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Summary. Background: Although the liver is the major

site of coagulation factor VIII (FVIII) synthesis, the

type of cells producing FVIII within the liver is still

unclear. Objectives: To measure FVIII in extracts of pri-

mary liver sinusoidal endothelial cells (LSECs) and he-

patocytes, thereby preventing potential bias resulting

from the modifications of the cell phenotype that can

take place during in vitro culture. Methods: LSECs were

purified by flow cytometry cell sorting on the basis of

their coexpression of Tie2 and CD32b. The purity of the

cells was controlled by RNA sequencing. FVIII activity

(FVIII:C) in extracts of purified cells was measured with

a sensitive FVIII chromogenic assay, in which the speci-

ficity of the reaction is controlled by neutralization of

FVIII activity with specific inhibitor antibodies. Results:

The FVIII:C concentration in purified LSECs ranged

from 0.3 to 2.8 nU per cell. In contrast, FVIII:C was

undetectable in hepatocytes. The intracellular FVIII:C

concentrations are therefore at least 10–100-fold higher

in LSECs than in hepatocytes. Conclusions: Our data

demonstrate that LSECs, but not hepatocytes, contain

measurable amounts of FVIII:C, and suggest that the

former are the main cells producing FVIII in the human

liver.
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hemophilia A; hepatocytes; liver.

Introduction

The liver is considered to be the major site of produc-

tion of coagulation factor VIII (FVIII), as liver trans-

plantation in both FVIII-deficient dogs [1,2] and patients

with hemophilia A [3] corrects these disorders. However,

to date, it is still unclear which cell type in the liver pro-

duces FVIII. Discrepant results have been obtained in

rodents, depending on the study techniques and models

[4–8].
In mice, transplantation of different liver cell fractions

enriched in either hepatocytes, liver sinusoidal endothe-

lial cells (LSECs) or Kupffer cells (KCs) identified

LSECs but not hepatocytes as the major hepatic FVIII

producers [5,9]. However, transplantation of hepatocytes

in FVIII�/� mice has also been reported to restore sig-

nificant FVIII activity [10]. In humans, Stel et al. have

shown the presence of FVIII antigen (FVIII:Ag) in

LSECs [11,12]. In contrast, others have identified FVIII

mRNA or FVIII:Ag in hepatocytes [13–15] but not in

LSECs [13]. FVIII:Ag has also been detected in the

supernatant of in vitro cultures of purified hepatocytes

[16,17]. Owing to these contradictory reports, it is cur-

rently unclear which liver cells produce FVIII in

humans.

The discrepancies between these reports are probably

attributable to the technical limitations in isolating the

different liver cell types and to the low FVIII concentra-

tions. To circumvent these difficulties, we exploited a

sensitive functional FVIII assay to determine which liver

cells contain FVIII. This strategy offered major advanta-

ges, notably control of the specificity of the assay with

specific inhibitor antibodies. In addition, the technique

was applied to extracts of primary cells, thereby avoid-

ing potential bias resulting from the modifications of the

cell phenotype that can take place during in vitro cul-

ture.
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Materials and methods

Cell purification

Human LSECs and hepatocytes were purified from nor-

mal liver cell suspension discarded during the isolation of

hepatocytes collected for transplantation. Briefly, liver

cells were dispersed with collagenase, and hepatocytes

were isolated by filtration and low-speed centrifugation of

the whole liver single-cell suspension [18]. The cells

remaining in the supernatant were collected and cryopre-

served. In addition, LSECs at passage 1 were purchased

from ScienCell (San Diego, CA, USA). Human umbilical

vein endothelial cells (HUVECs) (passage 1) and hepato-

cytes were purchased from Promocell (Heidelberg, Ger-

many). The study was approved by the University of

Louvain Ethics committee.

LSECs were isolated on the basis of their coexpression

of Tie2 and CD32b [19,20]. The supernatants were

thawed, and cells were labeled with both Alexa 488-con-

jugated anti-CD32b antibody (ch2B6N297Q-Alexa 488),

kindly provided by T. Mayer from MacroGenics [21], and

biotinylated anti-human Tie2/tek IgG (clone 16; RELIA

Tech., Wolfenbüttel, Germany) secondarily labeled with

streptavidin-APC (BD Biosciences, Erembodegem, Bel-

gium), and purified by fluorescence-activated cell sorting

(FACS) on a FACS Aria, with the gating strategy shown

in Fig. 1. Some cells, especially those with high side scat-

ter (SSC), showed significant autofluorescence in most

colors. The gating for Tie2 detection was therefore

adjusted by use of a plot that took into account the cell

autofluorescence in the setting used to detect the PerCP-

Cy5-5-A fluorophore. PerCP-Cy5-5 was selected for this

purpose because its emission spectrum A barely overlaps

with that of the fluorophores conjugated to the anti-Tie2

and anti-CD32b antibodies.

