LRP mRNA levels of these tissues. In addition, mRNA levels of 
factorr V (FV) and antithrombin, typical markers of hepatocyte function, were quantified by 
RT-PCR.. Transcript levels were related to the plasma concentrations of their respective 
translationn products (FVIII, VWF, antithrombin, FV). Immunostaining of liver specimens 
(FVIII,, VWF, LRP) was also performed to complement gene expression data. 

PATIENTSS AND METHODS 

Patients Patients 

Thiss study included 19 patients with liver disease (median age 60 years, range 27-76 
years)) who underwent partial liver resection. The diagnosis was based on standard 
clinical,, biochemical and radiological data and confirmed by histopathological examination, 
includingg hematoxylin and eosin staining. The laboratory data of the patients on admission 
aree shown in Table 1. The study was approved by the Protocol Review Board of the 
Academicc Medical Center. Informed consent was obtained of all patients included in this 
study.. The patients studied were divided in three groups: Group I consisted of patients with 
liverr cirrhosis due to a proximal bile duct tumor (2) or viral hepatitis (2). These patients 
weree all graded as Child A according to the Child-Pugh classification (17). Group II 
comprisedd patients with liver disease, who had no concomitant liver cirrhosis. Six patients 
off this group had a proximal bile duct tumor, 1 patient had bilary stone disease, 1 patient 
hadd echinococcal infection and 1 patient suffered from viral hepatitis. Group III consisted of 
patients,, with liver metastases of a colon or rectum carcinoma and served as control group 
(18). . 
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Tablee 1. Clinica l & laborator y demographic s of patient s studie d 

Grou pp Etiolog y Sex x 

II Bil e duc t tumor : 
1* * 
2* * 

Hepatitis : : 

3* * 
4* * 

M M 
M M 

F F 
M M 

III Bil e duc t tumor : 

5 5 
6 6 
7 7 
8 8 
9 9 
10 0 

Gallstone : : 
11 1 

M M 
M M 
M M 
M M 
M M 
M M 

F F 

Age e 

67 7 
58 8 

57 7 
48 8 

55 5 
62 2 
64 4 

65 5 
61 1 
52 2 

64 4 

Echinococca ll  infection : 
12 2 

Hepatitis : : 
13 3 

IIII Metastasi s 
14 4 
15 5 

16 6 
17 7 

18 8 
19 9 

Norma l l 
rang e e 

F F 

M M 

M M 
M M 
M M 
F F 
M M 
F F 

27 7 

67 7 

60 0 
52 2 

63 3 
55 5 
52 2 
76 6 

FVIII I 
U/1000 ml 

192 2 

243 3 

261 1 
391 1 

117 7 
322 2 

138 8 
167 7 

265 5 
140 0 

99 9 

373 3 

202 2 

160 0 
188 8 
134 4 
162 2 
122 2 
254 254 

50-150 0 

VWF F 
U/1000 ml 

283 3 
479 9 

380 0 
454 4 

151 1 
386 6 
138 8 
178 8 
233 3 
121 1 

120 0 

200 200 

181 1 

161 1 
220 220 
213 3 
108 8 
215 5 
175 5 

50-150 0 

FV V 
U/1000 ml 

74 4 

100 0 

43 3 
100 0 

46 6 
159 9 

68 8 
86 6 

117 7 

103 3 

90 0 

5Ê Ê 

81 1 

99 9 
92 2 

85 5 

§§ § 
78 8 

122 2 

70-130 0 

AT T 
U/1000 ml 

m m 
99 9 

£3 3 
6J J 

ez z 
99 9 
65 5 
87 7 
85 5 

102 2 

Z2 2 

54 4 

83 3 

Z£ £ 
92 2 
84 4 

111 1 

97 7 
108 8 

80-120 0 

ASAT T 
U/l l 

69 9 
110 0 

293 3 
122 2 

56 6 
n.d. . 
58 8 
85 5 
68 8 

Z5 5 

33 3 

11 1 

53 3 

32 2 

n.d. . 
26 6 

47 7 

33 3 
24 4 

<40 0 

ALA T T 
U/l l 

72 2 
118 8 

174 4 
169 9 

56 6 
n.d. . 
45 5 
94 4 

135 5 
99 9 

39 9 

4 4 

59 9 

37 7 

n.d. . 
44 4 
32 2 
20 0 
10 0 

<45 5 

CRP P 
mg/l l 

n.d. . 
33 3 

n.d. . 
n.d. . 

n.d. . 
n.d. . 

18 8 
18 8 

n.d. . 
8 8 

<3 3 

329 9 

n.d. . 

12 2 
n.d. . 

12 2 
8 8 
7 7 

24 4 

<7 7 

FVIII,, VWF, FV, AT = antithrombin, ASAT = aspartate-aminotransferase and ALAT = alanine-

aminotransferase.. *) Patients with liver cirrhosis; n.d. = not determined; underlined data indicates elevated 

levels,, double underlined data indicates decreased levels. 

PlasmaPlasma preparation 

Bloodd was collected (4.5 ml in 0.5 ml 3.1% sodium citrate) at the start of surgery during 
anaesthesiaa and before patients received interfering medication. Samples were 
centrifugedd at 2500 g for 15 min at C and plasma was stored at C until tested. 
Proteinn levels were also measured on 9 patients the day before operation. No differences 
weree observed compared with the values measured from samples collected at the start of 
surgery. . 
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Assays Assays 

FV-- and FVIII procoagulant acivity was measured using one-stage clotting assays. FV 
antigenn was measured by an ELISA using sheep anti-human FV IgG as coating antibody 
andd peroxidase-conjugated sheep anti-human FV (both from Kordia, Leiden, The 
Netherlands)) as the detecting antibody. FVIII- and VWF antigen were measured by ELISA 
accordingg to previously published methods (19,20). Antithrombin activity was measured by 
aa chromogenic assay according to the manufacturer's instructions (Chromogenix, Milano, 
Italy).. Pooled plasma from 40 healthy individuals was used as the reference standard. 

LiverLiver tissue preparation and RNA extraction 

Liverr biopsies ( 5 x 5 mm) were obtained at the start of surgery and immediately frozen in 
liquidd nitrogen. All liver biopsies were divided in two parts; one part was used for 
immunohistochemicall analysis and the other part for total RNA isolation. Total RNA was 
isolatedd from the frozen tissues by acid guanidine thiocyanate-phenol-chloroform 
extractionn as previously described (21) and then treated with RNase-free DNase (Promega 
Corp.,, Madison, Wl) to remove contaminating genomic DNA. Extracted RNA was 
quantifiedd by measuring absorption at 260 nm. 

Real-timeReal-time quantitative PCR 

Thee concentration of various mRNAs [i.e. FVIII, FV, VWF, LRP, antithrombin, glucose-6-
phosphatee dehydrogenase (G6PD)) was determined using a quantitative real-time RT-
PCRR method with specific primer combinations (22-27). Total tissue RNA {1 ug) was 
reversee transcribed. Real-time PCR of the cDNA was performed using a LightCycler rapid 
thermall cycler (Roche Diagnostics Ltd, Lewes, UK) according to the manufacturer's 
instructions.. Serial diluted solutions of the cDNA mixture were amplified using specific 
primerss (Table 2). Amplified PCR product was measured using SYBR green. Serial 
dilutionss of a cDNA mixture, prepared by reverse transcribing a commercial liver RNA 
samplee (Clonetech, Palo Alto, CA), were used to prepare a standard curve. An undiluted 
samplee of the standard was set as 100%. RNA levels were corrected for input differences 
andd reverse transcription efficiencies by dividing all measured values by the corresponding 
mRNAA levels of G6PD, a housekeeping gene. G6PD was chosen because initial studies 
demonstratedd relative little variation (11%) between various samples compared to other 
geness considered as housekeeping gene. All RNA samples were analyzed three to four 
times.. The mean values are reported. Based on eight to nine measurements of a given 
sample,, the variation coefficient of the assay of respectively FVIII-, VWF-, FV-, 
antithrombin-- and LRP mRNA was 10,13, 7, 22 and 8%. 
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Tablee 2. Sequence s of PCR primer s used 

Genee Prime r sequence s Positio n 
Sizee of PCR 
produc tt  (bp) 

5'FF VI11 5'-CCTTGGAAATCTCGCCAATA-3' 1061 155 

3'FVIIII 5'-TCGTAGTTGGGGTTCCTCTG-3' 1215 

5'FVV 5'-ATCAGAGCCCAGGTCAGAGA-3' 1357 236 

3'' FV 5'-AAGCACTGGGCATCATTTTC-3' 1592 

5'VWFF 5'-GATCCGCCTCATCGAGAA-3' 4582 444 

3'' VWF 5*-CCCTGGTAGCGGATCTCTC-3' 5025 

5'LRPP 5'-AGAAGTAGCAGGACCAGAGGG-3' 415 300 

3'' LRP 5'-TCAGTACCCAGGCAGTTATGC-3' 714 

5'antithrombinn S'-GAATCACCGATGTCATTCCC-S' 7025 236 

3'' antithrombin 5'-CTTTGAAGGGCAACTCAAGC-3' 8071 

5'G6PDD 5'-GAGGCCGTGTACACCAAGAT-3' 1662 258 

3'G6PDD 5'-AATATAGGGGATGGGCTTGG-3' 1919 

Immunohistochemistry Immunohistochemistry 

Acetone-fixed,, frozen liver sections were blocked for endogenous peroxidase activity by 
incubatingg the slides for 10 minutes with 0.3% H202 and 0.1% NaN3 in phosphate buffered 
salinee (PBS). The slides were then incubated with rabbit anti-human VWF IgG (Dako, 
Glostrup,, Denmark), sheep anti-human FVIII (Kordia) or goat anti-human LRP (Santa Cruz 
Biotechnology,, Heidelberg, Germany) for 1 hour. Subsequently, the slides were washed 
withh PBS and treated with either peroxidase labeled horse anti-rabbit IgG (Sanquin, 
Amsterdam),, peroxidase labeled donkey anti-sheep IgG (Kordia), or peroxidase labeled 
rabbitt anti-goat IgG (Santa Cruz Biotechnology) for 30 minutes. After washing the slides 
withh PBS, the peroxidase label was visualized by incubation with 0.03% H202 and 0.6 
mg/mll diamino benzidine in PBS for 10 minutes. The slides were then washed with 
distilledd water and counterstained with hematoxylin (Vector Laboratories, Inc, Burlingame, 
CA)) for 30 seconds. The slides were again washed with distilled water, dehydrated with 
ethanoll and xylene and mounted with permanent mounting medium (Vector Laboratories) 
andd examined by light microscopy. Immunohistochemistry was performed on liver sections 
off 4 patients without cirrhosis and 3 patients with liver cirrhosis. 

StatisticalStatistical analysis 

Alll data was analysed using the Mann-Whitney U-test. The Spearman correlation 
coefficientt was calculated to determine the relationship between two parameters. 
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RESULTS RESULTS 

PlasmaPlasma levels of coagulation factors and other plasma proteins in liver disease 

Thee plasma concentration of FVIII antigen was elevated in 13 of the 19 patients studied 
(Fig.1;; Table 1). Also VWF antigen levels were frequently increased in these patients (15 
off 19 patients). There was a positive correlation between VWF and FVIII antigen in all 
patientss with liver disease (R = 0.66; p = 0.002). The majority of patients displayed normal 
FVV antigen levels (13 of 19 patients, Fig.1; Table 1). In 5 patients FV levels were below the 
normall range. An elevated FV level was detected in one patient with a bile duct tumor (159 
U/1000 ml). Antithrombin activity levels were decreased in 8 patients studied and normal in 
thee other 11 patients with liver disease. 

550 0 

500 0 

450--

400--

II  350 
o o o o 
33 300-
ÜL ÜL 
a a 
aa 250-
c c 
's 's 

 200-
Q. . 

150 0 

100--

50 0 

0 0 

CD D 
O O 
O O 

B B 

i i 

Factorr VIII 

A A 

O O 
rS S 

AA _ 
^ ** E3 
OO
O O 

CDD . O O 

mm o TT f 
AA 6 

ii n 
VWF F Factorr V 

II II III 

Antithrombin n 

Figuree 1. Plasma concentration of FVIII-, VWF- and FV antigen and antithrombin activity in liver 

disease.. Group I: patients with liver cirrhosis (closed circles, patients with a bile duct tumor or a gallstone; 

closedd triangles, patients with a liver infection), group II: miscellaneous (open circles, patients with a bile duct 

tumorr or a gallstone; open triangles, patients with a liver infection), group III: liver metastasis (squares). 

Horizontall bars show median values. Grey area = normal range. *p = 0.038, * *p = 0.010. 
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Figuree 2. FVIII, VWF, FV, antithrombin and LRP mRNA levels in liver tissue. For explanation of symbols, 

seee Fig.1. *p < 0.050, * *p < 0.010 

Inn patients with liver cirrhosis (group I, n = 4), FVIII and VWF plasma levels were 
significantlyy elevated, compared to the control patients (group III, n = 6, PFVIII = 0.038 and 
PVWFF = 0.010, Fig.1). On the other hand, no significant differences in FV and antithrombin 
levelss were seen between patients with liver cirrhosis and other patients studied. Levels of 
aspartatee aminotransferase (ASAT, median: 116 U/l) and alanine aminotransferase (ALAT, 
median:: 144 U/l) were significantly higher in patients with liver cirrhosis compared to 
controll patients studied (PASAT/ALAT =0.016; Table 1), indicative of hepatocellular injury. The 
ASATT and ALAT levels in the patients with hepatic disease associated with other etiologies 
(groupp II) were also significantly increased, but to a lesser extent (medianAsAT: 57 U/l, 
medianASA-r:: 58 U/l, PASAT/ALAT= 0.045). 

C-reactivee protein (CRP) was slightly elevated in most patients (median: 12 mg/ml; 
normall < 7 mg/ml), except in the patient with echinococcus infection, who had an 
extremelyy high level (329 mg/l). No correlation was observed between CRP and plasma 
FVIIII or VWF levels or the plasma concentration of the other proteins studied. 

mRNAmRNA levels of FVIII, VWF, LRP, antithrombin and FV in liver biopsies 

Significantlyy lower FVIII mRNA levels were found in patients with liver cirrhosis compared 
too the control patients in group III (p = 0.010; Fig.2). Thus, it appears that increased 
plasmaa levels of FVIII were not associated with increased transcriptional activity of FVIII 
gene,, rather an inverse relationship was noted (though not significant). VWF mRNA levels, 
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onn the other hand, were significantly increased in cirrhotic patients compared to the control 
patientss (p = 0.038) and the patients with hepatic disease associated with other etiologies, 
whoo did not display liver cirrhosis (group II, p = 0.006; Fig.2). This suggests that the 
observedd elevated VWF plasma levels are caused, at least in part, by increased 
transcriptionall activity of VWF in the liver. LRP mRNA levels in patients with liver cirrhosis 
weree significantly lower compared to the control patients (p = 0.010, Fig.2), in contrast to 
thee FVIII antigen levels in these patients, which were markedly elevated. In addition, a 
significantt decrease in LRP mRNA levels was also seen for the patients in group II (p = 
0.036)) compared to the control patients. 

