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Chapterr 7 

Abstrac t t 
Too bridge acute liver failure (ALF) patients to orthotopic liver transplantation, several bioartificial 

liverr (BAL) systems have been developed. The bio-component of most of these systems consists 

mainlyy of viable porcine hepatocytes. Plasma or blood of ALF patients is perfused through the BAL 

andd comes into direct or indirect contact with the porcine hepatocytes. Xenogeneic BAL systems 

mayy suffer from hyperacute rejection (HAR) similar to that seen in whole-organ xenotransplantation. 

HARR is mediated by antibodies directed against Gakx{1-3)Gal, a carbohydrate structure present on 

mostt mammalian cells. Conflicting data have been published concerning Gala(1-3)Gal expression 

onn hepatocytes in intact porcine liver, and it is unknown whether isolated porcine hepatocytes used 

inn BAL systems express Gakx(1-3)Gal. 

Thee aim of this study was to investigate the presence of Gakx(1-3)Ga! on freshly isolated and 

culturedd porcine hepatocytes used for BAL treatment. Here we present data from immuno-

cytochemistryy and FACS analysis indicating that Gala(1-3)Gal is present in low quantities on isolated 

porcinee hepatocytes. Galct(1-3)Gal is produced by the enzyme a1,3-galactosyltansferase (aGal-T), 

whichh transfers galactose in an oc1,3-linkage to the cell membrane glycolipids and glycoproteins. RT-

PCRR and enzyme activity assays show that aGal-T is expressed at low levels by isolated porcine 

hepatocytes.. In addition IgG and IgM anti-Gala(1-3)Gal are depleted from the plasma of ALF patients 

duringg BAL treatment, indicating the presence of Gakx(1-3)Gal in the porcine hepatocyte-loaded BAL. 

Inn conclusion, porcine hepatocytes used for BAL treatment express Gala(1-3)Gal and bind human 

xenoreactivee IgG and IgM. Whether the immunological response to the Galoc(l-3)Gal residues leads 

too a cytotoxicity for the porcine hepatocytes in the BAL still needs to be assessed. However, from 

indirectt evidence, in vitro experiments and patient treatments, it is suggested that HAR-like immune 

reactionss do not have a major impact on BAL systems based on porcine hepatocytes. 
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Introduction n 
Acutee liver failure (ALF) is a serious disease with high mortality depending on the etiology. The 

standardd therapy for end-stage liver disease is orthotopic liver transplantation (OLT). However, due 

too a shortage of donor livers a considerable number of patients with end stage liver disease die on 

thee OLT waiting list (1,2). Bioartificial liver (BAL) treatment is a promising therapy to bridge ALF 

patientss to OLT or to native liver regeneration. A BAL is an extracorporeal system based on a bioreactor 

loadedd with viable hepatocytes. Plasma or blood of an ALF patient is perfused through the BAL system 

inn order to detoxify and exchange proteins and other molecules between the BAL and the patient's 

plasmaa or blood. One of these systems is the bioartificial liver developed at the Academic Medical 

Centerr in Amsterdam (AMC-BAL) (2,3). This AMC-BAL is characterized by local oxygenation using gas 

capillariess inside the bioreactor and by direct contact between the patient's plasma and porcine 

hepatocytess in the bioreactor without interference of a membrane barrier (Fig. 1). 

Att present, eleven different systems have been tested in a clinical setting in different trial phases 

(2).. Nine of these eleven systems are currently based on hepatocytes from animal origin since 

humann hepatocytes are not available in sufficient quantities. The preferred xenogeneic source of 

hepatocytess to date is the pig because of its easy availability, the possibility of specified pathogen-

freee housing and its compatibility with the human physiology. However, a drawback of these BAL 

systemss is the direct or indirect contact between the plasma of the patient and porcine hepatocytes, 

AA B A = bioreactor housing 

Fig.. 1. The AMC-BAL bioreactor. (A) bioreactor; (B) cross section through bioreactor; (C) electron microscopic 
picturee presenting porcine hepatocytes attached to polyester matrix fibers inside the bioreactor and the extra-
capillaryy space through which the plasma flows. 
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whichh may result in which may result in problems associated with xenotransplantation, such as 

rejectionn and zoonosis. 

