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Abstract

. . Keywords
Background & Aims: Breast cancer imposes a great burden of cancer-related mortality y

and morbidity in women worldwide. Scientific efforts are in progress to improve the MG132,
efficiency of current therapeutic strategies and reduce chemoresistance (1). Due to the
fact that the homeostasis of cancer cell growth is dependent on the balance between cell
proliferation and cell death, the emerging role of pro-apoptotic agents to promote Cell Death,
apoptosis and attenuate cancer cell evasion from apoptosis has opened up promising
cancer therapeutic approaches (2). On the other hand, the process of protein breakdown,
which involves the loss of toxic, incorrectly folded, or accumulated proteins play a critical Caspase

role in normal cell fate. The protein breakdown is mainly implemented by the proteasome

system that breaks the proteins into short peptides and their constituent amino acids and

transfer them to the cytoplasm to reuse in the synthesis of new proteins (3). If protein

breakdown is disrupted, the accumulation of incorrectly folded proteins leads to errors

and induction of apoptosis (4). Due to the great importance of proteosomes for cells,

inhibition of their function has been proposed as a way to induce apoptosis in cancer cells

(5). MG132 has been considered as a proteosome pathway inhibitor and postulated to

regulate cancer cell growth and death, recently (6). It has been proposed that MG132

synergized with bevacizumab and/or cisplatin to inhibit cancer cell proliferation by

triggering reactive oxygen species generation (6-8). However, the lack of sufficient

evidence regarding the relevance of MG132 on breast cancer cell growth provoked us to Received: 11/06/2022
unravel the possible effect of MG132 and its underlying mechanism in breast cancer. .

Thus, this study is designed to elucidate the effect of MG132 on growth regulation and Published: 13/08/2022
induction of apoptosis by emphasizing the role of caspases, reactive oxygen species, and

mitochondria in MCF-7 cancer cells.

Methods: In this study, the human breast cancer cell lines, MCF-7 which pathologically

originated from invasive carcinoma of the ducts of the breast was obtained from Pasture

Institute of Iran and cultured in RPMI 1640 medium supplemented with 10% (v/v) fetal

bovine serum, 100 U/ml of penicillin and 100 pg/ml of streptomycin and maintained at

37 °C, 5% CO, and 100% humidity in the incubator. Cells were treated with different

concentrations of MG132 (0.5, 1, 5, and 10 pmol) at incubation times of 12, 24, and 48

hours. The cytotoxic effect of MG132 on MCF-7 growth was investigated using MTT

assay and the results were expressed in terms of the percentage of viable cells relative to

the control. Annexin-V-FITC staining and PI staining were used to diagnose early and

late apoptosis using flow cytometry. The level of mitochondrial membrane potential

(Aym) was investigated using JC-1 lipophilic dye and its accumulation in mitochondria,

which is associated with fluorescence emission and change of emission from green (520
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nm) to red (590 nm). The formation of reactive oxygen species (ROS) after treatment
with different concentrations of MG132 was performed using a fluorescence probe
dichlorofluorescein diacetate (DCFH-DA). To evaluate the possible involvement of
caspases, the activity of caspase 3 and caspase 8 was examined by the ELISA method. To
determine the specificity and accuracy, all experiments were repeated at least three times.
The non-parametric one-way analysis of variance (ANOVA) with Dennet’s post hoc test
and Tukey s post hoc test were applied for analysis of differences using Graph Pad Prism
version 7 (Graph Pad Software, San Diego California)

Results: Based on data, a significant reduction in the percentage of viable breast cancer
cells (MCF-7) was detected following treatment by MG132 that was occurred in a dose
and time-dependent manner. Treatment of MCF-7 cells with 5 pmol and 10 umol of
MG132 for 48 hours reduced cell viability by about 40% and 50%, respectively. Annexin-
V and PI double staining method was applied to evaluate whether the cytotoxic effect of
MG132 was related to the induction of apoptosis. According to the protocol, annexin-V
positive, PI negative cells accounts as early apoptotic cells and annexin-V positive, PI-
positive cells account for late apoptotic cells. Decreasing the percentage of viable cells
after treatment with 5 and 10 pmol of MG132 after 48 hours has increased the percentage
of early apoptotic cells. The percentage of early apoptotic cells was 15% after treatment
with 5 umol of MG132 and 30% after treatment with 10 umol of MG132. Also, due to
the considerable role of the caspase cascade as executors of apoptosis, the activity of
caspase 3 and 8 was assessed. A significant increase in the caspase-3 activity was
observed after treatment with 10 umol of MG132 in MCF-7 cells. Also, the level of
caspase-8 activity in the mentioned time showed a significant increase in both 5 and 10
pmol of MG132 indicating that the MG132-induced apoptosis in MCF-7 cells occurred
in a caspase-dependent manner. Based on the results of this study, a significant increase
in the intracellular ROS level of MCF-7 cells was observed while cells were treated with
5 and 10 pmol of MG132 for 48 hours. Increases in intracellular ROS levels indicate
MG132-induced apoptosis in MCF-7 cells is associated with the induction of oxidative
stress. Also, reduced mitochondria membrane potential (A¥m) reflects mitochondrial
impairment and accounts as a hallmark of apoptosis (9). Our data showed that treatment
of MCF-7 cells with 1, 5, and 10 pumol of MG132 for 48 hours, reduced the mitochondria
membrane potential significantly, indicating the fact that MG132 influences mitochondria
to induce apoptosis in breast cancer.

Conclusion: The data presented in this study revealed that MG132 inhibits the growth of
breast cancer cells and induces apoptosis by activating caspases 3 and 8, increasing
intracellular ROS level, and decreasing mitochondrial membrane potential (Aym). Also,
our results showed a significant difference in the effect of MG132 on the mentioned
assays in untreated (control) breast cancer cells compared to the treated cells and the
observed effects on the treated cells depending on the concentration of MG132. These
results emphasize the effective role of inhibiting the proteosome system through MG132
in stopping the proliferation of MCF-7 cells and inducing apoptosis and the potential of
this combination to design more effective therapies in controlling the growth of breast
cancer cells.

Conflicts of interest: None
Funding: Iran University of Medical Sciences

Cite this article as:

Salimi V, Shahsavari Z, Tavakoli-Yaraki M. Evaluation of the Effect of Proteasome Inhibitor (MG132) in
Regulating Cell Death, Apoptosis, Caspase Activity, the Amount of Reactive Oxygen Species and Mitochondrial
Membrane Potential in Breast Cancer Cell Line (MCF-7). Razi J Med Sci. 2022;29(5):16-30.

*This work is published under CC BY-NC-SA 3.0 licence.

