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Abstract
AIM: To investigate the influence of chitosan nanofiber 
scaffold on the production and infectivity of porcine 
endogenous retrovirus (PERV) expressed by porcine 
hepatocytes.

METHODS: Freshly isolated porcine hepatocytes were 
cultured with or without chitosan nanofiber scaffold 
(defined as Nano group and Hep group) for 7 d. The 
daily collection of culture medium was used to detect 
reverse transcriptase (RT) activity with RT activity assay 

kits and PERV RNA by reverse transcription-polymerase 
chain reaction (PCR) and real time PCR with the PERV 
specific primers. And Western blotting was performed 
with the lysates of daily retrieved cells to determine the 
PERV protein gag p30. Besides, the in-vitro  infectivity 
of the supernatant was tested by incubating the human 
embryo kidney 293 (HEK293) cells. 

RESULTS: The similar changing trends between two 
groups were observed in real time PCR, RT activity as-
say and Western blotting. Two peaks of PERV expression 
at 10H and Day 2 were found and followed by a regular 
decline. No significant difference was found between two 
groups except the significantly high level of PERV RNA 
at Day 6 and PERV protein at Day 5 in Nano group than 
that in Hep group. And in the in-vitro  infection experi-
ment, no HEK293 cell was infected by the supernatant.

CONCLUSION: Chitosan nanofiber scaffold might pro-
long the PERV secreting time in pig hepatocytes but 
would not obviously influence its productive amount and 
infectivity, so it could be applied in the bioartificial liver 
without the increased risk of the virus transmission.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Although liver transplantation is currently recognized as 
the most effective treatment for acute liver failure and 
end-stage liver diseases, its application has been seriously 
limited because of  the lack of  donor organs[1,2]. Therefore, 
bioartificial liver (BAL) has been proposed as a temporary 
liver support for patients awaiting liver transplantation[3-5].

At present, porcine hepatocytes were still a major cell 
source because of  their adequate resources, accessibility 
and characters similar to human hepatocytes[6-8]. However, 
the clinical application of  BAL based on porcine hepa-
tocytes was not very optimistic[4]. So how to increase the 
in-vitro function of  hepatocytes with a suitable scaffold 
was always an attractive issue and some previous reports 
showed the enhanced function of  procine hepatocytes 
with their scaffold, including the chitosan nanofiber scaf-
fold developed in our institute[9-11].

Nevertheless, as xenogeneic cells, there were some 
problems with porcine hepatocytes. The security of  the 
transmission of  porcine endogenous retrovirus (PERV) 
has been one of  the most essential concerns that can not 
be ignored, since PERV infection of  human cells in vitro 
was widely reported[12]. Therefore, it raised new questions 
that whether the production and infectivity of  PERV 
would be influenced and whether the risk of  PERV in-
fection in BAL would be increased when the function of  
porcine hepatocytes was enhanced with certain scaffolds.

Previously, we had proved the chitosan nanofiber 
scaffold could enhanced hepatocytes adhesion, viability 
and function in vitro[13]. This study was focused on the in-
fluence of  chitosan nanofiber scaffold on PERV expres-
sion and infectivity in pig hepatocytes.

MATERIALS AND METHODS
Animals and reagents
Outbred white pigs with an average weight of  15-20 kg 
received humane care and all animal procedures were per-
formed according to institutional and national guidelines 
and approved by the Animal Care Ethics Committee of  
Nanjing University and Nanjing Drum Tower Hospital. 
All cell culture-related reagents were purchased from 
GIBCO (USA). Lactobionic acid (LA) and chitosan (low 
molecular weight, brookfield viscosity 20 000 cps, 85% 
deacetylation) were purchased from Sigma-Aldrich (Saint 
Louis, USA). N-Hydroxysuccinimide was purchased from 
Thermo-Pierce (Rockford, USA). 1-Ethyl-3-(3-dimethyl 
aminopropyl) carbodiimide and N,N,N0N0-tetramethyle-
thylenediamine were obtained from TCI (Tokyo, Japan). 
Poly(ethylenoxide) (PEO, MWz1_106) was supplied by 
Guoren Chemical Co. (Beijing, China). All other reagents 
were of  analytical reagent grade.