Figuree 3. Immunostainin g analysi s of VWF antige n in huma n liver  sections . In a patient without cirrhosis 

aa normal regular pattern was seen of hepatocytes and sinusoidal endothelial cells (A) with a large vessel 

(largee arrow, hematoxylin/eosin staining). In a patient with cirrhosis (B) an increase in bile ducts (small arrow) 

wass seen in combination with fibrosis (white arrow). A parenchymal nodule (open arrow) and large leukocyte 

infiltrationn was also observed (arrow heads). VWF antigen (C) was mainly localized in endothelial cells of 

largerr vessels (large arrow) in a patient without cirrhosis, whereas in a patient with cirrhosis VWF antigen (D) 

wass also detected in the neovasculature (small arrow heads) and to a lesser extent in the surrounding 

sinusoidall endothelial cells. (Original magnification 100x). 

Significantlyy lower levels of FV mRNA were demonstrated in patients with liver 
cirrhosiss compared to the control patients (p = 0.038). No significant difference in FV 
mRNAA was seen when comparing patients with liver cirrhosis to the patients studied in 
groupp II. Significantly lower mRNA levels of antithrombin were found in patients with liver 
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cirrhosiss compared to the control patients (p = 0.010, Fig.2). Furthermore, the patients in 
groupp II containing the non-cirrhotic liver patients with bilary obstruction, echinococcal 
infectionn or viral hepatitis, also showed significantly lower antithrombin levels, confirming 
thee slightly affected hepatocyte function of these patients (p = 0.050). 
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Figuree 4. Immunostainin g analysi s of 

FVIIII antige n in huma n live r sections . 

FVIIII antigen was mainly localized in 

sinusoidall endothelial cells (small 

arrows),, both in hepatic tissue of patient 

withoutt cirrhosis (A,B) and in a patient 

withh cirrhosis (C,D). No FVIII was seen in 

endotheliall cells of enlarged portal veins 

off the cirrhotic liver (open arrow; C,D). 

(Originall magnification 100x (A,C) and 

400xx (B,D)). 
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Figuree 5. Immunostainin g analysi s of 

LRPP antige n in huma n live r sections . 

Inn a patient without liver cirrhosis LRP 

antigenn is localized in hepatocytes and 

Kupfferr cells (A,B). In a patient with liver 

cirrhosiss enlarged portal veins were 

observed,, showing less expression of 

LRP.. LRP antigen was also seen in some 

cellss of a leukocyte infiltration, probably 

monocytess and in bile duct cells (C,D). 

(Originall magnification 100x (A,C) and 

400xx (B,D)). 
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HistologyHistology and immunohistochemistry of VWF, FVIII and LRP in the liver 

Immunohistochemicall analysis of VWF antigen in liver sections of patients with or without 
liverr cirrhosis revealed two different patterns. In patients without cirrhosis, VWF antigen 
wass only present in endothelial cells of larger vessels (Fig.3C). On the other hand, in 
patientss with liver cirrhosis as visualized by hematoxylin/eosin staining of parallel sections 
off the same tissue (Fig.3B), positive VWF staining was also observed in the 
neovasculaturee of the enlarged portal areas and, to a lesser extent, in the surrounding 
sinusoidall endothelial cells {Fig.3D). Clearly, more VWF staining is seen in liver tissue of 
patientss with liver cirrhosis when compared to patients without cirrhosis. 

FVIIII protein was only localized to the sinusoidal endothelial cells, both in patients 
withh (Fig.4C,D), or without (Fig.4A,B) liver cirrhosis. No difference in FVIII distribution was 
observed.. However, consistent with data at the mRNA level, less sinusoidal endothelial 
cellscells were sen in cirrhotic liver tissue, particularly in areas of enlarged portal veins. 

Inn patients without liver cirrhosis LRP was clearly detected in hepatocytes and 
Kupfferr cells (Fig.5A,B). On the other hand, in patients with liver cirrhosis expanding portal 
areass seemed to disturb the organization of hepatocytes expressing LRP (Fig.5C,D). 
Furthermoree large leukocyte infiltrations were present in the portal areas with some LRP 
positivee cells, probably monocytes (16). 

DISCUSSION N 

Contraryy to expectations, the increase in plasma concentration of FVIII in patients with 
liverr failure does not appear to be associated with an increased expression of hepatic FVIII 
mRNA.. In patients with liver cirrhosis, FVIII mRNA expression levels were low when 
comparedd to the control patients (p = 0.010), while plasma FVIII levels were clearly 
elevatedd (p = 0.038, Fig.1). No differences in cellular distribution of FVIII protein was 
observedd between the patients studied (Fig.4). However, we noted that in cirrhotic tissue 
largerr vessels seemed to overgrow sinusoidal, FVIII producing, endothelial cells. This may 
explainn why in these tissues the expression level of FVIII mRNA was lower than in non-
cirrhoticc tissue. This pattern clearly differs from the expression profiles of hepatic FV and 
antithrombinn mRNA where the circulating plasma protein levels of these typical hepatic 
markerr proteins tended to correlate with their mRNA levels (data not shown). 

Inn order to obtain insight into the apparently disparate cellular expression of FVIII 
andd plasma FVIII concentrations, we also examined the expression of VWF, both at the 
mRNAA and protein level. It is well documented that VWF is a significant factor in the 
regulationn of plasma FVIII concentrations. VWF binds to FVIII and protects it against 
proteolyticc attack and premature clearance (reviewed in (9,28,29)). In many patho
physiologicall conditions any change in plasma VWF levels is frequently coupled with a 
concordantt change in the FVIII level (9,30) and/or half-life (31). Similarly, the present study 
showss a close correlation between plasma levels of FVIII and VWF. Less well understood 
iss the cellular origin of the increased amount of VWF in the circulation and its role in 
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regulatingg FVIII at the cellular level. Previously, we and others have shown that the tissue 
distributionn of FVIII and VWF mRNA synthesis in mice does not correlate. FVIII is primarily 
synthesizedd in the liver, notably sinusoidal endothelial cells (see above) (4,5), whereas 
sitess of VWF synthesis has been identified throughout the vascular endothelium, 
particularlyy in the lung and brain, but not or to a minor extent, in liver tissue (3,4,10). The 
presentt study shows that, hepatic VWF synthesis is enhanced in liver disease. Therefore, 
itt seems reasonable to assume that in liver disease hepatic synthesis of VWF does serve 
aa role in controlling plasma FVIII levels. In all patients studied VWF mRNA was detectable 
inn excised liver specimens. However, VWF mRNA concentration was highest in cirrhotic 
patientss (Fig.2). Immuno-histochemical staining of liver tissue corroborates this 
observation.. In cirrhotic tissue VWF antigen was detected in the neovasculature of 
enlargedd portal areas and to a lower extent in the surrounding sinusoidal endothelial cells 
(Fig.3B).. In contrast, in tissue from patients without cirrhosis VWF staining was only seen 
inn larger vessels (Fig.3A). In tissue from these patients no newly formed vessels were 
observed.. It has been observed that, in cirrhotic livers, transformation of sinusoids to 
capillariess and sinusoidal endothelial cells to vascular endothelial cells and concomitant 
increasee in VWF expression may occur (11,12). This raises the possibility that in cirrhotic 
tissue,, unlike healthy tissue, FVIII and VWF are co-expressed in sinusoidal endothelial(-
derived)) cells. Thus, our data suggests that in liver disease hepatic synthesis of VWF 
contributess to the regulation of the plasma FVIII level. Whether extra-hepatic VWF 
synthesiss is also enhanced cannot be inferred from our study. The contribution is probably 
lesss significant because CRP levels were either not increased or only to a minor extent. As 
ann acute phase protein, enhanced VWF expression is frequently associated with elevated 
CRPP levels (7,32). This was apparently not the case in the patients with liver disease 
studiedd here. 

Accumulatedd evidence suggests that LRP, a multi-ligand receptor that has been 
shownn to play a role in the cellular uptake and degradation of FVIII, also serves a role in 
controllingg plasma levels of FVIII (14). In mice that are deficient in hepatic LRP, FVIII 
levelss are elevated and its half-life is increased (33). In addition, it has been shown that in 
micee injected with radio-labelled FVIII, radioactivity was detected in the liver but not the 
kidney,, suggesting that the liver serves an important role in the catabolism of FVIII (14). 
Similarly,, administration of receptor-associated protein (RAP), which blocks the action of 
LRP,, induced a sustained rise of FVIII levels (14,15). The present study demonstrates that 
thee hepatic expression of LRP is decreased in liver disease, particularly in liver cirrhosis. 
Thiss provides confirmation of the recent observations that liver-specific down-regulation of 
LRPP expression affects plasma FVIII levels as well (33). Indeed, we noted a negative 
associationn between plasma FVIII levels and hepatic LRP mRNA in patients with liver 
cirrhosiss compared to the control patients (not shown). Also immunohistochemical analysis 
suggestedd that the cellular distribution of LRP expression is disturbed in cirrhotic tissue 

(Fig.5). . 
Inn conclusion, the present study demonstrates that in patients with liver cirrhosis, 

elevatedd FVIII levels in plasma are not due to increased transcriptional activity of FVIII in 
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thee liver. Instead, our study suggests that increased plasma FVIII concentrations are more 
likelyy caused by increased hepatic VWF biosynthesis. In addition, decreased levels of LRP 
expressionn may also contribute to the increased plasma FVIII levels. It should also be 
emphasisedd that other tissues/organs, such as kidney, spleen, lung and brain, express 
FVIIII and thus may also play a role in controlling the plasma FVIII concentration (3,4). 
Theirr contribution to the circulating levels of FVIII could not be evaluated in this study. It 
shouldd also be noted that we have assumed throughout that besides changes in gene 
expression,, changes in other cellular events, such as protein folding and post-
transcriptionall modification or changes in mRNA stability, could be associated with liver 
diseasee and may dissociate the usual correspondence between mRNA and protein. 
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Factorr VIII levels in anhepatic pigs 

ABSTRAC T T 

Factorr VIII is a plasma glycoprotein that plays an essential role in the hemostatic system. 
Deficiencyy of this protein causes a severe bleeding diathesis, known as hemophilia A. To 
date,, most evidence supports that factor VIII is synthesized in the liver. Transplantation 
andd organ perfusion studies suggest that the liver is but one site of a more widely 
dispersedd factor VIII synthetic system, but the available data are conflicting. To further 
understandd the significance of extra-hepatic factor VIII synthesis we studied the effect of 
totall hepatectomy in pigs, a model of acute, irreversible liver failure, during a 24 hours 
followw up period on the expression of plasma and tissue factor VIII. Tissue factor VIM 
expressionn was detected before and 24 hours after hepatectomy, both at the mRNA level 
andd immunohistochemically. In addition, the expression of plasma and tissue von 
Willebrandd factor (VWF), the natural stabilizing carrier protein of factor VIII was measured. 
Thee results presented here show that total hepatectomy elicits a gradual and sustained 2-
foldd elevation of circulating factor VIII. Factor VIII messenger RNA levels in various organs 
beforee and after hepatectomy did not increase. The factor VIII half-life increased from 7.7 
tilll 10.3 hours following hepatectomy. Also VWF levels were increased in anhepatic pigs. 
AtAt the protein level prominent changes in cellular factor VIII distribution were seen in 
spleenn and kidney. These observations indicate that both spleen and kidney may 
contributee to the regulation of plasma factor VIII levels, most likely at a post-translational 
level. . 

INTRODUCTION N 

Factorr VIII is a plasma glycoprotein that plays an essential role in the hemostatic system. 
Deficiencyy of this protein causes a severe bleeding diathesis, known as hemophilia A. In 
humann and other species the primary site of factor VIM synthesis is the liver. This is 
demonstratedd by the observations that liver transplantation cures hemophilia A (1-3). 
Interestingly,, also clinically significant extra-hepatic sites of factor VIII synthesis may exist, 
ass evidenced by studies which show that liver transplantation from hemophilia A dogs to 
normall dogs did not result in hemophilia A (4). The observation that significant factor VIM 
mRNAA levels have been detected in several organs, including kidney, spleen, lung and 
brain,, is consistent with these findings (5,6). However, despite many organ transplantation 
andd perfusion studies, the primary site or sites for extra-hepatic biosynthesis of factor VIM 
proteinn have not been definitively identified, though several observations suggest that the 
spleenn could serve a significant role in regulating plasma factor VIII levels (4,7). Also other 
tissuess have been proposed as sites of factor VIII synthesis, including lung, kidney and 
lymphaticc tissue, but the available data are conflicting (8). 

Too further understand the significance of extra-hepatic factor VIM synthesis we 
studiedd the effect of total hepatectomy in pigs, a model of acute, irreversible liver failure, 
duringg a 24 hours follow up period on the expression of plasma and tissue factor VIM. 
Tissuee sections of kidney, spleen and lung were obtained before and 24 hours after total 
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hepatectomyy and analyzed for factor VIII mRNA expression levels and protein distribution. 
Inn addition, the expression of plasma and tissue von Willebrand factor (VWF), the natural 
stabilizingg carrier protein of factor VIII, was measured. We have also studied the effect of 
hepatectomyy on the clearance of factor VIII from the circulation. The results presented 
heree suggest that both spleen and kidney contribute to the regulation of plasma factor VIII 
levels. . 

MATERIAL SS AND METHODS 

TheThe an hepatic pig model 

Pigss (35-50 kg, n=6) were anaesthetized and total hepatectomy was performed as 
describedd previously (9,10). The infrahepatic caval vein and the portal vein were 
connectedd to the subdiaphragmatic caval vein using a 3-way vascular prosthesis. 
Postoperatively,, all animals were kept under full anesthesia and mechanical ventilation 
untill death. No blood transfusion, platelets, fresh frozen plasma or other substances 
containingg coagulation factors were given during the experiment. This model has 
previouslyy been shown to be a reliable, safe and effective clinical setting of acute liver 
failure,, allowing the evaluation of extra-hepatic factor VIII synthesis for at least 24 hours 
(9,10).. This study was approved by the Animal Ethical Committee of the University of 
Amsterdam. . 

PlasmaPlasma preparation and assays 

Bloodd was collected (4.5 ml_ in 0.5 ml_ 3.1% sodium citrate) at 4 hourly intervals until 24 
hourss after hepatectomy. Samples were centrifuged at 2500 g for 15 min at C and 
plasmaa was stored at C until tested. 