YA

http://rjms.iums.ac.ir VE Y 3,00 oyled (YA o,5s 5jl) ipSusjs oglealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22287043.1401.29.5.8.7 ]

3 59 9] il og—as ;0 (J9SUge liiios
slosliial bl ass czge (Sl pw 9 Jbo i slosbo
Bl 28l 90 0l 50 G55 el (slo gl
5 sl oo bgn lids Sl gagas
Sler sle g, 9 gl (Fhb e o (S5
b Ban 0 S0g, cpl Ho (V)og—b 00giS wu
e 3 (65808 oS o &S Sl (Gl b
ok Alwg g e Job () )os Sy
Szl g ae 48T 30,5 (o0 JSBS g n A
b 2lr sree Jsb U ioine sl uSdh Jro aii30
RS o)il.o.c 99 () V)o—ab p_“..:.ilf)‘ S5 ol Jﬁb
Hl o )le 4T 9)ls s925 o (g anie anlb ol
5 o SLoesn sl (8, (5l Sis ()
b 00,550 S ol jsb 4 a5 lareiisny Guicron
2 o dhuly a5 olocnSyn b ol a8l qe
Cdglie Jds 4 b ail osd el b oyl soisS oS 5
o S 4525 (¥ el o el Jolw slo
Sl ) aied ;08 o ailSes oanb olatiyn
e s 53 5L Sl Al (5SS
| ol ool 50 @ S el g 0591 (oo ol B
a3 oo bl pss 4 gl o o ok 4 S5l
slosliiwlle (pyp 15285 o (o Hte 5l (S0
il S Bk 3l b (i o 9Bl po3etisn
Oanlr and la sl cdlBo b g (65, 4 anly
oA pgieiig O,lg g ool Caws I, 095 Fo,650 b
sl ael ol Ve L ¥ oligS slonezy ar o 50
NG P RPN IR W
aipel slasessl 4y b o 50 5 00 Jatie oedlygiin
i ;0 oyligo b adg i o dniod 0¢5 ol
4 azgi bk pS 18 eolitnl 3,50 &y latyn
S 8kes Lo ool (10 Lo pgjemisn olyj Cureal
Saw g semml Ll 6l 0] Glse 4 L]
SISV N B VIR G | 1 T PR N =P VR C S DR
MGI32 oS5 o pgjemign o Sles sl 0uiiS L
o sl o, Wil o sales oLl 1 45 4l o
1 olallas mls OV Pagles dbge 1, b,
ol S o S5 3 MGI32 25 oy
s5an] Sl L Wlgi o MG132 a5 ol Lt lls s
| el s S 5, Ciliin slaalaly a5 |

O9° 4 lbaiy pl e

14

O g (sosles 4>

doddo

Sy ol s 5l G Gl s g Ol Gl s

O3 53 Ol 51 (3 e 9 S po Slle ( Sld
B oo, oYY sgu> o a5 wil g aJLL YL T
b oS o 5l ooy 1 5 b5 slaplb
3ot ol o (V) 3580 ol 1 015 5o ol
(2l £9) SHn b lawgie 5 )bme L 2l by
a (Vs e5) Lodss) olel (o)l pseli gl 5l L
) 2l w2l et b ol Wl o0 a5 2T c0 0929
Oy Ol 590 sl (oalad g pasuine Sde (1S U
2l Lol cl oot il o ol L aiilen
(S Jolgs acgorme B Syjslseenn] Slallae
FB 5 Sge Ol cnl 592 50 1) (Go0y92 5 (e
oy 4 Ml &y 4 el (1) il wails 4
» glabade LU sled iy 0350 Gl
9o G Gy (Sloyd aslraiz slaasl
ol o Loy Joli (IS jahay a5 il aid S
ol s Sleydgin) S sl pleys 5 ()
o o5 slem Sl J5S ((Sloyd () o Sleyo
S 51 (S (F) wBl oo (Sloys (13082 5 Slejo
slodslo o semml @l SoS sl loys Jos sl
s &5 5 9095 sladslo 9, (0) 9Bl o Sl s
ol Sl el (Jolw 2355 (A3l 4 ail
S ol Gayb 5l ol pwile iz b Jobs yoe Jsbo
& 5 sl P 91 (S 5 s b (sl
4 00,5 (oo bl ool (g5 ya0liy S ye l (sl aisS
3,1 97y (ol 5 oy peilSe 5 S35l5 90 0] 5
0l Jsls 3500 o 538, s 3l 51 A5 e 45
P89S We—bon Jolmw ojluil g x> it ) e
oo o515 «sishs] ladsbe phaial IS 5 (og:
sle ojlasl o DNA olalad oloul il og,S
sl (58, O 5l 5 (09308 P8I B (sogj98lS 3
oDy sLié Sealanld (b s (V) ais
Loyl (o pte &5 a5 il Sl Lz
Pl 09,0 Seomw Sl (e JriSlind 25 >
3 aBbioe (Jobo ) Coss 4y (o cLié
@lolicd carge e hrowilind (285 )18 (5 e
S8 5 Lajley SLe awgs Lo Jslw (0
=ls ((A) 005 oo Loyl o2& (Phagocytosis)


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22287043.1401.29.5.8.7 ]

2 s SeS slaglays (b ln oSle
oled ool 2 ae (b e

SLIETD
by (Jolow 00y p i g (5)IgST sclS
A Gl s el 0o 3l dasdlas ol jo rdiw
&ly oyl Jobes SOL 51 as” 00,5 eolai Wl MCF-7
MCEF- Jslas 05, 05,5 5l 5 el gl )
3 bl sl asals Slws! Lis o577
Invasive ductal ) a—w 5w p2lio g S
FA Wl iz 90398l 5l g 48,5 wlis (carcinoma
VAVY Jw o ole—tae ol 35 50 50 sl
P T COC SR S 5 I PN ORIV PP DON
gAY S O jgeo a4 g Sl JLL ol Jsloo MCF-7
Solaw 00 (pl g oS oo 0y SO S 4 oo
P P NI KW PRV PR
(CO2) (0,5 9SSt 5070 (g5l> (Memmert « L)
ailigy 9 a6, YV °C sloo g cagh, 0.
A g (elid Sy (Jshow o515 g 0 Sl
(Zeiss (plall) o5San 95y Soo lagi So9l]
RPMI-) ot Lo (angad a8 5 )18 (o) 2 9 )9
0, ol bl 5 b Jglos (GIBCO oS o1 (1640
a5 plal 5l o550 lagle; 5o ol azwils
TAD LA+ ay bl o Lo sk o515 a8 Jib;
sl Sl 4 ity IS5 jslateds Lo Jol ey o0
Laos lal ¢ jglate cpl (gl a5 o o daoz
EDTA- s 5 Jslowe ] & 5 el Sl s
G 5l om0 )5 e a8lsl s yiwl (Sigma oS ,el)
VY Coi b ool (geslisSSl e ()
ol HlisSil 5o 5 e dpaz gle Sl

