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Chapterr 8 

Abstrac t t 
Recentlyy a bioartificial liver (BAL) system has been developed at the Academic Medical Center 

(AMC)) of Amsterdam to bridge patients with acute liver failure (ALF) to orthotopic liver transplantation 

(OLT).. After successful testing of the AMC-BAL in rodents and pigs with ALF, a phase I study in ALF 

patientss waiting for (OLT) has been started in Italy. We present the safety outcome of the first 12 

patientss aged 18-56 years with coma grade III or IV. The total AMC-BAL treatment time ranged 

fromm 4 to 35 hours. Three patients received 2 treatments with two different BALs within three days. 

Elevenn of the twelve patients were successfully bridged to OLT. One patient showed improved liver 

functionn after two treatments and did not need OLT. No severe adverse events of the BAL treatment 

weree noted. 

Conclusion:: Treatment of ALF patients with the AMC-BAL is a safe and feasible technique to bridge 

thee waiting time for an adequate liver-graft. 
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Introductio n n 
Mortalityy of acute liver failure (ALF) is high despite maximal supportive intensive care treatment (60-

90%)) depending on the state and cause of liver disease. ALF caused by acute HBV infection has a 

survivall of 12-23% in Western Europe (1). ALF can result in death in a few days following the onset of 

liverr failure. The best treatment for ALF is orthotopic liver transplantation (OLT). At present, emergency 

(OLT)) has a one-year survival from 60 to 90%, depending on the cause of ALF and selection criteria for 

OLTT (1-4). Adam ef a/. (5) showed an overall 1-year survival in 22089 liver transplanted patients of 

76%% since 1988. For ALF patients the 1-year survival in 2314 patients was 61 %. However due to the 

shortagee of donor livers, patients with ALF die while on the OLT-waiting list. In 2001 in the USA about 

20000 patients with all types of fulminant liver failure died waiting for OLT (6). In the Eurotransplant 

zone,, Austria, Belgium, Germany, Luxemburg, Slovenia and The Netherlands, the overall OLT waiting 

listt has increased from 493 patients in 1998, 589 in 1999 to 803 in 2000. The numbers of patients 

undergoingg liver transplantation was stable during this period: 1071, 1136 and 1169 patients in 

1998,, 1999 and 2000, respectively (7). Despite adjustments to donor legislation in The Netherlands, 

thee number of available donor livers decreased over the last 3 years. 

Bioartificiall liver (BAL) support may improve survival by bridging the period either needed for finding 

aa suitable donor liver or by allowing the patient's own liver to regenerate. Additionally, it has been 

proposedd that ALF patients treated with a BAL system are in a better clinical condition, which might 

positivelyy influence the outcome of OLT. 

Att present a few bioartificial liver systems are being tested in ALF patients using either porcine (8-

13),, (Gerlach, Morsiani, personal communication) or human hepatocytes (Gerlach, personal 

communication),, or human hepatoblastoma cell lines (14-17). We have devised a new bioartificial 

liverr (BAL) system at the Academic Medical Center (AMC) of Amsterdam (18), which is based on 

primaryy porcine hepatocytes. This AMC-BAL has been extensively tested in rodents and pigs with ALF. 

Thesee experiments showed besides improvement of biochemical parameters a prolonged survival 

comparedd to control groups without BAL treatment (19-21). No major side effects were seen. These 

dataa encouraged us to start a safety and feasibility study in humans with ALF, waiting for OLT. 

Inn this phase I study, we particularly focused on those safety aspects pertaining to the clinical 

applicationn of porcine cells in the AMC-BAL. At present, BAL systems loaded with porcine hepatocytes 

aree judged by the FDA and other national health institutions as xenotransplantation, although a 

BALL system is a temporary extracorporeal plasma treatment with no direct contact between the 

porcinee hepatocytes and recipient blood cells. Of special concern are porcine endogenous retroviruses 

(PERV),, because these viruses are present in large copy numbers in the porcine genome and can be 

transmittedd in vitro from porcine cells to human cells and in vivo to murine cells (22,23). There is a 

theoreticall possibility that these viruses can be introduced by the BAL procedure into the patient's 

circulation.. However, at the present time, no transmission of PERV has occurred in a clinical setting 

