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Abstract

Purpose Bioartificial liver assist devices (BLADs) are

expected to bridge liver failure patients to liver transplan-

tation, but porcine endogenous retroviruses (PERVs) still

pose a potential risk in pig-to-human xenotransplantation

and thereby limit the use of bioartificial liver therapy. In

our lab, fluidized-bed BLADs based on microencapsulated

primary porcine hepatocytes have been successfully used

to treat liver failure pigs. We detected the risk of PERVs

transmission of microencapsulated primary porcine hepa-

tocytes—the key component of fluidized-bed BLADs, to

evaluate the biosafety of this device for further clinical

applications.

Methods Microencapsulated primary porcine hepatocytes

(cell diameter = 300 lm) were cultured in Dulbecco’s

modified Eagles medium (DMEM). Microencapsulated cell

culture supernatants were collected at 6, 12, 24 and 72 h.

HEK-293 were cocultured with these supernatants, and the

cocultured cells were harvested every 7 days. RT-PCR was

used to detect PERVs transmission. RT-qPCR was used to

get the number of virus copies. PK-15 was used as the

positive control whereas HepG2 was used as the negative

control.

Results PERV was detected in all supernatants, and the

viral load of the supernatants increased with time. More-

over, cocultured 293 cells were positive for PERV-specific

sequences.

Conclusion The kind of fluidized-bed BLADs based on

microencapsulated primary porcine hepatocytes have risk

of PERVs transmission. Further extensive pre-clinical

study focused on biosafety is warranted.

Keywords Microencapsulated primary porcine

hepatocytes � Bioartificial liver assist devices � Porcine

endogenous retroviruses � RT-PCR � RT-qPCR

Introduction

Bioartificial liver support system devices have been suc-

cessfully used to treat the liver failure patients [1–3]. The

most widely used types were hollow fiber reactors, which

have been shown to have great effect on liver failure patients

[4–7]. While the hollow fiber bioreactors may excel in mass

transfer conditions, they fall short in keeping hepatocytes

attachment and ensuring exchange efficiency. The fluidized-

bed bioreactor based on microencapsulated primary porcine

hepatocytes, however, provides both immunoprotection

and a high surface area that facilitates maximal material

transport. Microencapsulated hepatocytes have been suc-

cessfully used in cell transplantation and bioartificial liver

support system for liver function replacement [8–11].

Fluidized-bed bioreactor has been shown to have a signifi-

cant effect on preventing the increase of serum ammonia and

intracranial pressure in the acute liver failure model of pig

[12–17]. In our lab, fluidized-bed BLADs (Fig. 1, CN patent

200710070279.0) based on microencapsulated primary por-

cine hepatocytes have also been used to treat the liver failure

pigs, and the results were encouraged (data not shown).

However, with the use of porcine cells, the risk of PERVs

transmission has to be considered because PERVs are inte-

grated in the pig genome and can infect human cells in vitro
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[18–22]. Currently, it is unclear whether the bioartificial liver

support system may result in PERVs infection [23].

Recently, Fruhauf indicated that PERVs released from a

bioartificial liver system infect primary cultured human cells

[24]. Here, we explore the evidence of PERVs transmission

in microencapsulated primary porcine hepatocytes in an

effort to evaluate the biosafety of the fluidized-bed BLADs

based on microencapsulated primary porcine hepatocytes,

because the clinical use and the biosafety of them have not

been extensively studied.

Materials and methods

Primary cells and cell lines

Primary porcine cells were isolated and encapsulated from

the Chinese experimental mini-pigs using the methods

described by Yu et al. [25]. Two other cell lines PK15

(ATCC-CCL-33) and HEK-293 (ATCC-CRL-1573) were

used. All cells were cultured in Dulbecco’s modified

Eagles medium (DMEM) containing 10% fetal bovine

serum, 100 lg penicillin/ml and 100 lg streptomycin/ml.

For coculture experiments, microencapsulated cell culture

supernatants were collected at 6, 12, 24 and 72 h, and then

filtered through 0.45 lm membrane (Pall, USA) and cen-

trifuged for 10 min at 1,000g to ensure no porcine cells or

porcine cell debris have been transferred to human cell

culture during the infection experiment. HEK-293 cells were

incubated with 2 ml of the treated supernatants; the cocul-

tured cells were harvested on day 7, 14, 21 and 28 for the

isolation of the RNA. PK-15 culture supernatants were used

as the positive control and HepG2 as the negative control.

Porcine endogenous retroviruses-specific RT-PCR

RNA was extracted using the QIAmp viral RNA Mini kit

(Qiagen), which was then reverse transcribed using RT-PCR

kit (Promega). For the PCR assay, the specific primers for the

gap gene: (forward CGGCAAGAGAAGAATTTGACTA

AGATC, reverse CAGTTCCTTGCCCAGTGTCCTCTT)

were used. The standard program of 95�C for 2 min, 30

cycles of 95�C for 55 s, 57�C for 55 s, 72�C for 30 s, and one

cycle of 72�C for 5 min was applied [26].

