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Abstract

AIM: To study the inhibitory effect of transfected PTEN on
LoVo cells.

METHODS: Human PTEN cDNA was transferred into LoVo
cells via lipofectin and PTEN mRNA levels and its expression
were analyzed by Western blot and flow cytometry. Before
or after transfection, the effects of 5-Fu on inhibiting cell
proliferation and inducing apoptosis were measured by
flow cytometry, DNA bands and MTT.

RESULTS: PTEN transfection significantly up-regulated PTEN
expression in LoVo cells. 5-Fu inhibited cell proliferation
and induced apoptosis in transfected LoVo cells.

CONCLUSION: Transfected PTEN can remarkably up-regulate
PTEN expression in LoVo cells and promote the apoptosis.
PTEN transfection is associated with 5-Fu treatment effect
and has a cooperatively cytotoxic effect.
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INTRODUCTION

Apoptosis and abnormal proliferation play acritical rolein the
development of carcinoma®. 5-Fu is one of the most popular
drugs in colon cancer treatment. In vivo 5-Fu converts into
fluorouracil deoxynucleotide and inhibits thymidylic acid
synthetase and consequently, hinders deoxyuridylic acid into
deoxythymidylic acid catalyzed by the enzyme thus blocking
DNA synthesis and inducing apoptosis in cancer cells. The
effect of phosphatase and tensin homologue deleted on
chromosome 10 (PTEN)!*2! transfection associated with 5-Fu
on LoVo cellsin human colon cancer was studied.

MATERIALS AND METHODS

Materials

Human LoVo cellsand PTEN plasmid pcDNA-PTEN-WT,wild
type-WT, plasmid DNA extraction kit were purchased from
Hangzhou Weitgjie BioTech Co. The samples of normal human
tissue and highly malignant colon cancer tissues were obtained
from 461 Hospital of PLA and immediately stored in liquid
nitrogen. Plasmid pcDNA3.1 (+) of eukaryonal expression

vectorswasfrom Invitrogen. E.coli DH5a, LoVo were stored in
our laboratory. Diethyl pyrocarbonate (DEPC) wasfrom Sigma.
Total RNA was extracted by Trizol (Gibco). Oligo dT, TaKaRa
RNA PCRKit (AMV) pMD 18-T, Ex Tag™ enzyme (including
dNTPs and Mg*), DNA Ligase Kit Ver.2, DNA marker were
from TaKaRa. Lipofectamine™ 2 000 transfection reagent was
from Invitrogen. DNA sequencekit was ABI BigDyeterminator
kit. DNA fragment extraction and purification kit wasfrom Beijing
Dingguo Bio Corp. Rabbit-anti-human PTEN polyclonal
antibody (rabbit anti-PTEN) was from Beijing Zhongshan Bio
Corp. Horseradish enzyme label ed goat-anti-rabbit 1gG (H+L)
was obtained from Beijing Zhongshan Biotechnology Co., LTD.
Reagentsand enzymes Restriction enzymesBamHI and Hind
111, basic proteolyticenzyme, DNA kit, Lipofectin, G418wereosed.
Primers The primerswere designed according to human PTEN
sequence published in GenBank using Primer Premier 5.0
software. Theupper stream primer was5 AAGCTT ATGACA
GCC ATC ATC AAA GAG AT 3 withHind Il digestion site.
Thedownstream primer was5' -GGA TCCGGA ATA AAA CGG
GAA AGT GCCE-3' with BamH | digestion site. The primers
were synthesized by Beijing Baisheng Bio Corp.

Methods

RNA extraction Onehundred milligramsof the samplesinliquid
nitrogen weretaken. Total RNA was extracted by the protocol of
Trizol.

RT-PCR amplification of PTEN gene It was carried out by
TaKaRaRNA PCRkit. Thereaction mixturewas20 UL.. Reaction
conditionwasat 30 “C for 10min, 45 ‘C for 40min, 95 °C for 2min,
5 °C for 5min. The primer was designed asabove. Amplification
conditionwasat 94 °C for 5min, 94 °C for 305,53 C for305,72°C
for 1 min, 72 “C for 10 min. After thereaction 5 uL wastaken for
agarose gel electrophoresis.