(24).. This phase I study also investigated PERV in AMC-BAL treated patients. To limit the risk of 

119 9 



Chapterr 8 

transmissionn of other putative zoonotic pathogens, primary hepatocytes were isolated from Specified 

Pathogenn Free (SPF) pigs (Istituto Zooprofilacttico Sperimentale della Lombardia e dell'Emilia-

Romagna,, Brescia, Italy) under strictly sterile conditions. Since xenogenic cells have the potential to 

inducee immunological reactions in the patient (25-28), it was decided that the BAL treatments 

wouldd not exceed a period greater than 5-6 days. Conversely, the human plasma might be detrimental 

too the porcine hepatocytes. Takahashi er al. (29) and Hasegawa et al. (30) showed that 5 to 10 % 

off the Japanese population has cytotoxic plasma against porcine hepatocytes. Therefore, prior to 

beingg connected to the AMC-BAL, ALF patients were tested for these antibodies in order to protect 

thee porcine hepatocytes inside the BAL system. 

Heree we report the feasibility and safety of the procedure in the first twelve ALF patients treated 

withh the AMC-BAL. 

Materia ll  and Method s 
Plasmapheresi ss  and BAL-modul e 
Thee AMC-BAL system (Fig. 1.) consists of an extra-corporeal bioreactor. The bioreactor placed in the 

BAL-modulee (RanD, Cavezzo, Italy) is connected in parallel to a plasmapheresis apparatus based on 

plasmaa filtration (Diapact CRRT, B/Braun, Germany). The BAL device consists of a plasma pump 

withh a flow modulator, plasma heater and a pressure monitor. Patient plasma flows through the 

bioreactorr into direct contact with the hepatocytes, which are attached to a non-woven polyester 

matrixx (Fibra Cell, Bibbi Sterilin Ltd, Stone, Staffordshire, Great Britain). The hepatocytes in the 

bioreactorr are closely surrounded by oxygen permeable capillaries, which run longitudinally through 

AMC-bioartificiall liver 

Patient t 
Pump p 

-e--
500 ml/min ^ 

Plasmapheresis s 
system m 

Bioreactor r 

Plasmapheresi ss  syste m AMC-bioreacto r 

Fig.. 1. Schematic drawing of the AMC-bioartificial liver system during patient treatment 
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thee bioreactor, resulting in enhanced oxygen supply at the site of the hepatocytes (18) (Fig. 2.). 

Hepatocytess were oxygenated with carbogen gas (95% 02 , 5% C02) at a gas flow of 100 ml/min 

throughh the bioreactor oxygen capillaries. Patient plasma was heated before entering the bioreactor 

maintainingg an internal bioreactor temperature of . A leukocyte (Braun Carex, Mirandola Italy) 

filterr was attached to the bioreactor outflow tubing. Furthermore a hollow fiber (Hemaplex BT 900, 

0.11 m2, Dideco, Mirandola, Italy) cell barrier filter was placed in the plasma return line to prevent 

non-attachedd porcine hepatocytes or large cell fragments (> 0.4 u.m) from entering the patient. 

Hepatocyt ee sourc e and bioreacto r preparatio n 
Hepatocytess were isolated from porcine livers harvested from female SPF pigs weighing 10-12 kg. 

Pigss were transported in sterile cages to the Veterinary Department, University of Bologna, Italy, 

wheree hepatectomy was performed in an overflow pressured operating room under sterile surgical 

conditions.. After hepatectomy, the liver was flushed with 2000 ml Ringer glucose solution (Bieffe 

Medital,, Grosotto, Italy) containing 10 U/ml heparin (Eparina vaster, Parke-Davis, Milano, Italy) to 

Fig.. 2. AMC-BAL bioreactor. (A) bioreactor; (B) cross section of the bioreactor with A = polysulfon housing, B = 
non-wovenn polyester matrix, C = hollow fiber oxygen capillary, D = = extra capillary space through which plasma 
flows;; (C) electron microscopy photograph of the polyester matrix fiber to which porcine hepatocytes are attached. 
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washh out the blood cells. The SPF pig livers were transported in Celsior (Imtix-Sangstat, Milano, 

