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ARTICLE INFO Abstract
Background. This study aims to design and synthesize a nanostructure to address drug
Avrticle History: resistance in colorectal cancer cells. Specifically, it targets cells with mutations in the
Received: 28 Aug 2024 KRAS gene that resist the chemotherapy drug, Panitumumab. Then, the biological effects
Revised: 4 Jan 2025 of this nanostructure were investigated in colorectal cancer cells (SW480).
Accepted: 8 Jan 2025 Methods. The targeted nanostructure was composed of PEGylated gold nanoparticles
ePublished: 16 Jun 2025 conjugated to Panitumumab (GNP-PEG-Pan), and its physicochemical properties were
determined. The cytotoxic effects of this nanostructure on SW480 cells were assessed
Keywords: using the MTT assay technique. The effect of this nanostructure on apoptosis in cancer
e Colorectal cancer cells was evaluated using flow cytometry techniques. The expression levels of genes
e Panitumumab involved in apoptosis, including AKT, PTEN, Bax, Bcl2, and Caspase 3, were evaluated
e Gold nanoparticles after the application of the targeted nanostructure using Real-time PCR techniques.
o Apoptosis Results. The results of the study indicated cytotoxic and apoptotic effects of the targeted

nanostructure against SW480 cells and overcoming drug resistance in this cell line. This
targeted nanostructure played a key role in inducing apoptosis in KRAS mutant colorectal
cancer cells by increasing the expression of PTEN, Bax, and caspase 3 genes and
decreasing the expression of the AKT and Bcl2 genes.

Conclusion. Our findings demonstrated that the engineered nanostructure can inhibit cell
proliferation and induce apoptosis in KRAS mutant colorectal cancer cells. Therefore, this
nano-formulated antibody can be proposed as a novel therapeutic option for colorectal
cancer and other solid tumors.

Practical Implications. The engineered targeted nanostructure (GNP-PEG-Pan) enhances
cytotoxic effects and induces apoptosis in KRAS-mutant CRC cells resistant to
Panitumumab.
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Extended Abstract

Background involving mutations in the KRAS gene. These
Drug resistance in colorectal cancer (CRC) is a  mutations lead to resistance against Panitumumab
critical barrier to effective therapy, especially in cases (Pan), an anti-EGFR monoclonal antibody widely
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used in the treatment of CRC. This study aimed to
design and synthesize a novel nanostructure,
composed of PEGylated gold nanoparticles (GNPSs)
conjugated to Pan (GNP-PEG-Pan), to specifically
target KRAS-mutant CRC cells and overcome their
drug resistance. The biological effects of this
nanostructure were evaluated in SW480 CRC cells to
assess its potential as a therapeutic option.

Methods

GNPs were synthesized using the citrate reduction
method. In brief, 125 mL of distilled water containing
0.25 mM HAuCI, was boiled. Then, 12.5 mL of 40
mM sodium citrate was added dropwise while stirring,
resulting in a ruby-red color. The solution was stored
at 4°C in a dark container. To enhance stability and
facilitate conjugation with Pan, GNPs were
PEGylated by adding 7 mg of thiolated polyethylene
glycol (SH-PEG-COOH, 2000 Da) to 50 mL of the
GNP solution. This mixture was incubated for 4 hours,
followed by centrifugation at 10000 rpm and washing
with PBS. The PEGylated GNPs (100 pL at 0.33 uM)
were activated using EDC/NHS (0.4 M EDC, 0.118
M NHS) and incubated for 2 hours at room
temperature. After centrifugation at 20000 rpm for 10
minutes, the pellet was washed with PBS,
resuspended, and mixed with Pan (20 pL at 5 mg/mL)
for 2 hours at 4°C. The conjugation efficiency was
assessed using the BCA protein assay kit. The particle
size and distribution were measured using the
Nanotrac Zetasizer. Subsequently, SW480 CRC cells
were cultured in RPMI-1640 with 10% FBS and 1%
antibiotics at 37°C in a 5% CO,, incubator. The cells
were treated with different formulations (GNPs,
GNPs-PEG, Pan, and GNP-PEG-Pan) at various
concentrations (25, 50, 100, 150, and 200 pg/mL), and
cell viability was measured using the MTT assay.
IC50 values were determined after 24, 48, and 72
hours. Apoptosis was assessed using Annexin V
staining and flow cytometry. The expression of
apoptosis-related genes (Bax, Bcl2, Caspase 3, PTEN,
and AKT) was analyzed by Real-time PCR. Statistical
analyses were carried out using the analysis of
variance (ANOVA) and Student’s t-test. All analyses
were conducted using SPSS version 19.0, with the
significance level set at P < 0.05.

Results

The hydrodynamic diameters of GNPs, GNP-PEG,
and GNP-PEG-Pan were 21 nm, 28 nm, and 40 nm,
respectively, as determined by Dynamic Light
Scattering (DLS). The zeta potential shifted positively
during the formulation process, from —17.9 mV for
bare GNPs to —87 mV for GNP-PEG-Pan,
confirming successful conjugation. BCA assay results
showed that approximately 82% of the added antibody
was conjugated to the PEGylated GNPs.

According to the results of the MTT assay, the
GNP-PEG-Pan nanostructure enhanced the toxicity in
a concentration- and time-dependent manner, as with
increasing exposure time, the 1C50 values of GNP-
PEG-Pan were significantly decreased compared to
Pan and GNP alone. GNPs and GNP-PEG alone did
not yield significant IC50 values. Pan had no
significant effect at 24 hours but achieved IC50 values
of 180 pg/mL and 169 pg/mL at 48 and 72 hours,
respectively. In contrast, GNP-PEG-Pan exhibited
IC50 values of 160 pg/mL, 125 pg/mL, and 97 pg/mL
at 24, 48, and 72 hours, respectively. Based on these
findings, the 48-hour time point was selected for
further analyses. Apoptosis rates were assessed using
Annexin V staining and flow cytometry. The rate of
early and late apoptosis was higher for GNPs
(13.34%) than for GNP-PEG (9.29%); however,
neither showed significant differences compared to
the control (P > 0.05). Pan alone induced significant
apoptosis (23.9%, P < 0.05), while GNP-PEG-Pan
demonstrated the highest apoptosis rate (67.29%,
P < 0.001) compared to the control. Real-time PCR
analysis revealed significant alterations in gene
expression after 48 hours of treatment. GNP-PEG
alone caused no significant changes in AKT or PTEN
expression. Pan increased the expression levels of Bax
and Caspase 3 and decreased the expression level of
Bcl2. GNP-PEG-Pan further enhanced the expression
levels of PTEN, Bax, and Caspase 3 while
significantly reducing AKT and Bcl2 levels. GNP-
PEG-Pan showed higher upregulation of PTEN and
Bax compared to Pan alone.

Conclusion
Based on the findings of this study, GNP-PEG-Pan
exhibited the highest cytotoxicity and apoptosis

275 | Med J Tabriz Uni Med Sciences. 2025;47(3)



Akbarzadeh-Khiavi and Safary.

compared to GNPs or Pan alone. GNPs, when used
alone, had no significant effect on cell death. The gene
expression results for apoptosis-related genes (Bax,
Bcl2, Caspase 3, AKT, and PTEN) further corroborate
the cell cycle results. Overall, the conjugation of Pan
to PEGylated gold nanoparticles enhances the cellular

toxicity and apoptosis in KRAS-mutant Pan-resistant
CRC cells. These promising results suggest that the
GNP-PEG-Pan nanostructure could be a suitable
candidate for targeted therapy in CRC with KRAS
mutations, potentially overcoming common drug
resistance mechanisms.

