[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

w w Dyt “ e & e o .
i e S aK—.&‘Ad)jUMJ
.,/7,«'/_/’,‘,/:?!; w d ’

2w (2bowliy I K Cuw jgib oSl 9 b
Ol Ol g (el Sl B15 9 S - I wozslr

o ; 3 c 2,1
J""‘d)-’\-’;ﬂ—»;wgﬁ)\n««bbﬂobzﬂ&p

Ol O st S5 RS ¢ 5 sk 0S5 (5 5) 55 g U 03 5 (5 50 g g (5 555 gptila-
DI (AL lgr cdatne 0aSEa g5y Ol O juw Slidon 35 0 oS 55 Gl S5 205 03 AR5 2 2
R
Oty Ol s Dladons 35 o (gl 4y Olen (5l (5033 095 o dly pmkige 5 31 a g0 Sladows 09 5 g SLskiul-3
Ul Ol cdatne Sl jw 0 S g5
O (O 5 ¢ st g 5 oS ¢ 5 5 0SS (S b s 09 B <Ky 5 g 2Ll -4
s ey 5
Naderman@modares.ac.ir : j..|

Sl e 14115175 sy Gons ™
140207129 - 3,1, 1402/5/4 150 5

oS>

D135 ety a1 OT (68 IS ol e 53 03 50 Oty Ol s 65 g0y s
53 Sl ey 2 la K 3l aslizal ¢ Sl s sad sl anis gla By 51 S o
5o s Ol S10T b 534S Coul ld B me ik S5 pelS S L)
Juail gl (sl Ol Ol b Jool o 550elS 50 02 50 0 0l o j8 glaad = L
(ol Tl U sl 53 S eslinad e HER2 oy slad s aiis g bagonb o
GOl & e o8 L8 o 13 e JT 38 il S Gl i 30,8 slaat 2 5L
sdal sy LS 5 pd e g oot g S0 Cllad 5 (Sl 5 (0 2SI Jan) e e
o L et HER2 sladiln lolis 4 pob el ml b lacds S0 S o sl 0L
a3l e 1) e s Jske Js. 5000 & 100 b esgdme 53 Jse 3 asis
S il el ol s ag b o) eds e S Gk S 5 b (sl

S ) S gad e asis gl b T slaa il o e 5 oS sl 5 s,

o el 5 5L (g = JT Oyl pliand s Sl K Ol Ol e S glao3lg


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

1402 &L'-.c.ﬁ). ‘1 A)M ‘15 A)"é

‘Jﬂ)u\ﬂ C"':'fjg AK—."‘J‘: 6)}\.'\5 s )

sladd olubs ¢l (CISH) Sijses S Lo
L9 8] 5,15 545 < HER2

le ole S s plands S gls S
Sy e 5 oS sl S L
cas i 5 Gl (S da sl b 51 ok U2
sl S5 [10] el e sslil ags ey
s S 5wl o SO ol S
ol ol s Sloe leds S5 Jlas!
SO ol sl il s s LT L sl
Sl JL) s i By 5 il o I
Dot (S5 S e T JLl 5 IS
553 S sl a3y ST (gL LS
Syl Ul CoeS Culis 5 638 Syl |y JLK
e S 3 L o) o Sl S S S e
P ol 53l Gl i ¢ plean 5 ST
Ll o i S o 3 2 S e 5 S a5k
Grlpl s ok 55 5SS e mlacs 3 1) il
o e by S s S S
I =50 Job Y Caslie s Kl e il
L o pls L b oS > b S50 5
oldeel gl K VU ool ol o aS (6,5 05100
sl slas s S L ik sloar s S
a5 3 aS Culedd | b asilysl g B,
J12 A1) 505 5,508 Sl e slad sk

Sl s an S am jaa ol el s
sl S Sleslinal b5 VU conlam b ol S
ol 5 pble) 2l Co v s 6l L
S ot bl el 5B S e slad sk
S 255 plamil plends S glaass sl andllas
b 3l o e ) S s e OLES
osliul anti- EpCAM (oL 5T s (gl Ll 55 e
J13] s Llelis |, MCF-7 slad g 5 552

whae -1
5ol i Ol S b SIS 5 S 0
FSES 1 ol s IS5l e 5ler G 0 Ol Ol s
Ot 53 Oy O v 5352 Ol Ol 53 [1] s e
[2] ol e 03 8 Sl do a3 5,50 40 ol
Ol O s 5 36 055 10 45 Wlosls OLis nasdllas
40 550~ .,\_»T);J% s,y S s s a8 gladle s
S e Sl i 8 03,8 Iy RS
Il 52 4o 2 4 L Ols5 e 1 Sl O SUIL
2,5 51 01y e e 20 630 55 o Sopla als mals
g ol W3 et 28 SNy S e Otk
el St gl Ol s LS55 s 25
= g e S el by el Glilee S
Sl ol Ol Ol o 2l 6l ol 5 45
sy o 4 anelr Sl B )3 (g 0
SLais sl 3 S GS sl 4 S
Ll gn a1 Se Ll Ol Ol v 2l
Ao plad KU Sl el 5 e i Slals
Sisssn g O 35 b Al 6l e [3]
s R g el (s 45 S
Sl ol b b (sl o sl LS
gl s S ol 5 S [A] a0 e et
(HER2) Ll aydgl aiy 58506 ok, S Jsle
ol 3 AT e sl 4 LS a8 el S S oS
3 G Ol Ol (oS 3o 31 ez 53 30 s 8
5has Ghles ool ol 2 [6 5] 552 0 0l >~
G332l W p e 3 et n ke olagls
ot [7] e 5Liss s HERZE sLadj
slad o sl Sl 5 508 msn b s
(IHC) oi sien sisan) g, 5l eslanul Ly b o

Ol o ot 5 (FISH) Lo s Ol b o il 5l


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

0L C)Ij

S5 03t sl oty S0 e sla S
o MIL-101 51 0l 0 5 2l ol 500 andles O
3 S50 rmen [23] ol o eslizal o, ol en
8 I lacsmlr 534S o, glaad 5t
SO VIC AT SO v PR W IPUPWIL TGN PLE CH PR KW
[24] ot o eslizad 5 s

