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ABSTRACT 

 

Identification of differentially expressed genes (DEGs) under the proliferation 

and differentiation conditions of human neural stem cells (NSCs) using 

annealing control primers (ACPs) 

 

Mi-Yeong Kim 

 

Department of Medical science 

The Graduate School, Yonsei University 

 

(Directed by professor Kook In Park) 

 

Proliferating single cells were isolated from the telencephalic brain region of 

human fetal cadavers at 13 weeks of gestation and grown as neurospheres in long-

term cultures. Human neurospheres derived from the telencephalon were found to 

contain cells of different subtypes, suggesting that multipotent neural stem cells 

(NSCs), progenitors, or radial glial cells co-exist with restricted neuronal or glial 

progenitors within the spheres. These cells also had specific regional and temporal 

characteristics with regard to their growth, differentiation, and region-specific gene 

expression. 

In order to identify genes that are involved under the proliferation and 
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differentiation conditions of human neural stem cells (NSCs), we employed a new 

and accurate reverse transcription-polymerase chain reaction (RT-PCR) technique 

using annealing control primers (ACPs). This method could detect differentially 

expressed genes (DEGs) that were expressed specifically or prominently under the 

proliferation and differentiation conditions of human NSCs in culture. RT-PCR 

and/or real time PCR were used to validate these DEGs. 

Using 110 ACPs, the RT-PCR analysis of human NSCs resulted in approximately 

500 amplicons. Among them, we identified and sequenced 34 amplicons of DEGs; 4 

amplicons were highly expressed under the proliferation condition and 30 amplicons 

were highly expressed under the differentiation condition of human NSCs. To find 

regions of local similarity between these DEG sequences, we used the Basic Local 

Alignment Search Tool (BLAST). The results showed that the expression of 2 known 

and 2 unknown genes were highly increased under the proliferation condition and 

the expression of 25 known and 5 unknown genes were highly increased under the 

differentiation condition of human NSCs. These data would provide some insights 

into the genetic mechanisms involving molecular events and biological functions in 

the proliferation and differentiation of human NSCs.  

------------------------------------------------------------------------------------------------------ 

Key words: differentially expressed genes (DEGs), Human neural stem cells (NSCs), 

annealing control primers (ACPs), proliferation, differentiation 
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Ident i f icat ion of d i fferent ia l l y expressed genes (DEGs) 

under the pro l i ferat ion and d i fferent iat ion condi t ions of  

human neural  stem cel ls  (NSCs) using anneal ing contro l  

pr imers (ACPs) 

 

Mi-Yeong Kim 

 

Department of Medical science 

The Graduate School, Yonsei University 

 

(Directed by professor Kook In Park) 

 

 

I .  INTRODUCTION 

Neura l  s tem cel ls (NSCs)  are  def ined as  se l f - renewing and 

pr imord ia l  immature  ce l l s  wi th  the  capaci t y  to  g ive r i se  to  

d i f feren t ia ted progeny wi th in  a l l  neura l  l i neages  in  a l l  the regions  

of  the  neurax is .  These ce l ls  a re  a lso  pos i ted  to  exis t  i n  embryonic  

and fe ta l  germinal  zones,  where  they par t ic ipate  in CNS 

organogenesis .1  I t  i s  unc lear  whether  NSCs are more  def ined by  

the i r  t issues of  or ig in  o r  by the i r  mu l t ipo tent ia l it y .  The s tandard 

method o f  iso la t ing NSCs in  v i t ro  i s  to  remove a region of  fe ta l  
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or  adul t  bra in  that  has  been demonst rated  to  conta in  d iv id ing 

ce l ls  i n  v ivo .  For  example ,  the  subvent r i cu lar  zone (SVZ)  o r  the 

h ippocampus in  the adul t  bra in may conta in these  d iv id ing ce l ls ,  

or  they can be found in  a  larger  var ie ty of  s t ructures  in  the  

developing bra in 2 .  

Though the s tudy of  human NSCs is  act i ve ly  progressing,  i t  i s  

s t i l l  poor l y  understood what  condi t ions are  needed for  the  

d i f ferent ia t ion of  NSCs.  In  order  to  s tudy what  genes are  

d i f ferent ia l l y  expressed under  the  pro l i ferat ion  and 

d i f ferent ia t ion  condi t ions  of  hNSCs,  we iso la ted  pro l i ferat ing 

s ingle  ce l l s  f rom the  te lencephalon  of  gestat ional  age  13  weeks  

fe ta l  cent ra l  nervous  system (CNS)  and induced these  ce l ls  to  

pro l i ferate as  f ree -f loat ing neurospheres  (HFT13 cel l s ) .  Many 

changes occur  fo l lowing the  induct ion of  d i f ferent ia t ion of  human 

neurospheres  in  cu l ture;  these are  changes in  the morphology of  

HFT13 ce l l s ,  the percentage o f  neuronal  or  g l ia l  markers  + ce l ls ,  

and the pat te rns  o f  neurot ransmi t ter  express ion .  

To analyze the  ce l lu lar  composi t ion  of  HFT13 ce l ls , we assayed 

for  the  express ion of  prote ins  that  are  character ist i c  o f  immature  

ce l ls ,  such as  the NSC and radia l  g l ia l  marker  nestin ,  and the  

radia l  gl ia l  prote in  recognized by viment in ,  GFAP, Pax6,  and the  

g lutamate ast rocyte -speci f i c  t ranspor ter  (GLAST).  In  addi t ion,  we  

analyzed the  express ion  leve ls  of  GFAP,  a  prote in that  is  

expressed by ast rocytes ,  neuron-speci f i c  TUJ1,  and neuronal  

markers  NF and NeuN.  Al l  o f  these  resul t s  ind icate  that ,  a l though  
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NSCs are operat iona l l y characte r i zed on  the bas is  of  funct ional  

cr i ter ia  due  to the  lack of  de f in i t i ve  markers ,  mu lt ipotent  NSCs,  

progeni tors ,  and radia l  g l ia l  ce l l s  may co -ex is t  with  some 

rest r ic ted  neuronal  o r  g l ia l  progen i tors  in  HFT13 ce l l s  der i ved  

f rom human fe ta l  CNS t i ssue.3   

In  th is  s tudy,  we invest igated  wh ich  genes were d i fferent ia l l y  

expressed under  the   pro l i fe rat ion  and d i f ferent iat ion 

condi t ions of  human NSCs.  Var ious methods have been used to  

ident i f y d i f ferent ia l l y  expressed genes .  However ,  the cur ren t  

methods  employed to  ident i f y  these  genes  that  are  expressed a t  

a  spec i f ic  developmenta l  s tage  are  labor  in tens ive  and have 

h igh  rates  of  fa lse pos i t i ves .  We employed a  new and accurate 

reverse t ranscr ip t ion-polymerase chain  react ion (RT-PCR) 

method that  uses  anneal ing cont ro l  p r imers (ACPs)  to  ident i f y  

these  genes  4 .  The  ACP sys tem is  based on the  unique t r ipar t i te  

s t ructure  of  the  pr imers,  which  have a  d is t inct  3 ’ - and 5 ’ -  

region  that  are separated  by a  polydeoxyinos ine  l i nker  

[po ly(d I) ] .  The  in te ract ion  of  each of  these  regions wi th  a 

spec i f ic  pr imer  occurs dur ing the h igh anneal ing temperatures 

in  a  two-s tage PCR. This  ACP anneals  spec i f ica l l y  to  the  

template and a l lows only  genuine produc t  to  be  ampli f ied,  thus 

e l iminat ing fa lse-pos i t i ve resul ts .  We used th is  ACP sys tem to 

f ind  spec i f i ca l l y  o r  prominent l y  expressed genes  dur ing the 

pro l i ferat ion  and d i f ferent ia t ion s ta tes of  human NSCs.   