Med J Tabriz Uni Med Sciences. 2025;47(3) | 276



FAT-YYE (W)LY )€€ ygnyai g dloyo )J)uuﬁu).)/oglc oliils Sy dzo . gyao g g9l 005 S|

ol doi: 10.34172/mj.025.33809 S -
® https://mj.tbzmed.ac.ir ,.H
L~
/}J’?fﬂ,f(iu i

&v‘-!l-*i*-w a0 9 AKT/PTEN/Caspase 3 6)9’“’9”]' LSLQOS UL‘" 3 0 4.]9,0)99)[) w9’°9""“l" )-*-’i-’
KRAS yug=> gyld swaso gl Jolw 43 BAX/BCI2

*“‘r‘s).é.:o ‘ohd ‘ “5913‘.'5 035551 o

el a8 S pole olXatily (1S g inlsS slas)lasy wliain Sy
UI).:I S USJ.u)J ‘OSJ.C ol&asls b sl kSL“LS)L"“" wlggss )S)AY
obel oS (S pgle olSutsly (yundogs 03Simg3: (9l slos)glid sy wliuio 3Sye"

oS>

Dt Gl el Jsb 33 5394« JiSi0lsS clles el 55 bl Gloille 3| 052 ol ansli tiuas
9 >hb wallho (pl Gan siiws pglie Clogoginly ileydsemis 9)ls 4 s &5 sl KRAS (45 53
ol gy 5 coposisl w5 2ol shy (GNP) Mo gl y ino Siabsn sibugih Sy i
sl KRAS (sig2> bl SWAB0 JES3slsS oy i Jokes 53 o (Saiolss

GNP-PEG-) auis 459565 g5l 4 g db M wlydgib 4l p wiedan ybislwgl lal 6 g,
i okas 33 L ol SaaS3pginn il 38 (a5 o (amnbsSnd SlosS3as sy P
sodsbe j500T $95 2 93156 Gl 556 s usy sy MTT (45037 5l osliianl b SWAB0 JUSyolS by
sl b lade glags ol dlise ouizen .2 byl griegilogld oSS i eolaiwl b Glbsw
Real-time b, 4 «xioda oasb dlg0y9gil (b7 436 51 o AKT, PTEN, Bax, Bel2, Caspase 3ol
2855 3148 w3330 PCR

sdole » #283hlE Ssnel o SauSeigiu whil Jedsn gglogil aS ol s s Lol
ok Lliel b gslogil cpl ccwol saus Jolw 03y ¢yl 33 (52915 coglio p dde el g ainls SWA80
33 sgioal )l 43 guSeadis 3l Bel2 g AKTglos oly (ielS'g Bax g Caspase 3 PTEN clogys
ol s KRAS g gyl JSslS oloyes sl Jleo

3o00a] L8l g Jolw 1355 slao 4 3318 s swigo slslugil 45 sls (L delllae ol gloadl . g pSamus
ly o3isdlse855b (3biBT (lgise coliol (xal 2 ol KRAS (g (ghls JUSyslS Glosws slasbe 5
358 lgidtug Selz slaygess sl o JESyslS lbyw ly g pleyd So lsiety

Sl g Jolw caows wlyil yinl3dl cacl (GNP-PEG-Pan) saws swiige Jada yliskogil . Lac slodolo
ol oads ragagislh pglie o KRAS iz shls gladsle 3 jensT

dlio wleMbl

sdlldo disls

Ve V/5/Y edlyy

Vo ¥/1o/NO 1 oy 2ol
LA VATAL VIR
VEoF/Y/YE il sl

:Lboj|9A,J5
JES)5lS oges o
rog0gily
Wo elydgil o
ssg

doddo

OliasS «Jaanlyga9y918-0 wiile Jolaio Sloydsanis slosig)
> ceoglio b sl Sl (alee yegde (S JIIsST 5
sz Gloys lagiyy gomime o3l yol ol 45 s olyon
sleuiey UBloe g lbcadgize 4 dzgl b MaS e dwey
Sedsa Gloyd slagiyy (Sloy Gad oiigh @y Gloy
O8 =93 990 (raundegil 9 53eleiSigl 3l eslaiuwl g Sujglan
S3lpeal 33 Crawdegl 3ylS ¢ il dos w43 cwel widyS

2 gl (05 bShe 5 papigelis 31 e JUSislsS plloyw

B 3l g paegw (b slaes J 31 oSl lgz swlyw
o ooy 53 oo ol s 1y 48y (raegd a9 Sye
9 ol glaplbyw il w03 33 9y o wlivgy glaglbyw
3 b layrogSye il aoydle g 595 3l woyd 4 olaisl by
-0 Womxe yoloe Kby el glapille | ol
Lol Gl @ gy gilew onl @ Ml wgy 35 Gl 5> 0ed

azamsafary@yah00.com :Jueul ¢ Jgdumo odiung™

(http://creativecommons.org/licenses/by/4.0) CC BY 4.0 5lS ginS jome s 3y (S oole olSsls bawwss Sl uuyians b dllio eyl ol Bgamo (lalso gly wals g
il 03 0315 glanyl g sl pitie g6 4 ol 43l @) a5 il lxe g0 5o i eoli] dgSym o dlao §ab 4 e yitiine


https://doi.org/10.34172/mj.025.33809
https://mj.tbzmed.ac.ir/
mailto:azamsafary@yahoo.com
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0002-1552-6537
https://orcid.org/0000-0002-8997-2003

(5380 5 ok 0355

26 lagabisoT ol Gloys Gl (Jl al b T390 jgsl
33 o> ozl calizeo Gioglie slopunslSe bawgs (EGFR
LSLQ’)TW“‘ L_;)L«.uLJLQ_Q RAS/RAF/PI3K 6_\...\15 LSLQ’OS
33 wlusi EGFR sloslKd iuliél (ERBB2IMET/IGF-1R
ol 90 @lo 055 baumaiyy 33 Wi g EGF (glaesipS
G5 i 5 Slgilie glape gilwil Jol wlyes
5 Sy 3 pladl Jlo 35 wlisizs daille ol péple “cal
Syise slagleyd skl gly cioglio glapusllo ol 3 ale
-Jolm gl 3l oalasiuwl Lol 03sSlganel 35509y So vwl (Syaio
5yl S Hgieds Wlgise 45 ol STt/ JT @lydgb b b
31T slewddy EGFR dude dindun slavcyloyd cogas ly ogall
SanSgigins iyl bloa Wo s gb (It hdgh o
-5l b aS (oMb @l 3gib . ailaudyS §I\8 dogi 3yg0 yidiw « yieS
b 590 )91949 .)3).)1.&3 diloas 4.?9):[5 C)l*b)“" RV kSL‘bLS‘)L’
Soshs (85 553 gm0 3| s Lo oy sl Jske
3l GEha 9008 (wSeio |y 49 Nigiise Juaio Mb ¢ Slbyu
8950 031y pausids @l sl Jolu

