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Abstract

The cell culture technique is one of the tools used in cellular and molecular biology such as cancer
cell culture, regenerative medicine, and drug discovery. In recent years, three-dimensional (3D) cell
culture has gained attention in cancer research. Scaffolds are porous structures that are used in 3D cell
culture to mimic the 3D architecture of tissues and provide more accurate information about tumor cells,
extracellular matrix (ECM), and tumor characteristics. These scaffolds are based on synthetic polymers or
ECM components and can promote the signaling pathways, survival, and proliferation of cancer cells.
Natural and synthetic polymers, hydrogels and microspheres can be used to make 3D scaffolds. 3D cancer
cell culture technology can improve cancer treatment. This review article discusses recent advances in the

field of scaffold-based 3D models in cancer tissues.

Keywords: three-dimensional cell culture, scaffold, cancer, hydrogel, extracellular matrix, tissue
engineering, microfluidic systems, 3D printing, microspheres, organoid

J Mazandaran Univ Med Sci 2023; 33 (222): 185-213 (Persian).

Corresponding Author: Mozhgan Abasi- Faculty of Advanced Technologies in Medicine, Mazandaran University of Medical
Sciences, Sari, Iran and Pedram Ebrahimnejad - Faculty of Pharmacy, Mazandaran University of Medical Sciences, Sari, Iran.
(E-mail: mozhgan.abasi@yahoo.com, pedram.ebrahimnejad@gmail.com)

185


mailto:mozhgan.abasi@yahoo.com
http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

ohs—3Hls (— S W)y ep—L col5 il as
(IAO-PIW)  11€eP Jls  p5  PPP ojlals oo g ¢, )93

Cuih S jghain ay Gab waims (glodiu jla aewgs
il pw slayglw

Npundlbl 2315 (9 200 8ums
"o1E Gbeals
Y‘_fﬂao)-_»,d
‘"uUO..ofl.aJl
" owle OB fe
"33 eanlpl plysy
23S
Gladbn csS usle J5Se 5 Joho G Slalllas 53 a8 il Slaylpl 51 (S Jhe S oSS
35 Goom dew J s oiST sl gladla 5303, 8 e 1B eslinal 5 y5e 5ol b g o lejl (S S e
Gom dew J gl CiST 534S s Ui (ol L o s .ol 4 5 15 4 5 55 50 Olbs oo Solidiios
sl [2San 5 5l 65 38> SleMbl 5 Ll 1y Sl SLCdl (cum aw Loses (iluand SUl5 5 ol oslizul
S5 Sla s 0l Sl dis oo Ssn 5 S S 55 cmmen 5 sk b S5l b ke (5o g0 5
DS 585 ) Gl e e dshe 2S5 5 G Sl ply (Gl e 815 o 5 Aed sk 515 WSS 5L T
N elial 3 50 (Slms dw (SLan 13 Sl (5l 15 oo Lo s Sn a3 g5t (S 5 sk (Sla ok
o Dlin (1355 Ol o Olayd s 53 E5 oy Ll il o Ol (G i (sl s 287 (55555 5,8

AS oylal Sl e gla il js S yls st (Sdw dw Sladde o s 5 Lt S i 4

Sl s S e ¥ (sla Kl ¢ Iy Sn

4o ddo

Ol g—ea (Three-dimensional (3D) cell culture) Gl 93 iS5l enlawl wid8 cla ans

st L W 13 13 58 o o3kl sk (5o 15
o lige 5 S aw J sl S8 ST 55 o s
Gl diw Sl CiS 5y b e eslinad LOT 1 dl
(I 2SS 5 5l (S sm goolys Slllas 6l
V)3 95 o oslinal Lag ls r..:iﬁl:.e eSS s e

¢ 5= » (Two-dimentional (2D) cell culture) J 5.
31N Vitro Lo ses s Lad s Cdel (Yol 05 5
o 3 b 5 (Jhe ST i 93 sladie
(F=0) Ll go 0315 LiST (gladend 7 shaw 5 Ol
G e Jolw CiST a h gladds o5 !