Preparation of chitosan nanofiber scaffold via 
electrospinning
The chitosan nanofiber scaffold was prepared according 
to the previous reference[13]. In brief, Chitosan (Sigma) 

and PEO powders (9:1 w/w) were dissolved in formic 
acid/ethanol (7:3 v/v) to give 2.6% (w/v) at room tem-
perature. The stock solution was then filled into a 5 mL 
glass syringe fitted with a 20 G needle and then expressed 
at 5 mL/h using a syringe pump. The nanofibers were 
collected on 24 mm diam. coverslips located at a fixed 
distance of  10-20 mm from the needle tip. A non-coated 
cover slip was also prepared and tested in the same man-
ner as control.

Hepatocytes isolation, characterization and culture
Primary pig hepatocytes were harvested by a two-step 
in situ collagenase perfusion technique[14,15]. First, the pre-
warmed (37℃) Ca2+ and Mg2+ free Hanks balanced 
salt solution was perfused into the livers of  the anesthe-
tized pigs in vivo via the portal vein at a flow rate of  80- 
100 mL/min for 30-40 min, followed by 0.05% Type IV 
collagenase (37℃) at a rate of  10 mL/min for 40-50 min. 
The released cells were filtered through nylon mesh with 
100-mm openings and washed via three centrifugations 
(50 g). The viability of  the isolated primary hepatocytes 
determined by trypan blue exclusion was more than 95%. 
Nonparenchymal cells, as judged by their size (< 10 mm 
in diameter) and morphology (nonpolygonal or stellate), 
were less than 1%, which was also verified by immunocy-
tochemical analysis of  albumin and cytokeratin 18 (data 
not shown). Freshly isolated hepatocytes were seeded 
at a density of  106 cells/mL in the substratum of  2 mL 
RPMI-1640 without serum and incubated in 6-well mi-
crotiter plates with or without chitosan nanofiber scaffold 
(defined as Nano group and Hep group) at 37℃ and 5% 
CO2. Culture medium was replenished daily without the 
growth medium containing low-glucose Dulbecco’s modi-
fied Eagle’s medium (DMEM-LG) supplemented with 
10% fetal bovine serum (FBS) for 7 consecutive days. The 
daily collection of  culture medium and cells were depos-
ited at -80℃ for later use.

Reverse transcription-polymerase chain reaction
Total RNA was extracted respectively from the cen-
trifuged supernatant with Trizol (Invitrogen, US) and 
then treated with DNase I (Invitrogen, US) according to 
the manufacturer’s instructions. For each sample, 60 ng 
extracted RNA with the value of  OD 260/280 among 
1.60 and 2.00 was reversed transcribed to cDNA using 
the reverse transcriptase (RT) kits (Biouniquer, China) 
in accordance with the instructions. Then polymerase 
chain reaction (PCR) was completed with the protease-
specific primers (forward, 5'-GCTACAACCATTAG-
GAAAACTAAAAG-3'; and reverse, 5'-AACCAG-
GACTGTATATCTTGATCAG-3'), polymerase-specific 
primers (forward, 5'-CTACAACCA TTAGGAAAACTA-
AAAG-3'; and reverse, 5'-AACCAGGACTGTATATCTT-
GATCAG-3'), and porcine glyceraldehyde 3-phosphate 
dehydrogenase-specific primers (forward, 5'-CATCAC-
CATCTTCCAGGAG-3'; and reverse, 5'-TGCCCA-
CAGCCTTGGCAGC-3') and its conditions were as fol-
lows: 50℃ for 30 min and then 95℃ for 5 min followed 
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by 35 cycles of  94℃ for 30 s, 55℃ for 45 s, 72℃ for 30 s, 
and a final extension step of  72℃ for 5 min[16,17]. Ampli-
fied production was detected by 2% agarose gel electro-
phoresis and ethidium bromide (EB) staining. 

