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ABSTRACT

Identification of differentially expressed gene<(Bs) under the proliferation
and differentiation conditions of human neural staths (NSCs) using

annealing control primers (ACPs)

Mi-Yeong Kim

Department of Medicd sdence
TheGraduate Shod, Yonsd Universty

(Directed by professor Kook In Park)

Proliferating single cells were isolated from tleencephalic brain region of
human fetal cadavers at 13 weeks of gestation amgngas neurospheres in long-
term cultures. Human neurospheres derived fromtdlencephalon were found to
contain cells of different subtypes, suggesting timaltipotent neural stem cells
(NSCs), progenitors, or radial glial cells co-exigth restricted neuronal or glial
progenitors within the spheres. These cells alsbdpeecific regional and temporal
characteristics with regard to their growth, diéetiation, and region-specific gene
expression.

In order to identify genes that are involved undbe proliferation and

-1 -



differentiation conditions of human neural stemsc@NSCs), we employed a new
and accurate reverse transcription-polymerase ctegintion (RT-PCR) technique
using annealing control primers (ACPs). This metlodild detect differentially
expressed genes (DEGSs) that were expressed sp#gific prominently under the
proliferation and differentiation conditions of ham NSCs in culture. RT-PCR
and/or real time PCR were used to validate thesB8DE

Using 110 ACPs, the RT-PCR analysis of human N®Gslted in approximately
500 amplicons. Among them, we identified and seqedr84 amplicons of DEGs; 4
amplicons were highly expressed under the profifamecondition and 30 amplicons
were highly expressed under the differentiationdition of human NSCs. To find
regions of local similarity between these DEG segas, we used the Basic Local
Alignment Search Tool (BLAST). The results showeat the expression of 2 known
and 2 unknown genes were highly increased undepibiéeration condition and
the expression of 25 known and 5 unknown genes thigtdy increased under the
differentiation condition of human NSCs. These datald provide some insights
into the genetic mechanisms involving molecularmésend biological functions in
the proliferation and differentiation of human NSCs
Key words: differentially expressed genes (DEGs)midn neural stem cells (NSCs),

annealing control primers (ACPs), proliferatiorffetientiation



Identification of differentially expressed genesEDBS)
under the proliferation and differentiation condihis of
human neural stem cells (NSCs) using annealing omint

primers (ACPs)

Mi-Yeong Kim

Department of Medical science

The Graduate School, Yonsei University

(Directed by professor Kook In Park)

. INTRODUCTION

Neural stem cells(NSCs) are defined as self-rengwiand
primordial immature cells with the capacity to giveise to
differentiated progeny within all neural lineages all the regions
of the neuraxis. These cells are also posited tosek embryonic
and fetal germinal zones, where they participate @GNS
organogenesis.It is unclear whether NSCs are more defined by
their tissues of origin or by their multipotenti&yi The standard

method of isolating NSCsn vitro is to remove a region of fetal
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or adult brain that has been demonstrated to cantdividing
cells in vivo. For example, the subventricular zone (SVZ) or the
hippocampus in the adult brain may contain theseidiing cells,

or they can be found in a larger variety of strumds in the
developing brair?.

Though the study of human NSCs is actively progiags it is
still poorly understood what conditions are needddr the
differentiation of NSCs. In order to study what @g=n are
differentially expressed under the proliferation dan
differentiation conditions of hNSCs, we isolated opiferating
single cells from the telencephalon of gestatiorsaje 13 weeks
fetal central nervous system (CNS) and induced the®lls to
proliferate as free-floating neurospheres (HFT13llge Many
changes occur following the induction of differeation of human
neurospheres in culture; these are changes in tleepmology of
HFT13 cells, the percentage of neuronal or glialrkexs + cells,
and the patterns of neurotransmitter expression.

To analyze the cellular composition of HFT13 cellse assayed
for the expression of proteins that are charactgcif immature
cells, such as the NSC and radial glial marker mestand the
radial glial protein recognized by vimentin, GFAPax6, and the
glutamate astrocyte-specific transporter (GLASTH. dddition, we
analyzed the expression levels of GFAP, a proteimatt is
expressed by astrocytes, neuron-specific TUJ1, amauronal

markers NF and NeuN. All of these results indicabat, although
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NSCs are operationally characterized on the basfisfunctional
criteria due to the lack of definitive markers, niglotent NSCs,
progenitors, and radial glial cells may co-exist tlwi some
restricted neuronal or glial progenitors in HFT12lks derived
from human fetal CNS tissud.

