[ Downloaded from bloodjournal.ir on 2026-06-10 ]

<&

("\—"\) QY JL&» \ aJLwﬁ» \' (PR L] ;;:-A}}, 4-“-5-‘

Ol Cundg g P16 g P15 (45 99 (5389909 93 (>80 39 (ygawdeio (5o (L )
U Wy (95 CD34" oy s ghw 59 1o 9iS6 L

- Fro . . r o . ro. 2YE
Cladar 3 pnane Lis g4 S g0 ¢ (a0 ol o Gl gl derew o S5 (sdgo

£ g v .o . F. 7
wa/ﬂ/;wy) //AJ‘U-’J:’/"W

O

JM} ;@L

S slaa S a4 adgl sbdshu b 5o gliw 4 2 (P16 5 P15 i Johu J50s adly wols
a0l o s a8 s 05 Ol J S s il Sl Jaw 5 5 S0 (gl 5SU iS o il (g e
Ol Conmdy 4 05 = (o canlllan pl 55 (ool Slaal ool S5 BB O gradhin o goas 4 S350
red 53 3,90 S0S O gdite Dl i (el 5 SU Ay CD3A” (ool sadshe 5o 5 5,58 sla0)
S a0

) bogigy 99050

Sladghw sLsjl y adss 5 SU dy 05 ansS Goslper 5 s 25 (228 g8 5 0 b plonil adlllas
Bisulfite 5 CDNA cadsl (slad s DNA 5 RNA 5l i 5 4 day Jorl o 55 A I Jok £ 535 (55l
Methylation Specific PCR y PCR sl fiSlg (05 95 2 gl = 55 asls) 55 A& aLe treated DNA

2 S el
bt

9839 CD34* 6ol sed s o s Oy 9 O amde sl,15 P15 S As RS  MSP (\:u‘ 3 o
Ol 0230LE ( PCR s sl JolS Ols (51,13 5 alo o ol 53 O gradhiie AU 35 P16 (m ,03 03
Sl CD34" sl slad g 53 ol oLl 05 9o A

) S Al

9 P15 jaseia Oly Al g OF (slos Shas b onlize cJghos 52 b 23 g2 Lo 5 05 Ol (55501 co 500
S5 o5l gen il BL sy 05 D34 (3liy sad ghan (5350 m 3 0T 285 Kby L1 5 0 (55 P16
2,13 2 9m S5 ) Sl RS 5 05 S Ol Ol g g5 U

SBU d (ol sd s (O g 3ol Silals

1 Sl b
VA : ok A

Ol 0L = osde o 5 o8l Sy 0aSiils - 0550 KL 5 (g5 5lan (gl 585 (g gmmils -
VEVO-TYY 1y Bsibis = Ol = O = e o 5 ol (S8 5 pake 0dSils SLSls 2 0 UL 5 (55 4 5ken PID g e il 30 =Y
Ozl o O3 = Oy (S psle Jsls Sl = (654 s5len PRD -¥
Ol 2 0L = opde a5 oSl Sy 080l jLils - (S5 S5 PhD ¥
Ol 2 O = e S 5 oD Sy ke oI &ls Hlisls - (654 slen PAD -0
P BTV SRV PRI JAL-+{ P S ST L+ N CIM B LTINS o) | D 2
Ol 01,8 - i g (S psle oy Sy aStils skl = Olagls 5 0L Lawasiae =V
AR


https://bloodjournal.ir/article-1-737-fa.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

O 5 5151 gdgs

CD34" (g5l sladshe P16 5 P15 05 53 53 O st (55

il (b gladhe 35 6 ks 5 IS 3 e
Ol b Lall (28 (sl a5l s il
Sl g s S5 )3 b ) S5
e 05 0l IS Sl s 51 (G Ol e 405 )
S S 53l mis O3 05 Ol L3 i 4 5 0
.(\?—\/\).»ij OO\b|

Sl SIS U 5 e sl el 5 S
Odd Sl oS Cwlal o5 500 0 A5 Ot
08 Y5505 o 1y ks, 5e sl

5 Opdlte ol OF loa il 5 S35
331 Rla 5 S5 Ll 45500 Bl 53 0Dt
VIS s iy gzl 5 bk 5l 255
(1

Ol Conds 5 Ohite 65 oS (pl 4 a5 L
5SS S 5 fhe sla, sSU Olse 40 P16 5 P15
5leded I CD34" (ool slad s 5o ( Jshe s
ol 55 ol s st 058U (L dy 05
o3 el S5 lads Ol S s asstls el pl @
25 B A 05 3l el Gadss ool slad
Ogdlate S 55 psn a o 3 5 235 15 b5
I3 055l 5 sn 2050 0505 S e 555G 3

b S

Ry 9§ il oo
1CD34" ol slad sl 35 5 (o ilult>

SlaanS al> o il o 2 andllas G o
Oy JLsl Oleslw 5 o5l Obsley 51 GL ay 055
o3lizl L CD34" slad shw ((sm o8 L3 Al g Olg
5 S e &S 5 Indirect CD34 MicroBead .S 3l
5 (MACS)JU IS sia (3L 5T b Johor (g3l 5,
A e (S el s G

Ol 13 5l as Stem Span Leoes 5l eslizal b v
wle obale L SCF 5 TPO (FIt3 ui, sla, 4L
U Sy el lus slad s o 90 ods a8L51 O ng/mL
AL s s el Sl e Colg o el IS5 555 0
o235 3kl Lo 5l a0 g1 aalsl g < PBS

vy

Aoy

G S IS Glr sl (555 0k plol (slaanlllas
o= AT glalass 55 Johe il glaw S
L Lol s aly pelis 4 S0 pboews 4 e O
05 Ol ol 5 (ol e J RS o pee SlaesSa
53 Gl gladul T | PRSP B MV P W
505 0l I8y anly s gl slad s
b bad e oS Ll e b 1s aaly 2 B> ool
ol S sl Sl ke s 5 p e L O
ole iy (ol s la, S e S s b
5o S Gyl 5 S sk 5 oS S
(B=A)s 5 dal s

