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Summary: "['o construct eukaryotic expression vector expressing full length anti sense pituitary 
tumor transforming gone (PTTG) mRNA and obserw' its blocking effect on the potential inwtsion 
of human ovarian carcinoma cell line SK ()V-3. PCR primers containing designed enzyme cut sites 
were used for cloning full length PTTG gone fragment, and the resulting PCR product was inserted 
inlo lhe eukaryotic vector pcDNA3. 1 in the antisense direction. The recombinant vector was then 
transfeded into SK ()V 3 by l.ipofectamine. The positive cell clone was screened by G418. PTT(; 
~md hF(;F at protein level expression were detected by Western blot. The biological behavior change 
of transfeclion positiw: cells was ohserved hy colony formation in soft agar assay. ()ur resuhs 
showed thai SK ()V '3 clones stably expressing full length recombinanl pcDNA3. 1 PTT(ias were 
o})laincd. The uxpressions of PTT(; and bF(;F pron.in in I ransfected cells were decreased by 61.5 
2,, and 52.1{t}~;, respectively as compared wilh non transfeeted ones. The number of colony forma 
lion was rc(tuced significantly in transfected cells as compared with empty vector transfccted and 
non Iransft'cnd cells, h is coneluded thai the recombinant vector pcDNA3. 1-PTT(;as is a novel 
Iool and provi(h,s an ahcrnative anti-sense gene therapy targeted at PTTC- in human carcinoma. 
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P i tu i ta ry  t umor  t r ans fo rming  gone ( P T T ( ; )  is 
a novel p ro -oncogene  lhal was demons t ra t ed  to be 
associated with lumor igenes is  and metas tas is  ;~1. 
P T T G  protein was mulli functi(mal in act ivat ing 
several t umor  associated genes  and inhabit ing chro 
matid separat ion dur ing mitosis.  Basic f ibroblast  
g r o w t h  factor  ( b F G F )  p romotes  cancer cell prolif- 
e ra t ion ,  invasion and metas tas is  by inducing cancer 
angiogenesis .  Studies have shown that  P T T G  
could up-regula te  the express ion of BF(;E and then 
deter iora te  the pheno typc  of several l umors  inch> 
ding ovarian carcinomas : ' .  "1"o s tudy the mocha 
nism of P T ' I ' ( J ' s  t)romotional funcl ion in ovarian 
carc inogenes is ,  and l(} t)robe into the possibil i ty of 
anti sense gone therat)y targeted at P T T ( ; ,  we 
cons t ruc ted  recombinant  eukaryot ic  vector  pcl) 
NA3.  1 - P T T ( ; a s ,  which expressed full length anti- 
sense of P T T ( ; ,  and was then t ransfected into o 
varian carcinoma cell line SK-( )V 3 express ing  high 
level of P T T ( ; .  ()n basis of these exper iments ,  we 
observed differences in t r ans fo rming  ability be- 
tween t ransfecled and n o n  t ransfected  cells. 

1 MATERIALS AND METHODS 

1.1 Construction of pcI)NA3. I-PTTGas 
Total  R N A  was isolated f rom SK ()V 3 cells 

using TRIZ01TM Reagent  ( ( ; i l ) c o  BRI. ,  U S A )  ac- 

CHEN Gang. male, born in 1974. l)octor in Charge 
�9 This project was supported by a grant from the National 
Natural Sciences Foundation of ('hina (No. 39840009) and 
the National S('ivnce Fun(t for l)islinguished Y(umg Scholars 
(No .  30025017) .  