E-mail: mozhgan.abasi@yahoo.com S, o 5 slacs)sbks il cplaet ol A& e bTr b o3l WV sl ig ol —plie YU S sgdane ilgo
E-mail:pedram.ebrahimnejad@gmail.com (g3t fs saSCails colasl ualy A1 oz 3Tz 3 o3l WV e S 155l = 3133 @atdl iyl oy 3y 9

Ol O b et (S psle ol ¢ i (sl (550 STl ¢ (S8 (650 58T gmmind (6573 )

Ol el J el 3 (S e o8l ¢ STy psle 0aSails ¢ (Ko ()5t i3 (25 90T 03,5 okl Y

Ot el O3l (S pshe o8l (Ko 55 Sla (6555 0S8l (63 1)l Sladsbu 5 3l ki 5550 03,5 skl ¥

Ol e s b3l (K e o8l g 3lns sl outSCails oS pleslb 03,8 sl F

VEY/YY gl 306

VAN L Nl S plrsl 56 VEVAV/TE D C8b 55 6

1101 113 « PPY o)ladd «ogw § (0 3)9s

ohdjle (i) eolc oEibily alas (VX%


mailto:mozhgan.abasi@yahoo.com
http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

L sl s asTHE 5 Slso sladde dn vitro
i8S B TME (giluads gl Jdsa (rorr)asl
oYL a e s (Gl ade 5 im0
A3 eslial 5550 ;508 05 el Jke 53 ol clad e
Sms e ST 5§11 s penay (15,8 o
O9AS1as § 51,5 a5 5y 50 Olb w Slidsw
Loe 5 un 55 asee )3 Joho DS G sl
el 0 0331 ) ojled Jade 55 (Sdms Aw

Sy 8L wdigs (ol Glaas s Slojs
oslzl in Vitro Lol 5 55 Sludl ey ge 5 (6 5ledibe
) (V o yled  guad) 558 00

s S8 ol g (oS58 5 bt ol
ol o8 e 3T J sk o S35 655 2 ol
P 3,8 S sl Tl S sl oK )
(ol ¢ s e oo 3l n (S35 sla S b
Jlasl Ol 5 (68 5l s €8 e 55 s
Lacly3 S dadigpen (FYFOCS S b s 1y J ke
P NI N P PO N FNCIUN P I
(FNALEL o O e Olidiss 55 oslinul 55 40 (gida
Lad b mazsi (sl p3Y Lol o0 i (Gbms 4 23S
Sladsbu (cwy 6l 4 (i il Hltl sl
Ol (FRFMUS o sl 1) 558 o0 oslinul S
v gladias o) 5o ol Gl iy ()50 dlie
0552 53 Sl cwdigs Sladn)ls St (Gdn
Ul r oS el 4 8 15 (s p 3550 Ol e

.:ﬁﬁao&ﬂouJaJngiidu:)jT@:@

L L G s slad s 00 Laes 5

SSen 1 (Extracellular matrix: ECM) J oo 7,6
a5y JoL 3 ECM (slad 5 SJ e sl
Sla, 56 5 LSS 55 (a5 5 - SIS
aw by Ladshow AV O)ASL o it AS
PSen s s 93 Lo 4 ol n
Sos—sg Lo )3 O JECM L,
e glie 2S5 s (Tumor microenvironment: TME)
3l e (sLmod S Ol 5 e e 025513
G 95 S8 boes (glad sl Js sboas (1118 15
sl 8 s Sl s TME (gjluacs phe RERT
g g s 5 el Lag)ls g S J sk (el
V=Y o Gy olite Hsba Calides glagls
L 5 e gl b ¢ Sl o slad sk 5 TME
«(cancer-associated fibroblasts: CAFs) ol
ol Sbdshe 5 5t gaeS ) WUl slad sk
S35 2 5 Llodd 4t ECM )3 &S Cal o a5
S glacesls (YY) i o Sl ad ke asy
S el bbb (s e sk
iy Al b Jhe B es S ghle ani |, TME o5
Jsbw CiS gla Jbe (Y)uS Ty 5l 5 O g
Gm 33 b CiS ladis 4o o (gt 4w
OLLS e ssba |y Gl sad e Loy
Loy GlaysSh a4 g3 gdome cw s SHls 5 s oo
Jols Ol o ain ;53 Ol ()AL 0 O35S
Lo 53 S sk (el 4w 5 Gudn 5o LS