We conf i rmed the  express ion  pat terns  o f  DEGs by RT-PCR 
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assay,  and quant i f i ed  the  express ion of  these genes by rea l  t ime 

RT-PCR.  The resul ts  suggest  that  th is  new PCR-based techn ique 

is  a  very usefu l  too l  for  the ident i f icat ion  of  s tage-spec i f ic  

DEGs.  Analys is  of  i dent i f ied  DEGs in  human NSCs under  the 

pro l i ferat ion  and d i f ferent ia t ion condi t ions  wi l l  provide a 

s tepping s tone for  developing an account  of  the basic  gene 

express ion  pat terns or  in  determin ing the genet ic  background o f  

human NSCs.  I t  wi l l  a lso be  the  f ramework for  the puta t i ve 

network of  l ink ing ce l l  cyc le  cont ro l  to  the ce l l  fa te  pathway 

us ing gene express ion data .   
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II .  MATERIALS AND METHODS 

 

1 .  Cul tu re of  human NSCs (HFT13 ce l ls )  

 

Human fe ta l  t i ssue  f rom therapeut ica l l y  abor ted  embryos at  13  

weeks of  ges tat ion was  obta ined wi th  fu l l  pat ient  consent  and 

the  approval  o f  the research  eth ics  commit tee  of  Yonsei  

Univers i t y  Col lege  o f  Med ic ine,  Seoul ,  Korea .  The methods o f  

acquis i t i on  conformed to  NIH and Korean Government  

guide l ines .  Human fe ta l  te lencephalon  (HFT)  was i sola ted  f rom 

the  te lencephalon  of  gestat ional  age  13  weeks  fe ta l CNS and 

was  induced to p ro l i ferate as f ree-f loat ing neurospheres .  

Neurospheres were  cu l tured in  serum-f ree  medium consis t ing o f  

a  1:1  mixture of  Dulbecco ’s  modi f ied Eagle ’s  medium and 

Ham’s  F12 (DMEM/F12;  Gibco Inv i t rogen,  Carsbad,  CA, USA) ,  

and was  supplemented wi th  penic i l l in /  s t reptomycin (1% 

vol / vo l ;  Gibco)  and N2 formulat ion (1% vol / vo l ;  Gibco) .  

Mi togens  were  added to  mainta in  the  pro l i ferat ion  sta te,  20 

ng/ml  bas ic  f i broblas t  growth factor  (bFGF;  R&D,Minneapol is ,  

MN, USA)  and 8 ㎍ /ml  hepar in  (Sigma,  St .  Lou is ,  MO,  USA) 

were added to  s tabi l ize the  FGF-2  and a lso to  increase in i t ia l  

growth  ra tes 5 ,  and 10 ng/ml  leukemia inh ib i tory  facto r  (L IF ;  

Sigma)  was added to a l low the growth  of  a  long-term sel f  
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renewing neura l  s tem cel l  6 .  To mainta in the  d i f feren t ia t ion 

s ta te  the  ce l ls  were  cu l tu red  in  a  PLL (poly-L -Lys ine)  coated  

p la te  wi thout  mi togens .  Al l  cu l tures were  main ta ined in  a  

humid i f ied incubator  (37ºC,  5% CO2 in  a i r )  and hal f the growth 

medium was replenished every 3~4 days.  Neurospheres were 

passed every 7~9 days  by t reat ing the  ce l ls  wi th  0.05% 

Tryps in/0.53mM EDTA (T /E) .  

2 .  RNA Ext rac t ion 

 

Tota l  RNA was ext racted f rom the  pro l i fera t ion and 

d i f feren t ia t ion  condi t ions  o f  human NSCs,  respect i ve ly  us ing  

the RNeasy min i  k i t  (QIAGEN,  Valenc ia,CA) .  The bu ffer  RLT 

was  used to harvest  and l yse  the  ce l ls .  Seventy percent  e thanol  

was  added to  the homogenized l ysate  and the  sample  was  then 

appl ied to  an RNeasy min i  co lumn.  Buffer  RW1 was added to 

the co lumn,  which was then washed wi th  the  bu ffe r  RPE.  The 

RNA was e luted  f rom the  co lumn wi th  RNase-f ree  water.  The 

mRNA o f  HFT13 ce l l s  was  t reated  wi th  DNAse,  the  OD (op t ica l  

dens i t y)  was  determined (Table 1) ,  and 3  ㎍  o f  the RNA 

preparat ion  was e lec t rophoresed (F igure 1) .  20  ㎍  o f  to ta l  RNA 

f rom the  pro l i ferat ion and d i f ferent ia t ion  s tages  of  HFT13 ce l l s ,  

respect i ve ly  was  used for  RT-PCR assay wi th  the ACPs.  

 



7 

 

 

 

 

 

    

Figure  1 .  Elect rophores is  of  ext racted RNA.  Representat i ve 

RNA band pat terns under  the pro l i ferat ion (P)  and 

d i f feren t ia t ion  (D)  condi t ions  o f  HFT13 ce l ls .  

 

 

Table 1.  RNA OD determinat ion 
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Sample A260 A260/A280 Conc .(ug/u l ) Tota l (ug)  

Pro l i ferat ion 0.036 1.333 0.72 20 

Di f ferent ia t ion 0.029 1.381 0.58 20 

 

3.ACP-based GeneFishingT M  PCR 

 

 RNAs ext racted  f rom the samples  were  used for  the  synthes is  

of  f i rs t -s t rand cDNAs by reverse  t ranscr ip tase .  Reverse 

t ranscr ip t ion  was  per formed for  1 .5  h  at  42℃  i n  a  f i na l  react ion 

vo lume of  20  ㎕ ,  which  conta ined the  fo l lowing:  3  ㎍  o f  the 

pur i f i ed  RNA, 4 ㎕  o f  5  ×  react ion bu ffe r  (Promega,  Madison,  

WI,  USA),  5  ㎕  o f  dNTPs (each 2  mM) ,  2  ㎕  o f  10  µM dT-

ACP1 (5 ’ -CGTGAATGCTGCGACTACGA T I I I I IT (18) -3 ’ ) ,  0 .5 

㎕  o f  RNasin  RNase Inhib i tor  (40  U/㎕ ;  Promega) ,  and 1 ㎕  

o f  Moloney mur ine  leukemia  v i rus  reverse  t ranscr ip tase  (200 

U/㎕ ;  Promega) .  F i rs t -s t rand cDNAs were d i lu ted by the  

addi t ion  of  180 ㎕  o f  u l t ra -pur i f ied water  for  the 

GeneFishingTM PCR and were  s tored at  -20℃  unt i l  used.  

Di f ferent ia l l y expressed genes  were screened by the ACP-

based PCR method 4 , 7 us ing the GeneFishingTM DEG ki ts  
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(Seegene,  Seoul ,  South Korea) .  Br ie f l y,  second-st rand cDNA 

synthes is  was  conducted  at  50ºC dur ing one cyc le  of the  f i r s t -

s tage  PCR in  a  f ina l  react ion  vo lume o f  20 ㎕ ,  which  conta ined 

3-5  ㎕  (about  50  ng)  of  d i lu ted f i rs t -s t rand cDNA, 1 ㎕  o f  10 

µM dT-ACP2 (5 ’ -CGTGAATGCTGCGAC TACGATI I I I IT (18) -3 ’ ) , 

1  ㎕  o f  10 µM arb i t rary ACP, and 10 ㎕  o f  2  ×  Master  M ix 

(Seegene,  Seoul ,  South  Korea) .  The PCR protocol  for second-

st rand synthes is  was  one cyc le  a t  94℃  for  1  min ,  fo l lowed by 

50℃  for  3  min ,  and 72℃  for  1  min.  Af ter  the  second-st rand 

DNA synthes is  was completed,  the  second-stage PCR 

ampl i f icat ion protoco l  was 40 cyc les of  94ºC for  40 s ,  fo l lowed 

by 65℃  for  40 s ,  72℃  for  40  s ,  fo l lowed by a 5  min  f ina l  

extens ion  at  72℃ .  The ampl i f i ed  PCR products  were  then 

separated on  a  2% agarose gel  s ta ined wi th  eth id ium bromide .    

