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Expression changes of apoptotic and metastatic genes
in MCF-7 and SKBR3 breast cancer cells under the influence
of niosomes containing farnesol and gingerol
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Abstract

Aim and Background:Farnesol and gingerol are two powerful plant active ingredients that have
proven anti-cancer and antioxidant effects. In this study, the expression changes of Caspase 8, Matrix
metalloproteinases 2, Matrix metalloproteinases 9 and Vascular endothelial growth factor genes were
studied in MCF-7 and SKBR3 cancer cell lines treated with niosomes containing farnesol and gingerol.

Material and Methods: MCF-7 and SKBR3 cells were treated with niosome containing farnesol and
gingerol, combination of two drugs, single drug niosome formulation and free drug for 48 hours. Gene
expression changes were investigated using Real-Time PCR technique and statistical analysis was done
at 0.05 level with GraphPad Prism software.

Results: Niosome codelivery containing two drugs (N-Far/Gin) caused a significant increase in the
level of caspase 8 gene expression and also a significant decrease in the regulation of the expression of
Matrix metalloproteinases 2, Matrix metalloproteinases 9, and Vascular endothelial growth factor genes
(P<0/001). It had a higher significance level than the treatment with other formulations.

Conclusion: It seems that farnesol and gingerol-loaded niosomes have great anti-apoptotic, anti-
metastatic, and anti-angiogenic potential in the prevention of breast cancer. Further in vivo experiments
and clinical studies can elucidate the potential of N-Far/Gin to be applied as a medicinal agent in breast
cancer treatment.

Key words: Niosome, Farnesol, Gingerol, Breast cancer, Apoptosis, Metastasis, lau Science.

Corresponding author:
Department of Biology, Parand Branch, Islamic Azad University, Parand, Iran
Email:farzanehtafvizi54@gmail.com



http://ncmbjpiau.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=farzanehtafvizi54-ATSIGN--GMMAAIL-.com&a_ordnum=1574
https://ncmbjpiau.ir/article-1-1644-en.html

[ Downloaded from ncmbjpiau.ir on 2025-10-18 ]

NCMBJ, volume & issue, 13/53, February 2024-1f+Y Oliws ) O o )lad O F 055 ¢ J oS g0 5 Jhoo (659555 5m slaojb anlibud
3R Ul

Sy g Jsbw 1o Siliwbio 3 g3smal oS Ol Ol
Joyas g Jami )b gl pgies 3G coxi SKBR3 g MCF-7 Ly

BYY ‘sadbo Sgrumo (ol vusg ‘G.o.vg.o.v aily 8 a‘gon Syl |2
Ol ey ¢ gl alj olBzils 5y g ¢ gulid Gy 09,5

US>

Sl SaeST (5T 5 (Gl s 2 S5l Il 4 s wiad 08 (LS Jlab 3z 99 g iz 5 Jsed b 1800 g Al
Matrix Matrix metalloproteinases 2 .Caspase 8 (layy; olo Olpuss w@dllas opl o aiib o oad

SKBR3 s MCF-7 _ilb,w sla sk oo, 95 ,o Vascular endothelial growth factor 4 metalloproteinases 9
b aalllas Jg iz 9 Jousi )8 sol> slo pgjens boad les

Ose¥ 5058 0910 95 oS 3 ¢ Jg ez g Jouud sl (55l 95925 b jlawd <o SKBR3 g MCF-7 (sl Jsho il 5bg 5 9 390
Real-Time PCR iS5 5l ool b (5 oyl Ol s (cwy 0228 5 )18 el FA Saas ol3T (55,00 5 9,0 S 09905

b5 & yeo GraphPad Prism 158l s i b« /40 zhaw jo )kl 50T 5 0l plol

Ul e 5 CASPASE 8 15 Ly e 4o lolixe Lal38l Eel (N-FAr/GiNY g ls 50 (ol (5,50955 pg55.5 ATl
Vascular 5 Matrix metalloproteinases 9 Matrix metalloproteinases 2 slayy; ole pebas ;o 5 ei>
oy 90,8 plo b jled 4 Cond (6 5YL (5 olias zlans 2ol38l ol a5 (P<+/- - V) o endothelial growth factor

o :.“)

52l we cullad o (698 Jwily (N-FA/GIN) Jg iz 5 Jousi )18 sl (slopgion 45 duny oo 5 s 16 a5 Al
il e SeielS Slelllaa 5 N VIVO Slinions aiojls gl el 5 oxbad aml 45 06 iy ol yoo b 5l (5 Sl

byt JS2l ple b St glocaadse (S p
390 Slgi oo (Slaydgin b (Sloyd (gord (lmy Gl
Glyp 00,03 job 4y Jleyo send (Y) 0,5 1,8 colaul
sghy, (Jo gl b osdee eolial Glbpw gl
2)lse ) sled S o 4y e Wl oo Sloyo sand
5 Sloys st Gl e 358 Con 5 (il
slag)ls by olbyw ploys 0 Sy Ml S
~0bo o 3l okt (Fi) Sl 35250 (slag lo b Syl
&S Ailoads slpaion ol loys gl S0 o
Cmimon ol 08 e eolitul LS sl 5l )
5 i ailslgi clog s 1) gl cankie bbb (gl
Allsi oo oS il ge (Gone 5 T (aloord olge 5l (mte
LS () xS Lyl 1y ol sl o iliblons i
Slgd wile pg)ls Slge 5l los S b 5l
sl dagrabyy dapil daadgisdl deasgllsl

Wy 4 oyie (V) by 5 g Jsijel o igle il

Ao o

Lo yo 9 S e e (g g (5 @l by (b s
slybs Jelse (V) conl ez o jo (6 50 oy b
S Olse &5 0ls vz lies by Gl il
il o S35 s Jelse (i (o 4 bl o ey
S G pnn o gy Sl eyt (S o ol
@ Ol by J5S g pleys (1) 3,5 0 Ll (sl
(St 358 G 9 b s al> o 05 2 (Al (Sl
3 Wlgd oo S ol b Vgane olb s ol 5l

