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umqﬂéf’w PNAs-A15 (The suppression of up-regulated A-repeats containing
genes in cervical cancer with PNAs-A15) &.fiUSnwiineninuswan: a. as. un.
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aidanl 451993, 9. AUTNwIeNdnuss: 5A. 3. YA Juntislad, 63 wih.
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# # 5574218630 : MAJOR MEDICAL SCIENCE

KEYWORDS: MONONUCLEOTIDE A-REPEATS, PEPTIDE NUCLEIC ACID
JIRATTHA  SIRILUKSANA:  The suppression of up-regulated A-repeats
containing genes in cervical cancer with PNAs-A15. ADVISOR: PROF. APIWAT
MUTIRANGURA, M.D., Ph.D.,, CO-ADVISOR: ASSOC. PROF. PITHI
CHANVORACHOTE, Ph.D., 63 pp.

Mononucleotide A- and T-repeats can be found around transcription start
sites (TSS), they may regulate gene expression through Argonaute proteins.
Furthermore, short repeats (<10 bp) are enriched in tissue-specific genes, while long
repeats (=10 bp) are enriched in housekeeping genes. To interfere protein binding A-
repeats and change mRNA levels of genes containing A- and T- repeats, we designed
the peptide nucleic acid (PNA) oligo containing long A-repeat sequences [A(15)] to
transfect cells. The transfection of PNA-A15 to cancer cell lines resulted in limited
proliferation of HeLa and C33A, but not in HK2 detected by MTT assay and
anchorage-independent growth assay. To investigate PNAs-A15 affects protein
expression on cervical cancer cells, Immunocytochemistry were performed on
available formalin-fixed paraffin-embedded cells blocks of Hela cells. These results
suggest that PNAs-A15 were changed protein expression on cervical cancer cell lines,
BCL-2 and P53. To explore the gene expression of cancer, the expression profiles
reported from GEO database were analyzed. We found long A- and T- repeats (13-27
bp) were higher distributed in up-regulated genes than neutral genes in cervical
cancer (GSE9750 and GSE7803). Furthermore, RNA from transfected cells was further
analyzed for evaluate alteration of expression of gene containing A- and T-repeats.
The results showed gene expression levels were increased in correlation with repeat
densities. In conclusion, PNAs-A15 can down-regulate A-repeats containing genes and

limited cancer growth. Therefore, PNAs-A15 could be used for cancer treatment in

future.
Field of Study: Medical Science Student's Signature .
Academic Year: 2015 Advisor's Signature ...
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ANNEITIMNEANLTB99IN A-repeats AINE1IUTEUI 10-30 bp AEITaIiun1TAIUAY
WUy cis-regulatory Tudnlidesgnateus Fansld PNAs-ALS luwadviliaunsaduganis

WigAulavatgaduzsalnuagnle U7 1

After PNAs-A15 :
transfection 1
1
1
]

Cervical cancer :

P e s st sesvsssioseiseiases
M m%mcm%’&ﬁ*mw@%m

B ey

. E transcription

4

up-regulated gene
1
cancer

JUT 1 nsnanisuanseanvesduluussauinungneie PNAs-AL5

A19U9U398 (Research question)

- PNAS-AL5 @a150annsuanieanvesduiill A-repeats lunzissunungnlsviely
- PNAs-A15 anusaldsnuugsauinuagnlavialy

o

ﬁqﬂiza\‘iﬁmﬁﬁ'ﬂ (Research objectives)

- PNAs-A15 @nu150ann1sHhanieanaasdunil A-repeats Lazanunsalisnewugis

Unumgnlel



N39UAUAAIIUIIY (Conceptual framework)

nns3nelsauziaiieds Tarceted Therapy 3z0anqvadnmiziatzasiolgaduziis log A- uas Trepeats
Wigadaeiun1sMIuALLUY cis-regulatory @nunsamiuAunsuantoanvosBuliuanioaniivtulunzials

PNAs-AL5 a131303Uiu Argonaute protein waraanisuanseanvasulunsianuagnlaviali?
AUYAFINIATY : PNAS-ALS annseannisuanteanvesiuluizsanuagnle
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NAFBUT PNAs @nunsnannisuanseenvasduluumianungn

Proliferation assay

Anchorage-independent growth assay

Immunocytochemistry

HumanHT-12 vd Expression BeadChip

2 WHUEINTAUANUAR LAY




1. MsANEINISHENYRRNVBIBUNINA U IUNA283TS HumanHT-12 v4 Expression

BeadChip

wnsienead 2 vin Ao Hela (usidelinuagn), C33A (uziislnungn)

Td PNA %30 scramble Tuwadiinanundudu 2,000 nM

Wunan 6 97l

anm RNA 91nwmaando81a wazvin Tty cDNA fifnaainaae biotin

11 cDNA #ifina1nuds 11 hybridized U Human HT-12 va.0 Expression Beadchip
Juan 18 $lus ﬁqmmﬁ 58°C

' L
ATIVEDUAY Y IUIANTY LAz AT IZINANTLANIDDNTDIBY

= 4 o U gj o0 A w ‘NI
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2. immunocytochemistry

WINLLAgaLaa Hel a (mxﬁamﬂmqﬂ)

1d PNA %150 scramble Tugadinauidudy 2,000 nM 1ingwad

nn9 48 aluadurian 7 Ju

\NULWaanI833 Trypsinization

HaLLaanu low melting point agarose Wudu 1% wdqgnld

Audmasuailiudsi diluvindu paraffin block

foudhe antibody §ail AE1/AE3, P16, NF, BCL2, Cyclin D1, P53, P63 uag KI67

ATIVADUAILNGDIRANTIAUINGU (inverted microscope) waziUSauiiieu
senigaaniinisld PNAs-A15 uay scramble

= 4 o U gj o0 A v ‘NI
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3. mMsfnMsRusIvILYas (Proliferation assay) 78 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay #&931nld PNAs wag

scramble Wnwad

WNZLAENLYad 3 ¥in Ao Hela (mﬁdmﬂmqﬂ), C33A (mﬁdmﬂmqﬂ)

waz HK-2 (1wadlnuywd)

1d PNA %130 scramble luwadia 3 wia arsndudy 2,000 nM

vindiwadnne 48 Faluaduian 7 Ju

o & 2 | e w .
LNULEaanI8I8 Trypsinization

ATNADUNMIALTIUIAE fae 3-(4,5-dimethylthiazol-2-y)-2,5-
diphenyltetrazolium bromide (MTT) assay #a331nld PNAs way

scramble wWsad

= 4 o U gj o0 A w ‘NI
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4. mMsAnwIAMUEINsalUNSINNINLINYRYad luaSIABYaviindau

a
7

(Anchorage-independent growth assay) %#as31nin15ld PNAs uaz scramble

v 3
LYY A

WNZLAENLYad 3 ¥in Ao Hela (mﬁdmﬂmqﬂ), C33A (mﬁdmﬂmqﬂ)

waz HK-2 (1wadlnuywd)

1d PNA 158 scramble Tuwaana 3 ¥ Aududy 2,000 nM

Wndigadynng 48 Falualunan 7 Ju

o & 2 | - .
LULEaaAI8I8 Trypsinization

e r ¥
MIVADUANAILTAIUNISLANINIUTD TR LU WS LA T aTino ou
(Anchorage-independent growth assay) wdsaniin1sla PNAs Lz scramble

LWNIad MENaa9anIsAmiLuuiINgy (inverted microscope)

6 WHUNILEAIEIAUTUNBULUNITVINIFYVINITNAADIN 4
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UNa 2

NUNIUITTUNTTUTNYIVDY

<
U154 (cancer)

wziSafelsafiinainanuiinUnfiveuwadlusnenie iean DNA vileadings
induausiaund ldanunsomuaulduazisiuiuinnniung annsognatuaz
unsnszanglufavadinafsmiewadiiogina fimaaigydulabidussdeu dwmalieteay
Tusrameldannsaviendldund iuavelideTin Jednuasd dyuesie (hallmark of

cancer) LANAN9INaauUnR 10 99 (16) A

1. anunsaremulusunIunTaevesas (Apoptosis)

2. iRludliiiadies (Genome instability) wagiinn1snaneiugls (mutation)
3. duasudaaanisifiudiuu (proliferation)

4, annsavanidessiudinsiasaiuialé (srowth suppressors)

5, duaSuliinnsdniauventiosen

6. duasunisasiauduidonlng (angiogenesis)