A (Yl yu (Johos 035 )3 sk S po mlali )3 093555 008 e 36 (w0

MG132 a5 ol ools las Lewly opl jo aes il
s Akt (Protein kinase B) (gDl ;988 &lg5 oo
|, Erk (Extracellular signal-regulated kinase 1/2)
aloz 5l Ssumlsn Glooetisn ole g ool (rals
G0 dxlllas 0 . (VO)a2s ol )V 4 ¥ sL_uls
G U J8las pg3ladg p 0aiiS jlge a5 ol colo oyl
cel FOX03  wsgigy ;951 codled Loss 50,k 5
OF) 355 g0 3i8g et (S yas Jslos )3 S55T W
255516 s Jlas AT 0 ool L5 ripan
PN LU CEX I - L GIP SV 5 o F LR FLOWS
SO a5 wes oo yialS ) (NF-kB ) Jé B slo Jolus
3 oleys ar Cwglie sl jo cubaisli & Sgeg
4 MG132 wo 5 ez in (U937) LS slo Jolw
Ol siels L wilss o Pentoxifylline of o
3B 53 sk a5 2 By i5ml (S slaieSsn
ool g A g Y sl jL—uls e dles 2ol58l (Gl
a3y g 59hm ] Gl ceb g S g slae il
SloJsbes 55 (VA5 5b b slosbos o3
Gk )l wlg e MG132 o S sloginw,l
3 A 5T oS 0,5 b 5 5t ] (2 5 s
Jé 4 yoxie a5 (DRS) Slid 0ni 5 0,5 Jlad 50
sk Sy onin G A S g o
Gl o Jolw oyl o1y 59090 g oo TRAIL alox
950 il 51 Sadl ledbl Lol (Y )oules
5y JS e s Gk o SIMGI32 oS (g s

Gl YL a0 SO byl 5 o (Memmert
L obes oY 5l Lo (o)l (sl aia—5 o
SigmadSy D) s ol 3 701N Jslro 5 jogialugan
ooybe—i sl b lo 5 5l eolaiul .oy 5 eola il
O Bl 5 S5y Gl el ulul L sl
3o oz Sl 0350 5 00 sl ol
OSe 5l an 00 i 5 la Jsls (ganibing

http://rjms.iums.ac.ir

Of ekes J1o Blaal 55 5 s Sl s (glaJsbos
on & ol aslllas oyl 5o )ls S92g Sl e
L sl Wl g o, pelas 5 MG132 Lzl il
5 ST Jub GloaisS Lo jL—ulS 28 oSk
2313 p oo MCF-T Glb jas (sl Joboo 55 (6,035 e
LgL’J_,..;l) I 1) ey ..\.b‘g_m ..\3‘9364 axJlas w‘ C.>L..>
Saw lgie as Lopgjeiign sl HLSal) 5l eoli |

VEe) 5050 osled Y4 o9 15il) uE.l.'l.'lH oglealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22287043.1401.29.5.8.7 ]

2 gl ol nlitio o) (gl Jylas Sloes L
9 03,5 Gl J5S 4 Comnd 00ij gl Jols 9o
Sl n s Sl gl Coo §l bl &l
20,5 LSS LY Bl
£ st S\n s piasit lglS b joiyar ] w0
o sladdw a0 (o5 Geeni g (ol Sy
& egtil gl 5l ansils 5 asdsl jenye]
a0 sslate ol sl auo 5 ool ! (LifeTechdS o)
dsessSee Ve 90 ) glackale b sl los JLso
SloSaly s, b wiels FA Sae 4 MG132 5|

5 om 3 s slodsls 5 (6 ysleex Jsbos 55l
@ pY WS 6 glees bSaly jlad a5
o Slp @88 slacale Qladl cle el 53
3 J—ol bl slis » seual Ll
slp plocdale g colodg b ol dnpnS gigim
GWITY 5l Gt a5 wiays,5 Clil e sl (o) 2
S o b Jolow sl 00,5 ol sl Jolas 1o S yo
oladl) (a0 0+ F @) jeiu,mil w4 ads O
O59 «0lp) PBS jo Jolu gy .ol (Eppendorf
(Ol ©osySen & 5 00 (ygmilimsgs 3y ()]
5 b (e Nau 5 Jie wax (05 ook
et it bglie T & JLsl il iy Se 0 -
O ¢ Annexin-V Jeloo il Sio O 09538l 5
O5ewbgSSl (Biovision oSG pel) PT Jgle yidg S
Aao,S plasl (SOl j0 4880 VO Do 4 lo Jol
9 e s yeglagls dgl 4y ol gy
(LifeTechdS 1o1) (5 ol wsld oS o oS
20,5 5 lbT el SO B xSTas
Sy VoS Pl e i
i 85 Sl (ol (39,8 51855 i
Sl &yl anl® o euisS Jas g Cussg b sluls
B 9 IS e )3 S i c52 g 99,00
0 5ol Yo slsls codlad o Cp il 5505 ]
Floyd wlal paS ou S5 b, 5l (Biovision
Acetyl-Asp-Glu-Val- Y- 3L ulS socs ol pngw
ol3T as yoie g el gl (Asp-p-nitroanilide)
9,5 solaiwl wgis co (PNA) ulily slyl o

VY 513 0 0 oyled (Y4 oy 55 §jl) ySilija ogle alan

Y

O g (sosles 4>

Lglia sl oles 5 Jsbono 51 s3lue p> b 5l
o jlem oY (i oY 5 aladoes 4y g 0090
aS ool JoSii goue ¥ ye ¥ 5l 398 pY 00
g od—bodyed Soym g ¥ y0 0929 la sl
20,5 dmbre byl (uSils
sy § o by 00 sl Jolow Lo
Slp MTT o5, jl ooldiaw] b Lo 3 g
s 3 am Sl 0 9290 sla ol jslaie
o g oo a5 (Sogll 0925 pac 5 jalls
IS8 e el g ilo b o Jobw 5l
Celw VF e 835 5l o 0 5 ol Sl
38 58 el (58,5 )3 5l lebl 5 0 gnnslisSCl
9 00— 4\...1.79 LmJﬁl_..; =9 Ja...?r.a ‘gsa':'.’.)lil ..\_m)
I JsegsSes Vo 5 B ) o ool S S las
g 20,5 alsl by el 4 (Tocris (S 1) MG132
A0 )5 eSSl celw FA 5 YT Y oo 4 b Jolw
el b osadl-asss SO MGI32 cul S3as eV
ol
9 009 Iaﬁ)Li"B)) G:.....‘a OJJ_ZS)Lerc &S Cwl leucinal)
Bgdios Cgmite (BLS Fiie Sy g bain S <
Pl 5 035 475.63 J5Sye 35 s G5 oS 5
Jsle awgs sl .ol (MERCK (ST Ll
YA o, MGI32 5l 68 LoV Jlade Sl
Voo eV cdale acu oo 5 Jo bl 5l od s
20,5 oolatwl laedale plw ags slp ol 5l g oy
Jslowe i) 5,5ea ¥+ oo ol s3ime Sl o
(MERCK «,LJT) (PBS o dmg/ml clalé) MTT
D) HelisSSl yo celw F as a4 g adlo
i lae o 50,8 455SSI (Memmert
FdgySe Voo Sals 2 4y g ou z)ls cds
03958 Pl lgie a0 (MERCK «,Lsll) DMSO
Jsb 5 Jobw Salz 2 5,98 @ Glie g w05
ELISA-reader o[ v lawgi ogili QY+ zgo
Uwilem (Organon teknika (Ll l) (fogidg mSiul)
s Hob 4 QA e el SS @ pY 08

