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Abstract
AIM: To construct interleukin-2 gene-modified human
hepatocyte line (L-02/IL-2) and investigate the changes of
the function of liver cells and IL-2 secretion in culture with
microcarrier,laying the foundation for further experimentation
on hepatocyte transplantation.

METHODS: hIL-2 gene was transduced into L-02
hepatocytes by recombinant retroviral vector pLNCIL-2, and
the changes of morphology and clonogeneicity rate of the
transduced cells were observed, the secretion levels of hIL-
2 in cultural supernatant were detected by ELISA and NeoR
gene was amplified by PCR. The growth of L-02/IL-2, the
special biochemistry items and the levels of IL-2 were
detected after cultivation with microcarrier.

RESULTS: The clonogeneicity rate of the L-02/IL-2 cells
was lower than that of L-02/Neo cells and L-02 cells. The
levels of hIL-2 could reach 32 000 pg/106 cells per day and
kept secreting for more than ten weeks. NeoR gene segment
was respectively obtained by PCR from both L-02/IL-2 and
L-02/Neo cell’s genomic DNA. At the 6th day in culture with
microcarrier, the matrix-induced liver cell aggregates were
formed, the number of alive L-02/IL-2 cell were 16.8±0.53
×106/flask and the levels of ALB and UREA were 52.54±1.28
mg/L and 5.29±0.17 mmol/L, respectively. These data had
not significantly changed as compared with those of L-02
cells (P>0.05); However, the levels of IL-2 in IL-2/L-02 cells
remarkably exceeded that in L-02 cells in the whole culture
process (P<0.001).

CONCLUSION: The IL-2 gene-modified hepatocyte line has
been successfully constructed. The L-02/IL-2 cellular
aggregates cultured with microcarrier have a high capacity
of IL-2 production as well as protein synthesis and amino
acid metabolism.
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INTRODUCTION
Gene therapy has become an important therapeutic alternative
in recent years, thanks to the growing improvement of gene-
transduction techniques in eukaryotic cells. There are a large
number of proteins expression in hepatocyte with high levels,
and many genes that are involved in metabolism also express
in hepatocytes, so hepatocyte is one of the crucial tools for
gene therapy[1], for example, the therapeutic implement for
patient with hyperbilirubinemia by hepatocyte transplantation
after gene modification in vitro, which was approved by FDA[2].
      As an important approach for inhibiting the growth of tumor,
immune therapy of cytokines further broadens the prospect of
clinical application of hepatocytes and gene therapy of cytokines.
Recent studies have demonstrated the feasibility of cytokine gene
transferrence to enhance the antitumor activities of host immune
cell[3]. With regards to therapy for hepatocarcinoma, there are
many good results obtained from the study of hepatocarcinoma
cells modified by cytokine genes[4-11], especially using IL-2 gene
modified hepatocarcinoma cells that conquered the substantial
toxicity from administration of high doses of IL-2[9,12]. However,
few studies focus on the antitumor immune function of
hepatocyte transduced with cytokine gene in hepatocyte
transplantation. In this study, IL-2 gene was transduced into
human hepatocyte line L-02 by recombinant retroviral vector.
The experiments of its biologic activities and cultivation with
microcarrers were performed, laying the foundation for further
experimentation on hepatocyte transplantation.

MATERIALS AND METHODS

Material
Human hepatocyte line L-02, amphotropic packaging cell
PA317 and mouse fibroblast cell line NIH3T3 were purchased
from Shanghai Cell Biology Institute, Chinese Academy of
Science and grown in DF medium (DMEM: Ham’s F12=3:1)
containing 100 mL·L-1 fetal calf serum, penicillin 1×105U·L-1

and streptomycin 100 mg·L-1 .The cells were kept at 37  in a
50 mL/LCO2 humidified atmosphere and subcultered from one
to three when the cells proliferated into a full monolayer.
Recombitant retroviral vector, LNCX and LNCIL-2, were
kindly provided by Prof. Joo Hang Kim from Yonsei University
in Korea. Plasmid extraction and purification kit, Wizard® Plus
SV Minipreps DNA, and transfection kit TransFastTM were
from Promega. hIL-2 ELISA kit was purchased from Jingmei
Biological Engineering, Shenzhen. Microcarrier Cytodex3 was
from Pharmasia. Poly-HEMA, DMEM and Ham’s F12 medium
were the products of Sigma. Calf serum were purchased from
Four Season Green Biological Co., Hangzhou, China.