03 S 534S Sl o, gl ol 5ls, 5 53
S Ake pd e huated o5 SS p SlaSs 0
aS 2B 5 2A pg SOl @ s glasls Sl
ole azus 53 (P16 .4 y5 e sdsli P15 5 P16 o
S 45 0SS il 555 e RS e
Gl P 8 0as Ky 5 .(A)s,8 e ol B
oS 5 el b Yoo Ul s asdllae
O 3B PL6 S i eals OLES (i OF 434S 35 8
QO A3 e s sl slaosy 3 Syl 5 ples J oS
P16 L s 45 «CDK-6 5 CDK-4 (3L slayiis
S s MM 2 ol s 1506 i el
Sl ol Silee Sat emdm 2 S Jlb b
Slrcnis g 3 e 13ls 5> 55 P53 5 il s P53
g 53 el el S ot kSl
3 C}L_ﬂj NHW vJl,,,J~,.;P53 Qlse ey Oy 4 (P16
N5 00 Oy 53 a5 ol

5 A L lsres (P16 5 P15 & by e slals
A1 53 Ladl Gl 5 ails 51,39 e g5 S )
s P15 05 Jgeames (NP3 o 55 o b basa s
sl s sb i aS Wil o sses S8 e nsn S
Lgs CDK6 5 CDK4 (slasls L 1, D oSl oShaS
28 Gy a5 1 Jshw a2 oo 5 (pl w5038
OF A0l e

S gy o BOT Ol 4 2 5 L 5SB!


https://bloodjournal.ir/article-1-737-fa.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

AY Sl ) asled O sy

RT-PCR s, ;5 oslizul 3,40 sla S5LT Mg\ Jpur

LR Oligo name
GGGAAAGAAGGGAAGAGTGTCGTT P15-F
GCATGCCCTTGTTCTCCTCG P15-R
GGGGGACCAGAGGCAGT P16-F
GGTTGTGGCGGGGGCAGTT P16-R
MSP J::‘JJ L) aalaw! 3y40 6\.&;5\9] Olasein 1Y J}.\?
03 Jig ; Ls bl
5103 Jig /@* ) ) e » 55
Aol GLE sl ax ) (bp)
TGTGATGTG TTTGTATTITTGT GGT T UF O YA Y¥q
CCA TAC AAT AAC CAA ACAACC AA UR P15
GCGTTCGTATTTTGC GGTT MF P YA oy
CGT ACA ATAACCGAACGACCGA MR
TTATTA GAG GGT GGG GTG GAT TGT UF o o o)
CAA CCCCAAACCACAACCATAA UR P16
TTATTA GAG GGT GGG GCG GAT CGC MF s o ™,
GAC CCC GAACCG CGACCGTAA MR

05 2 &l = MSP =Sl w5315 o DNA 3 eslizul
onlie ST (glos (Y Jsa) s plowil GBI 54 4
a3 P08 sl am s 0 5lils ST ol ol

Al e arie ol S il

TFYeTh
sladsbn ol Ol sl 6 R0 st b il
Seslital L B a0 31 el e Sy g silan
4 BD et sls oK 5 CD34 LIS e gL 5T
&l oslil 3,5 iy 4ls K5, () J&)J.J S
3555 (CD34 (gl Al e opl s ol Bl 08l
e Sl 3Ll 355 Il A Sl e )
V-A s .ol Cyflogic «(g yo g glb (gLnosls
b VB s s eSsnl USRS @ b
At ot 05w V=C a5 AL e CD34 (gab sl
0L GU s 0 Sl e s gad s 5 15 s o

.Mbd
(ol slad s £ 3l ol s CDNA (aalsl s
$l205 Ol pe L Oly i g RT-PCR 25 L
3 B L St slen lad sl o anlllas 550
DNA Wb Jsb i S 513 0esl 350 iS5 5 padss
S 55 Li,@ P16 5 P15 ¢l ,  PCR oY 4 mmes sl

v

ol iSO sla sl (RNA 5DNA (s il
slacs L B, slad sl GRNA 5 DNA
6l Jondlyyis wlul 5 (5L RNA 5 DNA s
Ve b on Ol adsl g 5 el (g3lulr (S

NENPS RV ;lJfL;JLNA;.-);

‘RT-PCR &g, b anlllos 3,50 (slal)f Olo pizmice
osliul b5 05LS oS LEDNA sz el 1o ol o
el szs bl 5 3 1 ,e 3 0l 6,53 RNA
Cgr ol o3l liw gla ST L 5 A plosil (oS
o3P am 05 s sl PCR sy O Oy (o
e ST slos () Jsam)es S plil £l
5 il e 3,8 sle a3 OV=F1 s ST ol ol
Tag PCR Master mix Sl as L5, 50 3150 505 gl

A eslaal O3S

S5 i Cgm MSP 2875 olowil 5DNA il
O et
S L S e 5l ek 0,3 DNA (sl b e o
o S Jeddly s 5 5 O5LS EpiTect ® Bisulfite
MSP s esli ol gl 5 o5 8 51,5 als
L e 4> 10 5 .03 o3l (Methylation-Specific PCR)



https://bloodjournal.ir/article-1-737-fa.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

O an 5 5131 (sdge CD34" sl sladshe 5P16 5 P15 05 55 55 O sewhize Sl

Tumoer % of VIS mean mean geomean geomean
Visible 10000 100 16.22 104.85 3.41 93.7:
Upper Left 129 129 8.89 369.38 7.42 349.
Upper Right 178 178 525.74 486.16 60.37 448,
Lower Left 9571 95.71 38 93.76 3.1 89.11
Lower Right . 122 122 25467 138.25 40.29 126.7'