Ann important immunological barrier in pig-to-human xenotransplantation is hyper-acute rejection 

(HAR)) caused by natural xenoreactive antibodies (NXAB) recognizing the unique carbohydrate 

structuree Gala(1-3)Gal located as terminal epitope on glycolipids and glycoproteins on the surface 

off most mammalian cell membranes (4-7). The enzyme a 1,3-galactosyltransferase (aGal-T), expressed 

inn most mammals, catalyzes the transfer of galactose in a1,3-linkage to the nonreducing end of the 

sugarr chains of cell membrane glycolipids and glycoproteins, producing the Gala(1-3)Gal epitope. 

However,, in man and Old World monkeys the gene ggta-1, which encodes aGal-T, has become 

mutated,, resulting in loss of function (8-10). Therefore, NXAB, directed against the Gala(1-3)Gal 

epitope,, are present only in man and Old World monkeys (11). 

Thee primary target cell of NXABs in xenotransplantation is the endothelial cell. Binding of NXABs to 

Gakx(1-3)Gall on the cell surface triggers the complement cascade, involving activation of C3 and 

formationn of the membrane attack complex, resulting in complement-mediated endothelial cell 

damage.damage. Endothelial cell damage leads to hemorrhage, cell lysis, thrombus formation and finally 

necrosiss of the transplanted organ within minutes after transplantation (12,13). 

Itt is not known whether Gala(1-3)Gal is expressed on isolated porcine hepatocytes to be used for 

BALL support in ALF patients. Conflicting immunohistochemistry data concerning the presence of 

Gala(1-3)Gall on porcine liver tissue have been reported. Hayashi ef a/, reported that porcine 

hepatocytess in liver tissue did not show expression of Galoc(1-3)Gal as assessed by using a Gala(1-

3)Gall binding lectin, Griffonia simplicifolia I-B4 (GSI-B4) (14). Oriol ef al. showed no staining of 

Gala(1-3)Gall on hepatocytes in situ using anti-Gala(1-3)Gal IgG and a weak staining using GSI-B4 

(15).. In contrast Mckenzie and Sandrin ef al. observed a high expression of Gala(1-3)Gal with 

strongg uniform staining of the cytoplasm of hepatocytes using GSI-B4 (16-18). 

Indirectt evidence of Gala(1-3)Gal expression on porcine hepatocytes was observed in clinical 

experimentss with the HepatAssist BAL system (19). Immediately after the first BAL treatment, IgG 

andd IgM NXAB levels in the BAL treated patient were decreased by 20%. Ten days after the treatment, 

aa strong NXAB response of anti-pig IgM and IgG was detected in patients who had undergone two 

BALL treatments. 

Iff porcine hepatocytes express Gala(1-3)Gal, it potentially may lead to NXAB mediated complement 

activationn resulting in HAR-like reactions and consequently loss of function of the BAL system. The 

aimm of this study was, therefore, to investigate the presence of aGal-T and Gala(1-3)Gal on freshly 

isolatedd and cultured porcine hepatocytes used for BAL treatment. 
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Material ss  & Method s 
Antibodies,, lectin and Gakx(1-3)Gal residues 
Mouse-antii porcine erythrocyte monoclonal antibody 1-AC11, which recognizes a glycophorin of 

thee porcine erythrocyte, was kindly provided by D. Llanes, Dept. of Genetics, University of Cordoba, 

Cordoba,, Spain (20,21). Hepatocyte specific rabbit-anti-porcine carbamoyl phosphate synthetase 

(CPS)) antibody was kindly provided by T. Hakvoort, AMC Liver Center, Academic Medical Center, 

Amsterdam,, the Netherlands. 

Affinity-purified,, polyclonal IgG anti-Gala(1-3)Gal was purified from human immunoglobulin (Ig) for 

intravenouss use (Sanquin, Amsterdam, the Netherlands), as described previously (22) and was used 

att a concentration of 100 u,g/ml. FITC (fluorescein isothiocyanate)-labeled affinity-purified isolectin 

GSI-B4,, isolated from Griffonia (bandeiraea) simplicifolia was purchased from Sigma-Aldrich (St 

Louiss MO, USA). Goat secondary antibodies directed against mouse, rabbit or human Ig were 

conjugatedd with FITC, PE (phycoerythrin) or CY3 (cyanine 3), depending on which double staining 

wass performed. Gala(1-3)Gal residues conjugated to a polyacrylamide backbone (Gakx(1-3)Gal-

PAA)) were obtained from Syntesome (Munich, Germany) and were used in a concentration of 200 

ng/ml. . 