— Sl by s Bl o3Il 4 a5 L
dalpt 5L el 4 35dous ol e S5 o311 (T
Cle 5 2 2Bl Gl b3l S350 55
d Op S IR s Rl sl W5 e VU e
(S sy ba Xy eslin ol LaMOF ol ,_aa
Yo k(s pdiGads 1 -MOF (slacy j 5alS 5L
<3 L MOF e jsuelS ol s s ls Sast, s
S S b Sl S s S s
F sy o aallias 53 [25] el ety S
S S s oLl 2020 Jlo js o ,LSan
$S) e85 6 Il ol b plasds 1S
et sl (sl addg Mo w55 U1 (s,
A4S ad b Ok O e MCF-7 (glad s
35 cpamen [26] ity 2 e 55 Ul 31 Lasis
5 e o SN B S 5 5 e ol
&l — DNA gl ket Lol 5 Ji= 5 o sl
27] el o b Oy Ol oo slad sl Ll
bl Ulg e caleie (6518 0558 53 G Lgm
S |y el 5 xSl 33l 5 0als lsal 1 (S xSl
5 sl Ol denST gla iy e a5 Ui
(28] 555 n o313 s a5 e 3 S Slagse Sy

s SHlie L g5 5o Dla st ((Sibe
g > 3l i |, MOFS 5, Shes S Wiles S g
S Gl sl 5l 55U Jlie (gl [29] s

3 by asis glaslstle Lol 36U ol jen 4y s

1Li

3 b3 S gl Sy b s
Gla S 5s ao «S ol ol oxlizad 58U S sl 50
aole 658 35U s e o sl Ll 5l 2,
Gl dsle slos s ol st o i slaa i 5
ol e (S s (Bl o lesd
Sge 5l b il IS e o 6l DLz
ot s S S aallas G s St s plisl
B R Rll Rt e L
S ol ol 03 5 55 4 MCF-?QL:M% Ol e slad sl
oS j:c}‘;l.:ﬂ);J)l.ﬂ50.,\>-)s I LGN P
e s S S Ko (] el
Gladsw oLl 5 e asis gl el
o33 an s MUCL =3 el Sl 5 Oleg Ol e
S sla ol dle s MCF-7 sladsle .ol ol
St iz (sl pale] s S 5 S
Sl gl Laddw plulis gl o, Sly3 et b
[15] s eslinl S o5 5 (5 p A ]
ol g 4S5 il g3l plal 5 s (S 1S
(bl (gl L fudslens ol =
b akosl slse lo b Ll 5 oo Vb o5 mhaw 5 2Lley
[18-16] 55 ol or (o515 (slaas > 5L
sl 5l S (MOFs)  Ji= (g5 b slac s> L
sl el asg Ol 4 Sb w0 S el glodls
Gl g (g mSe sl aile S slize Glaal gl
slac s L [20 9] Wlodis eslizud v 5 Laseis
s B 0 e s S W 4 sl
5ol (Jle Bl SHp ot Coles
Sl S Ol s S50 b 2S00
Lles STy anw s ilisee Jalye plus asils
L 5 - I ool cm sl ol ol [222]]
b Sl e s S s ol ol
23038 Heban s ol plar i S sla S


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

1402 &L'-.c.ﬁ). ‘1 AJM ‘15 A)"é

‘Jﬂ)u\ﬂ g’.',.:.gj.'f AK—."‘J‘: 6)}\.'\5 s )

Q&ﬂéuJﬂ.&ﬁxﬁ'élfjeMjwﬁf\jb
el 0l o3l HER2 > 51 i 0l b Olies

@S o2
b Sloles 4 510 1-2
Al e Sl el Al s 3 ol Al
Sl (Oigods LSl S s (S g
S el T el DS
dslep Jess 5 (CeHe02) Iy S5 S
Sdle 3L (Jsbl a4 Merck o5 5 51 (DMF)
5INaOH s » , & &l 25 NHS EDC ¢ (PBS)livi
Ao LIS 5se ool mT s (ool 5 LS o5 2

(012)) 035m0 28 2 51 (Gt 2) LI HER2
SIMCF-7 5 SKBR3 L slaes, . ds g i =
Ll s 4 ATCC wls

Sl oS sy G5 S oSy Sen i slas

s 4 S Carl Zeiss ol Sws 4l 54 (FESEM)
b el et 5ks 100 5 TEM obeasiin
g Jsb e3sdous 53 (o,5) SCINCO UV alw s -
Laas seb FTIR b el s &0 20 6L 600 1 250
s plosil e gl 4000 6 400 sls it 5 s
535 L SENTERA 0l il abows gy Ol il
ol i b Lol e 35 780 5
palmsens 2,15 8le 5 51 eslizal L (EIS) ol s S
oS b esgde s OCP U oy e 10 il s
s izmen I oLl 58, 15106 5 0 0,01
P Zview Slsle 5 5 elinal b Jolee
s e I 006 6 -0/4 Ll s gl (s el
s S5 3 o3l b glacd s 21 gla e ples
5 Sl 3, LS s S ol (g3 Sl 4
bl aor e 55 Sl Ol sas AGIAGCL 55 S

2 Herceptin

S o 1y Ll a0l slias (5 50 ) sboas Ll 55
bt s S S 5 s B ey
L30] sl s & S5l

ol gl a g e s an L el
i pL L 5k sladns) 05 Sal S L a5 5als
W gy S Ols2eas MOFS 5 s G Ol e 551
S LS L b kSTl ol e
Olgmeas MOFs laai oy 5 55500 G Ol gen
Jos SAUT S50 sladlp sl plobis Julo
@3l A Bl e 4y laplt b () iS e
L Al 5l i s 1) 555 meaiids OIL
Pl A IS S e kel (S
53 ol [B1] s 1581 ol 5 (550018
S B I ol bk i Gl S S
il S ate 93 o 3 B e l5les S
sy ity 2DLS 5 ol 03pslcase sl
[32] i e

S SN gl 5 el s ¢l —
Bl sl L 1 el 05 o s - T oo molr
Syl plo n, S ol an OF Clic i 5 o315 Al
ol el slacajanlS e bl s 31 S
Bt e (R e B
alllas 5 55 e (sl B3] A sl 50y S
IS sy e e 55 T sbo sl
s slginy S sSeud dul 5 HiOp i (6l 5
[34] e

