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Abstract
human-derived vector pHrn in liver cancer cell Bel-7402, report plasmid pchEGFP, tumor suppressor plasmids pchp53,,, and pchp53;,
were constructed by inserting expression cassette CMVe+hTERTp+EGFP, CMVe+hTERTp+p53,, and CMVe+hTERTp+p53;, into
pHrn respectively. 24 h after cell transfection by lipofectamine 2000, GFP expression pattern was analyzed through fluorescence

In order to study the tumor suppression effect of p53 with CMV enhancer and hTERT promoter mediated by

microscope and flow cytometry; RT-PCR and Western blot were taken to study the p53 expression pattern. The cell apoptosis by
Hoechst 33258 and Annexin V-FITC/PI staining was also studied. Results show that the expression of GFP and p53 protein in Bel-7402
were detected, but apparent cell apoptosis could not be found. The recombinant p53 mediated by human-derived vector could express
in Bel-7402, but no significant tumor suppression effect was detected, which might result from the down regulation effect of the wild

type pS3 on hTERT promoter.
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Key of the gene therapy is the choice of the
vector. In 1981, two family with extra bisatellite
micro-chromosome (BM) were found when we
investigated the newborns inheritance disease. The
family had normal phenotype and the extra BM could
pass down to the next generation stably. We thought
the BM had the potential to be devised as a good
vector for gene therapy. The BM was located at the
short arm of the chromosome 15, homologous to the
short arm of the chromosome form the D, G group
(chromosome 13, 14, 15, 21, 22). Based on the BM
sequence, we devised the human-derived vector pHrn.
In the former gene therapy study of Hemophilia using
pHm we found pHm could target transgene into
human ribosomal DNA locus of HT-1080 successfully
with an site-specific integration efficiency of 2.0x107>.
The transgene could be expressed efficiently
((32+£5)ng - 10° cell' 24 h™"). The PCR assay identified
the transgene could pass down stably after 50 cell
cycletl,

hTERT (human telomerase reverse transcriptase)
promoter is a tumor specific promoter, and it has the
merit of activating downstream gene expression in
tumor cells specially, but its deficiency is the low

activation efficiency . We recently find that the

combination of CMV enhancer with hTERT promoter
(CMVe+hTERTp) is a highly efficient tumor specific
promoter. In the gene therapy study of liver cancer
with CDUPRT, we found the activation efficiency of
the CMVe+hTERTp was 13 times as strong as that of
the hTERT promoter alone!.

p53 is widely recognized as a tumor suppressor
gene, mutated or lost in about 50% of all human
cancer cases worldwide . Mice deficient in p53 are
susceptible to spontaneous tumorigenesis!® and germ-
line TP53 mutations occur in individuals with the
cancer-prone Li-Fraumeni syndrome™. The wild-type
p53 protein exhibits a common polymorphism at
amino acid 72, resulting in either a proline residue
CCC (p53p,) or an arginine residue CGC (p53,,) at
this position. Researches show that there are a number
of differences between the p53,, and p53,, in their
abilities to bind components of the transcriptional
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machinery, to activate transcription, to induce
apoptosis, and to repress the transformation of primary
cells. And it suggests the p53 related cancer gene
therapy will have different results depending on the
genotype of p53 used”.

In this study we combined p53;, and p53,, with
CMVe +hTERTp and pHrn, constructed plasmids

pchp535, and pchp53,, to study their function in liver
cancer cell Bel-7402.

1 Materials and methods

1.1 Materials

Human liver cancer cell Bel-7402 (China Center
for Type Culture Collection); Commercial vector
pEGFP-N1 (BD); pGEM-T (Promega); Lipofectamine
2000 (Invitrogen); RT-PCR kits (Promega); Mouse-
anti-human P53 (BD);
(Sigma); horseradish peroxidase (goat anti mouse;
PIERCE); ECL kit (Amersham);
apoptosis detection kit (Biovision);