In this study, we investigated which genes weref@iéntially
expressed under the proliferation and differeniba
conditions of human NSCs. Various methods have basaed to
identify differentially expressed genes. Howevemhet current
methods employed to identify these genes that axpressed at
a specific developmental stage are labor intensiemed have
high rates of false positives. We employed a newd aatcurate
reverse transcription-polymerase chain reaction {RCR)
method that uses annealing control primers (ACPs)identify
these geneé. The ACP system is based on the unique tripartite
structure of the primers, which have a distinct 3and 5’-
region that are separated by a polydeoxyinosine kéim
[poly(dl)]. The interaction of each of these regenwith a
specific primer occurs during the high annealingnperatures
in a two-stage PCR. This ACP anneals specifically the
template and allows only genuine product to be aifipd, thus
eliminating false-positive results. We used this RGystem to
find specifically or prominently expressed genesritg the
proliferation and differentiation states of humars@s.

We confirmed the expression patterns of DEGs by RCR

3



assay, and quantified the expression of these gdneseal time
RT-PCR. The results suggest that this new PCR-bateathnique
is a very useful tool for the identification of ga-specific
DEGs. Analysis of identified DEGs in human NSCs endthe
proliferation and differentiation conditions will rpvide a
stepping stone for developing an account of the ibagene
expression patterns or in determining the genetackground of
human NSCs. It will also be the framework for theutative
network of linking cell cycle control to the cellate pathway

using gene expression data.



1. MATERIALS AND METHODS

1. Culture of human NSCs (HFT13 cells)

Human fetal tissue from therapeutically aborted eyds at 13
weeks of gestation was obtained with full patiemnsent and
the approval of the research ethics committee of n¥ei
University College of Medicine, Seoul, Korea. Theethods of
acquisition conformed to NIH and Korean Government
guidelines. Human fetal telencephalon (HFT) waslated from
the telencephalon of gestational age 13 weeks fe@&dlS and
was induced to proliferate as free-floating neurbspes.
Neurospheres were cultured in serum-free mediumsiésting of
a 1:1 mixture of Dulbecco’s modified Eagle’'s mediumnd
Ham’'s F12 (DMEM/F12; Gibco Invitrogen, Carsbad, CASA),
and was supplemented with penicillin/ streptomycifl%
vol/vol; Gibco) and N2 formulation (1% vol/vol; Gdwn).
Mitogens were added to maintain the proliferatiobate, 20
ng/ml basic fibroblast growth factor (bFGF; R&D,Mierapolis,
MN, USA) and 8 ug/ml heparin (Sigma, St. Louis, MO, USA)
were added to stabilize the FGF-2 and also to iasee initial
growth rates®, and 10 ng/ml leukemia inhibitory factor (LIF;

Sigma) was added to allow the growth of a long-temgmlf



renewing neural stem celf. To maintain the differentiation
state the cells were cultured in a PLL (poly-L-Ly®i) coated
plate without mitogens. All cultures were maintathein a
humidified incubator (37°C, 5% COZ2 in air) and hahfe growth
medium was replenished every 3~4 days. Neurosphewxese
passed every 7~9 days by treating the cells with0506
Trypsin/0.53mM EDTA (T/E).

2. RNA Extraction

Total RNA was extracted from the proliferation and
differentiation conditions of human NSCs, respeetiy using
the RNeasy mini kit (QIAGEN, Valencia,CA). The beff RLT
was used to harvest and lyse the cells. Seventyxertr ethanol
was added to the homogenized lysate and the samage then
applied to an RNeasy mini column. Buffer RW1 wasdad to
the column, which was then washed with the buffePER The
RNA was eluted from the column with RNase-free wat&he
MRNA of HFT13 cells was treated with DNAse, the (Dptical
density) was determined (Table 1), and & of the RNA
preparation was electrophoresed (Figure 1). 20 of total RNA
from the proliferation and differentiation stage$ lHFT13 cells,

respectively was used for RT-PCR assay with the ACP



Figure 1. Electrophoresis of extracted RNA. Repnesgive
RNA band patterns under the proliferation (P) and

differentiation (D) conditions of HFT13 cells.