PERV-specific real time PCR
Quantitative real time PCR was performed with the ob-
tained cDNA, the Roche SuperScript Ⅲ platinium system, 
the MX3000P thermocycler (Stratagene), and the primers 
specific for PERV protease gene (GenBank accession 
number U77599) (forward, 5'-AGTGCTGCTACAAC-
CATTAGGAAA-3'; and reverse, 5'-AGGGATGAC-
CAGAAACGAGTG-3') and for porcine β-actin gene 
(GenBank accession number DQ845171) (forward, 
5'-ggacttcgagcaggagatgg-3', and reverse, 
5'-aggaaggagggctggaagag-3').The condi-
tions were as follows: 95℃ for 10min followed by 40 
cycles of  95℃ for 15 s, 60℃ for 1 min and a final cycle 
of  95℃ for 1 min, 65℃ for 30 s, 95℃ for 30 s. PERV 
expression was normalized to the amount of  the expres-
sion of  the house-keeping genes β-actin and denoted 
with the relative value of  protease/β-actin. 

Western blotting analysis
The lysates of  the cultured cells harvested every day were 
analysed by sodium dodecyl sulfate-10% polyacrylamide 
gel electrophoresis (SDS-10% PAGE) and Western blot-
ting with polyvinylidene difluoride membranes (Milli-
pore, Eschborn, Germany). The membranes were then 
incubated with a 1:1500 dilution of  mouse anti-FeLV 
p27 IgG antibody (ABcam, San Francisco, US) which 
had been proven cross-reactivity with protein gag p30 of  
PERV[18] overnight at 4℃, followed by a 1:10 000 dilution 
of  goat protein anti-mouse IgG conjugated horseradish 
peroxidase (KeyGEN, Nanjing, China) for 1 h at 37℃. 
Immunoreactive proteins on membranes were detected 
with the enhanced chemiluminescence system and ex-
posured for 15 to 20 s on hyperfilm ECL (Kodak, US) 
Meanwhile, The protein β-actin was detected as controls. 
Software ImageJ was used to measure the lightness of  
each band.

In vitro infection experiments
The in vitro infection experiments were performed ac-
cording to the reference with some modification[19,20]. 
Human embryo kidney 293 (HEK293) cells (as gifts 
from Professor Hua, Nanjing University) were passed 
overnight in 24-well plates and then incubated in the su-
pernatant of  the cell culture (0.5 mL/well) for 6 h in the 
presence of  8 mg/mL of  polybrene after the supernatant 
was centrifuged at a speed of  5000 r/min for 5 min to 
remove the cells and cell debris. Meanwhile, the super-
natant of  porcine kidney 15 (PK15) cells and 0.8 g/mL 
polybrene was inoculated into the culture of  HEK293 
cells as positive control. After 4 h of  exposure at 37℃, 
the incubating medium was removed and the cell mono-
layer was washed with phosphate buffered solution for 
two times. Then the cells were cultured with the DMEM-

HG supplemented with 10% FBS and passed upon con-
fluence for 1 mo before collection. 

DNA extraction and PCR
Total DNA was extracted from the treated HEK293 cells 
with the DNA extracting kits (Axygen, California, US) ac-
cording to their instructions. PCR was completed with the 
human β-actin primers (forward, 5'-GCTCGTCGTCGA-
CAACGGCTC-3'; and reverse, 5'-CAAACATGATCT-
GGGTCATCTTCTC-3'), Sus scrofa cytochrome B 
(SsCytB) primers (forward, 5'-CATTGGAGTAGTCCTAC-
TATTTACCG-3'; and reverse, 5'-GTAGGATTAGTAT-
TATAAATAAGGCTCCT-3'), above mentioned protease-
specific primers and polymerase-specific primers and its 
conditions consisted with the proceeding of  PCR in re-
verse transcription-PCR (RT-PCR). Amplified production 
was detected by 2% agarose gel electrophoresis and EB 
staining.