(] oo O 93

Ol e e sodlaol 83T olKzsls o5y aly o cwlids Cannj 09,5
farzanehtafvizi54@gmail.com : S.ig =Sl cony
VEVN YD bl e b

VEANYN copds b


https://ncmbjpiau.ir/article-1-1644-en.html

[ Downloaded from ncmbjpiau.ir on 2025-10-18 ]

\

NCMBJ, volume & issue, 13/53, February 2024-1f+Y Oliws ) O o )lad O F 055 ¢ J oS g0 5 Jhoo (659555 5m slaojb anlibud
3R Ul

Sibbie slaps 5 2355 Gemsl > e sy
22l il plobid 53 (oliw 4 Coeal wiilgs o
asle olagyy G aasl adly Slpdgl pl Sl
sloys g (V) aiied s 00isS G, a5 CASP8
(YY) digd oo jliwlie 59,0 w90 a5 MMP9 § MMP2
(YY) 25350 25 S5 wzge a5 VEGF (5 j5boon
P el a3 18 w0 5 @b Sldlas o
Caspase 8 (CASP8) sla s oylo &l yuss « Gubis oyl
Matrix [Matrix metalloproteinases 2 (MMP2)
Vascular 4 metalloproteinases 9 (MMP9)
03, 9o ,o endothelial growth factor (VEGF)
L oo s SKBR3 § MCF-7 Jlbo,w slo sl
9l 93 w5 S WJoex 9 Je )b sl pgie
a5 aalllas Sl 55,0 5 515 ST (saisnd (Y 5esd

L 9y 9 dlgo

“dsrmaz 65,0 59 sl Gl psee «pol> anlllas )
P339 9 Js7e> o> Sl pojg e 9 o,
9y b (Ot addllas )3 002 &S1)]) Jouss )6 (55> slo
olie a5 &5 a3l S Y bl e
5 Jomer ol 5 7o ol (JordS 5l e
Vs el 2 e 7 sla Dl Lol jo Jous b
MalS' s 2 o (V4 ¥ ) Jgilie ) (e
g Jo JolS 5l 4 121 B s 00 oo Jol> Jolone
Lo g Ay, 6,05, ryate by Jel> Jslo
Q00 TPM 5 gl az )5 7 (slod) [l o )90 Ll
S s SalS P b agd e ooy 5 M o
0D ans S ok 4 Gsnlione Al e )0 e
slos ;3 PH = VIY lis 3L Jsloma o oo )+ pyolie
it pen b gy g, 5l ool L g ot Lol 56 Uil oY
O a0 £+ (glod jo el i o 0 VY- IPM
Joe plesl 5l G B2 clie pud wlioee sl
dos sloyd opll als jslaie 4y (gl 00
V) ol el agds Vo Soe 4 (geelSiigu
10 oolitul 15 ole Slalllae o alols eeage s
Fobo Coem SIS o) n e S adlle
Jorzeez (FFan Jous s dN) pgj505 slogygea¥ 50 8
5 (F-Far/Gin) Jg,u> 3l pg595 S 55 «(F-GiN)
sleos, s, » (N-FAr/Giny o)ls g0 sl poj5
i ool MTT s 51 SKBR3 3 MCF7) sl
b o Salz e 50 Jobo VX ) Tasds sk
Sisnr il caoyo \+ FBS L ot 2 RPMI1640

SlaS 5 ) aiten Sl glaplbw sl sl
booleS s e Grae wops oy I e (LS
Jodo @ Jo iz (V) wipd o0 JSi5 ) (29)l0 Copols
Sl oals ALl o955 045 Sloyo g Sleg, Lol
oy )l8 5l glos s o 5 hemd Corons Jodo 4 g
Gyl S (5SS ad Ol alex I (S
Sladlas jo (S5b 4 7,8 0o 5 oleadl s (plaesT ]
Cowd a4 Jbd s3> Jgus )8 (A=) 0) Sl 00l gy
Syge a4 Blgi o a5 cnl saxie b mlis ol
Slalllas 098 addgi JgydS Fimgn jone 53 1 0090
0o S Ll Jeb S5 cpl 4 el ooy oli
g Gl jw sladshe 5) 5 Sloyw 255 Sl
Jbo sz (V) cl Gml ol 65 izeen
o oyl 5 igie yloys 1o gyl SluS 5 a5 e
bl 29yl Olas 5 5l oolatnl L(VY) w5l o oolal
SRl i Jl 50 0gdll s 4 (g (50 a5 9,00 (gL
Cunglie Cudgazme g lag)ls Ceons 590 Rl (Jlojo
oy 4 eyt SEn Gl S JKie S AT a5l
5,5 o)Ll el b Sk sla Zigie 5 Gl Loy o
oty )0 @ & ol o )0 $55lesSsl (1YY
i glp @ ld alex ) (Son g oulid
ARl 5 e ganl B 50 by (655 Sam g ey
e Syl ol (V0) Cansl oas 428 5 1S 4y
SeiieS 55yl alax 1) (goaaie sblze (2350
Ailse Bl Ggeg ladsle See (S Bae (593
Ailosls ylid b s loys sl g9, Cwglae 5 il
2 oS Gaxt sbll g (VFAY)
38 4 pazis (Sluyg)ls plas SG plgre 4 SOUSE g
Jod 5 silizme sl lo (09595 slo i le aitun
oleie Gl s ety (b s )l YL s lal
Sy sl (S Jolzgib ol (OVA) s g5l uled
asle saxte by Gk 5l Slujgyls jo colaiul
3 soras > gl oolitlul (gmdge g ()5 o STHs>
S 2ol sl Jol>gil a5 cunl ools lis s ools
ST (S5l e )5055 wo DT s palS oleS
o i adllae 0 (VALY L) aiiis 9,50 S
Sl 5 (295 4 Jgus B 9 Jg,mz a5 ol ools (ylis
Syse 5,1 95 Sy SIS 5 Al (ST (segies
@l Jelmgil cpl a5 ol Dlil g 85 18 )
Cools Wl 5 )l il play s YL Ul
s MCF-7 b, Jslo o3, g0 ade Jlbjwas
oy ] (i Sl yes slo sl 03,) SKBR3


https://ncmbjpiau.ir/article-1-1644-en.html

[ Downloaded from ncmbjpiau.ir on 2025-10-18 ]