Mouse-Anti-huma B-actin

Annexin V-fitc
pHrn was
constructed by our laboratory.
1.2 Plasmids construct

Fragments hTERTp (5’ ctgcagegegggggtggcc-
geggc 3'; 5’ aagettggattcgegggeacagac 3') and CMVe
(5’ ctcgagaagtcecgttgattttggte 3’ ; 5’ gctagccggggte-
attagttcatagce 3') were amplified by PCR using human
¢DNA and pEGFP-N1 as template. Fragments
hTERTp, CMVe, p53p, and p53,, were inserted into
PEGFP-N1  orderly;
obtaining pchEGFP-N1,
pchp53,,-N1 and pchp53,,-N1. They were cut with
restriction enzymes Nhe I and Afl Il ; fragments cut
down were then inserted into pHrn. Finally, the report
vector pchEGFP, as well as the tumor suppressor

commercialization vector

intermediate vectors

vector pchp53,,, and pchp53,, were constructed.
1.3 Cell culture and transfection

Cells were maintained in RPMI-1640-Medium
(Sigma) with 10% FBS (37°C, 5% CO,). 1 day before
transfection, cells were seeded into 6 well cell culture
microplate with the cell density of 3.0x10° per well.
Transient transfections of human liver cancer cells
Bel-7402 were performed with the lipofectamine 2000
system according to the manufacturer's instructions
when the cell confluence was approximately 80% ~
90%.
1.4 GFP expression assay

24 h after transfection, cells were washed 3 times
with PBS, followed by digesting with 0.05%

tripsin-EDTA.  Took appropriate cell digestion

suspension (about 2x10° cells) into 1.5 ml EP tube;
discarded the
supernatant; resuspended cells with PBS; centrifuged

centrifuged at 300 g for 10 min,

again at 300 g for 10 min, discarded the supernatant
and repeated the above procedure one more time; then
added 300 wl PBS into the EP tube, mixed gently. The
sample was analysed by FCM (flow cytometry) within
30 min. Cells for fluorescence microscope detection
needed no other treatment; 24 h after transfection, they
were detected and photographed by fluorescence
microscope.
1.5 RT-PCR assay

24 h after transfection, cells were lysed by 1 ml
Trizol reagent (Gibco); total RNA was extracted as the
protocol of Trizol reagent. RNA was quantitated with a
spectrophotometer (Beckman DU640); 1 wg RNA was
used for reverse transcription (Promega). B-actin (5’
aatctggcaccacaccttct 3'; 5’ agcacagcctggatagcaac 3')
and p53 (5’ gagctgaatgaggccttgga 3'; 5’ ctgagtcagg-
cccttetgtett 3') were amplified using the same amount
RT-PCR product as template.
determined by 2% agarose gel.

PCR product was

1.6 Western-blot assay

Western-blotting was performed according to the
Molecular Cloning (3rd ed). Briefly, cell extracts were
boiled at 100°C for 10 min and centrifuged for 10 min
at 13 000 r/min, 4°C (Eppendorf centrifuge). The
supernatants were resolved by 10% SDS-PAGE. The
transferred onto PVDF
membranes and incubated overnight at 4°C in blocking
solution (PBS, 3% BSA).
Membranes were exposed to a combination of anti-p53

resolved proteins were
5% powdered milk,

monoclonal antibodies (1 : 500) with anti-B-actin
monoclonal antibodies (1 . 2 000) in blocking solution
for 1 h at room temperature, followed by two washes
for 10 min in PBS with 0.1% Triton and one wash for
10 min in blocking solution. Membranes were then
incubated with diluted anti-mouse antibody HRP (1 :
5 000) for 1 h at room temperature, followed by three
washes of 15 min in PBS with 0.1% Triton. The
presence of antibody was detected with an enhanced
chemiluminescence (ECL) kit (Amersham Life
Science).
1.7 Hoechst 33258 staining

Cell transfection was performed as described in
Cell Culture and Transfection. 24 h after transfection,
cells were washed with PBS for 3 times, followed by
maintaining in Hoechst 33258 solution (0.1 mg/L) for
30 min in the dark. Cell apoptosis was detected with
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fluorescence microscope.

1.8 Annexin V-FITC/PI staining
V-FITC/PI  double
performed with the corresponding kits (Biovision)

Annexin staining  was
according to the manufacturer’s instructions. The cell
suspension was performed with FCM (flow cytometer)
assay to detect the cell apoptosis.