Factorr V and factor VII procoagulant activity was measured using one-stage clotting 
assays.. VWF antigen was measured by ELISA using a rabbit anti-human VWF polyclonal 
antibodyy (DAKO, Glostrup, Denmark) for both VWF capture and detection (11). Factor VIII 
activityy was measured by a chromogenic assay according to the manufacturer's 
instructionss (Chromogenix, Milano, Italy) and a one stage clotting assay by reconstitution 
off human factor VIM deficient plasma. Pooled porcine plasma of 3 healthy pigs was used 
ass standard. In two pigs human factor VIII was administered one week before and one 
hourr after hepatectomy to determine the half-life of factor VIII under these conditions (see 
below).. In these animals at every time point the measured plasma concentration of porcine 
factorr VIII was corrected for injected human factor VIII, assuming that the specific activity 
off porcine factor VIII in the setting of a human test system is 4 times the activity of human 
factorr VIII. 
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PlasmaPlasma clearance of human factor VIII 

Factorr VIII clearance studies were performed (n=2) using human immunoaffinity purified 
factorr VIII concentrate (Aafact®, Sanquin Plasma Products, Amsterdam, The Netherlands). 
Twoo pigs received one dose (100 U/kg) of factor VIII one week before hepatectomy and 1 
hourr after hepatectomy. Blood was collected (4.5 ml_ in 0.5 ml 3.1% sodium citrate) at 4 
hourlyy intervals for 24 hours. Human factor VIII antigen was measured by ELISA according 
too a previously published method (12). The monoclonal antibodies used to detect human 
factorr VIII do not crossreact with porcine factor VIII. Clearance data obtained from the 
averagee of experiments with two pigs were fitted to a bi-exponential equation which was 
usedd to calculate the mean residence time. 

TissueTissue preparation and RNA extraction 

Biopsiess ( 5 x 5 mm) of spleen, kidney and lung were obtained 1 hour before total 
hepatectomyy and 24 hours after total hepatectomy. All biopsies were divided in two parts 
andd immediately frozen in liquid nitrogen. One part was used for immunohistochemical 
analysiss and the other one for total RNA isolation. Total RNA was isolated from the tissues 
byy acid guanidine thiocyanate-phenol-chloroform extraction as previously described (13), 
andd then treated with RNase-free DNase (Promega Corp., Madison, Wl, USA) to remove 
contaminatingg genomic DNA. Extracted RNA was quantified by measuring absorption at 
2600 nm. 

Tablee 1. Sequence s of PCR primer s used for the determinatio n of tissu e facto r VIII 
mRNA A 

Genee Prime r sequence s Positio n 
Sizee of PCR 
produc tt  (bp) 

5'factorr VIII 5'-CGGAAGTGCACTCCATTTTT-3' 988 187 

3'' factor VIII 5'-ACTCTGACGTGAGCCTCCAT-3' 1174 

5'' HPRT 5'-CTTTGCTGACCTGCTGGATT-3' 85 233 

3'HPRTT 5'-GCTTGACCAAGGAAAGCAAG-3' 317 

Real-timeReal-time quantitative PCR 

Thee concentration of various mRNAs (i.e. factor VIII, hypoxanthine phosphoribosyl-
transferasee (HPRT)) was determined using a quantitative real-time RT-PCR method with 
specificc primer combinations (14,15). Total tissue RNA (1 ug) was reverse transcribed. 
Real-timee PCR of the cDNA was performed using a LightCycler rapid thermal cycler 
(Rochee Diagnostics Ltd, Lewes, UK) according to the manufacturer's instructions. Serial 
dilutedd solutions of the cDNA mixture were amplified using specific primers (Table 1). 
Amplifiedd PCR product was measured using SYBR green. Serial dilutions of a cDNA 
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mixture,, prepared by reverse transcribing a tissue RNA sample before hepatectomy, were 
usedd to prepare a standard curve. An undiluted sample of the standard was set as 100%. 
RNAA levels were corrected for input differences and reverse transcription efficiencies by 
dividingg all measured values by the corresponding mRNA levels of HPRT, a housekeeping 
gene.. In each total RNA extract specific mRNA's were determined at least 2 times 
independently. . 

Immunohistochemistry Immunohistochemistry 

Acetone-fixedd frozen tissue sections were blocked for endogenous biotin by incubating the 
slidess with an avidin/biotin blocking kit according to the manufacturer's instructions (Vector 
Laboratories,, Ine, Burlingame, CA, USA). The slides were then incubated with normal goat 
serumm and rinsed in PBS/0.05% Tween. Subsequently, the slides were incubated 
overnightt at C with polyclonal anti-factor VIII IgG (2.5 ug/mL). The antiserum was 
obtainedd by immunizing rabbits with albumin-free recombinant factor VIII (Kogenate®, 
Bayer,, Leverkusen, Germany) according to standard procedures. The slides were then 
washedd with PBS/0.05% Tween and sequentially treated with biotinylated goat anti-rabbit 
IgGG (Vector Laboratories) for 30 minutes. After washing the slides, they were incubated 
withh streptavidin FITC (Vector Laboratories) labeled. Next, the sections were incubated 
withh a monoclonal antibody against VWF (CLB-Rag 20) for one hour. This antibody was 
raisedd against human VWF (16) and crossreacts with the porcine protein. After washing 
thee slides, the monoclonal antibody was detected by incubating the slides with horse anti-
mousee labelled Texas Red (Vector Laboratories) for 30 minutes. Finally the slides were 
washedd and mounted with Vectashield mounting medium (Vector Laboratories) and 
examinedd by confocal laser scanning microscopy. 

StatisticalStatistical analysis 

Statisticall significance was calculated using Student t test for all analysis. Unpaired or 
pairedd tests were performed as indicated in the figure legends. 

RESULTS S 

AnhepaticAnhepatic model 

Noo complications were encountered during the surgical procedure. Total operation time 
wass 145  11 min. Following total hepatectomy, all 6 pigs showed rapid stabilization of 
vitall parameters and continued to have stable hemodynamical and ventilatory parameters 
forr at least 16 hours. Platelet numbers were measured in one animal. Similar to a previous 
studyy (9), the platelet number gradually declined after hepatectomy from 211 to 156x109/L 
duringg the evaluation period. 

58 8 



Factorr VIII levels in anhepatic pigs 

PlasmaPlasma levels of coagulation factors in pigs after total hepatectomy 

Ass monitored with the chromogenic assay, plasma factor VIII concentration first decreased 
fromm 0.65 to 0.45 U/mL during surgery and complete disconnection of the liver from the 
circulationn and subsequently gradually increased to 0.92 U/mL after 24 hours (P = 0.01, 
pairedd f-test, fig.1). A similar pattern was observed when the plasma factor VIM 
concentrationn was determined with the one-stage clotting assay (data not shown). VWF 
levelss before and 1 hour after total hepatectomy did not differ (respectively, 0.85 U/mL and 
0.844 U/mL). Thereafter, similar to factor VIII levels, VWF gradually increased about 2 - fold 
inn these pigs during the observation period (P = 0.004). In contrast to the gradual and 
progressivee increase in factor VIII and VWF levels, factor V and factor VII decreased 
graduallyy after hepatectomy, demonstrating the liver dependency of these two coagulation 
factors.. Factor V levels decreased with 50 percent after 10 hours, while factor VII 
decreasedd with 50 percent after 3 hours, consistent with a shorter circulatory life of factor 
VIII compared to factor V. 

Ï2 2 
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Figuree 1. Effec t of tota l hepatectom y on plasm a concentratio n of facto r VIII (triangles) , VWF (circles) , 

facto rr  V (squares ) and facto r VII (diamonds ) in pigs . Pigs (n = 6) underwent total hepatectomy and at the 

timee points indicated blood was collected and clotting factor were measured. At time zero the liver was 

completelyy disconnected from the circulation. Surgery started about 3 hours earlier. Data are depicted as 

meann  SEM. From 2 animals samples were taken till 16 and 20 hours after hepatectomy. Plasma 

concentrationn of clotting factors is expressed as the percentage of normal porcine levels (arbitrarily 1U/mL). 

Thee average values given at time point minus 3 hours are baseline values. 
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PlasmaPlasma factor VIII clearance after hepatectomy 

Too determine the effect of hepatectomy on the factor VIII half-life in the circulation we 
measuredd in two pigs clearance of human, plasma-derived factor VIII injected 
intravenouslyy 7 days before and 1 hour after hepatectomy. Factor VIII antigen levels were 
measuredd at various time points after infusion. The mean residence time was 7.7 hours 
beforee and 10.3 hours after hepatectomy (fig.2). In both pigs the clearance of factor VIII 
decreasedd after hepatectomy. The half-life of human factor VIII following intravenous 
administrationn was within the expected range (17). No antibody formation against factor 
VIIII could be detected after the second infusion with factor VIII concentrate, as measured 
byy ELISA and inhibitor (Bethesda) assay (data not shown). 

Figuree 2. Plasm a remova l of human , plasma-derive d 

facto rr  VIII in pig s 7 days befor e and 1 hou r after 

tota ll  hepatectom y (n = 2). Levels of human factor VIII 

weree determined by ELISA using monoclonal 

antibodiess that do not cross-react with porcine factor 

VIII.. Data of normal- (open circles) and anhepatic pigs 

(closedd circles) represent mean  range. The first 

samplee collected after hepatectomy was at 3 min after 

injectionn of factor VIII. The curves were analyzed using 

double-exponentiall fits. 

00 5 10 15 20 25 

Timee (hours) 

Steady-stateSteady-state mRNA levels of factor VIII in kidney, lung and spleen biopsies. 

Too investigate whether any effect of hepatectomy on factor VIM level was caused by a 
stimulationn of its synthesis we measured factor VIII mRNA in lung, spleen and kidney in 
twoo pigs before and after total hepatectomy. In the kidney there was no increase detected 
inn factor VIII mRNA 24 hours after hepatectomy (Table 2). Rather a decrease was 
observedd (P = 0.02). Similarly, factor VIM mRNA of lung biopsies taken before and after 
hepatectomyy did not increase. Again, a decrease was detected, though not significant. In 
spleenn factor VIII mRNA level could only be measured in one pig and was slightly lower 
comparedd to the factor VIM mRNA level before hepatectomy. 

100 0 

o o 
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Tablee 2. Effec t of hepatectom y on facto r VIII mRNA in kidney , lung and splee n 

Pig g 

Kidney y 

Lung g 

Spleen n 

Facto rr  VIII mRNA 

#1 1 

33 3 

48 8 

58 8 

#2 2 

28 8 

21 1 

-* * 

P P 

0.02 2 

n.s. . 

--

Resultss are the mean. Data are given as % of changes in mRNA levels compared to the same tissue 

examinedd before hepatectomy, which is set at 100% (n = 2 animals). RNA analysis derived of the spleen 

fromm the second pig did not yield consistent results and was therefore not included, n.s.: not significant. 

ImmunohistochemicalImmunohistochemical evaluation of factor VIII and VWF expression before and 24 hours 
afterafter hepatectomy. 

Immunohistochemicall analysis of factor VIM antigen in kidney sections taken one hour 
beforee hepatectomy showed clear staining of the glomeruli (fig.3A,B). Factor VIII staining 
wass also observed in stromal cells. No factor VIII was detected in tubular cells. The 
glomerulii also displayed intense staining for VWF, most likely endothelial cells. The 
stainingg co-localized with factor VIII, though not with the same intensity in all parts of the 
glomerulus.. In addition, large vessels stained for VWF. Factor VIII antigen was not 
detectedd in these vessels. After total hepatectomy the cellular distribution of factor VIII in 
thee kidney changed. Factor VIII staining was seen in clustered stromal cells (fig.3D). 
Interestingly,, after hepatectomy factor VIII was also present in round vesicle-like structures 
inn tubular cells (fig.3C). The cellular distribution of VWF was not affected by hepatectomy 
att the time-point examined. Pre-incubation of tissue specimen with plasma-derived human 
factorr VIM abolished fluorescent staining, confirming the specificity of the antibody. 

Immunostainingg of lung tissue showed a few factor Vlll-positive cells, seemingly 
randomlyy distributed throughout the tissue (fig.4B). The identity of these cells was not 
established.. No changes were seen in cellular distribution of factor VIII after hepatectomy. 
Thiss tissue displayed intense staining for VWF protein in endothelial cells of large vessels 
(fig.4).. Differences in staining pattern before and after hepatectomy were not evident. 

Inn the spleen factor VIII protein was detected in reticular cells in the red pulp (fig.5). 
Althoughh this could not be accurately quantified, the number of factor VIII positive reticular 
cellss seemed to be increased after hepatectomy. VWF was detected in endothelial cells of 
largee vessels and in platelets (fig.5A,B). Clear clusters of platelets containing VWF were 
seenn in the red pulp (fig.5C,D). No changes were seen in cellular VWF distribution after 
totall hepatectomy. 
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Facto rr  VIII VWF F Facto rr  VHI/VWF 
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Figuree 3. Immunohistochemica l analysi s of facto r VIII and VWF protei n distributio n in porcin e kidne y 

section ss befor e and 24 hour s after hepatectomy . Factor VIII and VWF antigen was localized in 

endotheliall cells of the glomeruli (small arrowhead) before (A) and 24 hours after total hepatectomy (B). In 

addition,, VWF was detected in endothelial cells of larger vessels both before and after hepatectomy (large 

arrow,, A, B). Only after total hepatectomy factor VIM was seen in vacuole-like structures present in tubular 

cellss (C, small arrow). More factor Vlll-positive stromal cells for factor VIII were seen after total hepatectomy 

(largee arrowhead, D). Scale bars in panels is 20 urn. 
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Facto rr  VIII VWF F Facto rr  VIII/VWF 
A A 

* * 

B B 

% % 

• • • 

% % 

• * * 

Figuree 4. Immunohistochemical 

analysiss of factor VIII and VWF 

proteinn distribution in porcine 

lungg sections before and after 

hepatectomy.. Endothelial cells 

off large vessels displayed 

intensee VWF staining (arrow), 

bothh before (A) and 24 hours 

afterr (B) total hepatectomy. 

Cellularr staining of factor VIII was 

relativelyy weak. Scale bar is 20 

|im. . 

Factorr VIII VWF F Factorr VIII/VWF 
Figuree 5. Effect of hepatectomy 

onn cellular distribution of 

factorr VIII and VWF in spleen 

sections.. Factor VIII staining 

wass observed in reticular cells 

(smalll arrow) both before (A, C) 

andd after (B, D) total 

hepatectomy.. Hepatectomy 

resultedd in an increase of factor 

VIIII positive cells. The presence 

off VWF antigen was seen in 

endotheliall cells of large vessels 

(largee arrow) (A, B). Clusters of 

plateletss (arrow head) displaying 

intensee staining for VWF were 

observedd in the red pulp (C, D). 

