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• LIVER CANCER •
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Abstract
AIM: To test the efficacy of gene therapy in rat liver tumor.

METHODS: A retroviral vector GCIL12EIL2PN encoding
human IL-2 (hIL-2) and mouse IL-12 (mIL-12) fused gene
and its packaging cell were constructed. The packaging
cell lines contained of IL-2 and/or IL-12 genes were injected
intrasplenically to transfect splenocyte at different time.
The therapeutic effect, immune function and toxic effect
were evaluated.

RESULTS: The average survival times of the 4 groups using
IL genes at days 1, 3, 5 and 7 after tumor implantation
were 53.3±3.7, 49.3±4.2, 31.0±2.1 and 24.3±1.4 d respectively
in IL-2/IL-12 fused gene group, 25.0±2.5, 23.5±2.0,
18.3±2.4 and 12.0±1.8 d respectively in IL-2 gene treatment
group, and 39.0±4.8, 32.0±3.9, 23.0±2.5 and 19.4±2.1 d
respectively in IL-12 gene treatment group (P<0.01, n=10).
In the IL-12/IL-2 fused gene treatment group, 30% of rats
treated at days 1 and 3 survived more than 60 d and serum
mIL-12 and hIL-2 levels were still high at day 3 after
treatment. Compared with IL alone, NK cell activity was
strongly stimulated by IL-2/IL-12 gene. Microscopy showed
that livers were infiltrated by a number of lymphocytes.

CONCLUSION: IL-2 and/or IL-12 genes injected directly
into spleen increase serum IL-2 and IL-12 levels and
enhance the NK cell activity, which may inhibit the liver
tumor growth. The therapy of fused gene IL-2/IL-12 is of
low toxicity and relatively high NK cell activity. Our data
suggest that IL-2/IL-12 fused gene may be a safe and efficient
gene therapy for liver tumor. The gene therapy should be
administrated as early as possible.
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INTRODUCTION
Gene therapy to liver cancer is limited by both number and

duration of died cancer cells being treated[1,2]. Interleukin 2 (IL-2)
and interleukin 12 (IL-12) were secreted mainly by mononuclear
cell and B cell[3], which play a prominent role in immune response
to tumor. These cytokines are stimulated by antigens, for
instance virus, bacteria and tumor cells. Others have shown
that IL-2 and IL-12 were inhibited by colon cancer[4] and both
can up-regulated the T-cell and NK cell to kill tumor cell after
administration of exogenous ILs.
       The conditions under which the gene therapies of IL-2 and
IL-12 are cytotoxic to liver tumor in an animal model have not
been clear yet. Understanding the role and the mechanism of
IL-2 and IL-12 in the induction of anti-tumor cytotoxic factors
is relevant to both the long-term expression of IL and the safety
of gene drug in liver tumor gene therapy.
       IL-2, a glycoprotein consisted of 133 amino acids, through
promotion of growth and proliferation of T cell, can induce
either LAK cell or NK cell. IL-2 also induces immunocyte to
produce interferon (INF) and tumor necrosis factor (TNF).
Immunoreaction mediated by IL-2 increases therapeutic efficacy
of colon cancer[4,5]. Secretion of IL-2 and reaction to IL-2 are
decreased in tumor patients by as yet unknown reasons.
Previous report has demonstrated that metastases are related
to the IL-2 level, and the tumor immune mediated by IL is
decreased in favor of carcinogenesis, growth, diffusion and
metastasis of tumor[6-10].
        IL-12 has p35 subunit and p40 subunit localized respectively
on chromosome 3 and chromosome 5. The single subunit has no
biological activity, and p35 gene and p40 gene are expressed
simultaneously to have activity. IL-12 activates NK cell and
LAK cell, promotes generation and differentiation of T cell and
induces NK cell to express a small amount of TNF-β.
       Primary liver cancer is common malignant tumors in China.
The surgical treatment of the cancer is a main choice, but it is
not ideal therapy because of high recurrence. Gene therapy is
the new way for some diseases such as diabetes and tumors.
Our previous work was to treat liver cancer with IL-12 gene
alone, by which tumor growth was inhibited compared with
control. Now we constructed the fused gene of IL-2/IL-12.
However, little is known on liver cancer treatment with
combination of IL-2/IL-12 gene therapy.
      We hypothesized that the immunologic regulation to liver
cancer following fused gene therapy of IL-2/IL-12 would be
dependent upon the production and duration of the cytokines.
The toxic effect of IL-2 and IL-12 would be dependent upon
approach of drug delivery. In this study, using the model of
implanted hepatoma of rats, we have shown that the liver tumors
are reduced after IL-2 and/or IL-12 gene are injected into spleen
and the cytokines are transferred into liver and blood circulation
by porta vein.

