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Abstract
Aim: To construct a Bifidobacterium infantis/CD targeting gene therapy system
and observe the antitumor effect of cytosine deaminase/5-fluorocytosine (CD/5-
FC) suicide gene therapy system mediated by Bifidobacterium infantis on mela-
noma in vitro and in vivo.  Methods: A recombinant CD/pGEX-1LamdaT plasmid
was transfected into Bifidobacterium infantis by electroporation.  Bifidobac-
terium infantis transfected by recombinant CD/pGEX-1LamdaT plasmid was in-
cubated with 5-FC anaerobically.  Then the supernatant fluid was collected and
added to melanoma B16-F10 cells to observe the killing effect for B16-F10 cells.
Mice were inoculated with melanoma B16-F10 cells to establish animal models.
The mice were then injected with 5-FC and Bifidobacterium infantis transfected
by recombinant CD/pGEX-1LamdaT plasmid.  Results:Two segments of approxi-
mate 4.9 kb and 1.3 kb were extracted from the  6.2 kb recombinant plasmid, which
were equal to the size of the pGEX-1LamdaT plasmid and CD gene, respectively.
Sequencing results showed that the full length and sequence of nucleotide acid of
the inserted gene in extracted recombinant plasmid was completely identical to the
CD gene.  In vitro, B16-F10 cells treated by supernatant fluid were remarkably
damaged morphologically, and the cell growth was significantly inhibited.  Experi-
ments on the mice melanoma model showed that after treatment with a combina-
tion of transfected Bifidobacterium infantis and 5-FC, the tumor volume was
significantly inhibited compared with controls.  Conclusion: The foreign gene,
CD gene, was correctly inserted into pGEX-1LambdaT plasmid and transferred
into Bifidobacterium infantis.  CD/5-FC suicide gene therapy system mediated by
Bifidobacterium infantis demonstrated a good antitumor effect on melanoma in
vitro and in vivo.
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Introduction
Suicide gene therapy is a highlight in tumor gene therapy

at present.  Therapy using cytosine deaminase/5-fluorocyto-
sine (CD/5-FC) is one of the most widely studied systems, in
which CD can convert relatively nontoxic 5-fluorocytosine
(5-FC) into a toxic metabolite 5-fluorouracil(5-FU) and kill
tumor cells[1–4].

Transfer vectors are a key factor in the tumor gene therapy
system, which directly influences tumor targeting.  It is evi-

dent that most of the interest and effort in cancer gene therapy
in the coming years should be focused on transfer vectors.
So far viruses are the most widely used suicide gene vectors.
However, viruses are relatively poor in tumor targeting and
safety, which has badly impeded tumor gene therapy[5,6].  It
is crucial to search for a novel gene vector that has good
tumor targeting and is relatively safe.

It is evident that the center of a solid tumor is generally
found at a low level of oxygen, and anaerobic bacteria tend
to colonize in a low oxygen environment.   Therefore, anaero-
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bic bacteria is a potential vector for tumor gene therapy[7–9].
In a previous study, our laboratory selected a strain of
Bifidobacterium Infantis proven to be good for targeting solid
tumors and non-pathogenic[10].  The aim of the present study
was to transfer the CD gene into Bifidobacterium infantis to
construct a Bifidobacterium infantis/CD targeting gene
therapy system and observe the antitumor efficacy of a CD/
5-FC suicide gene therapy system mediated by Bifidobac-
terium infantis on melanoma in vitro and in vivo.

Materials and methods
Materials  pGEX-1LamdaT plasmid was kindly provided

by Research Unit of Infection & Immunity, West China
School of Preclinical and Forensic Medicine, Sichuan
University, China.  Strains of E Coli K12λ were purchased
from Chengdu Institute of Biological Products, China.
Strains of Bifidobacterium Infantis 2001 were obtained from
West China School of Stomatology, Sichuan University,
China.

LA Taq DNA polymerase, T4 DNA ligase and λ-EcoT14 I
digest DNA Marker were purchased from TaKaRa, Japan.
200 bp DNA Ladder Marker was purchased from Sino-Ameri-
can Biotechnology, China.  Purification kit of plasmid, Wiz-
ard PCR Preps DNA Purification Resin, EcoR I and BamH I
were purchased from Promega (Madison, WI, USA).

Mouse melanomacytes B16-F10 were provided by China
Center for Typical Culture Collection.  Female C57BL/6 mice
(class 1, aged 6–8 weeks) were provided by the Experimental
Animal Center of Sichuan University.