PTEN cloneand identification Fifty microlitersof PCR product
were used for 1% agarose gel electrophoresisto extract cDNA
fragment and after extraction it was identified by agarose gel
electrophoresis. cDNA fragment was inserted into pMD18-T
vectorsand ligated at 16 “C overnight to construct the recombinant
plasmids pMD-PTEN-WT (wild type) and pMD-PTEN-MT
(mutant type). The recombinant plasmidstransfected competent
DH5a cellsby CaCl2. Thetransfected cells were cultivated in
50 mg/L ampicillin (Amp) LB agar platesat 37 C for 14-16 h.
Single colonieswereinoculated in LB liquid medium with Amp
at 37 'C overnight. The plasmidswereextracted from cell culture.
The positive clones were sl ected and doubly digested by Hind
11l and BamH a 37 °C for 1 h. After digestion it wasidentified by
electrophoresis and the sequences were verified by ABI 3 100
and the results were analysed by DNASis software.
Construction and identification of eukaryonal expression
vectors Recombinant plasmids with correct sequences were
doubly digested by Hind 111 and BamH |. The product was
used for agarose gel electrophoresis to extract 1.4 kb PTEN
fragments. pcDNA3.1 (+) was aso doubly digested by Hind 111
and BamH | and extracted. The linear vector fragments and
extracted PTEN fragmentswereligated by T4 DNA ligaseat 16 'C
overnight and the product was transferred into competent
DH5a cells. Single colonies were randomly selected and
cultivated at 37 ‘C overnight. Plasmids were extracted and
amplified by PCR and identified by digestion.
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Transfection According to Lipofectamine™ 2000 transfection
kit, pcDNA3.1 (+) vacant vector and none-transfected LoVo
cdlsserved as controls. After transfection the cdllswere grown at
37 C with50mL/L CO,for4-6 hand 2mL of medium supplemented
with 10% calf serum was changed and cultivated for 48 h. Four
to ten cells were transferred and incubated. When the cells
were 80% in confluence, 600 pg/mL G418 was added to select
the positive clones.
Cdl growth The cellswere digested by 0.25% trypsin to get
monocyte suspension and inoculated into 6 well plates at
1x10%well. Sevenwellswerefor each kind of cells. Themedium
was changed after 2 d. Cells were counted every day. The cell
growth was observed for 7 d and cell growth curve was
obtained.
Detection of PTEN geneexpression Total RNA extracted was
used as template for reverse transcription. The reaction system
and condition were described as above. Western assay was
performed according to the reports??24, horseradish peroxidase-
|abeled rabbit-anti-human 1gG was used asthe second antibody.
Genepreparation Total RNA was extracted from tumor and
normal tissues. PCR product was collected and ligated into
pMD 18-T vectors and then transformed. The constructs were
verified by DNA sequencing.
Cdl cultureFrozen cellswere taken out of liquid nitrogen and
rapidly melted at 37-40 °C for 1 min in water bath. The tube of
cells stored was opened and the cell suspension was transferred
into the culture plate. After the medium was added the cells
weregrownat 37 C. Themedium waschanged after cell growing
on thewall (around 4 h). After the cells were cultivated into a
singlelayer, the next generation was grown. Therestored cells
were transferred onto the 35 mm plate and cultivated at 37 'C
with 50 mL/L CO, for 18 h. The cells were digested by 0.25%
pancrestin and cultured in 2 mL of DMEM supplemented with
10% fetal calf serum to stop digestion. The cells were cultured
for 12 h. When the cells were in 30-50% confluence, they were
transfected by plasmid DNA.
Westernblot Total RNA wasextractedwith Trizol fromtransfected
LoVo cellsor non-transfected cells. Five microliters of samples
were separated by electrophoresis, transblotted, prohybridized,
hybridized and stained.
PTEN protein expression Before or after transfection PTEN
protein expression was assayed by flow cytometry. The cells
were resuspended in PBS, PTEN monoclonal 1gG1 antibody
was labeled and incubated at room temperature for 30 min and
analyzed by flow cytometry.
DNA ladder bandsassay 5-Fu at 20 pL/mL was added into
PTEN cells transfected or non-transfected and incubated for
48 h and centrifuged. DNA was extracted from the cells and
electrophoresiswas performed in 2% agar gel in0.5x TBSfor 2 h.
Photos were taken under UV light.
Inhibitoryratesof 5-Fuon LoVocdlsheforeor after transfection
by MTT assay Onehundred microlitersof LoVocdlsat 1x10%/mL
wasinoculated into 96 well platesand 100 pL of 5-Fuwasadded
30 the concentrationswere 10, 20, 40, 100, 200, 400 ug/mL. After
incubation for 48 h, 100 uL of dimethylsulfoxide was added. After
20 min, the absorbance in each well was measured by enzyme-
|abelled meter and the inhibition rate was cal cul ated.
Theinhibition rate = [1-(the value of Absin experiment/the
value of Absin the control)]x100%.
Flow cytometry The apoptosisof LoVo cellsinduced by 5-Fu
was analyzed by flow cytometry. 5-Fu 10 pg/mL was added into
LoVo cdlstransfected or non-transfected and incubated for 48 h,
then centrifuged, and 20 L of propidiumiodide (PI) was added
for half an hour in the dark and analyzed by flow cytometry.