Ghr dw g S 95 Jshe CiS sl Y osled S

™ o o sk S a3 ol S NS
(YAQYYA) sk e 03l S lafs 53k 5 i 5 315 5> ¥NION-ADREIENE slacd 55 s 5 g 03l ST Sy e 4 a5 e S W iy e
(YRIVA) ol (sad 5 50 5 Lo s st 0 ¢3S 4 bin o) 5o 41N VIVO Lyl 5 ile ol 500513 Oyl (S 800 5 Il slie 5 (im0 50 055 51 (35 Olzn 12 pne 53 i sh M S ge 4y s
gl g e Oy
(Fe¥Y) H1LL, sECM L5 KL lsd e S ECM-Jsbe 5 J gl —J sl VLT 086 (55505 035 53 ad s Wadsbe LUl (g0 00

CFITAR) 3 s i o o5l 240 oS Ll i g O a4 55t Comslie Lo

s g 0305 DLy Sy 30 4 Lag s

(AR Sl it Ay S 03l 35 g0 S sf3 5 sk £ 55
V) s g 0L 5 T oSN (la g 15 4 o (5 5 b gl sl
W5015) el N VIVO Sl b e 05 5 a5 5 O

By o3 plie 5 4 gl il Lol 4 oS sl Vgama laSh Lagls 4 ol 5 g b

st A 5 ke o b o e S S
S o5 I g 5315 5 28T 15 Lol B

e Ssliza 805 5 WS 0L INVIVO Ll 5L i s 803 5 s 5, Oy b

TAY  1150P 133« PPP o)ladd «ogw § (0 )98

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

Sobny o a3 53 657 i A e (S 5w
Polycaprolactone (PCL) 5,8 sl 15 oslizul 3, 40
(PEG) oly lactic-co-glycolic acid (PLGA)
o3 5 «poly lactic acid (PLA) s Poly ethylene glycol
Sloasals 6 T Gasls 518 Slsle bow g oS
30 Oludl 0d0 > (ol 3l ge Ol e 4 eslanul
(O35 o fiwd 33 (6 R (Sl pady L 50 L(OF-0) LI
aia ylle (5l gl 035 e (0T Cnd
e 0T (s Oolanil 5 6555 wlde 3 L )
Aile g gla ok 0l o Slatuls o en
Polyvinyl alcohol (PVA) s Polyvinylpyrrolidone (PVP)
Pt Gl 5 (SO S8 035 el e
F =Ll 65y Ak G 4
Gl Cyls o5 O, L Sa 5 Zhan
polyglycolide-co- ) .= ;| (Drug-eluting) ,!s
Iy =Y s (trimethylene carbonate (PGA-TMC)
N P e JUSNETI- N S
4 FOLFIRINOX (g5 15 sluw)gls ) e yls
w1 dir S S eslizal ol SOL Sl slad sk
S9) odkd 0315 iSO Sl e (slad shos cain
ciS lad sl b awlis 4> Drug-eluting <o yls
95 S8 ks s nON-eluting Gl (595 o dd 031>
ool lods S 9T 5 35 by s gdn
53 5507 LAl galw 34 Drug-eluting & yls
S5 o s 5 AL Gl e slad s
Jdsan by ! Sl esliad e R Ll o3 S
Stwls 3l 6,8 sl EeL FOLFIRINOX (5,15 ola,
S s o Glaygsls ol ol (gUS glad gl 4
O30 5 9,05 595 EalS o 4e Drug-eluting co 1
Els Sl odd 55l $\)K,;ﬁgrx)oT$;l?
e desl 5 onlin 5Ly &K Wl g e andllas
BOLEL > S el SSL Ol Oleys (<l
s 23 2SN ESSS 5l enlial U 0l ,LSKea 5 Rabie

by Ss ST,

S e

Sy K

Sl ey oslanwl 3 50 (oo yls lel N osled ygad

L sladshe

Ol o Diiizei 5 (6 pody (Slo )
wlad y gl ,ls )

O o Sl 55 o3liul 3550 Sl
AS Gl s H TME 055 20 ol 0 sl o
ECM (lads; sl (55l (sl (sl (slaus s
b Lo 5l 5o o s (FO) L 55 o 48 § ,Sw,
Sl ey 51 JSKiaze (glaans ls il wxdls g5z b
Ll g5ljl 5 Sluyals dghw i8S )y anb
U9t ASle ad (gla oy (VPP o5 e oslinal
«(Collagen) o53s" «(Silk  Fibroin:  SF) o,
¢Sog,y s 5 (Alginate) S 3T «(Chitosan) ol xS
SIols 3l s ol sl s (Hyaluronic Acid: HA) ol
AFAD ) p oS a5 3L 5 ol s
CiS s eslinal 3550 (Slans s Ctl 6l
Freeze-drying lacSiiSS 51 (gl 4w slad sk
3Dprinting Solvent-Casting Particulate Leaching
o9 93 555 oo e3lizul (Electrospinning) s s A1
Olitoe 31 bl oo o 5 03l (ST oS g5 S
315 S ey Jsome &G 4S5 YL 5, (S S