MATERIALS AND METHODS
Construction of retrovirus vector of packaging mIL-12 gene
and hIL-2 gene
Aprotinin, leupeptin, pepstatin, fetal calf serum and protein
standard mixture were from Sigma. Plasmid pGCp35IRESp40
containing both p35 subunit and p40 subunit of mIL-12 gene
was a gift from Professor Xin-Huan Liu. Plasmid pLIL2SN



containing hIL-2 gene was constructed by our laboratory.
Cellular strains of hepatoma CBRH3 were provided kindly by
Professor Hong Xie (Shanghai Institute of Biochemistry and
Cell Biology, Chinese Academy of Sciences). Monotropic
packaging cell PE501, amphophilic packaging cell PA317 and
cell NIH3T3 were provided by our laboratory. All other chemicals
were of analytical grade and obtained from Merck or Sigma.
       To amplify full length p35 and p40 genomes, PCR fragment
was generated from downstream primer of mIL-12 p35 subunit
and upstream primer of mIL-12 p40 subunit that templated with
pGCp35IRESp-40SN. The products derived from PCR were
harvested after 1% agarose gel electrophoresis. According to
pLIL2PN templation, hIL-2 genome was then amplified and
harvested. Fragments of mIL-12 p35 and p40 derived from PCR
were templated to amplify with downstream primer of p35 and
upstream primer of p40 by PCR, which contain linker sequence.
The mIL-12 fused gene was harvested by electrophoresis[11,12].
The mIL-12 and hIL-2 gene fragments were connected
respectively with pGEMTM -Teasy vector (Promega, USA) by
T4 ligase (Boehringer Mannheim, Germany). The vector was
transfected into E.coli TG1 competence cell and the positive
clone was screened by PCR. Plasmid DNA was extracted from
positive clone after partial exonuclease III digestion of PCR
product, resulting in constructing GCILEXPN polyclonal sites
after endonulease (Not I and Sal I ) (Promega, USA) that
containing GCIL12EXPN of mIL-12 gene, GCXEIL2PN of hIL-2
gene and GCIL12EIL2PN of mIL-12 and hIL-2 fused gene.

Retrovirus packaging, identification, titer determination and
expression
Reverse transcript virus was transfected into PE501 cell by
electroporation. The clones were screened by G418 after 48 h.
PA317 cell was infected by filtered supernatant 10-14 d late.
G418 was screen after 3 d. Viral supernatants were harvested
after amplifying 6 monclone from every groups for 2-3 wk. Stock
cells were frozen at -80 ℃.
      Recombined reverse transcript viral vector was identified
by RT-PCR. Titers of viral supernatants were determined with
NIH3T3 cell. The packaging cells with highest viral titer that
contain GCIL12EXPN, GCXEIL2PN and GCIL12EIL2PN were
named as PA317-GCIL12EXPN, PA317-GCXEIL12PN and
PA317-GCIL12EIL2PN, respectively. Protein expression of mIL-
12 and hIL-2 was determined by ELISA. ELISA kits (human IL-2
DuoSet and mouse IL-2 DuoSet) were from R&D Systems.