Statistics analysis
The differences between groups were analyzed by t test.

RESULTS

Thedigested plasmid PTEN-pMD18-T isshownin Figure 1. After
plasmid PTEN-pMD18-T was digested, two fragments were
5.3 kb and 1.4 kb, which were consistent with dl 2 000 marker.

Four cell growth curves are shown pcDNA-PTEN-WT cdll
growth was slower than other cells (Figure 2).

PTEN mRNA expression in LoVo cells was assayed by
Western blot. The PTEN mRNA expression level was higher
after transfection (Figure 3).

LoVo cdlstransfected with PTEN-WT gene were assayed
by flow cytometry andit was mainly found in cell cycleblockage
period Go-G; (58.21%) (Figure4).

The results of DNA-ladder bands showed that in transfected
LoVo cellstreated by 5-Fu thereweretypical DNA ladder bands,
but in non-transfected LoVo cellstherewas no DNA ladder band.

After 5-Fu 10 uL/mL was added for 48 h, the apoptotic
LoVocdlsreached 71.75%and only 18.84%inthecontrol (Figure5).

Theeffect of same concentration of 5-Fu on PTEN transfected
and non-transfected LoVo cellswas detected using MTT. The
inhibition rate on cell proliferation was higher in the former
than that in the later, and there was a significant difference
between them (P<0.01).
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Figure 1 Digested plasmid PTEN-pMD18-T 1: DL15000 marker;
2: pcDNA-PTEN-WT doubly digested; 3: pcDNA-PTEN-MT
doubly digested; 4: pcDNA-PTEN-WT PCR; 5: product of
pcDNA-PTEN-MT PCR.
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Figure 2 Growth curve of four cells. PTEN-1 (PTEN-wild type),
PTEN-2 (PTEN-mutant type), PcCDNA3.1 (vector).
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Figure 3 Detection of Western wild type and mutant type
PTEN genes 1: transfected cell pcDNA-PTEN-WT; 2: transfected
cell pcDNA-PTEN-MT; 3: transfected vacant vector cell
pcDNA3.1(+); 4: nontransfected cells.



3672 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

December 15, 2004 Volume 10 Number 24

S-Phase assessment:

Tissue type: leukumiza

Model type: diploid

Diploid S: high
Calculated P-value: P<0.01
S-phase boundaries: 5.0 and 10.0

g

N

[

o
|

DIPLOID: 100%
Dip GO-G1: 58.21% at 31.24
Dip G2-M: 0% at 69.95
Dip S: 41.79% G2/G1: 2.24
Dip %CV: 12.23

Number

=

S 3

| NI B R i1

o

80 120 160
Channels

o
N
o

Figure 4 Result of LoVo cell cycle after transfection by flow
cytometry.
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Figure 5 Result of apoptotic LoVo cells after transfection in-
duced by 5-Fu.