4 .  Cloning and sequencing 

 

The d i f feren t ia l l y  expressed bands were  ext racted  from the  gel  

us ing the  GENCLEAN  I I  K i t  (Q-B IO gene,  Car lsbad,  CA,  

USA) ,  and d i rect l y  c loned in to  a TOPO TA c loning vector  

( Invi t rogen,  Kar l sruhe,  Germany)  accord ing to  the 

manufacturer ’s  ins t ruct ions .  The c loned p lasmids  were 

sequenced wi th  ABI PRISM 7700 Analyzer  (Appl ied Biosystems,  
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Foster  Ci t y,  CA,  USA) .  Complete  sequences were analyzed by 

searching for  s imi la r i t ies  us ing the BLASTX and BLASTN 

search  program avai lab le  at  the  Nat ional  Center  for 

Biotechno logy In format ion (NCBI)  GenBank webs i te  

(ht tp : / /www.ncbi .  n lm.n ih .gov /BLAST/)  

 

5 .  RT-PCR and Real  Time RT-PCR Quant i f icat ion 

 

To conf i rm the resul ts  of  the ACP di f ferent ia l  d isplay and to 

determine the re la t i ve abundance of  targe t  sequences,  both the 

RT-PCR and the  rea l  t ime quant i ta t i ve  PCR were per formed on 

the  samples .  F i rs t ,  we synthes ized cDNA for  the  RT-PCR.  The 

ext racted RNAs were then used for  the synthes is  o f  the  f i rs t -

s t rand cDNAs by reverse t ranscr ip tase.  Reverse  t ranscr ip t ion 

was  per formed for  1  h at  37℃  in  a  f i na l  react ion vo lume of  20  

㎕ ,  which  conta ined 4 ㎍  o f  pur i f ied RNA,  4  ㎕  o f  5  X  Fi rs t  

s t rand buffer  ( Inv i t rogen) ,  1  ㎕  o f  dNTPs (each 10 mM) ,  1  ㎕  

o f  o l igo dT (500 ng /㎕ ) ,  0 .5 ㎕  o f  Ribonuclease  Inh ib i tor  (40 

U/㎕ ;  Takara) ,  2  ㎕  o f  0 .1 M DTT ( Inv i t rogen) ,  and 1 ㎕  o f  

Moloney mur ine leukemia v i rus  reverse t ranscr ip tase (200 

U/㎕ ;  Inv i t rogen) .  F i rs t -s t rand cDNAs were  d i lu ted  by the 

addi t ion  o f  80  ㎕  o f  u l t ra -pur i f i ed  water  and s to red  at  -20℃  
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unt i l  use .  The same expressed genes were  a lso  conf irmed by RT-

PCR. The cDNA was synthes ized f rom mRNA us ing the reverse 

t ranscr ip tase  ki t  ( Inv i t rogen,  Car lsbad,  CA,  USA).  Speci f i c  

pr imers  were des igned us ing the ProbeWiz Server  (H. B.  

Nie lsen et  a l . ,  2002) .  Pr imer  sequences  are shown in  Table 2 .  

For  op t imal  quant i f i cat ion,  the  parameters  were  set to  des ign 

pr imer  sequences wi th  mel t ing temperatures (Tm) between 55–

65℃ ,  to  avo id 3 ’ -end complementar i t y ( to  avoid  pr imer-d imer 

format ion) ,  and a  product  s i ze  of  150–300 bps.  Human GAPDH 

mRNA was used as  an  in ternal  s tandard .  The GAPDH primer  

sequences  were  for  the fo rward  pr imer  5 ’ -

ACCACAGTCCATGCCATCAC-3’ and 5 ’ -

TCCACCACCCTGTTGCTGTA-3 ’ for  the  reverse  pr imer.  The 

RT-PCR products  were separated on a 1 .5% agarose gel  s ta ined 

wi th  eth id ium bromide.   

The rea l  t ime PCRs were  conduc ted  in  ABI Pr ism 7700 

(Appl ied Biosystems)  and were detected  wi th  SYBR Green,  a  

double -s t randed DNA-speci f ic  f l uorescent  dye ,  which i s  

inc luded in  the SYBR premix  Ex  Taq (TAKARA) .  Pr io r  to  the 

quant i f icat ion  of  the resul ts ,  opt imizat ion  procedures  were 

per formed by running PCRs,  wi th  and wi thout  the  puri f i ed 

template,  to  ident i f y  the  mel t ing temperatures  of  the  pr imer  

d imers  and of  the  spec i f ic  product .  Ser ia l  d i lu t ions  of  the 
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GAPDH plasmid  DNA (102–109 molecules)  were  used for the 

s tandard curves .  PCR condi t ions were  10 s  at  94℃  fo l l owed by 

50  cyc les  of  5  s  a t  94℃ ,  30  s  a t  58℃  and 30 s  at  72℃ .  Data was 

col lected  dur ing the extens ion  s tep of  the  SYBR Green react ion .  

 

Table 2.  DEG pr imer  sequences  and cyc l ing condi t ions used in 

semi -quant i ta t i ve  RT-PCR and/or  Real -Time RT-PCR. 

P r i me r 

n u mb e r 

Ac c e s s io n  

n u mb e r  
P r i me r  

P ro d u c t  

l e n g th  

An n e a l i n g   

t e mp e r a t u r e (℃ )  