Noo difference in cellular VWF 

distributionn was observed after 

totall hepatectomy. Scale bar is 

200 urn. 
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DISCUSSION N 

Inn the present study we have examined factor VIII synthesis in anhepatic pigs, an 
experimentall clinical setting that permits unambiguous demonstration of the involvement of 
extra-hepaticc tissue in controlling plasma factor VIII levels. We made the surprising 
observationn that removal of the liver, the main site of factor VIII synthesis, does not 
decreasee plasma factor VIII levels. Rather, after an initial decrease following surgery we 
observedd a sustained and significant 2-fold increase of circulating factor VIM after total 
hepatectomyy during a 24 hours follow-up period (fig. 1). Apparently, the lack of hepatic 
factorr VIII synthesis is not only adequately compensated by the factor VIII production by 
otherr tissues or reduced clearance; hepatectomy even displays a stimulatory effect on 
factorr VIII levels. As expected, hepatic coagulation factors, including factors V and VII, 
graduallyy decreased under these conditions. To our knowledge, this finding represents the 
firstt unequivocal demonstration of the release of extra-hepatic factor VIII into the 
circulation. . 

Ass to the mechanisms underlying the changes in plasma factor VIII concentrations 
wee considered the possibility that the increase of factor VIII was due to the effect of 
hepatectomyy on the clearance of factor VIII. Experimental animal studies have shown that 
thee liver plays an important role in the catabolism of factor VIII (18,19). It is conceivable, 
therefore,, that elimination of hepatic clearance receptors contributes to elevated plasma 
factorr VIII levels. Indeed, hepatectomy increased the half-life of injected human factor VIII 
(fig.2),, although the difference between the half-life of injected factor VIII before and after 
hepatectomyy was small. Thus, the delayed clearance of factor VIII may explain the rise in 
plasmaa factor VIM levels, at least in part. From the pharmacokinetics of factor VIII it 
appearss that 20 to 24 hours after hepatectomy about 90% of infused factor VIII is cleared 
(fig.2)(fig.2) (probably by the kidney). It seems most likely that also a substantial part of 
endogenouss factor VIII present at the time of hepatectomy will be cleared after 24 hours. 
Ass at this time point factor VIII levels are clearly elevated, this indicates that the increase in 
factorr VIII is due to extra-hepatic de novo synthesis (20-24) and/or release from factor VIII 
storagee pools. The existence of factor VIII storage pools was previously suggested by 
organn transplantation studies (4,25-27). Also increased levels of plasma VWF (fig.1) 
(probablyy due to an acute phase response elicited by signals generated in response to 
surgicall intervention), could delay the clearance of factor VIII and, consequently, could 
causee elevation of factor VIII. Again, the slightly increased factor VIII half-life is not 
sufficientt to explain the increase of plasma factor VIII concentration. 

WeWe also considered the possibility that increased plasma factor VIII levels reflect 
elevatedd concentrations of activated factor VIII (factor Villa), rather than factor VIII. Factor 
Villaa could be generated as a consequence as intravascular thrombin formation due to 
surgicall trauma and liver failure (9) . This would lead to spurious high factor VIII levels 
whenn measured with a one-stage clotting assay (28). However, no significant differences 
weree observed between factor VIII levels as measured with the chromogenic (two-stage) 
assayy and levels measured with a one-stage clotting assay (data not shown). 
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Too shed further light on extra-hepatic factor VIII synthesis or storage we initiated 
immunohistochemicall studies aimed at identifying the cellular origin of extra-hepatic factor 
VIII.. This study revealed that notably the spleen and the kidney are potential candidates. 
Thesee tissues display intense staining for factor VIII, notably following hepatectomy. 
Particularlyy in reticular cells of the spleen factor VIII was clearly detectable (fig.5). The 
numberr of factor Vlll-positive cells seemed to increase after hepatectomy <fig.5D). This 
picturee might reflect increased factor VIII synthesis. Also endothelial cells of the 
glomeruluss expressed factor VIII (fig.3). Our finding that in the kidney of the mouse factor 
VIMM mRNA is primarily detected in glomeruli is consistent with this observation (6). 
Enhancedd factor VIII staining in the kidney after hepatectomy may also reflect increased 
uptakee of factor VIII, e.g. mediated by megalin, an endocytotic factor VIII receptor (29). 
Thiss would compensate for the loss of catabolism of factor VIII by the liver. 

Surprisingly,, double staining revealed colocalization of factor VIII and VWF in the 
glomerulus,, suggesting endothelial cell-selective expression of factor VIII. It can not be 
ruledd out that also this staining pattern reflects internalization of factor VIII, however. We 
alsoo identified clusters of stromal cells that only expressed factor VIII. We were unable to 
furtherr identify these cells. In addition, tubular epithelial cells displayed intense factor VIM 
staining,, notably after hepatectomy. Taken together, these findings support that both 
spleenn and kidney are involved in regulating plasma factor VIII. Previous 
immunohistochemicall studies on the cellular distribution of factor VIII in spleen and kidney 
weree less conclusive in this respect (30). It is possible that the different antibodies 
employedd (monoclonal and polyclonal antibodies), or the different species examined in 
partt explain the different results. 

Inn attempts to identify the mechanisms underlying the increase of factor VIII, we 
alsoo investigated whether factor VIII mRNA previously shown to be abundantly present in 
variouss organs, was increased after hepatectomy. This would indicate either a stimulation 
off the synthesis or an increased stability of the factor VIII mRNA. This appeared not to be 
thee case. We did not see an increase in factor VIII mRNA levels in biopsies of different 
organs,, including kidney, lung and spleen (table 2), rather a decrease in factor VIII mRNA 
levels.. We can only speculate about the cause of the hepatectomy-mediated increase of 
factorr VIII levels. A plausible hypothesis based on our results is that during the anhepatic 
statee signals are released that play a role at the translational or post-translational level. 

Inn conclusion, the present study demonstrates significant increase in plasma factor 
VIIII levels after total hepatectomy, showing unambiguously the presence of extra-hepatic 
factorr VIII synthesis or release from previously stored factor VIII. 
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Vonn Willebrand factor propeptide in malaria 

ABSTRAC T T 

Thee pathogenicity of Plasmodium falciparum is thought to relate to the unique ability of 
infectedd erythrocytes to adhere to and subsequently activate the vascular endothelium. To 
studyy the state of endothelial activation during falciparum malaria, we measured plasma 
levelss of both von Willebrand factor (VWF) and its propeptide, indices respectively of 
chronicc and acute endothelial cell perturbation. Results were correlated with clinical and 
biochemicall markers of disease severity, including plasma lactate. Our data show that 
acutee endothelial cell activation is a hallmark of malaria in children, indicated by a 
significantt rise in VWF and the VWF propeptide. The highest VWF and propeptide levels 
weree seen in cerebral and severe malaria cases, and associations found between VWF 
propeptidee level and lactate (P < 0.001). Mean VWF propeptide levels (nmol/L) were in 
cerebrall malaria 33.4, severe malaria 26.3, mild malaria 22.1, non malaria febrile illness 
10.2,, and controls 10.1. Differences between patient and control groups were highly 
significantt (P < 0.005). Follow up samples in 26 cerebral malaria cases showed levels of 
VWFF propeptide, but not of VWF fell by 24 hours, following the clinical course of disease 
andd recovery. These novel findings potentially implicate acute, regulated exocytosis of 
endotheliall cell Weibel-Palade bodies in the pathogenesis of Plasmodium falciparum 
malaria. . 

INTRODUCTION N 

Severee Plasmodium falciparum malaria is a major cause of death in young children in sub-
Saharann Africa. Severity is worse in children under the age of five years in holoendemic 
areas,, prior to development of partial immunity. Although the underlying mechanisms 
leadingg to severe P. falciparum malaria are still not completely understood, it is unlikely 
thiss will be due to a single pathophysiological process. However adhesion of infected 
erythrocytess to host vascular endothelium appears important, and is associated with 
severity,, particularly when this occurs in the brain, as in cerebral malaria (1). Cerebral 
malariaa is a distinct clinical syndrome, characterised by a diffuse encephalopathy, 
classicallyy with seizures and loss of consciousness, which if treated early is usually 
reversiblee within 2-3 days of onset. 

Sequestrationn of parasitized red blood cells in the microvasculature is mediated by 
variouss endothelial cell adhesion molecules, such as intercellular cell adhesion molecule-1 
(ICAM-1)) (2), CD36 (3), thrombospondin (4), platelet/endothelial cell adhesion molecule 
(PECAM)) (5), P-selectin (6) and E-selectin (7). In addition to P. fa/c/parum-i nfected 
erythrocytes,, sequestered cells such as leukocytes and platelets have been described in 
patientss with cerebral malaria (8-12). Most of the endothelial surface receptors are 
inducible,, including, ICAM-1, VCAM-1 and E-selectin. In P. falciparum infected patients the 
expressionn of these receptors at post mortem is increased in several different tissues, 
includingg the brain, and the distribution of sequestered parasitized erythrocytes co-
localizess with these receptors (12). It therefore seems likely that endothelial cell activation 
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playss an important role in the pathogenesis. Consistent with this view is the observation 
thatt increased levels of soluble forms of these receptors are present in patients infected 
withh P. falciparum (13). Endothelial activation, up-regulation of cell adhesion receptors, 
andd increased adhesiveness for leukocytes and platelets may result from the systemic 
releasee of pro-inflammatory cytokines induced by the parasite, which are known to activate 
endotheliall cells (14-16). For instance, levels of the cytokine tumour necrosis factor (TNF-
a)) are increased in falciparum malaria and correlate with the severity of the disease 
(15,16).. In addition plasma interferon y, interleukin (IL)-ip, IL-6 and IL-8 are elevated in 
severee malaria (1). 

Despitee numerous data suggesting that activation of endothelial cells plays an 
importantt role in the pathogenesis of cerebral malaria, little is known about the molecular 
eventss associated with endothelial cell activation and subsequent expression of cell 
adhesionn receptors. One of the critical mechanisms determining the development, nature 
andd site of resulting lesions is the state of endothelial cell activation. Endothelial cells can 
undergoo different patterns of activation, each associated with increased adhesiveness for 
leukocytes.. For instance, the expression of ICAM-1, E-selectin or VCAM-1, results from de 
novonovo synthesis induced by cytokines such as TNF-a and IL-1. Following stimulation of 
endotheliall cells with these agonists there is an increase in adhesiveness for leukocytes 
overr 4-24 hours. On the other hand, P-selectin differs from other endothelial adhesion 
moleculess in that it is stored in endothelial cell-specific storage vesicles, so-called Weibel-
Paladee bodies. P-selectin, and other Weibel-Palade body contents, are translocated to the 
celll surface within minutes of endothelial cell activation by exposure of endothelial cells to 
agonists,, such as thrombin, histamine or endotoxemia. This response is independent of 
proteinn synthesis. In addition, P-selectin can be transcriptionally upregulated upon 
stimulationn by cytokines and subsequently expressed at the cell surface by exocytosis of 
Weibel-Paladee bodies (17). Clearly, endothelial cells may undergo different activation 
stages,, and the kinetics and diversity of the expression of adhesion receptors is highly 
dependentt upon both type and quantity of endothelial cell agonists. In addition the 
expressionn of certain receptors will vary within and between organs, for example CD36 is 
poorlyy expressed in cerebral endothelial cells, yet appears to be an important receptor for 
thee adhesion and sequestration of infected erythrocytes. 

Thee aim of this study was to assess the state of excitation of endothelial cell 
activationn in falciparum malaria directly in peripheral venous blood samples. To measure 
thee degree of vascular involvement in this disorder we measured the concentrations of 
bothh plasma von Willebrand factor (VWF) and VWF-propeptide at various stages of the 
disease.. Both VWF and its propeptide are stored in Weibel-Palade bodies in equimolar 
concentrationss and, like P-selectin, are rapidly released upon endothelial cell activation. 
Previouslyy we and others have shown that because of its rapid turnover, the propeptide 
levell returns to its baseline value much faster after termination of the vascular challenge 
thann the VWF concentration (18-20). This knowledge has previously permitted 
discriminationn between chronic and acute endothelial activation in patients with 
documentedd acute and chronic vascular disease, such as thrombotic thrombocytopenic 
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purpuraa (TTP) and diabetes mellitus respectively (20). We reasoned that this approach 
couldd also be of help to more clearly document the extent of endothelial cell activation in P. 
falciparumfalciparum malaria during acute episodes and treatment of the disease. We carried out a 
prospectivee study of young Ghanaian patients with cerebral, severe and mild malaria and 
off uninfected controls. This data was correlated with clinical and laboratory markers of 
diseasee severity. 

PATIENTSS AND METHODS 

Patients Patients 

Thiss study was carried out at Komfo Anokye Teaching Hospital in Kumasi, Ghana. Both 
outpatientss and inpatients in this hospital were included in the study. Children between the 
agess 6 months - 6 years were recruited for both the control and index cases. The ethical 
committeee of Liverpool School of Tropical Medicine and Komfo Anokye Teaching Hospital, 
Kumasi,, Ghana, approved this proposal. Consent was obtained from immediate relatives 
beforee sample collection. Clinical details were taken for all cases at the time of blood 
collection,, and all subsequent analysis were carried out blind to these details. All patients 
receivedd standard anti-malarial treatment. For children with cerebral malaria (n = 26), 
follow-upp samples were also collected at 24 and 72 hours following admission. Three 
malariaa groups, all with P. falciparum parasites seen on thick blood film, were defined: 
Cerebrall malaria: Blantyre coma score of 2 or less in a child without any other cause of 
comaa (e.g. hypoglycaemia, or meningitis (26 patients)). 
Severee malaria: Children admitted with P. falciparum and one or more complications of 
severee malaria as defined by standard WHO criteria (ref: 21) (73 patients). 
Mildd malaria: Febrile illness not requiring admission with positive blood film, without other 
explanationn for the fever, and with none of the criteria for severe malaria, (44 patients). 
Ass controls we included two groups: 
Non-malariaa febrile illness: Children not requiring admission, presenting with febrile illness 
andd having no malaria parasites seen on blood film (74 patients). 
Nonn febrile, well children: These were recruited from children attending for immunisation 
(25),, admitted for elective surgery (6) or well outpatient surgical review cases (5). 

