
CHAPTER III

M ATERIALS A N D  M ETH O D S

M a te r ia ls

1. C he m ica ls  and  Reagents

T ro c lo s a n  (Irgasan®) (TCS) fro m  Sigma C he m ica l, Inc. (St. Lou is, MO, USA) was 

k in d ly  s u p p lie d  b y  Dr. Phisit K h e m a w o o t, F a c u lty  o f  P h a rm a c e u tic a l Sciences, 

C h u la lo n g k o rn  U n ive rs ity .

T he se  fo llo w in g  c h e m ica ls  w e re  used in th e  s tu d y .

Bovine serum  a lb u m in  (BSA), d im e th y ls u lfo x id e  (DMSO), Floechst33342, 

p h a llo id in  te tra m e th y lrh o d a m in e  B isoth iocyanate , p ro p id iu m  iod ide  (PI), skim m ilk, 

Trizma® base and  T w een  20 w ere  purchased fro m  Sigm a-Aldrich Co. LLC (MO, USA). 3- 

(4 ,5 -D im e th y lth ia zo l-2 -y l)-2 ,5 -d ip he ny lte trazo liu m  b ro m id e  (MTT), fe ta l bov ine  serum  

(FBS), G lu tam ax, P en ic illin -S trep tom ycin , PrestoBlue® reagent, p ho sp h a te  b u ffe red  saline 

(PBS), RPMI-1640 m e d iu m , Trypsin-EDTA w ere  purchased fro m  Life te chno log ies  (MD, 

USA). F lydroch loric  acid and sod ium  ch lo rid e  o b ta in e d  fro m  Labscan Asia (Thailand). 

A cry lam ide , agarose, a m m o n iu m  persu lfa te , B radford assay kit, n itro ce llu lo se  

m em branes, so d ium  d o d e c y l su lfa te  and te tra m e th y le th y le n e d ia m in e  w ere  purchased 

fro m  Bio-Rad Laboratories, Inc. (CA, USA). M atrige l was o b ta in e d  fro m  BD Biosciences, Inc. 

(MA, USA). BCA assay kit and Supersignal w est p ico  c h e m ilu m in e s c e n t was o b ta in e d  from  

T h e rm o  Fisher Scientific, Inc. (IL, USA). Protease in h ib ito r m ix tu re  was purchased from  

Roche Diagnostics (IN, USA). An tibod ies fo r  E-cadherin, N -cadherin, v im e n tin , slug, snail, 

p h o sp h o ry la te d  Akt (S473), Akt, p h o sp h o ry la te d  FAK (Y397), FAK, (3-actin, C e ll Lysis Buffer 

and peroxidase con juga ted  secondary an tibod ies w ere  o b ta in e d  fro m  C e ll Signaling
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T e ch n o lo g y  Inc. (MA, USA). Active  Racl-GTP and A ctive  Rho-GTP w ere  o b ta ine d  from  

NewEast Biosciences (PA, USA). เทาททo b ilo n  W estern  c h e m ilu m in e sce n t HRP substrate  

was o b ta in e d  fro m  M illip o re  C orp (MA, USA) and T h e rm o  Fisher Scientific, Inc. (IL, USA).

2. E q u ip m e n ts

T he se  fo llo w in g  e q u ip m e n ts  w e re  used: A u to m a te d  c e ll  c o u n te r , A na lys t/P C  

d e n s ito m e try  s o ftw a re , B lo ttin g  c e ll and m e m b ra n e s  (B io-Rad, CA, USA), A u to p ip e tte :

0.2-2 p i, 2 -20  p i, 20-200  p i and  200-1 ,000 p i, A u to p ip e tte  tips : 0 .2-2  p i, 2-20 p i, 20- 

200 p i and  2 00 -1000  p i (G ilson, France), C e ll c u ltu re  p la te : 6 -w e ll,  24 w e ll  and  96- 

w e ll,  u lt ra - lo w  a tta c h m e n t p la te : 6 w e ll,  24 w e ll  a nd  9 6 -w e ll (C om ing, NY, USA), 

C en trifug e  F le rm le  L a b n e t Z 383K  (FIERMLE L a b o rte ch n ik , G erm any), F luo re scen ce  

m ic ro s c o p e  (O ly m p u s  1X51 w ith  DP70, O lyp u s  A m erica  Inc., C e n te r v a lle y , PA, USA), 