7. nsgauliinn1syngn (invasion) ka¥NISUNINI5318 (metastasis)

8. Juls cellular metabolism lunisdudaadusiss

9. annsavanidsansiatgngiiduiuresnanie (immunity)

Y

10.  ansaviuawuleedellinds (immortalization)

anvnvodlsruzisuinldnidadeaindaindeuuaziinainnisaieneanisiugnssy g
~ & a a a = & 2 v ' & & ¢

AszUIUNSAwaatANuRnUnRuUasuUasluiduwadusiSsfnanuranaTunou uzt599s

[ A v Ly a a = [ 3 <@ 1 3 a 1% 1A
Julsaineivesiuanuinunfivesnalasy ANWAULVDIATARULLIINNANIRAUNA VLG]LLﬂ 4
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Tundvavunalvg d5Usisazauauanseiy uazuanaanigadund dn1siaseydeuriy

fuagneliidussdou hidveulwanuusy

< .
uzL39Unungn (cervical cancer)

= I < o 2 v o < Y <
wziSanuagnidutziSeinusnniduduiu 2 vaszselumlan so9aau19nueise
WUy 31nN15dIaty 187 Usemeanalannuindensinisiinlsadiudu 0.6% M1n1sd1sa
& i = Sy @ o & | d,
AansU 1980-2010 el 2010 NrtdunzlsalInuagnedal 453,970 519 Luseonidu T
Uszinanmasiam wu 34 % Tugvgeeny 15-59 U uay 42 % luivdeny 50 Y9uld uaz
luszimanifauings wu 10% lugvdseny 15-59 U way 14 % lundjeene 50 Vauly
Felulszmalvenuuzisanuagnlundalveonguseanm 35-60 ¥ I8nsinismeiiutugs
pg1esiotllodlunsiasly (2, 17anned Ay v lviialinfe LAnaINN1sAAE human
. . = a = v o ¢ A z.:gf (% £ A
papilloma virus #38 HPV (18, 19) usasinungn Innsiwaduius Wewehdailua
Uinungn asiidinuagniiniswdsunlasauihllgnmsdunzisainungn wenainnishn
& . b v aa v a o Y a I3 1 a
\%8 human papilloma virus §afignuatgladeinliinlsaugiiaunuagn W 1inan
[ = = v o Y ' v a1 a wa [ a !
ugnssu duasvaeau naduiusaudetgtey ddueunateay fuseiinisilulsafinse
manaduuS Auerauinbe Wusu F101n15veemzisaUinungn nuididoanietenaen

a a aa_ a < A A )~ v o s v & a
URNVIINAUNG UNAULNLU K190ULEDADBNLIANULNARANNUT ﬂ']L‘lJ'LﬂungJSQﬂﬁ']ﬂJ@']@Ullﬂ'ﬁ

91MsUnnasls esaniinisnaviuidudszam Sideavululaansuazaanse
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Targeted therapy

Targeted Therapy %58 NM1s$nwnuuinzaslugadmnefiduwaduzise ldviane

[

waaun@sueglusienie Tavazlidudinszuaunisdsdygaszauigaaniieitesiunis

o

W3AUlALagNITUNINTE BB LTAALEISS TarnensiaLaendenvaileon duasy

'
o v A o

n3MBYBEARNELSY (Apoptosis) nsvdusruUnliANfuTiazyalwaduziis Gan1sinw
IsAuzi5amae Targeted therapy %ﬁmiizqLﬂmmaﬁﬁummwﬁ’]ﬁiﬂumsw%ﬁgLaiﬂmaa
L%aﬁuu%aﬁqgﬂﬁ 7. R]’]ﬂﬂjl?uﬁﬂa’e)ﬂLL‘U‘UIJJLaf]a‘ﬁlf\]$1U3°Uﬂ’JUﬂ’J’]ﬂJﬁ’liﬂiﬂﬁLUﬂ’liﬂlﬁLﬁ%ﬂm’]i
3R AULAYON150ET0AVDITARULLSY %1 targeted therapy LLGiaggl}’ﬁﬂﬁﬂaiﬂﬂ’]i@@ﬂi]Vlcﬁg
WANEIAY LU hormone therapies, signal transduction inhibitors, gene expression
modulator, apoptosis inducer, angiogenesis inhibitor, immunotherapies L&z toxin

delivery molecules Tutlaguuil targeted therapy wangfanlasun1s8aUTUINBIANTT

91T 1VBIUTENADLNSN (US FDA) (7-9)

Hormonal interactions

ndrastenediare #—pTestostercns
Trastuzumakb Anastrozole ——]

Nilotinib  Imatinib . Letrmale ——] | Deotradic]
Vo T . &
\ ) -

JUN 7 91nguuananalnnismivaudusnegluseniedahunlglunisimuadimunglunis

Y Y

o

Snwnlspugi3eeie Targeted Therapy (20)
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A- uay T-repeats

A- gy T-repeats 181 Mononucleotide repeats v5aansuiuaLlesiuaiien (A, T,
C, wie 6 M3vsdefwluats  (11) Felusfnluinsrunminfindeanudidyves
Mononucleotide repeats (21) #911%U11 Mononucleotide repeats 7itdu A-repeats R
9gUTLI0 upstream U89 transcription start sites (TSSs) L?‘im%qﬁwmmuqmwu cis-
regulatory 1‘1451’61‘&%8&@ﬂﬁ’muﬂ%mwﬂmhu DICER1 wag Argonaute proteins (12) Feas
WU A-repeats 71U34264 upstream 1NV downstream wea TSSs lawaanalyl
ausnasiaansansaanuldly 3 %Iuwmé’wit,gmqﬂé’hauuﬁa R. norvegicus, M. musculus,
Wae H. sapiens LLamﬂugUﬁ 8. (12) hagnuin A-lkag T-repeats @981 (10 to 30 bp) A%
wunAlu human housekeeping genes #1931 A- ag T-repeats a18du (2 to 9 bp) finu
11nlu tissue-specific gene (12) LLazuaﬂmﬂf‘: A-repeats é’ammmmugummamaaﬂ
vosBuliinanseanifiutulueaduzsldfegul 9. e Argonaute protein azluduify A-
repeats 1U34264 upstream Y84 TSS wdWilAnn1s transcription é’agﬂﬁ 10. agslsAny

(%

M3YUYes A- uaz T-repeats dulvgjtudsladuilisidn



8. cerevisiae R. norvegicus
E’ 4
-515 Voo
1
§ Ve
= y
—#-repeats, Langth = 5-30 —A-repeats, Length = 5-30
. ~=T-epaats, Length = 5-30| N [==T-repeats, Length = 5-30 |
13 5 7 9 11 13 15 17 19 11 13 3% 1 3 8 7 9 1 13 15 17 19 21 23 25
in Bin
B w E
C. elegans M. musculus
f'-"""'-a--»..-.._.‘_
2 Fa'
&% ;oA
B oz
H i
i )

[==T-repeats, Length = 5-30 |
1 3 5 7 % 1 13 18 17 W N X 2% 1 1 5 7 g 1 13 15 17
Bin Bin
D. melanogaster

-

-~
¥
)
]
i
¥
1)
]
1)
i
r
[]

[ —Aerepaats, Length = 530/ Aerapaats, Langth = 5-30|
[==T-repeats, Length = 530

1w 21 23 2%

sapiens

ammmm e
- -

|—A-repeats, Langth = 5-30| —~A-repaats, Length = 5-30|

. ~=T-repaats, Length = 5-30| a ==T-repeals, Langth = 5-30|

1 3 5 o oM 13 1 17w N 3\ 1 3 7T @ 1 13 15 17 1w 2 23 B
Bin Bin
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SUT 8 2nFULEARINITNTZAN80Y A- Lz T-repeats 59U TSSs 1 (A-F) Lanin1inszany

Y Y

294 A- Way T-repeats 113 5-30 bp 59U TSSs Tuviedluy wnuueuusznausiy 25 bin

WAUAY ADTIUIUVBY A-repeats AaBU (12)