S sladn ol 53 s ls S
L aadlas ool pa sl axdls gliwa 28 Al e
Sl A o f K S 5 me s
b 25l 5L (oot HER2 sladshe Lasis
S s 556 sl 568 slaad 5 5L


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

0L C)Ij

Szl 5o A slaad s sl oS 5 4 42
(Casapels $U) JI-5
AN A Sl 5o a2 56 glad sl
PSSl mlos e S 1S ke 6 ase
N5 Sl Ayl oo 0235200 508 S 5 2
Ai 63y aa ol S mle 4z 3T (gles 55 .23 S

Dpd S8 Kes Ol s S G

ety S glba Ko 5L 5-2
e = ol S5 alS U Sl s SCa 101
SR eddsles hy 51 (GCE) laded o S slasy Sl
sLS mlear b gl peslbl2 o 55 8
A 4B PBS L a5 (65160 (Jly)
35,8 aalsl 3 syt eslal (gumy e o sl LS
EDC/NHS (300uM / J sdome 5l ssliul U sieslel
Loy s S 53t gles 53 cele 2 e 4100uM)
anti-HER2 J y s 51 )5 S0e 10 .02 422 5 PBS
ols Jle 55, C\‘—“ S (;—Mj‘,;‘-“ b r;‘;‘w’ 1)
s,S leam o 4 los jo i 5 A esls iy
slacis Gl gl o O 5l o5 3 8
s iz PBS L L sy Sl ol
A s K= 65,5 HER2 0o (ool 5T s 5 opla
wleta |y HER2+ b o sladsh Ll 55 o Y oS
LS

SL o sbd sk aiii 5 Jhe 25 6-2
MCF-7 5 SKBR3 Jols Ol Ol e J sk (slaes,
o,31 510% FBS DMEM CiS Lo o 5o
bes 3 (bt il = o gy Isbns) S5 5T
795 ;€02 75) 55l SOl s sl Kl a5 37
33030 3l e Ladsh it ools S (b,

PR d)j@g s 5 [EDTA L cis

5 s> (7.4=pH) N5 0,1 PBS 5L s bags . Sejlul

by Al b5 el Al 3 SV s s e
A5 el

Ao i gaad g5 56 g 2-2
Sl sl 52 Jea 5 035581 L o, (sland = 5L
ol jmw NaOH 1) e 0,2 035530 o Jlis w5 0,8
o 3,8l a3 3T glos 55 55,2 Do
Gl gl Lad s e .3 8515 LS 03500
St 5w 120009 S5 53 ole el 5 S5 o3
N L T PRI [ g 0,5 wlsl 550
bslon e 1 0y 0, (gland 5 50 2T J s
b lis O5en SO L S ) el 5 S o
b ol KT8 8 ) 3 sl b o (A o b gls
1 2l e 5 as S 5l i3> 30 e o

el s 4 lL

IMOF) : 1 /5 [ g 56 (AT s\ 55m 3-2

(o515
oS e 22 550 L3 S bl ol 5l S 5l
O e J oSS p S ke 24 e DB
et e JSUI ) e 2 5 DMF 2] L
10 el OF Sl g b 635 oa 4235 30 e
5 Bl bilsee o 318 ST 2l e s 0 S s
U il A 0303 13 SIS 51 s 0k i U
”j_fwum Sde w8 sl a3 80 sles
IMOF 5 4 Lesl 5sois Sos L1 gles b e
JSUIL lapalls gl a8 tal s 4 (31 S
w5300 slaos s cdaloc ey Jguams  Ad 4z

EFCCTRN g


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

1402 b‘:.-.«.ﬁ} ‘1 e)w ‘15 é)‘,é

‘_J,aJ.LA C"':'fjs e@‘; 6)}\15 s )y

Sloio A il 255 L il e 1660em™
[38] 2t s e 1S

sl Sy i ole Cm S FTIR il
slaas,s ey by e a5) 1158 em™ 5 1065 aba
ol |y (el 31, Slo 5 glaai = 56 s ol S
et el 0l S LT s 1 andl &S s e
o S 5 36 asl s+ 1640emT L
5 e LSl 5 on b s SIKJ C=0 (sl S
Al ol C eSS0 s s e MOF Ll
531 s glaals ssosle] CyelS 6L proan
em® s 555 C=0 iiS e by, 1700cm™
[39] ias e 0Lts C-H i iS o« by, 0 2060
J&_...J sdasolis eJ._ATC,_M:M_g @L.J § gazme
A ey SO O ey Sy 55l U el kb e
ol Sl gad e skl gl olerd s S

S Slainsls Slal 5 SKes e
ik gl a8 eslial Ol 5 e Ol (b
ol ol IS8 368 Al ) ole SumelS 0Ll
£ by aG s DSy i, opl o3 Sel sk esls
1 s 5o s 5 bokes [38] Wk ot oS
oSl by 0 G 5D slacKy el ol o3ls OLES
em— 11591 5, em— 11339 ;55 jasasS 3l S
e ol b s aalS i b s Wpd e ealine
CamalS Sl js 31 S o oS Col sl alls

S e B ol

10 S s L Gl glad e Lol
53 s 5000 ale L badphos ks 51 205 e
o Sle skl D soa s Jele 55 S sas A ke
(2SOl a6l Ol SO 51 LS el

A eals 5zl s PBS L 5y S

Loy b -3
25508 5L Dl goas 1-3
EDS FE-SEM sla 2y, L ol cyjsnlS st
A owy» FT-IR yRaman TEM
FTIR ok (i oo 5alS 53U |25 axlllas (6l
sl a5 selS 5 B o e sl )
et (BIS T JT ol o) sl 5= 5iL)
slasls el acd IR glaceb ps (] ) s
o, glaaiss 5U 55 5o idel Cas o s Lol
1065 em™ s otodalive ald 55 48 i Ol o ol S
Joz S sles S 124 C-O iis ¢ by e 1158
[36 35] ol o1 3 slads s LSES edianolil g3 g
So S s Tl asal 25 0
51405 5 s S 53 51009 em™ ssus s S
Sl g LSis 4y Al e 45 Lls 55 1640
=15 sy S S 55 slaes S e Sales
il Oasss b a5 s ol 53 e