Methods
Amplification of CD gene  Strains of  E  Coli K12λ were

inoculated into 5 mL LB liquid medium with shaking, over-
night at 37 ºC.  The next day, genomic DNA was prepared by
phenol/chloroform method and used as template DNA to
perform PCR for the amplification of CD gene.  Specific prim-
ers of CD gene were designed based on published sequences
(Genebank, NC-0009131).  The upstream primer is 5'-ATG GAT
CCG GAG GCT AAC AAT G-3' and the downstream primer is
5'-GGG GAA TTC TGT AAC CCA GTC GT-3'.   The amplifica-
tion cycle was repeated 35 times with the condition of dena-
turation at 94 ºC for 30 s, annealing at 55 ºC for 30 s and
extension at 72 ºC for 2 min.  Amplified products were puri-
fied with Wizard PCR Preps DNA Purification Resin and sepa-
rated with electrophoresis of 0.8% agarose gel to confirm
whether amplified products had the desired size of 1.3 kb.

Digestion of  CD gene and pGEX-1LamdaT plasmid    CD
gene 1 µg and  pGEX-1 LamdaT plasmid 1 µg were added

into 10 µL 10×Buffer E reactions, separately.  The plasmid
and CD gene were digested with dual restriction endonu-
cleases (1 µL EcoR I+1 µL BamH I) for 3 h.  Once the diges-
tion was complete, the DNA fragments were separated by
electrophoresis with 0.8% agarose gel.  The desired bands
of 4.9 kb and 1.3 kb were cut out from the gel.  The DNA
fragments in the gel were extracted and recovered with gel
extraction kit.  Recovered pGEX-1LamdaT plasmid vector frag-
ment was dephosphorylated with calf intestinal phosphatase.

Ligation of plasmid vector fragment and CD gene frag-
ment   Recovered CD gene fragment 10 µL,  recovered pGEX-
1LamdaT plasmid vector fragment 10 µL, and 1U T4 DNA
ligase were added into the microfuge tube.  The reactions
were incubated at 16 ºC overnight.  Then the ligation products,
recombinant CD/pGEX-1LamdaT plasmid were separated by
electrophoresis to confirm whether the ligation products had
the desired size.

Transfection of  Bifidobacterium infantis  Suspensions
of Bifidobacterium infantis 10 mL were washed with ice-
cold pure water and resuspended in 40 µL ice-cold 10%
glycerol.  Recombinant CD/pGEX-1LamdaT plasmid  5 µL
was added to the bacterial suspensions, then mixed and trans-
ferred to electroporation cuvette.  Electroporation was car-
ried out to transfect recombinant CD/pGEX-1LamdaT into
Bifidobacterium infantis at 2.0 kV for 10 ms.

Culture of transfected  Bifidobacterium infantis and
detection of positively transfected bacterial colony  When
electroporation was completed, 1 mL MRS liquid medium
was added into the electroporation cuvette to resuspend
bacteria. Then the bacteria suspensions were transferred
into a 1.5 mL EP tube and incubated in an anaerobic jar at
37 ºC.  Two hours later, bacteria suspensions were plated on
MRS solid medium with ampicillin and incubated in an
anaerobic jar at 37 ºC.  After 72 h, a single positively trans-
fected bacterial colony of  Bifidobacterium infantis was
picked up and inoculated into 5 mL MRS liquid medium.   Two
to three drops of liquid paraffin was added to the medium
and then the cultures were incubated overnight at 37 ºC.
The next day, recombinant plasmid was extracted from the
incubated bacteria using Purification kit of plasmid.  Extracted
recombinant plasmid was separated with electrophoresis to
confirm whether the recombinant plasmid is the recombinant
CD/pGEX-1LamdaT plasmid.  In addition, the extracted re-
combinant plasmid from positively transfected bacterial
colony was digested with dual restriction endonucleases of
EcoR I and BamH I as described previously.  The size of
digested segments were analyzed by electrophoresis with 0.
8% agarose gel.

Sequencing of inserted gene segment in recombinant
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plasmid  Sequencing of inserted gene segment in recombi-
nant plasmid extracted from positively transfected bacteria
was performed according to the method of Sanger dideoxy-
nucleotide triphosphate chain termination. Shanghai
Genebase Gen-tech (Shanghai, China) carried out the
sequencing.

Processing of positively transfected Bifidobacterium
infantis  Suspension of positively transfected Bifidobac-
terium infantis 20 mL was incubated at 37 ºC anaerobically
overnight.  The next day, 5-FC with final concentration 1
mmol/L was added and then the incubation continued.  After
24 h, 10 mL bacteria suspension was taken and centrifuged
for 5 min.  The supernatant fluid was collected and 2 mL
ethyl acetate was added and mixed to make the supernatant
fluid suspension in ethyl acetate properly.  The mixture was
centrifuged (150×g) at 4 ºC for 10 min.  The organic fluid was
transferred to EP pipette and dried in a vacuum.  The dried
product was resolved in 1 mL 0.9% saline to be used as the
positive treatment fluid.  Suspension of untransfected
Bifidobacterium infantis was processed with the same
method and used as the negative treatment fluid.