Italy)) on ice to the Center of Biotechnology of the Cardarelli Hospital, Naples. Hepatocytes were 

isolatedd using a two step modified collagenase isolation procedure31. Briefly, the liver was first 

perfusedd with a calcium free medium followed by a recirculating perfusion medium containing 

collagenasee (Collagenase P, Roche, Mannheim, Germany) at . After isolation, the cells were 

suspendedd in culture medium based on Williams' Medium E (modified) (Bio-Whittaker, Verviers, 

Belgium)) supplemented with fetal bovine serum (10% v/v, Bio-Whittaker, Verviers, Belgium), insulin 

(11 U/l, Actrapid, Novo Nordrisk, Roma, Italy), pen/strep/fungizone suspension (Bio-Whittaker, 

Verviers,, Belgium). The cells were washed with culture medium by centrifugation at 50xg. If the 

trypann blue exclusion test showed a viability > 80%, the bioreactors weree loaded with a minimum of 

7x1099 freshly isolated hepatocytes. In case of a second AMC-BAL treatment the bioreactor was 

filledd with hepatocytes retrieved from a Celsior preserved liver with a maximum preservation time of 

466 hours. Hepatocyte isolation was performed under antibiotic control using penicillin, streptomycin, 

fungizonee and sterile surgical handling. Hepatocyte isolation and loading of the bioreactor was 

performedd in a laminar flow cabinet. 

Afterr a hepatocyte attachment period of 3 hours, the bioreactors were flushed with culture medium 

too wash out non-viable and unattached cells. Then the bioreactors were perfused in an in vitro 

recirculationn system with 2000 ml culture medium. Before the bioreactors were sent to the patient, 

thee hepatocytes in the bioreactors underwent a function and a pathogen control test. The function 

testt was performed by adding 5 mM NH4CI to the culture medium. At 0, 30, 60 and 90 minutes 

afterr NH4CI administration, samples were taken. The samples were analyzed for urea production 

usingg the urea nitrogen test of Sigma Co. (procedure 535, Sigma, St. Louis Mo, USA). 

Sterilit yy  and pathoge n contro l of the BAL syste m 
Priorr to patient treatment, BAL culture medium was tested for bacterial, fungal and mycoplasma 

contaminationn by classic bacterial culture. In addition, mycoplasma and bacterial contamination 

weree analyzed by means of 16S ribosomal RNA amplification using PCR. For PCR, DNA was isolated 

fromm 200 ml of culture medium by using the QIAamp DNA Blood Mini Kit (Qiagen). Subsequently 

311 ml of sample was used as template in a 40 ml PCR reaction containing 1 mM of each primer, 

0.2mMM of each dNTP (Pharmacia) and 1 unit Taq polymerase (Gibco-BRL). The primer pairs used for 

detectionn of mycoplasma and a broad range of bacteria were GP03/MGSO and p155FPL/p13B, 

respectivelyy (32,33). Positive controls for mycoplasma and bacterial PCR included a mycoplasma 

positivee culture medium and DNA from Helicobacter pylori and Streptococcus sanguis. The negative 

controlss contained sterile water with no DNA. The profile for mycoplasma and bacterial PCR was: 

,, 30 s; , 30 s; , 2 min, for 35 cycles and , 30 s; , 30 s; , 2 min, for 31 

cycles,, respectively. From the bacterial PCR 10 ml samples were taken after 25 and 28 cycles. These 

reactionn products were analyzed simultaneously with 10 ml of the final PCR reaction products by 
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agarosee gel electrophoresis on a 2% agarose gel. Positive PCR products of the mycoplasma and 

bacteriall PCR encompass 900 and 280 bp, respectively. The bacterial PCR is only applicable if the 

2800 bp PCR product is undetectable in the negative control. This PCR product is eventually, after 31 

PCRR cycles, obtained due to bacterial DNA contamination of Taq polymerase. 

PCRR {sensitivity 0,035-3,5 particles/ml) data were available within 4 hours of sampling. A classical 

bacteriall culture was performed as backup. Reliable bacterial culture results were available earliest 

afterr 24 hours with a lower sensitivity compared to PCR (not shown). An advantage of bacterial 

culturee is that the specific pathogen type and its antibiotic sensitivity can be obtained. Positive PCR 

assayy excludes the bioreactor for patient treatment. 