1Y

NCMBJ, volume & issue, 13/53, February 2024-1f+Y Oliws ) O o )lad O F 055 ¢ J oS g0 5 Jhoo (659555 5m slaojb anlibud
3R Ul

oS Boyb 5l CDNA el cawsay (pln! «oslSlws)
Revert Aid™ First Strand ¢cDNA Synthesis
A i (Sled) Fermentas oS i sl sl (gl =
GSly B g S B el (a8 bolies s
wasliawsas RNA (6,55,50 1 ) yuds S ) {(BX)
Vi Bola poliSe yealn (Yoeg,Se V) fdg)Se +/0
1) aspilSy S Slid 55 byl 115 S
VAT sl S5l 5 ads e 10 (Y e s
2 axly Yo) RNase oyl ooisS,le iy ,Ses
5 oo lyS il mail 5ds See ) (s Soe
Vo ol ez ) @dH20) alFes i o
sk 42 3 YO o 25Ty sles ot il (id g e
a0 Ve (el V) Gugendw ax 0 FY (aids )
2,0 F o G g 0 pelan (4B 0) gl
o3 byl g b (6l (4885 0) ugedes
4z > bl yo canload ools Las Y Jaaz o Ll o g0
&b Jleel Real-Time PCR  :uSly asbyp 0 )9
VO) ogudis a2 30 A0 (4830 V) Lwguds a0 10)
bl 2 oy (o Gl (4850 )) g 7+ (458
Ot (] 00 Ciogi ;0 YL yo a8 2744Ct g, 8
GraphPad, 133l ,5) A as.; GraphPad Prism ...
losls Julos 5 45325 92U, sl (San Diego, CA
O Gl (S Solel gl o oolaswl Gubizs pl jo
)b S s 5IUT ogesl 5l eslinal b Laog S
4 aools .o plil post hoc Tukey 5 (ANOVA)
S e o b BD) Jlore Sliamil £ (1 Sle & 90
ool lElaz S5 a5 Jolye plad i @il )| P<+/ )

oy S CO2Z ooV aanlegi ul g cpdos
oSl Cel Y Soe 4 uguedis a0 YV gleo o
— oY 0,8 alire slacdale jled ot s 50l
(F-Gin) Jg,mz «(F-Far) Jgus )b «N) pg55.5 slo
P39 5 (F-Far/Giny Jsyomizr gsl> po3908 S 5
4o celw YY 4 FA Soe a0 (N-Far/Gin) g,ls g0 (g9l
4551 00,0 0 CO2Z 9.0 )0 g g a2 )2 YV (sloo
Sl sladske (Sleosss Gl 6565 03Il (sl 5 iu
MTT [3-[45- &, v o1 & (SKBR3 4 MCF7)
dimethylthiazol-2-yl]- 2,5-diphenyltetrazolium
a8Ls| bromide] (Sigma, Germany) colorimetric
@ ool odes Blle,d oged o (gl N disSl g u
o 3 &b adlsl DMSO iy See Vo v oSal> ,»
oKiws awg Cdz al ools (1,8 5T gles jo aa s
ELISA  Reader (Oraganon  Teknika,
A 31,8 iegil OV zae Job o 9 Netherlands)
P SlaggeYged (SaiS T00 598 (et Sz
o5 1Cs0 e )55 (Sl js (sl Jghs 03 5 o
Soylos ;56 oy p 4 il addllas )0 (V) wio )8
» N-Far/Gin 4 F-Far/Gin [F-Gin [F-Far (N)
VEGF ;MMP9 MMP2 CASP8 sla 5 o\Lo i
(Bioneer, Real-Time PCR oS5 5l solawl b
—Jsbw dal jo .o assls ,, Dagjeon, South Korea)
ICso clale 56 cov oal eSS by sl
s (FFaN J3us B dN) 35505 (sl samsV3a 3
5 (F-Far/Gin) Js,xu> 3l pg5905 S 5 «(F-GiN)
S8 el FA Saea (N-Far/Gin) g,ls 90 g9l pg59.0
bl cow sladsbe 51 JS RNA (s s S
oS slesal, b glae RNA l sl cuS 5l solicul


https://ncmbjpiau.ir/article-1-1644-en.html

[ Downloaded from ncmbjpiau.ir on 2025-10-18 ]

¥

NCMBJ, volume & issue, 13/53, February 2024-1f+Y Oliws ) O o )lad O F 055 ¢ J oS g0 5 Jhoo (659555 5m slaojb anlibud
=29 Jle

VEGF , MMP9 MMP2 CASP8 slos; sl ool 0,90 slo yarlyy Jlgs ) Jsor

Gene Primer sequence Product Size
CASP8 Forward:5'-CCAGAGACTCCAGGAAAAGAG-3 185 bp
Reverse: 5'-GATAGAGCATGACCCTGTAGG-3'
Forward: 5°-F: TTG ACG GTA AGG ACGGAC TC-3’
MMP2 Reverse: 5°- CAT ACT TCA CAC GGA CCACTTG - 126 bp
3 b
MMP9 Forward; 5'- GCACGACGTCTTCCAGTACC -3’ 124 bp
Reverse: 5'- CAGGATGTCATAGGTCACGTAGC -3'
VEGE Forward: 5°- TGTCTAATGCCCTGGAGCCT -3 175 b
Reverse: 5°- GCTTGTCACATCTGCAAGTACG -3’ P
BACT Forward: 5°- TCCTCCTGAGCGCAAGTAC-3’ 89 b
Reverse: 5°- CCTGCTTGCTGATCCACATCT-3’ P

