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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, antithrombi n and LRP mRNA level s in live r 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). 

A A 

kk -

**

.-- ' . . ,, *„ . **. » j - , . ' l«-i  l<-<' ; . 

»» * V *;•> *S-** vC ^ t ^*- f i ' -

B .. * , - * , -, 

DD / ^ 'S- » 

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)). 

$&SrW $&SrW h h 

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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