Methods Methods 

Forr the measurement of plasma concentrations of VWF and VWF-propeptide, 1.2 ml of 
venouss blood samples were collected (on admission, in clinic, or for surgical controls, on 
cannulationn in theatre) into 3.2% citrate (1:9 vol/vol), and immediately placed on ice. After 
centrifugationn at 3.000 g for 20 min at , plasma was aliquoted and stored at C until 
assessment.. Samples were transported on dry ice to Amsterdam and Liverpool for 
analysis.. Propeptide and mature VWF concentrations were measured by enzyme-linked 
immunosorbentt assay (ELISA) as described previously (18). Normal plasma from a pool of 
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400 adult Caucasian donors served as standard. The plasma pool contained 6.3 nmol/L 
VWFF propeptide and 50 nmol/L of VWF. Plasma lactate (a marker of disease severity) was 
measuredd by SYSMEX KX-21N analyser (YSI Inc, Ohio). A latex-enhanced 
immunoturbidimetricc assay was used to determine levels of C-reactive protein (CRP). 
EDTAA blood was used for preparing a thick and thin Giemsa-stained blood film for the 
analysiss for the number of parasites, for measuring haemoglobin and platelet count. 

StatisticalStatistical analysis 

Dataa are presented as the mean  SD, apart for parasite count which are presented as 
geometricc mean and 95% confidence interval. The means in plasma or serum levels of 
variouss proteins were compared by Student's Mest. Comparison of groups was by 
ANOVA.. The Pearson correlation coefficient was used as a measure of linear association 
betweenn two variables. 

Tablee 1. Clinica l and laborator y finding s on admissio n in variou s subset s of childre n 
wit hh  Plasmodium  falciparum  malari a at baseline . 

Cerebrall malaria Severe malaria Mild malaria Non-malaria Non-febrile 
febrilee illness controls 

nn = 26 n = 73 n = 44 n = 74 n = 36 

Meann age (months) * 35.2 1 23.1  15.1 37.3 5 24.8 6 25.8  22.5 

Parasitemiaa (x109/L)# 169,337 58,458 43,382 
n.d.. n.d. 

(95%% CI) (49,631- 577,763) (32,501- 105,145) (19,801- 95,043) 

Haemoglobinn (g/dL) * 7.0 7 6.5 3 t 10.5 * 

Plateletss (x109/L)* 77.5  54.8 101.7 1 157.7 * 332.0 * 

Lactatee (mmol/L) * 5.2 4 3.9  3.1 

CRP(mg/L)** 142.5 5 64.8  97.8 102.9 § 30.7  48.7 7.7 0 

Resultss are as * mean  SD, # geometric mean (95% CI); *) n = 9, *) n = 24,§) n = 41, n.d., not detectable 

RESULTS S 

Thee clinical and laboratory findings of the different groups of patients with falciparum 
malaria,, with non-malarial febrile illness, and controls are summarized in table 1. All 
patientss admitted with cerebral malaria had a Blantyre coma score of 2 or lower (21), while 
onlyy 3 of the patients admitted with severe malaria had a coma score lower than 3 (all 
improvedd rapidly on giving glucose). Differences in geometric mean parasitaemia between 
groupss were not significant (P = 0.1). Platelet count differed significantly between the non-
malariall febrile group and all malaria groups (P < 0.001). Platelet counts were significantly 
lowerr in patients with cerebral malaria and severe malaria than in mild malaria (P = 0.002 

74 4 



Vonn Willebrand factor propeptide in malaria 

andd 0.03 respectively). The haemoglobin level was also significantly lower in the patients 
withh cerebral malaria and severe malaria compared to mild malaria and non malaria 
groupss (P < 0.001). Two patients died, one with cerebral malaria and one with severe 
malaria;; all other patients recovered to be discharged home. 

Tablee 2. VWF and propeptid e level s in patient s wit h Plasmodium  falciparum  malaria . 

VWFF (nmol/L) 

Propeptide e 
(nmol/L) ) 

Cerebrall malaria 

nn = 26 

193.33 0 

33.44  16.8 

Severee malaria 

nn = 73 

171.22 7 

26.33 6 

Mildd malaria 

nn = 44 

168.55 0 

22.11 3 

Non-malaria a 
febrilee illness 

nn = 74 

79.88 8 

10.22 8 

Non-febrile e 
controls s 

nn = 36 

68.77 5 

10.11 5 

Resultss are the mean  SD 

Tablee 2 summarises the results of the VWF and propeptide assays. Plasma 
concentrationss of VWF and propeptide of the well control group were 68.7  42.5 and 10.1 

 7.5 nmol/L respectively, similar to normal values for Caucasians (18,19), and allowed us 
too define Ghanaian children's local normal ranges for analysis. In the children with non-
malariall febrile illness the mean VWF and propeptide levels were 79.8  40.8 and 10.2
5.88 nmol/L respectively, values that are also within the normal range of healthy Caucasian 
subjects.. Mean concentration of VWF at the time of admission was significantly elevated 
(PP < 0.005) in all three malaria groups when compared with controls. These values were 2 
too 3 fold higher than plasma levels of febrile patients without P. falciparum infection. 
Similarly,, the mean propeptide level in the different subgroups of malaria patients was 
significantlyy elevated (2 to 4 fold increase, P < 0.005). Propeptide levels were significantly 
higherr in patients with cerebral malaria than in severe malaria (P < 0.05), and in cerebral 
malariaa compared with mild malaria (P < 0.005). The difference in mean VWF level 
betweenn cerebral and severe malaria and severe and mild malaria was not significant (P = 
0.077 and 0.8 respectively). Also the difference in mean propeptide level between severe 
andd mild malaria was not significant (P = 0.07). The individual VWF and propeptide data 
forr each of the patients and the control groups are shown in Fig.1. 

Plasmaa concentration of propeptide and VWF at the time of admission were related 
too lactate as a marker of malaria severity in the 99 cerebral and severe malaria patients 
combined.. In children with a lactic acidosis (23 out of 99 patients, lactate > 5 mmol/L) 
propeptidee levels were significantly higher (mean 34.6 6 nmol/L; P = 0.008) than in 
childrenn with normal lactate levels (< 5 mmol/L; mean 26.2  13.5 nmol/L). Similarly, 
lactatee and propeptide levels were correlated (R = 0.35, P < 0.001) whereas VWF levels 
andd lactate were not (P = 0.3). These findings suggest an association between the plasma 
levell of propeptide and the illness severity when assessed by this biochemical marker. 
Alsoo mean lactate levels were higher in cerebral malaria (5.2 mmol/L) compared to severe 
malariaa (3.9 mmol/L), but this did not reach significance (P = 0.09). However malaria 
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parasitee count (another marker of disease severity) was not closely associated with VWF 
propeptidee level between clinical groups (P = 0.8). 
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Figuree 1. Plasma concentration of VWF and VWF propeptide in various subsets of children with 

PlasmodiumPlasmodium  falciparum  malaria. CM, cerebral malaria; SM, severe malaria; MM, mild malaria; NMFI, non-

malariaa febrile illness; NFC, non-febrile controls. Dotted lines indicate normal levels in adult Caucasians (18-

20).. *) P < 0.05; **) P < 0.005. Bars, mean values. 

Ass VWF is an acute phase reactant we sought associations to check that we were 
nott purely observing this in our VWF results. CRP, a sensitive marker of inflammatory 
responsess and tissue damage did not correlate with concentrations of VWF (P = 0.4, R = 
0.18).. Also propeptide concentrations appeared not to be associated with CRP 
concentrationn (P = 0.3, R = 0.08). The 26 patients with cerebral malaria were also studied 
prospectively.. We related propeptide and VWF levels at the time of admission to plasma 
levelss of these proteins respectively 24 h and 3 days after receiving treatment. Following 
therapyy propeptide levels on day 1 were significantly lower than baseline levels (21.6 and 
31.66 nmol/L respectively, P < 0.003) and in almost 50 % of the patients had reached 
normall levels by day 3 (mean level 12.6 nmol/L, P < 0.003) (Fig.2). On the other hand, 
meann VWF level on day 1 after treatment slightly decreased from 193.1 to 169.4 nmol/L. 
Thee difference was not significant (P = 0.06). Mean VWF concentration in samples 
collectedd at 3 days (130.8 nmol/L) was significantly lower than those collected at 
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admissionn or 1 day thereafter (P < 0.003). In the majority of cases VWF levels remained 
elevatedd during the 3 day observation period (Fig.2). 
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Figuree 2 Plasm a concentratio n of VWF and propeptide  in patient s wit h cerebra l Plasmodium 

falciparumfalciparum  malari a durin g treatment . Dotted lines indicate local Ghanaian normal mean levels (non-febrile 

controll group). *) P< 0.003. Bars, mean values. 

DISCUSSION N 

Wee selected 5 groups of patients to allow comparison of VWF and VWF propeptide 
responsess between mild and severe malaria. Furthermore severe malaria was compared 
withh a subgroup, cerebral malaria. Cerebral malaria has a short 1-3 day presentation, 
whichh is more likely due to a common pathophysiology. As normal values for VWF and 
VWFF propeptide in young Ghanaian children had not been defined, we determined these, 
andd found them to be similar to those for Caucasians (Table 2, refs. 18-20). In addition we 
wantedd to determine whether elevated levels in malaria were specific to this disease, and 
thereforee potentially relevant to pathogenesis. We therefore needed to also determine 
levelss in non-malarial febrile illness. Our results indicate that in malaria there is an acute 
andd specific endothelial perturbation, with markedly elevated VWF propeptide levels, 
associatedd with severity of disease, which fall coincident with recovery in cerebral malaria. 

Thee concept that endothelial cells may undergo specific patterns of activation upon 
exposuree to changes of their environment has been generally accepted, but the 
significancee of specific endothelial cell perturbation in disease pathology, in particular 
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malaria,, has, to our knowledge, not been evaluated before. The primary aim of the present 
studyy was to answer the question whether P. falciparum infection is associated with 
exocytosiss of Weibel-Palade bodies and regulated secretion of previously stored 
molecules,, and whether the degree of this mode of endothelial cell activation can be 
assessedd in peripheral venous samples in vivo directly. We have shown this to occur as 
circulatingg concentrations of both VWF and its propeptide, typical residents of Weibel-
Paladee bodies, are elevated in patients with P.falciparum infection. Raised VWF and 
propeptidee is most notable in the patients with cerebral and severe malaria, but it is also 
seenn in mild cases not apparently requiring admission when assessed. This finding is 
consistentt with fulminant, acute endothelial cell activation (19,20) occurring in P. 
falciparumfalciparum malaria. The observation that recovery was associated with a significant 
decreasee of propeptide levels towards control normal values for cases with cerebral 
malariaa (Fig.2) is also in agreement with this conclusion. Thus, a new aspect of this study 
iss that, in terms of regulated secretion and subsequent translocation of Weibel-Palade 
bodyy contents, the presence, nature and degree of endothelial cell activation in P. 
falciparumfalciparum is directly assessed. 

Propeptidee and VWF levels were unusually high in the majority of patients with mild, 
severee and cerebral malaria compared with patients who had fever without malaria or 
controll subjects (Fig.1). In some patients propeptide and VWF levels reached peak levels 
{moree than 5-fold elevated) that were even higher than the levels published for 
documentedd cases of fulminant vascular disease, such as TTP and septicemia (20). This 
observationn suggests that measurement of both propeptide and VWF are useful in 
monitoringg the degree of vascular involvement in falciparum malaria. As propeptide levels 
moree rapidly decline after successful treatment than VWF (Fig.2), (probably because of 
differencess in clearance rate), this suggests that propeptide levels are a more reliable 
markerr of endothelial activation and Weibel-Palade exocytosis in these patients than VWF. 
Pertinentt to this point is the observation that propeptide and lactate levels, a marker of 
malariaa disease severity, were correlated whereas VWF levels and lactate were not. 
Plasmaa or serum concentrations of soluble (s) forms of adhesion receptors expressed on 
endotheliall cells, including slCAM-1, sE-selectin and sVCAM-1, which are also raised in P. 
falciparumfalciparum malaria, are probably less specific in this respect. The release of these 
molecularr species, e.g. by shedding from the endothelial cell surface or alternative mRNA 
splicing,, are secondary events and may be considered as a surrogate index of endothelial 
celll perturbation. Indeed, reports on the assessment of soluble adhesion molecules as a 
quantitativee parameter of disease severity are controversial (13,22-24). 

Wee should consider whether elevated propeptide and VWF levels could have been 
derived,, at least in part, from consumed or activated platelets, a common feature in 
falciparumfalciparum infections (1) (cf. Table 1). However, the amount of propeptide and VWF stored 
inn the a-granules of platelets is not sufficient to account for the increased levels (18-20,25). 
Ratherr vascular endothelial cells are the major source of circulating propeptide and VWF 
inn malaria patients examined in this study. This view is supported by our observation that 
propeptidee (and VWF) levels and platelet number do not correlate. 
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Despitee highly statistically significant correlations, it is important to note that each 
patientt group studied was associated with a wide distribution of observed propeptide and 
VWFF levels. These distributions overlapped considerably (Fig.1). This overlap may partly 
reflectt differences in time of infection to the onset of symptoms, and presentation to 
hospitall with malaria, and that severe malaria is unlikely to be homogeneous, with a single 
underlyingg pathophysiology. One of the key aspects of this study is that elevated levels of 
VWFF and propeptide in severe and mild malaria were not proportional to parasitaemia, 
reflectingg the heterogeneity of this disease. For example, severe malarial anaemia may 
havee a chronic, haemolytic course, compared to cerebral malaria, with an acute fulminant 
presentation,, where peripheral parasitaemia may or may not be marked due to 
sequestrationn in the tissues. In addition, as massive endothelial cell activation seems to be 
occuringg in severe and cerebral malaria, exhaustion of storage pools of VWF and 
propeptidee could potentially confound relationships between severity of the disease and 
plasmaa concentrations of these proteins. 

Ass to the agonists responsible for inducing regulated secretion we can only 
speculate.. In cultured endothelial cells, exocytosis of Weibel-Palade bodies can be 
achievedd by a number of naturally occurring agonists, including thrombin, histamine or 
leukotrienesmm (26). These agonists probably don't play a significant role in falciparum 
malariaa (1). There is compelling evidence that cytokines known to be increased in P. 
falciparumfalciparum malaria, including TNF-a, IL-1U, IL-6. IL-8 and TNF-a, are able to activate 
endotheliall cells at the transcriptional level and upregulate synthesis and subsequent 
expressionn of adhesive surface receptors. However, there is less evidence to support a 
rolee for cytokines in enhancing secretion through the regulated pathway, independent of 
dede novo protein synthesis, although a recent study demonstrated that TNF-a could be 
effectivee in this respect (27). It is also possible that adhesion of infected erythrocytes to the 
vascularr endothelium itself elicits regulated secretion. We also considered whether 
elevatedd propeptide and VWF levels were a reflection of non-specific responses to P. 
falciparumfalciparum infections. As the plasma concentrations of these proteins did not correlate with 
CRPP levels, an acute-phase reactant and typical non-specific marker of inflammation and 
tissuee damage (28), this possibility seems less likely. 