F lu o re sce n ce  R eader VICTOR3V (Perkin E lm er, MA, USA), M ic ro p la te  re a d e r (A n thros, 

D urham , NC, USA), Phase c o n tra s t m ic ro s c o p e  w ith  ca m e ra  (M eiji TC 5100, Japan), pH 

m e te r  (B eckm an  In s tru m e n t, CA, USA), V o rte x  m ixe r (C lay A dam s, NJ, USA), Lam inar 

f lo w  c a b in e t (BossTech, T h a ila n d ), H u m id ifie d  in c u b a to r  (T h e rm o  Fisher Scientific, Inc.,

IL, USA).
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M e th o d s

1. P re p a ra tio n  o f  TCS s o lu tio n

TCS was d is s o lv e d  in DMSO as a s to c k  s o lu tio n  a t 10 m M  b y  d isso lv ing  

0 .00289 g o f  TCS in 1,000 p i o f  DMSO. This s to ck  s o lu tio n  (10 m M ) was th e n  d ilu te d  

w ith  RPM I-1640 m e d iu m  to  o b ta in  va rious fin a l c o n c e n tra tio n s  o f  TCS s o lu tio n s  (2.5, 

5, 7.5 and  10 pM ) co n ta in in g  0.1%  DMSO.

2. C e ll c u ltu re

NCI-H460 h u m a n  lung  ca rc in o m a  c e lls  w e re  o b ta in e d  fro m  th e  A m e rican  T ype  

C u ltu re  C o lle c t io n  (ATCC, Manassas, VA, USA). C e lls  w e re  c u ltu re d  in RPMI-1640 

m e d iu m  s u p p le m e n te d  w ith  10% fe ta l b o v in e  se ru m  (FBS), 2 m M  L -g lu ta m in e , 100 

lU /m l p e n ic illin , and  100 p g /m l s tre p to m y c in  in 37°c w ith  5%  0ว2 h u m id ifie d  

in c u b a to r. C e lls  w e re  try p s in iz e d  w h e n  c e lls  re a ch e d  8 0 -9 0 %  c o n flu e n c e .

3. C e ll v ia b ility  assay

T o  d e te rm in e  th e  n o n -c y to to x ic  c o n c e n tra tio n s  o f  TCS fo r  using th e  

s u b s e q u e n t e x p e rim e n ts , c e lls  v ia b ility  fo llo w in g  TCS tre a tm e n t w as te s te d  b y  M TT 

assay. T he  assay was based on  th e  co n ve rs io n  o f  th e  y e llo w  té tra z o liu m  sa lt, M TT to  

fo rm  a s o lu b le  b lu e  fo rm a z a n  p ro d u c t by m ito c h o n d r ia l d e h y d ro g e n a s e  e n zym e s  in 

liv ing  ce lls . A fte r  th e  in d ic a te d  tre a tm e n t, th e  m e d iu m  w as re p la c e d  w ith  M TT 

s o lu tio n  (5.0 m g /m l in PBS) and  in c u b a te d  a t 37°c fo r  4 h. T h e n  th e  m e d iu m  was 

re p la c e d  w ith  100 p i DMSO to  s o lu b iliz e  fo rm a za n  p ro d u c t and  th e  in te n s ity  o f  th e  

fo rm a za n  p ro d u c t w as m e a su re d  a t 570 n m  using a m ic ro p la te  reade r. A ll ana lyzes 

w e re  p e rfo rm e d  in th re e  in d e p e n d e n t tr ip lic a te  c u ltu re s . C e ll v ia b ility  was expressed
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as th e  p e rce n ta g e  c a lc u la te d  fro m  th e  o p tic a l d e n s ity  (OD) o f  tre a te d  c e lls  re la t iv e  to  

th e  c o n tro lle d  c e lls  as th e  fo llo w in g  e q u a tio n ;