Sgy 35 sl agSim oS ol ools lis glasllas
el alply 9 by @ yzie Wlgie s
oo 3> Guigiedl slall el » plbyw Sloys lagibs,
oigisl 30 45 ego glogy dlez I Msibas b ilbyw
oo @ Jsice cimn S JuSIS o sla sk
9 Bax lyasSgie sl o nCaspase oslgil> AKT [PTEN
13318 Gl Vo 09390955 (595 1 dS PTEN (5 ™".5,S oyLisIBel2
S o005 6w 3 S o3 39085 K050 35 S ey
9 oo)f JJA.\J PIP2 « b PIP3 (43 U“l ol L_g)bm Oy
@ yio PTEN (giluJledyue .35 0 slgo |y PIBKIAKT yaiio
by dzms 33 9 ok s 9 5SS QR8T e ol g3l Jled
PTEN Bi> g basigz daglboyw 5l (gl 39 3350 13093
"9 335 @uus g PIBKIAKT suue silwled 4 yxio
33 PIBK/AKE sl yamo (3355 Jled b PTEN Lige g BSdo
Ogewdliyands Gub 5 PTEN (uizan .yls (i plbyw 33950
blsyl gl wéyun b o cdled (ualS g 03)S Joe AKT
RN

oo Ll Bel2 g Bax lyaSsine slagi S sow |
0oy SO Bax oS gligSay taiuSe Wl jengll euais 3o
2 S e Soed |y oo Sye il o el Sigieila
seing] @lo &5l Sbgiglas (g o Bel2 S J>
Bel2 oyl siwliél o Bax by (uelS (JUS)sloS by 33 1550

Jadae g plbyw glaySilegn b o oSsesy alwlid «y3093
u«ul)nglaa.om Of ol aidly u»)»wfu.c).wm 9)|.) Jw O‘))S
9l wsllae 593 53l (e Bylse el (leyd iyl
6[.:1:9)'3 ‘Ltbu_/&l.x )_»L.u 4 Q_A)JJJT 09N E-XV-) ;,«Sl.’ L C)T Q.\Sl.w) 9
3l b 455555 b oS5 gt JiSiolS ol slsio
30,53l « 102355530 ¢ Jaunogil «og30xdgil dlax 3l calizxe
9 0y g Mo suile LS,"LQ ub)yb 9 (QD) @l ﬁ9;6|95‘(PLGA)
G509 8 (INVitro) 59y slayl 35 sy 390 eeiSesgw
ilo cdedam glagylogil ¢yl 5l sz Tleis,S )48 (In vivo)
Jol> a5 (lmpgjodsial) pojosd b aSo5isS oMb wldgil
5V 38) Gk lasDlS Jole 55 it SGloyssands glagls
;.b\l)b )')é (Y
sl gy o (EGFR) 5oyl sy 55518 03,5
S b ool awsy 41518 gl 03548 SO s 43 oS el
S35 o3l glal (03558 i 5o o ol 2
103545 3LuS (39,5 £9 g (Erythroblastic oncogene B, ErbB)
S ol 3950 30 g ol Joiue slogyy 5o iz -l
slie 023,5 So EGFR (g .3y Lidd byl glgl
slaplbye ohigts dagloyw 3l gl 53 oS el Gyl
s g3l led 3ads0 samline o 32 5l G gl (JUSyslS
o319t <oy sla sk 15 3y bisbio s (55 s Jols 5353
B €eevr 03gamo 43 EGFR by (e «Jllinl Lo b glo Joleo
sl 35 45 b 45 el Jsbo 3 (gl3l @ 03355 Voo
Sunyse Jolo 3o Glil 4 03308 orkeo ¥ 4 lise ol Gy
203 YO 5 Y0 (3 03535 il b el - JS3olsS ollogen 33
oy by Ggingl slae L EGFR (ol (iwlidl Y ewol yusio
290 g 039 oled jliwlie 5 Jolw Sy (S, (ol
lgds dadise glam B ASTUk § et Gaigid s
Phb 4 yzie daglbyw glgil sl 3o (o ol il 3 Give
ol sl yebay & sl oads JiglSgige slagabisiT 4us o
EGFR so Jbglfygo LngL;JlgU’ﬁT A..\A.a:bvo)@ RV |) o&),gf
‘UJLB),«» L_;L:bdglw 3 EGFR 6[.%0_).3)5 L_g)'l.wc'@)o 6LQJ| caels
45 silesls ul;.w wiello q.).:swu,o LJL\S)QJS OUQ).w 39 0339
dl.!9j5919.o kgobu.u]') &_MUSW ko EGFR Wb LSLQ’LSJL’Q*’T
1gG2 kS‘)L’ U»T) wg;sy.»l) 9 (Uhge /ul.wa| &))A)lf 1gG1
o 4 Uil @b 5l EGFR e LialS g s b ciyls
sl o Gl sladsle 3y slae el «ogioid — ool

Y oylouis €Y 0593 )J).uuﬁuy/o/al: olSiiils ;i o | YYA



5380 5 5ok 0355

0w gediandd PBS 18 b 5 duw Jolowo cecln ¥ 31 Ly . 003yS
o pae 4 Jolo guy b Joadapiles Voooo 1M 493 33 9
i oXkwy yitd o

@ (odbil b osis 4l oMb whi3gil (yoawla3sS (sl
45y Mo b YesySue o/FF Jslmo sidssSeo Vo
o/\WA g EDC Vg0 of¥ dale L) EDCINHS yidgySao W onss
5 &l slod 35 cclio ¥ o 4 bgline . asla] (NHS )Y
Vo o dy Yoooo IPM 33 (s 3, 4655l @udlo 499 s
ol lime agiigySin dun 33 33158 (ol 38 Sonagilas €8
olsl 4o .o s PBS 4L b b dw Jols Ggwy g wdyS
4 g Nab osbey yidhe V/F exe 4 PBS b wbguw,
O whle b) crogogiil @obGT yidgySue Yo gigSie
2 el Yoo 4 bglo .aus)S dlel (sidho 15 05 Ghe
3 ogeySae (umes 3 (50455 S Sl 42> ¥ sled
29y &lo 9 B Joadsycilu 48,85 O oo s Yeooo rPM 493
whdgh gy » oads ) glopuien wdale iz ly T
%y 990 (BCA protein assay kit) BCA wuS 3l salaicl b Mb
=85 )8
51 ool b T =25 3 @hyd 0l 4 bgpye glayiohl

Microtrac, San Diego, CA, ) Zetasizer Nanotrac Wave™ oK
b eadaSy3sS cuagegisly bt tlise A uny (USA

39) 359 33 uoyd (a5 (gly -33yS s BCA oS 3l ooliiwl
" oslaiwl ) dales 3l Mo wlydgib 43 (MAbs) s

ol 39 (paiSg = US g R
100 x P otine — S ossn =0l 3g) (MADs) (yuiigys (ylio : 1 doleo

S oBan
31 ool b 35 (GNP) saidliSs oMb wlydgib g, 00u545g356S MAD (5a0
Yok duwolso Ydloleo

o 3BT (g — JS (g = (MADS) So305 (i liee 2 dlsleo

buse 33 g g5lasys oyl ygiwl giciwsl 51 SW480 Jglw 034
Sgmsil Moyd ) g FBS %10 b saws e RPMI 1640 S

slod b ygibgSSl 3o (Beoe UML) yasologio yiwl/ eyl s
031> S oy A0 cughy g CO2 %5030, sl 4y YY/0
s el SS5 dww 45 liolosl (oled o

O 9 MTT (2w S5y 99451 51 Jokeo caromn s sl
9931y Seed (y it by 3 (9031 ol it e3léiewl 1C50
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium ) MTT
sl sl bauwgs iy ofilaysd gl iS4 Sy, ; (bromide
i ol Jled Slopbic