1 7  B C 0 1 8 0 3 6  F  –  C T C C C A G T T A A T T G G C A T G C     R  -  2 5 4  5 8  

2 0  B C 0 2 1 1 7 4   F - G A G A T C A T G C A A G A A A A G C A G A   R - 2 7 5  6 0  

2 1  B X 6 4 9 0 3 8  F - C C C T G A C T C A G T T T G G A A T A G G    R - 1 9 8  5 6  

2 1  A L 1 2 1 9 8 0  F - A C A G G A A T G G G G A G T A A T C C T T   R - 2 8 3  5 6  

3 4  B C 0 4 6 1 1 4   F - A A A A G A A G A A A C C C C T G A G G T C   R - 3 4 5  5 6  

4 1  B C 0 3 2 5 6 5  F - G T G C A T A T G C G T G A G T T T C A T T     R - 2 9 0  6 0  

4 4  X M _ 3 7 9 5 1 0  F - T G C A C A C T T G T A A T C A C A G C A C    R - 2 4 8  5 8  

4 5  N M _ 0 1 5 3 2 9   F - C G T T T A T C A G A A A C A C A G G C A A    R - 2 8 3  6 0  

4 6  A Y 3 3 7 5 1 6  F -  T G C A T T T G T G A G C C A A A G A G      R - 3 1 6  5 8  

5 0  A L 1 3 6 7 2 1  F - C A C C A G T T G A C A C T A C A T C G G T    R - 2 6 4  5 6  

5 2  A L 3 5 3 6 4 8  F - T C C T A T A T T A C G G T T T G C C C C      R - 2 5 9  5 8  

5 5  N M _ 0 0 1 0 0 4 3 3 3   F - C C T T T A C G A G C A A G T C A G C T       R - 2 5 9  5 8  

5 8  N M _ 0 0 2 4 8 9  F - A G C T G A A G A A G G A A C G T C C A      R - 4 4 5  5 8  

5 8  B C 0 4 2 4 8 6   F - A A G A A A A A G A G G C T A C G C A G T G   R - 2 8 8  5 6  

6 0  B C 0 3 6 9 5 7  F - T G T G A G T A A A A T T C T G G G C A G G    R - 5 6 3  5 8  

6 0  N M _ 0 8 0 8 2 0  F -  C G C A T G T G G T A G A A G G T G T G      R - 2 3 0  5 8  

6 2  N M _ 1 9 8 4 2 7  F - G T T G C T T A A G G C T C T G T G G G       R - 3 0 1  5 8  

6 5  B C 0 2 5 2 9 6  F - A T G G C G A C C C T A C T C T T A C A A A    R - 2 1 9  5 6  

6 5  B C 0 4 0 4 3 6  F -  A A G A T C T C C T A A A A A G C C T C G G    R - 2 4 3  5 6  

6 6  B C 0 0 3 3 8 5  F - T G C T T C T G G A A A T T A A A C G G A G    R - 2 1 4  5 6  

7 7  B C 0 2 8 3 1 1  F -  A A C C A A A G C C A C C A G T G T T C      R - 3 0 8  5 8  

7 8  N M _ 0 0 6 2 2 7  F - T G T C C A G C A T G A C T A T G G A C       R - 2 5 4  5 8  

8 3  
N M 0 0 6 3 1 7  

F - G A G T T G G G A G T G A T G C G T T T       R - 3 1 4  5 8  
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8 6  A K 0 2 3 0 4 8  F -  A C G A C C C A C A T G G T T T C A A T       R - 1 8 6  5 8  

8 7  A Y 3 3 9 5 6 6  F - T T C A C T A T C A T A T T C A T C G G C G     R - 2 8 5  5 8  

8 7  B C 0 1 7 2 6 5  F - C T T T G A G G A A G C G G T T C G A A       R - 2 5 6  5 8  

8 7  B C 0 6 5 7 1 1  F -  C C T T C G A G T C G T T C T T G C T C       R - 2 8 4  5 8  

9 4  B C 0 2 4 2 4 0  F -  T G A G G T C C T G C T T T G T C C T T       R - 2 6 1  5 8  

9 6  B C 0 5 3 6 3 0  F - C T C A G G C C G T G G A C T T T T T A       R - 3 2 2  5 6  

 

(Table2  cont inue)  

P r i me r 

n u mb e r 

Ac c e s s io n  

n u mb e r  
p r i me r  

P ro d u c t  

l e n g th  

an n e a l i n g  

t e mp e r a t u r e ( )℃  

9 8  A K 2 2 3 6 1 2  F - G G C A A A A G A T C T T C A A G A A G T G A   R - 1 7 0  5 6  

1 0 1  B X 6 4 7 3 1 1  F - C G T G T G C T G C A G A A C C T A A A       R - 2 7 7  5 8  

1 0 4  B C 0 5 0 6 3 7  F - A T T C C T C T C C T T C T T C C T C A C C      R - 3 0 2  6 0  

1 1 7  M 7 7 7 7 4  F  - T C T C T C A C A G C T T G A A A A G C C T    R - 3 0 0  6 0  

1 2 0  A L 1 6 0 2 5 1  F - A A C C T C A A A A A C G T G A G C G T A T     R - 2 6 8  6 0  
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6.Real  t ime PCR Ana lys is  

 

The Ct  va lue i s  the f ract ional  cyc le  number  at  which the  

f luorescence generated by the  repor ter  dye  exceeds  a  f i xed  leve l  

above basel ine.  The se lected genes’ s ignals  were  normal i zed 

against  the  re la t i ve quant i t y o f  GAPDH and the re lat i ve  amount  

of  each cDNA was ca lcu la ted  by dete rmin ing the △CT  va lue;  

△CT  =  CT, t a r g e t  -  CT, G A P D H.  The fo ld  d i f ference  in  the target  gene 

re la t i ve to  the GAPDH endogenous cont ro l  gene was  de termined 

by the  2  -△ (△C T)  method 8 .  The 2 -△ (△C T ) method i s  a  convenient  

way to  analyze the  re la t i ve change in  gene express ion f rom a 

rea l  t ime PCR;△ (△CT )  =△CT, s a m p l e -  △CT, c o n t r o l.  Analys is  o f  

var iance  was fo l lowed by the  nonparametr ic  t -  tes t  and the 

Wi lcoxon rank sum test  to  analyze  the  resul ts  o f  these  s tudies  9 ,  

and a  va lue  of  P <  0 .001 was  cons idered s ign i f i can t.  
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III .RESULTS 

 

1. Morphology of human NSCs (HFT13 cells) under the proliferation and 

differentiation conditions and  RNA extraction 

 

The typ ica l  morphology of  HFT13 ce l ls  under  the prol i fera t ion 

and d i f ferent ia t ion condi t ions  is  represented in  F igure 2 .  

Pro l i ferat ing HFT13 ce l ls  gave r ise  to  f ree-f loa t ing spheres  or  

ce l l  c lus ters  that  could  be ident i f ied by the i r  phase-br ight  

appearance,  regular  ce l l  membranes ,  and d i f f ract ion r ings  (F ig.  

2) .  To analyze the  ce l lu la r  composi t ion of  HFT13 cel ls  a t  the 

pro l i ferat ion  s tage,  the  immunocytochemist ry  wi th  var ious 

immature  neura l  s tem cel ls  or  progeni tors  markers ,  and 

d i f ferent ia ted  neuronal  and g l ia l  markers  was  per formed.  These 

resul t s  ind icate that ,  a l though NSCs are operat ional l y 

character i zed on  the  bas is  of  funct iona l  c r i ter ia  due  to the  lack 

of  def in i t i ve markers ,  mul t ipoten t  NSCs,  p rogeni tors ,  and radia l  

g l ia l  ce l ls  may co-ex is t  wi th  some rest r i c ted  neuronal  o r  gl ia l  

progeni tors  in  HFT13 ce l ls  der i ved  f rom human fe ta l CNS 

t issue.3 

To induce the  d i f ferent ia t ion of  HFT13 ce l l s ,  whole 

neurospheres  of  HFT13 ce l l s  were d issoc iated  in to a s ing le  ce l l  
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suspension in  T /E and p la ted d i rect l y onto poly -L - lys ine  (10 

μg/ml ;  S igma) -coated,  100mm d ish(corn ing)  in  serum-free 

medium (DMEM/F-12)  that  conta ined N2 supplement  but 

wi thout  mi togens.  Over  the 7 -day per iod fo l lowing pla t ing,  the 

ce l ls  represented  d i f feren t ia t ion  assoc iated morphologica l  

changes of  human NSCs (Fig.  2 ) .   

 Tota l  RNA was iso la ted under  the  pro l i ferat ion and 

d i f feren t ia t ion condi t ions  of  HFT13 ce l ls ,  respect ive ly  and 20 

㎍  o f  to ta l  RNA f rom the pro l i ferat ion  and d i f ferent ia t ion  

s tages  of  HFT13 ce l l s ,  respect i ve ly  was  used for  RT-PCR assay 

wi th  the ACPs.  

 

 

 

 

 

 

 

 

 

F igure  2 .  Representa t i ve  morphologica l  character i s tics  under  the  
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pro l i ferat ion and d i f ferent ia t ion condi t ions of  human NSCs 

(HFT13 ce l ls ) .  HFT13 could  be  ident i f ied by the i r  phase-br ight  

appearance (A)  HFT13 expand as f ree -f loat ing neurospheres and 

(B)  show the extens ion of  many ce l lu la r  processes  dur ing the  

induct ion of  the  d i f fe rent ia t ion in  PLL-coated d ishes .   

 

 

2 . Screening of DEGs using ACPs 

 

To ident i f y  genes  that  are  spec i f ica l l y  or  d i f fe rent ia l l y  

expressed under  the  pro l i ferat ion  and d i f ferent ia t ion  condi t ions 

of  human NSCs,  we used the ACP (Seegene,  Seoul ,  Korea)  4 .  