Obo Ol b oakal,y o 0l saslie (P<+/++Y) Far/Gin
b sanlie MCF-7 Jsbo .0 MMP9 3 MMP2 la 5
el ig)fs S8l6 55 (gge,d b et o oot oabes
GRalS ol a5 wads J S 4 S (5 ol 5o Jloliae rals
N-Far/Gin L oo ,les slo Jsbw ;o MMP9 5 Lo o
&,lolixe gl F-Far/Gin b ooy jles sl Jolo 0 cos
Sl 5l e MMP2 5 ol Sl s (P<e /e 0 V) 090 i
(el < 120) F-Far (P<:/+ V) (pl» «IYA)F-GIn L la Jolos
N- «(P<:/++V) (plp -/#%) F-Far/Gin (P<-/-+))
Sl g JrsS 09,5 o s (P<+/++ V) (¢ /0) Far/Gin
(P<+/+0) (ulp /A F-GIN L ;L 5 s MMPY 5
(elp +IVY) F-Far/Gin «(P<:/-+\) (! +/VY) F-Far
s (P<+/+41) (1l +/FF) N-Far/Gin g P<-/-+V)
05 ol 5o lline hals ogdlay el Cewdy J5S 095 4
ob sanline bagg¥oe s ooles b jles 51 Lw VEGF
Slod sladshe 10 @ pSpia sk GhalS calaS (P<-/Y)
sg i byl plo a4 cuws N-Far/Gin L cou
L ks 5l w VEGF 5 ols &lpss oS .(P<+/-+))
F- (sl /M) F-GIn (P<+/-0) (ol +12) I psjee
Glp <IYA) F-Far/Gin  «(P<-/-\) (plp <IYA)Far
lp +/H) N-Far/Gin L s 51 w3 P<:/+V)
Y S5 L il g J5S 055 4 S P<1/0 1))
was o olas SKBR3 sla sl (o 1) o5 ol Ol s
b ls ol o Caspase 8 5 o ;o (5, loline il
Ar VIE 7S 098 4 Samd gyl W36 pgie sm
F- 6l o d plp 010 5l § o ol YO (P</))

‘u’
@.

g 008 g SlaygeaVge p i85 plowl (LS gy 5
ond J 7S g3lualil g g1 93 330 (5,135 5 wiak (g3l
03ld i (rrizmed Wb b (o09)90 Sl 5l gl peians
Joa les )3 (Jod BB (sl ool ags &350 a5 0
Oly & atuly 5 cdale ay anls OIS egdleay il
ool lis Gl pus (sl Jobo drle ool argd o5V g0 3
Cgo 4 ood 4 gloabale ) clale sl L as as
Ol 29 (e ppsS9,Sea Yoo VAV : o (b e
Sle 0sy yo Lzals o i el N-Far/Gin weels VY
S b jgml Sud g 59 45wl Gy Jsho 03, 50 0
Cend 3 Jrole gulis oaiS ol g ol eols (ylid (5 yiegiylgl
MMP2 CASP8 clo 5 b lyeeis (YF) 05 MTT
) SKBR3 § MCF-7 s Jsks ,» VEGF , MMP9
F-Gin F-Far N L oois jles (ol Sl sl Jsles
Y o) s o wws 4 N-Far/Gin 4 F-Far/Gin
-0 ooplin VS j0 aS jshailes .l ol ooly yioles
el eg)lo 9B pgj5i Jgo,8 12 4 laygnYse B salod 35
MCF- b s Jskos ;5 CASP8 5 Ly, Jlolins iyl
YI9) F-GiN b Lo 5| s CASP8 5 oyl i3l s 7
F- «(P<:/-+\) (plp Y)Y F-Far (P<:/+V) (i,
(»lp #) N-Far/Gin ¢ (P<:/--\)(nl» ¥i0) Far/Gin
Caspase 5 ;lo o jlobias ioljdl ol 5,91 (P<+/c+ V)
F- ¢ P<:/+0) F-Far & cos F-Far/Gin b s 0 8
F- & cews N-Far/Gin  coes 9 (P<:/++Y) Gin


https://ncmbjpiau.ir/article-1-1644-en.html

¥

[ Downloaded from ncmbjpiau.ir on 2025-10-18 ]

NCMBJ, volume & issue, 13/53, February 2024-1f+¥ gliws; dF o)les VF )55 ¢ J58050 5 b (055555 50 glae 36 aslibad
=29 Jle

(P<e/+0) 59 Sy F-Gin a4 cows P<+/++V)
N- Ll ;o MMPO 5 (Lo 5o (s)lsline talS pizmon
(P<+/++V) 0 evnlin F-Far/Gin 4 e far/Gin
05 Ol St o glabade BB ialS (nl  epdle
5,15 236 pg 550 b jLes JLioy SKBR3 (sla Jskus ,s VEGF
F- «(olp < IAD) F-Far (ol < /AY) F-Gin (!, +/AY)
A )15 (el +/FY) N-Far/Gin 4 (., - /Y0) Far/Gin
80 95905 b sleed 5 oy VEGE 05 oo Jls (ne 208
F- F-Far. F-Gin sla ygew¥ge 8 (P<+/:0 ) 4,
olid i .ol saslie (P<+/- - V) N-Far/Gin 4 Far/Gin
5 glaa>de LB zals cow N-Far/Gin b jles a5 sls
Fooboad jless slo Joho b asslin )0 VEGF 5 o)L