In one experiment, anti-human CD11b-PerCP-eFluor

710 (clone ICRF44; eBiosciences; Vienna, Austria) was

included to discriminate between KCs and LSECs. In

another experiment, unlabeled hepatocytes were also puri-

fied by cell sorting.

Preparation of cell extracts

Cells were pelleted by centrifugation, resuspended in Cel-

Lytic M cell lysis reagent (lysis buffer; Sigma-Aldrich,

Diegem, Belgium) supplemented with a protease inhibitor

cocktail (Halt Protease inhibitor Single-use Cocktail;

Thermo Scientific, Erembodegem, Belgium), diluted 100-

fold, incubated for 15 min on ice, and finally centrifuged

for 5 min at 18 000 9g at 4 °C to remove the debris. The

supernatant was then used for further analysis.

RNA sequencing

The libraries were prepared according to the standard

Illumina TruSeq RNA sample preparation protocol. Each

library was sequenced on an Illumina HISeq 2000 (Illu-

mina Netherlands, Eindhoven, the Netherlands) accord-

ing to the manufacturer’s recommendations, generating

50-bp reads. Quality control assessment on raw sequenced

reads was performed with the software FASTQC

(version 0.9.4). The reads were processed with the CASA-

VA v1.8.2 RNAseq pipeline, with the iGenome resources

(UCSC, hg19) and default parameters. The results of the

RNA sequencing were submitted to GEO under the refer-

ence GSE43984 (http://www.ncbi.nlm.nih.gov/geo/query/

acc.cgi?token=lrcztgaumqakmfw&acc=GSE43984).

FVIII:C, von Willebrand factor antigen (VWF:Ag)

and albumin assays

FVIII:C levels in lysates were determined with the FVIII

chromogenic substrate assay Coatest SP Factor VIII,

according to the manufacturer’s recommendations and

with modifications as previously described [22]. In control

experiments, cell lysates were supplemented with two

anti-FVIII human mAbs, BO2C11 and BO2BII, each at

5 lg mL�1 [23]. Reference curves and control samples
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Fig. 1. Identification and purification of liver sinusoidal endothelial

cells (LSECs) by flow cytometry. (A–D) Representative flow cytome-

try analysis of LSECs in collagenase-dispersed liver cells after deple-

tion of hepatocytes by low-speed centrifugation. Cells were costained

with biotinylated anti-Tie2 antibodies followed by streptavidin-APC-

conjugated and Alexa 488-conjugated anti-CD32b antibodies. LSECs

were isolated by sequential gating: low side scatter (SSC) (A), sing-

lets (B), Tie2+ (C) and CD32b+ (D). As some cells show significant

fluorescence in most colors, the gating for Tie2 detection was

adjusted by use of a plot taking into account the cell fluorescence in

the setting used to detect the PerCP-Cy5-5-A fluorophore (C).

PerCP-Cy5-5 was selected for this purpose because its emission spec-

trum barely overlaps with that of the fluorophores conjugated to the

anti-Tie2 and anti-CD32b antibodies. FSC, forward scatter.
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were prepared by diluting a human plasma pool in cell

lysis buffer supplemented with protease inhibitors. A rep-

resentative calibration curve is shown in Fig. 1A. The

addition of BO2C11 and BO2BII completely inhibited

FVIII:C in control samples (Fig. 1B). The limit of

detection (LOD) of the chromogenic FVIII assay was

defined as the first concentration of the reference curve

above the mean plus three standard deviations (SDs) of

the negative controls, rounded up to the first upper deci-

mal. The LODs of this assay were ~ 0.2 mU mL�1 when

FVIII was diluted in lysis buffer, and 0.4 mU mL�1 when

FVIII was diluted in lysis buffer supplemented with pro-

tease inhibitors (Fig. 1A). The intra-assay coefficients of

variation (CVs) of the FVIII:C assay carried out in

monoplicate were 11% at 5 mU mL�1 and 7% at

1 mU mL�1 (mean � SD of 10 replicates). The interrun

CVs of the FVIII:C assay were 19% at 5 mU mL�1 and

13% at 1 mU mL�1 (mean � SD of five independent

experiments). In order to determine whether the extrac-

tion procedure could cause a loss of FVIII activity in he-

patocytes, we compared FVIII:C levels in lysis buffer and

in cell extracts of hepatocytes that had been spiked with

recombinant FVIII (rFVIII) (Kogenate; Bayer, Diegem,

Belgium).