(carbobenzoxyl-L-leucyl-L-leucyl-L-

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22287043.1401.29.5.8.7 ]

S5l e See ) olre ap S basme Y -l
s S 4y 5 4L_s| aiges o 4y FITC-IETD-FMK
90 5 2550,5 4gSSI CO2 70 3 YV'C o el
4285 O Saw 433000 rpm o e Sl al> e
ELISA-Liwg Salx ;0 5,58 @i (e gtincd
yogils 535 ,o (Organon teknika ([LJI x__.l) reader
205 slss

Sly i feedT s STy (slodisS (5 S0 jIb]
5555 (ROS) (351 g STy (closisF (550303
2 sl g 3 g ot lame o Jshes
7/ -dichlorofluorescin diacetate (DCFH-DA)
M ol cdale a0 5 eoliswl Biovision (S5 jel)
o Jsl s S Layxo 4 DCFH-DA S 5 5 ¥+
4z 0 VY 0 el 4z do TO 5l Ly 20,5 sl
ok slocSaly 1y Jolous o5 il
al> o j0 .o A s PBS L by Jolw g o0l B>
o5l doJslos bouss ROS 055 (s, Sz o
a5l FA o aa MG132 5l Jgog, e Ve 90 N L
S 28 gge Jsb 50 Jrol i jold lie s S
olez olKiws 3l eolawl L1528 nm i 9485 nm
20,5 cal,8 (Organon teknika (Ll wl) w5l
530 4 sk 0,5 o Lauss ot )5 ROS 5o
0,5 5,158 RFU (Relative Fold Unit)

(8152 1Sy el Sl 1l
JIC-1 5y 5l oS gien slié iy (6,503l
S5y opl 48 s ,5 eolaxul (Biovision (LSS yel)
5 e 3 ol iy GsslS b
b oS wes oo Lot uilw ol 25 b ) (6,08 e
Giagl 0%+ 508 43 (agli OV *) s 5l 125 i
L oS g slid ol o Mo cplple o il oo

sl olyod 508 4 s 25 S (e y0 RalS
S dsesSee Ve 50 LileJolw cpslaie ol (gl
oo pledl 3lasey g oo Jlews FA o aMG132
staining Jsbowe 51 ly,Son Vo Ly LaJsl Lo
eSSl aids VO Suw 4 (Biovision (S ) solution
g assay buffer 0433 ¢ §a il 3l o aious S
wazae (Eppendorf ¢ LdT) 5ot il g gt

http://rjms.iums.ac.ir

A (Yl yu (Johos 035 )3 sk S po mlali )3 093555 008 e 36 (w0

Yy

Vol cdled e Loa—i ades pNA clale
4o (Organon teknika (Ll i _wl) (¢ yie0gi89 mS il
Ol Sl 09—l oo auzi s yaglli F40 zse Jsb
Vo g0 slocdale Lo b s slo Jol—w «jslaie
g aS placdale e MG132 51 Jges S
G dz anles W g ls sme jgb anly je0g ] aisg
Ay Goglaes ab di s 5 5l o el W FA
Sae & o Jolo .60y 5 Jie oz glacsds Soe
oledl) 5oy il (FC° g 00 g) ai 8o O
5 gy PBS U Jolis ogus )y 5 00 (Eppendorf
AL e Jobor Doy 4 )L ol s Fed il Isaome
Yo V0 Gos au g 00938l (Biovision (S ,al) wilsd
Torn g ok il s, sl oy, 4
gy 9 09 jei Bl TFC [0 4iBo VO ow 4
28,5 4SSl 4iBo A+ U FO B 4 °YYC o Jol>
ELISA- L 52e5li ¥:0 5 Sals 52 (5,98 i
L .2o,5 =dl,3 (Organon teknika ([LJI =) reader
oS 5 ol cdale PNA o lastiwl s 5l eolaiul
Az e dnlin )l mls aSyl e s
ledigas b cwl oo Wl 59041 ol 40 a5 gliges
a5 ol o0y )5 )5S Semml Gl ggas S
ol Hlogad jo jlwls cudled iol38l e & jga
] 0l oolo
Culled i w gl oSS Al iiw
ShwlS g 5l aS Biovision (S5 pel) A Ll
w3l il el (2 ) s yo S lo
Slsis 4y (FITC) et jsls L 4553555 IETD-FMK
ol o9 oo oolaiil A LulS colais] oaisS ) les
s 4 5 Sl g 5 ol 4y s e
09_,.»‘5,0 J_M p-’)-’] JL{.‘B oLi:l? Ly ).’d.:la ;/_mf).:
50 slacdale boos Jlaws sl Jokw ¢jelaie ol (sl
awilys a5 placdale o MGI32 5l Jgeg,50 V
G dx b les W gl cxe yob dul) jene ] aisg
S Sl 5l Gy g WAl At 3 5l e Zel TA
@ i3s O ae au Yeog o (Eppendorf (LT

VEe) 5050 osled Y4 o9 15il) uE.l.'l.'lH oglealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22287043.1401.29.5.8.7 ]

O eols

sl
Ilow 00y uy (695 pMGI32 G/ (oo p
by MGI32 s Sl s 6y MCF-7
VEOY Soe @ ook daJoho (orneb o) 5 aie
MG132 Gilise slocdile b me o cel FA
Sloossy 9 958)5 513 (Jgag,Som V0 9 0 ) 0.0)
@ piY s QL) MTT (g, 5l eslisul b Lo ol
o0 oy 4535 Slallls gl bl 5 el S
c0) oy sloedile 1 wlyi e MGI32 oS co_ul
a e Lol 5o SYL slacdale U (Jgos,50e
ol dalllas 4o g; cpl 1Y )os 5 o) (adys
3 sl als L o5 (pilot) gl ety adliae Lol
1o dilize Sloj sla o5l o MG132 slacbile
oS BlE aidls oS alool MCF-7 (sla ol

A

E3 12 hour

% viability

% viability

% viability

OhlSer 5 arko 2>y

259 FAO MM S5 28 9o Job po Juol> i o3
(Organon teknika LJlwl) i gls juiles
ol ysld Cald o O jgmay ol age )8 il
4 aggregate 5, mazd odind lid a5 je 3 4
205 G515 Sl (6 o9
Wools awslio g dow g 43320 sl sy lof JGT
L (ANOVA) Syl )bl adyb S uily)ly Julos
L (Soi (omind (y305] 5 Dennet  piiai (y05]
239,5 oolaiwl GraphPad Prism 1381 o 5 51 oolas ]
Bz o lo ralesl plas wods 5 (S Goend sl
T 5SSl Ojgue 4 b ooly L0y )5 bl J1ST L a
P<e oD ol p loglas 5 adaws )5 adl )] jLee Gyl
Sl a8 § by o b Jae P<elee) g P< )
ol *HE P<e o) FHP< o) FP< 08 Oy