Liverr & kidney biopsies and tissue sections 
Freshh liver and kidney biopsies, 0 0.5 cm, taken from Landrace pigs (20-255 kg), were directly frozen 

inn liquid nitrogen. Biopsies were stored at C until further use in experiments. Six urn thick 

sectionss were cut with a cryotome AS620E (Thermo Shandon Inc., Pittsburgh, USA) and fixed on 

Superfrostt Plus microscopic slides (Menzel-Glaser, Germany). 

Liverr cell isolation, control cells and cell culture 
Porcinee hepatocytes were isolated from Landrace pig (20-25 kg) livers in a two-step isolation procedure 

usingg collagenase P (Roche, Mannheim, Germany) as described previously (3,23). Hepatocytes were 

washedd and purified using a three-step 50xg centrifuge washing procedure resulting in > 95% 

hepatocytess in the liver cell isolate. The hepatocytes were either cultured in a standard AMC-BAL 

bioreactorr containing 10x109 viable porcine hepatocytes or in a small scale laboratory BAL device 

containingg 0.22x109 viable porcine hepatocytes (3,24). The culture medium (CM) was based on Williams' 

EE Medium (modified) (Cambrex, New Jersey, USA) supplemented with fetal bovine serum (10% v/v, 

Bio-Whittaker),, insulin (1 mU/ml, Actrapid, Novo Nordisk, Bagsvaerd, Denmark), 50 ug/l dexamethasone 

(Centrafarm,, Ettenleur, the Netherlands), and penicillin/streptomycin/fungizone (Cambrex). An air/ 

5%% C02 gas mixture was supplied to the cells in the bioreactor via integrated gas capillaries. 

Ass positive control, porcine kidney epithelial (PK-15) cells were obtained from the American Type 

Culturee Collection (ATCC, Rockville, USA). The PK-15 cells were cultured on tissue culture plates in 

CM.. Porcine erythrocytes (PEC) were harvested from a large vein during pig surgery. 
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Real-tim ee RT-PCR 
Too assess the mRNA level of the ggta-1 gene in porcine hepatocytes prior to and during culturing, 

real-timee reverse transcriptase polymerase chain reaction (RT-PCR) was performed on a suspension 

off freshly isolated hepatocytes, on hepatocytes that were cultured in the laboratory BAL device for 

one,, three or seven days, and on PK-15 cells. Total RNA was isolated using Trizol (GibcoBRL) and 

subsequentlyy treated with DNAse (Boehringer Mannheim, Mannheim, Germany). First-strand cDNA 

wass generated from 2 mg of total RNA, using an oligo (dT)12-18 primer and Superscript II reverse 

transcriptasee (Invitrogen B.V., Breda, the Netherlands) in a total volume of 20 ui Amplification of a 

4344 bp fragment of ggta-1 cDNA was performed in real-time PCR using 1 u.1 of cDNA and 4 |iM of 

primerss OBAL 137: 5'-GCTGGTTTAATGGGACTCAC and OBAL 138: 5'-CTTGCCACCTCTTCTCG 

GACTTGG in 10 \i\ reactions containing 4 mM MgCI2 and LightCycler FastStart DNA Master SYBR 

Greenn 1 reagent (Roche, Basel, Switzerland) according to manufacturers instructions. Similarly a 

4411 bp fragment of gapdh cDNA was amplified as a control for cDNA loading, using primers 

OBAL84:: 5'-CATCACCATCTTCCAGGAG and OBAL85: 5'TGCCCACAGCCTTGGCAGC. The thermal 

cyclingg profile was as follows: denaturation at C for 10 min, followed by 40 cycles of C for 1 

s,, primer annealing at C for 7 s with a e decrease in temperature until , and 

extensionn for 40 s at . Fluorescent data were acquired during each extension phase. To determine 

thatt fluorescence was due to the amplification of a single PCR fragment, a melting curve was 

generatedd by heating the sample to C followed by cooling down to C for 7 s and slowly 

heatingg the samples at 0.1 s to C while the fluorescence was measured continuously. The 

meltingg peak was obtained by plotting the negative first derivative of fluorescence against 

temperature.. Product identity was confirmed by agarose electrophoresis. The mRNA quantification 

wass carried out by analysing linear regression on the Log (fluorescence) per cycle number data 

usingg the LinRegPCR programme (25). For each sample the ggta-7 mRNA starting level was normalised 

forr the gapdh mRNA starting level. 

aGal-TT enzym e activit y 
Activityy of the aGal-T enzyme was determined in homogenates of porcine liver biopsies, isolated 

porcinee hepatocytes, and PK-15 cells essentially as described by Joziasse etal. (26). Tissues and cell 

sampless were prepared as follows. Tissue biopsies (200 mg) were homogenized with 0.8 ml 0.1 M 