AA corollary of our findings is that it is to be expected that besides VWF and its 
propeptidee other Weibel-Palade body contents, including IL-8, eotaxin-3 and P-selectin are 
att the same time delivered to the surface of the perturbed endothelial cell (29). Therefore, 
rapid,, stimulus-induced accumulation of these chemoattractants and leukocyte adhesion 
receptorr could play a significant role at an early stage in a "cascade" leading to focal 
adhesion.. Pertinent to this point is the observation that P-selectin translocated to the cell 
surfacee in response to agonists not only promotes rapid leukocyte adhesion to the 
endotheliall cell surface but may also anchor newly released hyperactive VWF multimers 
(30).. This in turn may allow recruitment of CD36, expressed by adherent platelets, as seen 
inn patients with P. falciparum infections (11). This may be important as CD36 is poorly 
expressedd on the cerebral endothelial cell, and paediatric isolates of P. falciparum appear 
too have a phenotype which binds predominantly to CD36 (31). Release of VWF, and the 
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subsequentt recruitment of platelets to the endothelial wall may therefore be a component 
inn the pathophysiology of infected erythrocyte adhesion and sequestration in falciparum 
malariaa (32). 

Inn conclusion, we have demonstrated elevated levels of plasma VWF and VWF 
propeptidee in malaria, which suggest significant Weibel-Palade exocytosis is occuring. The 
degreee of endothelial cell perturbation is associated with disease severity as measured 
bothh by plasma lactate and clinical disease. This specific response in falciparum malaria is 
indicativee of massive endothelial activation. VWF propeptide may therefore be a useful 
markerr of endothelial activation in in vivo studies, and suggests components of the Weibel-
Paladee body are important in the pathogenesis of malaria. Further in vitro studies will be 
requiredd to determine whether VWF or VWF propeptide have specific roles in the 
pathophysiologyy of severe malarial disease. 
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Hematopoieticc stem cell derived factor VIII 

ABSTRAC T T 

Thee liver is the main site of factor VIII production in mammals but previous studies have 
shownn that multiple other tissues like kidney, spleen, and lymph nodes also express factor 
VIII.. In the present study we determined whether hematopoietic cells are capable of factor 
VIIII production as well. 

Factorr VIII deficient mice underwent a bone marrow transplantation receiving bone 
marroww from wildtype littermates. Six weeks later blood and tissues were collected for 
analysiss of factor VIII activity in plasma and the presence of factor VIII mRNA in blood cells 
and/orr organs. 

Afterr bone marrow transplantation, 9 out of 11 of the factor VIII deficient mice 
showedd low, but detectable plasma factor VIM levels (mean +/- SEM: 4.2% +/- 1.0% of 
normal).. Furthermore, factor VIII mRNA was detected in both bone marrow and peripheral 
bloodd cells, whereas no factor VIII mRNA was present in the liver. Factor VIII mRNA was 
alsoo detected in the heart, spleen and lung of transplanted factor VIII deficient mice 
suggestingg transdifferentiation and/or fusion of hematopoietic stem cells. 

Inn summary, transplantation of wildtype bone marrow into hemophilia A mice partly 
restoress factor VIII plasma levels. The source of plasma factor VIII remains difficult to 
define,, however. After transplantation the presence of factor VIII mRNA was not limited to 
hematopoieticc cells, most likely due to stem cell plasticity. 

INTRODUCTION N 

Factorr VIII is a plasma protein that plays an essential role in the hemostatic system. It acts 
ass the cofactor of factor IX in the activation of factor X, thereby promoting fibrin formation 
(1).. The clinical relevance of factor VIII is evident from the fact that a deficiency of factor 
VIIII results in the bleeding disorder hemophilia A. 

Too date there still is controversy regarding which tissues are capable of factor VIM 
production.. Without doubt, the liver is the principal site of factor VIII synthesis (2,3). This is 
basedd on studies, which demonstrated the correction of factor VIII levels in hemophilic 
dogss and humans upon liver transplantation (4-6). Furthermore, the presence of factor VIM 
mRNAA and antigen was observed in sinusoidal endothelial cell and hepatocytes (3,6-9). In 
addition,, extra-hepatic tissues, i.e. spleen, kidneys, and lymph nodes, have been shown to 
bee capable of factor VIII mRNA synthesis (2,10-13). Although factor VIM mRNA in blood 
cellss is regularly used to screen for genetic abnormalities in hemophilia A patients (14-17), 
itt is doubtful whether blood cells are capable of producing factor VIII. As already 
suggestedd in the early nineties, factor VIII mRNA found in the circulation might be an 
examplee of ectopic or "illegitimate" mRNA (15,17). In the sixties and seventies it was 
demonstratedd that (sub-cellular fractions of) granulocytes contain factor VIII protein (18-
20).. However, convincing evidence that functional factor VIM is synthesized by 
hematopoieticc cells and secreted into the circulation is lacking. 
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Inn the present work we address the question whether hematopoietic cells are 
capablee of factor VIM production by performing bone marrow transplantations into 
hemophilicc mice. Indeed, bone marrow transplantation increased circulating factor VIII 
levelss in hemophilic mice, but the cellular source remains to be defined. 

METHODS S 

MouseMouse strains 

Thee generation of factor VIII deficient mice (exon 16 disrupted) has been described in 
detaill by Bi and co-workers (21,22). The factor VIII deficient mice we used are direct 
descendentss from an F1 -cross, and thus genetically 50% C57BI/6 and 50% 129Sv. 
Recipientt mice were hemizygous offspring of heterozygous factor VIII knockout mice. 
Donorr mice were wildtype siblings of the recipients. Genotyping was performed as 
describedd before (21). The mice were bred and maintained at the animal care facility at the 
Academicc Medical Center. All mice were housed according to institutional guidelines, with 
freee access to food and water. Animal procedures were carried out in compliance with the 
Institutionall Standards for Humane Care and Use of Laboratory Animals. 

BoneBone marrow cell preparation 

Bonee marrow cells were harvested from 10-12 weeks old wildtype males. Cells were 
isolatedd by flushing tibia and femurs with phosphate buffered saline (PBS, NPBI, 
Emmercompascuum,, The Netherlands) containing 10% fetal calf serum (FCS, 
BioWitthaker,, Heidelberg, Germany), 100 U/ml penicillin (BioWitthaker), and 100 ug/ml 
streptomycinn (BioWitthaker), and single cells were prepared by pulling the tissue clumps 
threee times through a 25-gauge needle. Next, the cells were centrifuged at 250 x g for 10 
minutes,, aspirated, washed, and resuspended in PBS. 

BoneBone marrow transplantation 

Eightt to twelve week-old, male factor VIIl-deficient mice received a total body irradiation of 
twoo times 4.0 Gy with three hours between the two doses (sublethal dose), using an X-ray 
sourcee at a dose rate of 0.88 Gy/min, followed by i.v. injection of 107 bone marrow cells. 
Too protect the irradiated recipients from infections, the mice were supplied with 
autoclaved,, acidified (pH 2.5) drinking water containing 2% neomycin (Sigma Chemical 
Co,, St.Louis, MO, USA) from one week before until six weeks after transplantation, and 
theyy were housed in sterile filter top cages in a laminar flow chamber. 

SampleSample preparation 

Sixx weeks after transplantation, the mice were sacrificed, blood was drawn via a heart 
puncturee and collected into tubes containing 0.32% sodium citrate, and various tissues 
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weree surgically removed and immediately frozen in liquid nitrogen. Blood was centrifuged 
twicee at 1,000 x g for 10 min. The plasma layer was carefully aliquoted and stored at C 
untill subsequent analysis. The remaining pellet was resuspended in 200 ul PBS. DNA was 
isolatedd from these cells using the QIAamp DNA blood mini kit (Qiagen, Hilden, Germany). 

Totall RNA was isolated from snap frozen tissue using guanidine isothiocyanate 
(Trizol®,, Gibco)/ chloroform extraction followed by precipitation with 2-propanol. After 
washingg with 80% ethanol, the isolated RNA was dissolved in RNase free water and 
storedd at C until usage. cDNA was made by reverse transcription from total RNA using 
randomm hexamer primers (Life Technologies) and Superscript II RNase H reverse 
transcriptasee (Life Technologies). 

MeasurementMeasurement of factor VIII activity 

Factorr VIII activity was measured in citrated blood using a chromogenic factor VIII assay 
(Dadee Behring) on a Behring Coagulation System analyzer (BCS, Dade Behring). Murine 
wildtypee plasma diluted in murine factor VIII deficient plasma was used as a calibration 
curve. . 

AnalysisAnalysis of factor VIII mRNA synthesis 

Factorr VIM mRNA levels were measured by a quantitative real-time RT-PCR using 
LightCyclerr technology (Roche Molecular Biochemicals) with SYBR Green II detection. 
Primerss for factor VIM were chosen in exon 16/17 based on the murine factor VIII mRNA 
sequencee (Genbank accession number NM-007977) and the mouse genome database. 
Thee amplification products were analyzed on a 2% agarose gel. The primer pair (forward 
5'-GCTTATTTCTCTGATGTTGATCTTG-3'' and reverse 5'-CATCAAAGATAGTGAAAAGCAGAG-
C-3')) produced a single band of 110 bp, which, because exon 16 is disrupted in factor VIM 
deficientt mice, was absent in the liver of these mice. Relative amounts of mRNA were 
semi-quantifiedd by comparing the sample curve with the positive control curve (wildtype 
liver).. The cycle number in which the signal becomes above the predefined threshold is 
denotedd CN. By using the following equation: % mRNA = 2(CNpositive contro'' CNsamP|e> * 100, 
thee percentage of tissue specific factor VIII mRNA as compared to the positive control was 
calculated.. The obtained percentages were then converted into relative amounts as 
comparedd to the bone marrow mRNA level by defining the average bone marrow signal as 
100%.. We opted to represent mRNA levels relative to bone marrow mRNA levels because 
thatt shows the difference in transplantation efficiency between the different mice. 

RESULTS S 

Inn two separate experiments, we transplanted 11 factor VIII deficient mice with wildtype 
bonee marrow and all transplanted mice survived the six week-recovery period. As is shown 
inn figure 1, nine of the transplanted factor VIII deficient mice showed detectable factor VIII 
activityy levels (ranging from 1.7 to 10.4%; mean  SEM: 4.2 %  1.0 %), whereas two of 
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thee 11 transplanted factor VIII deficient mice showed no detectable factor VIM activity 6 

weekss after transplantation. Therefore, bone marrow transplantation increased factor VIII 

levelss in 82% of the transplanted mice. 

Figuree 1. Effec t of bon e marro w transplantatio n on 

plasm aa concentratio n of facto r VIII. Male factor VIII 

deficientt mice underwent a bone marrow transplantation 

usingg wildtype donor cells. Factor VIII activity was 

measuredd after 6 weeks. WT, wildtype mice; FD, factor 

VIIII deficient mice; TR, factor VIII deficient mice that 

underwentt a bone marrow transplantation. 

WTT FD TR 

Too determine whether hematopoietic cells produce the observed plasma factor VIM 
activityy levels, we analyzed blood cells, bone marrow and liver of five transplanted factor 
VIMM deficient mice for the presence or absence of factor VIII mRNA. Figure 2A shows the 
predictedd PCR product using liver mRNA of wildtype mice. No product was seen using 
liverr mRNA from factor VIII deficient mice. Factor VIII mRNA was detected in bone marrow 
andd blood cells, but not in liver. These results suggest that hematopoietic cells are indeed 
thee source of factor VIM upon bone marrow transplantation (fig.2B). 

Recentt work has suggested that adult bone marrow-derived hematopoietic stem 
cellss might transdifferentiate into other cell types than the anticipated bone marrow and 
bloodd cells (23-29). To verify whether transplanted stem cells were migrated and/or 
differentiatedd into other tissues and also expressed factor VIM mRNA, we determined 
factorr VIM mRNA in brain, heart, kidney, lung and spleen. In addition to bone marrow and 
blood,, low but detectable levels of factor VIII mRNA were observed in heart, lung and 
spleenn of all mice (fig.2C). Maximal factor VIII mRNA levels were present in bone marrow, 
followedd by spleen, lung and blood cells. In only one mouse factor VIII mRNA was 
detectedd in kidney and in another mouse in muscle. Liver and brain were negative for 
factorr VIM mRNA in all five mice. 

DISCUSSION N 

Too date there is still controversy about the tissues capable of producing factor VIM. Without 

discussion,, the liver is the principal site of factor VIII synthesis, demonstrated by 
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transplantationn studies in both hemophilic animals and patients with hemophilia A (4-6,9). 
Butt in addition, extra-hepatic tissues, i.e. spleen, kidneys, and lymph nodes, express factor 
VIIII mRNA as well (2,3,10-13). Factor VIM mRNA is also present in circulating blood cells. 
However,, factor VIII mRNA found in the circulation is often thought to be an example of 
ectopicc RNA (15,17). It is unclear whether blood cells are able to produce functional factor 
VIII.. Previous studies demonstrated factor Vlll-like activity in leukocytes (lymphocytes or 
granulocytes)) suggesting that these cells are capable of factor VIII synthesis (18-20). In 
thee present work, we show that bone marrow transplantation of hemophilic mice results in 
loww levels of circulating factor VIII, as factor VIM activity in hemophilic mice increased up to 
4.2%%  1.0% upon wildtype bone marrow transplantation. In contrast, hematopoietic 
graftingg in hemophilic dogs showed no evidence of factor VIII synthesis (30). We have no 
explanationn for these apparently disparate observations. It is possible that small changes 
off factor VIM levels in the canine study have escaped detection. 

II IB 20 22 24 20 21 30 22 34 3« 31 

Cycl ee Numbe r 
bloo dd bon e brai n hear t kidne y 
cell ss  marro w 

live rr  lun g muscl e splee n 

Figuree 2. The presenc e of facto r VIII mRNA in facto r VIII deficien t mic e 6 weeks after bon e marro w 

transplantatio nn usin g wildtyp e dono r cells . A. Facto r VIM deficien t mic e sho w no facto r VIII mRNA. 

Lanee 1, 2 and 5 show PCR products from livers of factor VIII deficient mice, lane 3, 4 and 6 show PCR 

productss from livers of wildtype mice and lane 7 shows the negative control. B. Representative RT-PCR of 

bloodd (striped black), bone marrow (black) and liver (dotted black) of a factor VIII deficient mouse that 

underwentt bone marrow transplantation. The positive control (wildtype liver) is depicted as dashed gray and 

thee negative control as gray. C. Graphical representation of average relative amounts of factor VIII mRNA 

presentt in tissue of factor VIII deficient mice 6 weeks after bone marrow transplantation. Results are 

depictedd relative to the amount of factor VIII mRNA present in bone marrow. Shown are mean  SEM of 5 

mice. . 