C e ll v ia b ility  (%) = O D 570 o f  tre a te d  c e lls  X 100

OD570 o f  c o n tro lle d  c e lls

4. N u c le a r sta in ing  assay

A p o p to tic  and  n e c ro tic  c e lls  w e re  d e te rm in e d  b y  H oe ch s t3 3 5 4 2  and  PI c o ­

sta in ing. H o e ch s t 33342 is b lu e -flu o re s c e n c e  d ye  th a t  can p e rm e a te  th ro u g h  c e ll 

m e m b ra n e  and  sta in  th e  c h ro m a tin  in ce lls . For a p o p to tic  ce lls , th e  c o n d e n s e d  

c h ro m a tin  a n d /o r  fra g m e n t o f  n u c le i in a p o p to tic  c e lls  express m o re  b r ig h tly  b lu e  

f lu o re s c e n t c o lo r  o f  H o e ch s t 33342 th a n  th e  c h ro m a tin  in n o rm a l ce lls . PI has b e e n  

w id e ly  used fo r  f lu o re s c e n t DNA s ta in ing  b u t it  c a n n o t e n te r  in to  n o rm a l v ia b le  c e ll 

and  a p o p to t ic  ce lls . This d ye  can pass in to  n u c le u s  o n ly  in n e c ro tic  c e lls  w h ic h  have  

m e m b ra n e  d is ru p tio n  (Figure 21).

C o n d e n s e d  c h ro m a t in  P l-p o s it iv e

in  a p o p to t ic  c e lls  n e c r o t ic  c e lls

F igu re  21 A p o p to t ic  c e lls  and  n e c ro tic  c e lls  in H o e chs t33 34 2  and  PI co -s ta in in g

A fte r th e  sp ec ific  tre a tm e n ts , c e lls  w e re  in c u b a te d  w ith  10 p g /m l o f  

H oe ch s t3 3 3 4 2  and  5 p g /m l o f  PI fo r  30 m in  a t 37°c. T h e  a p o p to t ic  c e lls  having 

c o n d e n s e d  c h ro m a tin  w e re  d e te c te d  b y  lig h t b lu e  f lu o re s c e n t c o lo r  o f  

H oechst33342 . T h e  n e c ro tic  c e lls  w e re  d e te c te d  b y  lig h t red  f lu o re s c e n t c o lo r  o f  PI.
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T he  a p o p to tic  c e lls  having  co n d e n s e d  c h ro m a tin  and  P l-p o s itive  n e c ro tic  c e lls  w e re  

v isu a lize d  and  sco re d  u n d e r a flu o re s c e n c e  m ic ro sco p e . A ll ana lyze s  w e re  p e rfo rm e d  

in th re e  in d e p e n d e n t tr ip lic a te  cu ltu re s . T he  p e rce n ta g e  o f  a p o p to tic  ce lls  was 

c a lc u la te d  as fo llo w in g  and  th e  re s u lt was c o m p a re d  to  th a t  o f  th e  n o n -tre a te d  ce lls ;

C e ll a p o p to s is  (% ) = A p o p to tic  c e lls  X 100 

T o ta l c e ll n u m b e r

5. A noikis assay

T o  d e te rm in e  th e  e ffe c t o f  TCS on  anoikis o f  H460 c e lls  in d e ta c h e d  

c o n d it io n , H460 c e lls  w e re  d e ta c h e d  in to  a s in g le -c e ll su spe ns ion  in RPM I-serum  free  

m e d iu m  and  se e d e d  in to  u lt ra - lo w  a tta c h m e n t 6 -w e ll p la te  a t a d e n s ity  o f  1 .5 x l0 5 

c e lls /m l.  S u sp e n d e d  c e lls  w e re  tre a te d  w ith  TCS a t n o n -to x ic  c o n c e n tra tio n s  and 

in c u b a te d  a t 37 °c. C ells  w e re  th e n  h a rve s te d  a t 0, 3, 6, 9, 12, a nd  24 h and  a llo w e d  

to  a tta c h  on  9 6 -w e ll p la te  fo r  7 h a t 37°c. C ells  w e re  in c u b a te d  w ith  M TT  s o lu tio n  

(5.0 m g /m l in PBS) fo r  a fu r th e r  4 h a t 37°c. T he  in te n s ity  o f  th e  fo rm a z a n  p ro d u c t is 

m e a su re d  a t 570  n m  using a m ic ro p la te  reader. A ll ana lyze s  w e re  p e rfo rm e d  in th re e  

in d e p e n d e n t trip lica te  cu ltures. The percentage o f  v iab le  ce lls th a t was estim ated  by 

com paring w ith  th e  un trea ted  c o n tro l cells in tim e - and c o n ce n tra tio n -d e p e n d e n t m anner.

