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Effects of Retinoic Acid on the ]i-catenin/TCF Pathway in Cultured Por- 
cine Tracheobronchial Epithelial Cells  
I . I Y u a n ( ~  4Jl.). W U R e n l i a n g ( ~ A - ~ ) .  WAN(;-Xi(Y- ~ ) .  CHENWenshu (J:~-g..4';) 
Departmelzt o /  Pa tho logy ,  School o/' Basic Medical S~ iemes , 7"m~jgji Medical ('ollege �9 Hua:hcmg University oJ' Scieme and 
Technology,  Wuhan 430030 

Summary: The effccls of retinoic acid on the ~-catenin/'l'CF pathway in cultured porcine tracheo- 
bronchial epithelial ceils (TBEC) were investigated. After "I'BFC were treated with retinoic acid at 
various concentrations, mRNA and protein changes of ~-catenin in cytoplasm, nucleus and whole 
cell of the TBEC were observed by immunocytochemical stain, RT-P('R and Western blotting. And 
the changes of the targetgenecyclinD1 of 13 catenin/TUF pathway were also observed. It was found 
that there was no significam difference in 13 cat mRNA level after retinoic acid treatment. However, 
the expression of i~ catenin in the whole cell and cytoplasm was elevated with the increase of retinoie 
acid concentration (P-~0.01). The nuclear protein 13 catenin and target gene cyclinD1 of 13-catenin/ 
TCF pathway was decreased (P<0 .05 ) .  It was indicated that retinoic acid could increase 13 catenin 
level of the whole cell protein and decrease nuclear ~ eatenin, downregulating 13 cat/TCF signaling 
activity and reducing target gene cyclinDl protein level. As a result, retinoie acid can downregulate 
~-catenin/TCF pathway in porcine tracheobronchial epithelial cell, suggesting that retinoic acid can 
inhibit the proliferation and accelerate differentiation of tracheobronchial epithelial cells. 
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Retinoic acids ( R A )  and their derivatives play 
an impor tan t  role in the process of embryogenes i s  
and repair of the lung. RA is t h e l i g a n d  of the R A  
receptor  ( R A R )  and the retinoid X receptor  
( R X R )  and can respect ively bind with them as 
t ranscr ipt ional  factors  to regulate  cell differentia- 
tion. 13-catenin (~-cat) can bind with R A R  to regu 
late d o w n s t r e a m  gene expression,  t~ cat is a key 
media tor  in wnt  signaling. When  wnt signaling is 
ac t ivated ,  the phosphory la t ion  of i3 cat can be in 
hibi ted,  then 13-cat is increased in cy top la sm,  lead 
ing to 13-cat enter ing the nucleus binding with "I'( 'F 
act ivat ing target  gene cy l in l ) l ,  which can regulate  
cell cycle and p romote  cell proliferation.  There  
fore ,  13-cat is coactive protein within wnt signaling 
sys tem and retinoid receptor  signaling sys tem in- 
f luencing embryogenes i s ,  cell prol i ferat ion and car- 
cinogenesis  and so on. In this s tudy ,  we investiga- 
ted the express ion of 13-cat protein and m R N A  level 
in t rancheobronchia l  epithelial cells ( T B E C )  after  
RA t rea tment  by i m m u n o c y t o c h e m i s t r y ,  Wes te rn  
blot t ing and reverse t ranscr ip t ion polymerase  chain 
reaction ( R T - P C R )  in order  to s tudy  the effects 
and regulat ive mechan isms  of RA on l?-ca t /TCF 
pa thway  in cell prolifera*ion and differentiation.  
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1 MATERIALS AND METHODS 

1.1  Main Reagents 
D M E M / F - 1 2  cul ture  medium (1 ." 1) ,  T rans -  

ferrin and TRIZ()I~ were f rom C-IBC() ( U S A ) .  In- 
sulin,  epidermal g rowth  factor  ( E G F ) ,  hydrocor t i -  
sol,  RA and bovine serum albumin were f rom Sig- 
ma ( U S A ) .  Anti-~-catenin monoclonal  an t ibody 
and Anti  cycl inl) l  monoclonal  an t ibody  were f rom 
Santa Cruse ( U S A ) .  
1.2  Isolation and Culture of  Porcine Airway Epi- 
thelial Cells 