“(al m \lﬂ

‘mw

rlﬂ

1
o, ,Mt\hf‘ﬁ‘-ﬂﬁ\‘l\“ﬂ"‘

Number % of vis X mean Y mean X geomean | Y geomean
Visible | 10000‘ 100 130.43 110.18 40.18 97.92]
Upper Left 63 0.63 11.41] 4129 10.55 392.48
Upper Right 267 267 21214 418.86 55.29 381.25
Lower Left 1622 18.22 5.69 73.03 4.01 65.33
Lower Right 8048 80.48 153.79 105.06 63.92 100.48)

el 05 o B Ay 0 g5 1 45 K Sled s sk (555 2« CD34 S b Ol Ol ) K2

Gt pl 55 andllas 5550 505 gl PCR L2iSTy oY paames odina0is O 53 sdaline Jol ladil 48 ol 11/0 55,87 J5 0¥ |5
Loyt 5 S5 G 4 by e UL (ol 0l 03Ul CDNA & 03 31 0T 43 45 L23815) Asb oo e J 25 Kl N-C.adb e
6 g 3 sler 5 05 LAl 4 by e Ll .l edd 1S 0L E g 4 o sline KT gl g3 )3 45 Wi 0 P15 05 &
ol 53 andllas 3550 5 gS0 g5 p (JKE 4 4 S b ol odd an3IIE OIS Oy e 4 gline Kl sles 55 43 4 AL e P16 O3

Lghon Ol S g o5 S 3,50 g3l glad s 53 (G

Y


https://bloodjournal.ir/article-1-737-fa.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

AY Sl ) asled O sy

3550 SB05 dets 8 b alie ol (5l PCR LSy oY guames sdiaslii 01 5o sdalie U ladil a5 70/0 35,87 J3 ¥ s

osbe ol Cgar (o3 Ol Dde 50 andllae (il s

9 c;l_b ol .)\_.7- Sed>= e > Py C,Jli u..ﬂL.a.Z?-l

uyj_‘.ﬁ:u &‘j DNA Jub o)LL»‘ A g.,.u Lgﬂi) ﬁ}l«ﬁj

5> Lo on 5L canlllan 550 il gla0)} gl 2 MSP
Ibﬁ)‘j.; Uil)l d:éé)jjo o9 eJ}Jou:g;\i

Methylated P16 Gene — 150 bp

Unmethylated P16 Gene — 151 bp

Methylated P15 Gene — 148 bp
Unmethylated P15 Gene — 154 bp

et o slal LS s e Sl S Pl
3,8 el e ol Giu Oy oo el o ol 5o
(7 U8
33 3 Skedalle a5 LPLS 05 5,5 00
S eadse 8 ke sl ST 4 by e STy
J=B e nl 53 05 cnl s e 03 e O Dhita
53 Cmnl 05 s Olo e ias Ol oS Al o o iSis
4 by e glaasls 5 Las (P16 v,a_,f(: 05 3)se
plee Sl S 353 e ads b cadze 2 S
O 0l fl s 5 s ol 53 3558 05 0 gedhite
(K MG LS Slaals X S 55 il
534S ol gla STy 4 by e el 0l o303 OLES
ke Sl s 5,00 05 4 bs e sl ST 1 0T
(o) =DU G > Las plawls 5 ol ol oslinal
534S il gla 2STs 4 bg e ol 0l esls oL
et Sl s s 50 05w by e sl ST 1 Lo

Yo

ol dos ol 5 aslas

Aol 2 V08 bp 5 VY P 5 a5 edgdme

o Gl PCR Y a3 al o ol 3
38T Sa s 5l el s 5 55 <05 8 4 by L
25 Bl edalie gl B a)5e 5 e A (1S
Biometra oSaes bw g o5 Y K& .23 S UV 5
dod 53 Ll 3 g g oS jaseie (Ll el 5 Gel Doc
Sldsle 5o 1) db g e OS5 0L 5 035 S grSalr
s e 0L B 5550 (g3l

Cgr ol b ls SHETL s S5 4S5 5bolen
3ledd suw cDNA 55 s Real Time PCR s oslaul
A S PCR Sy iS5 ey 3l glad sk 0555
0L edaliie Vb Dl il 4 a5 LA pla) 05 50
A 3550 05 Ols e ksl g a3 e ol o
e 3 aS plaarg by ol S slea sl 5o
03 50mes Olas 53 «DNA Ll o ol 3 5 glails
AS Aoy ol 4 Ol o <355 n sdalie Ul LG
Ol 5391 53 oo ol 5 andllae 3550 5 9S1 53 Ja
L1y s BU U CD34T (ealis slad sl 55

Sladsw JIDNA (s s s )
O 5 S 5 GRS Sl ey SBL A Sy les
Osma3l 3,58 MSP 55 L0 sesdlite 65831 ooy 2 S\ 2
15 55 MSP L ks e IS s S N, 8


https://bloodjournal.ir/article-1-737-fa.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

O 5 5151 gdgs

CD34" (g5l sladshe P16 5 P15 05 53 53 O st (55

O ol V?'Ja‘; (_;LA{..W:}KA Bl o Sl ol a5y
S pilen slad b 3 0 G35 Slysr 5 0k S
odoile Sl astl il (ool spd > U j e S0 Uy
=-0)el

sy (0l S 5 s Sl (8 il DSl
S0y L Bl s a8 cnul uls S5l
s dms e 5 O 3 s KOS e Glacnsp
e La0S il Gl Ol B Aol sl e
RSP NN IS PPRIRI
DNA —esd 53l il iy o J S L Jlss 8
P15  P14) Jylu 4% = ((MGMT 5 hMLHL)s.tys sl
«(CDH1-13) J b S (DAPK); s 51 (P16
o 3 sea 4 ;ST 5 (GSTPL) s 5 wan
e oS ) amal sl 3L (ool slaaniSt cadal
(A i GladT B s S sLals
L o U Slaas ol 5 S e 10 gl 085
ST 5 Jgrme S aols BLIILOS cpl O seedlie
sl gy oS Sles sl nld ol aaa b J ol
ol el S MSP b Lad ) O seedlite (e 2
LS F NG [ WY 1 C’“L o OV ol 5 d:ajjf
Sl s MSP 510 sdlze (55K s 61 anllas
Wl 0 03 1 0,4 05 Ol ooz 3 0T s Ao