C e ll v ia b ility  (% ) = O D570 o f  tre a te d  c e lls  X 100

O D570 o f  c o n tro lle d  ce lls

6. Ano ik is  re s is ta n t c e lls  (AR ce lls )

Anoikis resistant c e ll (AR ce ll) cu ltu re  was carried o u t according to  th e  m e th o d  o f 

Sakuma e t al. (102) and K hongm anee e t al. (103) w ith  m in o r m od ifica tions. เท brief, 

a tta ch e d  H460 ce lls  w ere  trypsin ized  w he n  ce lls  reached 8 0 -9 0 %  co n flu e n ce  w ith
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0.05%  tryps in /0 .02%  EDTA. T hen  ce lls  w e re  c u ltu re d  in u ltra - lo w  a tta c h m e n t 6 -w e ll 

p la te  in RPMI-1640 m e d iu m  and  m a in ta ined  co n d itio n  as described  in a tta c h m e n t 

cu ltu re . Cells w e re  c u ltu re d  a t a d en s ity  o f  2 X 105 c e lls /m l fo r  48 h. S uspended  ce lls  

w e re  c o lle c te d  and prepared  in to  a single c e ll suspension b y  1 m M  EDTA tre a tm e n t. 

T hen  ce lls  w ere  w ashed w ith  c o m p le te  RPMI-1640 m e d iu m . C e ll v ia b ility  was m easured  

using a u to m a te d  c e ll co un te r. V iable  ce lls  w ere  used fo r  fu rth e r experim ents .

7. P re s toB lu e  assay

C ells  v ia b ility  o f  AR c e lls  is d e te rm in e d  b y  P re s toB lu e  assay. P re s to B lu e ™  C e ll 

V ia b ility  R eagent is s u p p lie d  as a 10X s o lu tio n . This rea ge n t is a n o n to x ic  resazurin - 

based s o lu tio n  w h ic h  can p e rm e a te  in to  ce lls . This c o m p o u n d  is b lu e  and  

n o n flu o re s c e n t and  th e n  is m o d if ie d  b y  th e  red uc in g  p o w e r o f  liv ing  c e lls  to  b e c o m e  

red  a n d  h ig h ly  f lu o re s c e n t c o m p o u n d . T h e  flu o re s c e n c e  in te n s ity  was c a lc u la te d  to  

o b ta in  p e rce n ta g e  o f  c e ll v ia b ility  (Figure 22).

Reducing e nv iro n m e n t 

in living ce lls

A t 37°c fo r  2 h

PrestoB lue M Reagent Resorufin co m p o u n d

Resazurin-based s o lu tio n  Red and highly flu o resce n t.

Blue and non fluo rescen t. B o tto m -rea d  flu o resce nce  fo rm a t

E xcita tion w ave length  o f  560 ± 10 nm  

Emission w ave length  o f  590 ± 10 nm

F igu re  22  T h e  p r in c ip le  o f  P re s toB lu e  assay

A fter th e  in d ic a te d  t r e a tm e n t ,  t h e  s u s p e n d e d  c e lls  w e re  in c u b a te d  w ith  th e

r e c o m m e n d e d  c o n c e n t ra t io n  o f  P re s to B lu e  r e a g e n t a t  3 7 °c  fo r 2 h. T h e  f lu o re s c e n c e

in te n s ity  w as re a d  in b o t to m - r e a d  f lu o re s c e n c e  fo rm a t using th e  e x c ita tio n
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w a v e le n g th  o f  560  ± 10 n m  and  em iss ion  w a v e le n g th  o f  590 ± 10 n m . C e ll v ia b ility  

was e xp resse d  as th e  p e rce n ta g e  c a lc u la te d  fro m  flu o re s c e n c e  in te n s ity  o f  th e  

tre a te d  c e lls  re la t iv e  to  th e  c o n tro lle d  ce lls .

C e ll v ia b ility  (% ) = F lu o re sce n ce  in te n s ity  o f  th e  tre a te d  c e ll X 100 