B

E3 24 hour

MCF-7 (o Jobo Syo g9y p MG132 diliseo gla cdale W56 Y JSWS
0355 sl Jolw sl ialS oims 5Lis MCF-7 (sla Jgloo (C) caeli¥A 0l 5 (B) el YF (1gmnlisSil (A) el VY (gumsbioSil golis
FEP<y CFPLd ol el oad ) S b awolie y mean £ SD ulwl p gl il o MG132 clale ol b plojen

V) ol e D o ylad (Y4 6,90 G]ljuﬁulngl.:nh.n

Yy

ol Iy e FFF Pl

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22287043.1401.29.5.8.7 ]

A (Yl yu (Johos 035 )3 sk S po mlali )3 093555 008 e 36 (w0

Folow 98 Jlee 6o D9 oo i 20l )
e Olej 5 590 4 dimly (Bgy 4 MGI32 5 56
MCF-7 o Jolos jlows ool 053 b Jolos 1l (sl
FA Soe 4 MGI32 Jges S Vo 5 Jgog,50e O L
399> o 4 (Jobw (loonsj 1alS 4 e el

(1.C o) wo)8 ao 0 B gawo, ¥

09y g9 st sl 59y wMGI32 W) o)y
Annexin-V &8ss 550135, g, MCF-7 (Jalw

LI aS! ns slp sl gy SG olyie 4 PT g
100+
80- *
60
40

204

o4
>

N
&

& \\"\§ <3§

i joka 1) b Jslo o) Gloj (n yeS 5o Wil
ol bol_iabsl plw g aw 5 Glssl wos ol
Comnd B oo o zols 000 5 ) shale aals
o )0 g XS dwlie 095 blin vals Sal> 4
el 00 5 Al S 4 Comns ond sl Jolw
O JypSLawlas jomean £ SD ol ul 5 (oS
HJB oS Lo gl .l oo &l )l s )0 & yg0
OJJ)‘ o L}Ua)'—'“’ 6[.®J9J._.w e y0 4o ‘) (SQ'>9J
MG132 clale 2ol38l L as” aes oo lis (MCFE-7)

@B Viable

) Early Apoptosis
¥ &3 Late apoptosis
r@&‘\

MCF-7 (slo Jobo 6536 9 adgl jo09)] 2oy p MGL32 diliseo la cdale (56 Y JSWS

ol MG132 jf JsogiSee Ve 90 (sl clale 3 ) (s (i95) gl jgiasel aloyo 53 o Jgbs o3 Jfs (ime (tal33l colis FA (50slisSSl - s
ol Iy gme FE Py g FPL 0 ol il osd L)) 1S b dwnlie . mean £SD bl p gols ey e

A
2.5+
2.0
1.5-

1.0

Caspase 3 Activity (Fold increase)

B

=1}
1

E
1

5]
1

Caspase § Activity (Fold increase)

=
1

MCF-7 slo Jolw 5 A 5 ¥ o Ll cldlé p MG132 diliseo gla cdale 56 - JSWS
Clale (I LA Jals el i cpman (A) w3 (oo (i MGL32 j) Jgos,Sn Vo ol 3 1, ¥ jLsls clled ljm > (tme (i8] ol
sl I ime FFE P} Py gl il s @) S b awglio s mean £ SD bl s (B) il xl53IMG132

http://rjms.iums.ac.ir

VFY sl e oyled Y4 oy §jl) pSalijs gl alan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22287043.1401.29.5.8.7 ]

(B.Y) olo

I3l 390 ROS ljo p MGI32 W) (s po
Slallae mlts a5 jsklon MCOF-7 _Jolsw 05, 4o
sas] )lze &5 aladsb o wrsge lis 41538
Lyl Lis gy Jsbos U515 ROS zlas el o
Jlott (2 sl il (oo GRIB1 Jshos slogns]
ccile b b Jslo MG132 &y fusly o ROS ags
FA Se ds (Voo 5,500 Vo 50 1) MG132 il
ol ) 5 ROS aJgs e 5 i Lo el
35 sty JB sl s ol s S )
S MCF-7 o sl Jsl o J51s ROS mla
JS=2) 9p3,5 samliine Vge 9,500 V0 5 0 lackile
s oo olid Jelaw SIS ROS mhas jo il (F
MCF-7 (sla Jsles ;3 MGI132 Lawgs oas Wl 550,01
sl ol o gsloensS Lyl Sl L

sLid fseily j0 pnti p MGI32 1 o) 0
bae Joily MCF-7 [ Jolw 00, 40 (6,445 g0
O, Sl coinS wSaiw A¥Ym) 5 ,0-Sss
S Ol 4 (APM) mhaos 2al5 5 Zowl (6,045 g0
ssbitedy 05 ge 48,5 k) el gla Sl |
] 5 S g Jaio| 255 95 ot
Ve 500 Llo ol MGI32 Ly sas Ll
)5 e o ceels FA e 4 MG132 Jgog Seo
7 oz Ky S plpe 4 JC-T L 5 ad )5
555l (il (5 )aiS gie 4y 0959 4 o6 AT Cgo
Ol8 oaies lis a8 4 s ) ek ol
sl 0 JC-1 il 5,08 gtn slié Lol
@ o)ls led 5wl (oo gz ad 508 S5, L ol
&S isasl sdsbe ;5 5 wilay (b jegige 50
Oba |y e 5y cnl o5 lag | s alse Juily
ol o i e 4y 50,8 K5 sl 20 0
dol> @mls ol ool 608 g glad il
oasd oals lid & S jo oS jahailen casllaoe oyl
oS el grg Wb jsb 4 MGI32 ol
ily S jge0 4y (AYM) (6 0 5o slid Joily
20,5 MCF-7 (sla ok ;5 595 &

VY 513 0 0 oyled (Y4 oy 55 §jl) ySilija ogle alan

Yo

O g (sosles 4>

L wilgs oo MGI32 5l oats sumlie Jslas Capames 1
oolit_al a5l ol o o Jolao ol 55 5551 (Ll
50 ) slocdile Lol jslaie cnl sl wus 5
e el FA Sae 4 MGI32 Yoy S ) -
0 S5 gy (bl 2 (6 yegiuliogld (hg, b g wu
sl 8005 oy g 5IUT L2l gy (i 50
Sy sl Jolw 5l oolaiwl b (5 egislwgld oo
3 U5 Sloolos o 3 3295 oS 023 (5300
ool 2 o Jshas a8 57 )18 homiis 990 00l jled
s (9% e ¥ 5l (K )0 SBS5 SG) g9
S ook 25,5 late S, 5 455 13
9 Anexin-V'-PI" & g a ail oo adgl jenel oo
Annexin'™=j5-0 4y oy 00 Seusl s bl
L il sl anlliae gl wias Ll PI*
RS 5 00083 i) sledsbe wo )y 51, (ars
sl MGI32 Gilizee glaccbile U Lo §l e
olasl (¥ S ols ylii MCF-7 (gla sl
o 4yl 59 el sla Jole oo ,ys dadllas ol slaosls
et 5 VD Gl 4 MG132 Vao oo B L Lo 5
1Y Slye 4o MGI32 Voo Lo Ve L Lo
0,5 oanlie
3V bl codled 65) pMGI32 5 vy p
axgi B a4 asg L MCF-7 Jolw oo, ;0 A
@2 sl lo w3l Glye 4 losl—uls Ll
Sl o ¥ Shels codled (i 50 sy seme
o sl 5o MG132 Lo g oo Wl 50,501 10 A
oghite (ul 6l 285 B oy p )90 di Sl
FA S s MG132 Jsog,Sae Vo 50 L Lo Jsl_
o] oA 5% gl JaslS Coled 5 W Lo el
Voo glachale sl SSa e Y 035 ()
o 421y 3oy 4l MGI32 51 Sy oo
S slailon 2ylei B Gig8 (slo Syl 55 (5 o stes
=y BB il il sad eols las ¥ Sl o
JsegsSen Vo e b jlas jlam ¥ 5Luls codled o
o Seizen (ALY JSC5) o 5 sanlie MGI132
O cdale 90,0 000l SO Gl 0 A SLwls cdled
b= 1) sl gme Gl MGI32 Jgog,S0 ) -