Basedd on our observation that bone marrow transplantation results in elevated 
factorr VIM activity in hemophilic mice, we tried to identify the cellular source of plasma 
factorr VIII in our transplanted mice. Initial experiments showed factor VIII mRNA in both 
bonee marrow and blood cells but not in liver, suggesting that hematopoietic cells do 
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producee factor VIII. Whether these factor VIM producing hematopoietic cells are leukocytes 
ass suggested already in the 1960's (18-20) will be subject of future experiments. 
Megakaryocytess and platelets, however, are probably not the cells producing factor VIII 
afterr transplantation (31). 

Ourr conclusion that hematopoietic cells produce factor VIII resulting in elevated 
plasmaa levels after transplantation is only partly the answer. Low levels of factor VIII 
mRNAA were also observed in heart, lung and spleen. The most logical explanation would 
bee that factor VIII mRNA in heart, lung and spleen is due to the presence of blood cells in 
thesee tissues. However, the observations that not all tissues analyzed showed detectable 
factorr VIII mRNA levels, e.g. liver and that the amount of factor VIII mRNA detected in lung 
andd spleen was higher than the amount detected in blood cells argue against this 
explanation. . 

Alternatively,, transdifferentiation of hematopoietic stem cells into factor VIII 
producingg cells could be responsible for factor VIII synthesis upon bone marrow 
transplantation.. During the last years there has been a debate about whether adult bone 
marrow-derivedd stem cells are capable of differentiation into other cells than bone marrow 
andd blood cells (23-29). It has often been described that bone marrow transplantation 
resultss in the presence of donor cells in liver, skin and several other tissues (32-35). This 
phenomenonn has been extensively explored for its potential therapeutic use in renewing 
damagedd tissue as for instance during ischemic heart disease (36). However, it remains 
unclearr whether the presence of donor cells in other tissues than bone marrow or blood is 
thee result of transdifferentiation of hematopoietic cells into for instance cardbmyocytes or 
off fusion of the stem cells with cells of the recipient (23,25). Evidently, if bone marrow-
derivedd stem cells are capable of differentiation into or fusion with for instance 
cardiomyocytess or spleen cells, our observed results do not indicate that hematopoietic 
cellss produce factor VIII, but that bone marrow-derived cells can produce factor VIII. Based 
onn our current experiments it is not possible to distinguish between factor VIII production 
byy hematopoietic cells and other stem cell derived cells. 

Wee do not yet have data about the phenotype of the mice after bone marrow 
transplantation.. In patients factor VIII levels below 1% are characteristic for severe 
hemophilia,, whereas factor VIII levels above 5% are characteristic for a mild form of 
hemophiliaa with less clinical signs (37). The observed plasma factor VIII activity levels of 
onn average about 4% might thus be clinically relevant. Whether conventional techniques, 
suchh as tail bleeding time will demonstrate phenotypic improvement after transplantation 
remainss to be demonstrated. However, Sarkar et ai. (38) described the partial correction of 
thee hemophilia A phenotype in 65% of hemophilic mice having approximately 7 % factor 
VIIII activity after administration of an adeno-associated virus vector containing murine 
factorr VIM. 

Inn conclusion, we demonstrated that transplantation of wildtype bone marrow into 
hemophiliaa A mice partly restores factor VIII plasma levels. However, the source of plasma 
factorr VIM remains to be identified. 
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GENERALL DISCUSSION 

Itt is welt established that plasma factor VIII levels are extremely prone to variation, both in 
physiologicall and pathophysiological conditions. Yet, little is known about the mechanism 
underlyingg these fluctuations. The aim of the studies presented in this thesis was to get 
insightss into the molecular and cellular mechanisms that control plasma factor VIII levels. 
Factorr VIII expression was examined in hepatic and extra-hepatic tissues, like kidney, 
spleen,, lungs and bone marrow. Furthermore, the contribution of factors that play a role in 
regulatingg plasma factor VIM, including von Willebrand factor (VWF) and low-density 
lipoproteinn receptor-related protein (LRP) were studied under various pathological 
conditions.. Modulations of factor VIII and VWF were addressed in patients with liver 
diseasee and modulations of VWF and VWF propeptide levels in patients with malaria. 

Facto rr  VIII expressio n unde r norma l physiologica l condition s 

HepaticHepatic factor VIII expression 

Thee origin of factor VIII biosynthesis has been a controversial issue for many decades and 
iss still subject of ongoing research. In many textbooks the liver is described as the primary 
sourcee for factor VIII. As demonstrated by successful liver transplantation in hemophilia A 
patients,, this view is correct (1-4). However, the idea frequently put forward that the 
hepatocytess synthesize factor VIII should at least be a matter of debate. The observations 
describedd in this thesis demonstrate a different picture. In mice, as studied by RT-PCR, 
factorr VIII mRNA is clearly detectable in the liver. However, no mRNA was detected in 
hepatocytess by in situ hybridization (Chapter 2). Rather, factor VIII mRNA was detected in 
sinusoidall endothelial cells as well as factor VIII protein (Chapter 2, (5-7)). Similarly, others 
alsoo detected factor VIII mRNA in sinusoidal endothelial cells, although there was 
detectablee mRNA for factor VIII in hepatocytes as well (8). Overall, these findings indicate 
thatt factor VIII synthesis in the liver primarily occurs in sinusoidal endothelial cells, not 
hepatocytes. . 

AA surprising observation is that in the various tissues analyzed factor VIII mRNA 
levelss are extremely high compared to other protein transcripts, including VWF, urokinase-
typee plasminogen activator and tissue factor (Chapter 2, (9)). In contrast, factor VIII protein 
levelss in plasma are low compared to the levels of, for example, VWF. On a molar basis 
thee plasma VWF concentration is about 50-fold higher than the factor VIII concentration 
whereass the concentration of mRNA for VWF is at least 1000-fold lower than the factor VIM 
mRNAA concentration, at least in the tissues examined (Chapter 2). The reason for the 
relativee low plasma levels of factor VIII is probably due to inefficient transport of the 
primaryy translation product from the endoplasmic reticulum (ER) to the Golgi apparatus. A 
significantt portion of factor VIII within the ER never transits to the Golgi compartment, but 
ratherr is degraded within the cell (10). Apparently, factor VIII is poorly transported to the 
outsidee of the cell. Indeed, although a 10-fold difference was observed in factor VIII mRNA 
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levelss between different mouse strains (C57BI/6 and Balb/c; M.J. Hollestelle, unpublished 
observations),, no significant difference was observed between the factor VIII plasma levels 
inn these strains (11). Taken together, the observation that high factor VIII mRNA levels are 
associatedd with low factor VIII protein levels suggests that the transcriptional activity of the 
factorr VIII gene is not a critical factor in controlling factor VIII plasma levels. Rather the 
secretionn of factor VIII is a rate-limiting step in maintaining hemostatic plasma levels of 
factorr VIII (12). 

Extra-hepaticExtra-hepatic factor VIII expression 

Transplantationn studies in hemophilic animals and our gene expression studies in 
anhepaticc pigs (Chapter 4) showed that lung and spleen, and possibly also the kidney may 
contributee to the regulation of circulating factor VIII (13,14). Kidney transplantation studies 
inn a hemophilic dog and a human individual did not show increase of plasma factor VIII 
(15,16).. These were single observations and, to our knowledge, the results have not been 
confirmed.. On the other hand, high levels of factor VIII mRNA were detected in the kidney, 
levelss that are comparable with hepatic factor VIII mRNA levels (Chapter 2). In situ 
hybridizationn analysis indicated the presence of factor VIII mRNA in glomerular cells of the 
kidneyy (Chapter 2). Similarly, factor VIII protein was detected in the glomeruli (Chapter 4). 
Thesee observations for the first time provide evidence that the kidney may produce factor 
VIII.. Unexpectedly we observed that within the glomerulus factor VIII protein colocalized 
withh VWF. This suggests that the factor Vlll-producing cell type within the glomerulus is 
endotheliall cell-like in nature. A remarkable feature that should await further studies on the 
cellularr mechanism. We cannot exclude that the cellular expression of factor VIII in the 
glomeruluss reflects an endocytotic process, rather than de novo synthesis, for instance 
mediatedd by megalin, a LRP-related endocytotic receptor that may bind factor VIII with 
highh affinity (17). We feel that only refined studies with purified and well-characterized 
populationss of glomerular and tubular cells, another candidate of factor VIM synthesis 
(Chapterr 4), could further shed light on the significance of renal factor VIII synthesis and 
secretion. . 

Moree than three decades ago spleen perfusion and transplantation studies 
demonstratedd that this organ could play a significant role in the extra-hepatic regulation of 
plasmaa factor VIM levels, either as site of synthesis (13,18,19) or as storage reservoir 
(15,20-22).. After that it remained silent in the literature (except one report published 10 
yearss ago which described successful transplantation of normal spleen cells into 
hemophiliaa A patients (23)). Splenic factor VIII synthesis is still a controversial issue, 
howeverr (24,25). Pertinent to this view is the observation that splenectomy is not 
associatedd with a decrease of plasma factor VIII levels (26). Our studies do indicate a 
potentiall role for the spleen as a factor VIII synthetic organ, however. Both factor VIM 
proteinn and mRNA expression was detected in spleen cells, a strong indication of factor 
VIIII synthesis, notably by reticular cells present in the red pulp (Chapter 2 and 4). To what 
extentt factor VIM synthesized in the spleen contributes to the factor VIM plasma level can 
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nott be inferred from our studies. As total hepatectomy results in sustained replenishment 
off plasma factor VIM (Chapter 4), it seems likely that the contribution of the spleen to the 
factorr VIII plasma pool is significant, at least under these clinical conditions. This 
observationn does not rule out the possibility that, as previously hypothesized (15,20-22), 
thee spleen serves as a storage pool of factor VIII. 

Graftingg normal lungs into hemophilic dogs demonstrated a small increase of 
plasmaa factor VIII levels, indicating that also the lung is an extra-hepatic source of factor 
VIIII synthesis (14). Consistent with this view is our observation that both factor VIII mRNA 
andd protein are present in lung tissue (Chapter 2 and 4). Although the significance of the 
findingss remains to be established, it lends support to our view that the factor VIII synthetic 
systemm is widely dispersed. 

Whetherr hematopoietic cells are capable of producing factor VIII have been 
inconclusivee (24). We demonstrated low but significant factor VIM plasma levels (about 
0.044 U/mL) and factor VIM mRNA in multiple tissues after transplantation of bone marrow 
fromm wildtype mice in factor VIM knockout mice (Chapter 6). In contrast, hematopoietic 
graftingg in hemophilic dogs showed no evidence of factor VIII synthesis (27). We have no 
explanationn for these apparently disparate observations. It is possible that small changes 
off factor VIM levels in the canine study have escaped detection. As expected, we detected 
highestt factor VIII mRNA in bone marrow. Lower levels were detected in blood cells, lung 
andd spleen (Chapter 6). Virtually no factor VIM mRNA was detected in liver and kidney, 
organss which under normal physiological conditions are relatively rich in factor VIII mRNA 
(Chapterr 2). It is possible that expression of factor VIM in lung and spleen is caused by 
differentiationn of stem cells or fusion of stem cells with cells of the lung or spleen destined 
forr factor VIII synthesis. 

Inn conclusion, our studies strongly suggest that the sinusoidal endothelial cells in 
thee liver constitute the primary site of factor VIII synthesis. Our studies also document that 
thee liver is but one site of a widely dispersed factor VIII synthetic system. We postulate that 
aa variety of non-hepatic cells, cells with different phenotypic characteristics, located in 
differentt organs, contributes to factor VIII synthesis. Although we were not able to 
quantitativelyy assess the contribution of these cells to the plasma factor VIII pool, we do 
knoww that the capacity of this biosynthetic system is sufficient to compensate aberrant 
hepaticc synthesis. 

Modulation ss of facto r VIII expressio n unde r pathophysiologica l condition s 

Itt is well established that in many clinical conditions, including liver disease, malignancies 
orr inflammatory disorders, plasma factor VIII concentrations are frequently elevated. About 
thee mechanism that underlies increased factor VIII levels, we can only speculate. First, 
increasedd plasma levels could be a reflection of enhanced synthesis by one or more cell 
typess elicited by hormones or signals produced under various clinical conditions. This 
hypothesiss is supported by the observation that administration of the pleiotropic cytokine 
IL-111 increases factor VIII levels in a specific (VWF-independent) manner (28,29). 

97 7 



Chapterr 7 

Secondly,, increased factor VIII levels may be secondary to rises in plasma VWF levels 
inducedd by disease-related endothelial cell agonists [review (30)] or neovascularization 
andd subsequent enhanced VWF production (Chapter 3). Indeed, to date most evidence 
supportss that VWF is a significant factor in the regulation of plasma factor VIII levels. Any 
changee in VWF level is coupled with a concordant change in the plasma factor VIII level. 
Thiss is most clearly demonstrated by fitting a model describing steady state factor VIII and 
VWFF kinetics in the systemic circulation (Chapter 1) (31) to factor VIM and VWF data 
obtainedd from our study on expression of factor VIII in liver disease (Chapter 3). The 
modell curve is in good agreement with the data obtained (fig.1), suggesting that the 
increasee in factor VIII concentration is due more to variability in VWF concentration than to 
variabilityy in the factor VIM synthetic rate (31). On the other hand, application of the model 
too individual factor VIM and VWF data of patients with severe Plasmodium falciparum 
infectionn (Chapter 5), showed considerable spread in factor VIII values along the model 
curvee (M.J. Hollestelle, unpublished observations). This suggests that in these patients 
alsoo an increased factor VIM synthetic rate contributes to increased plasma factor VIM 
levels.. This view is supported by the observation that VWF propeptide and VWF levels 
decreasee after successful treatment already after respectively one day and three day 
(probablyy because of differences in clearance rate), whereas factor VIM plasma levels 
remainn elevated during this follow up period. This indicates that the elevation of VWF and 
factorr VIM are independently up-regulated in these malaria patients (M.J. Hollestelle, 
unpublishedd observations). 

Figuree 1. Correlatio n betwee n facto r 

VIIII activit y and VWF antige n level s 

inn patient s wit h live r disease . The 

curvee shows a model that predicts 

factorr VIII value to their corresponding 

VWFF plasma level (Adapted from 

(31)).. Closed circles: patients with 

liverr cirrhosis and a bile duct tumor, 

closedd triangles: patients with liver 

cirrhosiss and liver infections, open 

circles:: patients with a bile duct tumor 

orr a gallstone, open triangles: patients 

withh liver infection, squares: liver 

metastasis. . 