(P<:/++Y) 245 0 Far/Gin

1.5+

Fold expression ratio

Fold expression ratio

(P<-/-+V) N-Far/Gin 4 F-Far/Gin . F-Far Gin
F- boond o sl sl jo Liulidl cpl a5 s oasliw
s N-Far/Gin sla Jslo ;o g F-Gin 4 cos Far/Gin
P<ele0)) 09 iy slala>de BB ok F-Far/Gin «
Sl (JB pojo 12 g geVgn b (coled b Lo (izeen
@ Cowi MMP9 s MMP2 sla 5 Lo 5o lobiae zals

e MMP2 ¢l ool caws 0 5 ol Ol s ol J S
-IYY) F-Far «(P<-/-0)(plp +/AY) F-Gin L s
N- g P<+/+ V) Gl +/78) F-Far/Gin «(P<-/- - \)( 5!,
5w MMP9 (6l 5 (P<+/++Y) (ol +/0Y) Far/Gin
<IVO) F-Far «(P<+/-0) (plp /A% F-Gin L s
N- g P<+/+ V) (plp +/#2) F-Far/Gin «(P<-/« - \)( !,
SalS cplas an o)1 (P<+/+ V) (1, +/TY) Far/Gin
F-Far/Gin L ous Jles slo Jsho j0 pSpix joba

1.5

°

2

[

=

S

73

w

o

o

>

L

o

(=]

'

& & > & > <
& O (K <E

<% &%
¥ <’
8-

2

b

=

=

S

"

(7]

2

3

@

T

o

[

5,8 [Cs0 cilé L o JLos MCF-7 sl Jsbo s CASP8 (D 5 VEGF (€ MMPY B MMP2 (A slo 5 ol sl ol .\ JS5
L (N-Far/Giny Jses, 5 Js,miwz s> po39 9 F-FaGIN) Jg oz 5 Jgus o oS 5 «(F-GIN) Jg iz «(F-FAN Jgus )6 N 95925 (slo


https://ncmbjpiau.ir/article-1-1644-en.html

10

[ Downloaded from ncmbjpiau.ir on 2025-10-18 ]

NCMBJ, volume & issue, 13/53, February 2024-1f+¥ gliws; dF o)les VF )55 ¢ J58050 5 b (055555 50 glae 36 aslibad
=29 Jle

duolie o ygiw (SYL 50 o0 @8l bghas ol 00l sauzeins J 7S 09,5 45 Cond (g Lol a3 5l ceels A Sloj o3l o Real-Time PCR S5 3 oolazul
Ablga P<ofo oV FFF Py e (P00 K0 s o a8, S a0 /00 g ol gehae cams o olis glel sl b less g S
Fr o dguS 5 ol g 8 A g i 5 Sy y58 b o ) g INIFAI-GIN (5 33505 N o J5 C 3 i (G g 6 Far

00 AgunSy 3T Jg i Gin

1.5+ 1.5+
K] o
- -
e e
= c
K] o
@ @
g 8
o o
x >
@ a
] o
S ©°
w w
1.59
2 o
B &
s s
b [
w @
& s
g g
- ]
z z
£ 2

& N * N
. & . & & P8
A <

Slayg¥ge,8 1Cs0 clile b ooy Jlos SKBR3 slo Jsles ;o CASP8 (D 4, VEGF (C MMP9 (B MMP2 (A sl yj oyle prbans &l i ¥ IS
L (N-Far/Giny Jsus,l 5 Jsmizr sl pojon 5 (F-Far/GINy Js iz 5 Jgus o S 5 «(F-GiN) g iz o(F-FaN Jgus o «N) pgj505 N
1o o (o295 o dunnlie Logygias (YL 3 o 45 ) bglas anl o0 siuzmins J 51 09,5 4y Cams (5o ,1a5 51 a5 Real-Time PCR st 51 ool
GiN (Jgus )18 FAr szl o P<efe oV FF% 0P<efey e (P<e /o0 0 Kbl 0 b a0 o/ 0 (5 olins g oo oo lis (slel s 5l 1,

NN WA 4.]5“.,55



https://ncmbjpiau.ir/article-1-1644-en.html

[ Downloaded from ncmbjpiau.ir on 2025-10-18 ]

\7

NCMBJ, volume & issue, 13/53, February 2024-1f+Y Oliws ) O o )lad O F 055 ¢ J oS g0 5 Jhoo (659555 5m slaojb anlibud
=29 Jle

S 6yl A S gV eed pl S al eols lid
MMP9 s MMP2 sla 5 oylo jo 6,5 yloboe zals el
685 ,L e el ouis ools Lis e (YY) 09l oo
ol 5 3% 3l lagy ole  Wlgies peies 55 oud
aes 2ol |, MMP9 s MMP2 .S 5l slajlassg pgllce
SloyS (5,500 aslllas o Real-Time PCR slacols (YA)
Sl oad dogipss sl Seigsllen ols ot olfSes
s cyclin D MMP9 MMP2 slays olo adas zals
5 Y5Luls slagyy olo a5 Jb> ,0 e Cyclin E
Jebgasd o) HeS 1 (Y1) S (o St pelass |) A= 5Lls
Wy ) e G w598 S, Jele S (VEGF) (g0
2 VEGF 20 JUSess (YA) &S oo Wyl jg0g5 jlilio 5
sl S e ply o bl Caglie Jotus Sl lo Jshos
50 VEGF (F2) cul lag)] o2l 3 &yolos 9 590!
2wy Sllllae 3 0 )ls cote (e pela by Gl
Oy Gl oo ¢l me (o9 b Jlo i slo 2L L s lis
(Y JFV) ols ol |, VEGF glacisgis, 5l o5V ol
Gl ax 0 o5 03wl b gl sloygess ;0 VEGF Lo
39 i (ER) (395l 00 39 (e b (ot
a3 598 00 0o Sl Gl Gl «PR) (9 739 5 0085
Gl s po (gglad sug @ jlisle o (HER2) Y- o0
b gea¥ge (oolod 2y oo jllal &5 jshailen (y (FY)
— oY 90,8 sy aS wisls Las VEGF (5 ol aelS'L
50 LelS ol op s el N-Far/Gin wos ags slo
olas g9 slardlas .ol VEGF 5 MRNA L xlaw
aulgy (oo wslo Wpgien 4y (ool Calil a5 apgigund ol
il Gilises ol o oy gl canlio lusy)ls Lolgs
s SLigl cusl end ooy GliS Cpimes (FF)
,» VEGF 5 ol Liels el plasminogen kringle 5
L oleys ol ools las adod [0 (FO) Wgd (555 Slocd!
05 Ol sl (z g JB ok a4 gl 5l slapges
Jogine GalS by & ols 5o 1y iy ol (sl Jsk
VEGFR-1 Cyclin E Cyclin D slayys olo yo &)kl
5 Yolwls olo eulas mliél g MMP-9 4, MMP-2
o pojg 45wy (oo 5 4 (FF) 09 ol en A-5Lls
2 688 deily VEGF (5 ol (2al5 L)l 5o 55l
S s by S S Sl 5 I 0 ol