Implanted liver cancer in rats
Male Wister rats (200-250 g bm) were obtained from Animal
Center of Chinese Academy of Sciences. Animals were
maintained on a standard diet. Hepatoma CBRH3 cells were
injected into abdominal cavity of rat. Rats were sacrificed
and tumors were removed from abdominal cavity 7-9 d late.
Tumors were cut into pieces of 0.05-0.75 cm and then were
implanted into rat liver for one or more locations respectively.
The tumors were grown up to 0.6-1 cm in diameter after 7-10 d
of implantation.

Experimental procedure
Rats were anaesthetized with diethylether. The effects of IL-2
and/or IL-12 on liver cancer were studied in a total of 75 animals
for 5 groups that contained 15 rats in every group: 1. Physiological
saline control: 0.8 mL 9 g/L NaCl was injected into spleen
following implanted liver cancer at day 1; 2. Blank vector control:
1×107 packaging cells of PA317-GCXEPN was injected into
spleen of rat; 3. mIL-12 gene group: 1×107 packaging cell PA317-
GCIL12EXPN was injected into rat spleen after implanted rat
liver cancer on days 1, 3, 5 and 7 thereafter; 4. hIL-12 gene
group: 1×107 packing cell PA317-GCxeILPN was injected into

rat spleen after implanted rat liver cancer on days 1, 3, 5 and 7
respectively; 5. hIL-2 and mIL-12 fused gene group: 1×107

packing cell PA317-GCIL12EIL2PN was injected into rat spleen
after implanted rat liver cancer on days 1, 3, 5 and 7 thereafter.
In addition, when rat survived over 2 mo, rats were named long
term survivors and the liver cancer tissues were implanted into
liver once more in order to observe cancer growth.

CT imaging and pathology
CT imaging was observed before and after treatment. The
survival time and drug toxicity were observed. To observe the
tumor cell and lymphocyte infiltration, the pathologic
examination was performed following 5 and 7 d of treatment.
The serum IL-2 and IL-12, according to the protocol of R&D
Systems, were measured on d 1 before treatment and on d 3,7,
30 and 60 thereafter.

Analysis of NK cytotoxic activity
NK target cell YAC-1 was obtained from the American Type
Culture Collection (Bethesda, MD). The cytotoxicity of spleen
NK cell was analyzed as follows[13]. A single-cell suspension
of spleen cells was centrifuged at 400 r/min for 30 min. The
lymphocyte layers were harvested. For the preparation of
targeted cells, YAC-1 was labeled with [51Cr]Na2CrO4 and mixed
with various numbers of spleen cell in a total volume of 200 µL
of DMEM. The experimental radioactivity released (ER) in 100 µL
samples of cell-free supernatants was determined. The amounts
of radioactivity released in wells containing YAC-1 cells alone
with and without 0.01% Triton X-100 were designated the total
release (TR) and the spontaneous release (SR), respectively.
The percentage of specific 51Cr release was calculated by[(ER-
SR)/(TR-SR)]×100.

Statistical analysis
All results were expressed as the mean±SD of at least 10
individual measurements. A one-way analysis of variance
(ANOVA) was first carried out to test for any differences in
mean values between experimental and respective control
group. If differences were established, the values were
compared by two-tailed unpaired t test. The values were
considered to significant difference if P< 0.05.

RESULTS
Identification of packing cell strain
The total RNA of packaging cell strains (PA317-GCIL12EXPN,
PA317-GCXEIL2PN and PA317-GCIL12EIL2PN) was
extracted. The RNA was amplified by RT-PCR and the product
was harvested by electrophoresis. The sequence showed that
PA317-GCXEIL2PN and PA317-GCIL12EIL2PN packaging
cell strains contained the mIL-12 sequence, and PA317-
GCXEIL2PN and PA317-GCIL12EIL2PN packaging cell
strains contained the hIL-2 sequence. The target genes were
inserted into viral genomes and the packaging cell strains
were transfected by IL gene.