F luo re scen ce  in te n s ity  o f  th e  c o n tro lle d  c e ll

8. C o lo n y  fo rm a tio n  assay

U p o n  tre a tm e n t w ith  TCS, tu m o rig e n ic  a b ility  o f  c e lls  was e xa m in e d  via 

c o lo n y  fo rm a tio n  assay in a cco rd a n ce  w ith  th e  m e th o d  o f  K o leske  e t al. (104) w ith  

m in o r  m o d if ic a tio n s . C o lo n y  fo rm a tio n  assay d e te rm in e d  th e  tu m o r ig e n ic  a b ility  o f  

s ing le  c a n ce r c e lls  in d e ta c h e d  c o n d it io n . This assay was based  o n  th e  a b ility  o f  a 

s ing le  c e ll to  o v e rc o m e  ano ik is  and  g row  in to  th e  co lo n ie s . C ancer c e lls  w e re  seeded  

as singe c e lls  in se co n d  agarose la ye r to  p re v e n t c e ll  a t ta c h m e n t and  c e ll- c e ll  

c o n ta c t a n d  c u ltu re d  w ith  a p p ro p ria te  c o n d it io n s  in s o ft agar fo r  se ve ra l days.

เท th is  s tu d y , c e lls  w e re  tre a te d  w ith  TCS a t th e  n o n -to x ic  c o n c e n tra tio n s  fo r  

24 h and  th e n  tre a te d  w ith  1 ทาM EDTA to  p re pa re  s ing le  c e ll  su spens ion . C e lls  w e re  

s u s p e n d e d  in RPM I-1640 c o n ta in in g  10%  FBS and  0 .33%  agarose, th e n  250 p i 

co n ta in in g  1 X 103 c e lls  w e re  e m b e d d e d  as a se co n d  la y e r in a 2 4 -w e ll p la te  o ve r a 

500 p i o f  base la ye r co n ta in in g  10%  FBS a nd  0.5%  agarose. T h e  c e lls  w e re  fe d  e ve ry  

3 days b y  a dd in g  250 p i o f  c o m p le te  m e d iu m . A fte r 7 a n d  10 days, th e  resu lting  

c o lo n ie s  w e re  p h o to g ra p h e d  a t x 4  m ag n ifica tion . C o lo n y  n u m b e r  a n d  c o lo n y  size 

w e re  d e te rm in e d  on  10th d a y  o f  c u ltu re . A ll ana lyze s  are  p e rfo rm e d  in th re e  

in d e p e n d e n t t r ip lic a te  c u ltu re s  (Figure 23).
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C o m p le te  m e d iu m  (250 p i) 

e ve ry  3 days

T o p  agar 1,000 c e lls  (250 p i) 

(0 .33%  agarose in  c o m p le te  RPMI)

Base agar (500 p i)

(0 .5%  agarose in  c o m p le te  RPMI)

C o lo n y  fo rm a tio n

F igu re  23  C o lo n y  fo rm a tio n  assay

C o lo n y  n u m b e r  and  c o lo n y  size w e re  e s tim a te d  b y  c o m p a rin g  w ith  th e  

u n tre a te d  c o n tro lle d  c e lls  and  expressed  as th e  p e rce n ta g e  c a lc u la te d  as th e  

fo llo w in g  e q u a tio n s .

% C o lo n y  n u m b e r  = C o lo n y  n u m b e r  o f  tre a te d  c e lls  X 100 

C o lo n y  n u m b e r  o f  c o n tro lle d  c e lls

% C o lo n y  size = M ean o f  c o lo n y  size (d ia m e te r)  o f  tre a te d  c e lls  X 100 

M ean o f  c o lo n y  size (d ia m e te r) o f  c o n tro lle d  c e lls

9. F ilo p o d ia  c h a ra c te riz a tio n

F ilo p o d ia  was c h a ra c te rize d  b y  p h a llo id in - rh o d a m in e  s ta in ing  assay as 

d e sc rib e d  b y  K o w itd a m ro n g  e t al. (49). P h a llo id in  has a h ig h -a ffin ity  to  b in d  to  F -actin  

and  a lso  p re v e n tin g  its d e p o ly m e r iz a tio n . R h o d a m in e  is re d -o ra n g e  f lu o re s c e n t d ye  

c o n ju g a te d  w ith  p h a llo id in  m o le c u le . A fte r c e lls  w e re  fixe d , p h a llo id in - rh o d a m in e
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permeated into cells and bound to  F-actin bundles which are the primary 

composition of filopodia of cells as shown in Figure 24.

F-actin bundles in 

filopodia are binded w ith 

phalloidin-rhodamine.