Table 1. RNA ODdetermination



Sample A260 A260/A28Q Conc.(ug/ul)| Total(ug)

Proliferation 0.036 1.333 0.72 20

Differentiation 0.029 1.381 0.58 20

3.ACP-based GeneFishin§ PCR

RNAs extracted from the samples were used for slyathesis
of first-strand cDNAs by reverse transcriptase. Ree
transcription was performed for 1.5 h at°@2in a final reaction
volume of 20 40, which contained the following: 3:ig of the
purified RNA, 4 xl of 5 x reaction buffer (Promega, Madison,
WI, USA), 5 wl of dNTPs (each 2 mM), 2« of 10 uM dT-
ACPl1 (5-CGTGAATGCTGCGACTACGA TIIIIIT(18)-3"), 0.5
«! of RNasind RNase Inhibitor (40 U#l; Promega), and 10
of Moloney murine leukemia virus reverse transcepe¢ (200
U/ul; Promega). First-strand c¢cDNAs were diluted by the
addition of 180 ¢ of  ultra-purified water for the
GeneFishingTM PCR and were stored at “Q@ntil used.

Differentially expressed genes were screened by thE€P-

based PCR method"’ using the GeneFishingTM DEG kits



(Seegene, Seoul, South Korea). Briefly, second+sdracDNA
synthesis was conducted at 50°C during one cycleh# first-
stage PCR in a final reaction volume of 28, which contained
3-5 wl (about 50 ng) of diluted first-strand cDNA, &l of 10
uM dT-ACP2 (5'-CGTGAATGCTGCGAC TACGATIIIIIT(18)-3"),
1 @ of 10 pM arbitrary ACP, and 10u0 of 2 x Master Mix
(Seegene, Seoul, South Korea). The PCR protocol §econd-
strand synthesis was one cycle at°’@4for 1 min, followed by
50°C for 3 min, and 72 for 1 min. After the second-strand
DNA synthesis was completed, the second-stage PCR
amplification protocol was 40 cycles of 94°C for 40 followed
by 65°C for 40 s, 72C for 40 s, followed by a 5 min final
extension at 7Z. The amplified PCR products were then
separated on a 2% agarose gel stained with ethidbnomide.

4. Cloning and sequencing

The differentially expressed bands were extracteanf the gel
using the GENCLEANI Il Kit (Q-BIO gene, Carlsbad, CA,
USA), and directly cloned into a TOPO TA cloning oter
(Invitrogen, Karlsruhe, Germany) according to the
manufacturer’s instructions. The cloned plasmids reve

sequenced with ABI PRISM 7700 Analyzer (Applied Biystems,



Foster City, CA, USA). Complete sequences were gnrad by
searching for similarities using the BLASTX and BBSAN
search program available at the National Center for
Biotechnology Information (NCBI) GenBank website

(http://www.ncbi. nlm.nih.gov /BLAST/)

5. RT-PCR and Real Time RT-PCR Quantification

To confirm the results of the ACP differential disgy and to
determine the relative abundance of target sequendeth the
RT-PCR and the real time quantitative PCR were pemfed on
the samples. First, we synthesized cDNA for the RCR. The
extracted RNAs were then used for the synthesistlod first-
strand cDNAs by reverse transcriptase. Reverse dcaiption
was performed for 1 h at 3 in a final reaction volume of 20
wl, which contained 4ug of purified RNA, 4 x0 of 5 X First
strand buffer (Invitrogen), 1l of dNTPs (each 10 mM), 1l
of oligo dT (500 ng £0l), 0.5 wl of Ribonuclease Inhibitor (40
U/ul; Takara), 240 of 0.1 M DTT (Invitrogen), and 1u0 of
Moloney murine leukemia virus reverse transcriptag200
U/ul; Invitrogen). First-strand cDNAs were diluted byhd

addition of 80 xl of ultra-purified water and stored at -ZD
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until use. The same expressed genes were also crmefl by RT-
PCR. The cDNA was synthesized from mRNA using tlewvearse
transcriptase kit (Invitrogen, Carlsbad, CA, USAEpecific
primers were designed using the ProbeWiz Server (Bl.
Nielsen et al., 2002). Primer sequences are shownTable 2.
For optimal quantification, the parameters were getdesign
primer sequences with melting temperatures (Tm)wesn 55—
65°C, to avoid 3’-end complementarity (to avoid primdrmer
formation), and a product size of 150-300 bps. Han@APDH
MRNA was used as an internal standard. The GAPDHmpr
seguences were for the forward primer 5'-
ACCACAGTCCATGCCATCAC-3 and 5’-
TCCACCACCCTGTTGCTGTA-3' for the reverse primer. The
RT-PCR products were separated on a 1.5% agarosestgéned
with ethidium bromide.