Detection of virus copies by RT-qPCR

Sixteen samples of gap gene cDNA sequences were

detected by fluorescence quantitative PCR, and one pair of

primers was designed using online Primer 3 software

(http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi),

gagF (CGGCAAGAGAAGAATTTGACTAAGA), gagR

(ACATTGGTCCTTGTCGAGTGG). 16 cDNA samples

and 5 samples of plasmid standardized criteria were carried

out on three duplication of quantitative PCR experiments

using 2X SYBR MASTER MIX(Qiagen) to get the copy

numbers of target gene fragments, according to standard-

ized plasmid concentration gradient.

Results

Porcine endogenous retroviruses expression

The RT-PCR product of the 6, 12, 24, 72 h microencap-

sulated cell culture supernatants was positive for the PERV

gap gene (Fig. 2).

Fig. 1 1 liquid import, 2 liquid export, 3 pre-filled liquid import 4, 6
valve, 5 sampling ports, 7, 8 cell sieve, 9 microencapsulated cells, 10
funnel-type shell, 11 cell filter, 12 Buffer region

Fig. 2 T1, T2, T3, T4, T-1,

T-2, T-3, T-4 : 6, 12, 24, 72 h

microencapsulated primary

porcine hepatocytes and

microencapsulated HepG2

cells’ culture supernatants;

PK:PK-15 cell’ culture

supernatants; M: 2000 bp

Marker
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Infection of HEK-293 cells with porcine endogenous

retroviruses

To investigate the transmission potency of the PERV, the

infected HEK-293 cells by microencapsulated primary

porcine hepatocytes culture supernatants were collected for

extracting RNA and then for RT-PCR. The samples were

found to be positive for PERV gene after 28 days of incu-

bation. While the HEK-293 cells infected by PK15 were also

positive, the HepG2 group was negative (Figs. 3, 4, 5).

Virus copies of the samples

Figures 4 and 5 show the growth trend of viral load of the

microencapsulated cells and naked ones.

Discussion

Cell microencapsulation technology is mainly used in the

field of islet transplantation and bioartificial liver support

systems [27–29]. Due to the usage of porcine cells, the

PERV transmission is always concerned. Although micro-

encapsulation has immunoprotection effect, it remains

unclear whether encapsulation has sufficiently reduced the

risk of PERV transmission [30]. The key component of the

fluidized-bed BLADs based on microencapsulated primary

porcine hepatocytes is the microencapsulated cells, which

perform the synthetic and regulatory functions. In this study,

we demonstrated that in the RT-PCR products from 6, 12, 24

and 72 h microencapsulated porcine hepatocytes culture

supernatants, the PERV-gag gene could be detected. As a

positive control, the PERV-gag gene can also be detected in

the microencapsulated PK-15 cell culture supernatants, and

PERV titers of microencapsulation cells culture supernatant

increased with time. This indicates that during the treatment

of liver failure using the microencapsulated porcine hepa-

tocytes, the PERV virus particles could be released into

the reactor loop line and enter the blood circulation of the

treatment models, bringing the risk of viral infection. The

number of viruses entering the circulation, hence the risk of

transmission increases as the duration of the treatment

extends. Here, we chose 72 h as the experimental endpoint

based on two reasons. First, we integrated the previous

Fig. 3 W1, W2, W3, W4; W-1, W-2, W-3, W-4; C1, C2, C3, C4: 7, 14, 21 and 28 days infected HEK-293 cells by microencapsulated primary

porcine hepatocytes, PK-15 cells, HepG2cells’ culture supernatants; PK: PK-15 cell’ culture supernatants; M: 2000 bp Marker

The PERV-gag copies of per ul sample
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Fig. 4 The PERV-gag gen

copies of primary porcine

hepatocytes and

microencapsulated primary

porcine hepatocytes

supernatants increased with

time, and the viral load of

microencapsulated cells

supernatants are lower than the

naked cells at each time point
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treatment time of all artificial liver support systems,

including experimental and clinical ones. They last from

minimal 4 h (AMC-BAL, Amsterdam) to maximal 168 h

(ELAD, USA), and so we chose the middle time 72 h as the

endpoint. Second, we found that the viral load of the

supernatants increased with time, but after 72 h, the growth

trend is not obvious (data was not shown there), so we think

the 72 h is the ideal endpoint to assess the biosafety of this

kind of device. In addition, we detected PERV-gag gene in

the infected HEK-293 cells by microencapsulated primary

porcine hepatocyte supernatants in samples from the 7, 14,

21, 28 days. This suggests that microencapsulated primary

porcine hepatocytes can infect human cells in vitro, which

means fluidized-bed BLADs based on microencapsulated

primary porcine hepatocytes can result in the PERVs

transmission.

This conclusion is consistent with the majority of the

results from PERV in vitro infection experiments, and may

indicate that there is no difference in the PERV transmis-

sion between the microencapsulated cells and naked cells.

However, whether the microencapsulated porcine cells

could cause the PERV infection in vivo requires further

investigations.

Overall, these experimental results indicate that when

using microencapsulated porcine cell-based fluidized-bed

reactor to treat liver failure patients, there may be a risk of

transmission of porcine retrovirus. Of course, factors such as

the materials, pore size of encapsulation, the number of pig

cells in the encapsulation, the contact time of the plasma and

the microencapsulated cells may all have an impact on the

result. This finding gives us some guides: we need to adjust

the structure and pore size of our microcapsules to avoid the

virus infection, and when we invent a new bioreactor, the

pathogen transmission is still a problem that cannot be

ignored. We therefore suggest that more extensive pre-

clinical studies focused on biosafety to be conducted.
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