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22287043.1401.29.5.8.7 ]

i (5555 U g 995 00 S5y o8 (b e GBS
wslid 5,509 Slodokw ;0 (JsUge gl ;0 59!
Jelge it 5 5tgn] el ol iy €7) el o0
I Il Sl ool g cnl o Lo oleton
e (D) a3l Lo ol 0loys 6l (5550
S (655 (7o Jgis ¢p53lE5 9 pm (S sSingn
Solm el )0 (e A (el (39,0 e
(ol a5z aboxr i Jsl (b laailf
sl JsSse 5l g )l—es ((VY) 513 jeuml o nles
OeSgp o Lol 10 a5 05 )lo d92g b b Jas e
S (50939595 e Ja—-93 o Job ;5 3929
Sl (V) 09— 0
(carbobenzoxyl-L-leucyl-L-leucyl-L-

..\_..:..\_” ..\_..H.a ‘QB)L.JBJ; o
MG132
0 G P sk 00iS L S leucinal)
sla ge 58 Sluidl Sl by b ) 68
L oozl s Jled oo an —ui¥lgsS Jlail L
b ge b a5 Sl |y ST+ paslaisy udlad
Sgdune |) SY7 pg5lsign (nSheaS Soidgiig
celb MG132 oS conl oad ools lis (YY)AuS o
» ROS S5 gkl senel (Ll S
FSis 0g-d o0 (A549) 4y loginw )5 slo Jolo
0 g Jds 4y 550518 el 5 ROS
L’P 2635 oy, S ‘9—*—‘ L 5, e Lis
4.;._‘>-L._m (}51_.‘4 [ 4‘ 9.:;‘ A f‘ 9 ) Jle‘
G35 e s pgdeds JUaml Bl o 5L o9t o
oo ol (elie j38 il el Dbs cel
28y G5l 9 € psySsie—w o (Ca) S
Cesd 5l poeie 45 09 oo guilarinST oy gradly ) ghud
Sl ledol Ll (YF)ogl co Jokw oyaile oy yols
ool 0y 58 58 Foo JoSgo pmunilSs

http://rjms.iums.ac.ir

A (Yl yu (Johos 035 )3 sk S po mlali )3 093555 008 e 36 (w0

Al

2.0

*k*

1.54

*%

R

ROS Formation (Fold increase)

SaaisS W e MG132 Giliseo clacdale b —F JSd
MCF-7 celaJslo oyjons] Jleb

oo 099 ROS (liee s (ine al8l ccasls A (150ligSUl mlis
@l amse gLt MG132 j) Jges,Suo Ve 50 slacdalé 1,
s el sa s &Iy S b awlio > mean = SD ol 5
ol Iy me FFF Py g FF Py

2.0+
o
@ 1.54
©
o
o
& 1.0 *
3
E *%k%
= 0.54
>
<
0.0- T T
\
({\‘ \&X\ @$ \Q\$
00

sl Jesily e 0 MG132 Giliseo sacdale p56 -0 JSb
MCF-7 slo Jsbo (6,45 5o

i il e I ee il celw FA o boSSl gl
A e ol MG132 L s cov sla Jolw p 1) )08 e
w5 el oas &l S b aunlio ymean £ SD bl p wls
ol 3 e FEF Py FF Py (FP<Lp

& : 3
O Jol 4 iy Glb s slo gl liwgen

S e sl s ol ool Spo g ;iS5 ol
9 OL?U‘ QLQ) )O 45 Ca l‘ kfj}l ) O\ W) G)J)MLJ)J

VEe) 5050 osled Y4 o9 15il) uE.l.'l.'lH oglealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22287043.1401.29.5.8.7 ]

Selgs 4 dily (53,5 9 e Gl sla sl )
&S lasdlas ;o (YY)l 00y y5unS| Jbd slaaiss
Sless 285 plonil LaS') Sl slaJolw 55 2
5l leiigy suels L MGI32 U e Jol
5909 sl g Bel-XL g 9Bel-2 alex 5l 3504
L sLwlS (VA sl 005 ol o o SLlS” 4y ailg
055 o ed Joie o5 0
il oo i 4 aAlg bl S o lisloal
IS slo J5Sge adsi 4 e o SLlS s Shoc
o Sl 5 S5msl (3l o 4 05d e Jlub (o0
Jb8 550e] s j0 oLl el glgil (YA)Sls
SLls Gl A SLals ol Gl o 4 Wiss e
el o2l Ll lye 4 ¥ 5Lty 5 Slel
Codlad a5 ols i Lo aadllas gl () + )g—i oo
Ol (Jokw 05, )0 595 a4 atsly &jg0 4 A jLuls
cdled oS ol (S8 BB el asl )8l e w
53 & s s sl Jsl 8 55T Slals
ez ol glas golidl MG132 clale yliél
&l o Lls collad 4 MGI32 (50 Sloe  Sils
Ll wlen 55,500 aldlas ol el sl
oS 1 MG132 oS wiws oo s jols asllas
e 503,08 5l b jlulS cudled 4 Jolw S
Slogia—a )5 Slo sl 55, 2 a5 lasdllas L,
S lg oo MGI32 ol ylis 8 )5 plxil | o 4 S
sl SalS 3,5 Jlab 5 sl o5 s )b
OVl W e g cpl jo 1) je0el c A g ¥
bla ok Jlos Jows b 5Lasls oo JUd (izeen
sl sk alez 51 b o sla sk Lo 3 MGI32
odal e Ay ys g LaS el dagS Lwsiiul Slb
S 305 ez johateds (VA LNE VD)0 S
s i by o MGI132 5 i 00! oW
b Wl o MG132 a5 sls i jbl> asllas
&S jehilen 5 ams ilidll, Jslow 5o ROS o lgs
ol 4y y2wie ROS mased aos oo lid (L3 vale i
ssasl Gy ol slooSlos (55 0 L5
»ROS  wes o lis olgl a5 jshiles 093 0
il g oo ol (Lol 285 Gl slaJsl