2 Results

2.1 Plasmid construct and sequencing

Plasmids pchEGFP, pchp53,, and pchp53,, were
successfully constructed. The plasmids digested with
Nhe 1 and Afl I were resolved by 1% agarose gel
(Figurel). Figure 2 was the ideograph of pchp53,,.
Figure 3 was the sequencing results of p53,, and
P53pe
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Fig. 1 Confirmation of target fragments insertion into
human-derived vector pHrn

Nhe 1 and Af1 1l cut pchp53p, and pchp53,, into 8 608 bp and 2 216 bp

two fragments, cut pchEGFP into 8 608 bp and 1 692 bp fragments. /:

ADNA/Hindlll; 2: pchp53 5 3: pchEGFP; 4: pchp53p,; 5: Marker DL200.

Nhe 1 SHA:

CMV enhanc

hTERT promoter

10 824 bp

Fig. 2 Ideograph of pchp53,,,
SHA: Short homologous arm; LHA: Long homologous arm. Both

derived from human ribosomal gene region.

TCCCCSCGTGGC

D Translate

pgemt-TP53argNOTLSEQ (1>4205)
pgemt-TP53proNOTLseq (1>4205)
D tp53an4.t7_02.abl (1>669)
D tp53pr6.t7_01.ab1 (31>358)

tceeegegtgge
tceeceegtgge
TCCCCGCGTGGC
TCCCCCCGTGGC

?

condon 72

Fig. 3 p53 sequencing results
For p53,, the 72 codon is CGC; for p53Pro the 72 codon is CCC.

2.2 GFP expression and FCM assay

24 h after transfection, cell transfected with
pchEGFP was studied with fluorescence microscope
and flow cytometry. GFP was expressed in Bel-7402
cells (Figure 4). The FCM assay showed GFP
expression efficiency was 17% (Figure 5).

Fig. 4 GFP expression in Bel-7402 cells 24 h after
transfection with pchEGFP
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Fig. 5 GFP transfection efficiency in Bel-7402 detected by
FCM
24 h after transfection with pchEGFP.

2.3 RT-PCR assay

Figure 6 showed the electrophoresis results of
RT-PCR products. p53 mRNA expression could be
detected in all lanes in Figure 6a. The B-actin acted as
an endogenous control for semi-quantitating p53
expression.
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Fig. 6 p53 mRNA (a) and -actin in (b) expression in Bel-7402 cells
24 h after transfection with pcDNA3.1-p53 ., pchp53s,, pchp53,4, and pHrn. 7: pcDNA3.1-p53,,; 2: pchp53,, 3:

pchp535,; 4: pHrn; 5: Marker DL2000.

2.4 Western-blot assay

Figure 7 showed Western-blot results. p53
molecular mass is 53 ku. The B-actin molecular mass
is 43 ku. The -actin acted as an endogenous control
for semi-quantitating p53 expression.

1 2 3 4

53— M

B-actin —

Fig. 7 Western blot analysis of p53 and -actin expression
levels in Bel-7402 cells

24 h after transfection with pchp53,,, pchp53p.,, pHrn and pchp53,,. I:

pchp53 . 2: pchp535,; 3: pHm; 4: pcDNA3.1-p53 .

2.5 Hoechst 33258 staining
Figure 8 showed cell staining results with

Hoechst 33258. There were not much difference

pchp53 .4, pchp53s,

Control

Fig. 8 Bel-7402 cells apoptosis results, detected by Hoechst
33258 stainning
24 h after transfection with pchp53 4, pchp535,, and control (pHrn)

between the control, pchp53,, and pchp53s,.
Compared with the control, the other two seemed have
more cell nuclear stained deeply, but it was not
apparent.
2.6 Annexin V-FITC/PI staining

Figure 9 was the results of Annexin V-FITC/PI
staining assay. From the left to the right the cell
apoptosis (FITC+/PI) rate was 2.82%, 3.06%, 3.08%
and 3.47%(the mean). The control was transfected not

plasmid but lipofectamine.