Vgm0 U 0, oSS ) 4 VAAR Jw o
PR N Ol So5 305, 15 03 05 S Opmdhine
I CPG i by e G35 sk 4 Ol
Oles OF 53 (Y9l (ol S 5 i 51 (8
a3 0 glgml 5 Bdtas (CPG 15 a5 L Lasiis
56 00551 sl 5o LS o8 5505 513 a0 a5 6 18
SO Ogehie cazese ;B b 510 )l sds 5158
52 VM Jle s 5l sl Gl oses SsS e O
Jlw s asalsl 55 . (VO) s CJ—I“ Lo gDl g 5y 55 40
5 (0 s 053 ) VHL 03 O gedito s 44
OALS sl S Sl Gla ety 53 O o Jle
53 P16 05 0ds dled e VA0 53 s A e S
o313 QL (o 5000 18 Ordlite Bow s La bk

oS3 p P 05 Oaedlite S (S 5 cpl s Al

\id

Sle 5 a0 P-C s N-C ol s oslinul alze
53 il e MSP e J 8 5 e S Cands
Lo o J3 Sl 4 555 o0 03l DNA & yas 5l e J 28
O gDz 550 5315 5 Sss1 s M wﬂ@
(MSP 2 S1s 53 cpl pliy syls 3oy bl Oluabl (O
D3 Aol 3 e G0 lail G Uyt e i
O5313 2 DNA & 505 51 5 e J 28 Camds 52 3,5
MSP 5 5 e Jools Lonnds a5 s eslizal sl

AL ails

ke

Ol et b (Stal ek sl 8 4 5 bolos
St il o AT HS 5 JI5 03 i 054 0
aad Sl 3B (O sedlite (o sast 4 (S5 ) il
SY O 8 G0 o [y S pls s s, e
(O

3N GaesilSe (55 p Ol p Dl sles
il 2V a3 ol slaey S 4 pled il
S pils g ol 5 05 0l 33 U S &
D38 SO e 5 Sl i sl Ul gl
Sale bulgas ole ol 5l a5 95 &5 Coil
35 4y &S (P15 INK 4b) 5 (P16 INK 4a) sls , ;S
SLaints s 35556 55 opl L sd e sdul P15 5 P16
e La0l ;505 (sl i 51 oS dien g5 5055 e
Gy abhi ;5 Jylwa s > J, =S 5, CDK-6 . CDK-4
(=) )il

oo dob plad s S ol w5 L ol slad sl
slad s hail o il s 55 Dol lls 55
G Ghls 5 o3 Sgline 55 Glaysiisn 5 o
B s 5,8 4 e g lieme S5 4 05 Ol
Laol spbes o b Ly ol lad s (53l g g
sl slad sk 53 05 0l Sl Jodas 55 o5l gan
Syl s oS colad 5l a5 L Lad e loses
S s ol S a5 e ()l i
Madsd cpl 313, sm 53 s s Db ol (6 55500
Lol s 4 addllas ool 53 45 Lz P15 5 P16


https://bloodjournal.ir/article-1-737-fa.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

AY Sl ) asled O sy

>

.;;6)549&3\)@#?@;@6&@:\;

S MSP s 5 P16 glals ¢l p 505 b
05 Ol WUT el 5 ads o (sl 3 0 pdhite s
CA.:L@_; )DJPCR BE )Ud.'.o‘ J;LB JW S99 s laasOLis
QB Laesls s on oo o il o 35 Ste OL
sl odaline

S

ol aalllas Ciln ol e 3 el s 4 b
SLal G s n = Osedlite 45 das e 0L
e 5 a3 (glo s 31 S, (PI5-P16)allas 3 5o
> Ol 3l 5o e a5 50 (gl 25U 0Ly J 28
S g slen ladsle 5o Cow o 5e sla) 5B 5l plus
5305 33 4SS Cl Gl GLS 5 Al e e
e i 5lols < CD34T gsli slad sl r....:Jpr
6}—@‘)—:-");—5 350 la, S Ol Ol 5o Lo
e O Gl sSU oS s (e 03 O dhite
Sl sy e Slapieds S BB Slses
Das e oS | 550 Al a5l 51 e 5o dlaly ol
oo 3 el Ly Gded ol 53 O et gl S
slacslis 5ol 4 5B a5 cl sdal s 4 MSP
o Ogmedhite sla Sl aslis 4 5 S Ot oS
Lad) Ol Ol e v..lg.sjztma B30 e S s
Al S el B Sl o5y oS S ai
0l sk 8 cd il Gla s SP5S
Lled o end Ik 531, 05

ila yadi 9 pleiad

5 LT 5 i S5 e S5 o 31 sk
o)A BL A 0 sl e 53 4 g3,lae OIS
.V__:“)\b \)Jb/\.:.:\:a._:‘k@.: ./\J./\JLN‘) &QS) 6‘)1._:‘ Le‘};

v

IS Gl s 51 G Olsis 4 a5 S0sS 510
S e Bles a5 5550 5008 S5y 05 Ol
S Slsl ps L eals 0L YooY Jl 53 .(0Y)es S
Clled a6y 5T 500 (a5 50 Osmedlte Il
Gbwly 53 Aol e il 58 SLasl s e slagy s
SLa T s SIS oS Ut e 1805 caanlline
3 DNMT3a « DNMT2 ( DNMT1) s 3l el 5 Jee
.(Y+)(DNMT3b