VWF:Ag levels were determined with an ELISA, as

described previously [22]. Albumin was measured with an

ELISA Quantitation Set (Bethyl Laboratories, ImTec

Diagnostics N.V., Antwerpen, Belgium), according to the

manufacturer’s recommendations. The LODs of the

assays for von Willebrand factor (VWF) and albumin

were 0.8 mU mL�1 and 1.6 ng mL�1, respectively, in lysis

buffer spiked with human proteins.

An LOD per cell was determined for each experiment,

according to the following equation: LOD per

cell = LOD of the assay per cell concentration in lysis

buffer. In order to maximize the sensitivity of the assay

by increasing the number of cells per milliliter in the lysis

buffer, most tests were carried out in monoplicate. Some

measurements of FVIII:C were carried out in duplicate or

triplicate, as indicated.

Results

Hepatocytes contain no measurable FVIII:C

Purified hepatocytes from four donors (livers 1–4 in

Table 1) were lysed with a buffer that we have previously

shown to be compatible with the measurement of FVIII:

C and VWF:Ag [22]. FVIII:C was measured with a func-

tional chromogenic assay, in which the specificity of the

reaction was controlled by neutralization of FVIII with

anti-FVIII antibodies. The four hepatocyte extracts con-

tained albumin (100–265 fg per cell), but no measurable

FVIII (≤ 0.03–0.3 nU per cell; Table 1). The LOD per

cell varied from one experiment to another as a function

of the number of cells available for lysis. For two of the

hepatocyte preparations, the number of cells per milliliter

of lysis buffer was adjusted to reach an LOD of 0.03 nU

of FVIII per cell. However, FVIII remained undetectable

in both preparations. One hepatocyte preparation was

further purified by flow cytometry, but FVIII:C remained

undetectable (Table 1; Fig. 3). These observations suggest

that human hepatocytes contain very little or no func-

tional FVIII.

In order to determine whether the extraction procedure

could cause a loss of FVIII activity in hepatocytes, we

measured FVIII:C in extracts of hepatocytes that had

been spiked with rFVIII. FVIII:C levels were 2.5 � 0.1

and 2.7 � 0.1 mU mL�1 in lysis buffer and in hepatocyte

extracts, respectively, whereas FVIII:C was undetectable

in the unspiked control hepatocyte extract. Accordingly,

the hepatocyte extract does not destroy a significant pro-

portion of FVIII:C in comparison with the lysis buffer.

Purification and RNA sequencing of LSECs

LSECs were purified by cell sorting of two collagenase-

dispersed liver cell preparations after hepatocyte depletion

by low-speed centrifugation (livers 5 and 6). As shown in

Fig. 1, LSECs were identified on the basis of their coex-

pression of Tie2 and CD32b [19]. The purity of the

Tie2+CD32b+ cells from liver 6, the hepatocytes from

liver 1 and the HUVECs was controlled by mRNA

sequencing. Tie2 and P-selectin mRNA levels were 14–22-
fold higher in LSECs than in hepatocytes. CD32b mRNA

was detected in LSECs (Fig. 2), but in neither hepato-

cytes nor HUVECs, in agreement with the observation

that CD32b is expressed in LSECs but not in other endo-

thelial cell types [19]. As expected, albumin, fibrinogen,

FVII and FV mRNA levels were 40–190-fold higher in

hepatocytes than in LSECs (Fig. 2). The VWF mRNA

Table 1 FVIII:C, von Willebrand factor antigen (VWF:Ag) and

albumin in hepatocytes

Donor Purification

FVIII:C

(LOD

per cell)

nU per cell

VWF:Ag

(LOD

per cell)

nU per cell

Albumin

(LOD

per cell)

fg per cell

1 Centrifugation < (0.3) < (0.8) 190 (1.6)

2 Centrifugation < (0.15) < (0.4) 100 (0.8)

SSChigh < (0.75) < (2.0) 390 (3.9)

3 Centrifugation < (0.15) 0.7 (0.3) ND

< (0.03) 0.5 (0.07) 265 (0.6)

4 Centrifugation < (0.15) 0.65 (0.3) ND

< (0.03) 0.5 (0.08) 100 (0.7)

LOD, limit of detection; ND, not determined; SSC, side scatter.