2y 33 Wl eoglie 5 sg00l 31 Gilbyw ladsls )¢ zgo
7 390 baployd

St bjlg s (yditanw 3l (gaae 1O o3lgils S banjluwlS
-0 el lgidl g Jola osit (Giayaliy Syo 35 bl (it 45
oS sl ag) ST ably S ¥ 3LolS il lao y3 S
-oa8950 3l ol ALl b A JLlS g giledled 5l pu
Mogise senal czge g 008 wind Jolw 4o |y Gl lo
«SpuSgigim lagyls dloz il plbyw 36 lagloys 5l gyl
Sy el ¥ 3Ll giludled @ab 5l (ligigedl 5 lyisadls
¥ 3bulS gl colul ras 3 2ad50 3085 kool
slopleyy izl Qb sly oSl Sl S plses
el Jlooll Mol @65 48 ookl 3350 lbyerrds
22055 3 «Saginsdl i poglle ¥ Ll &S w350 iy
ExS B3 45 a0 4B 3l (I 55 15085 (23S 9 39¢
@ |y Gl gla sl coulue Slgie lgsa ¥ luwlS Slay
Sliwlio g pzles j aSh waas (Rl Slsgusly o Sloydsas
M55 sxSelz 8 Glow gladsle

» o Glisbugl i 9 2hb ol sl jl dua
Wb @ly3glb Jolis 45 cuwl diodam sais S oMb wlydgl
39 .2l 50 cogogiily EGFR w63l b sauisdSypls 4l
o) oo b 93 33 3libogb cnl il (iegs ool
dloz 3l 50T 35 Ju2d slays ole) JoSJse 5 (Gssel o ok
Sy sloJolw g9y » (Caspase3 (Bcl2 Bax AKT, PTEN
s snles Ly KRAS (4530 Lias glyls SWAS0

BT
WA it wlyiw gbel gy il eslaswl b Mb wlydgil
Sgiaol Jolxo laiyl rnnl 2 i ol @ dode> yobody s J=lse
O § iz syl SO 3 Ty (BYgekee of YO wilale L) HAUCK
olo gg) Jolowo 2 8Ll o @ yabas bgd T yid o WO
3ol oS gy b aldl 33 i 08 Ghoe dbs B ealy
O sidshao WO 33 Yse ke Fo) masw wliigys Joloxe
Slal 31 pa s a8ls] Jgloxe @ oykaBeyad g0y (yukass shgd
Bk 35 Jiol> Joloo 5wt (igels oS (358l 30y8 Sy
ol Linli8l (gl o (650455 ST Sl 42> B (glod 33 033
(GNPs) Mb wilydgil ccogogiils LSJL’UJJT & Jlasl cogss o
SH-PEG-wygots (PEG Yooo) dlgis JoSulS Ll bawgs
Jol=e yidihee Qo glil 4 )5 ol sly o oaubgy COOH
48lsl SH-PEG-COOH oSk ¥ onids 3w oMb whydgil

YYa | Y oylouis €Y o)9>)jgju’tyﬁu’)jg/o}[c o[iau/.)uﬁuycdz.o



(5380 5 ok 0355

3L (b 3 dm .o 5SS CO2 oy O g dS Silw dyd VY 45
©912ez pruys bawgs ladolw (el FA) 455 5590 los
35S @xbio eSyib) VST oS [y b @llhe g oawb
(BD FACSCalibur™) ¢ yiogisloglé slSiws 3l oslaiwl b (S
ROT S SUCHEWHRITY

s 5 SWABD slo Jsbr 31 RNA 2l cly osimon
Sl £ glacal 335155 4w 53 g gy 2 35 laJol cDNA
O Gy 3l dmy Lo 00l cudS (Salz o 43 Jolw 1%10°)
ogogiil JbslSgise 5obisoT b la el Jsl gy el YF
gl pgw g laia Mo @h3gl b egs (G (e
Sy oMb whigh b plaz G (Rlgse candS)y b
5 wgegish EGFR o JiglSgige (oabsul b osudaSyisS
(bS5 (93938l e o JyiS 005 lgieds sled ya b g sy
JRVIPTIS O VIS SRV | N IRVESR A RPRI U g APPSR
0953l wlio Ly o 300 el FA (sl ool «puao
LojT 5ua25 S Sy Jginw a5l okl b ol RNA Lssuid
559 3 CONA 5iias gl 3 il caS Josllgios 6o 5
oS Joallgiws b glae TAKARA =Sy oS 5l ol MRNA
- sBlw 433 = Yo 35 3JUT yloj B cDNA gladiges .auwd odlaiwl
Sad (g)laeSs 3lyS

Real-time PCR SuSS 5l eolésl b (05 ol sy sy
Bax, Bcl2, Caspase 3, PTEN, AKT sla 45 slys slais gloyonlys
nehi primer (glayl8ley 5l eslaswl b (515 o lgred) f-actin o
obsebl 1 s () Jgaz) 350 sy p 9 =k oligo 7 ¢ BLAST
uylaw Bioneer Sy 3l 4k 3550 sla Jlgi dvyaslyy e
b 5yla o

A slocaly 33 41555 4w 55 g 095 iy 55 SWAB0 sl Jols
50 03l S (Sanlz o 35 Jol 10 bale b) _Sale
ool JUslSsige GobiT b sless : Jgl 0gS
el b 35 b sleus 1pgd 09,5
2254l Sy b w39l b slaws zpgw 0g)S
&bl b S35 0aidliSy b wlydgib b slass :p)lgz 09,5
ogogisl EGFR

9958l oS35 e o H(UES) e 09)S

-03L 3> MTT assay_yig b SW480 sl Jolw loossy (3o
639° Wl xizra® b Guy el YV g FA YF Sloj sl
b (1IC50) dguis0 o olw duoyd B J8las Siloowsy ccly «5
w303y s GraphPad 13810 g 15231 ol8iuwd 5l ool

I i Lo qyombisSil el YY g FA YE 5l
giindd 3l g 9 3 Z 3 00t sloS sla sl sol> sl Sl
2 Lol Sale y 4 MTT Jglowe yiagySao Yoo PBS 3L b
Joloe g 0ot 4z gy Jale (ouabeSil welio ¥ 51
39 09awbgSol 488510 3 s 203, Wl b Sl 4 DMSO
20 Jsb 1 digad (158 iz lise OS5l dzyd VY gled
o Iy ICs0 o g b suwyy IV olSites bauogs yiogih OVe
23S ko oSy

dw 33 g Gyw 259 33 SWABD Joluw 03y «yols dasllle 4o
sly (Salz yo 45 Jobo 1%10%) Salz £ glowudy 3o 5SS
VE O gy 3l dmr o ools oS ool jo0T suo
-4 ogegily JUslSgige 6abil b laole Jol gy cecles
h3gh pow g (2lgse Wb wh3gh b 09y g (e
Ao b whdgh b plaz g (Rlgse cand S b
9 wegogisl EGFR o JiglSgige oobul b osidSy3isS
LSy 539381 (o (xS 09,5 lgieds lacd (g iy (Gu

B-actin g Bel2 Bax «Caspase3 PTEN AKT sloyj slosnly casgilSe Jlgs Y Jeaz

youl e 39ilSy g

o3 b

Forward:5'-TCT ATG GCG CTG AGATTG TG-3'
Reverse: 5-CTT AAT GTG CCC GTC CTT GT-3' AKT

Forward:5'-ACGACGGGAAGACAAGTTCA-3'

Reverse:5-AGGTTTCCTCTGGTCCTGGT-3' PTEN
Forward: 5'-GTGGAACTGACGATGATATGGC-3'
Reverse: 5-CGCAAAGTGACTGGATGAACC-3’ Caspase 3
Forward: 5'- CTACAGGGTTTCATCCAG -3’
Reverse: 5'- CCAGTTCATCTCCAATTCG -3’ Bax
Forward: 5'- GTGGATGACTGAGTACCT -3’
Reverse: 5'- CCAGGAGAAATCAAACAGAG -3’ Bcl2
Forward: 5'-CAC GAT GGA GGG GCC GGA CTC ATC-3'
Reverse: 5-TAA AGA CCT CTA TGC CAA CAC AGT-3’ B-actin