33 P15 05 0 mdhite cok il (slaanlllan aalsl
ey b 55 (P16 05 O gedite 5 b e 2y S)
J=bas G505 4SS (V) As esls OLES e et s )
i 0Dl S sl pl sl S pY 54 g
S s G Ol 4 (P16 5 P15 (0 (55550 0
S a5 S s L0 03 4 o 05 Ol
(N)kzs Sl

Sy dier 33 3l G il 53 anlllas 5 5e Sa0S
05 Ol gy bl ol ) S 1B S 1S e
foosn Al s CD34" golew slad g ;s a5 5, 40
s sn N8 03 Oseedhite Sy DA b, K3
s 05 Oy il (Sl edlSe 51 &8 Clal (re
GosS s n s 53 05 S S s 0 w55 e
3L (GPG) oyl S 5 (psmes 5l 28l luls 5=
sy e Ot Conds &S ol Lo (ks ()
05 Ol O (g, Ly O hsel gt Ll 5 e
03 Sl S S 0T Jl (V=YY )0l o s e
38 O seedlite Sl oed sk 4 OS5 S5 50 5l
Ay b g e 05 s Ol dasl 5l o s oS
05 S 0y gl b o ol 558 Ll 3 sl L6
ad> o 53 s e Jlw o SJI,s (Gene Expression)
Osmethite 5 S5l O o0 Jsol b els o
Q=YY SIS Ll hyls Llg e

35 Sl MSP sl s S545 5 b Oles 315 53

050k on S s e O dhite D) 50 0 PIS


https://bloodjournal.ir/article-1-737-fa.html

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

O 5 5151 gdgs

CD34" (o3l sad sk 5 P16 5 P15 03 95 53 O gensDhie L;jfjl

10

11

References :

Pajerowski JD, Dahl KN, Zhong FL, Sammak PJ,
Discher DE. Physical plasticity of the nucleus in stem
cell differentiation. Proc Natl Acad Sci U S A 2007;
104(40): 15619-24.

Cui L, Johkura K, Takei S, Ogiwara N, Sasaki K.
Structural differentiation, proliferation, and association
of human embryonic stem cell-derived cardiomyocytes
in vitro and in their extracardiac tissues. J Struct Biol
2007; 158(3): 307-17.

Migliaccio G, Migliaccio AR, Druzin ML, Giardina PJ,
Zsebo KM, Adamson JW. Long-term generation of
colony-forming cells in liquid culture of CD34" cord
blood cells in the presence of recombinant human stem
cell factor. Blood 1992; 79(10): 2620-7.

Zhang WJ, Park C, Arentson E, Choi K. Modulation of
hematopoietic and endothelial cell differentiation from
mouse embryonic stem cells by different culture
conditions. Blood 2005; 105(1): 111-4.

Young JC, Varma A, DiGiusto D, Backer MP.
Retention of quiescent hematopoietic cells with high
proliferative potential during ex vivo stem cell culture.
Blood 1996; 87(2): 545-56.

Tran NT, Trinh QM, Lee GM, Han YM. Efficient
differentiation of human pluripotent stem cells into
mesenchymal stem cells by modulating intracellular
signaling pathways in a feeder/serum-free system.
Stem Cells Dev 2012; 21(7): 1165-75.

Cardozo AJ, Gomez DE, Argibay PF. Transcriptional
characterization of Wnt and Notch signaling pathways
in neuronal differentiation of human adipose tissue-
derived stem cells. J Mol Neurosci 2011; 44(3): 186-
94.

Draper JS, Fox V. Human embryonic stem cells:
multilineage differentiation and mechanisms of self-
renewal. Arch Med Res 2003; 34(6): 558-64.
Bertrand-Vallery V, Boilan E, Ninane N, Demazy C,
Friguet B, Toussaint O, et al. Repeated exposures to
UVB induce differentiation rather than senescence of
human keratinocytes lacking p1l6(INK-4A).
Biogerontology 2010; 11(2): 167-81.

Minami R, Muta K, Umemura T, Motomura S, Abe Y,
Nishimura J, et al. p16(INK4a) induces differentiation
and apoptosis in erythroid lineage cells. Exp Hematol
2003; 31(5): 355-62.

Hutter G, Scheubner M, Zimmermann Y, Kalla J,
Katzenberger T, Hibler K, et al. Differential effect of
epigenetic alterations and genomic deletions of CDK
inhibitors [p16(INK4a), p15(INK4b), pl4(ARF)] in

YA

19- Holliday R. DNA methylation and

mantle cell lymphoma. Genes Chromosomes Cancer
2006; 45(2): 203-10.

12- Siebert R, Willers CP, Opalka B. Role of the cyclin-

dependent kinase 4 and 6 inhibitor gene family p15,
p16, p18 and p19 in leukemia and lymphoma. Leuk
Lymphoma 1996; 23(5-6): 505-20.

13- Miller CW, Aslo A, Campbell MJ, Kawamata N,

Lampkin BC, Koeffler HP. Alterations of the p15,
pl6,and pl8 genes in osteosarcoma. Cancer Genet
Cytogenet 1996; 86(2): 136-42.

14- Kotake Y, Nakagawa T, Kitagawa K, Suzuki S, Liu N,

Kitagawa M, et al. Long non-coding RNA ANRIL is
required for the PRC2 recruitment to and silencing of
p15(INK4B) tumor suppressor gene. Oncogene 2011;
30(16): 1956-62.

15- Liu J, Liu H, Zhang X, Gao P, Wang J, Hu Z.

Identification and characterization of P15RS, a novel
P15(INK4b) related gene on G1/S progression.
Biochem Biophys Res Commun 2002; 299(5): 880-5.