Figure 24 The characterization o f filopodia by phalloidin-rhodamine staining assay

เท this study, cells were treated with TCS at the non-toxic concentrations for 

24 h in detached condition and seeded at a density o f 2 X 103 cells/well onto 96- 

w ell plate for 4 h. Cells were then washed with PBS, fixed with 4% 

paraformaldehyde in PBS for 10 min at 37°c, permeabilized with 0.1% Triton-X100 in 

PBS for 4 min, and blocked with 0.2% BSA for 30 min. Then cells were incubated 

with 1 : 100 phalloidin-rhodamine in PBS for 15 min and washed with PBS 3 times. 

Filopodia was then imaged by a fluorescence microscope.

10. Migration assay

Migration was determined by Boyden chamber assay as previously described by 

Kowitdamrong et al. (49). This assay was based on the ability of cell to  move through a 

porous membrane by chemotactic responses of cells. เท this assay, the upper chamber 

and the lower chamber contained medium with serum at different concentrations. 

Cells were seeded in medium in the upper chamber and migratory cells vertically 

moved through the pores of the membrane into the lower chamber containing
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m e d iu m  w ith  h igher se ru m  c o n t e n t  C ells th a t  m ig ra ted  to  th e  u n d e rs id e  o f  th e

m e m b ra n e  w e re  fixed o n  th e  m e m b ra n e , s ta in e d  a n d  q u an tified  (Figure 25).

Figure 25 Boyden chamber assay (Transwell migration assay)

เท this study, cells were pretreated with TCS at the non-toxic concentrations for 

24 h in detached condition. Cells were seeded at a density of 5 x io 4 cells/well onto 

an upper chamber of 24-transwell plate of the transwell filter (8-pM pore) in the 

medium containing 0.1% serum and 500 pi of complete medium was added at lower 

chamber. After 24 h, the non-migrated cells in the upperside membrane were 

removed by cotton-swab wiping. Cells that migrated to  the underside o f the 

membrane were stained with 10 pg/m l Hoechst33342 for 30 min. Cells were then 

visualized and scored under a fluorescence microscope. A ll analyzes were 

performed in triplicate. Cell migration was represented as relative migration 

calculated by dividing an average number o f migratory cells in each fie ld  at the 

basolateral side o f membrane o f treated group by tha t o f non-treated group in 

each experiment using the follow ing formula;

Relative migration = An average number o f migratory cells o f treated group

An average number o f migratory cells o f non-treated group
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The invasion assay was carried out using 24-transwell chambers as previously 

described in Kowitdamrong et al. (49). The principle of this assay was as same as 

transwell migration assay. Porous membrane was coated with a thin layer o f matrigel, 

a basement membrane extract, which was used as a model o f ECM. Only invasive 

cells could degrade this matrix and moved through the matrigel and the porous 

membrane into the bottom of membrane. Invasive cells were fixed and quantified 

by staining assay (Figure 26).

11. Invasion A ssay

Figure 26 Boyden chamber assay (Transwell invasion assay)

เท this study, transwells were coated with 50 pi o f 0.5% matrigel on the upper 

surface o f chamber and incubated overnight at 37°c in a humidified incubator. After 

treatment with TCS at the non-toxic concentrations for 24 h in detached condition, 

cells were seeded at a density of 5 X 104 cells/well onto the upper chamber in 

medium containing 0.1% serum and 500 pi of complete medium was added at the 

lower chamber. After 24 h, the non-invaded cells in the upperside of membrane 

were removed by cotton-swab wiping. Invaded cells at the basolateral side of 

membrane were fixed with cold absolute methanol for 10 min and stained with 10 

pg/mL Hoechst33342 for 30 min. Cells were then visualized and scored under a
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fluorescence microscope. All analyzes were performed in triplicate. Cell invasion was 

represented as relative invasion calculated by dividing an average number of invaded 

cells in each field at the basolateral side of membrane of treated group by that of 

non-treated group in each experiment using the following formula;

Relative invasion = An average number of invaded cells of treated group

An average number of invaded cells o f non-treated group

12. Western blot analysis

After the specific treatments, cells were incubated in a lysis buffer containing 

20 ทาM Tris-HCl (pH 7.5), 1.5% Triton X-100, 150 mM sodium chloride, 10% glycerol, 

1 mM sodium orthovanadate, 50 mM sodium fluoride, 1 mM phenylmethylsulfonyl 

fluoride, and a commercial protease inhibitor mixture for 2 h on ice. Cell lysates 

were collected and protein content was determined using the Bradford assay kit. 

