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Real-time Q-RT-PCR
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NAME -3" POSITION'S
MDR1-Forward TTGGGGCTTTTAGTGTTGGA

MDR1-Reverse
GAPDH-Forward
GAPDH-Reverse
Real time-MDR1-
Forward

Real time-MDR1-
Reverse
MDR1-PROBE
GAPDH-PROBE

CACAAGCCCAAGACAGAAAGC
AAGGTGAAGGTCGGAGTCAA
GAAATCCCATCACCATCTTC
AGGAAGCCAATGCCTATGACTTTA

GAGAGAGAGGGGCCCAGTTG

GGCTGAGAACGGGAAGCTTG
CAAGCTTCCCGTTCTCAGCC

Cycle Number

30—
28|
26—
24-
22|
20—
18|
16|
i

Baseline Adjustment: Arithmetic

Color Compensation: Dff

T T T
20 32 34 38

3.‘3 4.‘0 4'2 4.'4 4'5 4'9 5.‘0 5.‘2 5'4 5.‘5 5'3 BIU E.I2 E.‘4 E.IE E.‘E 7.‘0 7'2 7'4 7'5 7'9 B.‘U
Log Concentration

Noise Band Cursor: M& Analysiz Method: Second
Derivative Maximum

Slope: -2.468 Intercept: 41.82 Error: 0.0943

=100

GAPDH 05 (5l deandly 3, Jl w1 o3binal b o oy 315kl fowin )l god

Cycle Number

28-
27-
26-
25-
24-
23-
22-
21-
20-
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7=
18-
15-
14-

0 I
4.0 42 4.4

0 T T 0 0 T T 0 0 T T T 0 T 0 |
4.6 4.8 5.0 52 54 56 58 6.0 82 64 66 6.2 7.0 Tz T4 T 782 2.0

Log Concentration

Baseline Adjustment: Arthmetic  Moise Band Cusorn HiA Analysis Method: Second

Color Compensation: Off

Derivative Maximum

Slope: -2.542 Intercept: 42.10 Error: 0.0261

r-1.00

MDRI 05 55l deandly 235 Il o 51 o0l Lol ey 3510kl gote Y 13 5ai

\w\,;/ﬂaUm/rmj%gju—owlo_{;ﬁc&mm?u Yoy



O ysan g Jeob anbld 5o

SPELL 0lays 81 53 85, 5SS Oy Ao

Qb 5 oty Aoy $/F 4 do s FY I siRNA

L 55 ol OVl sl adls Oly 2alS o s

3 ol gl ls gl 355l ima P = +/10F
s el VS 5 Wad s (6 520 s 5l

ol Olays 5 el 5 pslie lad g ioman

o 3 = 5,5 Real Time PCR i5; w g

sl 8 03,51 ¥ Jgd s QT@usm;

Real Time PCR 5, 3| ol @ Y s

4l

S s GAPDH  MDRI PP
MDRI1

YYeu VxR polis Jsho

Vx e ol s

AD* Yx W VT L sl eslie Jbe

siRNA ; Fugene

ov+ VEx A AT s e eslie sk

siRNA , PEI'L

53 el ol 03ls OLES ¥ Jsdr s 45 4 S0k

sl 5 o bl MDRI 05 0k ol dsle
AVASE A i S g pL?u Js ,a MDRTGS S
A0+ 4 siRNA ;5 Fugene L Oleys 3155 5 Ll e
el s alS o 3 PO S sd 53 5 el S
05 &S olas siRNAG 5 PEL L 0leys 1 js ooean
adly JalS d o 3 V0 30> 53 5 edew, OV @
0355 43 —ma P VO L s ol OO 5

s

&

—

Oleys o ol e is 5l G psls Cuslia
055 Semdlshee sl Ol s alar Sl a0
B Slegs caidie slagil i ul g Sl e
= slassls Sleslaal 5 YL 500 L Sleys pacd

j&:a_aﬂ‘ obj_?})_:ﬁll,_:.&.é‘yc ursuaww&;