cording to the m a n u f a c t u r e r ' s  ins t ruct ions .  R N A  
(2 fig) was used for c l )NA synthes is  by reverse 
t ranscr ipt ion.  The  R N A  samples  were incubated at 
7(1 ( R)r 5 min with 0 . 5  fig oligo deoxy thymid ine  
pr imers  in a final volume of 10/~1 and then at 37 ( '  
for 60 min in a 25 ffl reaction volume conta in ing 1. 
25 mmol /1 ,  deoxynucleot ide  t r iphospha te ,  200 U 
Muloney  murine  leukemia virus reverse t ran  
scriptase and Muloney  murine  leukemia virus R T  
buffer  ( p r o m e g a  U S A ) .  The  c D N A s  obtained were 
amplified by using of cloning pr imers  as fo l lows:  5 
�9 C( ' ( ;  G A A  T T C  CAC A C A  A A C  T C T  G A A  G C A  
( 'T  3 ' ( s e n s e )  and 5' CCG CTC G A G  A T ( ;  A A T  
(;(1(; ( ; C T  G T T  A A G  AC 3" (an t i sense) .  The  en- 
zyme silos of X k o  I and EcoR I were underl ined 
respect iwqy.  A typical po lymerase  chain react ion 
( P C R )  sys tem consisted of 5 t,1 of eDNA or nega 
live control  sample (pure  w a t e r ) ,  0 .2  m m o l / l ,  de 
oxynucleot ide  t r iphospha te ,  1 .25 m m o l / I ,  MgCle ,  
2 .5  U Taq po lymerase  ( M B I ,  I . i thun ia ) ,  1X buff-  
er ,  and 10fzM primers.  The  PCR profile was 95 C 
for 1 rain; !)4 C for 30 s, 56 ~ for 1 min,  and 72 
( for 1 rain for 30 cycles ,  fol lowed by extens ion 
for 7 m i n a t  72 C.  The  amplified product  was then 
recovered from the gel by Glassmilk  gel recovery  
kit ( N e w  England Biotech,  U K ) ,  l igated with 
p G E M - T  vector  ( P r o m e g a ,  U S A )  by fol lowing the 
ins t ruc t ion  manual .  The  ligation produc t  was then 
t r ans fo rmed  into DHS~ competen t  cells. The  re- 
combinant  vector  was then screened by sequencing 
to confi rm the correc tness  of insert  sequences of 
P'['TI[;. Af te r  being cut by EcoR I and X h o  1 
( T a K a R a ,  J a p a n ) ,  full length P T T G  was inserted 
into pc l )NA3.  1 which had also been cut by the 
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same enzymes. After screening by enzyme diges- 
tion and sequencing, the recombinant pcDNA3. 1- 
PTTGas  that expressed full length antisense of 
P T T G  was constructed. 
1 .2  Cell Transfection and Screening 

pcDNA3. 1-PTTGas  and pcDNA3. 1 (as  a 
blank control)  were transfected into SK-OV-3 u- 
sing 1.ipofectamine2000 (Gibco BRL, U S A ) ,  G418 
(Merck ,  U S A )  was added into the medium to 
screen positive cells. Positive cell clones were cho- 
sen and amplified, and then the neo gene expres- 
sion was detected by RT-PCR using the primers 5"- 
A G A G G C T A T T C T G C T A T G A C - 3  (sense) and 5"- 
GCTTCAGTGACAACGTCGAG-3"  (antisense).  
1.3  Protein Extraction and Western Blot Analysis 
of  PTTG and bFGF 

Cells from each group (pcDNA3. 1-PTTGas  
transfection group,  blank control group and non- 
transfected group) were washed three times with 
cold PBS and then subjected to lysis in lysis buff- 
er. Cell [ysate was centrifuged at 21 000 g for 10 
min,  and supernatants  were analyzed. A total of 
50 btg of protein from each cell-free extracts was 
denatured in SDS sample buffer ,  heated to 100 ~ 
for 5 rain, and loaded onto SDS-polyacrylamide 
gel. Electrophoresis was initially carried out at 100 
V through the stacking gel and then at 150 V 
through the separation gel. After electrophoresis,  
the proteins were transferred to nitrocellulose 
membranes (Amersham,  USA) .  The  membranes 
were blocked for 2 h with a blocking buffer contai- 
ning 5 % non-fat dry milk and 0 . 1 %  (v /v )  Tween 
20 in Tris-buffered saline ( T B S T )  at room temper- 
ature,  incubated at 4 ~ with the relevant primary 
antibodies (Goat  anti h P T T G ,  Rabbit anti bFGF,  
Goat anti ~-actin, Santa Cruz, USA)  overnight ,  
and washed three times (10 rain each time) with 
TBST.  Primary antibodies were detected using Al- 
kaline Phosphatase-conjugated secondary antibody 
(Santa Cruz, USA) at a concentration of 1-1 000, 
incubated for 2 h at room temperature  and visual- 
ized with BCIP /NBT (SABC,  Henan,  China) .  