Equal amounts o f protein from each sample were denatured by heating at 95°c for 5 

min with loading buffer and subsequently loaded onto a 7.5% SDS-polyacrylamide 

gel electrophoresis for the detection of EMT markers and E-cadherin expression or 

10% SDS-polyacrylamide gel electrophoresis for the detection of migratory-related 

protein expression. After separation, proteins were transferred onto 0.45 pM 

nitrocellulose membranes. The transferred membranes were blocked in 5% non-fat 

dry milk in TBST (25 mM Tris-HCL (pH 7.5), 125 mM NaCl, 0.1% Tween 20) for 1 h, 

and then incubated with a specific primary antibody overnight at 4°c. Membranes 

were washed three times with TBST for 5 min and incubated with Horseradish 

peroxidase-conjugated anti-rabbit IgG for 2 h at room temperature. Membranes were 

washed three times with TBST for 5 min and the immune complexes were detected 

by enhancement with a chemiluminescent substrate and quantified using analyst/PC
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densitometry software normalized to the level of (3-actin protein. All analyzes are 

performed in three independent triplicate cultures.

13. Statistical Analysis

Data were obtained from three independent experiments and presented as 

means ± standard error of mean (SEM). Statistical analysis was performed using one­

way ANOVA and post hoc test (Tukey’s test) at a significance level of P-values < 0.05. 

SPSS 17.0 was used for all statistical analyses.
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14. Experimental designs

14.1 Conceptual Framework

Primary tum or

♦
?

Detachment TCS

♦

Figure 27 Conceptual Framework



59

14.2 Experimental designs
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Figure 28 Experimental designs



61

14.3 Investigation of cytotoxic effect o f TCS on H460 cells

To determine cell viability in response to TCS in H460 cells, cells were 

seeded at a density o f 1 X 105 cells/m l onto 96-well plate overnight. After that cells 

were treated with various concentrations of TCS for 24 h. Then cell viability was 

investigated by MTT assay. Non-toxic concentrations were used for following 

experiments.

14.4 Investigation on mode of cell death induced by TCS in H460 cells

To investigate the mode o f cell death after TCS treatment, cells were seeded 

at a density o f 1 X 105 cells/m l onto 96-well plate and incubated overnight. Cells 

were then treated with TCS for 24 h. Nuclear morphology of the cells were detected 

by Hoechst33342/PI co-staining assay. Apoptotic and necrotic cell death were 

visualized under fluorescence microscope. Non-toxic concentrations were used for 

following experiments.

14.5 Investigation the effect of TCS on anoikis of H460 cells

To study the effect o f TCS on cell anoikis, cells from monolayer were 

trypsinized into single cells suspension in serum free medium and seeded 5 ml of 

cells in ultra-low attachment 6-well plate at density of 1.5 x 105 cells/ml. Cells were 

treated with non-toxic concentrations of TCS incubated at 37 °c for 3, 6, 9, 12 and 24 

h. At each time points, cells were harvested and seeded into 96-well plate (100 

pl/well). Then cells were allowed to attach plate for 7 h at 37 °c. Cells viability was 

determined by using MTT assay as described in Methods.
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14.6 Investigation o f cell viability in response to  TCS on AR cells

To confirm the non-cytotoxic effect of TCS on AR cells, cells which survive in 

suspension culture for 48 h were prepared into single-cell suspension by 1 ทาM EDTA. 

Then cells were seeded in ultra-low attachment 96-well plate at density o f 1.5 X 105 

cells/m l and treated with non-toxic concentrations of TCS at 37 °c for various times 

up to 48 h. Cell viability was detected by PrestoBlue assay.

14.7 Investigation the effect of TCS on cell-cell interaction o f AR cells

To examine the effect of TCS on cell-cell interaction of AR cells, cells were 

seeded onto ultra-low attachment 24-well plate at the density o f 1.5 X 105 cells/m l 

and treated with non-toxic concentrations o f TCS for 0-48 h. The formation of cell 

aggregation was observed and photographed using a phase contrast microscope. 

Aggregate size and number was determined by image analyzer and calculated 

relative to  the non-treated control as the percentage of aggregate size and aggregate 

number, respectively.