SISIRNA 35U 050 K562 o5lis 5 e J b
3 g 50,50 Pl SIS 0L
oSS 3 SIRNA Lo 55 p5lie J sl s (235
Fugene 6 5 PEI Lgl_fb(sucgwjﬁ)ﬂ.é)}:f‘jjbl{
Ol B 51 05l sSSl el YA 51 ey 5 A2 Jlas
Ol ol 5 dd (g et B P 5 5 SIS
534S 43 S edalie SIRNA 1 3 P sy oSS

Wl o 030y QLIS Y J gl
SIRNA L 0l s Slues o 13 P sy 0 SIS 0o s Y Jgdr

IR 085S 93 g

Pews | (D)t d 5 L0 p g
Y Y pslie Jsku
2 Y ool Jshe
A Y Lot e pslie J b
siRNA ; Fugene 6
Al Y Lol jleg pslis Jshes
siRNA ,PEI
\.l A - | e
| I
My
oo b
hoD E

Py SIS sl w8 N S8

Jsbe 1C «(/¥Y) KDI20 ¢ 5lis Sl B 1Y) e J S A

Fugene6jj:5)}SiRNA a.JAAA..lr}u.a J}AD‘(/?) J»L.MJ-

(/8P PEL | 4S5 5 SIRNA ol jo 4 pslis J ke :E «(/4/A)
Gl ol el QLES Y d_j.l?— BE aS 4.;; Olaa

Fugene 6 L Oloys 1 53 P o5y 5SS Ol Ao s

A+ 9 aJv:_v)J J»_».ﬁ)ba//\ 4 MJJYY ‘)‘SIRNA‘}

aS Cul Jls s nlical adls fals as s

\w\,;/ﬂaQJM/@j%Ju—owlé,:ﬁc&mm?u Yoy



Olysan g Aeuls dabld yisa

4 polie sl 0 O slad s 5> MDRI 05
1,05 oly K Goge 5 L3S eslizal ol ol
L o3 OF 5 s Al sy Lo 5 Lo p3 AD
() tas EalS s gla, S s 5l eslazad
03 iz cpdisee L5 SHVL s a8 48 Oles
05 ds o SIRNA Sleslical U Jlsze sladlu
sladshu glsl 531, 05 cnl Oly Lzl MDRI
53 A RalS gls s pslde Gl o il
SIRNA 1 eslizal b ondl 5 Lo 55 0l (slagsios
S Gk 585 G Sl ealinad s MDRI 05 45
Je 50 i 55 48 (PED plad 5555
I, MDRI 03 0Ls /VO 5750 5 5 am dS s
53 FALS nl pemmen (1 i) oms hals
oS P s SIS e 05 Ol J e
055 bAoA 5 ] LS L Ao A Ol
o O ISKE 5 Y Jas) cod sl ey ol
O ol gl S S5 b s oS 4 STk
Ol S a5 555 55 5 Sth o3 55 I3 —ma
Gel s cylis Jole 8l 41, SIRNA Wil
& alie 3 b s S WEEMDRI 05 0Ly jtals
Al 5 ad S5 nie SElis s Oliie s
in vivo > olsyu oyl )l sl 45 asS 395
Sl ymad Bl dons 05 (S3lo el 25l 50 g
L ol sl cuslis 0 @ile sl b
e S | sl glad s 5 o3le W MDRI

Sy ple Slays end slagls

e‘é)u\é 9 N

JJfJJYq'Y CJ_E L§°)L°_“LL—’L;—2'&.'>JU_.’.‘

e A s S5 — S sles Sl

e Saanu gl slad sl 5o GBIy ool s glia Hlge

Sl sl o i, Sl et sladle s Oldds
o3 g o3zl SIRNA Jawe 35 0

Il 53 SIRNA Lo 5 05 (63l b ol oS
1wt Lo gl s OKes 5 Fire Jaw 5 1444
iy SLS DLk 53 Yoo Jlw s 5 (04)
@35 Sl 53 sl b= s siRNA 5L(Y+)
03 S 03 Glal) i 4 cidse (a0} ade
(V=Y 555 e sslinad Ol o

iS5 GO Supd Sl il s e B 4
3 ol Sl G55l ey s 5 Ul
w0l > sl Caaglis sl s MDRI
SIRNA saliy 4 0155 oo | Canslin ol 5 555 s
sJun ((YO) 5,5 jlge sy nslie O ale
oS e Jsblee 51 eslizad L Ye0 Jle s O1iKen
=l Ceglie 05 L5 SIRNA 5 S —
© P s SIS 5 05 cpl Ol 2als (MDRI)
(Y$) Conl 0315 OLES oS RTPCR 3,