Cell apoptosis

100 94.55 94.74 94.35 926
80
&
= 60f
°
£ 40r
20+
0 0'22439 2.82 0‘2§.92 3.06 0'1%.46 3.08 0.0&48 3.47
Control pHm pchp53 4, pchpS3g,

Fig. 9 Bel-7402 cells apoptosis FCM results
24 h after transfection with control (PBS), pHm, pchp53,, and
pchp535,, cells were stained by Annexin-V-FITC/PI. @: FITC-/Pl+; l:
FITC+/PI+; [J: FITC—/PI-; []: FITC+/PI-.

3 Discussion

The  plasmid combination pHrm  with
CMVe+hTERTp could express well in Bel-7402. 24 h
after Bel-7402 was tansfected with pchEGFP, the GFP
expression rate reached 17%. RT-PCR results showed
there was endogenous p53 expression in Bel-7402.
Western blot results indicated that p53 expression
amount in pcDNA3.1-p53,, was much more than that
in pchp53,, and pchp53p,; The p53 expression could
not be detected in pHrn due to the low expression
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amount. Compared with control, apparent tumor luciferase report vector p330 (driven by the hTERT

suppression effect of pchp53 4, and pchp53p,, could not
be found. Totally, the plasmids can express effectively
in Bel-7402, but the expression amount was too low to
have apparent tumor suppression effect.

The reason for the low expression amount of p53
and almost no tumor suppression effect of our
plasmids might be partly the relatively low transfection
efficiency due to the large size of the pHrn; but
according to the results of our coworkers’ research
which also involved with pHrn (date not shown), this
could not be the main reason for the low expression of
p53. Taro and Satoru studied the relationship between
p53 and hTERT. They introduced wild-type p53 into
SiHa cells via a recombinant adenoviral vector. 36
hours after infection,
telomerase catalytic subunit mRNA expression was
observed, whereas no change in telomerase activity

down-regulation of human

was observed in the cells infected with control vector

which had no p53 M. Xu et al . cotransfected

proximal promoter) with wild-type p53 vectors into
HelLa cells. hTERT promoter
suppressed by up to 90% compared to that in the same

activities were
cells cotransfected with p330 and the empty vector.
And they found wild-type p53 forms a complex with
Spl and inhibits Sp1 binding to the hTERT proximal
promoter. The following researchers investigating the
p53 and hTERTp have reached the same recognition:
wild-type p53 can downregulate hTERT mRNA
expression through the interaction with hTERTpt'* ™9,
Figure 10 showed the hTERTp used in this
research. The whole sequence was 292 bp long,
containing 5 Spl binding sites. In the plasmids we
constructed, the coding sequence of wild-type p53 was
This might
explain why the p53 expression amount was very low
and why there was almost no effect of the plasmids on
suppression. On the other hand, our results further
verified wild-type p53 can downregulation hTERTp.

just followed the hTERTp sequence.

ccaggecegggeteccagtggattegegggeacagacgeccaggacegegetteccacgtggeggaggga

E box

ctggggaccegggeacccegtectgeecctteaccttecageteegectecteegegeggacceegeecee

Spl Spl

gtceegacceecteceegggteceeggeccageccecteegggeecteccagecectececttecttteeg

Spl

Spl

cggeecegeectetectegeggegegagtttecaggeagegetgegteetgetgegeacgtgggaagecee

Spl

E box

tggeeccggecacecccgcgATGCCGCGCGCTCCCCCG

Fig. 10 hTERT promoter sequence analysis
The underlined region was core binding site of transcription factors. The shadowed

region was the location of the primers used to amplify hTERT promoter.

Both the p53,, and p53,, could express well in
Bel-7402. And the p53,, expressed relatively more
p53 than p53p, did. Due to low expression amount, we
could not compare their tumor suppression effect. This
might be for some information for the future p53
related gene therapy.

Cancer has become one of the most deadly
disease in the twentieth century. So far no really
effective method has been found to cure cancer. With
the knowledge of molecular mechanisms governing
cancer formation expanding and the modern molecular
technology fast improving, using gene therapy to cure
cancer brings us hope.
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