Na-cacodylatee buffer and protease inhibitors, pH 6.5, using a Polytron probe. Hepatocytes or PK-15 

cellss (2x107 cells) were mixed with 1.0 ml 0.1 M Na-cacodylate buffer pH 6.5, containing 0.1 % (w/ 

v)) Triton X-100 and protease inhibitors, and incubated on ice for 10 min. Low-speed centrifugation 

producedd a supernatant containing the solubilized glycosyltransferases. For enzyme activity assays, 

reactionn mixtures contained 15 uj of the supernatant or 15 u.1 of tissue homogenate, 50 nmol of 

donorr substrate UDP-[3H]Gal (1.0 Ci/mol) and the acceptor substrate desialo-oyacid glycoprotein 

(2000 nmol theoretical acceptor sites) in a total volume of 50 u.1. The mixtures were incubated for 60 
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minutess at , after which the reaction was stopped and the amount of radioactivity quantified 

ass described previously (26). aGal-T activity was expressed in nmol/min/mg protein. 

Immunofluorescen tt  stainin g of live r tissu e section s and isolate d cell s 
LiverLiver tissue sections 
FITC-labeledd GSI-B4, or anti-Galct(1-3)Gal IgG in combination with FITC-labeled secondary antibody 

weree used to detect Gakx(1-3)Gal. PE-labeled anti-CPS antibody was used to identify hepatocytes. 

Alll antibodies were dissolved in phosphate buffered saline (PBS) containing 10% pig serum to 

reducee background staining. Incubations with GSI-B4, primary and secondary antibodies, were 

performedd in a humidified box at room temperature for 30 minutes. After each incubation step the 

slidess were washed with PBS. Slides were analyzed using a fluorescence microscope (Wide Field 

Uprightt Microscope, Leica DMRA). 

Isolatedd liver cells 
Isolatedd porcine liver cells, or PK-15 cells as positive control, were seeded at a density of 0.5x106 

cellss per well on a sterilized collagen-coated microscope slide coverslip (Menzel-Glaser) placed in a 

6-wellss plate and cultured at C in air with 5% C02for four, 24 and 48 hours in CM. Subsequently, 

thee cells were fixed with 10% formalin. The detection of Gakx(1-3)Gal and hepatocytes was performed 

ass described for tissue sections, however the incubation steps were performed in culture wells in a 

tissuee culture incubator. After staining, the coverslips were mounted on a microscope slide using 

Vectashieldd (Vectorlabs, Burlingame, USA). 

Floww cytometr y 
Thee porcine liver cell isolates and PK-15 cells were washed in 1.0 ml FACS buffer (PBS containing 

0.2%% bovine serum albumin, pH 7.4) at a concentration of 2.0x106 cells/ml. To avoid cell damage 

andd cell clotting by centrifugation, cells were pelleted by gravity through incubation on ice for 10 

minutes.. Cell pellets were resuspended in 75 uJ GSI-B4-FITC (10 ug/ml) in FACS buffer, and incubated 

forr 20 min on ice in the dark. After each incubation step, the cells were washed twice with FACS 

buffer.. Finally, the hepatocytes were resuspended in 500 uJ FACS buffer. Before FACS-analysis, 25 

ull Propidium Iodide (PI) (Sigma-Aldrich) was added to the cells to a final concentration of 1 u.g/ml 

too distinguish between viable and non-viable cells. As a negative control porcine liver cells were 

usedd that underwent all steps except incubation with GSI-B4-FITC. The specificity of lectin binding 

wass assessed by pre-incubating GSI-B4-FITC for 30 min with 200 ug/ml Gakx(1 -3)Gal-PAA to saturate 

thee lectin. PE-labeled 1-AC11 was used to locate erythrocytes in the FACS scatter plot. 

FACSS analysis of the cells was carried out using a Becton-Dickinson FACScan. Several gates were 

placedd to select subpopulations of cells. PI negative and therefore viable cells were selected and 

20,0000 cells were counted. Data were analyzed using Windows Multiple Document Interface for 
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Floww Cytometry software (WinMDI, TSRI). To quantify the data, Mean Fluorescence Intensity (MFI) 

wass used to compare fluorescence patterns. 