Hepatocytes were purified by low-speed centrifugation. In one experi-

ment, the hepatocytes were further purified by fluorescence-activated

cell sorting. Cells with an SSC higher than 120 000 (SSChigh) were

selected. The LOD per cell was calculated as the LOD of the assay

divided by the concentration of cells in the extract. Given that the con-

centration of cells varied between extracts, the LOD per cell was dif-

ferent for each sample. <, concentration lower than the LOD per cell.
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levels in LSECs were ~ 20-fold lower than those in HU-

VECs and ~ 10-fold higher than those in hepatocytes

(Fig. 2). Interestingly, FVIII mRNA was clearly detected

in LSECs but not in hepatocytes (Fig. 2). In contrast, the

LMAN1 and MCFD2 genes required for the intracellular

transport of FV and FVIII, which are mutated in cases of

combined FV and FVIII deficiency, were transcribed at

similar levels in both hepatocytes and LSECs (Fig. 2).

Purified LSECs contain FVIII

In preliminary experiments, FVIII:C was detected in liver

cell preparations depleted of hepatocytes by low-speed

centrifugation (data not shown). The observation that the

FVIII assay was sufficiently sensitive to detect FVIII in

this heterogeneous liver cell preparation indicated that the

method would be appropriate for the detection of FVIII

in purified cell types. The different liver cell types were

isolated by depletion of hepatocytes, and separated on

the basis of their morphological characteristics and their

expression of different membrane markers. No FVIII:C

was detected in the SSChigh cells or in the SSClow Tie2�

cells (Table 2). In addition, as KCs were recently reported

to be able to produce FVIII under some experimental

conditions in mice [24], we further enriched the KC popu-

lation on the basis of its expression of CD11b, but could

not detect FVIII:C in these cells (Table 2).

Whereas no FVIII:C and no VWF:Ag were detected in

the SSChigh or Tie2� cells, SSClow Tie2+CD32b+ LSECs

contained significant amounts of both FVIII:C and VWF:

Ag (FVIII, 0.3–2.8 nU per cell; VWF, 1.2–2.8 nU per

cell; Table 2; Fig. 3). The VWF:Ag/FVIII:C ratio ranged

between 4 and 1, which is close to the ratio in plasma.

FVIII:C and VWF:Ag were also detected in the extract of

commercially available cells LSECs (liver 7), purified in

our laboratory on the basis of their expression of Tie2

and CD32b, with the same gating as described in Fig. 1.

In comparison, the level of VWF:Ag in HUVECs was

88 nU per cell, whereas FVIII:C and albumin were unde-

tectable. To determine whether the extraction procedure

could have caused the degradation of a significant frac-

tion of FVIII activity in LSECs and Tie2� cells, FVIII:C

was measured in cell extracts spiked with rFVIII. FVIII:C

levels were 2.5 � 0.1 mU mL�1 in lysis buffer,

1.9 � 0.1 mU mL�1 in the SSC�Tie2� cell extract, and

5.2 � 0.1 mU mL�1 in the LSEC extract (donor 6).

FVIII:C was undetectable in the unspiked Tie2� cell

extract, and its level was 2.5 � 0.2 mU mL�1 in the un-

spiked LSEC extract. Accordingly, the different cell

extracts prepared with the protease inhibitor cocktail do

not destroy a significant amount of FVIII activity in com-

parison with the lysis buffer.

Discussion

The unequivocal identification of the type of liver cells

producing FVIII has been hampered by difficulties in iso-

lating pure cell populations and by the low FVIII produc-

tion per cell. To circumvent these difficulties, we used a

sensitive functional FVIII assay to measure FVIII in

extracts of primary hepatocytes and LSECs. Our data

indicate that LSECs, but not hepatocytes, contain FVIII.