 Killing effects of treatment fluid on melanomacyte B16-
F10  Melanomacytes B16-F10 were first digested with 0.125%
trypsin and counted.  They were then diluted to a final con-
centration of 1.5×105 cells/mL and inoculated into six wells at
1.8  mL/well in 6-well cell culture cluster.  The six wells were
randomized into two groups with three wells in each group.
When 50%–60% of the wells were covered by cells, 200 µL
positive treatment fluid and 200 µL negative treatment fluid
were separately added to the two groups with one well from
each group added with saline as the control.  The cell culture
cluster was placed in a 5% CO2 incubator at 37 ºC.  After 24 h,
the morphology of cells was observed and the number of
cells was counted using trypan blue dye exclusion method
to calculate the suppression rate of each test group, namely;
Suppression rate=(Nn–N)/(Nn–N0)×100% (N0: number of in-
oculated cells; N: number of cells in test well after 24 h; Nn:
number of cells in control well after 24 h).

Antitumor effect in vivo   Mouse melanomacytes B16-
F10 were inoculated in the muscle of the right thigh of the
female C57BL/6 mice at 5×106 cells/mouse to establish a mela-
noma model.  The experiment was initiated when the tumor
grew to 0.8–1.0 cm in diameter (d 10 after inoculation).
Twenty tumor-bearing mice were divided into test group
(n=10) and control group (n=10) randomly.  Diluted suspen-
sion 0.2 mL of positively transfected Bifidobacterium infantis
containing 5×106–6×106  bacteria was injected into the mice
in the test group through the tail vein.  The control group
were injected with the same volume and number of untrans-

fected Bifidobacterium infantis.  After 7 d, 5-FC was injected
intraperitoneally for each mouse in both groups at a dose of
500 mg each day, consecutively for 7 d.  From the first day of
5-FC injection, the length and width of the tumor were mea-
sured every two days.  The volume was calculated using the
formula V=1/2×A×B2 (A: length; B: width)  and the measure-
ment continued for 21 d.

Statistic methods  Comparison of tumor growth suppres-
sion rates was examined by chi-square test of four-fold table.
Tumor volume was compared by t-test.  The results were
analyzed using statistic software STATA5.0.

Results

Detection of positively transfected Bifidobacterium
infantis colony  Electroporation method was used to trans-
fect recombinant CD/pGEX-1LamdaT plasmid into Bifidobac-
terium infantis.  After 72 h, sparse bacterial colonies were
observed on MRS solid medium containing ampicillin.  A
single positively transfected bacterial colony was picked up
and cultured, then the recombinant plasmid in the positively
transfected Bifidobacterium infantis was extracted.  The size
of extracted recombinant plasmid was approximately 6.2 kb
(Figure 1, lane A), which was equal to the size of recombi-
nant CD/pGEX-1LamdaT plasmid.

Detection of recombinant plasmid digested with dual re-
striction endonucleases  After the recombinant plasmid ex-
tracted from the positively transfected bacteria was digested
with dual restriction endonucleases of BamH I and EcoR I,
two fragments with sizes of approximately 1.3 kb and 4.9 kb
were obtained, which were consistent with the sizes of CD
gene and pGEX-1LamdaT plasmid, respectively (Figure 1,
lane B).

Sequencing of inserted gene segment in recombinant
plasmid extracted from positively transfected Bifidobac-
terium infantis  Sequencing results showed that the size
and sequence of nucleotide acid of inserted gene segment
were completely consistent with the size and sequence of
nucleotide acid of CD gene (Genebank: NC-000913).  The full
length of inserted gene fragment was 1309 bp.  The sequence
of two ends of the inserted gene was also consistent with
BamH I site and EcoR I site.  The sequencing identified that
the foreign gene, CD gene, was correctly inserted into pGEX-
1LambdaT plasmid and transferred into Bifidobacterium
Infantis.  Targeting gene therapy system of Bifidobacterium
Infantis/CD was successfully constructed.

Morphologic changes of B16-F10 cells after treatment   After
being treated with the positive treatment fluid for 24 h, most
B16-F10 cells were killed and only a few grew along the wall.
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Most cells floated and quantities of cell debris were observed
in the medium.  The cells left on the wall underwent signifi-
cant changes in morphology; the original shape was gone,
cytoplasm became rougher, the nucleus showed pycnosis
and the refraction decreased (Figure 2), demonstrating obvi-
ous cellular damages.  In contrast, B16-F10 cells treated with
negative treatment fluid did not appear to have obvious
morphologic changes compared with the control  (Figures 3, 4).