Trachea  and bronchus  were obtained f rom the 
f reshly s laughtered  pig. A modified method  of Wu 
et a l  ~ for isolating cells has been described previ- 
ously.  About  10~S/cm z were plated in cul ture  flasks 
coated with rat tail collagen. The  cul ture medium 
was I ) M E M / F - 1 2  supplemented  with 5 / ,g /ml  in- 
sulin,  1 0 / , g / m l  t ransfer r in ,  0 .5  / ,g /ml  hydrocor t i -  
sol ,  10 n g / m l  epidermal  g r o w t h  factor ( E G F ) ,  
and amibiot ics  (100 I U / m I  penicillin, 100 /~g /m l  
s t r ep tomyc in ) .  The  pr imary  cells were round ,  af- 
ter 2 3 days ,  cell conf luent ,  showing  conspicu-  
ously tilt appearance.  The  cells at the first passage 
were used in experiment .  The  epithelial cells were 
identified by ant i -viment in  and an t i -cy tokera t in  
protein.  
1.3 Experiment Treatment and Grouping 

The  exper iment  was divided into three 
g roups :  control  g roup  and two exper imental  
g roups  with addit ion of 1 ~g/txl and 2 txg//~l R A  in- 
to cul ture  medium respectively.  Af ter  R A  treat-  
ment  for 12 h and 24 h ,  the cells were isolated. 
1.4  lmmunoeytochemistry 

In each g roup ,  the slides were fixed with cold 
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acetone and incubated with a monocolonal anti-t3- 
catenin (1 : 500) overnight at 4 ~ and a secondary 
antibody, then detected with DAB kit for colour 
development. The nuclei were counterstained with 
Heamtoxylin. In negative controls, PBS was used 
to replace primary antibody. 
1.5 RT-PCR Analysis 

Total RNA was isolated by using TRIZOL re- 
agent. Reverse transcription was performed with 
M-MLV RT according to the manufacturer 's in- 
structions. PCR primers for t3-catenin were picked 
up based on the published sequence and devised by 
Shanghai Shenyou Company. The forward primer 
was 5'-TCC GTA GTA AAG GCG AAC-3", and 
backward primer 5"-TGG ACC ACA AGC CGA 
GTA-3", with a 480bp fragment. The amplification 
procedures were 40 cycles of 94 ~ for 3min, 94 ~ 
for 30 s, 55 ~ for 30 s,72 C for 30 s, 72 ~ for 3 
min. 13-actin cDNA was amplified as internal con- 
trol using following primers: forward: 5 "-GGC 
TAC AGC TTC ACC ACC AC-3", and backward: 
5'-TAC TCC TGC TTG CTG ATC CAC-3', with a 
498bp fragment product. The amplification proce- 
dures were 20 cycles of 94 ~ for 30 s; 55 ~ for 30 
s; 72 ~ for 40 s. 
1.6 Western blotting Analysis 

Cells were lysed in lysis buffer (50 mmol/L 
Tris-HC1, pH 8.0,  100 mmol/I.  NaCI, 1 mmol/L 
EDTA, 1 mmol/L DTT,  1 %  Triton X-100, 0. 1 
~ SDS, 50 mmol/L NaF, 1 mmol/L NaVO.~) plus 
protein inhibitors (10/xg/ml each of aprotinin, leu- 
peptin, pepstatin and 1 mmol/L PMSF) to obtain 
whole cell protein. And cells were lysed according 
to the method of NE-PER TM Nuclear and Cytoplas- 
mic Extraction Reagents to obtain nuclear and cy- 

toplasmic protein. Lysate was cleared by centrali- 
zation and protein concentration determined by 
BCA kit. Equal amount of protein (50--75 /~g) 
from each sample were subjected to SDS-PAGE 
(7.5 ~ and 12 ~ gel) ,  transferred to nitrocellu- 
lose membrane. The membrane was incubated with 
anti-beta-catenin and cyclinD1 antibody (1 " 1000; 
1 : 200) overnight, then incubated with horserad- 
ish perosidase-conjugated secondary antibody (1 : 
10 000) for 1 h, then developed with ECL kit. 
1.7 Statistical Analysis 