53 e sl resdhe [BT] wsl by o s sy

500 1000 1500 2000 2500

Raman shift(cm-)

3000 2400 1800 1200 600
Wavenumber (cm-)


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

O, e @Ij

das o olis o 2 JKE )5 FE-SEM w5 S

Lo s Jobste sl 3 S 536 JT sl oS
gl slml Eol o8 glaad ot 5l sy 5 00 S Lads
Sl dibe sy sl C 558 5L sl senls
oS 3 Lol ol S0 Sl 3 o Ll
23 Gt 3l Gad s 5 0 slaad = 50
o s S I8 A S 3l Tl
aslyl CZ Js—& ,s EDS (Energy Dispersive X-ray)
{0) 0551 dC) (S smolis 355 45 ol o
5 (o8 slaes g b 5w Slis) o8 (N) 035 2

b (e s JT gl ) s Sliss) e

Au

A Sy S S sl s g

o3l dy e (il 2 IS82) (TEM) 650
e IS LI PR I SRS PRIt
S S a8 Gl e T ssds Cy 58 50
S Sl 13l e (2056 3) 0,8 sland = 5L
0> ey 53l JT ol 5o i sland 4L
eSS D3 5 00,8 (RS oa p CuislS
S PSSl 53 (Sl slaes S s e 1S5S
e 5 03,8 S s 55 JT ol e
SN L e m ks T ol a5k S

2550018 U EDS LT puls -z FESEM gt =0 £5 5008 (59 83N @ sSms S p o =N 2 IS5

Ol 15 0528 g e Ji 3 a8 el (0/5KQ)
S0 S8 5L Ll o 8 S50 5 5l e Aas
212 KQas O jlacie 55,5 lass Jil5el Ry oy xSl
o Rt vl iSO 801 Jlasl sas Ll oS A
b G palS U e (el 5T sl )
ey 88 KQa 55, S Ty I St
o S slad b 0l L 2T ad e
Wil 5 @Bl o ol Sl s w5 S
5 o3kl Bt s xS Sl e lad e il s
Ot GRS e ool 53 XS (e M R0 R
At Rl e e e HERZ Jshur 5 e 2
sdalin 45 53 bolas .y e (12/2KQ) Ry s

a5 500lS B o land s S slas Shos 2-3
b dsb s Sl Sl ad e a6l
ik gy 3 b3 S s S
Sl el s eslizad (EIS) liawd s 51 il
Jlizl Sz d,28 (5l (Ra )5l JLisl e sl
Sl b S o 57 S szl 0 S
O o T P e WV SVIRP I P
3 Nyquist slajls i 53 Gl b 5 it o
il 3 sla IS2) ol s e3ls DL (glast o (sl
Sl sl Olstsa add b o5 salS 5 (o
cie HER2 gladjw oLl 5 ot sl oo

r_s Rct )‘.\.&A GCE :jjﬁ‘ rL,. Sl );w\‘; e


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

1402 b‘:.-.«.ﬁ} ‘1 A)w ‘15 A)JJ

‘_J,a).h C"':'fjs AK—"«J‘: 6)}\15 s )y

(3 IS2) 55 g Ll 31 KQ

&LAL.Z 6‘)—’ e.)s_.lrvp-ljla @.)ws )\ L;Z'E) 4)}.&&
12,2 £ 0,5 51 Ry Jltie s oslizel SKBR3 (glad shor

6 A

45 —Cell < A —ocesare
—Composite s Composite

30 - —Bare Herceptin
—Herceptin 4 ==Cel

Current/pA
o

15
-30 A
-45 -
_60 A L i L A
-0.4 -0.2 0.0 0.2 04 0.6
Potential/V

14 16

8 10
Z'(KQ)

145 5 ol 5 15 05 = o il 1 903 = il 255l U g b g 2 Sl g 3 YK

12 SKBR3 ladslu sl — AR el b 545
sladslw 3l iy L1l ssus s el 27,1
ol Sl ot s (o 4 J2) sl s MCF-7
Smomar  Cwl MCF-7 slad g ;3 HER2 Cinss
Ol a> 5l i |, HER2 0 5T SKBR3 (glad sl
@b BT awsa Soluas w5 e onl oo A58
S s e OLDS pebpe ol Al pls o
de o Yo Grin S edd b oSS
JS2) sls e HER2 slad s sl o5 oS 5
(o4
eldale S jas i d Lol Gl
500 (100) cilzes slaclale L SKBR3 (slad yhwr
5 g (L2 e 53 J5L. 5000 2500 (1500 (1000
das o 0L ol bl 3 Al e ale e
SKBR3 sladg o cble i3l L Ry slis
ey S s (4 US2) wS e Ly 215
w23 5 ARt ey o3 B 5 el o
5> J ke 100-5000 &5 505e 5 SKBR3J sk il

A 5 o i S (gl T ang chals 3-3
(LOD) awuis
cble (o3l 5T b ke 0351 sl
Glachale b basg sl Gl A )y el 2
L 0l SOl s 5 Ll 4 (9oL ol Caless
534S Ly bolaa . S 405 (J ke 50) SKBR3
clale I3 L AR s e edalie il 4 IS
iy Rl 2 hes 52 0,8 e 1 2l B ol 5T
che pldl Slo o8 al Sl s e 505
oS e b chle byl b BT L 3, S
S ORIl e a iy SIS Dl e 1 e o
) S plolsnl ol sl sl -
Bt sy i L il et~ b
> & 3.0 I b MCF-7 5 SKBR3
30 I B0 Clle b s glad sl 51 sl
oisy Sl skl D soa sdi Aol sy Sl mlan
Lad s 031513 51 e 5 U3 EIS s s el

eMuﬁd))_b QLAA.,\JC»JAJJIQ‘ da.»dj)