RT activity assay
The RT activity of  the supernatant from the cultured 
hepatocytes in both group and the treated HEK293, 
was detected by the C-type RT activity kits (Cavidi-Tech, 
Uppsala, Sweden) according to the quantitative and 
qualitative protocols of  the manufacturer’s instructions, 
respectively. The RT activity was examined twice for each 
collected supernatant sample.

Statistics
Both culture conditions of  this study were completed 
in quintuplicate. All values were expressed as mean ± 
SD. The two-tailed unpaired Student’s t-test was used to 
evaluate the statistical significance of  differences which 
was set with a P-value less than 0.05. 

RESULTS
PERV RNA in the supernatants
From the results of  electrophoresis (shown in Figure 1A 
and B, representatively), it could be found that the chang-
ing trend of  the protease sequence and the polymerase 
sequence was accordant. In real time PCR, the relative 
value of  protease/β-actin was defined as the normalized 
amount of  PERV RNA. Two PERV secreting peaks at 
10H and Day 2 was observed, and then the amount of  
PERV RNA declined gradually after Day 2. No PERV 
expression was found after Day 6 in Hep group and Day 
7 in Nano group, respectively (Figure 1C). There were 
significant differences at Day 6 between two groups (0.071 
± 0.0348 vs 0.014 ± 0.0193, P < 0.05). 

Western blotting
Figure 2A demonstrated a representative result in Western 
blotting. In Hep group, positive gag p30 proteins were 
found at 10H and from Day 2 to Day 4, while in Nano 
group positive bands were observed at 10H and from Day 
2 to Day 5. The lightness of  each band was measured by 
the software ImageJ and the amount of  the expressed 
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gag p30 protein was normalized with the relative value of  
gag/β-actin, which was depicted in Figure 2B. Except for 
the significant differences found at Day 5 (0.70 ± 0.0929 
vs 0.11 ± 0.180, P < 0.01), there were no remarkable dif-
ferences between two groups in other days.

Infection of HEK293 cells in vitro
No PERV DNA sequence including protease and poly-
merase genes and SsCytB sequence were found in the 
HEK293 DNA (Figure 3). The DNA extracted from 
PK15 infected HEK293 cells and the pure water was 
used as positive control and negative control, respectively. 
And the RT activity in the culture supernatant of  the 
treated HEK293 cells was all negative. 

RT activity assay
The RT activity in the supernatants from the cultured 
hepatocytes was demonstrated in Figure 4. No significant 
difference was found between two groups in each day. 

And there was no positive RT activity in the supernatant 
of  the HEK293 cells incubated with the supernatant 
from Hep group or from Nano group. 

DISCUSSION
Porcine hepatocytes were still a major cell source for BAL 
at present[6-8]. How to enhance their function was always 
an attractive issue and some progress has been made[9-11]. 
The chitosan nanofiber scaffold fabricated in our previ-
ous study had been proved its superior abilities on cell 
adhesion and biocompatibility, thereby greatly improved 
the functions of  hepatocytes[13]. However, there had been 
a new and un-ignorable issue that whether the porcine 
hepatocytes with improved function would secrete more 
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PERV with enhanced infectivity, which might limit its ap-
plication in BAL. 

PERV was first discovered in 1971 in porcine kidney 
(PK15) cells[21]. In 1997, Patience et al[22] found for the 
first time that PERV released from PK15 could infect 
HEK293 cells in vitro. And then PERV is known to ex-
ist regularly in the porcine genome and various porcine 
cells can excrete PERV particulates[12]. Meanwhile, it was 
found that PERV successfully infected a variety of  human 
cells in vitro, such as endothelial cells, fibroblasts and bone 
marrow stromal cells and so on, and virus replication was 
observed in some of  these cells as well[23-28]. Nyberg et al[19] 
reported that freshly isolated porcine hepatocytes secret-
ed the PERV which didn’t infect HEK293 cells in vitro, 
at the same time, the production of  PERV by cultured 
pig hepatocytes was unaffected by exposure to growth 
factors and cytokines present in human FHF sera. For-
tunately, there was no evidence of  PERV transmission 
into the patients treated with BAL so far[20,29-32]. However, 
a recent article[33] claimed PERV released from a BAL 

infected primary human cells by short-term contact of  
primary porcine liver cell supernatants with primary hu-
man cells, which increased the anxiety about the problem 
of  PERV infection in the application of  BAL. 