16- Knowling S, Morris KV. Epigenetic regulation of gene

expression in human cells by noncoding RNAs. Prog
Mol Biol Transl Sci 2011; 102: 1-10.

17- Chou BK, Mali P, Huang X, Ye Z, Dowey SN, Resar

LM, et al. Efficient human iPS cell derivation by a
non-integrating plasmid from blood cells with unique
epigenetic and gene expression signatures. Cell Res
2011; 21(3): 518-29.

18- Bottardi S, Aumont A, Grosveld F, Milot E.

Developmental stage-specific epigenetic control of
human beta-globin gene expression is potentiated in
hematopoietic  progenitor cells prior to their
transcriptional activation. Blood 2003; 102(12): 3989-
97.

epigenetic
mechanisms. Cell Biophys 1989; 15(1-2): 15-20.

20- Dansranjavin T, Krehl S, Mueller T, Mueller LP,

Schmoll HJ, Dammann RH. The role of promoter CpG
methylation in the epigenetic control of stem cell
related genes during differentiation. Cell Cycle 2009;
8(6): 916-24.

21- Zingg JM, Jones PA. Genetic and epigenetic aspects of

DNA methylation on genome expression, evolution,
mutation and carcinogenesis. Carcinogenesis 1997;
18(5): 869-82.

22- Shiota K, Kogo Y, Ohgane J, Imamura T, Urano A,

Nishino K, et al. Epigenetic marks by DNA
methylation specific to stem, germ and somatic cells in
mice. Genes Cells 2002; 7(9): 961-9.