VY 513 0 0 oyled (Y4 oy 55 §jl) ySilija ogle alan

Yv

O g (sosles 4>

weya> AMGI32 Jolo 1o Glaal 555 Slb
olan pSle gl oyle ez g an b jo
0055 aiie (sl o ialejl 5l (slasgaza (g s—dge
b, pMGI132 glb, o5 Jl Jlisl s
@S w05 (s 9 (Phb ans by la ol
sl ol e MGI132 a5 ols ylis ol asllas
5590 4 diunly &g 4 |y MCF-7 o055 glb
(VYoo 9,500 Vo0 0) slale eogame MG132
B iy 950 alize Sboy J—olsd ;o MG132
oo 5 4 |y MCF-7 o055 sl Jslw ooy « MG132
MG132 355 L aS ols jmals ase 00 o+ Squm
oa oold lis 3 ldlae plu ;o MG132 Jolus
G -0 ghale als ;o MG132 a5 gl aisS oy ol
B sy enilgs Logelige (sloJshoo 5 Jgng San ¥
Y ) dao u,..&lf |) 05_9 Lngle_w)...&u sl waxde
MG132 3l Jgog,500 0-) slacdale b LegS ,Lugzinl
o el VY Slasm o Jolo glo oniy jrals 4 peis
am culy Joeg S O clale a5 55k 4 00,8
ool LY |y oy sl Jolow olawi 398 Sloj oL
as ol lis ol adlhe gl uzen (VO)ao
03, ;3 90! W LMGI32 Jgb o oo Sl
Ol s slo Joles ) EC9706 slo Jolos jo 45 020 o
Obej 9 598 & amly S s MGI32 oS 5 (5
L 5o el 85 S oo Wl 5 sla gl 1, 5
3o (\f)wl 009y o‘J.o..% Y 9 A )L_mls MJLQS u,u;‘)s‘
ol 85 plxil o)) g stoll Jawsgs a5 glaslllas
Sl ske 101) j50eT Wl o cuS 5 pl aS ol ol
aslllas jo e (VO)ouled W odg,s Slo,
@ palie & plaess by sladslw 55) 2 6503
I, 59001 MGI32 a5 o ools oL «aisgs cisplatin
adllas o pizes (YO les oo Wl Jolw ol jo
MGI132 Lawg jeugl sl a5 ab ools lis 5,50

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22287043.1401.29.5.8.7 ]

TE Nl 035 SIS 55 LegadliselS” Sl o
Mg om0 b MG1320m, oo,k a4 opl ol (FY
5 Sy slid Sy (2alS 2sl ROS
Pt Sy 3585 4 Wl se o5 00 Lo Lol o
3 b e sl sl 58 5yl Sl 5 (6,08 g

S S8 i Gl o (sloJghes alox

aS v o sl dslllas ol o sals &l (slaesls

Yl ibodled Gk 51 Sem ! Gl g oS (o
Joniiliy ialS g ol 55 ROS mhaws yiol58l A g
» MGI32 5l 050 0 1) gylo imsn Sglai Lo
sless Ggs sloob—w yo 002 55 slo o
Slowd s Jols (55, p oad cdmline &l 5l g ols ylis
s bl pccwl MGI32cdale 4 el oo
L oS 5 ol daailgy o MG132 (bl asllas
Sy sladsbe 1 jsus] Gl 5 2SS e o kls
sleglo LS o Sleyo Bua lgie a4y MCF-7) asew
4z S90S Jl3 amg 9,50 9750 Sloyd (oo
g D gt Sl i el o o) 2
Slosho 255 JAS (sl a5 ol 385 5

el (55908 Ll (0l ) 35

P g g
pole ol _iils —iogh Chglae yo bl dslllas
JRCURE 2 O N 02 SR ag AP S DR e B G
5 Sl oty Cd 4y Gl (Sb pele o8 isls

12005 el o8l bawgs )b (slaa o

References

1. Jin S, Ye K. Targeted drug delivery for breast
cancer treatment. Recent Pat Anti-Cancer Drug
Discov. 2013;8(2):143-53.

2. Fisusi FA, Akala EO. Drug Combinations in
Breast Cancer Therapy. Pharm Nanotechnol.

http://rjms.iums.ac.ir

A (Yl yu (Johos 035 )3 sk S po mlali )3 093555 008 e 36 (w0

YA

Slads—s iS5 azmi ;5 5 9 oo Lisl S5l
O Jld dax oeie Ayl o AT 050 oo Lo Sl
o ROS.040 jeue !l aile Jobo 5 pe slaan]
a5 s eizman 5 sl oo U 5 55
Yo cdale LMGI32 as ol ools lis ¢d )5 alox]
Wlg5 oo Hge—ligSSl Celw Y Jlios Jgog,50 O
WL as 05 d b Jolw 5255 g o) Lo sl
oot Jolw J 3o ROS Jlaie iuljél g 5504
Ao 5l Jool> bl b bewl oo yioran (V)
LaSe) Slo jus sldJolas ;o a5 ol ools lis ;5>
oli8l g ROS oJgy G o0 L oslgs oo MG132
o 1y 358 ool at, Ve oY sle Sl ol
s aS aes oo laid Oldlas aalyg o (YY)l
28,5 aalgs 1 3ROS 35U cos o] slae Jsly
2 SIS g (O 5 )3 Jletol (o jolateds
MCF- sla Jglw ;.0 MG132 Lvgs oo Wl 59001
CE5 B (np O)90 (58S g sl Jenily T
aally adle o MG132 as ols i gl 4
plxl PC12 glo Jol—w (g5, p a5 glasdlas ,o0 00,8
g n el g Bax (g (l3l 5 € pg S et
Fge udioaos L5 a5 00,8 o BCL-2
5500 dalllas o (Yol ol B pl jo (6,005 5
A, A8gi 4y o8 MG132 aS ol sads colo lis
ROS sy al@#l b ployes ) Sk sloJslow
608 gie slie il malS (YY)all o Ll
S s Jols o MGI32 L by Jolos jlows JLiws
s sl g p>, alrs Glb,w o Jolw LSy

VEe) 5050 osled Y4 o9 15il) uE.l.'l.'lH oglealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22287043.1401.29.5.8.7 ]

2019;7(1):3-23.

3. Moo TA, Sanford R, Dang C, Morrow M.
Overview of Breast Cancer Therapy. PET Clin.
2018;13(3):339-54.

4. Shien T, Iwata H. Adjuvant and neoadjuvant
therapy for breast cancer. Jpn J Clin Oncol
2020;50(3):225-9.

5. Zhang J, Pan S, Jian C, Hao L, Dong J, Sun Q, et
al. Immunostimulatory Properties of Chemotherapy in
Breast Cancer: From Immunogenic Modulation
Mechanisms to Clinical Practice. Front Immunol.
2021;12:819405.

6. Strasser A, Vaux DL. Cell Death in the Origin and
Treatment of Cancer. Mol Cell. 2020;78(6):1045-54.

7. Quarleri J, Cevallos C, Delpino MV. Apoptosis in
infectious diseases as a mechanism of immune evasion
and survival. Adv Protein Chem Struct Biol.
2021;125:1-24.