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

oL 5 )15

dol Gz 4 1) e 53 Jske 3 41 5 4uls LOD
) by o ddals bl 5 00t om0 (54 IS2)
s Sy il Bl ol 30 Ll
L nle s aelbone LOQ (Ogaml pdlS siomie o

el s 4 e 10

30
27.1 e
20
c
X
[
=
10 |
2.5
0
SKBR3 MCF-7
o
9
y =4.1624x - 6.6554
R?=0.9429
G 6 10 ?
£ 8 &
% e X
< <4 .";. :
3 2}e. :
0
1.8 2.8 3.8
Log Cell/mL
0 . .
0 2000 4000 6000
Cell/mL

AR/KQ

g Ol adslas 4 ael s a2 L
ARy (KQ) = {SKBR3} (cell/mL) (R? = 0.94)
heslawl L uis acwl=e 4.1624X — 6.6554 log
Sl ol ol t bl 1 8) b e Jge b

(Osemtl S omie o s SO 5,15

10 I
8 F
6 }
4 }
2}
0
1.25

0.5 0.75 1
Herceptin Conc. (mg/mL)

4 | 100 Callalinl =—t 5000 Collsiml E
3
2
1 /
o A i
0 6 9 12
Z'(kQ)

sd s il slachls ;3 Kux EIS sljul -z ((MCF-7 ( SKBR3 slad ) iises Slb

(0 ol dlS sla e oz alayl, [ J515) SKBR3 glad shu clake 4 ARy Kosly -5 :SKBR3

502l s eagdome Sl 3 gl e b
S 3l 0L 1 (d e 53 Ik 6) o5 asits o
VL ol adlae 3 sdelcansay Lacshis A
]
bt s S K G OLan 5 e 0l

S S oS 5 0u 2019 J. s

Sl b e el s Sl eslinal b by 5SUI
&= DNA cla sl lu b 5 (T 65 ol
o=l [27] el Sl O e slad e lulis
G e it Wl s la lul L bl s slsla

AisE 50 g S s sl b 5 I


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

1402 &L'-.c.ﬁ). ‘1 AJM ‘15 A)"é

‘Jﬂ)u\ﬂ g’.',.:.gj.'f AK—."‘J‘: 6)}\.'\5 s )

s S VL S e 0L
3l 5T S ea 5 HER2 ws (o3l 5 55
DL s ol s il Jpl e b ol
Sl ool b S G5 5 S e
5]l SKBR3 slad e s jails
Sl olem Jomly Wl 8 o0 (2l A4S o0 Jos

AL ansls oJU glas 8

10

Asls 4w MUCL s el Sl 5 ol
S35 ol sla eyl sy MCF-7 (slaJ b
025 E oz 2 Sl ol ] s A3 a8 S 55 S|
Sl sl sbdsle Llibd gl o8 st L
L g TR A s A
Ao 03 I 25 pas i3 Sussde o L
03 edaliase jasits de b oanglie 534S Lt
S S Sl s tmad YL ol anlas
03 G Cawba Sl addlle j3 0 b
J15] 5,05 Sl Jslo Gasis

S S LS Sls S slaadlae s
Sl dsbe e e bty SO e
S bl JESH S Sl glad e ot
3 (Cr-MOF) 5,5 1 me AT 55l ol
ol S A s Sl b oIS ol sl
[41] csls g5 s 5 Jlo ol s S
03 Jskw 8 ssis 3 asiS Cussdee S ol
55 sdelwsn asds A Sl 5L S el 2 e
cl YL Lo aalas

o313 0L 55 1 Jsr 55 & Hsbolen) 550000
Sladsb i s i 3, Shos (Gl ol
Al e bsdkd b S s 56 S e
[ S Y VIV v N U P P Ve
S e U es o b S LS stelcsn
Sl o dd 20155 sl S il L il
ol o3 eds b S (1 dsax) dobe et
5 ds3 BBl essdone Lo 3 S R
(ol s s e 0Lt 1, 2 LOD
ot Sl oleiy S ot kS
L HER2 dm 5l e 0l b Ol 0l o lad sk

3 Duan


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

0L C)U

bt g 7S sl K 5l slitnl b (55005 sbad g jasets 1 dsu

LOD
> 03 g Aowe J
G | Sl S s 56 S o
( (&) e 2 ko) R
[42]
70 2.1x10%-2.1x10’ ool dar 203 slad 450 bt SN il Hela
10-1x10 PURSEPHE sl s 2SI il MCF-7
[14]
50 50-5000 o = 5 s g S MCF-7
43 0,350 = uildes 455558 s _
[43] 26 50-2x10* Sl S il SKBR3
o
aa)llas —ek Jlomls
3 100-5000 ’ ' sboris 5 Ll | SKBR3
2= o slaad o U

S s b e g 5 g8 S gbo ol
L s =B sl sS s bt S el
Ll olas

05515 55 Ligm 45 Llosls 0L L3 (slaasllhas
3OSt gln Joily ey e 8 Ly (g5 0
il el Wl 5 e osline S Sl slasity S
B85 S 025k ol 5 et S SI) UL
Sl ST g3l o3 6L [28] wis s s
S b sl A sl sl 2 Slas Ll 5
b AT sl by Jie 6 [29] S a1
Sr5= osba Lilg o Mo Dot L bl 55 s
S s das il Jlwasl glaolss sluws
[30] T s & (s 5l et s S

Gl iy maen il s golgin Sl
L o3 slad oSt 05 54 S L ey 5elS ol
K Olgea MOFs 5 s S Olsieay g3k o3 50
O O T Y S S S L P 3t P PU R INCI PCSop
S Ol 255 650 5 (S blias
Jds 4 MOFs slaa vy 5 4S o Jos 550K
(ol v 85 5Ll ‘vﬁf’ H S Ble 5 5 5

11

S S 4=l
L aslis 53 ol sladsho o590 S slad sl
5 bt Ol S S B b slad sk
55 2 senll s o DL ) e (S o
Gladsl 5 5 Jobe o sbe L2 51 0 0L
La o S5s ol 2 Golom Sl et Sy Gl e
S e 53 Sl slasyl O Siagn 4 LS
SaS ¢l g syl & S s o O Olays
S o & L) e 5 sl el

SO Ol e alands S s S (5558
Laaas 3l oy Ob s ol 53 x5l ¢ 5
sxban e S Ty s e S & aa S
Szl ol bt s S s R 56b (ol
3 P glaib Jdw SOl gl o ke
oroen [H] xS o oal b Gl e sladshe el
slads jase 25 55 plardy S gl S
soa,Sy S ot (S s Cambe 4 Sl e
b Ly 1y Gl Js e 0581 et
S oMt by alllan ol 5 ol 5l San

e A ol s S e S


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

1402 &L'-.c.ﬁ). ‘1 GJM ‘15 e)‘,:

‘Jﬂ)u\ﬂ g’.',.:.gj.'f eK..iJ‘: 6)}\35 s )

cl;.a

[1] Ghoncheh M, Pournamdar Z, Salehiniya
H. Incidence and mortality and epidemiology of
breast cancer in the world. Asian Pacific Journal of
Cancer Prevention. 2016;17.