Sl eslial Lo Yor8 Jlew s 0, LSas 5 Lin
o35 53 |, MDRI 05 0l_y ASlaz_il 55 SIRNA
alS Lo 0 b (MCF-7/R) a0l e ks
YY) pas

YooV Jlo s asls Canslis 0 als SIRNA |
Ol o slad sl 53 OS5 Sichuan L &
55 0l a5 LB 2l el sl Oltass
5GU pzman (YA) Jles S 4 b=l |, MDRI
o slie 05 acde SIRNA 31 Y0V Jlw 0l,LSen
s pslis Ll K562 slaJ sl 55 MDRI 505
b s Coeslie JolS Slee 5 oslinal fpmslal ol
(Y4) L35 sdalie sl ol >

e SIRNA 3l 0l,LSan 5 Lim Y+ +V Jla s

\w\,;/ﬂaUm/rmj%gju—owlu_{;ﬁc&mm?u \iai



Olysaa g Aouls dabld yisa

J_&AJ_vﬁijéjj_‘}ga‘jOHul_i:bﬁjjjﬂ
Jgﬂﬁmw Qir)bw J«jjjm.ae}ijud‘ﬁm\

J}J»da L;}\J)Jé)

References
1. Beutler E, Lichtman MA, Coller BS,
Kipps TJ, Seligsohn U. Williams

hematology. 6™ ed. New York: McGraw-
Hill Professional; 2000. p. 1045, 1083.

2. Hiddemann W, Kern W, Schoch C,
Fonatsch C, Heinecke A, Wormann B, et al.
Management of acute myeloid leukemia in
elderly patients. J Clin Oncol 1999; 17(11):
3569-76.

3. Jackson GH. Use of fludarabine in the
treatment of acute myeloid leukemia.
Hematol J 2004; 5(Suppl 1): S62-S67.

4. Schaich M, Ritter M, Illmer T, Lisske P,
Thiede C, Schakel U, et al. Mutations in ras
proto-oncogenes are associated with lower
mdrl gene expression in adult acute
myeloid leukaemia. Br J Haematol 2001;
112(2): 300-7.

5. Simon SM, Schindler M. Cell biological
mechanisms of multidrug resistance in
tumors. Proc Natl Acad Sci USA 1994;
91(9): 3497-504.

6. Chen CJ, Clark D, Ueda K, Pastan I,
Gottesman MM, Roninson »IB. Genomic
organization of . the. human multidrug
resistance (MDR1) gene and origin of P-
glycoproteins. J Biol Chem 1990; 265(1):
506-14.

7. Higgins CF, Gottesman MM. Is the
multidrug transporter a flippase? Trends
Biochem Sci 1992; 17(1): 18-21.

8. Hunault M, Zhou D, Delmer A, Ramond
S, Viguie F, Cadiou M, et al. Multidrug
resistance gene expression in acute myeloid
leukemia: major prognosis significance for
in vivo drug resistance to induction
treatment. Ann Hematol 1997; 74(2): 65-71.
9. Del Poeta G, Stasi R, Aronica G,
Venditti A, Cox MC, Bruno A, et al.
Clinical relevance of P-glycoprotein

e Saanu gl slad sl 5o GBuy ool S lia Hlge

e a Ul (S pshe oS8 Ol g
el 55 50 01 a5 OF slaay 38 4S5 sl
O‘)L_{A.A 6%5 C)LA}J )‘ il?.ﬂj g)‘.’“b el sl

expression in de novo acute myeloid
leukemia. Blood 1996; 87(5): 1997-2004.
10. Nussler V, Pelka-Fleischer R, Zwierzina
H, Nerl C, Beckert B, Gieseler F, et al. P-
glycoprotein_.expression in patients with
acute leukemia-clinical relevance. Leukemia
1996; 10(Suppl 3): S23-S31.