Y oylous €V 093 )Jjuu_ﬁu))/oglz ol Ky alxo | YA



5380 5 5ok 0355

(OLS) 155 Sealied S8y elmnsy 55 railsy 5 hsib g o oslal Julos 5 apsos ¥ gz

Nanostructures Size (hm) Polydispersity index (PDI) Zeta potential (mV)
GNPs A -/¥AY =Y/
GNP-PEG YA yall -)+/o
GNP-PEG-Pan €. JJsay -AY

4 020455 55 4l @ly3gil :GNP-PEG-Pan tous a4l (gMb wly3gib :GNP-PEG ¢ JoSulS (L3 s :PEG b ey 343l :GNPs ¢ 353 Siaolins (SuSTy, :DLS

sloosl 33 1Cs0 5lado 0 3ygTy ) JSi D i ilao (cbes
9 VA« pg/mL CuByids cogogiib ly caelw YY g FA Gilos
celw YY g €A Y€ Sloy gloosl 15 GNP-PEG-Pan (gly ¢ 114
2ol oy 5l e -00yS s AY Y0 N pgmL oy
Sy 3 deldl gl sl 31 g el FA 0L ol Sleoas;
s ol Joleo oy

S Sl oolainl b 1y se000T Gy 0 boyye ol ¥ JSub
s ol laidly b @llae 30 (i sagilusté
(BVYIYE) sandlSone oMb wlydglb (Late+early) jgisg)
Olino @l aibise (A%/Y2) sxinal Sy Mb w39l 31yt
ool Bl 3l J55 09,5 b dunlio 13 09,5 93 ¢l 33 ss0
(YY) Cogogisb sly 35007 oo (P>e/ol) 394 4550
o5 i Seisioa et 555 09,5 b aulio 3 4559
bl b eaindSypgS dbSs oMb wldgb (P<e/od) sls
hatd o (FYZ/VY) ssnol dopd oo rogegisly
B 31 T 8351 5 013 ol 55 09,5 & s |y Sisis]
(P<o/e0)) 391 sl3 520 (gylel

e osd Ol glolos 33 STy bolie 4§l L
p-actin g Bel2 Bax .Caspase 3 PTEN AKT oy il Soye
sy oS JI8 wyp 390 Real-Time PCR Swuss duwgds
b sk jlos 5l s el FA Gloj 03l 33 oy ool e
0955 b dunliio 33 (W JSii) wb olowil calizeo o i oluSys
5 sl b whigh b esiles sladshe S
AKT glays gl 33 olel Bl 3l g lo e @l iogegisly
sloglw 33 Bax g Caspase 3 slogys by .235ls ol PTEN g
b @h3gib b jlas BMoy ogoginly bl b oadylons
GielS Bol2 (3 ol 5 pieli8l slagiee yobay (laa sadmalS,
GNP- Lo g3l b o Lo clo Jokuo 53 45 Il 43 .30 idly
Syld o ygbody Bax g Caspase 3 g PTEN layj ylw PEG-Pan
Sl pualS gyl b Bel2 o AKT glags gle 9 il
b duwlio 30 oael cuwdty bt b @lhe (pizan Oy
ol 33 ity ORI ogagisly Hlislugl dgis crogegish
Wy las |y Bax g PTEN (glogy

RUPIVISHIE

koosls Jaloxi g dojmnd gz 14 ddead SPSS (gl ,l3810y3 |

4 138 slme Blysl £ (1.S5le wygods ol .o odlaiwl
One- gyl slayg0iT 5l dldogyS s slosie Mt sy ly
33 P<e/ol) gyl3 50 pdarw g b odlaiuwl ttest g Way ANOVA

A didyS (b

sl

o3b &l Y Joaz 33 saud jitww slislwgl Siles yges
D S Wygo oyl W ol i Mb wlydgib o3l el
M wldglh «yioglh 21 : (GNPs) alls oMb wlydgil
028455355 M wly3gib g yiegil 28 : (GNP-PEG) sauisdl Sy
yiogil 40 :(GNP-PEG-Pan) ol suT b

dole b By Jawsly slade 50 cdde (il
b Ji& whdgh 4 edgsle VA Jlado 5 (ygmoYg0y950
wogogisl b S93eS oaundl Sy whidgih 45wyl -AY
3l ol s 2550 Dguwmme amlSe Bl ooy ganls
wo3laiwl 3550 63biT 3 oy AY 3gam S sls i BCA wuS
ceanl 02089 IS AL Wb wlydgil 4

&bl b wldgh SuwSgigime @l bl sl
099y 31 «(GNP-PEG-Pan) sadbiiuw lislogl ¢ Cogoginly
A odlatwl el YY g €A YE Jiloj 03l dus 33 MTT 3ylaslial
00+ Ver (0 (YO ayids i Jglao (glys o3liunl 3,50 (glnmdiale
093l 2l s 48y 5 3 (ug/ml) i e 52 03595Sa0 Yo
e (IS ol @il ccwnl sauis 031 ioles V S 33 MTT
Y bl rlS (loj 9 399 4 diuwly wygod el Gleoss
g Wb wlydgl LSLQ°9)§)‘) U’:Loo.x':)' uu.:blf S cuwnl S3 @
ICs0 ylado g 395 Hoiee gylol i 5l sawnd LS oMb wily3gib
Y€ 33 Cogeginly b slass cizmod .3t oyasS 09)S (ol (sl
@ szie 9 bl ool Glo 0k (e B el
A 1C50 (s

- T sl 1Can yladio o350 ey 3] Jols dslao bl 5
sl o el VY 5 FA Gloy sleosl 33 crogegily ob
YY g FA YF) Gloj o3l dw y» 33 GNP-PEG-Pan lixlwgil

YA | Y oylouis €Y o)9>)jgju’tyﬁu’)jg/o}[c o[iau/.)uﬁuycdz.o



(5380 5 ok 0355

A 24h B 48h

120 120

100 100

s 80

g ow ' . ) -
£ : N £ P | KLy | P
3 . g
> a0 > 40

20 20

0 25 50 100 150 200 0 25 50 100 150 200
Concentration, pg/mL Concentration, pg/mL
C 72h D -
== GNP-PEG
120 1Cso R
100 GNP-PEG-Pan
200
= 80 e 5
= " — 5 150 o
= 60 < x = -
= bl b n
2 LN £
2 40 -g-luo -
H
20 z s
~
0
0 25 50 100 150 200 24 48 7
Concentration, pg/mT, Time Paint, hour

9 Bo)oo\Bo (Vo) Lalizeo glamdale b SWABD sl Joluw slous odamalis uiyias C g B A gl Jin . SWH4B0 Slbyw slo Jolw Lo jloges N JSis
GNP-PEG-Pan g Pan (slauslio IC50 y3lio (D) i el YY g FA YF iloj skoosh (sly GNP-PEG-Pan g Pan (GNPs-PEG (GNPs (yidsho  0359,Sa0Yee
PEG Mb @ly3gib :GNPs .ol ail8las yinlojT dw ylimo Blyzol + limo 4 39290 (loosls .ausbso cuelko YA g FA FF (5u0bgSil 3> SW-480 sl ol 43
loud g b UysS 69,37 0 ferogogiil 4 oawndSg3lS 4l wily 33l :GNP-PEG-Pan tCwogogisls : Pan ¢ saidiSs (oMb wlydgil :GNP-PEG ¢ JoSulS (Ll b
(*P<0.01 g *P< 0.05) ol JyiS 69,5 b dunlio 43 53 sim0 wiglas sasmsplis *