The mRNA iso la ted  f rom the  pro l i ferat ion and d i f ferent ia t ion  

s tages of  human NSCs was subjected  to  ACP RT-PCR analys is 

us ing a  combinat ion  of  110 arb i t rary  pr imers  and two anchored 

o l igo (dT)  pr imers (dT-ACP 1 and dT-ACP 2) .  Th is  method is  

descr ibed in  the  Mater ia ls  and Methods sect ion.  The analys is  

generated approx imate ly 500 ampl i cons.  

 

3 . Ident i f ica t ion of  DEGs  

 

We found 34  d i f ferent ia l l y  expressed ampl icons  under  the 

pro l i ferat ion  and d i f ferent ia t ion  condi t ions  of  human NSCs.  4  
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ampl icons  were h ighly  inc reased under   the  pro l i fe rat ion 

condi t ion and 30  ampl i cons  were  inc reased under  the 

d i f feren t ia t ion condi t ion (F igure 3) .  34  DEGs were to ta l l y 

ext racted f rom the  gel  and were  c loned in to  a  TOPO TA vector  

and sequenced.  Sequences  resul ts  were  searched by us ing 

BLASTN and BLASTX for  sequence s imi la r i t y in  the NCBI 

GenBank and revealed  that  these  DEGs showed s ign i f ican t  

s imi lar i t y  wi th  known genes,  unknown genes  or  ESTs 

(Expressed Sequence Tags) .  Therefore ,  4  genes were  found to 

be d i f ferent ia l l y  h igh ly  expressed under  the pro l i ferat ion 

condi t ion and 30  genes  were ident i f ied  to  be  d i f feren t ia l l y  

h igh ly  expressed under  the d i f ferent ia t ion condi t ion  o f  human 

NSCs.   Al l  o f  these genes and ESTs ident i f ied and 

character i zed in  th is  s tudy have a l ready been submit ted to  

Genbank and ass igned access ion  numbers.  Under  the 

pro l i ferat ion  condi t ion  of  human NSCs,  2  DEGs are  known 

genes;  BCAN and HLA-B,  and the other  2  DEGs are  unknown 

genes.  Under  the d i f ferent ia t ion condi t ion of  human NSCs,  25 

DEGs are known genes;  C13orF17,  SERF1A, CSMD2, HMGB1, 

Pax6,  SFRS11,  SPOP, DCT, PNN, tubul in  a lpha  3 ,  TSPAN7, 

MAP1B,  LASS5,  GAD1,  K IF3C, NDUFA4,  HARS2,  ODC1, PLTP,  

BASP1,  RAB9A,  POLR2J,  COX1,  COX5A,  and GNG7, and the 

other  5 DEGs are unknown genes .  The ident i t y and s ize of  these 

DEGs are summar ized in  Tab le 3 -A and B.  
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F igure  3 .  Representat i ve  band pat te rns  for  DEGs under  the  

pro l i ferat ion(P)  and d i f ferent ia t ion(D)  condi t ions  of  HFT13 ce l ls  

a f ter  anneal ing cont ro l  p r imer -polymerase chain  react ion  (ACP-

PCR) .  The PCR products  were  separated  by e lect rophores is  on  2% 

agarose  gels .  Yel low ar rows ind ica te DEGs 
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Table 3-A. Identity and size of DEGs that encode known proteins and their homology to 
sequences in GenBank 

Primer 

number 

Accession 

number 

Base pairs 

sequenced 
Identity 

Homology 

(human) 
E-value*

Increased in Proliferation

62 NM 198427 330 brevican isoform 2(BCAN) 254/254(100%) 8E-140

117 M77774 1251 Human HLA-B*5401 1151/1177(97%) 0.0 

Increased in differentiation

17 BC018036 873 tetraspanin 7(TSPAN7) 428/439(97%) 0.0 

20 BC021174 726 Small EDRK-rich factor 1A(SERF1A) 635/650 (97%) 0.0 

21 AL121980 214 CUB and Sushi multiple domains 2(CSMD2) 144/145 (99%) E-72 

34 BC046114 708 microtubule-associated protein 1B(MAP1B) 410/488 (84%) 0.0 

41 BC032565 1076 LAG1 longevity assurance homolog 5(LASS5) 948/962 (98%) 0.0 

46 AY337516 225 glutamate decarboxylase 1(GAD1) 133/138(96%) 8E-59 

52 AL353648 190 high-mobility group box 1(HMGB1) 117/119(98%) e-54 

58 BC042486 1288 Kinesin family member 3C(KIF3C) 1055/1073 (98%) 0.0 

58 NM_002489 341 NADH dehydrogenase (ubiquinone) 1 
alpha subcomplex(NDUFA4) 273/273(100%) 4E-151

60 NM_080820 1059 histidyl-tRNA synthetase 2(HARS2) 959/960(99%) 0.0 

60 BC036957 396 Paired box gene 6(Pax6) 291/319(91%) 2E-101

65 BC040436 531 splicing factor, arginine/serine-rich 11(SERS11) 130/153 (84%) 3E-79 

65 BC025296 588 ornithine decarboxylase 1(ODC1) 512/513 (99%) 0.0 

66 BC003385 1153 speckle-type POZ protein(SPOP) 554/562 (98%) 0.0 

77 BC028311 787 dopachrome tautomerase (DCT) 667/667(100%) 0.0 

78 NM_006227 916 phospholipid transfer protein isoform a precursor(PLTP) 843/845(99%) 0.0 

83 NM006317 449 brain abundant, membrane attached signal 1(BASP1) 212/212(100%) 1E-114

87 AY339566 749 cytochrome c oxidase subunit I(COX1) 662/664 (99%) 0.0 

87 BC017265 723 RAB9A, member RAS oncogene family 472/474(99%) 0.0 

87 BC065711 662 Polymerase(RNA)II(DNA directed) polypeptides(POLR2J) 588/591(99%) 0.0 

94 BC024240 580 cytochrome c oxidase subunit Va, precursor(COX5A) 498/498(100%) 0.0 

96 BC053630 529 guanine nucleotide binding protein (G protein), 
gamma 7(GNG7) 461/462(99%) 0.0 

98 AK223612 393 Pinin(PNN) 280/304 (92%) e-169 

104 BC050637 613 tubulin, alpha 3 527/530 (99%) 0.0 

120 AL160251 619 chromosome 13 open reading frame 17(C13orF17) 529/550 (96%) 0.0 
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Table 3 -B.  Ident i t y  and s ize  of  DEGs that  encode unknown 

prote ins  and the i r  homology to  sequences in  GenBank  

P r i m e r 

n u m b e r 

A c c e s s i o n  

n u m b e r  

B a s e  

p a i r s  
Id e n t i t y  

H o m o l o g y  

( h u m a n )  
E - v a l u e*  

I n c r ea s ed  i n  P r o l i f e r a t i o n 

2 1 B X 6 4 9 0 3 8 3 5 1 u n c h a r a c t e r i z ed 2 8 0 / 2 8 0  e- 1 5 5 

5 0  A L1 3 6 7 2 1  7 6 0  h yp o t h e t i c a l  p r o t e i n  6 7 0 / 6 8 7 ( 9 7 % ) 0 . 0  

In c r ea s ed  i n  d i f f e r e n t i a t i o n  

4 4 X M _ 3 7 9 5 1 0 3 3 4 h yp o t h e t i c a l  p r o t e i n   2 5 7 / 2 6 5  ( 9 6 % ) e- 1 3 1 

4 5  N M _ 0 1 5 3 2 9   9 3 3  h yp o t h e t i c a l  p r o t e i n  LO C 2 3 3 8 3  6 4 1 / 6 5 9  ( 9 7 % ) 0 . 0  