SLa ey o e J1LOTON) 5 o oslial 03 53 0

IS0 P 133 « PP o)lasd «@ow § (10 5)9s

ohsjls Ak} eole sl alas 1AA


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

9wl 0l WCAF L L o sl S 0L sEMT
MDA-MB-231 slad sk oI Kaa 5 Polonio-Alcala
25 badshe WLsls ClSPLA ol 51 syl 5, 1)
OLE 1) (65 e ) O jn (5l 55 CiST L gl
il G580 53 STATS (ladled oo ea . Lisls
Ol O o o3y Sad gl o5 5o 5 LUIS L &S
93 S 5 1S glasdy o )l .5V ,ls bLS
3 ol 3558 53 Gl (S (gl g0 Sl pady
awslie j3 b yls plosd 4:5;)‘54{ Lol
LECM 5 Jshe b LIS gl 4y S lo b
PO S (S 5SS Aas e DL
L2 o 5 (6ols 3 48 CWlECM gl 55,
Al 22303 Oy sl 31

L gl dKms I S 01, LK 5 Jordahl
(fibrillarfibronectin: fFn) (glas y 25 s b 1 oalizal
Ol G o (slgd sk L5 87 (1 LPLGA ok
B 0315 CuiS Cayls 53 Ol Sl ot 4 S
o6 GG SRl (s 53 S 4 S
ol sl b O R ol ol Gilbj.ﬂ slad s
(Sl ol sl SHb Ol el 5 il e sla S5l
Csl gy 55 S L aslie 5o (ol dw B8
50l Dby S lad b )3 EMT LI 2ol 530
Gt e b g (Slad gl sl S 28 4 i on
BVLS o ¢SS N VItro 5 Hlaw 5l e

93 Glady S 5 Syl S5 01,8 5 LU
203 AN S Sl eslil L | (65, Shas
(LHAD) i 95 5l oyl ol ds ST >l )b
odb J.im PLGA ; layered nanohydroxyapatite
sk o315 4l 3 LHAp 4> Doxorubicin (DOX) ss,1s
S35 sbor Stz 5 dy A5 ki 4 Sl
|, Polydopamine (PDA) . 3l oid 5 (s yls
PDA@DH/PLGA o s K25 o 30 oS ol 4t §
Sls a5 4 gl skiea ey opl a5 e
SMG-63 L o8 5L izl Slb o lad sl A,

o= ..\._35; u"")‘l’ MCF-7 ol L;'lbf» slad s
Poly ethylene oxide s Ol 528" 51 JSbze Cnyl
5 @wt% CS)C2P1 ¢ ble 45 j34S Cwlosss
5 Ol Gy )F b s it 7. CAPL (4wt% CS)
SLadsbon ks (o 2 Oty Gl o S s 25
Ears 50T S dn g 55 J sl CiST 55 MCF-7
£33 (sesin 33> (s14azh; U Comsyls 53 Ll 03,5 5 e
GLadshu sls aslsl 355 25 @ Ol s S8
S5 14 C2PL el 3 ot oS MCF-7
DS 3 e Lidmy G5 Vv gk 53 g 031> g il
1y Ol Ol s (gobms s Lol 5y LS5 0
S obm aw Lo 5 (63 P 5 ST il
s Laasls s S s sl 53 53 — (\—?
Syl 3 03kl L 01, 5 Permild .#%)asb
OSNS slaans ;) PCL oy 51 oediee (g aw (slan
MTT s gl s S (bt LECM 3 5 9 50
Lad s (11 gy Syl ol 457 ol o3l Ol
0Lt (g oSy Son sLa T s Izl Coae
ol 093 s b 5 b adslo 03, 457 Lsls
o 5 b s o oy el LSS 5 03 873 55 1>
s a3 ad s Cnlin 125 5 85 4
Gldshe 25 ol L5 o S aw S Jule
les il slad o 1 (o) 1 oty ab 5 S e
Dondajewska .(56)s s-& sslazwl 55 Olb w &8 5iu (55,5
EMTE i g0 Oty Sl o (slad sk 035 01, e
o313 655 1y NIHBTS 5 4o oDl 8 (slad sho 5
,.,?g@\.mb;.;f(,:u\&;}xgﬂ;\é\m)
Ly 6 pdnam 5 S 5 8 Sl o5 Ul
C 5 S L0 Ol T s sl
F15 S slad sl 457 A s OLis Almar Blue
dlie )3 (558 i) Dy b lad gl b 21K
olss Gl &y pmin Gl glad v i) L
Glad sl CiS b anslie 3 bd she 268an dins
23 S 55 6l Wl Lol stm 55 ke 3 Sl e