VWFF antige n (U/ml) 
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Generall discussion 

Finally,, impaired clearance of factor VIII as a factor that modulates plasma factor 
VIMM levels, should be taken into account, notably mediated by hepatic LRP (Chapter 3). 
Thee significance of hepatic LRP as a clearance receptor is suggested by our observation 
(M.J.. Hollestelle, unpublished) that the mean residence time of factor VIII in a hemophilia 
AA patient suffering from liver cirrhosis is considerably longer (27.6 hours) than observed in 
apparentlyy "healthy" hemophilia A patients (15.9 hours  7.2, mean  SD, ref (32)). Also 
ourr observation that hepatectomy increases factor VIII mean residence time (Chapter 4) is 
consistentt with the view that the liver plays an important role in the catabolism of factor 
VIII.. In addition, megalin, a renal, LRP-related endocytotic receptor, could play a role in the 
catabolismm of factor VIII (vide supra), although clinical evidence is lacking. 

Futur ee prospect s 

Thee studies presented here document features that might have impact on the 
managementt of hemophilia A by gene therapeutic approaches. Current strategies focus on 
organn (i.e. liver) - specific rather than cell-specific factor VIII expression. So far the 
successs rate of these protocols is limited, both in terms of extent and duration of factor VIII 
expressionn following administration of factor VIII vectors. Although the liver is most likely 
thee right target, it is conceivable that factor VIII is expressed in the wrong host (e.g. 
hepatocytes).. Rather future studies should focus on the sinusoidal endothelial cell as the 
naturall host of factor VIII synthesis. In this respect, it would also be of interest to further 
identifyy and characterize the cells that are responsible for extra-hepatic factor VIM 
synthesis.. Reticular cells in the spleen and glomerular cells are attractive candidates. Also 
thiss knowledge could provide a rationale for a superior approach to the management of 
hemophiliaa A by gene therapy. 
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Summary y 

SUMMARY Y 

Factorr VIM is a plasma protein that plays an essential role in the hemostatic system. It 
functionss as a cofactor in the intrinsic coagulation cascade. Together with factor IXa, factor 
Villaa forms the factor X-activating complex. Deficiency or defects in factor VIII results in a 
bleedingg disorder, called hemophilia A. In blood factor VIII circulates in a non-covalently 
linkedd complex with von Willebrand factor (VWF), its carrier protein. This interaction 
protectss factor VIII against proteolytic inactivation and premature clearance. A factor that 
alsoo serves a role in regulating factor VIII plasma levels is the endocytic receptor low 
densityy lipoprotein receptor-related protein (LRP). LRP plays an important role in cellular 
uptakee and degradation of factor VIII. In the present thesis, we demonstrate that besides 
thee liver also spleen and kidney contribute to the factor VIII synthesis. In addition, also 
bonee marrow may serve as a site for factor VIII synthesis. Finally, modulations of factor 
VIIII and VWF were studied in patients with liver disease and modulations of VWF and 
VWFF propeptide levels in patients suffering from malaria (Chapte r 1). 

Chapte rr  2 describes factor VIII gene expression in various tissues on a quantitative 
basis.. The highest factor VIM mRNA levels were detected in liver and kidney. In all tissues 
examinedd abundant factor VIII mRNA levels were observed, in contrast to mRNA levels of 
otherr hemostatic proteins. This is unexpected since factor VIII is a trace protein. At cellular 
levell factor VIM protein and mRNA was primarily detected in sinusoidal endothelial cells of 
thee liver. On the other hand, VWF was primarily located in endothelial cells of larger 
vessels.. We conclude that sinusoidal endothelial cells rather than parenchymal cells 
expresss factor VIII protein. 

Inn chapte r 3 we addressed the question why factor VIII plasma levels are elevated 
inn liver disease. Although factor VIII levels were increased in patients with chronic liver 
disease,, e.g. liver cirrhosis, factor VIII mRNA levels were significantly reduced in affected 
liverr tissue. In addition, the expression levels of VWF and LRP, proteins that play a role in 
controllingg circulating factor VIII plasma levels were determined. In patients with liver 
cirrhosiss hepatic LRP mRNA was decreased as well. In contrast, VWF mRNA was 
significantlyy higher in cirrhosis. Immunohistochemical analysis corroborates these findings 
withh increased VWF protein distribution in cirrhotic livers probably due to newly formed 
vessels.. We conclude that increased factor VIII plasma levels in liver disease are not 
causedd by increased factor VIII synthesis in the liver. Rather increased synthesis of VWF 
andd decreased LRP expression underlie increased factor VIII concentration in liver 
disease. . 

Factorr VIII is primarily produced in the liver. Previous transplantation studies 
revealedd that also extra-hepatic tissues are able to contribute to factor VIII biosynthesis. In 
chapte rr  4 we focus on the role of kidney, spleen and lung in extra-hepatic factor VIM 
synthesis.. After total hepatectomy in pigs plasma levels of factor VIII were elevated. As 
welll as, the mean residence time of infused (human) factor VIII was increased by 
hepatectomy.. Expression levels of factor VIII in kidney, lung and spleen did not change 
afterr total hepatectomy. In control animals factor VIII protein was detected in the kidney, in 

105 5 



endotheliall cells of the glomerulus and in spleen reticular cells. After hepatectomy 
prominentt changes in factor VIII protein distribution were seen in the kidney. Round 
vesicless in tubular cells were present, maybe caused by an increased clearance function 
off the kidney. These observations indicate that besides the liver also the kidney and 
spleenn play an important role in factor VIM synthesis. 

Chapte rr  5 deals with the state of endothelial activation in malaria patients infected 
withh Plasmodium falciparum. Three groups of malaria patients were studied; cerebral 
malaria,, severe malaria and mild malaria patients. Our observation demonstrates a 
significantt rise in both VWF and WVF propeptide levels in all malaria patients studied, 
indicativee of acute endothelial activation. There was no significant difference in VWF 
plasmaa levels within the various malaria patients studied. However, VWF propeptide levels 
differedd significantly between the three study groups. A positive correlation was observed 
betweenn the severity of the disease and VWF propeptide levels. The highest levels were 
seenn in patients with cerebral malaria. Follow up samples of cerebral malaria patients 
showedd a significant reduction in VWF propeptide after 24 hours, while VWF levels 
decreasedd only after 3 days significantly. These findings demonstrate that VWF propeptide 
iss a marker of disease activity. These observations show that the pathogenesis of 
PlasmodiumPlasmodium falciparum is associated with acute, regulated exocytosis of endothelial cell 
Weibel-Paladee bodies. 

Chapte rr  6 of this thesis focuses on the role of bone marrow in factor VIII 
biosynthesis.. Factor VIM synthesis was studied after bone marrow transplantation in factor 
VIIII deficient mice using hematopoietic stem cells from wildtype mice. Low levels of 
plasmaa factor VIM were detected in the mice after bone marrow transplantation. We were 
unablee to identify the origin of plasma factor VIM. The presence of factor VIII mRNA after 
transplantationn was not restricted to hematopoietic cells, most likely resulting from stem 
celll plasticity. 

Observationss from these chapters are discussed in chapte r 7. Taken together, the 
findingss presented in this thesis show that factor VIII expression is not restricted to 
sinusoidall endothelial cells in the liver, other tissues also play an important role. 
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Factorr VIM is een plasma eiwit dat een essentiële rol speelt in het bloedstelpingsproces. 
Factorr VIII functioneert als een co-factor in de intrinsieke stollingscascade. Samen met 
factorr IXa vormt factor Villa het factor X-activerende complex. Tekort of defecten aan 
factorr VIII zal resulteren in een verhoogde bloedingsneiging (hemofilie A). In de 
bloedcirculatiee komt factor VIII voor als een niet-covalent gebonden complex met von 
Willebrandd factor (VWF). Deze interactie beschermt factor VIII tegen proteolytische 
inactivatiee en premature klaring. Daarnaast speelt de klaringsreceptor 'low density 
lipoproteinn receptor-related protein' (LRP) ook een belangrijke rol bij de regulatie van 
factorr VIII plasma niveau. LRP is betrokken bij de cellulaire opname en afbraak van factor 
VIII.. In dit proefschrift, hebben wij aangetoond dat naast de lever ook de milt en nieren 
bijdragenn aan de factor VIII biosynthese. Bovendien, zijn er aanwijzingen verkregen, dat 
beenmergg als plaats voor factor VIII synthese fungeert. Tenslotte, is er onderzoek verricht 
naarr de oorzaak van verhoogde factor VIII en VWF spiegels in patiënten met leverziekte 
enn veranderingen van VWF en VWF propeptide niveaus in malaria patiënten (Hoofdstu k 

Ij --
Hoofdstu kk 2 beschrijft factor VIII gen-expressie in verschillende weefsels op een 

kwantitatievee basis. De hoogste factor VIII mRNA niveaus werden gevonden in lever en 
nieren.. In alle geanalyseerde weefsels waren hoge factor VIII mRNA spiegels aanwezig, in 
tegenstellingg tot de mRNA niveaus van andere hemostatische eiwitten. Dit is onverwacht, 
omdatt factor VIM een spore eiwit is. Daarnaast werd op cellulair niveau zowel factor VIM 
eiwitt als mRNA in sinusoidale endotheelcellen van de lever aangetoond. VWF was 
voornamelijkk gelokaliseerd in endotheel cellen van de grote vaten. Hieruit concluderen we 
datt niet zozeer parenchymal cellen, maar sinusoidale endotheelcellen factor VIII eiwit tot 
expressiee brengen. 

Inn hoofdstu k 3 wordt de vraag behandeld waarom factor VIII plasma niveaus 
verhoogdd zijn tijdens leverziekte. Ondanks de verhoogde factor VIM plasma niveaus in 
patiëntenn met chronisch leverziekte, zoals bijvoorbeeld levercirrose, zijn de factor VIM 
mRNAA niveaus significant verlaagd in het aangetaste leverweefsel. Verder zijn de 
expressiee niveaus van ander eiwitten bepaald die van invloed zijn op de circulerende 
factorr VIM plasma niveaus, namelijk VWF en LRP. Er is aangetoond dat hepatisch LRP 
mRNAA verlaagd is in patiënten met levercirrose. Daarentegen is VWF mRNA significant 
verhoogdd in levercirrose. Immunohistochemische analyses bevestigen deze bevindingen. 
Inn cirrotisch leverweefsel werden een groot aantal nieuwe vaatjes gevormd. Hierdoor 
wordtt waarschijnlijk de synthese van VWF plaatselijk verhoogd. Dit geeft aan, dat de 
verhoogdee factor VIII plasma niveaus vermoedelijk niet wordt veroorzaakt door verhoogde 
factorr VIII synthese in the lever, maar eerder het gevolg is van zowel verhoogde 
stabilisatiee door VWF als verminderde opruiming door LRP. 

Factorr VIII wordt voornamelijk geproduceerd in de lever. Transplantatie studies uit 
hett verleden hebben aangetoond, dat ook extra-hepatische weefsels in staat zijn om bij te 
dragenn aan de factor VIII biosynthese. In hoofdstu k 4 wordt de rol van nieren, milt en 
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longenn met betrekking tot extra-hepatisch factor VIM synthese bestudeerd. Na totale 
hepatectomyy in varkens zijn de plasma niveaus van factor VIII verhoogd. Verder is de 
gemiddeldee verblijfstijd van toegediend (humaan) factor VIII licht verlengd na 
hepatectomy.. Factor VIII mRNA niveaus van factor VIII in nier, long en milt veranderden 
niett na totale hepatectomy. Bij controle dieren werd factor VIII eiwit gedetecteerd in de 
nierenn en de milt, respectievelijk de endotheelcellen van de glomerulus en de reticulaire 
cellen.. Duidelijke veranderingen in factor VIII eiwit distributie werden gezien in de nier, 
zoalss het ontstaan van blaasjes in tubulaire cellen. We vermoeden dat dit verschijnsel 
samenhangtt met een vergrote klaringsfunctie van de nieren. Deze waarnemingen geven 
aan,, dat naast de lever ook de nieren en de milt een rol spelen bij de factor VIII synthese. 

Hoofdstu kk 5 behandelt de staat van endotheel activatie in malaria patiënten 
geïnfecteerdd met Plasmodium falciparum. Drie groepen van malaria patiënten werden 
bestudeerd,, waaronder cerebrale -, ernstige - en milde malaria. We vonden een 
uitgesprokenn verhoging van VWF en VWF propeptide niveaus in alle malaria patiënten. 
Dezee observaties duiden op acute endotheel cel activatie. Er was geen verschil in VWF 
plasmaa niveaus tussen de verschillende malaria patiënten. Daarentegen waren VWF 
propeptidee niveaus wel significant verschillend in de drie bestudeerde malaria 
patiëntengroepen.. Een positieve correlatie was te zien tussen de ernst van de ziekte en 
VWFF propeptide niveaus. De hoogste VWF propeptide niveaus werden aangetoond in 
patiëntenn met cerebrale malaria. Opvallend is, dat in follow-up monsters van cerebrale 
malariaa patiënten een significante reductie te zien is in VWF propeptide na 24 uur, terwijl 
VWFF niveaus pas significant dalen na 3 dagen. Deze bevindingen tonen aan, dat VWF 
propeptidee een marker is voor ziekte activiteit. Dit onderzoek toont aan dat de 
pathogenesee van Plasmodium falciparum geassocieerd is met acute, geregulateerde 
exocytosee van Weibel-Palade bodies in endotheelcellen. 

Hoofdstu kk 6 van dit proefschrift concentreert zich op de rol van beenmerg in factor 
VIIII biosynthese. Factor VIM synthese werd bestudeerd in factor VIII deficiënte muizen na 
beenmergg transplantatie. Hierbij is gebruikgemaakt van hematopoietische stamcellen van 
wildtypee muizen. Lage doch aantoonbare plasma factor VIM niveaus zijn gemeten in de 
muizenn na beenmerg transplantatie. De bron van plasma factor VIM blijft moeilijk te 
definiëren.. Na transplantatie was de aanwezigheid van factor VIII mRNA niet beperkt tot 
hematopoietischee cellen, dit is waarschijnlijk het resultaat van stamcelplasticiteit. 

Tenslotte,, zijn de observaties van voorgaande hoofdstukken bediscussieerd in 
hoofdstu kk 7. De bevindingen beschreven in dit proefschrift tonen aan dat de expressie 
vann factor VIII niet beperkt is tot sinusoidale endotheelcellen in de lever. Andere weefsels 
enn organen spelen ook een duidelijke rol in de factor VIII synthese. 
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