Determination of titer of virus and protein expression
The highest virus titer of packaging cell was 2×106 CFU/mL of
PA317-GCIL12EXPN, 2.4×106 CFU/mL of   PA317-GCXEIL2PN
and 1.4×106CFU/mL of PA317-GCIL12EIL2PN respectively.
Protein expression was measured by ELISA on these 3
packaging cell strains: 1. mIL-12 fused protein: PA317-
GCIL12EXPN expressed mIL-12 fused protein 150 ng/106/48 h
and PA317-GCIL12EIL2PN expressed mIL-2 fused protein
45.8 ng/106/48 h;  2. hIL-2  protein: PA317-GCEXIL2PN expressed
hIL-2 protein 7.5 ng/106/48 h and PA317-GCIL12EIL2PN
expressed hIL-2 protein 6.7 ng/106/48 h.
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Average survival time by IL gene therapy
Table 1 shows the average survival time of rat. All rats were
died within 15 d after implanting liver cancer in both physiologic
saline control and blank vector control. Compared with control,
the survival time of rat was prolonged significantly by treatment
with IL-2 or IL-12 (P<0.01). The rat survival time of treatment
with fused gene of IL-2/IL-12 was lengthened markedly
compared with IL treatment alone (P<0.05). Moreover, the
survival time of early treatment was much longer than that of
later treatment with IL (P<0.01). In addition, 6 rats treated early
with fused gene of IL-2/IL-12 were lived more than 60 d, but
there were 3 rats treated with IL-12 that lived more than 60 d.
       When the tumor was undetectable by abdominal pathologic
biopsy in the rats that lived more than 60 d, the 4 rats were
implanted tumor piece again. It was interested that there were
no tumor growths in abdominal cavities 7 d late.

Imaging features
The liver tumor was detected by CT on day 7 after implantion in
control (Figure 1). The 6 of 10 rats administrated early with
IL-2/IL-12 fused gene showed that the liver tumors were reduced
after 2 mo (Figure 2).

Figure 1  CT scan of the liver cancer 7 d after implantation.

Figure 2  CT scan of the tumor treated with IL-2/IL-12 fused
gene after 2 mo.

Pathologic features
A number of lymphocyte infiltrations in liver tumor were

observed significantly after 5 d of treatment with IL-2/IL-12
fused gene and 7 d of treatment with IL-2 gene or IL-12 gene
(Figure 3).

Figure 3  Pathological changes of implanted liver cancer (HE
staining, original magnification: ×200). There are numerous
lymphocytes in tumor tissues.

Serum mIL-12 and hIL-2 levels
Compared with control, both IL-2 and IL-12 in serum were increased
significantly in rats treated with IL gene on day 1 (Table 2).
After the injection of IL-2/IL-12 fused gene, both IL-2 and IL-12
in serum reached the highest level on day 3, then decreased
stepwise and maintained at a lower level for 2 mo (Table 3).

Table 2  Determination of serum hIL-2 or mIL-12 3 d after
administration of IL gene (ng/mL)

Group                                                   HIL-2               MIL-12

Physiologic saline control <0.8 <0.8
Blank vector control <0.8 <0.8
IL-2 gene therapy          19.4±1.8 <0.8
IL-12 gene therapy <0.8            22±2.5
IL-12-IL-2fused gene therapy          18.5±2.4         20.5±2.5

Table 3  Determination of serum hIL-2 and mIL-12 on fused
gene group (ng/mL)

Group                                             HIL-2                    MIL-12

Control        <0.8 <0.8
On d 3 after therapy    18.5±2.4          20.5±2.5
On d 7 after therapy    10.2±2.5          11.5±2.5
One mo after therapy      5.3±1.2            6.2±1.4
Two mo after therapy        <0.8 <0.8