A repeat unit =4 T repeat unit =4
4.5000 5.0000
4.0000 25000
e ——
asoo0 | oo — —
30000 ey, f ] =000 1 —_—T
23000 (Dn} o000 {Dn)
2s000
20000 —_—A —_—T
(Nu) Fooan (Nu}
1.5000 :
1.0000 ! A ) ) T
{up} oo {up}
a.s000 a.s000
oo b ©.0000
13 5 T 8 41 13 15 17 19 21 23 25 1 3 5 T 9 11 1315 17 18 21 23 5
03000 a:zs00
- \vM 3000 " N .'l .r‘ BV —a "o
ozooo - — ozson 4o v T
(Dn) ozo000 (Dn)
aasoo
—A a.1s00 —T
01000 (Nu) (Nu)
a.1000
B ' L
Gasma (up) 0.0500 ¥ up)
a.0000 o000
13 5 7T ® 11 13 15 17 19 21 23 2= 103 5 T 83 11 13 15 17 18 21 =3 2s

A repeat unit = 10-30 T repeat unit = 10-30
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gﬂﬁ 9 NFUUAAINTNTEINBUDS A- Uy T-repeats @18 (4 bp) @wen (10-30 bp) seU
75Ss TuugiSeunungn (GSE9750) InaunuueuUsenaudie 25 bin WNWAd Aeg1uInvae A-

Wag T-repeats OBy (Aporntewan, personal communication)

Initial state

@ l—)Transcription

After PNAs-A15 transfection

N

5UT 10 21AFULAAINITIUVDY Argonaute protein 91 A-repeats UL upstream U89 TSS

Y Y

(12)

Transcription

S

PNAs-A15

1%

Peptide nucleic acid #38 PNAs @aifinainnisunudivyiimauaznyeamsly
DNA #1781 N-(2-AMINOETHYL)-glycine tAntduiussiuulng Insvdavesualuluanaves
PNA g3asinilounu DNA Tusssusid aunsadadunu DNA agalilunuitasinudinig
a9 Ban3duifusendng PNA wag DNA tuagliiudsunaslassadrsvosans DNA fia
W@desU1NNI1N133URUTENIN9 DNA way DNA Ausssuanfsiefiues iesnn PNA Wuane
polypeptide  filsifluszq uagdimuniusdenisgesaatslag nucleases (gﬂﬁ 11) wang
Tnsead1evaaPNA Fudeldiusoumaniasiinstmun PNAs aildluauguseqiteluaugu

3 333987 wazluuAIuNISENTE LIBAIUANNITHANIDBNTBIBULUUTIATIY THlunIT

nyRasuANUiaunAnaiugnssy Tolumaitadelsaniinainnisnaneiug (13-15) Iagly
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1A9e8avld PNAs fivenuuulviiianuilu A-repeats A1ue11 15 bp tielunanisingu

109 A-repeats lusaduziie fAsgun 12

P
o
(5%) 4

B
B
B
o
" fo) o )\
“-o\} o/ \).— o o
op \)-‘(
s O-..
DNA o
B B B
K(o \\éo \/0

/ /
-N N N
NH—/" NH_/ NH" T\ NH.
e Gl SR

(N-terminal)
PNA

E‘U‘ﬁl 11 qmﬂmqa%mq PNAs (http://supernovacondensate.net/2012/04/21/could-

life-be-any-sweeter/)

CATGTTAAAAAAAAAAAAAAAGCTACG

U7 12 PNAs-AT5

wadANNg989NUUIY
Cell culture

Cell Culture ¥30 MW zIdBdTas AoN1TIABLNOINLUSINALYAA L UKAANARDY
lngaglaguaaluanziinuizausanisiasgyiavlnvecgas wagldo1nsdunsiey
(Medium) 9fia1sonsndndunenisiasaulnvessasd danisinngidsagadilunaiad
dfgresaidglulagiuu nsfinw@idnerveusad (Cell Biology) N1sAinwnlastulay
991988 (Cytogenetics) N1IANEBINITUARNIDDNVDITU (Gene Expression) N1IANEINAUD

a & . = v a & . . &,
asiniinelwag (Toxicology) Wagn1sAnwinisas1alusAuaeaeag (Protein synthesis) 1Uu

Ay (22, 23)


http://supernovacondensate.net/2012/04/21/could-life-be-any-sweeter/
http://supernovacondensate.net/2012/04/21/could-life-be-any-sweeter/
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3-(4,5-dimethylthiazol-2-y|)-2,5-diphenyltetrazolium bromide (MTT) assay
M9 MTT assay sumsnwnisiiiusiuiuvesaad (cell proliferation) #38n1s

saaaa ad A

T metabolic activity melulgaaniyineg Judsalasunisueusueg1aninewing n1sin
@ng reduction environment ¥84 mitochondria tutgaa ﬁ]zLﬁms?TuLﬁa MTT fiUnfasiid
WMADY gn reduced A28 mitochondrial reductase  (mitochondrial  succinate
dehydrogenase) dvaa MTT 9ziUasududsaawes formazan fdnwazidundndsguil 13,

Feazimdniluagatenie DMSO uagiarin1sgandunasil 570 nm U3uauvesdted

WMLTUIE U8 DIUS U R aaNTIRNLT UMY (24, 25)

N
I\{ \ Mltochondrqal Reductase \

-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (E, Z2)-5-(4,5-dimethylthiazol-2-yl)-1,3-diphenylformazan
(MTT) (Formazan)

E‘U‘ﬁ 13 qmﬂﬂiﬂa%wm MTT wag formazan (https://en.wikipedia.org/wiki/MTT assay)

Anchorage independent growth assay in soft agar

MnneauarTRveaduziSsiianunsaaiydeuriuiu 1a3nlaglideserdefidanig
\Ana1nn1snisaauide contact inhibition viliwadiasglunguisudeuriuiuiaslides
afumaIsalun1sBaNIg FadnsiauIsnsonseasuAnaN ATV LwaauzL Sl

%991 Anchorage independent growth assay lnglwadineIn1snTvaeUIzaseaglueImig
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Beswadfinauiuiuvse Agar WelillguaudRnawdanana Juvadunfazliauisaadey
vuomstdsaaaaille InvaiuisadinuTuiunisunsnszaie (cell proliferation) Tusunns
Wedgaarlaiilanasain 7-14 Tu memsldndeqanssaluuuinnduiivetiulaladnfindy

(26, 27) U7 14.

Base Agar Layer
is added

1 Cell Agar Layer

g is added
\

oy Formation of cell colonies
g after 7-14 days
|:| Base Agar Layer

B cell Agar Layer

B cel Colony

E‘U‘ﬁ 14 TumdUYDY Soft agar assay for colony tumor formation

(http://www.cellbiolabs.com/96-well-cell-transformation-assays-standard-soft-agar)



http://www.cellbiolabs.com/96-well-cell-transformation-assays-standard-soft-agar
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Immunocytochemistry

Immunocytochemistry 15u3ETldluNsRs19d0U antigen Tuiwadvesdidin 014
oguuiiuged meluead vie dundea lagld antibody F9sumzeie antigen tu lasdl
antibody 9il enzyme 1Toudnegfioldunuaisiieanas lovien Chromogen (DAB)
enzyme AeVNUHATEU substrate (H,0,) Ui’]ﬂgﬁmiwﬁ’mmmﬁﬁ antibody TUfuagiiu
antigen &11130ATIVADUMIBNADIYANTIAUSTIUATL 35 Immunocytochemistry azilunis

IS LY 14

M579@8U antigen Tulwad F99iinann13Adiuld Immunohistochemistry 1ns29@0U
. g X 4 @ & ¥  aa P i a = aa
antigen Tutllae u131nn1sutudansensiiumedsnisaiinieileeglunisniiu 3933

. Y ° g v o ¢ a | a ° 9 Y
Immunocytochemistry ag@asrinisuenivadldiduiwadifsinsuiiazirludoune

antibody (28, 29)

Microarray
. 2 ada = ° a a a o
Microarray tJuis#lalun1sfinwinisinauvesdunatsduluiaifednu @auise
10 lun159 51980V I8AUNTYINNIUNTETEAUNISLENIDNTOIBU NISIANTUNITOANAITD
[J a v ¢ (% o a v (% (% %
Tuuduvulasiuley wagnisnaleiug lnendnnisvinnuasineltesiun1sTuiuvesans
DNA (hybridization) aag#use hydrogen bonds senitaiuaaau 1S12INN15U1 MRNA ¥
aulaunfnaainmed 3ntudiunduiuiu DNA fieguu chip 138n31 DNA chip (Affymetrix)
Fe.dumunuresduyngduilismenuvesuywd LalreunatasIinszinanlaluswnsy
ADNIAMDT NITIATIERNITUAAIDONUDIBUAIY Micro array Uonan Affymetrix array Wad

aa & A a ] A, . & A W ° Y o
JUDALUUNAUINETYANIN BeadArray 1199 illumina array  9UNaNN1ININIUA[IIYNY