Anti-Galot(1-3)Ga ll  antibod y respons e in patient s treate d wit h the AMC-BAL 
AA standard AMC-BAL bioreactor was loaded with approximately 10x109 viable hepatocytes, and cells 

weree cultured for 15 hours in CM. Prior to connection of the BAL to the circulation of an ALF patient, 

thee CM was washed out of the BAL using a hemofiltration solution, Sifra. The plasma of the patient 

wass perfused through the bioreactor for a period of 8 to 21 hours (3). Blood samples of the patient 

weree taken prior to, immediately after BAL treatment and at several time points from then on. 

Plasmaa samples were analyzed for the concentration of IgG and IgM anti-Gala(1-3)Gal using an 

ELISAA assay (27). A Maxisorb {Nunc, Roskilde, Denmark) 96-well plate was coated with 10 ug/ml 

Gala(1-3)Gal-PAAA in coating buffer (100 mM NajCCyNaHCC^, pH 9.6). Between each incubation 

stepp the wells were washed with PBS containing 0.05% Tween. After blocking the wells with PBS / 

1%% BSA during 30 min the plasma samples diluted 1:20 in incubation buffer (PBS containing 1 % 

BSAA and 0.05% Tween) were added. This step was followed by incubation with biotinylated 

monoclonall anti-IgG antibody HB43 or anti-IgM antibody HB57. Both incubation steps were 

performedd for 1 hour at . Finally antibody binding was detected using HRP-conjugated 

streptavidinn (Boehringer Mannheim). Enzyme activity of HRP was detected using 2,2'-azino-bis(3-

ethylbenzthiazoline-6-sulfonicc acid) (Sigma). The optical density at 415 nm was measured using a 

microplatee biokinetics reader (EL312e, Biotek Instruments, Winooski, Vermont, USA). For 

quantification,, plasma samples were compared to a calibration line, generated by incubation of 

purifiedd human IgG and IgM with a high binding capacity to Gala(1-3)Gal (27). Concentrations of 

IgGG and IgM anti-Gala(1-3)Gal antibodies were expressed in arbitrary units per ml plasma. 

Statistica ll  analysi s 
Dataa were analyzed using Microsoft Excel. Results are expressed as means  standard deviation 

<SD).. Paired Student t test was used to compare plasma NXAB IgG and IgM concentrations before 

andd after BAL treatment. The correlation between IgG and IgM anti-Gala(1-3)Gal antibodies levels 

wass examined using the Pearson correlation coefficient (r). 

Result s s 
ggta- 11 expressio n 
Too evaluate a(1-3)galactosyltransferase (ocGal-T) expression in freshly isolated porcine hepatocytes 

andd hepatocytes cultured for different periods in a laboratory scale BAL, the ggta-1 mRNA level was 

determinedd using real-time RT-PCR. Fig. 2 shows significant levels of the ggta-1 mRNA expression, 

normalizedd for gapdh, in freshly isolated porcine hepatocytes. The difference of ggta-1 expression 

betweenn freshly isolated porcine hepatocytes and cells after one day in culture was negligible, but 
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Fig.2.. Real time RT-PCR results. Quantitative ggta-1 
mRNAA levels normalised for gapdh mRNA levels and 
expressedd as percentage of the initial cell isolate; Cell 
11 and 2 are data from two different hepatocyte 
isolations;; BAL 1, 3 and 7 represents data from a BAL 
culturedd for one, three and seven days respectively. 
BALL 1 and 3 were loaded with the same hepatocytes 
ass cell 1, BAL 7 was loaded with the same 
hepatocytess as cell 2. 

celll 1 BAL 1 BAL 3 cell 2 BAL 7 

celll type 

expressionn levels decreased more than three-fold after three or more days of bioreactor culture. 

Negativee controls, human hepatocytes and RNase-free water showed no ggta-1 expression whereas 

PK-155 cells were positive. Quantitative comparison between porcine hepatocytes and PK-15 cell 

ggta-]ggta-] expression levels cannot be made as the two cell types differ in gapdh expression. Melting 

peakk analysis and agarose gel electrophoresis confirmed the identity of the ggta-1 and gapdh PCR 

products. . 

c*Gal-TT enzym e activit y 
Too investigate whether transcription of ggta-7 results in aGal-T enzyme activity in porcine hepatocytes 

wee performed an enzyme activity assay. Because of the discrepancy on Gala(1-3)Gal expression on 

liverr tissue sections described in literature, aGal-T activity in liver homogenate was measured as 

well.. The detection limit of this assay was 2x103 nmol/minute/mg protein. The average aGal-T 

activityy in porcine liver tissue homogenate and in primary hepatocyte cell isolate was 8.6x103

1.2x1033 (mean  SD) and 9.4x103  2.6x103 nmol/minute/mg protein, respectively. The level of 

aGal-TT activity in PK-15 cells was 182x103 nmol/minute/mg protein. After correction for the detection 

limit,, the aGal-T activity in primary porcine hepatocytes and liver tissue homogenate was 25-fold 

lowerr than in PK-15 cells indicating a low but significantly positive aGal-T activity in porcine 

hepatocytes. . 