http://www.ncbi.nlm.nih.gov/pubmed?term=Pajerowski%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=17893336
http://www.ncbi.nlm.nih.gov/pubmed?term=Dahl%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=17893336
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhong%20FL%5BAuthor%5D&cauthor=true&cauthor_uid=17893336
http://www.ncbi.nlm.nih.gov/pubmed?term=Sammak%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=17893336
http://www.ncbi.nlm.nih.gov/pubmed?term=Discher%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=17893336
http://www.ncbi.nlm.nih.gov/pubmed/17893336
http://www.ncbi.nlm.nih.gov/pubmed?term=Cui%20L%5BAuthor%5D&cauthor=true&cauthor_uid=17257857
http://www.ncbi.nlm.nih.gov/pubmed?term=Johkura%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17257857
http://www.ncbi.nlm.nih.gov/pubmed?term=Takei%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17257857
http://www.ncbi.nlm.nih.gov/pubmed?term=Ogiwara%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17257857
http://www.ncbi.nlm.nih.gov/pubmed?term=Sasaki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17257857
http://www.ncbi.nlm.nih.gov/pubmed?term=Structural%20differentiation%2C%20proliferation%2C%20and%20association%20of%20human%20embryonic%20stem%20cell-derived%20cardiomyocytes%20in%20vitro%20and%20in%20their%20extracardiac%20tissues
http://www.ncbi.nlm.nih.gov/pubmed?term=Migliaccio%20G%5BAuthor%5D&cauthor=true&cauthor_uid=1375106
http://www.ncbi.nlm.nih.gov/pubmed?term=Migliaccio%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=1375106
http://www.ncbi.nlm.nih.gov/pubmed?term=Druzin%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=1375106
http://www.ncbi.nlm.nih.gov/pubmed?term=Giardina%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=1375106
http://www.ncbi.nlm.nih.gov/pubmed?term=Zsebo%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=1375106
http://www.ncbi.nlm.nih.gov/pubmed?term=Adamson%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=1375106
http://www.ncbi.nlm.nih.gov/pubmed?term=Long-term%20generation%20of%20colony-forming%20cells%20in%20liquid%20culture%20of%20CD34%2B%20cord%20blood%20cells%20in%20the%20presence%20of%20recombinant%20human%20stem%20cell%20factor
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=15231577
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15231577
http://www.ncbi.nlm.nih.gov/pubmed?term=Arentson%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15231577
http://www.ncbi.nlm.nih.gov/pubmed?term=Choi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15231577
http://www.ncbi.nlm.nih.gov/pubmed?term=Modulation%20of%20hematopoietic%20and%20endothelial%20cell%20differentiation%20from%20mouse%20embryonic%20stem%20cells%20by%20different%20culture%20conditions
http://www.ncbi.nlm.nih.gov/pubmed?term=Young%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=8555476
http://www.ncbi.nlm.nih.gov/pubmed?term=Varma%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8555476
http://www.ncbi.nlm.nih.gov/pubmed?term=DiGiusto%20D%5BAuthor%5D&cauthor=true&cauthor_uid=8555476
http://www.ncbi.nlm.nih.gov/pubmed?term=Backer%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=8555476
http://www.ncbi.nlm.nih.gov/pubmed?term=Retention%20of%20quiescent%20hematopoietic%20cells%20with%20high%20proliferative%20potential%20during%20ex%20vivo%20stem%20cell%20culture
http://www.ncbi.nlm.nih.gov/pubmed?term=Tran%20NT%5BAuthor%5D&cauthor=true&cauthor_uid=21793661
http://www.ncbi.nlm.nih.gov/pubmed?term=Trinh%20QM%5BAuthor%5D&cauthor=true&cauthor_uid=21793661
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=21793661
http://www.ncbi.nlm.nih.gov/pubmed?term=Han%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=21793661
http://www.ncbi.nlm.nih.gov/pubmed?term=fficient%20differentiation%20of%20human%20pluripotent%20stem%20cells%20into%20mesenchymal%20stem%20cells%20by%20modulating%20intracellular%20signaling%20pathways%20in%20a%20feeder%2Fserum-free%20system
http://www.ncbi.nlm.nih.gov/pubmed?term=Cardozo%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=21360053
http://www.ncbi.nlm.nih.gov/pubmed?term=G%C3%B3mez%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=21360053
http://www.ncbi.nlm.nih.gov/pubmed?term=Argibay%20PF%5BAuthor%5D&cauthor=true&cauthor_uid=21360053
http://www.ncbi.nlm.nih.gov/pubmed?term=Transcriptional%20characterization%20of%20Wnt%20and%20Notch%20signaling%20pathways%20in%20neuronal%20differentiation%20of%20human%20adipose%20tissue-derived%20stem%20cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Draper%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=14734096
http://www.ncbi.nlm.nih.gov/pubmed?term=Fox%20V%5BAuthor%5D&cauthor=true&cauthor_uid=14734096
http://www.ncbi.nlm.nih.gov/pubmed/14734096
http://www.ncbi.nlm.nih.gov/pubmed?term=Bertrand-Vallery%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19554468
http://www.ncbi.nlm.nih.gov/pubmed?term=Boilan%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19554468
http://www.ncbi.nlm.nih.gov/pubmed?term=Ninane%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19554468
http://www.ncbi.nlm.nih.gov/pubmed?term=Demazy%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19554468
http://www.ncbi.nlm.nih.gov/pubmed?term=Friguet%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19554468
http://www.ncbi.nlm.nih.gov/pubmed?term=Toussaint%20O%5BAuthor%5D&cauthor=true&cauthor_uid=19554468
http://www.ncbi.nlm.nih.gov/pubmed/19554468
http://www.ncbi.nlm.nih.gov/pubmed?term=Minami%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12763133
http://www.ncbi.nlm.nih.gov/pubmed?term=Muta%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12763133
http://www.ncbi.nlm.nih.gov/pubmed?term=Umemura%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12763133
http://www.ncbi.nlm.nih.gov/pubmed?term=Motomura%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12763133
http://www.ncbi.nlm.nih.gov/pubmed?term=Abe%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12763133
http://www.ncbi.nlm.nih.gov/pubmed?term=Nishimura%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12763133
http://www.ncbi.nlm.nih.gov/pubmed?term=p16\(INK4a\)%20induces%20differentiation%20and%20apoptosis%20in%20erythroid%20lineage%20cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Hutter%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16258956
http://www.ncbi.nlm.nih.gov/pubmed?term=Scheubner%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16258956
http://www.ncbi.nlm.nih.gov/pubmed?term=Zimmermann%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16258956
http://www.ncbi.nlm.nih.gov/pubmed?term=Kalla%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16258956
http://www.ncbi.nlm.nih.gov/pubmed?term=Katzenberger%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16258956
http://www.ncbi.nlm.nih.gov/pubmed?term=H%C3%BCbler%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16258956
http://www.ncbi.nlm.nih.gov/pubmed?term=Differential%20effect%20of%20epigenetic%20alterations%20and%20genomic%20deletions%20of%20CDK%20inhibitors%20%5Bp16\(INK4a\)%2C%20p15\(INK4b\)%2C%20p14\(ARF\)%5D%20in%20mantle%20cell%20lymphoma
http://www.ncbi.nlm.nih.gov/pubmed?term=Siebert%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9031081
http://www.ncbi.nlm.nih.gov/pubmed?term=Willers%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=9031081
http://www.ncbi.nlm.nih.gov/pubmed?term=Opalka%20B%5BAuthor%5D&cauthor=true&cauthor_uid=9031081
http://www.ncbi.nlm.nih.gov/pubmed?term=Role%20of%20the%20cyclin-dependent%20kinase%204%20and%206%20inhibitor%20gene%20family%20p15%2C%20p16%2C%20p18%20and%20p19%20in%20leukemia%20and%20lymphoma
http://www.ncbi.nlm.nih.gov/pubmed?term=Role%20of%20the%20cyclin-dependent%20kinase%204%20and%206%20inhibitor%20gene%20family%20p15%2C%20p16%2C%20p18%20and%20p19%20in%20leukemia%20and%20lymphoma
http://www.ncbi.nlm.nih.gov/pubmed?term=Miller%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=8603340
http://www.ncbi.nlm.nih.gov/pubmed?term=Aslo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8603340
http://www.ncbi.nlm.nih.gov/pubmed?term=Campbell%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=8603340
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawamata%20N%5BAuthor%5D&cauthor=true&cauthor_uid=8603340
http://www.ncbi.nlm.nih.gov/pubmed?term=Lampkin%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=8603340
http://www.ncbi.nlm.nih.gov/pubmed?term=Koeffler%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=8603340
http://www.ncbi.nlm.nih.gov/pubmed?term=Alterations%20of%20the%20p15%2C%20p16%2Cand%20p18%20genes%20in%20osteosarcoma
http://www.ncbi.nlm.nih.gov/pubmed?term=Alterations%20of%20the%20p15%2C%20p16%2Cand%20p18%20genes%20in%20osteosarcoma
http://www.ncbi.nlm.nih.gov/pubmed?term=Kotake%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21151178
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakagawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21151178
http://www.ncbi.nlm.nih.gov/pubmed?term=Kitagawa%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21151178
http://www.ncbi.nlm.nih.gov/pubmed?term=Suzuki%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21151178
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21151178
http://www.ncbi.nlm.nih.gov/pubmed?term=Kitagawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21151178
http://www.ncbi.nlm.nih.gov/pubmed?term=ong%20non-coding%20RNA%20ANRIL%20is%20required%20for%20the%20PRC2%20recruitment%20to%20and%20silencing%20of%20p15\(INK4B\)%20tumor%20suppressor%20gene
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12470661
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12470661
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=12470661
http://www.ncbi.nlm.nih.gov/pubmed?term=Gao%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12470661
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12470661
http://www.ncbi.nlm.nih.gov/pubmed?term=Hu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=12470661
http://www.ncbi.nlm.nih.gov/pubmed?term=Identification%20and%20characterization%20of%20P15RS%2C%20a%20novel%20P15\(INK4b\)%20related%20gene%20on%20G1%2FS%20progression.
http://www.ncbi.nlm.nih.gov/pubmed?term=Knowling%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21846567
http://www.ncbi.nlm.nih.gov/pubmed?term=Morris%20KV%5BAuthor%5D&cauthor=true&cauthor_uid=21846567
http://www.ncbi.nlm.nih.gov/pubmed/21846567
http://www.ncbi.nlm.nih.gov/pubmed/21846567
http://www.ncbi.nlm.nih.gov/pubmed?term=Chou%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=21243013
http://www.ncbi.nlm.nih.gov/pubmed?term=Mali%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21243013
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=21243013
http://www.ncbi.nlm.nih.gov/pubmed?term=Ye%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=21243013
http://www.ncbi.nlm.nih.gov/pubmed?term=Dowey%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=21243013
http://www.ncbi.nlm.nih.gov/pubmed?term=Resar%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=21243013
http://www.ncbi.nlm.nih.gov/pubmed?term=Resar%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=21243013
http://www.ncbi.nlm.nih.gov/pubmed?term=Efficient%20human%20iPS%20cell%20derivation%20by%20a%20non-integrating%20plasmid%20from%20blood%20cells%20with%20unique%20epigenetic%20and%20gene%20expression%20signatures
http://www.ncbi.nlm.nih.gov/pubmed?term=Bottardi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12920025
http://www.ncbi.nlm.nih.gov/pubmed?term=Aumont%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12920025
http://www.ncbi.nlm.nih.gov/pubmed?term=Grosveld%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12920025
http://www.ncbi.nlm.nih.gov/pubmed?term=Milot%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12920025
http://www.ncbi.nlm.nih.gov/pubmed?term=Developmental%20stage-specific%20epigenetic%20control%20of%20human%20beta-globin%20gene%20expression%20is%20potentiated%20in%20hematopoietic%20progenitor%20cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Holliday%20R%5BAuthor%5D&cauthor=true&cauthor_uid=2476223
http://www.ncbi.nlm.nih.gov/pubmed?term=Holliday%20R.%20DNA%20methylation%20and%20epigenetic%20mechanisms.%20Cell%20Biophys
http://www.ncbi.nlm.nih.gov/pubmed?term=Dansranjavin%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19221495
http://www.ncbi.nlm.nih.gov/pubmed?term=Krehl%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19221495
http://www.ncbi.nlm.nih.gov/pubmed?term=Mueller%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19221495
http://www.ncbi.nlm.nih.gov/pubmed?term=Mueller%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=19221495
http://www.ncbi.nlm.nih.gov/pubmed?term=Schmoll%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=19221495
http://www.ncbi.nlm.nih.gov/pubmed?term=Dammann%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=19221495
http://www.ncbi.nlm.nih.gov/pubmed?term=The%20role%20of%20promoter%20CpG%20methylation%20in%20the%20epigenetic%20control%20of%20stem%20cell%20related%20genes%20during%20differentiation
http://www.ncbi.nlm.nih.gov/pubmed?term=Zingg%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=9163670
http://www.ncbi.nlm.nih.gov/pubmed?term=Jones%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=9163670
http://www.ncbi.nlm.nih.gov/pubmed?term=enetic%20and%20epigenetic%20aspects%20of%20DNA%20methylation%20on%20genome%20expression%2C%20evolution%2C%20mutation%20and%20carcinogenesis
http://www.ncbi.nlm.nih.gov/pubmed?term=Shiota%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12296826
http://www.ncbi.nlm.nih.gov/pubmed?term=Kogo%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12296826
http://www.ncbi.nlm.nih.gov/pubmed?term=Ohgane%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12296826
http://www.ncbi.nlm.nih.gov/pubmed?term=Imamura%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12296826
http://www.ncbi.nlm.nih.gov/pubmed?term=Urano%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12296826
http://www.ncbi.nlm.nih.gov/pubmed?term=Nishino%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12296826
http://www.ncbi.nlm.nih.gov/pubmed/12296826
https://bloodjournal.ir/article-1-737-fa.html