Determinatio nn of cytotoxicit y of patient' s plasm a (immunofluorescenc e assay) 
Cryo-sectionss of porcine liver (6u.m) were incubated with patient plasma for 30 minutes. After 3 

washingg cycles with phosphate buffered saline (PBS), a goat anti-human FITC labeled antibody 

(productt # 2003, Zeus Scientific) was incubated with the liver tissue for 30 minutes. Human plasma 

iss regarded as being cytotoxic when FITC coloring is scored as abundant with a fluorescence 

microscope. . 

Transpor tt  of the bioreacto r 
Afterr sterile conditions were confirmed, the bioreactors were transported on a Celsior preservation 

solutionn at C from the laboratory to the patient. Maximum bioreactor Celsior preservation time 

wass 6 hours. At the hospital, the bioreactor was connected to the BAL module and oxygen supply 

too the bioreactor was restored. Subsequently, the Celsior was washed out of the bioreactor using 4 

literss of hemofiltration solution (Sifra, Siena, Italy) . 

AMC-BALL connectio n to the patien t 
Thee plasmapheresis system was connected to the patient's circulation by a double-lumen femoral 

veinn catheter. If needed, heparin infusion was performed to maintain anti-coagulation at an APTT 

betweenn 50 and 90 sec. After stable plasmapheresis for 30 minutes the BAL module with the 

bioreactorr was attached to the plasmapheresis system (Fig. 1.). 

Patien tt  monitorin g 
Patientss were treated and monitored at the intensive care unit (ICU) during and shortly after BAL 

treatment.. By means off a Swan Ganz catheter, arterial line, ECG, oxygen saturation, urine catheter 

andd blood analysis, patient hemodynamics, temperature, neurologic and general physical state and 

bloodd parameters were assessed for possible side effects. After discharge from the ICU, patients 

underwentt daily evaluation during hospitalization. After hospital discharge, patients were seen on 

aa regular basis by their physician and were assessed for delayed side effects. 
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Patien tt  populatio n 
Inclusionn criteria: 
Includedd were ALF patients of 18 years or older with an indication for OLT following the Clichy 

criteriaa (34) or Kings College criteria (35). ALF is defined as the presence of hepatic encephalopathy 

(HE)) within 12 weeks after the commencement of jaundice. Therefore ALF is the umbrella term for 

thee hyperacute form (HE within 8 days), the acute form (HE within 8-28 days) and the sub-acute 

formm (HE within 4-12 weeks) (36). Patients must be placed on the high urgency OLT waiting list. A 

writtenn informed consent form must be signed by the patient's legal representative. 

Exclusionn criteria: 
Patientss with major bacterial infection, septic shock, contra-indications for plasmapheresis, like severe 

hypotensionn and/or severe thrombocytopenia (< 15.000 / mm3), patient serum cytotoxicity against 

porcinee hepatocytes (by immunofluorescence assay), positive for HIV, recent I.V. drug abuse (within 

11 year) and advanced malignancy. 

Alll procedures were in accordance with the ethical standards of the institutional committee on 

humann experimentation and with the Declaration of Helsinki of 1975. Patients were treated by a 

multidisciplinaryy Liver Support team at the Intensive Care Unit. 

PERVV analysi s 
Plasmaa and peripheral blood mononuclear cells (PBMC) were collected from the patients before 

andd after BAL treatment at determined time points and subsequently tested for PERV DNA and 

PERVV RNA using PCR and RT-PCR. The PCRs were performed with PERV protease specific primers 

(22).. The PCR products were direct-labeled with digoxigenin, and detected by hybridization-based 

Tablee 1: Characteristics of patients treated with the AMC-BAL. 

Patientt  sex age (years) cause of ALF onset ALF (days) COMA 
befor ee treatmen t 

male e 
male e 

female e 
female e 
female e 
female e 
female e 
male e 
male e 

female e 
female e 
male e 

56 6 
23 3 
35 5 
55 5 
22 2 
25 5 
26 6 
27 7 
29 9 
34 4 
47 7 
20 0 

HBV V 
HBV V 
HBV V 

7 7 

AFLP P 
? ? 

HAV V 
? ? 