Examination of tumor cell growth suppression rate   The
negative treatment fluid had no significant effects on tumor
cell growth.  The cells growth suppression rate was 4.8%.
The B16-F17 cells treated with positive treatment fluid grew
at a critically lower rate.  The cells growth suppression rate

was 80%, which was significantly higher than that of group
treated with negative treatment fluid (chi-square test:
χ2=7.02, υ=1, P<0.01) (Table 1).

Antitumor effects in vivo   There was no significant dif-
ference between the tumor volumes in the test group and
control group before treatment. On the d 7 after 5-FC injection,
tumor volumes in the test group were considerably smaller
than those in the control group (P<0.05), and the difference
became greater over time until the end of observation
(Figure 5).

Discussion

It has been proved that a hypoxic region exists in many
human and mouse tumors, especially in solid tumors, which
kill over 90 % of cancer patients.  Vaupel[11] made his study
on cancer patients using oxygen electrode measurement.
In his study, Vaupel found the average oxygen partial pres-
sure in normal tissues read 24–66 mmHg, whereas the read-
ings dropping to 10–30 mmHg in a tumor tissue with a marked
central region where the readings went below 2.5 mmHg.

Figure 2.  B16-F10 cells treated with positive treatment fluid (×100).

Figure 3.  Control B16-F10 cells without any treatment (×100).

Figure 4.  B16-F10 cells treated by negative treatment fluid (×100).

Figure 1.  The electrophoregram of recombinant plasmid (0.8%
agarose gel).  Lane A: recombinant plasmid extracted from positively
transfected Bifidobacterium infantis (approximately 6.2 kb).  Lane
B: digested fragments with dual restriction endonucleases of recombi-
nant plasmid extracted from posit ively transfected bacteria
(approximately 4.9 kb and 1.3 kb, respectively).  Lane M: λ-EcoT14
I digest DNA Marker
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Based on the presence of a hypoxic metabolic region in a
solid tumor and tendency of anaerobic bacteria to hypoxic
environment, anaerobic bacteria can be used as transfer vec-
tors for tumor targeting gene therapy.

Compared with viral or other non-viral vectors, the anaero-
bic bateria is advantageous for tumor targeting[13–17].  Yazawa
et al[9]  injected non-pathological strains of Bifidobacterium
105-A and 108-A into mice bearing lung cancer.  After 168 h,
both strains of bacteria were observed to have targeted and
colonized in the tumors, whereas no bacteria were found in
the liver, spleen, kidney, normal lung tissues or other normal
tissues.  When the anaerobic bacteria were used as the gene
transfer vector, it could specifically proliferate and directly
express foreign gene products in tumor tissues.  There is no
need to transform cancer cells, which highly improves the
gene expression[9,13,14] .   Most of the transfer vectors used in
current studies are strains of Bifidobacterium.  Bifidobac-
terium is a non-pathogenic anaerobic bacteria.  It resides in
the lower section of the small intestine and in the large intes-
tine of humans or rodent animals, and is good for the health
of its host and widely used in food manufacturing and medi-
cine[9,12–15].  It has been proved in animal experiments that
Bifidobacterium has no obvious influence on body weight,
peripheral leukocytes, temperature, or survival time of mice,
hamsters, guinea pigs or rabbits[13].  Moreover, anaerobic

bacteria are highly vulnerable to antibiotics and very low
doses of antibiotics are enough to kill them.  Even in the case
of overgrowth, the bacteria can be easily controlled by
antibiotics, which further the safety.

In the present study, we used Bifidobacterium infantis
as a CD gene transfer vector, then transferred the CD gene
into Bifidobacterium infantis and successfully constructed
a Bifidobacterium infantis/CD targeting gene therapy
system.

In the in vitro experiment, positively transfected Bifido-
bacterium infantis was incubated anaerobically with 5-FC
overnight.  The supernatant fluid of the bacteria culture was
extracted and resolved in saline.  The final solution was added
to the melanomacyte B16-F10 and it was observed that the
growth of melanomacyte B16-F10 was obviously suppressed
at a rate of 80% and the morphology of the cells was also
damaged.  It was also observed in our study that the growth
of tumors were greatly inhibited on mice that were injected
with 5-FC and positively transfected Bifidobacterium
infantis.  These results indicate that positively transfected
with Bifidobacterium infantis can express CD in vitro and
in vivo, which can convert 5-FC into 5-FU to inhibit tumor
growth.

CD/5-FC suicide gene therapy system mediated by
Bifidobacterium infantis has primarily demonstrated its an-
titumor effects in vivo and in vitro in this experiment.  This
system shows promise as a novel tumor targeting gene
therapy system and is worthy of further study.
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