The real time PCRs were conducted in ABI Prism 7700
(Applied Biosystems) and were detected with SYBRe@&n, a
double-stranded DNA-specific fluorescent dye, whichs
included in the SYBR premix Ex Tag (TAKARA). Prioto the
quantification of the results, optimization proceeés were
performed by running PCRs, with and without the iied
template, to identify the melting temperatures dfet primer
dimers and of the specific product. Serial diluteorof the

11



GAPDH plasmid DNA (102-109 molecules) were used fdre

standard curves. PCR conditions were 10 s alC9%llowed by

50 cycles of 5 s at €, 30 s at 58 and 30 s at 7Z. Data was

collected during the extension step of the SYBR &regeaction.

Table 2. DEG primer sequences and cycling condisiarsed in
semi-quantitative RT-PCR and/or Real-Time RT-PCR.

Primer Accession Product Annealing
Primer
number number length temperature(C)

17 BC018036 F - CTCCCAGTTAATTGGCATGC - 254 58
20 BC021174 F-GAGATCATGCAAGAAAAGCAGA R- 275 60

21 BX649038 F-CCCTGACTCAGTTTGGAATAGG R- 198 56
21 AL121980 F-ACAGGAATGGGGAGTAATCCTT R- 283 56

34 BC046114 F-AAAAGAAGAAACCCCTGAGGTC R- 345 56
41 BC032565 F-GTGCATATGCGTGAGTTTCATT R- 290 60
44 XM_379510 F-TGCACACTTGTAATCACAGCAC R- 248 58
45 NM_015329 F-CGTTTATCAGAAACACAGGCAA R- 283 60

46 AY337516 F- TGCATTTGTGAGCCAAAGAG R- 316 58
50 AL136721 F-CACCAGTTGACACTACATCGGT R- 264 56
52 AL353648 F-TCCTATATTACGGTTTGCCCC R- 259 58
55 NM_001004333 F-CCTTTACGAGCAAGTCAGCT R- 259 58

58 NM_002489 F-AGCTGAAGAAGGAACGTCCA R- 445 58
58 BC042486 F-AAGAAAAAGAGGCTACGCAGTG R- 288 56

60 BC036957 F-TGTGAGTAAAATTCTGGGCAGG R- 563 58
60 NM_080820 F- CGCATGTGGTAGAAGGTGTG R- 230 58
62 NM_198427 F-GTTGCTTAAGGCTCTGTGGG R- 301 58
65 BC025296 F-ATGGCGACCCTACTCTTACAAA R- 219 56
65 BC040436 F- AAGATCTCCTAAAAAGCCTCGG R- 243 56
66 BC003385 F-TGCTTCTGGAAATTAAACGGAG R- 214 56
77 BC028311 F- AACCAAAGCCACCAGTGTTC R- 308 58
78 NM_006227 F-TGTCCAGCATGACTATGGAC 254 58
83 F-GAGTTGGGAGTGATGCGTTT R- 314 58

NMO006317
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86 AK023048 F- ACGACCCACATGGTTTCAAT R- 186 58
87 AY 339566 F-TTCACTATCATATTCATCGGCG R- 285 58
87 BC017265 F-CTTTGAGGAAGCGGTTCGAA R- 256 58
87 BC065711 F- CCTTCGAGTCGTTCTTGCTC R- 284 58
94 BC024240 F- TGAGGTCCTGCTTTGTCCTT R- 261 58
96 BC053630 F-CTCAGGCCGTGGACTTTTTA R- 322 56
(Table2 continue)
Primer Accession

number number

primer

Product annealing

length temperatureC )
98 AK223612 F-GGCAAAAGATCTTCAAGAAGTGA R- 170 56
101 BX647311 F-CGTGTGCTGCAGAACCTAAA R- 277 58
104 BC050637 F-ATTCCTCTCCTTCTTCCTCACC R- 302 60
117 M77774 F -TCTCTCACAGCTTGAAAAGCCT R- 300 60
120 AL160251 F-AACCTCAAAAACGTGAGCGTAT R- 268 60