[2] Haghighat S, Omidi Z, Ghanbari-Motlagh
A. Trend of Breast Cancer Incidence in Iran During
A Fifteen-Year Interval According To National
Cancer Registry Reports. Iranian Quarterly Journal
of Breast Disease [Internet]. 2022 [cited 2022 Sep
9];15(2):4-17. Available from:
https://ijbd.ir/article-1-996-en.html

[3] Kearney AJ, Murray M. Breast cancer
screening recommendations: is mammography the
only answer? J Midwifery Womens Health.
2009;54(5):393-400.

[4] Crulhas BP, Basso CR, Castro GR,
Pedrosa VA. Review—Recent Advances Based on
a Sensor for Cancer Biomarker Detection. ECS
Journal of Solid State Science and Technology.
2021 Apr 1;10(4):047004.

[5] Cho HS, Mason K, Ramyar KX, Stanley
AM, Gabelli SB, Denney DW, et al. Structure of
the extracellular region of HER2 alone and in
complex with the Herceptin Fab. Nature. 2003 Feb
13;421(6924):756-60.

[6] Igbal N, Igbal N. Human Epidermal
Growth Factor Receptor 2 (HER2) in Cancers:
Overexpression and Therapeutic Implications. Mol
Biol Int. 2014 Sep 7;2014:1-9.

[7] Riccio G, Esposito G, Leoncini E, Contu
R, Condorelli G, Chiariello M, et al. Cardiotoxic
effects, or lack thereof, of anti-ErbB2
immunoagents. The FASEB Journal [Internet].
2009 Sep 1 [cited 2022 May 30];23(9):3171-8.
Available from:
https://onlinelibrary.wiley.com/doi/full/10.1096/fj.0
9-131383

[8] Mass RD, Press MF, Anderson S,
Cobleigh MA, Vogel CL, Dybdal N, et al.
Evaluation of Clinical Outcomes According to
HER2 Detection by Fluorescence In Situ
Hybridization in Women with Metastatic Breast
Cancer Treated with Trastuzumab. Clin Breast
Cancer. 2005 Aug 1;6(3):240-6.

[9] Yan M, Schwaederle M, Arguello D,
Millis SZ, Gatalica Z, Kurzrock R. HER2
expression status in diverse cancers: review of
results from 37,992 patients. Cancer and Metastasis
Reviews [Internet]. 2015 Mar 1 [cited 2022 Sep

12

LS e e 3L SO Ol 6l Olans!
[31]
=S5 YL sl Vs e as s L
Lo, & adsst ol andlle opl js s >l by 558
> o i pllen 1S e 558 SNl
Sl 035l cmsa (sl cilse (S 04518 53 o
53 S s s e 3 i 1S
o s Sl g5 el b Coanls Sl
LaassS cnl o 5 3,13 (2l pwas (16 05,01 L)
03 el Db e 5 a e LSl el Cely
S g s Gl Jale pluls

ol s Rl G S on e 3 S
I, SKBR3 slad sl ol slacdile Wl 5 o 4 o
o3 ekl gl a8 s jaseis Joke 3 ol & o
o Sl 5 Bl e e a3l slma gl
5 I Glacsmlr albles oo pels st
L el S b Ll e LS a0, sl 2dlS
sl Jlasl g ol el ol caas )3l
sdb b S st e 05
L b BB 20l 5 sl ol sl S
Lol L3 0l S ol sl eslial . das o olis
o=l e 352 Lol b sbadd ped Sl ealaxd
i S b S S Ol e 15 e ol
HERZ b o slad o o 2 05 (ol 2SI
Sl 5 O g e 5 ot 5 255 (e e
213 S S5 Sad s il plgil Gasis

dl.s,.\:’_, ,i...,;"

CA_:)JS eK_..i..:‘: u_,.,".._;a)}_i LS‘)}":“ C*_{La&-)‘ QK"\"""‘:’.}’
4_?\)\&!]_5 dAli_.';j\: sle= *“""‘“S;"‘)};ﬁmj-iﬂ
S e


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

0L C)U

Synthesis, Properties, and Applications. Advanced
Materials [Internet]. 2010;22(35):3906-24.
Available from:
https://doi.org/10.1002/adma.201001068

[18] Wu Z, Chen X, Zhu S, Zhou Z, Yao Y,
Quan W, et al. Enhanced sensitivity of ammonia
sensor using graphene/polyaniline nanocomposite.
Sens Actuators B Chem [Internet]. 2013;178:485—
93. Available from:
https://www.sciencedirect.com/science/article/pii/S
092540051300021X

[19] Feng M, Zhang P, Zhou HC, Sharma VK.
Water-stable  metal-organic ~ frameworks ~ for
aqueous removal of heavy metals and
radionuclides: A review. Chemosphere [Internet].
2018;209:783-800. Available from:
https://www.sciencedirect.com/science/article/pii/S
0045653518311895

[20] Zhou HC “Joe”, Kitagawa S. Metal-
Organic Frameworks (MOFs). Chem Soc Rev
[Internet]. 2014;43(16):5415-8. Available from:
http://dx.doi.org/10.1039/C4CS90059F

[21] Guo C, Su F, Song Y, Hu B, Wang M, He
L, et al. Aptamer-Templated Silver Nanoclusters
Embedded in Zirconium Metal-Organic
Framework for Bifunctional Electrochemical and
SPR  Aptasensors toward  Carcinoembryonic
Antigen. ACS Appl Mater Interfaces [Internet].
2017 Nov 29 [cited 2022 Sep 19];9(47):41188-99.
Available from:
https://doi.org/10.1021/acsami.7b14952

[22] Chen Y, Yang Z, Hu H, Zhou X, You F,
Yao C, et al. Advanced Metal-Organic
Frameworks-Based Catalysts in Electrochemical
Sensors  [Internet]. Vol. 10, Frontiers in
Chemistry . 2022. Available from:
https://www.frontiersin.org/article/10.3389/fchem.2
022.881172

[23] Peng Z, Jiang Z, Huang X, Li Y. A novel
electrochemical sensor of tryptophan based on
silver  nanoparticles/metal-organic ~ framework
composite modified glassy carbon electrode. RSC
Adv. 2016 Feb 2;6(17):13742-8.