Affymetrix array wis9funsadild Bead wvu DNA chip %3 Bead 713 DNA fikunis
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hybridization w&73gnenaIvauuuKKky Silicon wafer Wenluainsigs (30, 31) JU# 15

ey 16.

i
[A} ATy metrix “mem o of derfhcs

QoI hEotie praes

L
L

:&iﬁ:ﬁ:ﬁ&%: = =

HE e 2 2
:##:ﬁt:ﬂ:m##: 1.,‘ ;"r- —1.
:.ﬂ:##fa H:# : h:' o
:###:H ﬂfﬂ_\ _L_‘ b 2 um
:##;ﬁt#m##: b

milliores of different features

3 um

“tge,
ﬂ

e g 3w

.ffflflffu".f-u’uﬂf.f.f‘f.f

o
r

bead I-‘ addne=ss I prane

gﬂ‘ﬁ 15 (A) Snwaizves chip fllu Affymetrix array (B) &nwauzaed Bead 714y illumina

array

(https://commons.wikimedia.org/wiki/File:Affymetrix_GeneChip_and [lumina BeadChi

p_designs.svg)


https://commons.wikimedia.org/wiki/File:Affymetrix_GeneChip_and_Illumina_BeadChip_designs.svg
https://commons.wikimedia.org/wiki/File:Affymetrix_GeneChip_and_Illumina_BeadChip_designs.svg

mRNA

Reverse
Transcription

(cDNA)

In vitro
Transcription

(cRNA)

Biotinylation

Fragmentation

Annealing on

microarrays

Analysis of results

A

10T TOT
10T TIT
¥

T T

A
4

AL
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Genome-wide

amplification

Fragmentation

Denaturation

Annealing on

microarrays

Signal
Amplification

(complementary

Base and

antibody)

Analysis of results

JUN 16 Tunaun1sinsIeinisianteanvesgurianualuiluy (A) Affymetrix array (B)

illumina array (http:/Awww.ncbi.nlm.nih.gov/pmc/articles/PMC3047903/pdf/jaa-3-

107.pdf)
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uni 3

A5AIUUIY

wr3llaNiyluauivy

1.

10.

11.

12.

13.

14.

guuda -20 C uaz -80 C (Revco, Japan)

(ifLEdju (Misubishi, Japan)

(ifa‘u (incubator) (Memmert, Germany)

gTLgmLszjaa“Luaﬂnzﬁﬁ 5% CO, (Shel lab, USA)

ﬁﬂaam‘%@ class Il (laminar flow cabinet) (Gelman sciences, Singapore)
ﬁ@ﬂﬂﬁ'u (fume hood) (S.K.Powerrable, Thailand)

wsaslianudeu (heat block) (Bockel, UK)

E)'Nifﬂﬂ’m@mqmwgﬁ (water bath) (Memmert, Germany)
Sunatiung (Mondotech, Thailand)

lulastiuaduunn P2, P20, P200 wag P1,000 (Eppendorf, Germany)
YUnauae (Tecnomara, Switzerland)

ndesganssausuuldias (Olympus, Japan)

1sestusesans (miccrocentrifuge) (Boeco, Germany)

\P3esinUSanauanstugns s (nano drop) (Thermo Scientific, USA)



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

25
w3nsmuansuuulirugou (hot plate stirrer) (Labtech, Korea)
\3eafinu3unas DNA (thermal cycler) (Eppendorf, Germany)
w3astaraudunsa-ang (pH meter) (Denver Instument, USA)

Lﬂ%’e’NL“UEJ"Wﬂ’]i (votex) (Scientific industries, USA)

\M509T9RRea (Precisa, Switzerland)

s
a

AMNINGY (ultrapure water type 1) (Millipore, France)

Lﬂ%aqmamfwu‘%qw ] 3
\A3LANUSHI DNA Tudnmass (real-time PCR) (Applied Biosystems, UK)
\A3eaiannusudmiusnte (Hirayama, Japan)

w3aslulasia (Sanyo, Japan)

1A309B18nTNsINGS4 (Bio-RAD, USA)

UV transilluminator (Fotodyne, USA)

Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, USA).



o

1.

10.

11.

12.

13.

14.

15.

Tanaunsainltlunuide

VIAEsLEasIUIN T25 was T75 (Corning, USA)

IngUsuyuLIn 250 ml, 500ml, 1,000ml wag 2000 ml (Pyrex, USA)
INPLIUVUIN 50 ml, 100ml, 250mL, 500ml wag 1,000 ml (Duran, Germany)
IMUALATAGUUU 6 Ay, 12 viqy, 24 v uay 96 vqu (Costar,USA)
dlaniulwad (Haemacytometre) (Boeco, Germany)

Cryovial tube (Corning, USA)

ALUBNAMIUIN 100ml wag 1000 ml (Witeg, USA)

nszanUndlan (Chance, UK)

Toudnans

nszmwnasen (Aro, China)

ﬂ’sﬁlmaﬂqmﬁgﬁLﬁ@LL“U'LLE?J\‘iL‘Uaé (Nalgene labware, USA)
DIALASHULIANS DU (Bioer, China)

naonIuIn 0.2 mi, 0.5ml wag 1 ml (Bio-RAD Elkay, USA)
Polypropylene conical tube 9u1a 15 ml wag 50 ml (Elkay, USA)

AUvuIa 10 pl, 200 pl wag 1,000 pl (Gilson, France)
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16.

17.

18.

19.

20.

21.

22.

qﬂﬁamqum (Handpro, Thailand)
wislaiwdn (Agimatic-e, China)
wiasluilmes (Precision, Germany)
wanafnd11surie (Diamond, USA)
W131Waw (Parafilm M, USA)
o3y (Forcep)

WUIINADA (rack) (Autopack, USA)

answedinlgluauiae

1. d@15aanald

1.

Diethylpyrocaronate (DEPC) (Sigma, USA)

Absolute ethanol (Merck, Germany)

Dimethyl sulfoxide (DMSO) (Sigma, USA)

Bromophenol blue (USB, Germany)

Choroform (Meack, Germany)

Agarose (Cambrex, USA)

EDTA (USB, Germany)

Ethidium bromide (Gibco BRL, Scotland)

27



9. Hydrochloric acid (Merck, Germany)

10. Isopropanol (VWR, France)

11. Nuclease free water (Fermentas, Canada)

12. Trypan blue (Sigma, USA)

13. SYBR green | Nucleic acid gel stain (Lonza, USA)

14. Tris (Tris[hydroxymethylJaminomethane) (Omnipur, Germany)

15. 50 base pair DNA ladder (Promega, USA)

16. Sodium hydroxide (Merck, Germany)

17. Phenol (USB,USA)

18. Sodium chloride (Merck, Germany)

19. Trizol reagent (Invitrogen, USA)

2. aswiinldlumsdoavad
1. Dulbecco’s Modofied Eagle’s Medium (DMEM) (Gibco, USA)

2. Trypsin EDTA (Gibco, USA)

3. Trypan blue (Gibco, USA)

4. Fetal Bovine Serum (FBS) (Gibco, USA)

28
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5. Phosphate Buffered Saline (PBS) (Gibco, USA)
6. Anti-anti (100x) antibiotic-antimycotic (Gibco, USA)

7. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (SIGMA-

ALDRICH, St. Louis, USA).