5 5  N M _ 0 0 1 0 0 4 3 32 4 1  h yp o t h e t i c a l  p r o t e i n  LO C 4 4 0 4 0 0  1 9 7 / 1 9 7 ( 1 0 0 % 6 E - 10 6  

8 6  A K 0 2 3 0 4 8  5 6 3  u n n a m ed  p r o t e i n  p r o d u c t  4 8 9 / 4 9 1 ( 9 9 %)  0 . 0  

1 0 1  A F 1 9 0 9 0 1  3 6 6  h yp o t h e t i c a l  p r o t e i n  2 9 4 / 2 9 4 ( 1 0 0 % 1E - 1 6 3  

* Expec ta t ion  va lue  (E -va lue)  rep resen ts  the  number  of  d i f fe ren t  

a l i gnments  wi th  sco res  equ iva len t  t o  o r  be t te r  t han the  a l i gnment  i n  

ques t ion and  tha t  wou ld  be  expec ted  to  occur  i n  t he da tabase  by 

chance  a lone .  E -va lue  i s  genera ted  by B LAST and  i s  a  conven ien t  

wa y to  c rea te  a  s ign i f i cance  th resho ld  fo r  repor t i ng resu l t s .  T he  

lo wer  t he  E -va lue ,  t he  mo re  s ign i f i can t  t he  match 

 

4 . Conf i rmat ion  o f  DEGs by RT-PCR and Rea l  Time RT-PCR 

 

To conf i rm the  e ff icacy of  the  ACP system,  the  semi-

quant i ta t i ve  RT-PCR us ing speci f ic  pr imers for  se lected  DEGs 

was  assayed.  The pr imer  sequences  and the  anneal ing 
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temperatures used for  the d i f ferent  DEGs are summarized in  

Table 2 .  

This  RT-PCR analys is  revealed that  a l l  o f  ident i f ied DEGs were 

d i f feren t ia l l y  expressed in  the  human NSCs (Figure  4) ,  wh ich 

conf i rms the resul ts  of  the  ACP di f ferent ia l  d i sp lay analys is .  

We fur ther  analyzed the express ion pat terns of  the  34  se lected 

DEGs under  the pro l i ferat ion  and d i f ferent ia t ion condi t ions by 

us ing the  rea l - t ime RT-PCR method (Table  4 -A and B).  To 

normal i ze  the  RT-PCR and rea l  t ime RT-PCR react ion  ef f ic iency,  

GAPDH was used as  an in ternal  s tandard.  In  rea l  t ime RT-PCR, 

we represented  the  expressed leve ls  us ing a  fo ld  change and a 

P-va lue  of  <  0.001.  Genes  wi th  the  inc reased express ion  under 

the  pro l i ferat ion  condi t ion  d id  no t  show a  h igh  gap fo ld  change.  

The most  h igh ly  expressed gene under  the pro l i feration 

condi t ion  was  the  one wi th  the  access ion  number  AL136721 and 

a fo ld  change of  2 .46.  Under  the d i f ferent ia t ion condi t ion ,  the 

gene wi th  the  access ion  number  AK023048 was the  most  h igh ly  

expressed and i ts  fo ld  change was 11 .31.  Other  genes wi th  h igh 

fo ld  changes  under  the d i f ferent ia t ion  condi t ion were BASP1 

wi th  a fo ld  change of  9 .92,  NM_015329 wi th  9 .7 ,  ODC1 wi th 

7.78,  GAD1 wi th  6 .8 ,  and K IF3C wi th  5 .49 .  
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Figure 4 Compar ison of  the express ion pa t terns of  DEGs under  

the pro l i ferat ion  and d i f ferent ia t ion cond i t ions of human NSCs 

(HFT 13 ce l l s )  by semi -quant i ta t i ve  RT-PCR 
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Table 4-A.  Quant i ta t i ve  rea l - t ime PCR analys is  showing 

increased express ion  of  genes under  the pro l i ferat ion condi t ion  

of  human NSCs (HFT13 ce l l s )   

A c c e s s i o n  

n u m b e r 
Id e n t i t y  F o l d  c h a n g e*  

k n o w n   

N M _ 1 9 8 4 2 7 b r e v i c a n  i s o f o r m  2 ( B C A N ) 1 . 4 3 ±0 . 2 9 

M 7 7 7 7 4  M a j o r  h i s t o c o m p a t i b i l i t y  c o m p l e x ,  c l a s s  I ,  

B 5 ( H L A - B )  
2 . 3 5 ±0 . 0 7 5  

h yp o t h e t i c a l  

A L1 3 6 7 2 1  h yp o t h e t i c a l  p r o t e i n  2 . 4 6 ±0 . 0 9 4  

B X 6 4 9 0 3 8 u n c h a r a c t e r i s e d 1 . 4 ±0 . 0 6 6 

*  Re lat i ve  express ion leve ls  of  DEGs af ter  normal i zat ion  wi th  

human GAPDH mRNA leve ls  are  presented  as  an n-fo ld 

express ion  d i f ference compared to the  o ther  par ty .  P-va lue i s  

<0.001 

 

    

    

    

Table 4 -B.  Quant i ta t i ve  rea l - t ime PCR ana lys is  showing 

increased express ion o f  genes under  the  d i f ferent iat ion 

condi t ion of  human NSCs (HFT13 ce l ls )  

A c c e s s i o n  n u m b e r Id e n t i t y  F o l d  
c h a n g e*  

k n o w n   
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A L1 6 0 2 5 1  c h r o m o s o m e  1 3  o p en  r e a d i n g  f r a m e  
1 7 ( C 1 3 o r F1 7 ) 

3 . 7 ±0 . 1 1 2  

B C 0 2 1 1 7 4   S m a l l  E D R K - r i c h  f a c t o r  1 A ( S E R F 1 A )  2 . 3 ±0 . 27 7  

A L1 2 1 9 8 0  C U B  a n d  S u s h i  m u l t i p l e  d o m a i n s  2 ( C S M D 2 )  2 .2 7 ±0 . 0 8 1  

A L3 5 3 6 4 8  h i g h - m o b i l i t y  g r o u p  b o x  1 ( H M G B 1 )  2 . 3 5 ±0 . 0 75  

B C 0 3 6 9 5 7  P a i r ed  b o x  g en e  6 ( P a x 6 )  1 . 6 7 ±0 . 1 3 6  

B C 0 4 0 4 3 6  s p l i c i n g  f a c t o r ,  a r g i n i n e / s e r i n e - r i c h  
11 ( S E R S 11 ) 

2 . 7 3 ±0 . 1 7  

B C 0 0 3 3 8 5  s p ec k l e - t y p e  P O Z  p r o t e i n ( S P O P )  3 . 8 1 ±0 . 0 4 3  

B C 0 2 8 3 1 1  d o p a c h r o m e  t a u t o m e r a s e  ( D C T )  1 . 6 5 ±0 . 0 6 6  

A Y 3 3 9 5 6 6  c y t o c h r o m e  c  o x i d a s e  s u b u n i t  I ( C O X 1 )  3 . 0 5 ±0 . 0 5 1  

A K 2 2 3 6 1 2  P i n i n ( P N N )  4 . 2 3 ±0 . 0 5 1  

B C 0 5 0 6 3 7  t u b u l i n ,  a l p h a  3  2 . 0 6 ±0 . 0 2 1  

B C 0 1 8 0 3 6  t e t r a s p a n i n  7 ( T S P A N 7 )  1 . 7 9 ±0 . 1 0 7  

B C 0 4 6 1 1 4   m i c r o t u b u l e - a s s o c i a t ed  p r o t e i n  1 B ( M A P 1 B )  3 . 4 4 ±0 . 0 4  

B C 0 3 2 5 6 5  L A G 1  l o n g e v i t y  a s s u r a n c e  h o m o l o g  5 ( L A S S 5 )  3 . 5 5 ±0 . 0 9 0  