Immunofluorescen tt  stainin g of live r tissu e section s and isolate d live r cells 
Too investigate the expression of Gala(1-3)Gal on hepatocytes in frozen liver tissue sections, we 

performedd immunofluorescence staining. Porcine liver tissue sections incubated with anti-CPS-CY3 

showedd intense intracellular staining of hepatocytes (Fig. 3C & 3F). Double staining with anti-CPS-

CY33 and GSI-B4-FITC or IgG anti-Gala(1-3)Gal did not show any expression of the Gala(1-3)Gal 

epitopee by hepatocytes (Fig. 3A & 3D). Some non-parenchymal cells stained positive with IgG anti-

Gala(1-3)Gall and GSI-B4-FITC. These Gala(1-3)Gal positive cells may be Kupffer cells based on the 

locationn in the liver tissue. 
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Fig.. 3. Immunohistochemistry of liver tissue. Double staining with anti-CPS-CY3 and GSI-B4-FITC; (B) staining with 
GSI-B4-FITCC alone; (C) staining with anti-CPS-CY3 alone; (D) double staining with anti-CPS-CY3 and IgG anti-Gala(1-
3)Gal;; (E) staining with IgG anti-Gala(1-3)Gal alone; (F) staining with anti-CPS-CY3 alone. 

Subsequently,, immunofluorescence analysis was performed on isolated porcine hepatocytes after 

attachment,, subsequent culture, and fixation with formalin, using GSI-B4-FITC or human IgG anti-

Gala(1-3)Gall in a double staining with anti-CPS-CY3. Hepatocytes cultured for four hours showed 

positivee staining for Gala(1-3)Gal on the cell membrane (Fig. 4A & 4B) comparable, but less intense, 

too PK-15 cells (Fig. 4C). Similar staining was observed after 48 hours of culture, whereas hepatocytes 

culturedd for 72 hours showed no staining for Gala(1-3)Gal (not shown). The detection of the 

Gala(1-3)Gall epitopes on isolated hepatocytes using GSI-B4-FITC was specific, since saturation of 

GSI-B4-FITCC with Gakx(1-3)Gal-PAA completely inhibited staining (results not shown). Together, 

thee immunofluorescent staining on liver sections and cells showed that isolation and culture of 
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Fig.. 4. Immunocytochemistry. (A) Porcine hepatocytes double stained with anti-CPS-CY3 and GSI-B4-FITC; (B) 
porcinee hepatocytes double stained with anti-CPS-CY3 and anti-Galoc(1-3)Gal IgG; (C) PK-15 cells stained with GSI-
B4-FITC.. Both cell types were cultured for four hours. 

hepatocytess induces the expression of Gala(1-3)Gal whereas expression was downregulated after 

twoo days of culture. 

Floww cytometr y 
Too confirm Gala(1-3)Gal expression on freshly isolated porcine hepatocytes and to exclude effects of 

fixationn on Gala(1-3)Gal detection, FACS analysis was performed on non-fixed, freshly isolated porcine 

hepatocytes.. To focus on viable cells, the Pl-positive, non-viable cell fraction, accounting for 28% of 

thee total cell number, was excluded from data analysis. Staining with antibody 1-AC11 showed that 

erythrocytess (1-AC11 positive, not shown) were located in region R1 (Fig. 5A). Based on this observation, 

cellss present in region R2, representing cells and cell aggregates larger than erythrocytes, were gated 

forr further analysis, presumably containing predominantly hepatocytes (Fig. 5A). 

Thee mean fluorescence intensity (MFI) of the cells present in region R2 increased nine-fold after 

incubationn with GSI-B4-FITC (Fig. 5C). The binding of GSI-B4-FITC to the cells was specific since it 

couldd be inhibited for 78% by pre-incubation of GSI-B4-FITC with soluble Galoc(1-3)Gal-PAA (Fig. 