HBV V 
M.. Wilson 

Intoxication n 
HBV V 

2 2 
2 2 
5 5 
9 9 
11 1 
7 7 
5 5 
3 3 
2 2 
7 7 
2 2 
2 2 

HI/IV V 
IV V 

HI/IV V 
III I 
III I 

lll/IV V 
IV V 
IV V 
IV V 
III I 
IV V 
III I 

Abbreviations:: HBV: acute hepatitis B infection; HAV: acute hepatitis A infection; AFLP: acute fatty liver of pregnancy; 
?? : no cause of ALF found. 
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Tablee 2: Characteristics of the AMC-BAL treatment. 

Patien tt  no of BAL tota l BAL treatmen t side effect s OLT Surviva l 
treatment ss tim e (hours ) perio d (days ) 

1 1 

2 2 
3 3 
4 4 
5 5 

6 6 
7 7 
8 8 
9 9 

10 0 
11 1 
12 2 

1 1 
1 1 
2 2 
2 2 
1 1 
1 1 
2 2 
1 1 
1 1 
1 1 
1 1 
2 2 

8 8 
8,5 5 
35 5 
25 5 
13 3 
18 8 
24 4 
24 4 
12 2 
23 3 
4 4 
31 1 

1 1 
1 1 
2 2 
3 3 
1 1 
1 1 
2 2 
1 1 
1 1 
1 1 
1 1 
2 2 

no o 
yes s 
yes s 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 

yes s 
yes s 
yes s 
no o 
yes s 
yes s 
yes s 
yes s 
yes s 
yes s 
yes s 
yes s 

11 day post OLT 
yes s 
yes s 
yes s 
yes s 

144 days post OLT 
yes s 

22 days post OLT 
yes s 
yes s 
yes s 

122 days post OLT 

micro-titerr plates (Roche Diagnostics, Mannheim, Germany) with a specific 23 nucleotides biotinylated 

capturee probe encompassing nucleotides 811 to 833 from the protease and reverse transcriptase 

genee region D porcine endogenous C type virus (PERV PK) (22). 

Result s s 
Thee bioreactors were loaded with an average of 11.9x109 viable hepatocytes (range 7.0x109 - 15.0x109). 

Thee trypan blue viability of the hepatocytes ranged from 80% to 94%, average 84%. The bioreactors 

weree tested for urea synthesis function prior to patient treatment. The urea synthesis capacity of 

thee bioreactors prior to patient treatment ranged from 8.3 to 32.0 mmol/hour/109 cells, average 

16.88 mmol/hour/109 loaded cells. 

Alll bioreactors prepared for use in this phase I trial were tested negative for bacterial, mycoplasma 

andd fungus contamination. All patients were tested negative for cytotoxicity against porcine liver 

cellss by the immunofluorescence assay. 

Twelvee patients aged 20-56 years were included in this phase I clinical trial, (Table 1). Nine patients 

weree included from the Cardarelli Hospital, Naples Italy, (patients n  1, 2, 3, 5, 7, 9, 10, 11 and 12) 

andd three patients were included from the St. Eugenio University Hospital, Rome, Italy (patients n

4,, 6 and 8). The patient group consisted of seven females and five males. Five patients had an acute 

hepatitiss B virus infection (HBV), one patient had acute hepatitis A virus infection (HAV), one patient 

Tablee 3: Plasma ratios of total bilirubin and ammonia pre and post BAL treatment. 

patientt number 
totall bilirubin 
ammonia a 

HepatAssis tt  (45) 

7 7 
N.D. . 
0,67 7 

HepatAssis tt  (39) 

10 0 
0,71 1 
0,77 7 

BLSS(13 ) ) 

4 4 
0,94 4 
0,67 7 

AMC-BA L L 

12 2 
0,65 5 
0,56 6 

Meann post/pre BAL treatment ratio (PPTR), total bilirubin and ammonia plasma concentration. N.D. = not determined 
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hadd acute fatty liver of pregnancy (AFLP), one patient had Morbus Wilson and one patient had 

mushroomm intoxication as cause of ALF. From three patients no definitive diagnosis was obtained. 

Thee AFLP and HAV patients were both pregnant and lost their fetus during ALF prior to BAL 

treatment.. The period between onset of liver disease and AMC-BAL treatment stretched from 2 

untill 11 days. Ten patients were classified as hyperacute ALF and two patients as acute ALF according 

too Riordan et al. (36). All patients had a grade III or IV coma (37) with a Glasgow Coma Scale (GCS) 

rangingg from 5 to 8. 