3. yaasaddnsagunldlunuide

1. TargetAmp-Nano Labeling Kit for Illumina Expression BeadChip (EPICENTRE,

Madison, USA)
4. feg1eildluauise
1. L%aﬁmﬁﬂmﬂmqﬂ (cervical cancer cell line) Hela way C33A

2. wanlnuywe HK-2



30

AU

Wanaaauin PNAs ?ﬂlﬂiﬂﬂﬂﬂ'ﬁLLaﬂﬂaaﬂﬂJ@ﬂgﬁﬂ,u&I%L%QU’]ﬂﬂJﬂ@Jﬂ‘\]%LLﬂﬂﬂ’ﬁW@aaﬂ

[ 1 [ gf
9aNUU 4 NTVINABIYDYAIU

1. msfnsinsifiusiuiuead (Proliferation assay) A28 3-(4,5-dimethylthiazol-2-y)-

2,5-diphenyltetrazolium bromide (MTT) assay #a331nld PNAs wag scramble 191

waa (32)

2. MSANYIANEINITALUNNSIANGIUINTR LA LU SR s Yevlineeau (Anchorage
independent growth assay in soft agar) #asaniin1sld PNAs Waz scramble [Lag

(33)

3. immunocytochemistry (34)

4. MSANEINITLANIDDNUDITUNINUATUTTUNAI8TS HumanHT-12 v4 Expression

BeadChip (35)

N199aNLLUU PNAs-A15

8ONWUU PNAs fiUsznaudesiua A Sessatuiininuen 15 bp (PNAs-ALS) uas

dAs1zilay PANAGENE (http://www.panagene.com)

ANSINNSLABUYARN 1Y lUIUIY

° & Al = % X & ¢ )
YUYaaN Lyt UNISNARDIUNILLALI UM DINARDY TUBIMNTLRYUIRATIUTLNBUME
YUR

Y

Dulbecco's Modified Eagle Medium (DMEM), fetal bovine serum 10% Tu flask

Wnslsradgangll 37°C wazlianududuresansveulaeanlud 5% lnaigadnldly


http://www.panagene.com/
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1Y

I UAD Hela cells (L%aémﬁamﬂmqﬂ) C33A cells (L%aﬁum%w’mmqﬂ) way HK-2
cells (waalm)

n1511 PNAs-A15 idgisad

thigadia 3 elauumgidsslunianauidsnsaduia 24 vau (24-well plate) 7
omsiasamad Tneflsiuumadsiasu 5,000 cells/well wazshnsld PNAs uaz scramble
(Frrmuauiddduuaduliaansaduiu DNA vielusiluwadls) Wihdwaddianuidudu
500, 1,000 waz 2,000 nM 31195 500 pl iiowpududuiiinunsaudmiunisi 1) 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium ~ bromide  (MTT)  assay 2)
Anchorage-independent growth assay 3) Immunocytochemistry wag 4) HumanHT-12
vé Expression BeadChip TnggaingUsnsvessadiiudsuly niewiauddeuemadsaead

N9 48 Hluadunan 7 fu lnsenududuivingaufildluanwidele 2,000 nM

AsANENISNSIUILEas (Proliferation assay) #98 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay #&331nld PNAs waz scramble 141

s
LYaa

\uwadfifinisld PNAs-AL5 wag scramble Avadudu 2,000 nM indiwadyng 48
) I [ [ aca .. . & o & & & a
Fluaduimn 7 U f7g78 trypsinization anduthuwizidesluaiaviquideeanyie 96
7wy (96-well plate) 14U 5,000 cells/well Usums 100 pl 91ndudiiian 24, 48 way 72
) =~ < 'R ) A o fY aa
F34 1EBATULIANAULTAENINLANIANITLRNTIUIUYDUTAMIETS MTT assay laggn
9IMIABUARDONIAT LALAITAZATY MTT 1Wudu 0.5 mg/ml aslunauay 100 pl unlug
WWELAsYadn 37°C wazianuiuturasmsuaulaoanlas 5 % 1unan 2 $alue aziia

Junzneudinagy gaansazate MTT Mauagazargnznounig DMSO 100 pl wdind1nis
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ANFuUASH 570 nm feLA3es microplate reader B3 ASYS §u UVM 340 uazl#lusunsa
Galapagos

ASANWIAMNEINTTATUMSIANIIUIVVR TR LD WMNSIREwTRYlindau (Anchorage-

independent growth assay) #a991n3in151d PNAs wag scramble iwas

\Auwwadiinisuuds PNAs waz scramble Aaadudu 2,000 nM 1i1gieadyng 48
Faluaduen 7 YudaeTs trypsinization ntuthuiwzdedumanguidsseadelin 24
mqu (24-well plate) Ingfuusnagifuomsidsadonauiiuiu (agar) udu 0.5% laifiwaad
oefludutl UTunms 500 pl uazdudl 2 asUsenoude onsdsnte lwadiifinsuuds PNAS
wag scramble 191dwad Tneflsruiumadasdiu 1,000 cells/well warju (agar) finnu
Wt 0.29% USmssan 300 pl 91ntiuthenmsidsudovaesuuuiiollddud 2 wis uda
ihoanquassgadiluulufinsfdoasadigungd 37°C  wazdinnududuves
mfveulaoenludt 5 % Wuan 14 fu Weasunaninhuniudnuleladidinnelindes
9an33AUMINGY (inverted microscope)

Immmunocytochemistry

Aulwadfisinisuuds PNAs uay scramble Aatdudu 2,000 nM \Wdigadnng 48
Fluaduna 7 Sudeds trypsinization §196e PBRS udatiunnit 500 ¢ $1uau 2 ASa ud
1d low melting point agarose LTu9U 1 % USu1aT 100 pl maﬂﬁvﬁﬁumﬂﬁuamiﬁﬁmﬁ
AvasuisBliuden tilusiidu paraffin block udasndeLA3es Microtome lriiaaumun
3-4 microns wd13ilugendae antibody feil AE1/AE3, P16, BCL2, Cyclin D1, P53, P63
uay K67 a1niuthundezunieldndosqanssaiiaindu (inverted microscope) uas

WIgUgUTENINWaaNninIsha PNAs-A15 way scramble



33

ASANEINISILEARRNVBIBUNINA TUITUNA283T HumanHT-12 v4 Expression

BeadChip

Tunsfinwinisuanteanuesdunie3s microarray ax1939 HumanHT-12 va Expression

BeadChip #99ii9unaum19e) fail

1. NISASEUYAR

Wwad Hela way C33A wunnzideslunavaudosgadyin 6 vau (6-well plate)
7911151 a899as wedIuIuaassnulseuna 150,000 cells/well wazvinnisha PNAs
wag scramble AiauLdudy 2,000 nM Usuans 1,500 pl vulugidsueadigumgll 37°C

= 1Y) s % ~ 1Y) I3 sy aa L. .
LLagﬂJﬂqulLGIJNGIJUGUQQF’YWUQUVL@@@?{LSU@ 5 % LURAIU 6 GUFJIZN LAULYA RN IYIG trypsmlzatlon

2. n15anm RNA

° e @ P Iy Y ac . a ¢ a £
mmaammlmmaﬂm RNA a783% Trizol LLazUizLmumwauysmLLazmmmqwﬁ
PBLATBY nanodrop wag Agilent 2100 Bioanalyzer

3. NISAARAINKATAITNN IAUTENS

q

1 RNA fikumsviliusansuazanyiilvidu cRNA fiinaaindae TargetAmp-Nano
Labeling Kit for Illumina Expression BeadChip t31311n15171 RNA fiafalé 500 ng a1
Waswdu cONA Tngldf T7 oligo (dT) primer wazdaias1ey Second-strand cDNA lunaen

NAaBINUURnaa1NAY biotin-NTP waihluinusuianieiasas NanoDrop

4. 019 Hybridization Lagn199189UNE

11 cRNA fifinaainun hybridized fu Human HT-12 va.0 Expression Beadchip 7
gl 58°C 1Junan 18 92lus §99g1d Amersham fluorolink  streptavidin-Cy3 (GE

Healthcare Bio-Sciences, Little Chalfont, UK) Tun1sns1adu ”zgzugmé’wm%a [lumina
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bead array Reader confocal scanner waglalusunsy Illumina GenomeStudio v2011.1

(Gene Expression Module v1.9.0) Wiiedinsnzvinanisuanseeniudeyadiu

n1sAAsIzvidaya (Data analysis)

1. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay Wumsin
metabolic activity aeluigadiisidin ﬁﬁ’m’li@ﬂﬂﬁuum 570 nm uwagld Paired t-test

analysis LianaaauAURANANYTaLSsULTBUALRRvRINguiagtuasnguAuANlY

dmiummaaeuteyaiiinisuaniasuuuun@ (Normal Distribution)

2. Anchorage-independent growth assay tJun1sinnisiiusiuiuveswaalnenstiu
lalatliiAnTunelindo9anssalsuuiingu wasly Paired t-test analysis Lianaaeay
ANULANAIvTUS U uARBsveInduitetuaznauauadlddmSunsnaaeuteys

PANTWANLAUUUNA (Normal Distribution)

483110 (Limitation)