40—
= Necrosis Ak
mmmm  Early apoptosis
o 305 mmm [ ate Apoptosis
)
2]
‘@
S 20—
= *
=¥
<
10—

UT GNP GNP-PEG Pan GNP-PEG-Pan

s Pan ¢ saidliSy oMb wly3gil :GNP-PEG ¢ JgSulS (4Ll sy :PEG .M wly343l :GNPs .(Annexin V) (g iogiblwgld s 5l oslawl b Jolu jgigl 3J6T .Y IS
oless 9 b JyiS 69,5 UT trogoginly 4 0ausdSy5lS alSy wly3gil :GNP-PEG-Pan «wgogisl
(**P< 0.001 g *P< 0.05) ol 5555 09,5 b dunlio 13 Jldsime wgles s ylis *

Y oylouis €Y 0593 )‘)"’Lri“")"f’ﬁlc oliiils (Ssis ala | YAY



5380 5 5ok 0355

>

E  Bax
Bel2

Fold change
Il

A )
< R
¢ &Y g
& &
&
&
C
37 wm AKT

Fold change

=]

8— Bax/Bcl2
o 6=
S0
=
=
S 4
= *
£
*%* z—
T
0—
Q& Q\ssq‘,‘)@ Q"S < S
&
ea b
<
(,t\
. 3= mm Caspase 3
**
s
£ 27
=
= *
=
=
= 1—
g 1
“—
S0 qg,o &
e <4
& &
o sl
=
S

3l eslaiwl b (D) Caspase 3 (45 (sly (yliae 9 (C) PTEN g AKT sloyj ole ¢ilsae «(B) Bax/Bel2 o «(A) Bel2 g Bax slavcys osly oyliwe Judsi g dojms W S
oalatwl 350 b (39S o3lloy g Gl JyisS Glsicds pactin i3 olaxl Plaffl dlsleo b @illao boy§ s ol sy 39 (iznad Ak oy Real-time PCR
¢ oadl Sy sMb wly3gik :GNP-PEG ¢ JoSIS (4Ll oL :PEG M eily3gib :GNPs ol 68T sinlosT du jlimo Blyml + glie 4 390 glwodls .d)S5l\5
JyiS 09,8t UT twgogiil as samdSepls dbs wlydgib :GNP-PEG-Pan swogogisls :Pan

3 S e B g 3y gy (Sgne] o SawSigime
Caspase3 g Bcl2 (Bax « PTEN (AKT cloy g9y » »ib @b
2 ol coglio y g 03,5l |y gyt igingl wlhogas
il 03 e g5 Cogegiily b dunlio
b (GNP-PEG-Pan) ouuis jiiuw jlizluwgl gloyd JSuis g o3l
SEM i8Il oSangySano sl calizeo clon S 51 oslaiuo]
205 sl (5955 JSkb 4 g yiegib Qe 4y Uv-Vis g DLS
9 ok S ol ads GlsS —AYMV 3 o (6 Jausliy
9 FA ¥ Giloy slaoil 3o a5 sy lad S gsgimw wlivleil
ly ShwSgigiu ¢pyiies GNPs-PEG-Pan jliskoglh weclo YY
o am3e lis Gl b gl o ool b dunlio 1
AY Y0 e dyids GNPs-PEG-Pan ;lislwgil (gly 1Cs0
2 b dallbo ool glodidl s et vl » iS9)Sie

(*P< 0,01 g *P< 0.05) caunl JyiS 09)S b duwlio 15 oo wiglas sxumaplas *

Slaglbyw 5l xoyd Ao i #o 13 EGFR oS a3 0 (i gl

G5 T0kn b cumdg ool o wadie ol v> 5l i JuSelsS
EGFR a6 siwdaa JiglSgige slagobsil .cwl olyon arns
Jo ool b S e lasl JuSiolS lloses ooy 53 age i
oS g g ogagisl ko lagabissl ol 4 Gilayd fuly
O 30 Ml Sgamo damie cuwglio glaewmile Jds @
EGFR aé 3bsil @ oaidlSo b wlydgil Jlas! b elllo
S JuSysls Glbyw loJslw «(GNP-PEG-Pan) Cwgogisl
WS 50 oo Iy gyidew EGFR 033,38 collus glaJolw 4 cuus
ONP- Jlislugih oS 3l ol 2ol . 35ud Jlass Sradam ol
4 polio 45 KRAS (45 yig> L SWA80 ¢la Jslw 4> PEG-Pan
ll g5 @bl b dulie 3> wdg iegesiil

YAV | ¥ oslosd £V 059 )_:juuﬁu)_:/oglc o lLaiils i dlo



(5380 5 ok 0355

AKT locy ole iolS g Bax g Caspase 3 PTEN logyi ol
Jo 33 yhlKes g g5 Siguigz (slaellas 45 .59 olyen Bel2 g
26 53T @ 0awdSe Bl Mb wly3gib 45 waly (las YolA
SMMC- sla Jolw 3o Caspase 3 (45 oly Liwlidl cucl EGFR
b duplio 33  pol> delllhe Gilho g cuwl osus oS lbyw 7721
3> 4 ly 0 ol 5 e s oliee S Geagesiil
Mogs 03y Lolais|

B3 S 1 oS yols asllbe 5 BavBol2 oy (ie zubs
300 e e ol S s las cewl sdis 03l ylis
b dunlio 4o ply Y/) 3995 (GNP-PEG-Pan) siwdas liskogl
Slse S 3 sl a8l s8] (loss os) Ly o0,
canddts plp YA g5 cogoginl ly BaxiBel2 sly wlyues
- si2o AMis] aindlSo Mb wlydgib g Wo wlydgik .59y sl
oo Sl fine 5815 LS 09,5 b dunlio 13 gl
Yol) Jlo 53 < sltalline golis b lgi5 cogogisly sl Bax/Bel2
O Lyls Slomen g didpdy plil EGFR s (g3bsoT sy
-0 3 ldeadgaze ghls wauS)lassel ol s9zg b asllhe
oled s 98 li8 dzgl 330 T wliing 13 b 45 sl
Ayl 3l gl g oa plal ataloil bulys 53 lotalesT
sledse 3 gy wlallae wasshb Jislegl el g
g5 Baios ol (g el (5y930 Gl SlaloiDlS 5 Slox
ol sleody yolw s 9 cusl 0 3Sy0t0 SWABD o5 5
USloe eom S SaS ldibly gndyeness 4 Wlgise bise
ly s 3 el sl sl sislugb ol ool ol
oy 5 el oaids byl JolS yebay o 4 ol el
sy sl 5 bl 3 Jlislugh ol @aVsb Gl
| cng)J 6)—‘84°L'> wlellhe M)'Ld)nl O,gl 9 ] dAS

G5 A
Mo wldgh «§ sasse s adlhe (pl gloadl
cpyiiiy (GNP-PEG-Pan) Cwogogiil oabssl b oaundSg5igS
-1 b dugliio 33 | sadigiatolin She g GuSsigime ol
(Oza B30 jg3 395 3l Mb wli3gil g rasegisly gk
2 35,158 Jolo Syo 33 gloime 180 g b wlydgil
9 Caspase 3 ,AKT Bcl2 Bax) jgiugl 1o Juzd slayys ole
Sy B 4 (8 gazme 33 .5 0 3l |y ol 318 b (PTEN
025l Sy ( Mb wlydgilb 4 ragagisly 3bET (omelSyiieS
Sladsls 53 sl Gl 5 Jobor canans il G2aldl el
o] 0 wsaoy.ub ‘551.30.»]' ") f)glfw 9 KRAS g~ 6‘)‘5