11. Ross DD. Novel mechanisms of drug
resistance in leukemia. Leukemia 2000;
14(3):467-73.

12. Noonan KE, Beck C, Holzmayer TA,
Chin JE, Wunder JS, Andrulis IL, et al.
Quantitative analysis of MDRI1 (multidrug
resistance) gene expression in human
tumors by polymerase chain reaction. Proc
Natl Acad Sci USA 1990; 87(18): 7160-4.
13. Ludescher C, Thaler J, Drach D, Drach
J, Spitaler M, Gattringer C, et al. Detection
of activity of P-glycoprotein in human
tumour samples using rhodamine 123. Br J
Haematol 1992; 82(1): 161-8.

14. Shiraki N, Hamada A, Ohmura T,
Tokunaga J, Oyama N, Nakano M. Increase
in doxorubicin cytotoxicity by inhibition of
P-glycoprotein activity with lomerizine.
Biol Pharm Bull 2001; 24(5): 555-7.

15. Li X, Smyth AP, Barrett DJ, Ivy SP,
von Hofe E. Sensitization of multidrug-
resistant human leukemia cells with MDR1-
targeted antisense and inhibition of drug-
mediated MDRI1 induction. Leukemia
1997; 11(7): 950-7.

16. Yague E, Higgins CF, Raguz S.
Complete reversal of multidrug resistance
by stable expression of small interfering
RNAs targeting MDR1. Gene Ther 2004;
11(14): 1170-4.

17. Elbashir SM, Lendeckel W, Tuschl T.
RNA interference is mediated by 21- and

Y50 VWAA LS /40 a)u;/ﬁa,%du—owté.zﬁa.\gm@



Olysan g Aeuls dabld yisa

22-nucleotide RNAs. Genes Dev 2001;
15(2): 188-200.

18. Nadali F, Pourfathollah AA,
Alimoghaddam K, Nikougoftar M, Rostami
S, Dizaji A, et al. Multidrug resistance
inhibition by antisense oligonucleotide
against MDRI1/mRNA in P-glycoprotein
expressing leukemic cells. Hematology
2007; 12(5): 393-401.

19. Fire A, Xu S, Montgomery MK, Kostas
SA, Driver SE, Mello CC. Potent and
specific genetic interference by double-
stranded RNA in Caenorhabditis elegans.
Nature 1998; 391(6669): 806-11.

20. Elbashir SM, Harborth J, Lendeckel W,
Yalcin A, Weber K, Tuschl T. Duplexes of
21-nucleotide = RNAs mediate = RNA
interference in cultured mammalian cells.
Nature 2001; 411(6836): 494-8.

21. Heidersbach A, Gaspar-Maia A,
McManus MT, Ramalho-Santos M. RNA
interference in embryonic stem cells and
the prospects for future therapies. Gene
Ther 2006; 13(6): 478-86.

22. Dykxhoorn DM, Palliser D, Lieberman
J. The silent treatment: siRNAs ‘as small
molecule drugs. Gene Ther 2006; 13(6):
541-52.

23. Cullen BR. Induction-of stable RNA
interference in mammalian cells. Gene Ther
20006; 13(6): 503-8.

24. Pai SI, Lin YY, Macaes B, Meneshian
A, Hung CF, Wu TC. Prospects of RNA

e Saanu gl slad sl 5o GBIy ool s glia Hlge

interference therapy for cancer. Gene Ther
2006; 13(6): 464-77.

25. Su F, Ouyang N, Zhu P, Ouyang N, Jia
W, Gong C, et al. Psychological stress
induces chemoresistance in breast cancer by
upregulating mdrl. Biochem Biophys Res
Commun 2005; 329(3): 888-97.

26. Jun H, Mutch DG, Herzog TJ. Stable
suppression of MDR-1 gene using siRNA
expression vector to reverse drug resistance
in a human uterine sarcoma cell line.
Gynecologic oncology 2005; 98(1): 31-8.
27.Li L, Xu J; Min T, Huang W. Reversal of
MDRI1 gene-dependent multidrug resistance
using low concentration of endonuclease-
prepared. small interference RNA. Eur J
Pharmacol 2006; 536(1-2): 93-7.