Protein loading equivalence was assessed by the ex- 
pression of l?-actin. 
1.4 Soft Agar Assay 

Soft agar assay was carried out according to 
the method of the reference E33 with slight modific- 
tion changes. Agarose (Gibco BRL, USA)  was 
blended with PBS (Sigma,  USA)  at a concentra- 
tion of 5 %,  autoclaved, and thawed in boiled wa- 
ter before use. 2 ml agarose was blended well with 
18 ml pre-warmed medium when it was cooled to 
50 'C, and then poured into 24-well plate (0 .8  ml 
per well) immediately. The gel was solidified at 
room temperature for about 30 min. Single cell 
suspend was made at a concentration of 1 ;< 103 cell 
per ml,  diluted to 200 cell per 0. 7 ml. The cell 
suspension was blended well with 0.1 volume of 50 
~ 5 ~ agarose, and put into the above-mentioned 
plates (0 .8  ml per well made 200 cells each well).  
There  were six repeat wells for each group. The 
cells were cultured for 2 weeks,  and then clones 
containing above 40 cells were calculated and pho- 
tographed ~t? . 
I. 5 Statistical Analysis 

All experiments were repeated at least three 
times. S tudent ' s  t test was used to evaluate the 
differences between experimental and control 
groups. All of the P values were considered signif- 
icant when they are greater than 0.05. 

2 RESULTS 

2. 1 Construction, Transfection and Screening of  
the Recombinant Vector 

Full length of P T T G  sequences was confirmed 
by sequencing, and the electrophoretogram of en- 
zyme digestion showed pcDNA3. 1-PTTGas  was 
constructed successfully (fig. 1). neo expression 
detection by RT-PCR showed positive results in 
pcDNA3. 1-PTTGas  transfection group and blank 
vector transfection group,  and negative result in 
non-transfected group. 
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Fig. 1 

A B 

Electrophoretogram of enzyme digestion 
A.. 1. T-vector-PTTG link product~ 2. T-vector-PTTG link product after digestion of EcoR 
I and Xho I 
B: 1. PCDNA3.1-PTTGas; 2. PCDNA3.1-PTTGas after digestion of EcoR I and Xho I 
M: XDNA/EcoR I +Hind 1]I Marker 
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2. 2 PTTG and bFGF Protein Expression before 

and after Transfect ion 
The  express ions  of P'I 'T( ' ,  and I)F(jF protein 

in t ransfec ted  cells were decreased by 61 .5  ~ and 
52. 3 ~ respect ively ,  as compared  with non- 
t ransfec ted  ones (fig. 2). The  result indicated bF- 
G F  protein expressk)n decreased after  P T T ( ;  pro- 
tein express ion  reduclion.  

number  of colony format ion  is reduced signif icant ly 
in t ransfected cells ( 2 . 4 •  as compared  with 
non- t ransfec ted  and empty  vector  t ransfected cells 
( 2 3 . 3 _ + 5 .  7 and 21. 5---+_-_7. 9, respect ively ,  P ~  
0 . 0 1 ) .  

I 2 3 

PTTG 

Table 1 Numbers of cell chine formation of soft agar assay 

Cell (}roup 
Numbers of cell clone 
foma;,lion (per wall) 

Nonqransfected SK-( )V 3 

pcI)NA3.1 transfcctcd SK ()V-3 

pcDNA3.1-PTTGas transfected 
SK-()V-3 

23.3 f i  5.7 

21.5_+. 7.!} 

.2..t ~ o. 8* 

P<~0. Ol 

2 . 3  Soft Agar Assay 
The  npmber s  of each clone were showed in ta- 

ble 1. The" ctone4orm~ilion ability decreased signif- 
icantly in pc l )NA3.  1 P T T ( ; a s  t ransfected cells 
when  compared  with blank w,elor t ransfect ion 
g roup  and non t ransfected  g roup  (fig. 3). T he  

Fig. 2 

bFGF 

b-actin 

Expression differences of PTTG and bF- 
(iF protein in different transfected SK- 
()V 3 cells (Western blot) 
l : non transfeeted SK-()V-3 cell group; 
2: pcDNA3. 1 transfected SK-()V-3 cell 
group; 
3: pcDNA3. 1-PTTGas transfected SK- 
()V-3 group 
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Fig. 3 Sofl agar growth of different transfecled SK-()V 3 cells 
A : Non t ransf,,!ctcd ,'%K-( )V-3 cell group ; 
B: pcI)NA:L 1 transfcclcd SK-()V-3 cell group; 
(,' gttt(I [): pcDNA;L [ [rl"F(;-as transfeded SK ()V 3 group 

3 DISCUSSION 

P T ' F G  is the first p i tu i tary  1umor t ransfor -  
ming gene that isolated by differential display PCR 
( D D - P C R )  using m R N A  derived from rat pi tui tary 
t umor  cell line ( ;H4  and normal  pi tui tary lissue. 