13



6.Real time PCR Analysis

The Ct value is the fractional cycle number at whid¢he
fluorescence generated by the reporter dye exceetizxed level
above baseline. The selected genes’ signals werematized
against the relative quantity of GAPDH and the rnév@ amount
of each cDNA was calculated by determining tlreC; value;
ACt = Crtarget- Cr.cappn. The fold difference in the target gene
relative to the GAPDH endogenous control gene wasedmined
by the 2°2(2¢T) method®. The 2 22T method is a convenient
way to analyze the relative change in gene expressirom a
real time PCRA(ACtT) =ACtsampie = ACr contro. Analysis of
variance was followed by the nonparametric t- temtd the
Wilcoxon rank sum test to analyze the results oégh studies,

and a value of P < 0.001 was considered significant
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[11.RESULTS

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

differentiation conditions and RNA extraction

The typical morphology of HFT13 cells under the fferation
and differentiation conditions is represented ing&ie 2.
Proliferating HFT13 cells gave rise to free-floagirspheres or
cell clusters that could be identified by their pReabright
appearance, regular cell membranes, and diffractiorgs (Fig.
2). To analyze the cellular composition of HFT13llseat the
proliferation stage, the immunocytochemistry witharious
immature neural stem cells or progenitors markerand
differentiated neuronal and glial markers was penied. These
results indicate that, although NSCs are operatibna
characterized on the basis of functional criteriaedto the lack
of definitive markers, multipotent NSCs, progenisprand radial
glial cells may co-exist with some restricted neoad or glial
progenitors in HFT13 cells derived from human fet&INS
tissue?

To induce the differentiation of HFT13 cells, whole

neurospheres of HFT13 cells were dissociated intsiragle cell
15



suspension in T/E and plated directly onto polysine (10
ng/ml; Sigma)-coated, 100mm dish(corning) in serumed
medium (DMEM/F-12) that contained N2 supplement but
without mitogens. Over the 7-day period followindaping, the
cells represented differentiation associated molplgocal
changes of human NSCs (Fig. 2).

Total RNA was isolated wunder the proliferation and
differentiation conditions of HFT13 cells, respee¢ily and 20
ug of total RNA from the proliferation and differerdiion
stages of HFT13 cells, respectively was used forARIR assay

with the ACPs.

s : X 2 ii .l
& (Ii,f,fere]’\;tjatiqn

Figure 2. Representative morphological charactecistunder the
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proliferation and differentiation conditions of hwanm NSCs
(HFT13 cells). HFT13 could be identified by theith@se-bright
appearance (A) HFT13 expand as free-floating nepheyes and
(B) show the extension of many cellular processesridg the

induction of the differentiation in PLL-coated dis$.

2. Screening of DEGs using ACPs

To identify genes that are specifically or differéally
expressed under the proliferation and differentéaticonditions
of human NSCs, we used the ACP (Seegene, Seoul e&pf.
The mRNA isolated from the proliferation and difeartiation
stages of human NSCs was subjected to ACP RT-PCRlyasis
using a combination of 110 arbitrary primers andot@nchored
oligo (dT) primers (dT-ACP 1 and dT-ACP 2). This thed is
described in the Materials and Methods section. Tarelysis

generated approximately 500 amplicons.

3. ldentification of DEGs

We found 34 differentially expressed amplicons undie

proliferation and differentiation conditions of huam NSCs. 4

17



amplicons were highly increased under the proléteon
condition and 30 amplicons were increased under the
differentiation condition (Figure 3). 34 DEGs wermtally
extracted from the gel and were cloned into a TOP® vector
and sequenced. Sequences results were searched siggu
BLASTN and BLASTX for sequence similarity in the NBC
GenBank and revealed that these DEGs showed sigaitfi
similarity with known genes, unknown genes or ESTs
(Expressed Sequence Tags). Therefore, 4 genes Veuad to
be differentially highly expressed under the preli&tion
condition and 30 genes were identified to be difHfetially
highly expressed under the differentiation conditief human
NSCs. All  of these genes and ESTs identified and
characterized in this study have already been sutedi to
Genbank and assigned accession numbers. Under the
proliferation condition of human NSCs, 2 DEGs areokvn
genes; BCAN and HLA-B, and thether 2 DEGs are unknown
genes. Under the differentiation condition of humaisCs, 25
DEGs are known genes; Cl3o0rF17, SERF1A, CSMD2, HMGB
Pax6, SFRS11, SPOP, DCT, PNN, tubulin alpha 3, TRPA
MAP1B, LASS5, GAD1, KIF3C, NDUFA4, HARS2, ODC1, PPET
BASP1, RAB9A, POLR2J, COX1l, COX5A, and GNG7, andeth
other 5 DEGs are unknown genes. The identity anzke sif these