14.8 Investigation the molecular mechanisms o f EMT inducing effect o f TCS on AR

cells

To identify the underlying mechanism of EMT induction in response to TCS 

treatment in AR cells, western blot analysis were performed to evaluate the 

expression o f E-cadherin and several EMT markers including N-cadherin, vimentin, 

snail and slug. AR cells were treated with non-toxic concentrations of TCS for 24 h in 

suspension cultures at density 1.5 X 1C)5 cells/m l in ultra-low attachment 6-well 

plate. After indicated treatment, cells were centrifuged at 4,500 rpm for 15 min and 

then supernatant was removed. Then cells were washed with cold PBS and 

centrifuged at 4,500 rpm for 15 min and cold PBS was removed. After that cells were
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collected and incubated with lysis buffer on ice for 2 h. Protein expressions were 

identified by western blot analysis as described in Methods. The P-actin was used as 

a loading control of each treatment.

14.9 Investigation the effect of TCS-mediated EMT on tumorigenic ability of AR 

cells

To investigate tumorigenic ability of TCS-treated AR cells, this effect was 

investigated by using colony formation assay. Cells were seeded at a density of 1.5 X 

105 cells/m l onto ultra-low attachment 6-well plate and treated with TCS at non­

toxic concentrations for 24 h. Then cells were collected and prepare to be single cell 

suspension by 1 mM EDTA before subjected to colony formation assay.

14.10 Investigation the effect o f TCS-mediated EMT on celt polarity o f AR celts in 

attachment condition

To study the effect of TCS-mediated EMT on cell polarity o f AR cells in 

attachment condition, cells were pretreated with non-toxic concentrations of TCS for 

24 h in suspension cultures at density 1.5 X 105 cells/m l in ultra-low attachment 6- 

well plate. Then cells were allowed to attach on conventional culture dishes for 4 h. 

Cell morphology was detected by phase contrast microscopy.

14.11 Investigation the effect o f TCS-mediated EMT on filopodia formation of AR 

cells in attachment condition

To study the effect of TCS-mediated EMT on filopodia formation o f AR cells 

in attachment condition, cells were pretreated with non-toxic concentrations of TCS 

for 24 h in suspension cultures at density 1.5 X 105 cells/m l in ultra-low attachment

6-well plate. Then cells were seeded at a density of 2 X IQ3 cells/well onto 96-well
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plate for 4 h. After that filopodia and viable cells were detected by phalloidin- 

rhodamine and Hoechst33342 staining, respectively. Cells were visualized under 

fluorescence microscope.

14.12 Investigation the effect o f TCS-mediated EMT on AR cell migration

To study the effect o f TCS-mediated EMT on AR cell migration, the migratory 

ability o f cells was evaluated by using Boyden chamber assay. Cells were pretreated 

with non-toxic concentrations of TCS for 24 h in suspended condition at a density of

1.5 X 105 cells/m l in ultra-low attachment 6-well plate. Then cells were collected 

and prepare to  be single cell suspension by 1 mM EDTA before subjected in 

transwell migration assay as described in Methods.

14.13 Investigation the effect of TCS-mediated EMT on AR cell invasion

To study the effect of TCS-mediated EMT on AR cell invasion, the invasion 

behavior o f cells was evaluated by using Boyden chamber assay with matrigel-coated 

transwells on the upper surface of chamber. Cells were pretreated with TCS at non­

toxic concentrations in suspended condition at a density of 1.5 X 105 cells/m l in 

ultra-low attachment 6-well plate for 24 h. After that cells were collected and 

prepare to be single cell suspension by 1 mM EDTA before subjected in transwell 

invasion assay as described in Methods.

14.14 Investigation the molecular mechanisms of TCS-mediated EMT on AR cell

m otility

To identify the underlying mechanism of cell m otility in response to TCS- 

mediated EMT in AR cells, western blot analysis were performed to  evaluate the 

expression o f migratory-related proteins including activated FAK (phosphorylated FAK,
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Tyr 397), FAK, activated Akt (phosphorylated Akt, Ser 473), Akt, activated Racl (Racl- 

GTP), and activated RhoA (RhoA-GTP). AR cells were pretreated with non-toxic 

concentrations o f TCS for 24 h in suspension cultures at density 1.5 X 105 cells/m l in 

ultra-low attachment 6-well plate. After treatment, cells were allowed to attach on 

conventional culture dishes for 4 h. Then the medium was removed and cells were 

washed with cold PBS. Cells were harvested and lysed with lysis buffer on ice for 2 h. 

Protein expressions were identified by western blot analysis as described in Methods. 

The (3-actin was used as a loading control of each treatment.
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