5D).. PK-15 cells showed a much stronger binding of GSI-B4-FITC, since the MFI increased 35-fold as 

comparedd to the negative control (Fig. 5B). From the flow cytometry data we conclude that Gala(1-

3)Gall is expressed on the cell surface of freshly isolated porcine hepatocytes, but that the level of 

Gala(1-3)Gall expression of porcine hepatocytes is lower than that on the surface of PK-15 cells. 

Anti-Gala(1-3)Ga ll  antibod y respons e in patient s treate d wit h the AMC-BAL 
Iff porcine hepatocytes and other liver cells express Gala(1-3)Gal, it can be expected that patients 

treatedd with the AMC-BAL will show a depletion of anti-Galoc(1-3)Gal IgG and IgM during AMC-BAL 

treatmentt due to binding of these immunoglobulins to the Gala(1-3)Gal epitopes. To investigate 

this,, IgG and IgM anti-Gala(1-3)Gal were measured in plasma samples of six patients treated with 

thee AMC-BAL in a phase I study (3). The IgG and IgM anti-Gala(1-3)Gal concentrations in plasma of 

109 9 



Chapterr 7 

Figg  5. FACS analysis. (A) scatter plot of hepatocyte isolate and gating of subpopulations; (B) histogram of PK-15 
cells,, untreated cells in grey and GSI-B4-FITC incubated cells in white; (C) histogram of liver cell isolate, untreated 
cellss in grey and GSI-B4-FITC incubated cells in white; (D) histogram of liver cell isolate, GSI-B4-FITC incubated cells 
inn grey and Gala(1-3)Gal-PAA saturated GSI-B4-FITC incubated cells in white. MFI = mean fluorescence intensity. 
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ALFF patients significantly decreased with 32% and 28%, respectively (N = 6, P < 0.05) during BAL 

treatment.. This indicates a significant loss of NXABs during BAL treatment, presumably due to 

NXABNXAB binding to Gala(1-3)Gal expressed on cells in the BAL (Fig. 6). The decrease was followed by 

ann increase of IgG and IgM anti-Galoc( 1 -3)Gal levels in patients exposed to one or two BAL treatments 

(dataa not shown). As previously observed, the level of IgG and IgM NXABs showed high inter-

individuall variation (27-29). The anti-Gala(1-3)Gal lgG:lgM ratio per patient ranged from 1:1 to 

1:255 and was not correlated (r = 0.09 before and 0.12 directly after BAL treatment), as has been 

previouslyy reported for healthy donors (27). IgG and IgM anti-Gala(1-3)Gal concentrations more or 

lesss followed the same pattern in individual patients (Fig. 6). 

Fig.. 6. XNAB IgG and IgM concentration (arbitrary 
units/ml)) in plasma of six ALF patients measured 
directlyy before and immediately after BAL 
treatment;; paired T test P < 0.05 (both for IgG 
andd IgM). 

Discussio n n 
Inn the present study, we provide for the first time several lines of evidence for the expression of 

Gala(1-3)Gall on isolated porcine hepatocytes. Using biochemical assays we show mRNA expression 

off the gene encoding the aGal-T enzyme, as well as enzymatic activity of the enzyme. Furthermore, 

expressionn of the Gala(1-3)Gal epitope was confirmed by immunofluorescence analysis, both on 

fixedd cells and on viable cells, using a Gal-specific lectin. Moreover, human IgG specific for Galoc(1-

3)Gall was able to bind to the porcine hepatocytes in vitro and patients treated with the BAL system 

showedd a depletion of xenoreactive antibodies. In contrast to the results obtained with isolated 

porcinee hepatocytes, the hepatocytes in situ did not express Gala(1-3)Gal and the observed aGal-T 

activityy in liver was low and probably originates primarily from non-parenchymal liver cells, which 

representt approximately 30% to 40% of liver cells. The aGal-T activity in the liver cell isolate was 

comparablee with liver tissue, however, the liver cell isolate contained much less non-parenchyma 

cellss (< 2%) indicating aGal-T activity originating from porcine hepatocytes. Hence, the hepatocyte 

isolationn procedure activates aGal-T, resulting in expression of Gala(1-3)Gal on freshly isolated cells. 