DEGs are summarized in Table 3-A and B.
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ACP21| ACP34 | ACP41 | ACP45 | ACP66 | ACP83 |ACP117
el P DIP DigEs| P D| P D B D
. o @

Figure 3. Representative band patterns for DEGs erndhe
proliferation(P) and differentiation(D) conditionsf HFT13 cells
after annealing control primer-polymerase chain attan (ACP-
PCR). The PCR products were separated by electropsisc on 2%

agarose gels. Yellow arrows indicate 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  Accession Base pairs Homology .
Identity E-value

number  number  sequenced (human)

Increased in Proliferation
62 NM 198427 330 brevican isoform 2(BCAN) 254/254(100%) 8E-140
117 MT77774 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 LAGL1 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 ;\:shz';'u‘:)ir;ﬁ;?g’:{‘s;eﬁﬂj;’i”c’”e) ! 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 NMO006317 449 brain abundant, membrane attached signal 1(BASP1) 212/212(100%) 1E-114
87 AY339566 749 cytochrome ¢ 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  BCO053630 529 g;i:‘rin”;%‘g\fg;‘;e binding protein (G protein), 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(C130rF17) 529/550 (96%) 0.0
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Table 3-B. ldentity and size of DEGs that encodekmown

proteins and their homology to sequences in GenBank

Primer Accession Base Homology .
Identity E-value
number number pairs (human)

Increased in Proliferatio

21 BX64903¢ 351 uncharacterize 280/280 e-155
50 AL136721 760 hypothetical protein 670/687(97%.)0
Increased in differentiatio

44 XM_37951C 334 hypothetical protein 257/265 (96%e-131
45 NM_015329 933 hypothetical protein LOC23383 641/659 (976460

55 NM_0010043:241 hypothetical protein LOC440400 197/197(100% 6&61
86 AK023048 563 unnamed protein product 489/491(99%60

101 AF190901 366 hypothetical protein 294/294(1008-163

"Expectation value (E-value) represents the numbér different
alignments with scores equivalent to or better ththe alignment in
question and that would be expected to occur in thetabase by
chance alone. E-value is generated by BLAST andaisonvenient
way to create a significance threshold for repogimesults. The

lower the E-value, the more significant the match

4. Confirmation of DEGs by RT-PCR and Real Time RT-PCR

To confirm the efficacy of the ACP system, the semi
quantitative RT-PCR using specific primers for selled DEGs
was assayed. The primer sequences and the annealing
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temperatures used for the different DEGs are sumpeat in
Table 2.

This RT-PCR analysis revealed that all of identdi®EGs were
differentially expressed in the human NSCs (Figwg which
confirms the results of the ACP differential displanalysis.
We further analyzed the expression patterns of B#eselected
DEGs under the proliferation and differentiation ncbtions by
using the real-time RT-PCR method (Table 4-A and. Bio
normalize the RT-PCR and real time RT-PCR reacti&dficiency,
GAPDH was used as an internal standard. In realetiRT-PCR,
we represented the expressed levels using a foldngle and a
P-value of < 0.001. Genes with the increased expr@s under
the proliferation condition did not show a high gégpd change.
The most highly expressed gene under the prolifiomrat
condition was the one with the accession number 36721 and
a fold change of 2.46. Under the differentiationndation, the
gene with the accession number AK023048 was thetnioghly
expressed and its fold change was 11.31. Other gemi¢h high
fold changes under the differentiation condition neeBASP1
with a fold change of 9.92, NM_015329 with 9.7, ODGwith
7.78, GAD1 with 6.8, and KIF3C with 5.49.
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GAPDH SN  BC046114 E—i——
NM_198427 ey BC032565
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AL160251 I NM_001004333 I
BCO21174 I3 BCO42486 I
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BX64731]1 I  BC024240 I
BCO50637 —— BC053630 I

Figure 4 Comparison of the expression patterns &d3 under
the proliferation and differentiation conditions &fuman NSCs