IL increases NK cell activity
IL-2 and IL-12 have been reported to increase NK cell activity.
To determine if the IL-2/IL-12 fused gene could induce NK cell
activation, rats were treated as described above with IL-2 and/or
IL-12. The rats were sacrificed on day 7, and the spleen
lymphocytes were assayed for the ability to kill 51Cr-labeled

Table 1  Average survival time (day) of rat (n=0, mean±SD)

Group                                                           Injection on d 1                        Injection on d 3        Injection on d 5      Injection on d 7

Physiologic saline control 10.7±1.5        -        -        -

Blank vector control 11.4±1.3        -        -

IL-2 gene therapy 25.0±2.5b 23.5±2.0b 18.3±2.4b 12.0±1.8

IL-12 gene therapy 39.0±4.8b 32.0±3.9b 23.0±2.5b 19.4±2.1a

IL-12-IL-2 fused gene therapy 53.3±3.7c 49.3±4.2c 31.0±2.1c 24.3±1.4c

aP<0.05 and bP<0.01 vs physiologic saline control and blank vector control; cP<0.05 vs IL-2 group or IL-12 group.
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YAC-1 target cells. There was a significant increase in NK
activity after rats were injected with IL-2 or IL-12 alone (P<0.01).
Compared with IL alone, treatment with IL-2/IL-12 fused gene
markedly enhanced NK cell activity (P<0.05).

Toxicity of IL
Three rats (30%) in IL-2 group and 1 (10%) in IL-2/IL-12 group
showed anorexia after administration of IL. The symptom was
recovered 3-5 d late (Figure 4).

Figure 4  Activation of NK cell activity after administration of
IL-2 and/or IL-12 (n=5). bP<0.01 vs control; aP<0.05 vs IL-2 group
or IL-12 group.

DISCUSSION
The establishment of DNA recombination and transfection
allowed us to utilize gene therapy for killing or inhibiting the
tumor cells[14]. The utility of recombinant adenoviral vectors
for gene therapy is limited by the low transduction efficiency
and lack of specificity for target cells[15,16]. Spread of the virus
throughout the cells maximizes the percent of cells within a cell
expressing the gene of interest, and should improve the
antitumor response. This may be significant for gene delivery
expressing cytokines, tumor antigens or enzymes. One limitation
of the transduction system is the inefficiency of the combined
cytokines expression system. The initial work in this study was
to construct the IL-2/IL-12 fused gene vector that was then
injected into spleen, in which splenic cells, probably including
liver cells, were transducted to express IL-2 and IL-12
simultaneously.
       The active IL-12 is a heterogeneous dimmer, which contains
p35 subunit and p40 subunit, so that both subunits express
simultaneously in cells if used to treat disease. Using PCR
technique based on the subunit characterization of different
gene sequences, we constructed the active IL-2/IL-12 fused
gene and a linker sequence was incorporated into subunits of
IL-12, so that the gene could correctly express protein. In
present study, the IL-2 and IL-12 levels were not significantly
different in serum.
     The single gene therapy for the liver cancer is not ideal
because it is resulted from multi-factors[17]. Chen et al. suggested
recently that TRAIL and chemotherapeutic agents or anticancer
cytokines combination might be a novel strategy for the
treatment of liver cancer. Combination of IL-2/IL-12 results in
stable antitumor effect, which induces the cytotoxic T
lymphocyte and NK cell[18]. IL-2 and IL-12 have synergetic
effect such as immunoregulatory[19,20]. The antitumor immunologic
effect from IL-2 and IL-12 depends on available concentration
of IL-2 and IL-12. IL-2 and IL-12 also cause a long term antitumor
immunologic memory[21]. In present study, retrovirus vector
containing IL-2/IL-12 genes was constructed, in which gene
products of IL-2 and IL-12 were expressed simultaneously in
the liver. We treated rat liver cancer with IL-2 and/or IL-12
gene. The liver cancer rats treated with IL-2 or IL-12 survived
longer than those in control (P<0.01). Compared with IL alone,