b oo INVIVO Sladllas ainejls ol opl 5 oaad 00l

_
.
S o AR

2 56 L N-Far/Gin as o eols ;jlis Lo fpuiion dalllas o

5 55 don wzse dsbo 4552 5 Seml o LS oy

& ~
.

ol Sl slagylo pw sladasein 51 (SO okl jeng]
4 fesly 39 45 Sy yme 2310 9979 S57sy] (ol yano 93
Og g0 Jlad S e $oods 115 oolgils ol slac! sl Jlas!
Yoshaols o1 Jlbs 4y 5 Ajlasls’ (g5l led 4 pomie oS
Sl (2l yaS e L) (GI yoane Jold g0 rans 39300
45 355 (o0 olml (6 )i 50 € 9,8 s (5 jlwdlj] Lansgs a8
SaS b ShaS € oS gt 9 Apaf-l LS5 4 e
Yoleols 0T Jlos 4 g A= 5Leuls Laleie 5 358 o ATP
29 3leals sl (sl JUsb Ly ey TF YD) 390 n o
ole ool cwss 1ol i glbye Gliswe gl
@lize sloglb,w o Caspase 8 .55,/ MRNA
u.:‘ ULJ Mls aS ol oo ools QL‘“") 9 Cosl 00 L.‘:"LwL"w
Ol o sli8l cp i b N-Far/Gin (sews¥se 8 o ool
b 4 Sond 658 5] 590wz Wl o0 CASPB 5
kb asdllae o a5 09l Gl Sl s sla sl ;o oo
sl Lol 3l e sladdlas (YF) 0i anl o
<8l Sy Jsho ;5 CASPB ()3 lo et 2 (o900
Gl el 45wl saias las wldllas Sy Jg i
b S lyer wls (oo b pgiend oo o]
sk ;5 CASP8 15 ol il el cosli gl
b slatsg pallie S il (Fo-TY) Wed Gilisee Sl
a5 Bt (59, A Alnly sl 5l Sleslgls (MMPS)
) s MMP eslgils Lol slacl MMPY s MMP2
5 305 sl bawg Gose MMP9 3 MMP2 (vf
om Sgdior w5 Giges Sb 4 glog il slasle
g5 03N MMPO s MMP2 5ds 000 505k 51 s3leled
slral slid QUlg 5 g auS oo cu i |y b glac IV
(FO) W8 o b yeeg sladsle <S> 5 Canilow
&l 2 MMP9 s MMP2 45" el ools ylas Sladss
bl g 02led @y 9 Jobo ) Glagm ile o5 s
obod 4 al ool las asdllas ol jo (YF) W)l ey
=05 Obe o Rl (LUl )l W3 pgje s Loy gausY g0 8
o & aiibs Ll |, MMP9 ; MMP2 (cla
U"‘ Oy N-Far/Gin UM.QS U"l > Lg)‘df).ul) ) uwyyﬁ
N- ogas oad ags Gamse a5 ol o] Sl b
sk o2l 5 stialio oo 55 VL Jousliy Far/Gin
Ao pled cwyp asaS gl dsdlas o o)l Gl Slb e

9 Jojard ol Lle Vs eul Al pgies Sl
pll by Sl Jsbo slo 00 aule al Sy ,580u]


https://ncmbjpiau.ir/article-1-1644-en.html

[ Downloaded from ncmbjpiau.ir on 2025-10-18 ]

NCMBJ, volume & issue, 13/53, February 2024-1f+Y Oliws ) O o )lad O F 055 ¢ J oS g0 5 Jhoo (659555 5m slaojb anlibud
=29 Jle

Dy Byre Sdb g INVIVO 580

QS)‘)S‘“‘L“*‘
ST ozl olilesl pyme lulis IS 51 alewgipas

Db o Sl0,a8 Gadd Ll Ll 0ged o0l ,8 Sy sl

v

Ol Sloyw Jokw 00) 90 ;0 jo Jolw as > aBgs
N- se¥oe 3 25, wo 5 Gilivlie 0o (sioual
53 MRNA #baws olo o il mls 4SS L Far/Gin
5 MMP9 MMP2 (o ol ,o ials 5 CASPS
oS WS e bty pole anlllas gl s ools Les VEGF

05l ailS” ylgie 4y wilgs o N-Far/Gin ags oygamY g8


https://ncmbjpiau.ir/article-1-1644-en.html

[ Downloaded from ncmbjpiau.ir on 2025-10-18 ]

A

NCMBJ, volume & issue, 13/53, February 2024-1f+Y Oliws ) O o )lad O F 055 ¢ J oS g0 5 Jhoo (659555 5m slaojb anlibud
B9y dle

&lw

1.Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al. Global cancer statistics 2020:

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: a cancer
journal for clinicians. 2021;71(3):209-49.

2. Kaminska M, Ciszewski T, Lopacka-Szatan K, Miotta P, Starostawska E. Breast cancer risk factors.
Menopause Review/Przeglad Menopauzalny. 2015;14(3):196-202.
3. Waks AG, Winer EP. Breast cancer treatment: a review. Jama. 2019;321(3):288-300.