TEvinnsAnwdeaiu Arepeats Seliiunsuate Juibiliiiveyaunatuayunuide

4 &
bIDIUNN

Uszleviidile LLazmi‘dizqnﬁl‘w (Expected benefit and Application)

TuanAdeil dedunsfnynihsesdmsunisudnenundnelsausiiauinungneig

PNAs
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gUas3AND19RATUTERIIMTIBLazRInIMIIuNsuily (Obstacles and strategies

to solve the problem)

U
[

1. PNAs-A15 T51ALNS ADId9091nm9Usemevinlidenailunisse

[

2. sedldnatiatugslun1nsiadnsiginan1svaass LU natla soft agar assay

for colony formation Dudu
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uni 4
NAN1SNAADY
ANNIFINANULIUTUNL AU L FUN LT LU A8 UL AYINNTE PNAS-A15 IANLLUUTY
500, 1,000 4@z 2,000 "M wuANIdNTunmEngauAs 2,000 nM laganus1avedsad

mudguwlas JUN 17

JUT 17 uanagusnsveagaduzisaund (A) uaziwaduzi5eiild PNAS-ALS inanuidudu 2000

nM (B)

MntuAnsINsIfissauenwad (Proliferation assay) Tuadueiieuinungnfe
Hela way C33A uazl@adbnuasuywd HK2 67y 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT) assay #&391nld PNAs uag scramble idgiwadidu
381 7 U Im%"’immmiamﬂﬁml,mﬁ 24, 48, 72 way 96 Hlus nnsnaaesandliiu
PNAs-A15 @nansavilieaduzide (Hela waz C33A) finsifinsiuiuanas usazlifinase
wadUnf (HK-2) (UN18) uawiiteBudiudn PNAs-AT5 anansanansiadnueawaduszisals 3s

MN1INAARUAIY Anchorage independent growth assay Tus nisidssitoviineounse
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soft agar #a931ndN15ld PNAs Way scramble [Wlwaa 1nan1519udIUIU colonies MAATY
melandesganssaluuuinduillonsy 14 Ju deguin 19 Fanudianuaansalunisiasey

YpugadugiSuUeIMISIAELTaYIngaUNse soft agar anaileiinisld PNAs-AL5 ag1ail

> o U
DEGREH!
087 3001 -
A -+ Hela+PNAs-ATS D P =0.0003
0.6 - -&- Hela+5C
o 051 SYES
s B
£ g 200
£ 04 =
2 2 —=
2 “ 1004
0.2+
0.0 " 0 I
0 1 2 3 4 5
]
Days b &
& &
0.6+ K
-+ CI3A+PNAS-ATS &
-m C33A+SC
g 0.44
2 E 300 P =0.0036
0.24
= - ——
z
0.0 =2
o 1 2 3 4 s ] =
Days
0.4+ 0 . i
-+ HK-2+PNAs-A15 o =
-m. HK-2+5C ¥ &
031 3‘\?5. P
@\"’

Absorbance
=
B

=]
=
L

=

=
=}
-
o=
[
.
[LE

JUT 18 MIANYINIRNTININYDULAAAIY MTT assay a9 niild PNAs-ALS inwas
HeLa (A) C33A (B) uag HK-2 (C) 2ntuguduNan1siind 1uiuUeseasnig Anchorage

independent growth assay Tu Hela (D) wag C33A (E)
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sUl 19 dnwazveslalaiiild Scramble (A) wag PNAs-A15 (B) 39nn15¥1 Anchorage-
independent growth assay
Mnmsiwaduzisiinungn (Hela cel) 7i5in1sTd PNAs-A15 %138 scramble 31
#nwie s immunocytochemistry titegnisuanisenlusysulusiu lnsnIvaeadlieglu
paraffin block k8211 paraffin block Hlusadein3os Microtome uazéoudae antibody
IntuUssuiisussuinamasiiinasld PNAs-ALS uas scramble Hmani1svAaeuansly
m159991 1. azwuddiedeude BCL2 waz P53 azlinawnnsisiulngaslinaiduay
(negative) Tuwadifinsld PNAs-A15 usiazlnaifuuan (positive) Tuswadiild Scramble
gﬂﬁ 20. Tuwauzfinisfoudae AEL/AE3, P16, Cyclin D1, P63 was K67 Tinaluunnsai
ginawadild PNAs-AL5 uag Scramble fatiu PNAs-ALS anansavinliieadusiSeinig

WARIDDNANAILA
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A9 1 WANIINAABY Immunocytochemistry U89 Hela cells.

Antibody PNAs-A15 Scramble

Bcl2 - ++
P53 - +
Kl67 + ++
P16 +++ +++
AE1/AE3  ++ +++
cyclin D1 - -
P63 - -

Hela+PNAs-A15 Hela+Scramble

Hela+PNAs-A15 Hela+Scramble

Ut 20 n139h Immunohistochemistry ¢ng BCL-2 Oncoprotein clone 124 (A) way P53

Y

protein clone DO-7 (B) Uy cells blocks sections U84 Hela cells fifinsld PNAs-AL5 w3e

Scramble.

ilelteyavesdlunayud (hg19, GRCh37) (https:/genome.ucsc.edu/) 1A

N1INTZAIWAIVI A llag T 50U transcription start sites (TSSs) @9AUE1IU99 A tag T
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zuisoonidu 3 $a9fie 1 bp ,2-8 bp waz 13-27 bp JUM21. Insuvadusenidu 3 nqufe
down-regulated gene (Dn) neutral genes (Nu) ez up-regulated genes (Up) 3gWui18u
Tu cancer cells @3150 down-regulated %38 up-regulated A1sa1ALgaaUn@ laenIs
MUANNITLARIDBNYBITUARLAITRITUNNINTLI8MYe A way T $9U9 transcription

start sites (TSSs) @4 A- wag T-repeats @18817 wnusg Uiy Tu up-regulated genes

A 12000 D 1000
2 100.00 V ¢ 100.00 \ /
Q [7]
% 80.00 2 80.00
g g
~ 60.00 o 60.00
H 2
2 40.00 2 40.00
w w
& 20.00 & 20.00
0.00 0.00
135 7 91113151719212325 1357 91113151719212325
——A(Dn) A (Nu) A (Up) Length=1 bp —T(Dn) T (Nu) T(Up) Length=1 bp
B 12000 E 14000
-—-———li_-\
% 100.00 g 120.00
; 20.00 ;100.00
80.00
2 60.00 =
= & 50.00
o o
g 4000 @ 40.00
w (%]
@ 20.00 & 20.00
0.00 0.00
135 7 91113151719212325 1235 7 91113151719212325
—A (Dn) A (Nu) =——A (Up) | Length=2-8 bp =T (Dn) =T (Nu) =T (Up) | Length=2-8 bp
C :%0 F 350
% 3.00 g 3.00
8 2,50 8 2.50
2 2.00 2 2.00
‘5 1.50 5 1.50
o o
@ 1.00 @ 1.00
W (%]
@& 0.50 & 0.50
0.00 0.00
135 7 91113151719 2123 25 1 3 5 7 9 11121517 1921 23 25
= A (Dn) A (Nu) =A (Up)| Length=13-27 bp =T (D) =T (Nu) =T (Up)| Length=13-27 bp

JUT 21 N3N0 A- Uag T- repeats UTLINNTOU TSS vasTlunuywe lagunu Y
WERASTIUIUTY repeats AoBU dulny X wansudausous TSS Tnawuseanidu 25 bins
wiag bin Uszanal 800 bp way bin 91 13 Asustiauiilu TSS uay (A-C) A-repeats, (D-F) T-

repeats.
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dlefinwn1snszanees A uway T repeats fimue1s 13-27 bp TungiSadinuegn
GSE9750 waz GSE7803 @eazuvadusaniiu 3 ﬂfju Ao down-regulated gene, neutral
genes Way up-regulated genes g‘dﬁ 22. 9ENUI A- LagT- repeats @188 (13-27bp)

ﬂizﬁ]’laagmﬂﬂiu up-regulated genes 11nAI1 neutral genes

GSE9750

(=] w
n o
=] =]
"

—
[ w
w o
(=] o

]
[=]
o

=
w
(=]

1.50 ?l 1 l

Base pair per gene
Base pair per gene

Ly
o
o

0.50 0.50
0.00 0.00
Dn Nu Up Dn Nu Up
Length= 13-27 bp A-repeats Length= 13-27 bp T-repeats
3.00 3.50