1A 11SoP 133 « PPP o)ladd «ogw § (0 3)9s

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

Sk sy Lol s b il 0L andllan ol oyl
I Al 5 e IL-10 3 TGF-b (sl 1S gle I 5
A5 e s S 5len T slad gl 05
35T lad v oS Jlud Ol e TNF-a 18 g5 L
San L alio 53 on L b £ 5w 228
Al o A Ok )05 Slad s 5 T slad b
Eel Ll g b 4 Sl ()l olias e domsts o]
sl W5 oo I3 L g o (sl s S
Ol 53 aal frmly a5 53 WTAF 5 Shes gluli
5 685 s 34 CA s VD)3 53
Wl o 3.5 (8 ey ) (sl o S e
3,8 515 0slitd 3 30 ol S s> G Ol g4y
Ol szl Ol s 53 (63 Sas 53 GUatauyls iz o
e 3 S slad she ol s Shae 53 gyl
OHLSes s HOU s Sl gl (lad s 3utee slows!
PCL (slaatiy 3l oslizal b (65 Shas 55 s ¢S5
5 Olgial Ol Olays I, (Graphene) -1 5 s
& JUT 0l pieay 31,8 s S a5 0T 5wt
Jes OIS oz, LSLECM (ol S5
Y 9PCL Sg,m Y Csyls cpl 53 (VHAS o
Sty Ul o S il 035 31,5 (S0
S slad gl s55 5 S bl 1) (S 38
Ll g o PCL oY 5515 (65l 515805-2 ()l seunl
SVt 2ol 5 b o sk (6,57 4 s
ol ST (5Ll 1y O il LaS 5 2SS o she
O Ol (8l ik (ol 3,80 05 S5 Sl
OLLSes 5 FENG .v0)il oo OT (g5l 5 Ol gl
S )l3 S35 ;= 1y MCF-7 Sl S o slad ke
i s gl 53 Ll CiSPCL e ) (gl
L dclie 55 s ol 3 Lad b i8S &S s
slaSHk Ol GR3I L ey ys Jshw o i8S
el 635 ol yon SOX2 5 OCT3/4 (oslsy slad sh
4 ook S5 G o 3Ly Slad gl I i on

Gl a5 LS ey Rl Sy el O 5

I s 3558 Ol il sdzmen 5Ll i o
Sl o g0 Canyls (55, PDA i g ol 43 S
olwal3T 4 S Us DOX (g51s (gots J =57 (g 5Ll 3T
G a5 sl 503 5 &SGS 55l e Y5k
Sl e 590 o b 5 slad sl ade )0
Ol gl (S5l g 5 i il 3l ol PDA@DH/PLGA
s el by s s b s Tumorectomy ;I A
ol &S PDA@DH/PLGA syl 0daT Cmwsas
V) AEb e Ol il ) e 5 Olays (6l clia 2w )
S5 3 sg s s bite 4oy 8l Gom anllas 53
PSS 1 55 SIS S bzl L Glo s
3 Polyethyleneimine (PEI) 4 Bcl-2 +_Je SIRNA
DOX@LHAP/PLGA (DOX/HP) (glazis y sl
b S ls 3 S 03lizwl PDA [id g of jan 4
Cosomr S 51 gy 61, DOX/HPPP/SIRNA oL
Olewy O, 9 ES2 Oluass L,;}lbj_w slad s s
SIRNA oLa, PEI 5> s .43 eslizal MCF-7
S5 Ol PH 5.6 53 9035 PH 4 a1l y DOX
DOX/HPPP/SIRNA &yl .5 5o 313T Lagls |
S Sl s (55 b 630 5ok S5
L ses 53 DOXIHP s yls 4 Cowed MCF-7 5 ES2
St @S gekiasplis 457 515 in vivo s in vitro
il ey g ade o S 5 a)ls jleslaul
&) siome IN VIVO Je 55 s yls o O
S 530 s 5 o ST sl Sl slapl!
ple Sl Fa s el SelST Sl gl 02
WL o s 508 (o1 S dm H a8 Sdme 350
5 bl oy o sbate 4 01)LSes s Phan-Lai
lad s T glat sl o J sl 180s -
L b e Lol Dy b 5 (550 Ol (S50 5
Jl«(tumor-associated fibroblasts: TAF) olb .
Sl T 5 0558 (S 5 iy Tl
o) 93 .45 S esle i (chitosan-alginate: CA)
s o3y CiS 2iSen Oy gt b gl Sl