Thee patients were placed on the high urgency OLT waiting list and received BAL treatment ranging 

fromm 4 until 35 hours. Four patients received two BAL treatments; patients n  3, 7 and 12 received 

bothh treatments within two days and patient n  4 received the two treatments in a three day time 

spann (Table 2). 

Thee body temperature of all patients was maintained above . Therefore, no hypothermia of 

thee patient was performed (38). Eleven of the twelve patients were successfully bridged to OLT. 

Onee patient (n  4) did not need OLT after two BAL treatments. Patient health status improved to 

suchh extent during the BAL treatments that it was decided not to transplant this patient. 

Alll patients showed improved neurological state, improved diuresis in case of diminished diuresis 

andd stabilization of hemodynamics during and shortly after AMC-BAL treatment. The mean total 

bilirubinn concentration of the twelve patients before the AMC-BAL treatment of 260 u.mol/1, range 

622 to 524 nmol/l (normal value < 17 u.mol/1) decreased with 35% after the BAL treatment with a 

rangee of -10% to 62%. The mean ammonia concentration before treatment of 138 UJTIOI/I, range 

577 to 303 jj.mol/1 (normal value < 40 u,mol/l) decreased with 44% after AMC-BAL treatment with a 

rangee of 9 to 67%. 

Inn this study, the only side effect observed was transitory hypotension within 15 minutes after 

commencingg BAL treatment in two patients, patient n  2 and 3. This hypotension was easily corrected 

byy fluid addition and temporarily administration of dopamine. This transitory hypotension did not 

occurr during the second BAL treatment in patient n  3. No ongoing adverse events were observed 

inn either patient. 

Patientss n  1 and 8 died soon after OLT due to primary graft nonfunction of a marginal donor liver. 

Patientt n  6 died 14 days after OLT due to severe bowel infarction and patient n  12 died 12 days 

afterr OLT due to multi-organ failure. All four deaths were not related to BAL treatment. The other 

88 patients are alive and in good physical condition. No long-term side effects or symptoms or 

indicationss for zoonosis were seen in these patients during follow up of 4 to 30 months. 

Att present, PERV was tested in all twelve patients in a time span between 1 day and two years after 

BALL treatment. No PERV RNA and DNA were detected in plasma and peripheral blood monocytes. 

Seee for more detail chapter 9 of this thesis. 
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Discussio n n 
Inn this phase I study our primary goal was to show the safety of the AMC-BAL system in human 

application.. The presented data clearly demonstrated the feasibility and safety of the AMC-BAL 

treatmentt procedure. Both, plasmapheresis and plasma perfusion of the AMC-BAL were well tolerated. 

Onlyy in two patients transitory hypotension was noted with resolution on volume suppletion and 

temporaryy dopamin administration. Mazariegos etal. (13) and Samuel etal. (39) reported similar 

periodss of hypotension in patients during BAL treatment. Mazariegos etal. suggest volume loading 

off the patient before BAL treatment. However, one should keep in mind that fluid administration to 

ann ALF patient with grade III or IV coma, may lead to increased intracranial pressure. This transitory 

hypotension,, which occurred in two out of twelve patients, may have been caused by pre-existing 

hypovolemiaa or by bradykinin release as a reaction to the extracorporeal circulation. It is reported, 

thatt in some patients, bradykinin is released after blood contact with artificial membranes or plasma 

filters.. Bradykinin release causes a drop in mean arterial pressure within 10 minutes after start of 

continuouss renal replacement therapy (40). Except for this easily correctable hypotension period in 

twoo different patients, no other serious adverse events were noticed. 

Inn addition no xenotransplantation related problems have been encountered. No infectious or 

zoonosiss complications were detected as a result of the strict sterile procedures during liver cell 

isolationn from 5PF pigs and preparation of the BAL. The issue of zoonosis is of special interest in the 

AMC-BALL as opposed to membrane based BAL systems, because of the direct contact between 

porcinee liver cells and patient plasma. The tests of the bioreactors for possible infection by mycoplasma 

andd a broad range of bacteria were all negative. In addition to normal bacterial culture, a bacterial 

andd mycoplasma PCR was performed of the culture medium that was perfused through the bioreactor 

beforee use in the patient. This PCR assay gives fast and reliable results, within 4 hours of sampling, 

andd is more sensitive compared to a 24 hour bacterial culture (data not shown). 