[24] FanC, Lv X, LiuF, Feng L, Liu M, Cai Y,
et al. Silver Nanoclusters Encapsulated into Metal-
Organic Frameworks with Enhanced Fluorescence
and Specific lon Accumulation toward the
Microdot Array-Based Fluorimetric Analysis of
Copper in Blood. ACS Sens [Internet]. 2018 Feb 23
[cited 2022 Oct 12];3(2):441-50. Available from:
https://pubmed.nchi.nlm.nih.gov/29363946/

[25] Meng W, Wen Y, Dai L, He Z, Wang L. A
novel electrochemical sensor for glucose detection

13

9];34(1):157-64. Available from:
https://doi.org/10.1007/s10555-015-9552-6

[10] llkhani H, Ravalli A, Marrazza G. Design
of an Affibody-Based Recognition Strategy for
Human Epidermal Growth Factor Receptor 2
(HER2) Detection by Electrochemical Biosensors.
Chemosensors 2016, Vol 4, Page 23 [Internet].
2016 Dec 2 [cited 2022 May 31];4(4):23. Available
from: https://www.mdpi.com/2227-
9040/4/4/23/htm

[11] Wang SS, Zhao XP, Liu FF, Younis MR,
Xia XH, Wang C. Direct Plasmon-Enhanced
Electrochemistry for Enabling Ultrasensitive and
Label-Free Detection of Circulating Tumor Cells in
Blood. Anal Chem. 2019 Apr 2;91(7):4413-20.

[12] Xu J, Wang X, Yan C, Chen W. A
Polyamidoamine Dendrimer-Based
Electrochemical Immunosensor for Label-Free
Determination of Epithelial Cell Adhesion
Molecule- Expressing Cancer Cells. Sensors
(Basel) [Internet]. 2019 Apr 2 [cited 2023 Sep
17];19(8). Available from:
https://pubmed.nchi.nim.nih.gov/31010258/

[13] Arya SK, Wang KY, Wong CC, Rahman
ARA. Anti-EpCAM modified LC-SPDP monolayer
on gold microelectrode based electrochemical
biosensor for MCF-7 cells detection. Biosens
Bioelectron. 2013 Mar 15;41(1):446-51.

[14] Guo Q, Li X, Shen C, Zhang S, Qi H, Li
T, et al. Electrochemical immunoassay for the
protein biomarker mucin 1 and for MCF-7 cancer
cells based on signal enhancement by silver
nanoclusters. Microchimica Acta. 2015 Feb
3;182(7-8):1483-9.

[15] Yazdanparast S, Benvidi A, Banaei M,
Nikukar H, Tezerjani MD, Azimzadeh M. Dual-
aptamer based electrochemical sandwich biosensor
for MCF-7 human breast cancer cells using silver
nanoparticle  labels and a  poly(glutamic
acid)/MWNT nanocomposite. Mikrochim Acta
[Internet]. 2018 Sep 1 [cited 2022 Nov 30];185(9).
Available from:
https://pubmed.nchi.nim.nih.gov/30094655/

[16] Sastry SSM, Panjikar S, Raman RS.
Graphene and Graphene Oxide as a Support for
Biomolecules in the Development of Biosensors.
Nanotechnol Sci Appl [Internet]. 2021 Nov 16
[cited 2022 Sep 11];14:197-220. Available from:
https://www.dovepress.com/graphene-and-
graphene-oxide-as-a-support-for-biomolecules-in-
the-devel-peer-reviewed-fulltext-article-NSA

[17] Zhu Y, Murali S, Cai W, Li X, Suk JW,
Potts JR, et al. Graphene and Graphene Oxide:


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

1402 &L'-.c.ﬁ). ‘1 GJM ‘15 e)‘,:

‘Jﬂ)u\ﬂ g’.',.:.gj.'f eK..iJ‘: 6)}\35 s )

Oct 7 [cited 2023 Jun 13];9. Awvailable from:
/pmc/articles/PMC8530376/

[35] Sujiono EH, Zurnansyah, Zabrian D,
Dahlan MY, Amin BD, Samnur, et al. Graphene
oxide based coconut shell waste: synthesis by
modified Hummers method and characterization.
Heliyon. 2020;6(8).

[36] Aziz M, Halim FSA, Jaafar J. Preparation
and characterization of graphene membrane
electrode assembly. Jurnal Teknologi (Sciences and
Engineering). 2014;69(9).

[37] Rahimi R, Shariatinia S, Zargari S,
Yaghoubi Berijani M, Ghaffarinejad A, Shojaie ZS.
Synthesis, characterization, and photocurrent
generation of a new nanocomposite based Cu-
TCPP MOF and ZnO nanorod. RSC Adv.
2015;5(58).

[38] Dresselhaus MS. Fifty years in studying
carbon-based materials. Phys Scr [Internet]. 2012
Jan 31 [cited 2022 Sep 4];2012(T146):014002.
Available from:
https://iopscience.iop.org/article/10.1088/0031-
8949/2012/T146/014002

[39] Rahimi R, Moghaddas MM, Zargari S.
Investigation of the anchoring silane coupling
reagent effect in porphyrin sensitized mesoporous
V-TiO2 on the photodegradation efficiency of
methyl orange under visible light irradiation. J
Solgel Sci Technol. 2013;65(3).

[40] Liu S, Sun L, Xu F, Zhang J, Jiao C, Li F,
et al. Nanosized Cu-MOFs induced by graphene
oxide and enhanced gas storage capacity. Energy
Environ Sci. 2013 Mar 20;6(3):818-23.