110D 113 « PPV o)ladd «ogw § (w0 3)9s

ohdjls Ak} eoke sl alas 19


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

Jiasdr WA)LS o WIEMT Wl 3 55 cage i85
Poly (PEG PVA PLA (sla oy 51 3l 5 o (5 i
(PAA) (hydroxyethyl methacrylate) PHEMA
- Y5 HV_A)Polyacrylic acid
a= L Gelatin methacryloyl (GelMA) . ST
S lad oo ol e AT 3 (b 5o a5 dips
SLaS 525 Olgs oo 5 dls 3 p 31 g0 03 8
Ladjastr ol (APVANS)S S el 1y bdSs e
MM 5 ds o 35 LOT ol jlu 3l 50 5 034 O3
S o8 Col &S dzan oad3s,us 5 5k g GEIMA
3585 goilrl 5 os Sl Glad she (siay 4w 2S5
(B AL o (S e (4SS 095 4 1) (gdre 5 5o
S5 Ale ol 5 035 Dy Jdoas Lad 5, e
e S sl ol Y gons (St 5 6,6 5L
Bl ol a7 55 o adS s il dle J sl Caliies
Chittasupho .(AV) 5 34 0 631N VIVO (glalase 5>
5 oY S edd atlw Ui 51O
!~ Sodium carboxymethyl cellulose (SCMC)
03l wl ABAY 4y b o sk 4, DOX Sl sl
o5 OT 53 Jgdowe L8l L ¢ SCMC s S
SLsssls sl es 1S 5 by oS ol adly S
Ul g e (Jased S yls ol 558 e eslan
sladsw 4 Slaspls 6l 3 /K05 S Ol sea
OLSea 5 Pal (41,8 ) 3 eslizl 3,40 4y Sl
S sad b s MKNAT sdas Sl slad sha
Selas e o> Ja (535 |y MDA-MB-231 oy
SPLGA ki S 5 55 jlods |5 S 5
s ok, dshe sl oS GelMA 5,40
iy Lad s am 0T 534S osls OLiS 55 51 1,
ods EMT los lad gl odms ¢l O 1) (6 5 e
@3l slad s o g5 Lad w51 oS sliws
S ladshe 039 055 sl Ol |y S
5 e 3l e &S5 a1y OT eyl opl 53 ol 03l

Al 03 57 s Ol w Oladss ol a5 LI

352 9 29 Caslae Jule S (o3l sad she &S
lad b Ol Rl 31 cpl ply il oo Ol o sdms
Ol 03 e S sB geliasOli Gl soly
AL 8y 15 o a3 5 03 ad sk
350 b o3k sad gl 5 Sl LS Slag )l

W)L ,E 15 oslinal

a0 sl —Y
S il e b aw sla skl a3 s,
Sl (el 5 ods LS8 S s kT (6 ks slae
o YL 3 b 51 a8 dies et gla S i s
25y o Sl g (2 o VLT 5 JSU e
a5 s ol a3k 51 il 6151 T e
codi Sl (5la oy Lin ¢ 5,0 YLl ¢ 5 e
3525 La0T 5L 5 (S5 L o g5luesleT 33,
la, g6 Osls gl B Isay (VA3 Hls
Gilwand 5 i) Gla,y ST s S sl fe J glows
Cme Dldosd 6l Lol ls (ol ECM Las
Ladjoydn 0945l 5,5, ol w é—’:’ﬁ
b GLadissds Ll e by b Ll
e Y5 el Sy Il (055 b (OIS
HNaS ol Jds s L pdr wtle I 5l 5 015 528
L5 5l S5 Vame (i o 8 8y s b
)55 gl Gl O 33,5 s 4 g5 o Lo
ok 5 e (O3S 1 U5 ke A AN LSS,
Sl e a5 el ot JSC5 sy glay ST
iN VIVl >es 55 gl m 4w Jlw i8S asfllae
ECM 5 Shas 5 jlislo gl O3S 55,0 (Al
L;.Lgugﬁljbgfs\j&;w@)w\py
5,5 eslitul 3550 05 28 5 sl in Vitro Losws 43
Ladghu U o, Sl G b 51 oS avans L8
3 PP Bl 5 Ol IS wdls Ss
c@u,aww;\@uﬁdu;ﬁ,,@?g