This  gene encodes an umque protein which has 
been testified as human  securin-l ike protein.  Previ-  
ous studies have shown that  P T T G  overexpressed  
in t umors  t issues f rom lung,  breas t ,  colon,  ovary  
and lymph as well as that  f rom pi tui tary  ~e" ~ ~ 

Current  opinions about  the mechan i sm of PT-  
"I'(; in c~lrcinogenesis focus on three aspects.  F i rs t ,  
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as a securin,  P T T G  can inhibit s is ter-chromatid 
separat ion,  cause aneuploidy of progeny cells, and 
then contr ibutes  to t ransformation and carcinogen- 
esis ET]. Secondly,  the Pro-X-X-Pro ( P X X P )  motif  
of P T T G  protein could bind SH3 domain of several 
conjunction prote ins ,  t ransform cells by recruiting 
certain signal molecules,  t ransfer  st imulus signals 
into nucleus,  and then activate expression of rela- 
tive tumor-associated genes. Thi rd ly ,  P T T G  up- 
regulates expression of bFGF,  a major activating 
factor for mitogenesis  and angiogenesis,  then pro- 
motes carcinogenesis,  tumor  invasion and metas ta-  
sis. 

Recent studies showed that P T T G  and bFGF 
expression were increased s imultaneously in ovari- 
an cancer t issues,  suggest ing that P T T G ,  as an 
ups t ream regulator ,  plays an important  role in bF- 
(iF synthesis  and secretion,  and promote  malig- 
nant phenotype of ovarian cancer [a3. ()n the other 
hand,  overexpression of bFGF may st imulate PT-  
TG express ion,  which formed an autocrine and 
paracrine loop L~3. So we hypothesized that if we 
could inhibit the expression of P T T G  at m R N A  or 
protein level, we might reverse carcinogenesis and 
metas tas is  phenotype of ovarian cancer at a higher 
level. If thus ,  P T T G  may become a molecular 
therapeutic target  for the biological intervention of 
ovarian cancer. 

Antisense nucleic acid technology is an impor- 
tant tool in gene function and gene inhibition re- 
search. Because of its specificity, simplicity and 
stable effect,  it has been extensively employed in 
tumor molecular biology. 

To testify the correlation between P T T G  and 
bF( iF  expression,  we detected their expression at 
both m R N A  and protein level by semi-quantit ive 
RT-PCR and Western blot in A2780, SK-()V-3,  
C()C1, ( )VCAR3 and SW626 ovarian cancer cell 
lines (data  not shown) .  We observed the highest 
expression of both in SK-( )V-3 ,  which is of highest 
malignant nature. So we constructed pcDNA3. 1- 
P T T G a s ,  which expressed full length antisense 
P T T G ,  and transfected it into SK-()V-3 by using 
I.ipofectamine2000. Stable transfected cells were 
obtained by G418 screening and confirmed by de- 
tection of neo expression. P T T G  and bFGF protein 
expressions decreased significantly in pcDNA3. 1- 
P T T ( ; a s  transfected cells when compared with 
non-transfected cells. In the meant ime,  soft agar 
assay,  a reliable method to judge the in v i v o  ability 
of carcinogenesis,  showed that anchor-independent 

ability of pcDNA3. 1 -PTTGas  transfected cells de- 
creased drastically,  indicating that the malignant 
phenotype of SK-OV-3 was inhibited after  specific 
blocking of P T T G  expression. Our study indicated 
that there was a distinct correlation between PTTG 
and bFGF express ions ,  and P T T G  played a crucial 
role in tumor  cell t ransforming.  Considering the 
important  effect of bFGF in angiogenesis [~~ , the 
regulation of P T T G  was of great importance in the 
mechanism research and biological intervention of 
carcinogenesis. We could also draw a conclusion 
that there was an autoerine and paracrine loop in 
P T T G  and bFGF interactive regulat ion,  which 
provides a reliable experimental  proof for potent 
gene therapy targeted at P T T G .  
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