Data were expressed as ~q-_s. Difference was 
considered significant when P < 0 . 0 5  as determined 
by Student's t-test (SPSS) .  

2 Results 

2. 1 Morphologic changes of TBEC 
Under phase contrast microscopy, TBEC 

fused and connected tightly, showing conspicuously 
tilt appearance. TBEC was diffusely distributed 
throughout the cytoplasm for cytokeratin protein 
and was completely negative for vimentin protein. 
It was concluded that 99 % cultured cells were air- 
way epithelial cells. After TBEC were treated with 
1 gg//~[ and 2 /~g//~l retinoic acid, vacuoles in the 
cytoplasm were increased, and confluence was de- 
layed, but no detachment was observed. 
2.2 Immunocytochemistry results 

In control group, TBEC had ~-catenin stained 
granular brown-yellow color at cellular membrane 
and cytoplasm (fig. 1). After 2ptg//,1 RA treat- 
ment, TBEC express higher levels of 13-catenin at 
the membrane and cytoplasm, especially at the 
membrane (fig. 2). 

Fig. 1 

Fig. 2 

In control group, TBEC showed linear brown-yellow color at the membrane and granule brown- 
yellow color in the cytoplasm (SABC• 200) 
After RA treatment, the expression of t3-catenin at the membrane and cytoplasm increased signifi- 
cantly, especially at the membrane (SABCX 200) 

2.3 RT-PCR results 
Total RNA were respectively extracted after 

TBEC were treated with RA at various concentra- 
tions for 12 h and 24 h(repeat  for many times). 
The PCR products were analysed by Gel analystic 
system. The ratio of the average absorbency (A)  

between 13-actin and 13-catenin was analyzed by vari- 
ance. The results indicated that the expression of 
13-catenin mRNA level had no difference after RA 
treatment ( P ~ 0 . 0 5 ,  fig. 3). 
2.4 Western blotting results 

13-cat, ein protein levels in whole cell, cytoplasm 
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catcnin 

I I I I actin 
RA concentration: 0 I 2 0 l 2 

pg/l-d 12 h 24 h 

Fig. 3 Af ter  RA t reatment,  i] eatein m R N A  level 
had no differvnee among various groups (P 
}:> O. 05 ) 

and nucleus were respectively observed after TBEC 
were treated with RA at various concentrations for 
12 h and 24 h. The increased f~-catenin protein lev- 
els in the whole cell and cytoplasm were observed 
with the increased retinoic acid concentrat ion,  
whereas 13 catenin and cyelinDI protein levels in the 
nucleus were markedly decreased after RA treat-  
ment  (fig. 4-7). 

Wholecell [3-catenin ~ ~ ~ ~  
RA concentration: ggq.il 0 I 2 0 l 2 

12 h 24 h 

Fig. 4 The whoh, evil ~-~ catenin prolein increased 
with the increased RA concentration 

Cytoplasmic [~-cat ~ ~ ~  ~ ~ ~ '  
RAconcentration: fig:HI 0 1 2 0 I 2 

12 h 24 h 

Fig. 5 The cytoplasmic l~ eatenin prmein increased 
with the increased RA coneenlralion 

Nuclear [3-cat ~ ~ ~ ~ ~ 
RAconcentratkm: p~q_fl i) I 2 0 1 2 

12 h 24 h 

Fig. 6 The nuclear [~ catcnin pron,in decreased 
with the increased RA concentration 