4. Pearce A Haas M, Viney R, Pearson S-A, Haywood P, Brown C, et al. Incidence and severity of self-

reported chemotherapy side effects in routine care: A prospective cohort study. PloS one.
2017;12(10):e0184360.

5. Mosca L, Vitiello F, Coppola A, Borzacchiello L, llisso CP, Pagano M, et al. Therapeutic potential of the

natural compound S-adenosylmethionine as a chemoprotective synergistic agent in breast, and head and neck
cancer treatment: Current status of research. International Journal of Molecular Sciences. 2020;21(22):8547.

6. Yeshi K, Crayn D, Ritmejeryté E, Wangchuk P. Plant secondary metabolites produced in response to abiotic
stresses has potential application in pharmaceutical product development. Molecules. 2022;27(1):313.

7. Bayles BP. Herbal and other complementary medicine use by Texas midwives. Journal of Midwifery &
Women's Health. 2007;52(5):473-8.

8. Sharma S, Yadav A. Gingerol Derivatives as 14a-demethylase Inhibitors: Design and Development of

Natural, Safe Antifungals for Immune-compromised Patients. Letters in Drug Design & Discovery.
2020;17(7):918-28.

9.Wen C, Liu Y, Ye Y, Tao Z, Cheng Z, Wang T, et al. Effects of gingerols-rich extract of ginger on growth

performance, serum metabolites, meat quality and antioxidant activity of heat-stressed broilers. Journal of
Thermal Biology. 2020;89:102544.

10. Czarnik-Kwasniak J, Kwasniak K, Kwasek P, Swierzowska E, Strojewska A, Tabarkiewicz J. The

influence of lycopene,[6]-gingerol, and silymarin on the apoptosis on U-118MG glioblastoma cells in vitro
model. Nutrients. 2019;12(1):96.

11. Jung YY, Hwang ST, Sethi G, Fan L, Arfuso F, Ahn KS. Potential anti-inflammatory and anti-cancer
properties of farnesol. Molecules. 2018;23(11):2827.

12. Habtemariam S. Recent advances in berberine inspired anticancer approaches: from drug combination to
novel formulation technology and derivatization. Molecules. 2020;25(6):1426.

13. Derakhshani A, Rezaei Z, Safarpour H, Sabri M, Mir A, Sanati MA, et al. Overcoming trastuzumab

resistance in HER2-positive breast cancer using combination therapy. Journal of Cellular Physiology.
2020;235(4):3142-56.

14. Mokhtari RB, Homayouni TS, Baluch N, Morgatskaya E, Kumar S, Das B, et al. Combination therapy in
combating cancer. Oncotarget. 2017;8(23):38022.

15. Mukherjee A, Bhattacharyya S. Nanotechnology in medicine. Biotechnology business-concept to delivery:
Springer; 2020. p. 57-64.

16. Palazzolo S, Memeo L, Hadla M, Duzagac F, Steffan A, Perin T, et al. Cancer extracellular vesicles: next-
generation diagnostic and drug delivery nanotools. Cancers. 2020;12(11):3165.

17. Gogoi H, Mani R, Bhatnagar R. A niosome formulation modulates the Th1/Th2 bias immune response in

mice and also provides protection against anthrax spore challenge. International Journal of Nanomedicine.
2018;13:7427.
18. Akbarzadeh I, Fatemizadeh M, Heidari F, Niri NM. Niosomal formulation for co-administration of

hydrophobic anticancer drugs into MCF-7 cancer cells. Archives of Advances in Biosciences. 2020;11(2):1-9.


https://ncmbjpiau.ir/article-1-1644-en.html

[ Downloaded from ncmbjpiau.ir on 2025-10-18 ]

1]

NCMBJ, volume & issue, 13/53, February 2024-1f+Y Oliws ) O o )lad O F 055 ¢ J oS g0 5 Jhoo (659555 5m slaojb anlibud
B9y dle

19. EImowafy E, EI-Derany MO, Biondo F ,Tiboni M, Casettari L, Soliman ME. Quercetin loaded monolaurate

sugar esters-based niosomes: Sustained release and mutual antioxidant—hepatoprotective interplay.
Pharmaceutics. 2020;12(2):143.

20. Baranei M, Taheri RA, Tirgar M, Saeidi A, Oroojalian F, Uzun L, et al. Anticancer effect of green tea

extract (GTE)-Loaded pH-responsive niosome Coated with PEG against different cell lines. Materials Today
Communications. 2021;26:101751.

21.Li X,HuD, LiY, LuoY, Liang B, Yu K, et al. Overexpression of TP53INP2 promotes apoptosis in clear
cell renal cell cancer via caspase-8/TRAF6 signaling pathway. Journal of Immunology Research. 2022.
22.Yen Y-T, Yang J-C, Chang J-B, Tsai S-C. Down-regulation of miR-194-5p for predicting metastasis in
breast cancer cells. International Journal of Molecular Sciences. 2022;23(1):325.

23. Vimalraj S. A concise review of VEGF, PDGF, FGF, Notch, angiopoietin, and HGF signalling in tumor

angiogenesis with a focus on alternative approaches and future directions. International Journal of Biological
Macromolecules. 2022.

24. Lalami ZA, Tafvizi F, Naseh V, Salehipour M. Characterization and optimization of co-delivery Farnesol-

Gingerol Niosomal formulation to enhance anticancer activities against breast cancer cells. Journal of Drug
Delivery Science and Technology. 2022;72:103371.

25. Michael OH. The biochemistry of apoptosis. Nature. 2000;407(6805):770-6.

26. Pop C, Salvesen GS. Human caspases: activation, specificity, and regulation. Journal of biological
Chemistry. 2009;284(33):21777-81.