Expressionn of ggta-1 is clearly present in freshly isolated porcine hepatocytes, but seems to decrease 

duringg time when cultured in a bioreactor. This observation was supported by semi-quantitative 
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immunofluorescencee on hepatocytes cultured on coverslips for 72 hours, showing a decreased 

Gala(1-3)Gall staining. A similar observation has been reported of cultured pancreas islet cells stained 

withh GSI-B4 (30). Heald etal. suggested that GSI-B4 staining of cultured islet cells was due to non-

specificc staining or resulted from collagenase-induced damage. However, detection of ggta-1 mRNA 

andd cxGal-T enzyme activity in isolated and cultured hepatocytes in combination with the immuno-

cytofluorescencee showing staining with affinity-purified human IgG anti-Gala(1-3)Gal antibodies 

stronglyy support the specific expression of Gala(1-3)Gal in the porcine hepatocytes. 

Ourr results of liver tissue staining for Gala(1-3)Gal, showing only Gala(1-3)Gal expression on non-

parenchymall cells, are in accordance with data from Oriol et al. (15) and Hayashi et al. (14). In 

contrast,, McKenzie ef al. (17) showed strong uniform cytoplasm staining of the majority of porcine 

hepatocytess in whole liver using GSI-B4 on formalin fixed as well ass cryostat fixed tissue. This discrepancy 

inn results is probably not due to a difference in fixation of the cells, since McKenzie obtained similar 

resultss with cryostat fixed tissue, and we found that formalin fixation did not interfere with GSI-B4 

stainingg of isolated porcine hepatocytes. Possibly, a staining artifact has occurred, which explanation 

iss supported by the observation that the cytoplasm was stained instead of the cell membrane. 

AA depletion of anti-Galct(1-3)Gal IgG and IgM in the plasma of patients during AMC-BAL treatment t 

confirmss that cells cultured in de AMC-BAL express Gala(1-3)Gal which absorbs anti-Gala(1-3)Gal 

NXAB.. These cells may be the hepatocytes expressing low levels of Gala(1-3)Gal and/or the non-

parenchymall liver cells comprising less than 2% of the total cell isolate, but expressing Gakx(1-3)Gal 

att a much higher level. The practical consequence of the finding that isolated porcine hepatocytes 

expresss Galct(1-3)Gal, in spite of low expression, might be the occurrence of a HAR-like immune 

reactionn against the hepatocytes in BAL systems after connection to an ALF patient. Cytotoxic 

effectss could lead to the destruction of the porcine hepatocytes and, therefore, reduce the therapeutic 

functionn of BAL systems. Furthermore, complement activation during BAL treatment may lead to 

thee generation of fluid phase complement activation products, such as C3a and C5a, which may 

potentiallyy lead to pro-inflammatory effects in the patient. 

Humann preformed anti-Gakx(1-3)Gal IgG and IgM are known to have strong dose-dependent cytotoxic 

effectss on PK-15 cells and on pig aortic endothelial cells in culture in the presence of human or 

rabbitt serum as a complement source (27, 30). In this respect, IgM antibodies are far more potent 

thann IgG antibodies in inducing complement-dependent cytotoxicity (27). 

Thee effects of anti-Gala(1-3)Gal antibodies on isolated and cultured porcine hepatocytes have not 

beenn studied in detail. A small proportion (2-5%) of sera of healthy controls induces complement-

dependentt and high-level cytotoxicity to cultured porcine hepatocytes and this may be associated 

withh a high IgM binding (31,32). The majority of human sera induce no or a very low level of 

cytotoxicityy to cultured porcine hepatocytes. Probably this will be similar for sera of ALF patients, 

sincee Fujioka ef al. showed no significant difference in survival of hepatocytes loaded in a BAL 

systemm after a 12 hour perfusion with either plasma of ALF patients or healthy plasma, in spite of 
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lowerr complement levels in ALF plasma (33). In addition, Fujioka etal. showed less cytotoxicity and 

NXA88 IgM binding to porcine hepatocytes compared to porcine endothelial cells. They concluded 

thatt porcine hepatocytes are less vulnerable to NXAB cytotoxicity than porcine endothelial cells and 

thatt porcine vascular endothelial cells express xenoantigens that are unique and not found on 

hepatocytess (34). Further indirect evidence in favor of hepatocyte survival in BAL systems is their 

continuouss detoxification capacity during treatment of ALF patients (2,3,35). 

Wee have shown that isolated and cultured porcine hepatocytes do express Gaa(1-3)Gal but at a 

significantlyy lower concentration than PK-15 cells. This Gala(1-3)Gal is able to bind too human IgG 

andd IgM from ALF patients treated with the BAL. Whether this leads to a complement mediated 

cytotoxicc response and loss of function of a BAL system based on porcine cells needs to be further 

investigated. . 
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