]
o
(=]

2.50 3.00
T T 2550 %
T 2.00 ;

Base pair per gene
=
u
o
—
—
Base pair per gene

[
(=)
(=)

(=]

w

o
o
w
o

0.00 0.00
Dn Nu Up Dn Nu Up

Length= 13-27 bp A-repeats Length= 13-27 bp T-repeats

gﬂﬁ 22 N3 MLAAINIINTZANEVDI A Uae T repeats Vaau5aU1NUAGN GSEIT50 way
GSET7803
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vdaaniieaduziisunungn Hela uay C33A cell line #ifinnsTd PNAs-A15 w3e
Scramble Wngiead snada RNA WisthluAnwinisuanieenyesduseds HumanHT-12 va
Expression BeadChip e?ia%a%amammmmmawaa%uﬁ anunsaniivanldd NCBI GEO
database (series record GSE76258) \iafiansannsiniiuansmnuduiussening Delta of
mean fold change ¥93N15UAAIDDNVDIBUAY repeats density i cervical cancer
(GSE9750) nuinile repeats density zifiuduma Delta of mean fold change ¥834n13
uansoonTiiutu Wilu Hela (gﬂﬁl 23A) and C33A (gﬂﬁ 23C) cells line fstfu A- waz T-
repeats a8817390198 09U up-regulated genes Tulwadusiss Fassarnisaduzise
Uﬂﬂmqﬂﬁﬁmﬂd PNAs-A15 %58 Scramble L%’]ejmaé(gﬂﬁ 23B war23D) A1 Delta of

a o o

mean fold change 3vanawile repeats density aageinud1Anylu Hela cell lines du
C33A cell lines axdltlodAay? repeats density 1 Fawanisnaaoailianslmiuin PNAs-
A15 fpnuaansn down-regulated genes Tutwaauzi5als ualiloaann repeats density

USunaueezuas PNAs-ALS a@nnsaidigwadluuSuiaiseiu feiliiunismuaunis

LAAIDBNIIFNIY
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1.036-01
2.90E-02 2.50E-02

-0.01

437602

Delta of mean Fold change

-0.012

2.178-02 8.61E-03
3.99e-03

-0.014

o

0.06

1-2

3-4

516 17-32 33-64 65128 >129 >150

Repeats density

>158

0.05

4.95E-03
1.49E-02

)
R

786E-07

0.03

0.02

4.08E-01

0.01

[=}
L

-0.01 ~

Delta of mean fold change

-0.02 -

-0.03

4.73E-05
1.38€-02

1-2

34

5-16 17-32 33-64 65-128 >129

Repeats density

>150 >158

(Delta of mean fold change) Waw repeats

density ¥4 (A) GSE9750 #ia Hela, (B) HeLa PNAs %8 Hela_SC, (C) GSE9750 #a C33A

uag (D) C33A PNAs fip C33A SC
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Lﬁaﬁﬂ%'ayjasuaq GSE9750 (um%qmﬂmqﬂ) Way GSE7258 (Hela wawC33A cell 3
PNA-A15) 1113LAs1e9inaelusunsy CU-DREAM agwudniinguves up-regulated genes
$7u9U 60 Hufl down-regulated Ius\lzL%dU’meﬂLfiaLU%EJULﬁEJUﬁJU normal cervical

epithelium aensfisfodAty (p<0.00001) JUT 24.

Up Not up Down Not down
Up 8 1,074 Up 0 1,082
Not bip 166 11,190 Not up 31 11,325
Lower 95% CI 0.25 | P-value 5.32E-02 || Lower 95% CI | #NUM! | P-value 8.53E-02
Upper 95% CI 1.02 | Odds Ratio 0.50 || Upper 95% CI | #NUM! | Odds Ratio 0.00
Down Not down Up Not up
Down 7 2,729 Down 60 2,676
Not down 24 9,678 Not down 114 9,588
Lower 95% CI 0.45 | P-value 9.37E-01 || Lower 95% CI 1.38 | P-value 6.22E-05
Upper 95% CI 2.40 | Odds Ratio 1.03 || Upper 95% CI 2.59 | Odds Ratio 1.89

U7 24 na9INA"5Y1 CU-DREAM
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uni 5

d3UuazafumeNan1IivY

TunismuaunisuanseanvosduluwadueiSanuBundl A- uasT- repeats @18877
= . I & aAa S a = =t
ALUNIT transcript UNNNINYUNU A- ILlasT- repeats aedunTolig repeats 99 A- LagT-
& o v L. = aw v X ]
repeats HagYIMINNLUNIIAIVANNTEUIUNTT transcription Fwideneuniiinudn Tu
housekeeping genes A¥il A- UagT- repeats Na1wRgNUILULIUYMET tissue specific
genes ATNULA repeat @19du (12) 1iiaSn®1 cancer phenotype Lwaauzt5939A099n19
Lilviwaddeuluaglutu terminal differentiation (36, 37) Aeliun1sLaAI@BNUBY tissue
specific genes 399NN N1TINV1TLAUNITUAAIDBNVBY housekeeping genes NIINT
=€ o < | 1 3 < 1

Lanseanged T ludonisegsenvauganusise Iaun15AUALKIU A- WagT- repeats lu
housekeeping genes

TunsANENUI PNAS-ALS a111508Ugan1smIuaANN1swantoanyadund A- uag
T- repeats @1898MNIMUIUITALAZHIUNAWBUNI A- LagT- repeats Tu Hela tag C33A
1gn down regulated 18199910IN19N2 91803 A- waz T-  repeats LIUTIUILNIN
AUEINNTalUNITIT AT PNAS-ALS danuuanasiulundazigaanisiinain cell
metabolism ¥99 Hela waz C33A usnanddanududnuiunilsiiaeinisuanseanieslu
LaaNLSIANAUTinISwanIBNLTIUIINN1ST PNAS-AL5 TUsUNIUNISAIVANNISHARBDN
FIN13TAVINITIVAUTEWIN AGO protein AU A- LagT- repeats ange121919lULUdBULUA

N"39119UY83 AGO protein ngluaiuaun1Twanteonvesgudu N5 PNAs-AL5 lUtnui

nsasrenaauzissty sgliinadewadund eradululaiinaveanisi PNAs-ALS U
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Fudinsuanseenvastuluwadusiearliiiums transcript maaﬁuﬁl,ﬂagﬂﬂmmw‘f’muiu
waduziSs FansenidnnsemuauBumaniennaneaduz el

Fatfunnsil A- uagT- repeats maamﬁamuqﬂﬁﬁ transcription vesduluseAugs
AN0ANNSIEREENT LTAE PNAS-ALS s?fqawa]ﬁwvs]awmifﬂfiﬂ@iaaamLﬁaﬁﬁummi%’ﬂmmﬁq

WUU targeted therapy lalusunan
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AN547 2 Up-regulated genes TuNgLSa9NH A- uayT- repeats @881 (13-27 bp) 41AA