8. Montinaro A, Areso Zubiaur I, Saggau J, Kretz
AL, Ferreira RMM, Hassan O, et al. Potent pro-
apoptotic combination therapy is highly effective in a
broad range of cancers. Cell Death Differ. 2021.

9. Tavakoli-Yaraki M, Karami-Tehrani F, Salimi V,
Sirati-Sabet M. Induction of apoptosis by Trichostatin
A in human breast cancer cell lines: involvement of
15-Lox-1. Tumour Biol. 2013;34(1):241-9.

10. Salimi V, Shahsavari Z, Safizadeh B, Hosseini
A, Khademian N, Tavakoli-Yaraki M. Sodium
butyrate promotes apoptosis in breast cancer cells
through reactive oxygen species (ROS) formation and
mitochondrial impairment. Lipids Health Dis.
2017;16(1):208.

11. Wang D, Xu Q ,Yuan Q, Jia M, Niu H, Liu X, et
al. Proteasome inhibition boosts autophagic
degradation of ubiquitinated-AGR2 and enhances the
antitumor efficiency of bevacizumab. Oncogene.
2019;38(18):3458-74.

12. Wang J, Fang Y, Fan RA, Kirk CJ. Proteasome
Inhibitors and Their Pharmacokinetics,
Pharmacodynamics, and Metabolism. Int J Mol Sci.
2021;22(21).

13. Fricker LD. Proteasome Inhibitor Drugs. Annu
Rev Pharmacol Toxicol. 2020;60:457-76.

14. Dang L, Wen F, Yang Y, LiuD, Wu K, Qi Y, et
al. Proteasome inhibitor MGI132 inhibits the
proliferation and promotes the cisplatin-induced
apoptosis of human esophageal squamous cell
carcinoma cells. Int ] Mol Med 2014;33(5):1083-8.

15. Lee HK, Park S-H, Nam MJ. Proteasome
inhibitor MGI132 induces apoptosis in human
osteosarcoma U20S cells. Hum Exp Toxicol
2021;40(11):1985-97.

16. Qiang W, Sui F, Ma J, Li X, Ren X, Shao Y, et
al. Proteasome inhibitor MG132 induces thyroid
cancer cell apoptosis by modulating the activity of
transcription factor FOXO3a. Endocrine.
2017;56(1):98-108.

17. Wu H, Tao A, Martin JD, Quader S, Liu X,

Y4

O g (sosles 4>

Takahashi K, et al. Proteasome Inhibitor-Loaded
Micelles Enhance Antitumor Activity Through
Macrophage Reprogramming by NF-kB Inhibition. J
Pharm Sci. 2017;106(9):2438-46.

18. Bravo-Cuellar A, Hernandez-Flores G, Lerma-
Diaz JM, Dominguez-Rodriguez JR, Jave-Suarez LF,
De Célis-Carrillo R, et al. Pentoxifylline and the
proteasome inhibitor MG )YYinduce apoptosis in
human leukemia U937 cells through a decrease in the
expression of Bcl-2 and Bel-XL and phosphorylation
of p65. J Biomed Sci. 2013;20(1):13.

19. Zhu W, Zhan D, Wang L, Ma D, Cheng M, Wang
H, et al. Proteasome inhibitor MG132 potentiates
TRAIL-induced apoptosis in gallbladder carcinoma
GBC-SD cells via DR5-dependent pathway. Oncol
Rep. 2016;36(2):845-52.

20. Yuan BZ, Chapman JA, Reynolds SH.
Proteasome Inhibitor MG132 Induces Apoptosis and
Inhibits Invasion of Human Malignant Pleural
Mesothelioma Cells. Transl Oncol. 2008;1(3):129-40.

21. Yang W, Monroe J, Zhang Y, George D, Bremer
E, Li H. Proteasome inhibition induces both pro- and
anti-cell death pathways in prostate cancer cells.
Cancer Lett. 2006;243(2):217-27.

22. Emanuele S, Calvaruso G, Lauricella M,
Giuliano M, Bellavia G, D'Anneo A, et al. Apoptosis
induced in hepatoblastoma HepG2 cells by the
proteasome inhibitor MG132 is associated with
hydrogen peroxide production, expression of Bcl-XS
and activation of caspase-3. Int J Oncol
2002;21(4):857-65.

23. Han YH, Park WH. MG132 as a proteasome
inhibitor induces cell growth inhibition and cell death
in A549 lung cancer cells via influencing reactive
oxygen species and GSH level. Hum Exp Toxicol.
2010;29(7):607-14.

24. Fulda S, Debatin KM. Modulation of apoptosis
signaling for cancer therapy. Arch Immunol Ther Exp
(Warsz). 2006;54(3):173-5.

25. Stoll SJ, Pitt SC, Chen H. Follicular thyroid
cancer cell growth inhibition by proteosome inhibitor
MG132. J Surg Res. 2009;156(1):39-44.

26. Han YH, Moon HJ, You BR, Park WH. The
effect of MG132, a proteasome inhibitor on HeLa cells
in relation to cell growth, reactive oxygen species and
GSH. Oncol Rep. 2009;22(1):215-21.

27. Sung ES, Park KJ, Choi HJ, Kim CH, Kim YS.
The proteasome inhibitor MG132 potentiates TRAIL
receptor agonist-induced apoptosis by stabilizing tBid
and Bik in human head and neck squamous cell
carcinoma cells. Exp Cell Res. 2012;318(13):1564-76.

28. Fulda S, Debatin KM. Apoptosis signaling in
tumor therapy. Ann N Y Acad Sci. 2004;1028:150-6.

29. Cui Q, Wang JQ, Assaraf YG, Ren L, Gupta P,
Wei L, et al. Modulating ROS to overcome multidrug
resistance in cancer. Drug Resist Updat. 2018;41:1-25.

30. Redza-Dutordoir M, Averill-Bates DA.
Activation of apoptosis signalling pathways by


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-15 ]

[ DOR: 20.1001.1.22287043.1401.29.5.8.7 ]

A (Yl yu (Johos 035 )3 sk S po mlali )3 093555 008 e 36 (w0

reactive oxygen species. Biochim Biophys Acta.
2016;1863(12):2977-92.

31. Park S, Park JA, Yoo H, Park HB, Lee Y.
Proteasome inhibitor-induced cleavage of HSP90 is
mediated by ROS generation and caspase 10-
activation in human leukemic cells. Redox Biol.
2017;13:470-6.

32. Zanotto-Filho A, Braganhol E, Battastini AM,
Moreira JC. Proteasome inhibitor MG132 induces
selective apoptosis in glioblastoma cells through
inhibition of PI3K/Akt and NFkappaB pathways,
mitochondrial dysfunction, and activation of p38-
JNK1/2 signaling. Invest New Drugs.
2012;30(6):2252-62.

http://rjms.iums.ac.ir

VFY sl e oyled Y4 oy §jl) pSalijs gl alan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.5.8.7
https://rjms.iums.ac.ir/article-1-7268-en.html
http://www.tcpdf.org