[41] Duan F, Hu M, Guo C, Song Y, Wang M,
He L, et al. Chromium-based metal-organic
framework embedded with cobalt phthalocyanine
for the sensitively impedimetric cytosensing of
colorectal cancer (CT26) cells and cell imaging.
Chemical Engineering Journal. 2020;398:125452.

[42] Liu M, Xu Y, Huang C, Jia T, Zhang X,
Yang DP, et al. Hyaluronic acid-grafted three-
dimensional MWCNT array as biosensing interface
for chronocoulometric detection and fluorometric
imaging of CDA44-overexpressing cancer cells.
Mikrochim Acta [Internet]. 2018 Jul 1 [cited 2022
Nov 30];185(7). Available from:
https://pubmed.nchi.nlm.nih.gov/29946991/

[43] Zhu Y, Chandra P, Shim YB.
Ultrasensitive and  Selective  Electrochemical
Diagnosis of Breast Cancer Based on a Hydrazine—
Au Nanoparticle-Aptamer Bioconjugate. Anal

14

based on Ag@ZIF-67 nanocomposite. Sens
Actuators B Chem. 2018 May 1;260:852-60.

[26] Li Y, Hu M, Huang X, Wang M, He L,
Song Y, et al. Multicomponent zirconium-based
metal-organic ~ frameworks  for  impedimetric
aptasensing of living cancer cells. Sens Actuators B
Chem. 2020;306.

[27] Ou D, Sun D, Liang Z, Chen B, Lin X,
Chen Z. A novel cytosensor for capture, detection
and release of breast cancer cells based on metal
organic framework PCN-224 and DNA tetrahedron
linked dual-aptamer. Sens Actuators B Chem.
2019;285.

[28] Yang Y, Zeng Z, Zhang C, Huang D, Zeng
G, Xiao R, et al. Construction of iodine vacancy-
rich BiOI/Ag@Agl Z-scheme heterojunction
photocatalysts for visible-light-driven tetracycline
degradation: ~ Transformation  pathways  and
mechanism insight. Chemical Engineering Journal.
2018;349.

[29] Wang Z, Jin H, Meng T, Liao K, Meng W,
Yang J, et al. Fe, Cu-Coordinated ZIF-Derived
Carbon Framework for Efficient Oxygen Reduction
Reaction and Zinc-Air Batteries. Adv Funct Mater.
2018;28(39).

[30] Hatamluyi B, Rezayi M, Beheshti HR,
Boroushaki  MT. Ultra-sensitive ~ molecularly
imprinted electrochemical sensor for patulin
detection based on a novel assembling strategy
using Au@Cu-MOF/N-GQDs. Sens Actuators B
Chem. 2020;318.

[31] Kempahanumakkagari S, Vellingiri K,
Deep A, Kwon EE, Bolan N, Kim KH. Metal-
organic framework composites as electrocatalysts
for electrochemical sensing applications. Vol. 357,
Coordination Chemistry Reviews. 2018.

[32] Jiang D, Xu P, Wang H, Zeng G, Huang
D, Chen M, et al. Strategies to improve metal
organic frameworks photocatalyst’s performance
for degradation of organic pollutants. Vol. 376,
Coordination Chemistry Reviews. 2018.

[33] Liu XW, Sun TJ, Hu JL, Wang SD.
Composites of metal-organic  frameworks and
carbon-based materials: Preparations,
functionalities and applications. Vol. 4, Journal of
Materials Chemistry A. Royal Society of
Chemistry; 2016. p. 3584-616.

[34] Guo X, Lin C, Zhang M, Duan X, Dong
X, Sun D, et al. 2D/3D Copper-Based Metal-
Organic Frameworks for Electrochemical Detection
of Hydrogen Peroxide. Front Chem [Internet]. 2021


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

0L C)U

[44] Sepunaru L, Sokolov S V., Holter J,
Young NP, Compton RG. Electrochemical Red
Blood Cell Counting: One at a Time. Angewandte
Chemie - International Edition. 2016;55(33).

15

Chem [Internet]. 2013 Jan 15;85(2):1058-64.
Available from: https://doi.org/10.1021/ac302923k


https://biot.modares.ac.ir/article-22-70774-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-25 ]

Tarbiat Modares Biotechnology-Tarbiat Modares University
University

Design and fabrication of nanobioelectrochemical sensor
based on metal-organic framework/graphene for breast

cancer diagnosis

Ali-Akbar Zare'?, Fatemeh Molaabasi®, Hossein Naderi-Manesh*

1- Department of Nanobiotechnology, Faculty of Biological Sciences, Tarbiat Modares
University, Tehran, Iran
2- Recombinant Proteins Department, Breast Cancer Research Center, Motamed Cancer
Institute, ACECR, Tehran, Iran

3- Biomaterials and Tissue Engineering Research Group, Department of Interdisciplinary

Technologies, Breast Cancer Research Center, Motamed Cancer Institute, ACECR, Tehran,
Iran
4- Department of Biophysics, Faculty of Biological Sciences, Tarbiat Modares University,
Tehran, Iran

*CORRESPONDNG AUTHOR: Naderman@modares.ac.ir

Received:2023/7/26 Accepted: 2023/10/21

Abstract

Rapid and sensitive diagnosis of breast cancer, especially in the early stages
of its formation, is very important. One of the methods of detecting cancer
cells is the use of electrochemical sensors. Here, a new nanocomposite
including an organic metal framework and silver nanoclusters are used. The
resulting nanocomposite can be used as a scaffold to attach antibodies for the
detection of HER2-positive cells. In the final nanocomposite structure, silver
nanoclusters are placed in the internal cavities of the metal-organic
framework, leading to strong electron transport, good biocompatibility, and
high electrochemical activity. Our results showed that the designed
electrochemical sensor has a high sensitivity in identifying HER2 positive
cells, with a detection limit of 3 cells and a linear range of 100 to 5000
cells/ml. Also, the investigations showed that the introduced sensor has
stability, good selectivity and acceptable application. The proposed strategy
for the development of sensors based on metal-organic frameworks provides
a promising approach for early detection of cancer markers and living cancer
cells.

Keywords: Breast cancer, Electrochemical sensor, Metal-organic
framework, Ag nanocluster
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