A Y 3 3 7 5 1 6  g l u t a m a t e  d ec a r b o x y l a s e  1 ( G A D 1 )  6 . 8 ±0 . 0 6 7  

B C 0 4 2 4 8 6   K i n e s i n  f a m i l y  m em b e r  3 C ( K I F 3 C )  5 . 4 9 ±0 . 3 0 

N M _ 0 0 2 4 8 9  N A D H  d e h y d r o g en a s e  ( u b i q u i n o n e )  1  a l p h a  
s u b c o m p l e x 

1 . 9 ±0 . 0 9 4  

N M _ 0 8 0 8 2 0  h i s t i d y l - t R N A  s yn t h e t a s e  2  2 . 5 9 ±0 . 2 2 2  

B C 0 2 5 2 9 6  o r n i t h i n e  d ec a r b o x y l a s e  1  7 . 7 8 ±0 . 0 3 8  

N M _ 0 0 6 2 2 7  p h o s p h o l i p i d  t r a n s f e r  p r o t e i n  i s o f o r m  a  
p r ec u r s o r 

2 . 2 ±0 . 0 0 7  

N M 0 0 6 3 1 7  b r a i n  a b u n d a n t ,  m em b r a n e  a t t a c h ed  s i g n a l  
p r o t e i n  1 

9 . 9 2 ±0 . 1 7 3  

B C 0 1 7 2 6 5  R AB 9 A ,  m em b e r  R A S  o n c o g en e  f a m i l y  2 . 9 1 ±0 . 13 6  

B C 0 6 5 7 1 1  P O LR 2 J  p r o t e i n  3 . 2 7 ±0 . 1 6 5  

B C 0 2 4 2 4 0  c y t o c h r o m e  c  o x i d a s e  s u b u n i t  V a ,  p r ec u r s o r 2 . 2 3 ±0 . 0 7 9  

B C 0 5 3 6 3 0  g u a n i n e  n u c l e o t i d e  b i n d i n g  p r o t e i n  ( G  
p r o t e i n ) , g a m m a  7 

2 . 1 0 ±0 . 1 1 5  

h yp o t h e t i c a l    

B X 6 4 7 3 1 1  h yp o t h e t i c a l  p r o t e i n  2 . 1 0 ±0 . 1 1 5  

X M _ 3 7 9 5 1 0  h yp o t h e t i c a l  p r o t e i n   3 . 9 ±0 . 0 6 3  

N M _ 0 1 5 3 2 9   h yp o t h e t i c a l  p r o t e i n  LO C 2 3 3 8 3  9 . 7 ±0 . 2 4  

N M _ 0 0 1 0 0 4 3 3 3   h yp o t h e t i c a l  p r o t e i n  LO C 4 4 0 4 0 0  1 . 6 9 ±0. 1 1 7  

A K 0 2 3 0 4 8  u n n a m ed  p r o t e i n  p r o d u c t  1 1 . 3 1 ±0 . 2 1 3 
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DISCUSSION 

 

To study d i f ferent ia l l y expressed genes  under  the di f ferent  

condi t ions ,  var ious  methods such as Microarrary 1 0 ,  1 1,  DD-PCR, 

SAGE and subt ract i ve hybr id izat ion a re  cur rent l y  using.  But  

those  techniques  have some l imi ta t ions  to  invest igate  DEGs 

because they have h igh  fa lse  pos i t i ve  resul ts .  In  th is  s tudy,  we 

t r ied  new approach termed Genef i sh ing,  which  i s  the RT-PCR 

technique us ing ACPs.  The Mic roarrary techn ique which is 

cur rent l y the  most  popular  used i dent i f ies  the  express ion  o f  

known and expected  genes.  But  the  Genef ish ing method could 

f ind  no t  on ly  known and expected genes,  but  a lso unexpected  

and unknown genes .  The success  of  PCR is  based so lely  on  the  

spec i f ic i t y  and the  sens i t i v i t y  o f  the  pr imer  b ind ing to  the 

target  sequence.  This  depends on the anneal ing temperatures  of  

the  pr imers .  ACP has inos ine  between the 3 ’ -  and 5 ’-  ends  o f  

the pr imer  so  the  PCR is  spec i f ic  and sens i t i ve  to  the targe t  

sequence in  h igh anneal ing temperatures 4 ,  7.  We found 70 

d i f feren t ia l l y  expressed bands us ing th is  ACP technique.  Al l  o f  

the 70 bands were  c loned,  sequenced and ana lyzed.  We 

per formed RT-PCR for  53  genes  that  might  be  expected  to  have 

the  impor tance ;  bu t  the  RT-PCR resul ts  showed that  19  genes 
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had no d i f ference in  express ion leve ls  (data not  shown) .  Some 

of  the  34  DEGs under  the  pro l i ferat ion and d i f ferent ia t ion 

condi t ions of  human NSCs have been s tudied in  re la tion to  

neurogenesis ,  whi le  th is  re la t ion  has  not  yet  been s tudied  in  

others .  

Among h ighly  expressed genes  under  the  pro l i ferat ion  

condi t ion  o f  human NSCs,  BCAN is  known as  one of  the  most  

abundant  ext racel lu lar  matr i x  proteoglycans in  the  mammal ian 

bra in .  Brevican produced by gray mat ter  ast rocytes const i tu tes 

a major  component  o f  per ineuronal  ext racel lu la r  matr ix  in  the 

adul t  b ra in.  Express ion  of  brevican in  o l igodendrocytes  and 

whi te  mat te r  ast rocytes  is  d i f ferent l y  regulated  dur ing the 

development  of  bra in.  Brev ican is  not  synthes ized by mature 

o l igodendrocytes;  i t  i s  produced by ast rocytes in  the  mature 

adul t  1 2 ,  1 3.  HLA-B i s  known to  be re la ted to  immuni ty  but  not  

to  neurogenesis .  HLAB*5401 is  no t  s tud ied wel l .  

Among h ighly  expressed genes  under  the d i f ferent ia tion  

condi t ion of  human NSCs,  TSPAN7 is  impl icated in  cel l  

pro l i ferat ion ,  d i f ferent ia t ion  and tumor  invas ion,  but  the 

mechanism is  s t i l l  unknown 1 4 - 1 7.  The  bas ic  funct ion  of  SERF1A 

( te lomer ic)  is  unknown,  but  the down-regulat ion  o f  te lomerase 

act i v i t y  was found to  be a genera l  response to  the  induct ion o f  

d i f feren t ia t ion  1 8.  MAP1B which  cont ro ls  neur i tes  extens ion  and 
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growth  cone mot i l i t y  v ia  modulat ing mic rotubule dynamics ,  i s  

the  f i rs t  MAP gene to be  expressed dur ing bra in development .  