LSECs were purified by FACS on the basis of the coex-

pression of Tie2 and CD32b. Tie2 is expressed on all

endothelial cells. In contrast, CD32b is present on LSECs

but not on endothelial cells in other vascular beds [20].

CD32b was first identified as a marker for rat LSECs.

In vitro, this antigen has been shown to positively corre-

late with the presence of fenestrations [25]. This antigen is

also expressed on human LSECs [20]. The anti-CD32b

mAb used in this study to purify LSECs has been exten-

sively characterized and shown not to cross-react with the

other isoform of CD32, namely CD32a, which is

expressed on endothelial cells in other vascular beds [21].

The purity of the LSEC and hepatocyte preparations

was evaluated by whole transcriptome sequencing. As

expected, Tie2, CD32b and P-selectin mRNA levels were

relatively high in LSECs, whereas the mRNA levels of

hepatocyte markers such as albumin, FV, FVII and the

fibrinogen c-chain were 40–190-fold lower than in hepato-

cytes. This indicates that, at most, the LSEC preparation

may be contaminated by a few per cent of hepatocytes.

Conversely, the levels of the mRNAs coding for Tie2,

CD32b and P-selectin were 20–190-fold lower in hepato-

cytes than in LSECs (Fig. 2), indicating that only a small

proportion of LSECs may have contaminated the purified

hepatocyte preparation. As expected, the mRNA for
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Fig. 2. RNA sequencing of hepatocytes, liver sinusoidal endothelial

cells (LSECs) and human umbilical vein endothelial cells (HUVECs).

RNA sequencing was used to analyze the whole transcriptomes of

hepatocytes from donor 1, Tie2+CD32b+ cells from donor 6, and

HUVECs. Results are expressed as mean � standard deviation of

the reads per kilobase per million reads (RPKM) of the exons of

each gene. TEK, FCGR2B and SELP code for the endothelial cell

markers Tie2, CD32b, and P-selectin, respectively. ALB, FCG, F7

and F5 code for albumin, fibrinogen c-chain, FVII, and FV, respec-

tively. LMAN1 and MCFD2 code for the intracellular transport pro-

teins of FV and FVIII that are mutated in cases of combined FV

and FVIII deficiency. For overlapping genes with different gene

names, only the non-overlapping exons were taken into account.
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CD32b was detected in LSECs but not in HUVECs, in

agreement with the observation that CD32b is expressed

in LSECs but not in other endothelial cell types [19]. The

transcriptome data also indicated that FVIII mRNA is

expressed at a significant levels in LSECs. In contrast,

FVIII mRNA levels were very low in hepatocytes, to the

extent that it cannot be concluded that FVIII is

transcribed at a significant level in this cell type. Interest-

ingly, the LMAN1 and MCFD2 genes required for the

intracellular transport of FV and FVIII, which are

mutated in cases of combined FV and FVIII deficiency,

were transcribed at similar levels in both hepatocytes and

LSECs.

In this study, a very sensitive FXa generation assay was

used to measure FVIII:C levels in extracts of different

liver cell types. This strategy was selected because it allows

control of assay specificity through neutralization of FVIII

activity with specific inhibitors. In addition, the technique

can be applied to primary cells [22], thereby avoiding

potential bias resulting from the modification of cell phe-

notype that can take place during in vitro culture. FVIII:C

was detected in LSECs but not in hepatocytes. The detec-

tion of FVIII in LSECs raises the question of whether the

levels of FVIII present in these cells may account for the

levels of circulating FVIII. Given that the half-life of

FVIII is ~ 12 h, and the plasma volume is ~ 2.5 L in an

adult, the daily production of FVIII can be estimated to

be ~ 2500 U per day. In our experiments, the FVIII:C lev-

els in LSECs ranged from 0.3 to 2.8 nU per cell. The exact

number of LSECs in human liver has not been precisely

determined, but in rats approximately 37 9 106 LSECs

are present per gram of liver tissue. If this figure was

applied to human tissue, an adult liver of 1.5 kg could

Table 2 FVIII:C, von Willebrand factor antigen (VWF:Ag) and albumin in liver cells depleted of hepatocytes by low-speed centrifugation and

purified by flow cytometry

Donor Cell type

FVIII:C

(LOD per cell)

nU per cell

VWF:Ag

(LOD per cell)

nU per cell

Albumin

(LOD per cell)

fg per cell

5* SSChigh < (0.4) < (1.0) 10.4 (1.9)