(HFT 13 cells) by semi-quantitative RT-PCR
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Table 4-A. Quantitative real-time PCR analysis show
increased expression of genes under the proliferatcondition

of human NSCs (HFT13 cells)

Accession Identity Fold changé
known

NM 198427 brevican isoform 2(BCAN 1.43+0.2¢
M77774 Major histocompatibility complex, class I, 2 35+0.075
hypothetica

AL136721 hypothetical protein 2.46+0.094
BX64903¢ uncharacterise 1.4+0.06¢

Relative expression levels of DEGs after normatina with
human GAPDH mRNA levels are presented as an n-fold
expression difference compared to the other pamyvalue is

<0.001

Table 4-B. Quantitative real-time PCR analysis shogv
increased expression of genes wunder the differama
condition of human NSCs (HFT13 cells)

Accession number Identity Fold

5

known
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AL160251 chromosome 13 open reading frame3 . 7+0.112
BC021174 Srﬁall EDRK-rich factor 1A(SERF1A) 2.3x00.2
AL121980 CUB and Sushi multiple domains 2(CSMD2) 272+0.081
AL353648 high-mobility group box 1(HMGB1) 2.35+0.67
BC036957 Paired box gene 6(Pax6) 1.67+0.136
BC040436 splicing factor, arginine/serine-rich2 73+0.17
BC003385 nsnp;;gkrl\;-nt;/pe POZ protein(SPOP) 3.81+0.043
BC028311 dopachrome tautomerase (DCT) 1.65+0.066
AY339566 cytochrome ¢ oxidase subunit I[(COX1) 3.06851
AK223612 Pinin(PNN) 4.23+0.051
BC050637 tubulin, alpha 3 2.06+0.021
BC018036 tetraspanin 7(TSPAN?7) 1.79+0.107
BC046114 microtubule-associated protein 1B(MAP1B) 3.44+0.04
BC032565 LAG1 longevity assurance homolog 5(LASS5) 3.55+0.090
AY337516 glutamate decarboxylase 1(GAD1) 6.8+0.067
BC042486 Kinesin family member 3C(KIF3C) 5.49+0.30
NM_002489 NADH dehydrogenase (ubiquinone) 1 alpha 9+0.094
NM_080820 Ahi;tAi;j;IM-ItARNA synthetase 2 2.59+0.222
BC025296 ornithine decarboxylase 1 7.78+0.038
NM_006227 phospholipid transfer protein isoform a2 2+0.007
NM006317 brain abundant, membrane attached signglg2+0.173
BC017265 RAB9A member RAS oncogene family 2.91+861
BC065711 POLR2J protein 3.27+0.165
BC024240 cytochrome c oxidase subunit Va, precursor 2.23+0.079
BC053630 guanine nucleotide binding protein (G2.10+0.115
hypothetical

BX647311 hypothetical protein 2.10+0.115
XM_379510 hypothetical protein 3.9+0.063
NM_015329 hypothetical protein LOC23383 9.7+0.24
NM_001004333 hypothetical protein LOC440400 1.69%07
AK023048 unnamed protein product 11.31+0.213
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DISCUSSION

To study differentially expressed genes under thiéfedent
conditions, various methods such as Microarrafy'!, DD-PCR,
SAGE and subtractive hybridization are currentlying. But
those techniques have some limitations to investegddEGs
because they have high false positive results. His tstudy, we
tried new approach termed Genefishing, which is tR€&-PCR
technique using ACPs. The Microarrartechnique which is
currently the most popular useidientifies the expression of
known and expected genes. But the Genefishing meéthould
find not only known and expected genes, but alsexpected
and unknown genes. The success of PCR is basedysole the
specificity and the sensitivity of the primer bindj to the
target sequence. This depends on the annealing ¢eatpres of
the primers. ACP has inosine between the 3'- and &hds of
the primer so the PCR is specific and sensitivethe® target
sequence in high annealing temperaturés’. We found 70
differentially expressed bands using this ACP teigfue. All of
the 70 bands were cloned, sequenced and analyzec.
performed RT-PCR for 53 genes that might be expdcte have

the importance; but the RT-PCR results showed thltgenes
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had no difference in expression levels (data nobwh). Some
of the 34 DEGs under the proliferation and diffetiextion
conditions of human NSCs have been studied in rnelatto
neurogenesis, while this relation has not yet bedndied in
others.