JSy0lS HT-29 ol 03, s 3 45 oblSem 5 Mo dsllao
Jblugb <5 cwl 3 @ @Y .yl cilhe g s el
EGFR 1o (53l puiune Jlail 3l casllao ¢l 15 ssis By20
b gyim 5 5l g s JuSas dbSone b wlidgh @
COOH-PEG- ;i b 3l shygib oS yols dsllas Jlisluwgl
SuSs Tagls wglas Wdg sawdSeBlS gobsl 4 SH
sly b Gogy b Glgicds (Amnexin VIPI) (g ioginlwgld
Ml o Bl oy 23 Soisdl 5 sesde) sinsl elwlid
So olise 45 913 s gregilusld K5 allae ol 5o
GNP-PEG- b 5loss I (o SW480 Silbyw gloJolw 33 jgibgl
9 o)l gS delllo ol <5 Jlo 33 .l 039 Juoyd Yy &b Pan
iy olyen A4 o Jo 35520 e ¥oF JLi 3 olSon
YA Ly Mo @ly3g6 b 45955 EGFR s (63bisiT b ylous 31 (o
=05 &S Wlosly s alizee wliasss ™ g 03,5 1yliS auoyd
T i3l b ol ple 5 SlbSw losune 33 35250 sl
338 e Ll sl ceanw 4 ool colam 35 (ol (i
el pgo SodliSw o 4w o) o e ol oo
2 pized g Gy gladolw dewgs g 555 45 o Kilosis
slegy Jolis i ol ol piss wlize glaglbyw (loy
mitochondria- intrinsic) byaSgie Jawly yume ;0 Bel2 g Bax
Jols PIBK-AKT-MTOR  yuume gloyj «(pathway mediated
Jolis MAPK/ERK y1ui0 by § g FOXO1 .mTOR (PTEN AKT
ol &S wlosls s wlelae ™. axiws ERK g Mek (Raf (Ras
-0 ol 5555 Sl g ssnml e el Bol2 9 AKT glayj
ly 590921 Bax g Caspase 3, PTEN sloyyj ol <SSl 35 casgun
wygiods AKT (g colled dSul ¢ dogs b ™awS o <L)l
33 PTENJAKT yuse 5 o JyiS |y PTEN (55 ol (oo i
Ayl Sl casnl wlie gloplbyw swdan (leyd
o Jle8 b 30 AKT il dS cuwl odds (o (pised
9 03 badise Bel2 g Bax by ofagds «5)3Sine soiaal il
69w 31 725 J1)8 a2 g5 3330 loys oy 53 lgise bl (el
Slae 1y Bel2 o3 le ealiumant jobdy Silgize Bax gly 5o
youdgyie JuSus .agd Caspase 3 oyl iwlidl cucl g WS
™335 5500 sl el wlgs 5o Bax/Bel2
9 Bcl2 Bax (PTEN. AKT sloys osbe JoSdg0 oy gl
03 ol 6oy » RS rogegish oS ol lis Caspase 3
ol oial8l el s g 3)l85 gylssime 436 PTEN g AKT ¢l
S Il 33 3540550 Bel2 slobieo e lS g Bax g Caspase 3 slay
Uiwl38l b GNP-PEG-Pan ;lislwgib b SW480 la Jolw ylows

Y oylous €V 093 )Jjuu_iwjp/oglz ol8iily Sy alxo | YAE



5380 5 5ok 0355

Sl gl
slegylon wlidss Sy bawgi aellbo oul Jlo glio

(FAAD 6,3 oylos) 5y Sy ok oKasls S g yinylsS
RE o.\g.))fonwt

Lodls (g yado pwyiawd
ol 2l g dlio ¢l 4o eslaiwl 3350 lodly Lolas

o) 004 o_\llz;\f

SV sl
.\wl.:uo IR.TBZMED.VCR.REC.1401.008

&8l (ol
wlg iy S Jol> 53l ol 45 S e el hgTanay
6)§:") Uotxwl 9 ULo)L.u l) L,Q.‘)Luo olas Fd g 00y M

..))‘.).3

References

1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL,
Soerjomataram |, et al. Global cancer statistics 2022:
GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: a cancer
journal for clinicians. 2024;74(3):229-63. doi:
10.3322/caac.21834

2. Khiavi MA, Safary A, Somi MH. Recent advances in
targeted therapy of colorectal cancer: impacts of
monoclonal antibodies nanoconjugates. Biolmpacts: BI.
2019;9(3):123. doi: 10.15171/bi.2019.16

3. Akbarzadeh-Khiavi M, Farzi-Khajeh H, Somi MH,
Safary A, Barar J, Ansari R, et al. Eradication of KRAS
mutant colorectal adenocarcinoma by PEGylated gold
nanoparticles-cetuximab conjugates through ROS-
dependent apoptosis. Colloids and Surfaces A:
Physicochemical and Engineering Aspects.
2022;653:129890. doi: 10.1016/j.colsurfa.2022.129890

4. Akbarzadeh-Khiavi M, Torabi M, Olfati AH, Rahbarnia
L, Safary A. Bio-nano scale modifications of melittin
for improving therapeutic efficacy. Expert Opinion on
Biological ~ Therapy. 2022;22(7):895-909.  doi:
10.1080/14712598.2022.2088277

5. Gutiérrez TJ. Bioengineered nanoparticles in cancer
therapy, Volume Ill. Frontiers in Molecular

&LGHT g0 SGloyd Wil 5 piswepley s ¢ samo 5
2l Sy Mo wh3gil b a5y 55 egegisly JUslSgise

obyw ool 35 Rlaie cwgogisl @boul & caws
GlaslS gicas |y swodia lislugh ol Slgise JuSysls

9 KRAS (45 3 iz shls JUSyslS glosw ployd ly cwlio
~lod (Sy2o zuly o)ls lawglio y 4l s

us‘.)).)é

9 0955 slagylow wldudss (Syo Ko 3l dhuogey
olKisls D,gg)lb LSL‘Z’L5)9[:‘9 3 ul—°—~°->-’)s)° O 9 s
D950 (19338 g ySS 5 (Subiy pgle

olglay Syl

dlie 455 eyl g 4l il o £ 9090 25k
Pl omgi i 4ag5 el o plil g ya0 placl bauwgs
0313 it b Julos «gy9lRez 9 Jo¥s0 o ok wlinlel
9 ok 0313551 ahuae buwgs dalllae uyy g 38 g o
OB oled pizmen ol 485 pldl (5 yhi0 plicl
sl i 3530 50 9 33l 03,5 a0l g dalllao |y ol s
0yl gyl S| e (] alizxe

Biosciences. 2024;11:1356081. doi:
10.3389/fmolb.2024.1356081

6. Herbst RS, Shin DM. Monoclonal antibodies to target
epidermal growth factor receptor—positive tumors: a
new paradigm for cancer therapy. Cancer.
2002;94(5):1593-611. doi:10.1002/cncr.10372

7. Spano JP, Lagorce C, Atlan D, Milano G, Domont J,
Benamouzig R, et al. Impact of EGFR expression on
colorectal cancer patient prognosis and survival. Annals
of oncology. 2005;16(1):102-8. doi:
10.1093/annonc/mdi006