Despi te  d isc repanc ies between some studies ,  MAP1B plays  a 

pr inc ipa l  ro le  in  the  development  o f  the  nervous  system 1 9 ,  2 0 

and is  requi red  fo r  the regenerat ion  of  axons that  cont ro l  the 

d i rect ional i t y  o f  growth  cone migrat ion  and the axona l  

branching in  regenerat ion  o f  adul t  dorsa l  root  gangl ia  neurons 

2 1.  HMGB1 previous ly  was thought  to  func t ion only  as a  nuc lear  

factor  that  enhances  t ranscr ip t ion ,  but  was recent ly  d iscovered 

to  be  a  cruc ia l  cytokine  that  mediates  the  response to  in fect ion ,  

in jury,  i n f lammat ion2 2,  necros is2 3 ,  2 4 and apoptos is2 5.  HMGB1 

was a lso  repor ted to  s t imu late the pro l i ferat ion  of vesse l -

assoc iated  embryonic  s tem ce l ls  2 6.  Bu t ,  the  express ion  o f  

HMGB1 in  HFT13 ce l ls  i s  h igh ly  increased under  the 

d i f feren t ia t ion condi t ion wh ich  may ref lec t  the character i zat ion 

of  human NSCs or  ce l ls  a re not  fu l l y  d i f ferent ia ted under  the 

cur rent  d i f ferent ia t ion condi t ion.  Pax6 is  involved in  ce l l  

pro l i ferat ion  and/or  ce l l  d i f ferent ia t ion  in  h ippocampal  

neurogenesis  2 7.  In  the developing mammal ian bra in,  Pax6 p lays 

a cruc ia l  ro le  in  the  regional i zat ion of  the major  d iv is ions  o f  

the  te lencephalon and d iencephalons 2 8.  P in in  is  assoc iated wi th  

the mature desmosomes of  the  epi the l ia  2 9,  i s  re la ted  to  a tumor  

suppressor  3 0,  and has been repor ted  as a d i f ferent ia t ion-
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speci f ic  desmosomal  prote in3 1.  BASP1 is  involved in  the 

maturat ion  and/or  ma intenance of  the  synapse ra ther than in  the  

process  of  the  axonal  outgrowth  by cont ro l l ing the  cholestero l -

dependent  membrane dynamics  and s ignal  prote ins  part ic ipat ing 

in  the  neur i te  outgrowth  and synapt i c  p last ic i t y  3 2 ,  3 3.  GAD1 is  

the nerve terminal  ves ic le -assoc iated  an t igen that  cata lyzes  the  

product ion  of  GABA and re la tes to  the common d isease 

schizophrenia  and b ipolar  a ffect i ve d isorder.  K IF3C p lays a ro le  

in  var ious  in t racel lu lar  t ranspor t  and spindle format ion 

mechanisms and i s  repor ted  to  show express ion  dur ing neura l  

development  and neura l  d i f ferent ia t ion  3 4.  

There  are  s t i l l  a  number  of  DEGs involved in  the pro l i ferat ion 

and d i f ferent ia t ion  s tages  of  HFT13 ce l l s  that  have not  been 

character i zed in  deta i ls .  Based on  our  observa t ions,  fur ther  

funct ional  s tudies  are warranted to  dete rmine the  ro le  o f  DEGs 

in  human NSCs.   
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CONCLUSION 

 

 NSCs are def ined as se l f - renewing and pr imord ia l  immature  

ce l ls  wi th  the capac i t y to  give r i se to  d i f ferent iated  progeny 

wi th in  a l l  neura l  l i neages  in  a l l  the  regions  of  the  neurax is .  

Though the s tudy of  human NSCs is  act i ve ly progressing,  i t  i s  

s t i l l  poor l y  understood what  condi t ions  are  needed for  the 

d i f ferent ia t ion of  NSCs.  So we approached wi th  a genet i c  too l  

to  invest igate  which  genes  were  d i f fe rent ia l l y  expressed under  

the pro l i ferat ion and d i f ferent ia t ion condi t ions  of human NSCs.   

We t r ied  a  new and accurate  reverse  t ranscr ip t ion-polymerase 

chain react ion  (RT-PCR) method which uses anneal ing cont ro l  

pr imers  (ACPs) .  We ident i f ied  34 DEGs through RT-PCR 

technique us ing ACPs.  The express ion  of  2  known and 2 

unknown genes were  h ighly  inc reased under  the pro l ifera t ion 

condi t ion and the express ion o f  25 known and 5  unknown genes 

were h ighly  increased under  the  d i f ferent ia t ion  cond i t ion o f  

human NSCs.  We conf i rmed the express ion  pat te rns  of DEGs by 

RT-PCR assay and quant i f ied  the express ion of  these genes by 

rea l  t ime RT-PCR. Some of  the  34 DEGs under  the  prol i ferat ion 

and d i f ferent ia t ion  condi t ions  of  human NSCs have been s tud ied  

in  re la t ion to  neurogenesis ,  whi le  th is  re la t ion  has not  yet  been 

s tudied  in  others .  Analys is  of  i dent i f ied DEGs in  human NSCs 

under  the  pro l i ferat ion  and d i f fe rent ia t ion  condi tions wi l l  
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prov ide  a s tepping s tone for  developing an account  of  the  bas ic 

gene express ion pat terns or  in  dete rmin ing the  genet i c 

background of  human NSCs.  I t  wi l l  a lso  be the  f ramework for  

the pu tat i ve network of  l i nking ce l l  cyc le  cont ro l  to  the ce l l  

fa te  pathway us ing gene express ion  data.  
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ABSTRACT ( IN KOREAN)  

 

결합조절 프라이머 (ACPs)를  사용하여 인간 신경줄기

세포의 증식과 

분화조건에서 차별되게 발현되는 유전자 (DEGs) 확인  

 

<지도교수 박  국  인 > 

 

연세대학교 대학원 의과학과 

 

김미영 

 

인간  신경줄기세포를  배양하기  위하여  재태연령  13주에  

자연  유산되어  사망한  태아  사체의  종뇌  (telencephalon) 

조직에서  증식능력을  보이는  단일  신경세포들을  분리하여  

생체  외에서  장기간  신경구  (neurospheres)상태로  배양하

였는데 , 본  세포들은  신경줄기세포 , 신경전구세포  

(neural progenitors), 방사교세포  (radial glial cells), 

신경원  전구세포  (neuronal progenitor) 및  신경교  전구

세포  (glial progenitor) 등  다양한  종류의  세포형태로  

구성되어  있으며 , 특이적인  성장 , 증식 , 분화  및  지역  특

이  유전자  발현  형태를  보였다 .  

신경구  형태로  배양되는  미성숙  인간  신경줄기세포  혹

은  전구세포의  증식  및  분화관련  유전자를  확인하기  위하

여  본  연구에서는  결합조절  프라이머 (ACPs)를  이용한  정

확하고  새로운  역전사  중합효소연쇄반응 (RT-PCR)기술을  

사용하였는데 , 인간  신경줄기세포의  증식  및  분화  조건에
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서  특이적으로  차별  발현되는  유전자들 (DEGs)을  확인하였

고 , 본  DEGs들의  정확성  및  정량성은  정량적  중합효소연

쇄반응과  실시간  효소연쇄반응  방법을  통해서  검증하였다 .  

 110개의  ACPs를  사용하여  증식  및  분화조건의  인간  신경

줄기세포에서  추출한  RNAs를  RT-PCR로  분석한  결과  약  

500개의  반응물  (amplicons)을  얻었고 , 이  반응물들  중에

서  34개의  DEGs를  찾았으며 , 염기서열을  분석하고    확인

한  결과  4개의  amplicons은  증식상태에서  높게  발현되었

고  30개의  amplicons은  분화상태에서  높게  발현됨을  확인

하였다 . 확인된  34개의  DEGs 연기서열과  유사성을  가진  

유전자  부분을  찾기  위하여  Basic Local Alignment 

Search Tool(BLAST)를  사용하였는데 , 증식상태에서  높게  

발현되는  4개의  DEGs 중  2개는  알려진  유전자이고  2개는  

알려지지  않은  유전자였으며 , 분화상태에서  높게  발현되

는  30개의  DEGs 중  25개는  알려진  유전자였고  5개는  알려

지지  않은  유전자로  확인되었다 . 따라서  본  연구결과는  

유전자  차원에서  인간  신경줄기세포의  증식과  분화에  관

련된  분자학적  기전을  이해하는데  사용될  수  있으며 , 관

련  유전자의  생물학적  기능  연구에도  도움을  줄  수  있다 .  

-----------------------------------------------------

--------------- 

인간  신경줄기세포 , 차별  발현되는  유전자 (DEGs),결합조

절  프라이머 (ACPs), 증식 , 분화  
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