28. Lou JY, Peng ZL, Zheng Y, Wang H,
He B, Wang HJ. Research on human
ovarian cancer cell MDR1 gene silenced by
siRNA. Sichuan Da Xue Xue Bao Yi Xue
Ban 2007; 38(5): 753-5.

29. GulL, Liu T, Gong YP, Xi YM. [Study
on RNA interference reversing the
multidrug resistance of leukemia cell].
Sichuan Da Xue Xue Bao Yi Xue Ban
2007; 38(1): 45-8.

30. Lim MN, Lau NS, Chang KM, Leong
CF, Zakaria Z. Modulating multidrug
resistance gene in leukaemia cells by short
interfering RNA. Singapore Med J 2007;
48(10): 932-8.

\w\,;/ﬂaUm/rmj%gju—owlu_{;ﬁc&mm?u \{24



Olysaa g Aouls dabld yisa

e Saanu gl slad sl 5o GBuy ool S lia Hlge

Original Article

Received: 17.5.2008
Accepted: 7.9.2008

Journal of Isfahan Medical School
Vol 27, No 95, July 2009

The Suppression of Multidrug Resistance in
Leukemic Cells by Short Interfering RNA

Fatemeh Nadali MD*, Kamran Alimoghaddam MD**, Shahrbano Rostami

skokokok sksfokoksk

MD™", Hamidolah Ghafari MD"™"", Ardeshir Ghavamzadeh MD

" Assistant Professor of Hematology, Department of Pathology, School of Medicine, Isfahan University
of Medical Sciences, Isfahan, Iran.

" Associated Professor of Hematology, Hematology—Oncology and Bone Marrow Transplantation
Research Center, Tehran University of Medical Sciences, Tehran, Iran.

" Ph.D Student of Hematology, Hematology—Oncology and Bone Marrow Transplantation Research
Center, Tehran University of Medical Sciences, Tehran, Iran.

"™ Assistant Professor of Genetic, Hematology—Oncology and Bone Marrow Transplantation Research
Center, Tehran University of Medical Sciences, Tehran, Iran.

***** Professor of Hematology—Oncology, Hematology—Oncology and Bone Marrow Transplantation
Research Center, Tehran University of Medical Sciences, Tehran, Iran.

Background:

Methods:

Findings:

Conclusion:

Key words:

Abstract

Acute myeloblastic leukemia.(AML) 1s the most common form of
acute leukemia in adults. One of the major problems in this disease is
the emergence of leukemic blast cells that are resistant to anticancer
drugs. This phenomenon is termed multidrug resistance (MDR). One
cause of the MDR is the expression of the MDR1 gene and its product,
P-glycoprotein (Pgp). In this study, we tried to inhibit the MDR
phenotype with MDR1/mRNA/Pgp in the leukemic cells using short
interfering RNA (siRNA) and two nano particles as non-viral vectors.
The Pgp expressing cell line was established from a parental K562 cell
line with increasing concentration of doxorubicin and named KDI/20. In
order to'reverse the MDR phenotype due to pgp expression, siRNA
against MDR1/mRNA was synthesized. siRNA was used on the KDI/20
cells«in combination with two nano particles as non-viral vectors: (1)
Fugene 6 transfection reagent (cationic lipid) and (2) polyethylenimine
(cationic polymer). The effect of these complexes was assessed at the
cellular level by flowcytometry (for Pgp detection) and molecular level
by Real Time - PCR.

The result showed 79% reduction in Pgp by siRNA /Fugene 6 and
86% reduction in the Pgp by siRNA/PEI at the cellular level in
flowcytometry. Also 62% reduction in the MDR1/mRNA by siRNA
/Fugene 6 and 74% reduction in the MDR1/mRNA by siRNA /PEI at
the molecular level by Real Time — PCR.

siRNA could be an efficient method in order to post transcriptional
gene silencing and there were no significant differences between two

nano particles in gene silencing in this study.
siRNA, MDR1 gene, P-glycoprotein, Multidrug Resistance.
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