Methods
Construction of recombitant retrovirus producer cell line
Transformation of recombitant retroviral vector was performed
as previously described[13]. The extraction and purification of
the product was operated according to the manufacturer’s
protocol. The purified products were quantitated by
spectrophotometer (DU 640), digested with Hind  at 37 
for 2 h and identified by eletrophoresis through a 10 g/L
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formaldehyde agarose gel. The amphotropic packaging cells
PA317 were plated into 12-well plates and cultured till nearly
60-70 % confluence. Then LNCX or LNCIL-2 transduction
to PA317 cell line was made with lipo-transfection technique.
The PA317/Neo and PA317/IL-2 cell clones which produced
pLNCX and pLNCIL-2 were respectively selected by G418
and subcultured for amplification in G418-free DF media for
24 h. Furthermore, the supernatant of above cells containing
recombitant retrovirus were collected, and the retrovirus titer
was detected by NIH3T3 cells according to that described[14],
quantitated highest titer was kept at -70 .
Transduction of IL-2 gene into the hepatocyte cell line  The
L-02 hepatocyte line were grown to a confluence of 60-70 %
in 24-well plate. The supernatant were discarded and replaced
with 1 mL recombitant retroviral supernatant supplemented
with 8 µg of Polybrene. Two hours later, 2 mL fresh DF media
containing 800 mg/L were added and cultured at 37  for 24 h.
The whole process of the cell clone against G418 selection
lasted 15 days followed by amplified cultivation.
Growth of transfected cells  The growth of transfected cells
were observed and photographed, total of 3×103 L-02, L-02/
Neo and L-02/IL-2 cells were put into the media respectively
with a final volume of 200 µL, and then plated on a 96-well
plate and incubated at 37  in 5 mL/LCO2 humidified
atmosphere for 7 days. Each group had six wells. The assay of
cell proliferation was performed by MTT every 24 h. Briefly,
20 µL of 5 g/L MTT were added into each well and cultured
for another 4 h. The supernatant was discarded and replaced
with 200 µL of dimethyl sulfoxide (DMSO). When the crystals
were dissolved, the absorbance (A) value of the slides was read
at 490 nm. In addition, 1×103 cells per well of the three kinds
of cell were plated into 24-well plate in 1 mL media and cultured
for 7 days, respectively. The colonogeneicity rate (CR) of
transferred cells were calculated by using the following
equation: CR=(average clones per well/1000)×100 %.
NeoR gene analysis of the transfected cells by PCR  The
total genomic DNA were extracted from 1.0×106 of L-02, L-
02/Neo and L-02/IL-2 cells in 200 mL TE buffer respectively,
then quantitated by spectrophotometer and digested with
BamHI . The NeoR gene was amplified under following
conditions: denaturation at 94  for 5 min followed by 94 
1 min,62  1 min and 72  1 min 15 s for 30 cycles. The sequence
of  NeoR gene primers and length of PCR products were as follows:
forward-5’-CAAGATGGATTGCACGCAGG-3’and reverse-
5’-CCCGCTCAGAAGAACTCGTC-3’, size,790 bp. For
analysis, 10 µL of reaction product were checked in 10 g/L
agarose gel with ethidium bromide staining and followed by
camera photographing.
Detection of the levels of hIL-2 secreted by the transduced
cells  The supernatant of 1.0×106 of L-02, L-02/Neo and L-
02/IL-2 cells that cultured in flask for 24 h were obtained and
stored at -70  after centrifugation. L-02/IL-2 cells were
especially cultured for 10 wk and the supernatants were
collected every week. The levels of hIL-2 were measured by
ELISA according to the manufacturer’s protocol.
Cultivation with microcarriers  All glassware with which
Cytodex3 came into contact, should be siliconized before use.
The hydration of Cytodex3 was carried out as the protocol.
Briefly, 200 mg Cytodex3 were dipped in Ca2+ and Mg2+-free
PBS in a siliconized container overnight and sterilized by
autoclaving, then replaced with fresh DF media; The flasks
were covered with 0.1 mL/cm2 120 g/L Poly-HEMA dissolved
in ethanol and then air-dried sterilizedly. The hydrated
Cytodex3, 20 mg a flask, along with L-02 and L-02/IL-2 cells,
3.0×106 a flask in 2 mL media, were seeded into Poly-HEMA
covered flasks, respectively. Each group had five bottles. They
were all cultured in incubator at 37  for 4 h following shakes
twice for 1 min every 4 h, the media were replaced every 24 h,

and the supernatants were kept at -70  after centrifugation
at 1000r/min.
Morphologic observation and cell proliferation  The culture
process was observed and photographed. The cell samples at
6th day were fixed by 25 g/L glutaraldehyde and observed by
HU-12A electronmicroscope. The proliferation was performed
as follows: (1) 100 µL cell suspension were taken out from every
flask at day 2, 4, 6, 8 and 10 in culture and added into a new
flask without Poly-HEMA; (2) When all microcarriers went
down, the supernatants were discarded, 100 µL 2.5 g/L trypsinase
were added and cultured at 37  for 5 min; (3)After 100 µL DF
media were added for termination of trypinization, the flasks
were put up slowly with all microcarriers anchored to the bottom
of the flask, and the supernatant were rapidly dipped out for cell
calculation with trypan blue dye exclusion method.
Measurement of biochemical items and IL-2 in the
supernatant  With γ calculator (SN-682), the concentration of
human ALB was detected by RIA kit from North Biotechnique
Institute, Beijing, others as UREA (BUN×2.14), AST and LDH
were measured by biochemical autoanalyzer(CX 7, Beckman).