Attentionn has been drawn to the fact that one of the major limitations to use xenogeneic liver cells 

inn BAL systems might be the host immunological response against the donor liver cells (26,41). The 

permeablee membrane associated with most BAL systems, like HepatAssist (8-12), BELS (42,43) and 

BLSSS (13) isolates the hepatocytes to a certain degree from the immune system of the recipient. 

However,, some injury to the xenogeneic cells may still occur as a result of humoral immunity. 

Cellularr immune reactions to the porcine hepatocytes are prevented by plasmapheresis and by the 

bioreactorr membrane in the blood perfused BLSS system. Anaphylatoxins and immunoglobulins 

mightt well pass toward the hepatocytes and alter their function. Screening of patient's plasma for 

xenoantibodiess against porcine liver cells might be useful to prevent early damage of the 

biocomponentt of the AMC-BAL. All twelve patients tested negative for cytotoxic plasma against 

porcinee liver cells by a recently developed antibody immunofluorescence assay. A negative cytotoxicity 

testt makes complex additives to the BAL system such as "on-line immunoglobulin-binding filters", 

ass suggested by Neuzil ef a/. (44), unnecessary. 
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Restrictionn of repeated BAL treatments to a maximum of 3 days prevented immunological problems 

suchh as anaphylaxis and serum sickness to pig proteins or antigens. Such immunological problems 

willl not be expected if treatments with porcine based artificial liver systems do not exceed 5 to 6 

dayss (24,26,45). For extension of the BAL treatment periods, human (immortalized) hepatocytes 

withh sufficient liver specific functions are needed (46). The available cell lines like HepG2 and C3a 

celll lines already used in BAL systems (14-17) are dedifferentiated and far less effective when 

comparedd to primary hepatocytes (47). Development of immortalized human hepatocyte cell lines 

orr future stem cell technology might offer better prospects (46). 

Thee eight surviving patients are in good clinical condition and have been followed for potential 

PERVV transfection. Mazariegos ef at. (13) stated that PERV particles are much too massive to pass 

acrosss the BLS5 bioreactor membrane with a nominal cut-off of 100 kDa. However, no spiking 

experimentss with bioreactor membranes and PERV have been reported so far. Nyberg ef. al. (48) 

showedd PERV transmission through 200 nm, 70 and 440 kDa membranes by detecting PERV in 

culturee medium in the compartment separated from porcine PK-15 cells. This indicates that bioreactor 

membraness used in BAL systems do not prevent PERV transmission to the patient's plasma. Membrane 

basedd BAL systems, HepatAssist (49) and BLSS (13), as well as our own system did not show PERV 

infectionn in ALF patients pre and post OLT. This result is in agreement with the findings of Paradis 

etet al. (50) who demonstrated no PERV infection in 160 patients who had been treated with various 

livingg pig tissues, including BAL treated patients. Probably direct contact between porcine and 

humann cells is needed to cause PERV infection (22). 

Inn this study, patients with grade III and IV coma, waiting for OLT, have been successfully bridged 

too transplantation or liver regeneration during a waiting period of several days. 

Observationn of vital parameters and parameters of liver function showed improved hemodynamics, 

diuresiss (in case of diminished diuresis) and neurological state. In all patients the GCS improved. In 

onee patient improvement in neurologic state was associated with decreased triphasic waves in the 

electroencephalogramm (EEG) (not shown). In addition, bilirubin plasma concentration decreased 

duringg AMC-BAL treatment in all patients but one, ranging from -10% to 62% for total bilirubin 

withh a mean post/pre treatment ratio (PPTR) of 0.65. Ammonia plasma concentration decreased in 

alll patients with a range of 9% to 67% with a PPTR of 0.56. In comparison to other published BAL 

systems,, the AMC-BAL showed the strongest ammonia and total bilirubin elimination (Table 3). 

Obviously,, a controlled clinical study will be the next step in order to demonstrate the life supporting 

capabilityy of the AMC-BAL. 
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