Sci J Iran Blood Transfus Organ 2013;10 (1): 31-39

[ Downloaded from bloodjournal.ir on 2026-06-10 ]

Original Article

Evaluation of methylation pattern in the promoter regions
of P15 and P16 genes and the expression status of these
factors in cord blood CD34" stem cells

Azad M., Kaviani S.}, Mortazavi Y.2, Norouzinia M. %, Soleimani M.}, Abroun S.%,
Zonoubi Z.3, Atashi A2

1Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran
27anjan University of Medical Sciences, Zanjan, Iran
3Faculty of Medical Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Abstract

Background and Objectives

Cell signaling elements such as P15 and P16 play an important role in differentiation of
primitive cells into various cell types. These factors are involved in controlling gene
expression by different mechanisms, of which epigenetics especially methylation is
noteworthy. The main objectives of this study were discovering the expression status of target
genes in CD34" cord blood stem cells and determining the methylation changes in the
respective genes is this same stage.

Materials and Methods

After collection of cord blood bags and purification and proliferation of stem cells, cellular
DNA was isolated. In later stages, cDNA and Bisulfite treated DNAs were synthesized from
RNA and DNA of primary cells, respectively. Polymerase Chain Reaction and Methylation
Specific PCR were later performed for both genes.

Results

After MSP, it was found that the P15 has partial methylation and expression in CD34" stem
cells, and P16 lacks methylation in this stage and is completely expressed. The results of PCR
indicated expression of both genes in CD34" stem cells.

Conclusions

Gene expression profile of each tissue or cell is in accordance with its functions; the specific
expression of P15 and P16 can indicate a possible role of these genes in biology of CD34"
stem cells in umbilical cord blood. There is always substantial agreement between expression
of a gene and its epigenetic changes.
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