neutral genes

organ GSE cancer A-repeats | T-repeats
Bladder #1 GSE3167 Carcinoma + +
Bladder #2 GSE3167 Carcinoma + +
Bladder #3 GSE3167 Carcinoma + +
Bladder #4 GSE3167 Carcinoma + +
Cervix #1 GSE9750 Carcinoma + +
Cervix #2 GSE7803 Carcinoma + +
HNSCCs GSE6631 Carcinoma + +
HGSCs GSE10971 Carcinoma + +
Nasopharynx GSE13597 Carcinoma + +
Ovary GSE29450 Carcinoma + +
Vulva GSE5563 Carcinoma + +
Breast #1 GSE10810 Adenocarcinoma + +
Breast #2 GSE1299 Adenocarcinoma + +
Breast #3 GSE21422 Adenocarcinoma + +
Breast #7 GSE7904 Adenocarcinoma + +
Colon #1 GSE10714 Adenocarcinoma + +
Colon #2 GSE13911 Adenocarcinoma + +
Colon #3 GSE18105 Adenocarcinoma + +
Colon #4 GSE18105 Adenocarcinoma + +
Colon #6 GSE4183 Adenocarcinoma + +
Colon #7 GSE9576 Adenocarcinoma + +
Liver #2 GSE14520 Adenocarcinoma + +
Liver #3 GSE14811 Adenocarcinoma + +
Liver #5 GSE19665 Adenocarcinoma + +
Liver #6 GSE19665 Adenocarcinoma + +
Liver #7 GSE6566 Adenocarcinoma + +
Liver #8 GSE6764 Adenocarcinoma + +
Liver #9 GSE6764 Adenocarcinoma + +
Liver #10 GSE6764 Adenocarcinoma + +
Liver #11 GSE6764 Adenocarcinoma + +
Liver #12 GSE9839 Adenocarcinoma + +
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organ GSE cancer A-repeats | T-repeats
Lung #1 GSE12345 Adenocarcinoma + +
Lung #2 GSE12472 Adenocarcinoma + +
Lung #3 GSE12472 Adenocarcinoma + +
Lung #4 GSE18842 Adenocarcinoma + +
Lung #5 GSE5816 Adenocarcinoma + +
Lung #6 GSE7670 Adenocarcinoma + +
Pancreas #1 GSE19650 Adenocarcinoma + +
Pancreas #2 GSE19650 Adenocarcinoma + +
Prostate #2 GSE6919 Adenocarcinoma + +
Prostate #3 GSE6956 Adenocarcinoma + +
Renal #1 GSE15641 Adenocarcinoma + +
Renal #2 GSE15641 Adenocarcinoma + +
Renal #3 GSE15641 Adenocarcinoma + +
Renal #4 GSE15641 Adenocarcinoma + +
Renal #5 GSE15641 Adenocarcinoma + +
Renal #6 GSE16449 Adenocarcinoma + +
Renal #7 GSE8050 Adenocarcinoma + +
Thyroid #1 GSE27155 Adenocarcinoma + +
Adrenal gland #1 GSE10927 Adenocarcinoma + +
Adrenal gland #2 GSE14922 Adenocarcinoma + +
Fat GSE21122 CNT and Glia + +
Hematopoietic #2 GSE11889 CNT and Glia + +
Hematopoietic #5 GSE15777 CNT and Glia + +
Hematopoietic #6 GSE15777 CNT and Glia + +
Hematopoietic #7 GSE2191 CNT and Glia + +
Hematopoietic #8 GSE24870 CNT and Glia + +
Hematopoietic #9 GSE24870 CNT and Glia + +
Hematopoietic #10 GSE24870 CNT and Glia + +
Hematopoietic #11 GSE24870 CNT and Glia + +
Hematopoietic #12 GSE26725 CNT and Glia + +
Hematopoietic #15 GSE32231 CNT and Glia + +
Skeleton GSE17679 CNT and Glia + +
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Brain #1 GSE12657 CNT and Glia + +
Brain #2 GSE12657 CNT and Glia + +
Brain #3 GSE12657 CNT and Glia + +
Brain #4 GSE14805 CNT and Glia + +
Brain #5 GSE19728 CNT and Glia + +
Brain #6 GSE25604 CNT and Glia + +

M13197 3 Up-regulated genes Tungi3a9il A- WagT- repeats @19817 (13-27 bp) Hognn

neutral genes

Breast #4 GSE25835 Adenocarcinoma - -
Breast #5 GSE25835 Adenocarcinoma - -
Breast #6 GSE5764 Adenocarcinoma - -
Breast #8 GSE7904 Adenocarcinoma - -
Breast #9 GSE7904 Adenocarcinoma - -
Colon #5 GSE4107 Adenocarcinoma - -
Liver #1 GSE14323 Adenocarcinoma - -
Liver #4 GSE17967 Adenocarcinoma - -
Prostate #1 GSE3868 Adenocarcinoma - -
Thyroid #2 GSE3467 Adenocarcinoma - -
Bone #1 GSE19276 CNT and Glia - -
Bone #2 GSE19276 CNT and Glia - -
Hematopoietic #1 GSE11889 CNT and Glia - -
Hematopoietic #3 GSE11889 CNT and Glia - -
Hematopoietic #4 GSE11889 CNT and Glia - -
Hematopoietic #13 GSE2779 CNT and Glia - -
Hematopoietic #14 GSE32231 CNT and Glia - -




571971 & Bufl up-resulated Tu GSE9750 waw down-regulated Tu GSE76258 a8l

[y

Hedegy (60 genes)

o

NCBI gene Official Full Name
name

ITGB5 integrin subunit beta 5

ILK integrin linked kinase

INS-IGF2 INS-IGF2 readthrough

CTSS cathepsin S

ANK2 ankyrin 2, neuronal

INPP5A inositol polyphosphate-5-phosphatase A

FCGR2A Fc fragment of IgG receptor lla

RGS3 regulator of G-protein signaling 3

SLC4A4 solute carrier family 4 (sodium bicarbonate cotransporter),

member 4

IL2RG interleukin 2 receptor subunit gamma

GADD45G growth arrest and DNA damage inducible gamma

FLT1 fms related tyrosine kinase 1

DST dystonin

PCGF3 polycomb group ring finger 3

RPS6KA2 ribosomal protein S6 kinase, 90kDa, polypeptide 2

FOXN3 forkhead box N3

FGF13 fibroblast growth factor 13

CDC14A cell division cycle 14A

LRRC17 leucine rich repeat containing 17

CASP10 caspase 10

LIPT1 lipoyltransferase 1

PCDHGAT | protocadherin gamma subfamily A, 7

GREB1 growth regulation by estrogen in breast cancer 1

PLCL1 phospholipase C like 1

DPEP1 dipeptidase 1 (renal)
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NCBI gene Official Full Name
name

MAGI1 membrane associated guanylate kinase, WW and PDZ domain
containing 1

SPINLW1 epididymal peptidase inhibitor

MIA melanoma inhibitory activity

CLEC10A C-type lectin domain family 10 member A

PDE5A phosphodiesterase 5A

PAX5 paired box 5

SLC8A1 solute carrier family 8 (sodium/calcium exchanger), member 1

CSF1 colony stimulating factor 1

NTRK2 neurotrophic tyrosine kinase, receptor, type 2

CACNB2 calcium voltage-gated channel auxiliary subunit beta 2

FGFR1 fibroblast growth factor receptor 1

CBFA2T3 core-binding factor, runt domain, alpha subunit 2; translocated to,
3

HIC1 hypermethylated in cancer 1

ABCC6 ATP binding cassette subfamily C member 6

RASA4 RAS p21 protein activator 4

CHI3L1 chitinase 3 like 1

RARRES2 retinoic acid receptor responder (tazarotene induced) 2

CD300A CD300a molecule

RORA RAR related orphan receptor A

CCL23 chemokine (C-C motif) ligand 23

WISP3 WNT1 inducible signaling pathway protein 3

AKT3 v-akt murine thymoma viral oncogene homolog 3

LDB3 LIM domain binding 3

ZNF467 zinc finger protein 467

FCGR1B Fc fragment of IgG receptor Ib

DDI2 DNA-damage inducible protein 2
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ZNF528
MAGEH1
DCHS1
CD248
ITIH5
ZNF267
KIF26B
RAB23
SLC44A1

zinc finger protein 528

MAGE family member H1

dachsous cadherin-related 1

CD248 molecule

inter-alpha-trypsin inhibitor heavy chain family member 5
zinc finger protein 267

kinesin family member 26B

RAB23, member RAS oncogene family

solute carrier family 44 member 1
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wazlineInnsLasawad DMEM 71Usenausie 10% FBS uaz 1% antibiotic-antimycotic

Y3ums 5 ml
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M15797 5. %%a%q GSE9750 ¥4 cervical cancer cells wag normal cervix.
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Test

Control

GSM246087 Cervical cancer cell line,
C4-l

GSM246422 Normal cervix,

commercial_Ambion

GSM246088 Cervical cancer cell line,
Caski

GSM246423 Normal cervix,

commercial_Stratagene

GSM246089 Cervical cancer cell line,
C-33A

GSM246484 Normal cervix,

commercial_BioChain

GSM246090 Cervical cancer cell line,
HT-3

GSM246119 Cervical cancer cell line,
SiHa

GSM246120 Cervical cancer cell line,
SW756

GSM246121 Cervical cancer cell line,
MS751

GSM246122 Cervical cancer cell line,
ME-180

GSM246123 Cervical cancer cell line,
Hela

P31971 6. To3yAUBa GSE76258 58ine Hela and C33A cells iflnnsld PNAs-AT5 uag

Hela and C33A cells Viﬁmﬂd scramble.

Test

Control

GSM1977953 HelLa PNA

GSM1977954 HelLa SC

GSM1977955 C33A PNA

GSM1977956 C33A SC
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