8. Cai WQ, Zeng LS, Wang LF, Wang YY, Cheng JT,
Zhang Y, et al. The latest battles between EGFR
monoclonal antibodies and resistant tumor cells.
Frontiers in  oncology. 2020;10:1249.  doi:
10.3389/fonc.2020.01249

9. Yuan M, Wang Z, Lv W, Pan H. The role of anti-EGFR
monoclonal antibody in mCRC maintenance therapy.
Frontiers in Molecular Biosciences. 2022;9:870395.
doi: 10.3389/fmolb.2022.870395

10. Cassidy J, Clarke S, Diaz-Rubio E, Scheithauer W,
Figer A, Wong R, et al. XELOX vs FOLFOX-4 as first-
line therapy for metastatic colorectal cancer: NO16966

YAO| ¥ oslosd £V 059 )J)uuﬁ»);/o/qlc o lLiils i dlo


https://doi.org/10.3322/caac.21834
https://doi.org/10.15171/bi.2019.16
https://doi.org/10.1016/j.colsurfa.2022.129890
https://doi.org/10.1080/14712598.2022.2088277
https://doi.org/10.3389/fmolb.2024.1356081
https://doi.org/10.1002/cncr.10372
https://doi.org/10.1093/annonc/mdi006
https://doi.org/10.3389/fonc.2020.01249
https://doi.org/10.3389/fmolb.2022.870395

(5380 5 ok 0355

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

updated  results.  British  journal of
2011;105(1):58-64. doi: 10.1038/bjc.2011.201.
Gressett SM, Stanford BL, Hardwicke F. Management
of hand-foot syndrome induced by capecitabine. Journal
of Oncology Pharmacy Practice. 2006;12(3):131-41.
doi: 10.1177/1078155206069242.

Héfner MF, Debus J. Radiotherapy for colorectal
cancer: current standards and future perspectives.
Visceral medicine. 2016;32(3):172-7. doi:
10.1159/000446486

Khan H, Bangar A, Grewal AK, Bansal P, Singh TG.
Caspase-mediated regulation of the distinct signaling
pathways and mechanisms in neuronal survival.
International Immunopharmacology. 2022;110:108951.
doi: 10.1016/j.intimp.2022.108951

Swiechowski R, Pietrzak J, Wosiak A, Mik M,
Balcerczak E. Genetic Insights into Colorectal Cancer:
Evaluating PI3K/AKT Signaling Pathway Genes
Expression. International Journal of Molecular
Sciences. 2024;25(11):5806. doi:
10.3390/ijms25115806

Zhang J, Zhang Y, Lin X, Han X, Meredith KL, Li Z.
The effects of the tumor suppressor gene PTEN on the
proliferation and apoptosis of breast cancer cells via
AKT phosphorylation. Translational Cancer Research.
2023;12(7):1863. doi: 10.21037/tcr-23-826

Watson AJ. Apoptosis and colorectal cancer. Gut.
2004;53(11):1701-9. doi: 10.1136/gut.2004.052704
Brentnall M, Rodriguez-Menocal L, De Guevara RL,
Cepero E, Boise LH. Caspase-9, caspase-3 and caspase-
7 have distinct roles during intrinsic apoptosis. BMC
cell biology. 2013;14:1-9. doi: 10.1186/1471-2121-14-
32

Zhou M, Liu X, Li Z, Huang Q, Li F, Li CY. Caspase-3
regulates the migration, invasion and metastasis of
colon cancer cells. International journal of cancer.
2018;143(4):921-30. doi: 10.1002/ijc.31374.

Li QH, Wang YZ, Tu J, Liu CW, Yuan YJ, Lin R, et al.
Anti-EGFR therapy in metastatic colorectal cancer:
mechanisms and potential regimens of drug resistance.
Gastroenterology  report.  2020;8(3):179-91.  doi:
10.1093/gastro/goaa026

El Hallal R, Lyu N, Wang Y. Effect of cetuximab-
conjugated gold nanoparticles on the cytotoxicity and

cancer.

21.

22.

23.

24,

25.

26.

217.

28.

29.

cells.
doi:

phenotypic evolution of colorectal
Molecules. 2021;26(3):567.
10.3390/molecules26030567
Wlodkowic D, Skommer J, Darzynkiewicz Z. Flow
cytometry-based apoptosis detection.  Apoptosis:
methods and protocols, Second Edition. 2009;559:19-
32. doi: 10.1007/978-1-60327-017-5_2

Qian Y, Qiu M, Wu Q, Tian Y, Zhang Y, Gu N, et al.
Enhanced cytotoxic activity of cetuximab in EGFR-
positive lung cancer by conjugating with gold
nanoparticles. Scientific reports. 2014;4(1):7490. doi:
10.1038/srep07490

Rodriguez-Gonzalez J, Gutiérrez-Kobeh L. Apoptosis
and its pathways as targets for intracellular pathogens to
persist in cells. Parasitology Research. 2024;123(1):60.
doi: 10.1007/s00436-023-08031-x

Suroto H, Asriel A, De Vega B, Samijo SK. Early and
late apoptosis protein expression (Bcl-2, bax and p53)
in traumatic brachial plexus injury. Journal of
Musculoskeletal & Neuronal Interactions.
2021;21(4):528-32.

Georgescu MM. PTEN tumor suppressor network in
PI3K-Akt pathway control. Genes & cancer.
2010;1(12):1170-7. doi: 10.1177/1947601911407325
Kale J, Kutuk O, Brito GC, Andrews TS, Leber B, Letai
A, et al. Phosphorylation switches Bax from promoting
to inhibiting apoptosis thereby increasing drug
resistance. EMBO reports. 2018;19(9):e45235. doi:
10.15252/embr.201745235

Qian S, Wei Z, Yang W, Huang J, Yang Y, Wang J. The
role of BCL-2 family proteins in regulating apoptosis
and cancer therapy. Frontiers in oncology.
2022;12:985363. doi: 10.3389/fonc.2022.985363

Zhu C, Wang L, Cai Y, Wang G, Xu H, Wan Y, et al.
Enhanced radiation effect on SMCC7721 cells through
endoplasmic reticulum stress induced by C225-GNPs in
vitro and in vivo. Oncology Letters. 2018;15(4):4221-8.
doi: 10.3892/01.2018.7864

Lin Z, Zhang L, Zhou J, Zheng J. Silencing Smad4
attenuates sensitivity of colorectal cancer cells to
cetuximab by promoting epithelial-mesenchymal
transition. Molecular medicine reports.
2019;20(4):3735-45. doi: 10.3892/mmr.2019.10597

cancer

Y oylows €Y 0y90 ))).uuﬁuy/o/al: olSiils iy o | YA


https://doi.org/10.1038/bjc.2011.201
https://doi.org/10.1177/1078155206069242
https://doi.org/10.1159/000446486
https://doi.org/10.1016/j.intimp.2022.108951
https://doi.org/10.3390/ijms25115806
https://doi.org/10.21037/tcr-23-826
https://doi.org/10.1136/gut.2004.052704
https://doi.org/10.1186/1471-2121-14-32
https://doi.org/10.1186/1471-2121-14-32
https://doi.org/10.1002/ijc.31374
https://doi.org/10.1093/gastro/goaa026
https://doi.org/10.3390/molecules26030567
https://doi.org/10.1007/978-1-60327-017-5_2
https://doi.org/10.1038/srep07490
https://doi.org/10.1007/s00436-023-08031-x
https://doi.org/10.1177/1947601911407325
https://doi.org/10.15252/embr.201745235
https://doi.org/10.3389/fonc.2022.985363
https://doi.org/10.3892/ol.2018.7864
https://doi.org/10.3892/mmr.2019.10597