combination of IL-2/IL-12 gene showed a longer survival of
14-28 d in early treatment group and 5-12 d in late treatment
group.
    Spleen is the biggest immune organ that has a lot of
immunocytes and produces antibodies and cytokines. Spleen
is also the main organ of inducing immunoresponsiveness to
heterologous antigen. The retrovirus packaging cell strain was
injected into spleen, which expresses the high level of cytokine
in order to activate immunocytes. In other hand, the retrovirus
packaging cells would be transferred from spleen to liver by
splenic veins and the liver cells would be infected by packaging
cells resulting in enhanced anti-tumor immunity. In present
study, the IL gene was injected into spleen and the blood
concentration of IL was the highest on day 3. The IL concentration
maintained at a level for 2 mo. Authors from Spain reported that
gutless adenoviral vector encoding hIL-2 and mIL-12 was
injected into animals and IL was expressed by hepatocytes.
The peak concentration of IL-12 was at 10 h and it completely
disappeared by 72 h. If the vectors were administrated continually,
the serum IL-12 would maintain at least for 48 wk[22,23]. The rats
received the splenic gene therapy survived longer than those
in control. When combination of IL-2/IL-12 gene was injected
into spleen, the high concentration of IL was determined from
blood until day 3 and the rats survived a longer time compared
with IL therapy alone.
       Moreover, early gene treatment is better than late therapy.
In this study, 6 rats (30%) with combined gene therapy on early
stage survived a long term and the tumor nodes in liver was not
detected by CT imaging and pathologic observation, in which
the IL-2 and IL-12 kept a high concentration at least for 2 mo.
As same as other therapy for cancer, the IL gene therapy should
administrate as early as possible. In present study, the liver
cancer rats treated with IL-2 or IL-12 on day 1 survived more
than 8 d or 13 d respectively compared with that treated on d 7
(Table 1). The combined IL gene therapy has the similar result.
      IL-2 or IL-12 produced significant toxic reaction if they
were administrated enough dosage to maintain a high blood
concentration. When IL-2 or IL-12 was injected into rat liver,
some rats showed acute toxic reaction such as anorexia,
convulsion and bleeding shock (unpublished data). In present
study, when IL genes were injected into spleen, the severe
acute toxic reaction was not observed in all groups.
    A mechanism of IL gene treatment may be due to
enhancement of NK cell activation and production of cytokines
including IL[24]. Several investigators have shown that NK cells
are a relative smaller cell population in peripheral lymphoid
organs but are abundant in the liver. An initial response to
tumor cell may involve the innate arm of the immune response
resulting in killing of mutant cell strain by NK cell[25,26]. The
findings in this study are novel since IL-2/IL-12 fused gene
expresses IL-2 and IL-12 simultaneously that result in further
stimulation of NK cells. We propose that liver tumor is inhibited
because of IL production, such as IL-2 and IL-12, which is
stimulated by IL gene therapy.
      It is interesting that serum IL-2 and IL-12 levels do not
change in IL-2/IL-12 gene therapy compared with IL alone, but
NK cell activity is enhanced significantly compared with IL
alone. We propose that the NK cell activity is strongly
stimulated by both IL-2 and IL-12 at the same time, which was
caused by IL-2/IL-12 fused gene expression[27-30].
        In summary, treatment with IL-2 and/or IL-12 gene increases
serum IL-2 and IL-12 levels and enhances the NK cell activity,
which may inhibit the liver tumor growth. The fused gene
therapy of IL-2/IL-12 is of low toxicity and relatively high NK
cell activity. We suggest that IL-2/IL-12 fused gene therapy
may be a safe and efficient method for the treatment of liver
cancer. For IL gene therapy, early intervention is better than
late one.
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