RESULTS

Identification of amplified retroviral vector
The amplified products of LNCX and LNCIL-2 were digested
with Hind , and then checked with 20 g/L agarose gel
electrophoresis (Figure1). The length of LNCX (6 620 bp) and
LNCIL-2 (7 293 bp) were identical with that predicted, showing
the success of amplification, extraction and purification.

Figure 1  Restriction enzyme analysis of pLNCX and pLNCIL-2

Cultivation of virus producer cell and measurement of viral
concentration
21 and 25 anti-G418 clones appeared after PA317 cells were
transduced by LNCX and LNCIL-2 and cultured in media
containing 800 mg/L of G418 for 2 weeks. 10 clones selected
were performed amplified culture, respectively. The titer of
retrovirus of all collected supernatants was between 5.4×107

cfu/Land 1.4×109 cfu/L.

Morphological changes
Under the light microscope, L-02 cells were seen flake-like
growth (Figure 2A), L-02/Neo and L-02/IL-2 cells represented
the trend of island-like growth with clear margin (Figure 2B).
The growing speed of L-02/IL-2 cells was slightly slower than
that of L-02 and L-02/Neo cells (Figure 3). Clonogeneicity
rate of the L-02 /IL-2 cells were significantly lower than those
of L-02/Neo and L-02 cells (P<0.01) (Table 1).

PCR analysis of NeoR gene
NeoR gene segment (790 bp) was amplified by PCR from
genomic DNA of L-02/Neo and L-02/IL-2 cells and tested with
20 g/L agarose gel electrophoresis, but none from L-02 cells

bp
8453
7242
6369
5687
4822
4324
3675

2323
1929

1371
1264

1          2           3           4



0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1 2 3 4 5 6 7

t (cultural)/d

A
49

0n
m

 v
al

ue

L-02/IL-2 cells

L-02/Neo cells

L-02 cells

(Figure 4). These suggested that LNCX and LNCIL-2 were
successfully integrated into the genome of L-02 cells.

IL-2 secretion from IL-2 transduced hepatocyte line
After IL-2 transduction and G418 selection using LNCX and
LNCIL-2 retroviral vector, maximal amount of IL-2 production
in L-02/IL-2 cells was 32 000 pg/106 cells·24 h, remarkably
exceeding 56 pg/106 cells·24 h in L-02 cells and 48 pg/106

cells·24 h in L-02/Neo cells. Moreover, more than ten weeks
later the levels of hIL-2 could rise to 27 500 pg/106 cells·24 h.

Figure 2  Morphological changes of cultured L-02/IL-2 and L-
02 cells at 24 hours (×100). A: L-02/IL-2 cells; B: L-02 cells

Figure 3  The growth curves of L-02/IL-2, L-02/Neo and L-02 cells

Figure 4  Integration of NeoR gene celL’s genomic DNA by PCR. 1: L-
02/IL-2 cells; 2: L-02/Neo cells; 3: L-02 cells; 4: PCR DNA marker

Table 1  The clnongeneicity rate of L-02/IL-2, L-02/Neo and
L-02 cells

No. of repeated wells         L-02/IL-2          L-02/Neo              L-02

1 124 148 150
2 135 144 157
3 133 154 144
4 144 141 153
5 128 166 162
6 123 152 156

Mean value     131.2(13.1%)b     150.8(15.1%)    153.7(15.4%)

bP<0.01, vs L-02/Neo and L-02 cells

Morphology and proliferation of cells in culture with microcarrier
After cultivation with microcarrier for 4 h, all the cells anchored
to microcarriers. At the 4th day 70 % of microcarriers were
filled with cells, at the 6th day all microcarriers’s surface were
full of cells or cellular mass (Figure5), at the 8th day some
dead cells could be seen shedded from microcarriers. Under
the electronmicroscope, L-02 and L-02/IL-2 cells had normal
super-microstructure, such as integral cell membrane, affluent
mitochondria, glycogen and rough endoplasmic reticulum
(Figure 6); 3) L-02 and L-02/IL-2 began an exponential
growth after two days in culture. At the 6th day, the number
of alive L-02 was 17.1±0.76×106/flask and L-02/IL-2 was
16.8±0.53×106/flask. At the day of 10,  the number of alive cells
were 6.1±0.34×106/flask and 5.9±0.52×106/flask, respectively.