C;, olin[) I ~ . . . . . . .  
RA concentration: ~g/pl 0 1 2 0 1 2 

12 h 24 h 

Fig. 7 CyclinDl protein level decreased after 
RA treatment 

3 D i s c u s s i o n  

The 13-catenin protein is an important  compo- 
nent of 13- cat /E-cd complex lo mainlain strong cell 
cell adhesion and tissue integrity in epithelium. 
The  cytoplasmic ~3 catenin protein level is elimina- 
ted by adenomatous  polyposis colt ( A P C )  depend 
ent proteasomal  degradation patheways  regulated 
phosphoryla te ly  by glycogen synthase kinase 313 
(GSK3[~). And the i~-catenin protein is also a com- 
ponent in wnt signaling, when wnt activating,  the 
phosphoryla t ion of t3 catenin could be inhibited. 
Then  the cytoplasmic t~-catenin prol:cin will trans 
locate to the nucleus,  where it interacts with T C F /  

LEF to activate target  genes involved in embryo-  
genesis and oncogenesis. Several genes have been 
demonstra ted  to be activated by the 13-cat/TCF 
complex are c-myc,  cyclinD1 and PPARS,  which 
take part  in cell cycle and cell proliferation. RA 
and their derivatives play an important  role in the 
process of embryogenesis  and repair of the lung. 
RA is the ligand of the RA receptor ( R A R )  and 
the retinoid X receptor (RXR)  and can respectively 
bind with them as transcriptional factors to regu- 
late cell differentiation. 

In this s tudy,  there was no significant differ- 
ence in the ~1 cat m R N A  level after RA t rea tment  
between experimental  groups and control groups ,  
but 13-catenin protein level in the whole cell and cy- 
toplasm was increased with the increased RA con- 
centration. It could be concluded that the increased 
13-catenin protein level that occurred after RA 
treatment  could be the result of decreased degrada 
tion, not increased protein synthesis.  There  are 
several factors affecting ]3-catenin degradation [/<. 
We know RA could respectively interact with RAR 
and RXR and act as a kind of transcriptional factor 
regulating cell differentiation. Recently,  many re- 
sults have proved RXR played an important  role in 
regulating the degradation of [3-catenin :c. It was 
shown in this s tudy that high concentration RA 
had no effect on the m R N A  level, but could in- 
crease the protein level, we infer that RA inducing 
the increasing of 13-catenin protein level is due to 13 
catenin degradation complex suppressed by RXR. 

13-catenin nuclear translocation could t ransmit  
signal to the nucleus,  which is very important  in 
wnt signal. Therefore ,  we investigate the location 
and level change of [~-catenin and cyclinD1 in TBEC 
after RA t rea tmenl ,  and the effect of retinoic acid 
on 13-catenin/TCF pathway in TBEC. In cultured 
TBEC,  it was found that the cellular 13-catenin lev- 
el was increased significantly after RA t rea tment ,  
whereas the nuclear fl-catenin level decreased. The  
results i l lustrate that RA failed to st imulate ~ cate- 
nin nuclear trans[ocation in TBEC. It has been re- 
ported previously that the 13-cat protein level in the 
whole cell was increased, but the nuclear 13-catenin 
and cyclinl)l protein level had no change ~8 (-y_ 
clinD1 is cell cycle proteins that regulate G1 S cell 
cycle, cyclinI)l high expression had relations with 
the development and prognosis of the tumor.  The 
data suggest that a kind of molecular carcinogene- 
sis mechanism of cyclinI)l is gene amplification and 
transcriptional upregulation. Many pathways  take 
part in the transcriptional activation of cyclinD1 
such as Ras gene fami ly ,Dbl  super fami ly ,PP60 " ~  , 
13-cat/TCF signalling r'~. In this s tudy,  it was re- 
vealed that RA could markedly repress cyclinD1 
and nuclear 13 cat expression after tracheobronchial  
epithelial cells were treated with RA. It had been 
reported that RA decreased cyclinD1 protein ex- 
pression paralleling of human bronchial epithelial 
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