DISCUSSION
Tumor formation isa process of multi-factors and multi-stages.
The activation of cancer genes and inactivation and abnormdity
of anticancer genes are considered as important molecular
mechanisms. Recently PTEN was found to be an anticancer
gene®?. PTEN deletion and mutation were found in many
malignant tumors including glioma, squamous carcinoma,
prostate cancer, kidney cancer, endometrium cancer, breast
cancer, colon cancer, etc.**1. Thegeneison 10g23 chromosome
in human and there are 9 extrons at 5’ terminal end and 804
nucleotides. The open reading frameis 1 209 bp encoding 403
amino acid residues of PTEN protein with amolecular weight
47.1 kD. Chromosome allele gene deletions mainly occurred in
highly malignant tumors such asglioblastomamultiform (GBM)
and malignant meningioma. PTEN mutation also occurred in
GBM and was seldom found in low degree malignant glioma.
Davied® analyzed the DNA sequencesin 46 glioma samples
and found that PTEN mutation rate in an atlastic astrocytoma
was 23% (3/13) and 36% (5/14) in GBM, but it wasnot foundin
19 subjects with low degree malignant glioma. Such results
indicated that PTEN might be related to the progress of glioma.
Steck et al.* discovered that 10923 PTEN gene domain was
frequently lostin GBM but was conserved in most |low malignant
tumors. The gene deletion wasin 12g25-g26 domain and then
PTEN gene loss appeared in the process of GBM. Dicuonzo
et al.*® found that in colon cancer PTEN mutation, deletion
and lossor replacement were all on chromosome 10 and the more
malignant it was, the more evident the mutation and deletion were.
PTEN mutetionratesingliomacdl linesand GBM were41-63%
and 17-44%, respectively. The literatures in Medline were
reviewed for 674 malignant gliomas, the mutation rate of PTEN
was 24%, including frame shift mutation, missense mutation,
nonsense mutation and PTEN deletion. The point mutation
rate was 41% and most of mutationswerein core phosphorylase

domain of 5 extrons. Davies et al .!*¥ used adenovirus as vector
and PTEN gene was transfected into glioma cell lines U251,
pkb/akt, phosphorylation level was decreased and its activities
wereinhibited. The apoptosis rate was significantly higher than
that in the control. It was reported that tumor cell growth was
inhibited (60-70%) by transfected wild type PTEN with reverse
transcription and PTEN mutation with U87M G and U178M G of
glioma cell lines and cell growth stopped at G; stage by flow
cytometry.

In our study, after transfection PTEN mRNA expression
level in LoVo cells was higher than that before PTEN was
transfected. After transfection PTEN protein expression level
was higher by flow cytometry and the positive rate was
increased from 21% to 47%, which indicated that PTEN gene
was transferred into LoVo vialipofectin. Typical DNA ladder
bands were found by 5-Fu in transfected LoVo cellsand DNA
ladder bands were not remarkable in non-transfected LoVo cdlls.
The gpoptos srate was 71.75% after incubation of 5-Fu 10 pL./mL
inLoVo cdlsfor 48 hand inthe control it wasonly 18.84%. The
effect of same concentration of 5-Fu on PTEN transfected LoVo
cells and non-transfected LoVo cells was measured. The
inhibition rate of cell proliferation was higher in the former than
inthelater and there was a significant difference between them,
which demonstrated that PTEN gene expression promoted
signaling in DNA damage by 5-Fu and induced apoptosis and
inhibited cell proliferation in tumor.

PTEN proteinisin cytoplasm of cells and homologous to
tensinwhichisimportantin cell framework andinlocal adhesion.
PTEN not only actson thenuclei but also on membranes. PTEN
protein could down-regulate the interaction of tumor cells and
extracd|ular matrix (ECM) by inhibiting activitiesof focal adhesion
kinase. (fak)®. Mdignant cdllsproliferatewithout local adhesion.
Fak isanimportant signal mediated by integrin and itsinhibition
could induce apoptosis and its activation could induce non-
dependent growth and tumor formation*?l. Fak is over-expressed
in many high degree malignant tumors. PTEN inhibits non-
dependent cell growth by reducing Fak activities.

It was shown that apoptosisreached 71.75% when transfected
LoVo cellswereincubated with 5-Fu 10 uL/mL for 48 h and it
was 18.84% in the control. Maybe 5-Fu up-regulated the new
protein synthesison the surface of cellsand promoted signaling
in PTEN system in the cells or 5-Fu blocked some protective
protein synthesis. The mechanism of cooperative effect of 5-Fu
and PTEN gene transfection may be due to PTEN protein
expression on the surface of cells and 5-Fu transmembrance
transportation. 5-Fu can accumulatein cellsand produce cytotoxin
and induce cell apoptosis.
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