< (0.2) 0.7 (0.4) 10 (0.85)

6* SSChigh < (0.2) < (0.65) 62.4 (1.3)

5* SSClow Tie2� < (0.04) 0.3 (0.1) 1.4 (0.2)

6* SSClow Tie2� < (0.1) < (0.4) ND

< (0.2) < (0.6) 3.3 (1.15)

5* SSClow Tie2�CD11b+ (Kupffer cells) < (0.1) < (0.3) 2.7 (0.5)

5* SSClow Tie2+CD32b+ (LSECs) 0.3 (0.1) 1.2 (0.3) 2.5 (0.7)

1.1 (0.2) 1.8 (0.6) 2 (1.1)

6* SSClow Tie2+CD32b+ (LSECs) 2.8 (0.3) 2.8 (0.8) ND

2.1 (0.15) 2.7 (0.4) 61.6 (0.8)

7† SSClow Tie2+CD32b+ (LSECs) 0.55 (0.2) 13.6 (0.7) < (1.3)

LOD, limit of detection; LSEC, liver sinusoidal endothelial cell; ND, not determined; SSC, side scatter. The cells were isolated by fluorescence-

activated cell sorting, as illustrated in Fig. 1, on the basis of SSC (SSChigh, SSC > 120 000; SSClow, SSC < 120 000) and expression of Tie2

and CD32b. LSECs, identified by their coexpression of Tie2 and CD32b, were consistently found in the SSClow population. The LOD per cell

was calculated as the LOD of the assay divided by the concentration of cells in the extract. Given that the concentration of cells varied between

extracts, the LOD per cell was different for each sample. <, concentration lower than the LOD per cell. *Cells purified from material discarded

during the isolation of hepatocytes collected for transplantation. †Commercial LSEC preparation.
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Fig. 3. Inhibition of FVIII:C by anti-FVIII mAbs in extracts of he-

patocytes, Tie2+CD32b+ liver sinusoidal endothelial cells (LSECs),

and Tie2� cells. (A) Representative calibration curve of the FVIII:C

assay. Plasma was diluted in lysis buffer with protease inhibitors

supplemented or not with anti-FVIII mAbs. FVIII:C activity was

evaluated with a chromogenic FXa generation assay. Results are

expressed as OD. (B) FXa generation in lysis buffer spiked or not

with a plasma pool to a final concentration of 5 mU mL�1 FVIII in

the presence or absence of anti-FVIII antibodies. Results are shown

as mean � standard deviation (SD) of experiments carried out in

triplicate. The dashed lines indicate the limit of detection of the

assay. (C) FXa generation in hepatocyte extracts in the presence or

absence of anti-FVIII antibodies. Results are shown as mean � SD

of duplicates. (D) FXa generation in extracts of Tie2+CD32b+L-

SECs and Tie2� cells in the presence or absence of anti-FVIII anti-

bodies. Results are shown as mean � SD of triplicates.
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contain 5.5 9 1010 LSECs. LSECs in an adult human liver

may thus contain between 17 and 154 U of FVIII at any

point in time. It would thus be interesting to investigate

the rate of secretion of FVIII by LSECs to correlate this

amount with the circulating levels of FVIII.

In contrast to LSECs, hepatocytes did not contain

measurable levels of FVIII:C. We carried out experiments

to determine whether the isolation procedure could result

in the loss of FVIII activity in hepatocytes. These experi-

ments performed with cell extracts spiked with FVIII did

not show a significant reduction in FVIII:C. However,

these in vitro experiments cannot rule out the possibility

that isolation of hepatocytes from an intact human liver

may result in a significant loss of FVIII activity. The low-

est LOD per cell for FVIII:C was 0.03 nU (Fig. 1). If any

FVIII is present in hepatocytes, its concentration must be

lower than the lowest LOD per cell of the assays, i.e.

0.03 nU of FVIII:C per cell. The intracellular concentra-

tions of functional FVIII are therefore at least 10–100-
fold higher in LSECs than in hepatocytes. These observa-

tions suggest that LSECs are much more likely to be the

hepatic source of plasma FVIII than hepatocytes.

In conclusion, our data demonstrate that LSECs, but

not hepatocytes, contain measurable amounts of FVIII,

and suggest that the former are the main FVIII-produc-

ing cells in the human liver.

Addendum
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