Among highly expressed genes under the proliferatio
condition of human NSCs, BCAN is known as one okthmost
abundant extracellular matrix proteoglycans in tbmammalian
brain. Brevican produced by gray matter astrocybesistitutes
a major component of perineuronal extracellular nmatin the
adult brain. Expression of brevican in oligodendybes and
white matter astrocytes is differently regulated ridhg the
development of brain. Brevican is not synthesizey mature
oligodendrocytes; it is produced by astrocytes imetmature
adult 2" '3 HLA-B is known to be related to immunity but not
to neurogenesis. HLAB*5401 is not studied well.

Among highly expressed genes under the differentiat
condition of human NSCs, TSPAN7 is implicated in llce
proliferation, differentiation and tumor invasionput the
mechanism is still unknown**’. The basic function of SERF1A
(telomeric) is unknown, but the down-regulation tfélomerase
activity was found to be a general response to im@uction of
differentiation*®. MAP1B which controls neurites extension and
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growth cone motility via modulating microtubule dgmics, is
the first MAP gene to be expressed during brain @lepment.
Despite discrepancies between some studies, MAP1By9 a
principal role in the development of the nervousstgm '° 2°
and is required for the regeneration of axons tltantrol the
directionality of growth cone migration and the axd
branching in regeneration of adult dorsal root ghagneurons
2l HMGB1 previously was thought to function only asnuclear
factor that enhances transcription, but was recgrttiscovered
to be a crucial cytokine that mediates the respotseénfection,
injury, inflammatiorf?, necrosi$® ?* and apoptosis. HMGB1
was also reported to stimulate the proliferation @gtssel-
associated embryonic stem cell®. But, the expression of
HMGB1 in HFT13 cells is highly increased under the
differentiation condition which may reflect the cteaterization

of human NSCs or cells are not fully differentiatechder the
current differentiation condition. Pax6 is involvedn cell
proliferation and/or cell differentiation in hippampal
neurogenesig’. In the developing mammalian brain, Pax6 plays
a crucial role in the regionalization of the majdivisions of
the telencephalon and diencephalofs Pinin is associated with
the mature desmosomes of the epithelfais related to a tumor
suppressor®®, and has been reported as a differentiation-

28



specific desmosomal proteth BASP1 is involved in the
maturation and/or maintenance of the synapse rathan in the
process of the axonal outgrowth by controlling tbeolesterol-
dependent membrane dynamics and signal proteinsi@@ating
in the neurite outgrowth and synaptic plasticit¥y %3 GAD1 is
the nerve terminal vesicle-associated antigen tbatalyzes the
production of GABA and relates to the common diseas
schizophrenia and bipolar affective disorder. KIFpays a role
in various intracellular transport and spindle faation
mechanisms and is reported to show expression dumeural
development and neural differentiaticf

There are still a number of DEGs involved in theofiferation
and differentiation stages of HFT13 cells that hamet been
characterized in details. Based on our observatjofisrther
functional studies are warranted to determine tloéerof DEGs

in human NSCs.
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CONCLUSION

NSCs are defined as self-renewing and primordialmiature
cells with the capacity to give rise to differentéal progeny
within all neural lineages in all the regions ofethneuraxis.
Though the study of human NSCs is actively progiags it is
still poorly understood what conditions are needéadr the
differentiation of NSCs. So we approached with angdc tool
to investigate which genes were differentially egpsed under

the proliferation and differentiation conditions duman NSCs.
We tried a new and accurate reverse transcriptiohymerase
chain reaction (RT-PCR) method which uses annealcogtrol
primers (ACPs). We identified 34 DEGs through RTRC
technique using ACPs. The expression of 2 known a&d
unknown genes were highly increased under the pgesktion
condition and the expression of 25 known and 5 uown genes
were highly increased under the differentiation domon of
human NSCs. We confirmed the expression pattern®BfGs by
RT-PCR assay and quantified the expression of thgeres by
real time RT-PCR. Some of the 34 DEGs under thelifeoation
and differentiation conditions of human NSCs haweeh studied
in relation to neurogenesis, while this relationshaot yet been
studied in others. Analysis of identified DEGs imurhan NSCs

under the proliferation and differentiation conidins will
30



provide a stepping stone for developing an accoahthe basic
gene expression patterns or in determining the diene
background of human NSCs. It will also be the framoek for
the putative network of linking cell cycle contrdb the cell

fate pathway using gene expression data.
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