In this study, we sought to find the influence of  chito-
san nanofiber scaffold on the production and infectivity 
of  PERV expressed by porcine hepatocytes. PERV RNA, 
RT activity and PERV gag protein was detected for analy-
sis of  PERV production by porcine hepatocytes. At pres-
ent, RT-PCR was the most specific and sensitive method 
for PERV detection[12]. And it had been identified that 
the RT activity was related with the retrovirus particles[34], 
so the result of  low RT activity implied a small number 
of  secreted PERV particles. In addition, in previous 
reports[18,35], sucrose gradient-purified PERV from the 
culture supernatant was used to qualitatively detect the 
protein gag p30 by Western blotting, but the condensed 
PERV was not suitable for hemi-quantitative analysis of  
the protein. Then we considered the supernatant as the 
samples directly and attempted to do all the test again. 
Much to our regret, no positive bands were observed. 
The possible reason may lay on the microamount of  the 
virus. Therefore, the cell lysate was chosen as samples in 
Western blotting and the expressing level of  the protein 
in cell lysate was detected to reflect the level of  virus rep-
lication indirectly.

The results of  real time PCR, RT activity assay and 
Western blotting presented a similar changing trend with 
some minor differences. Positive PERV RNA but no 
gag protein at Day 6 might result from less sensitivity 
of  Western blotting. From these results, it could be seen 
that two peaks of  PERV expression at 10H and Day 2 
were followed by a regular decline in both groups, and 
no obviously increased expression level with chitosan 
nanofiber scaffold was found in first 5 d. The first secret-
ing peak might be regarded as the expression of  fresh 
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isolated hepatocytes with some contents of  the ruptured 
non-adherent cells. In order to reduce the influence of  
the ruptured non-adherent cells, 10H was chosen as the 
first time point for detecting. But the second peak should 
be the real secreting peak and the low PERV level in Day 
1 might be attributed to the short supernatant collecting 
interval between 10H and Day 1. On the other hand, the 
level of  PERV RNA at Day 6 and the amount of  PERV 
protein at Day 5 in Nano group was significantly more 
than that in Hep group, implying a prolonged expression 
time, which might be due to the superior activity main-
taining of  hepatocytes cultured on chitosan nanofiber 
scaffold[13]. 

The most important concern was no doubt the ef-
fect of  chitosan nanofiber scaffold on the infectivity of  
PERV secreted by hepatocytes. Nyberg et al[19] had re-
ported PERV released from hepatocytes didn’t infect the 
HEK293 cells in vitro and its infectivity would not influ-
enced by human fulminant hepatic failure sera. Likewise, 
our in vitro infection experiments demonstrated no PERV 
gene sequence and even no porcine specific SsCytB gene 
existed in the DNA of  HEK293 cells, and no positive RT 
activity could be detected in the supernatant of  treated 
HEK293 cells either, which implied no PERV transmis-
sion into the HEK293 cells and no microchimerism. So it 
could be concluded that there was no obvious infectivity 
of  the PERV secreted by porcine hepatocytes. 

In conclusion, porcine hepatocytes could express PERV 
for 5 d with normal culture condition, but the secreting 
time might be prolonged to 6 d when cells were cultured 
with chitosan nanofiber scaffold. Nevertheless, the pro-
ductive amount and infectivity of  the PERV expressed by 
porcine hepatocytes would not be obviously influenced 
by chitosan nanofiber scaffold. Therefore, it could be 
applied in BAL without enhanced risk of  the virus infec-
tion.
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