Figure 5  Hepatocytes-anchored microcarriers linked in mass(×200)

Figure 6 Hepatocyte with normal super-microstructures tightly
anchors microcarrier ( ) (×15 000)

Values of biochemical items and IL-2 in the supernatant
The trend levels of ALB and UREA of L-02/IL-2 cells were
consistent with the cell proliferation. The values reached the
peak at the 6th day and decreased with growing cell death. The
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levels of AST and LDH elevated slowly before the 6th day and
rapidly increased with the cell death after the peak of growth.
These data had not significantly changed as compared with L-
02 cells. However, the levels of IL-2 in IL-2/L-02 cells
remarkably exceeded that in L-02 cells in the whole cultural
process (P<0.001) (Table 2).

DISCUSSION
IL-2, an important regulatory factor in immune network, can
induce proliferation of T cell and enhance the immune response
function of T cell, B cell, NK cell and monocytes. It plays an
important role in antitumor and antiinfection immune function
in the body[15-17]. As one of the most therapeutically effective
genes, IL-2 gene has been transduced into a varieties of cells
in research[8,12,18]. Recently, there were some reports about direct
injection of viral vector that expressed IL-2 gene for therapy
of hepatocarcinoma[7]. Worldwide, 80 % of gene-therapy
projects that were applied clinically with approval were using
retroviral vector, for example, LNCX, LXCN, LXSN LNSX,
etc.[19,20]. LNCX, which contained the immediate early promoter
of human cytomegalovirus (CMV), was not limited by cell
type or animal species and it was more powerful than the other
types of enhancer[21]. In our study, LNCX, and its derivation
LNCIL-2 were transduced into human hepatocyte line L-02.
Clonogeneicity rate of the L-02 /IL-2 cells were obviously
lower than that of L-02/Neo cells and L-02 cells, due to the
change of function of IL-2 as an inhibited signal in cell
proliferation. The levels of IL-2 in supernatant of L-02/IL-2
cells were remarkably higher than that of L-02/Neo cells and
L-02 cells, and the L-02/IL-2 cells could secrete IL-2 for more
than ten weeks. These data showed that IL-2 gene was
successfully integrated into the genome of L-02 cells.
      Highly differentiated liver cell line were easy to proliferate
in culture in vitro, and had many features of normal hepatocyte,
so the construction of hepatocyte line is a very significant
subject[22]. Japanese scholars had constructed immortalized
hepatocyte lines and used them for hepatocyte transplantation
and bioartificial liver system with high efficacy[23-26]. In this
study, the hepatocyte line we used, L-02, was histologically
originated from normal human liver tissue and immortalized.
High levels of ALB and UREA reflected the cell’s good

biological activity in protein synthesis and amino acid
metabolism. When IL-2 gene was inserted, these characteristics
were not notably changed.
     As a alternative for amplifying the number of cells, the
technique of cultivation with microcarrier is increasingly
playing an important role in bio-engineering. For example,
researchers can use it to produce monoclonal antibody[27],
hormone[28], vaccine[29], cytokine[30] and even viral vector for
gene therapy[31], and moreover use it to culture hepatocyte for
bioartificial liver system[32,33] or hepatocyte transplantation[34,35]

for clinical use. Regardless of the type of liver cell, two
requirements must be considered: First, the number of cell is
adequate and easily available. Second, the cells should form
congeries, because the work of hepatocytes depends on the
contact between the cells or cell and the matrix. With charges-
free, Cytodex3, formed by chemically coupling a thin layer of
denatured collagen to the cross-linked dextran matrix, has a
good adhesive character. So Cytodex3 became the core of
hepatocyte aggregation and gradually formed the matrix-
induced liver cell aggregates (MILCA)[36].
     The significances of construction of L-02/IL-2 cell are as
follow. Theoretically, if hepatocytes modified by IL-2 gene
can be transplanted into a patient with HCC who is subjected
to operation, these cells might provide some functions of
hepatocyte as well as antitumor immune function of IL-2 that
can induce the regression of cancer cells and inhibit the
metastasis, due to the activation of T-cell and other effector
cells. Of course, the immune rejection of transplantation should
be taken into account, two strategies are available. (1) The fetal
hepatocyes, which are poor in immunogenicity and susceptible
to retrovirus[25,37], can be selected to be transfected by target-
gene and cultured with microcarrier. (2) Microencapsular
technique can be used to encapsule transgenetically
immortalized hepatocytes, realizing the continuous expression
of exogenous gene[38,39], which can be testified by further animal
experimentation.
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