27. Teitz T, Wei T, Valentine MB, Vanin EF, Grenet J, Valentine VA, et al. Caspase 8 is deleted or silenced
preferentially in childhood neuroblastomas with amplification of MY CN. Nature medicine. 2000;6(5):529-35.
28. Green LD, Mack L, Pasieka JL. Anaplastic thyroid cancer and primary thyroid lymphoma: a review of
these rare thyroid malignancies. Journal of surgical oncology. 2006;94(8):725-36.

29.Yin J, Tang W, Shao A, Wang L, Wang X, Ding G, et al. Caspase8 rs1035142 G> T polymorphism was

associated with an increased risk of esophageal cancer in a Chinese population. Molecular biology reports.
2014;41(4):2037-43.

30. De Miguel D, Gallego-Lleyda A, Martinez-Ara M, Plou J, Anel A, Martinez-Lostao L. Double-edged lipid

nanoparticles combining liposome-bound trail and encapsulated doxorubicin showing an extraordinary
synergistic pro-apoptotic potential. Cancers. 2019;11(12):1948.

31.Chou T-H, Liang C-H. The molecular effects of aloe-emodin (AE)/liposome-AE on human nonmelanoma
skin cancer cells and skin permeation. Chemical research in toxicology. 2009;22(12):2017-28.

32. Sugiyama |, Kaihatsu K, Soma Y, Kato N, Sadzuka Y. Dual-effect liposomes with increased antitumor
effects against 67-kDa laminin receptor-overexpressing tumor cells. International Journal of Pharmaceutics.
2018;541(1-2):206-13.

33.Chia CY, Kumari U, Casey PJ. Breast cancer cell invasion mediated by Ga12 signaling involves expression
of interleukins-6 and— 8, and matrix metalloproteinase-2. Journal of molecular signaling .2014;9(1):1-11.

34. Stoeltzing O, Ahmad SA, Liu W, McCarty MF, Wey JS, Parikh AA, et al. Angiopoietin-1 inhibits vascular
permeability, angiogenesis, and growth of hepatic colon cancer tumors. Cancer research. 2003;63(12):3370-7.
35. Zhang W, Wang F, Xu P, Miao C, Zeng X, Cui X, et al. Perfluorooctanoic acid stimulates breast cancer

cells invasion and up-regulates matrix metalloproteinase-2/-9 expression mediated by activating NF-«B.
Toxicology letters. 2014;229(1):118-25.

36. lochmann S, Bléchet C, Chabot V, Saulnier A, Amini A, Gaud G, et al. Transient RNA silencing of tissue

factor pathway inhibitor-2 modulates lung cancer cell invasion. Clinical & experimental metastasis.
2009;26(5):457-67.


https://ncmbjpiau.ir/article-1-1644-en.html

[ Downloaded from ncmbjpiau.ir on 2025-10-18 ]

NCMBJ, volume & issue, 13/53, February 2024-1f+Y Oliws ) O o )lad O F 055 ¢ J oS g0 5 Jhoo (659555 5m slaojb anlibud
B9y dle

37.Bourbour M, Khayam N, Noorbazargan H, Yaraki MT, Lalami ZA, Akbarzadeh I, et al. Evaluation of anti-
cancer and anti-metastatic effects of folate-PEGylated niosomes for co-delivery of letrozole and ascorbic acid
on breast cancer cells. Molecular Systems Design & Engineering. 2022;7(9):1102-18.

38. Dabbagh Moghaddam F, Akbarzadeh I, Marzbankia E, Farid M, Reihani AH, Javidfar M, et al. Delivery
of melittin-loaded niosomes for breast cancer treatment: an in vitro and in vivo evaluation of anti-cancer effect.
Cancer Nanotechnology. 2021;12(1):1-35.

39. Mansoori-Kermani A, Khalighi S, Akbarzadeh I, Niavol FR, Motasadizadeh H, Mahdieh A, et al.
Engineered hyaluronic acid-decorated niosomal nanoparticles for controlled and targeted delivery of
epirubicin to treat breast cancer. Materials Today Bio. 2022;16:100349.

40.Liang Y, Brekken RA, Hyder SM. Vascular endothelial growth factor induces proliferation of breast cancer
cells and inhibits the anti-proliferative activity of anti-hormones. Endocrine-related cancer. 2006;13(3):905-
19.

41. Rice A, Quinn C. Angiogenesis ,thrombospondin, and ductal carcinoma in situ of the breast. Journal of
clinical pathology. 2002;55(8):569-74.

42. Liu Y, Tamimi RM, Collins LC, Schnitt SJ, Gilmore HL, Connolly JL, et al. The association between

vascular endothelial growth factor expression in invasive breast cancer and survival varies with intrinsic
subtypes and use of adjuvant systemic therapy: results from the Nurses’ Health Study. Breast cancer research

and treatment. 2011;129(1):175-84.
43. Kostopoulos I, Arapantoni-Dadioti P, Gogas H, Papadopoulos S, Malamou-Mitsi V, Scopa CD, et al.

Evaluation of the prognostic value of HER-2 and VEGF in breast cancer patients participating in a randomized
study with dose—dense sequential adjuvant chemotherapy. Breast cancer research and treatment .

2006;96(3):251-61.

44. Khodabakhsh F, Muyldermans S, Behdani M, Kazemi-Lomedasht F. Liposomal delivery of vascular
endothelial growth factor/receptors and their inhibitors. Journal of Drug Targeting. 2020;28(4):379-85.
45.Jin J, Zhou KK, Park K, Hu Y Xu X, Zheng Z, et al. Anti-inflammatory and antiangiogenic effects of

nanoparticle-mediated delivery of a natural angiogenic inhibitor. Investigative ophthalmology & visual
science. 2011;52(9):6230-7.

46. Akbarzadeh I, Farid M, Javidfar M, Zabet N, Shokoohian B, Arki MK, et al. The optimized formulation of

tamoxifen-loaded niosomes efficiently induced apoptosis and cell cycle arrest in breast cancer cells. AAPS
PharmSciTech. 2022;23(1):1-13.


https://ncmbjpiau.ir/article-1-1644-en.html
http://www.tcpdf.org