et 9 S e el 1y Glesa g 5 gl s s

191 11 13« PPP o)louds «@gus § ¢, 5)93

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

ok gd fuate (sladay 3.0V )BTy Jshe
Tyr-lle-Gly-Ser-Arg (YIGSR) sla JI 55 «J s 4
3 oY 1 i le-Lys-Val-Ala-Val(IKVAV)
Siws Arg-Gly-Asp (RGD) s Leu-Asp-Val (LDV)
G2y (PO YAVLEL o S5 g b ol
s sl o oYl sl s YIGSR s RGD
IKVAV szy a8 o 5 1, s LS 5
50505 Aby g Sl Jogud ol L5
S e G55y 31 plm (0000 )5 55 OT ol
he s RADALG Fmoc-FF EAKLE ¢ 45 5 sz
s S )15 &S5 Ol gy ST o 5 a4 LBl o0
A 051 AN DL LS 15 bzl 3 40 0430l (gdm
Oliass Jw slaes, 0)LSs 5 S0Ng arllas
& RADALG sz sladisin 5> HO-8910PM
L aslie 5o clslod s S5 b (slrasaTinl I
0L ) st o5 JoB 55 5 ddy (gms 93 iS
dntegrin-bl 51 VU Oly bd o ol ezrer s oo
sladshe .ams e 0lis |y N-cadherin 4 E-cadherin
Cnglae (S 95 Jdo & Cd Jo ol 3 0l CiST
0Or)as o Ol Cisplatin g g5l 4 S 1y 65 i
PEG i jl J5soded S yls 01,SKas 5 Balion
s Collagen-like peptide (CLP) (sladczy of on 4y
L 5 0SS0 Sl 4 Ol 04 RGD (slazy
A S A5 1y e Sl ans Ol g IKVAV
©lad b (HROG36 Lol Lo szl 58 (lad sl
S sLad w5 A375 SLuil Lo gdle 0lb
o33 xS Ladjssied ool 595 = CB &y LaplS
53 PEG-CLP-RGD Jj5,ua Lisls i s ks
S5 o=lg Rl Eeb PEG-CLP Ca s b auslie
J3ada cimed 255 AB75 sHROG36 slad sho
PEG-CLP wusyf5 b awslis 55 PEG-CLP-IKVAV
Lo sdS Gl e lad g 2S5 5 ) Sl 31 5o
Iy Calises gladicy 2 addlae opl 558 0 C6 Oy

a3 (oo 0L Gl s Slad sl o g 5 55 Ol e 3

Olicass Ol Jglw glaes, 0l SKes 5 Liu

S dissdes Sl g3, 21, OV-NC ; OV-206
4S s S edalline p sl S8 | s OIS i
s b i ey il 4 s 4 s
Lo S5l Ol ez 5 Lad sl Gleodi 5 0l
il N-Cadherin 5 2S5 s 508 ¢ piias s AL EMT
SWNT Slsply (b e o ol 48l
sl 2159 EMT sldll sl - 55 TGF-B/SMAD
J59d—a o, Saa g Pradhan .(af)c [

&) 0580l o ls & Ol s 4 |, PEG-fibrinogen
QDJM.JJ;@-‘}O%@&JA»LSLAJJLM”
5 SK-BR-3 (MCF-7 ol 0lb o Jb
3L iS5 U aden s o iS MDA-MB-231
5 S S 53 Sk Aile 5 ) se D s
0Ll OLES |y el 5 93 Sl

! = PEG ladjsyda 51 0, Kea s Murphy
5453 5 03l MCF-7 (i O o slad sl CiS
J5 5l glad3sds 55 odd i8S gladsho L 1 0T
$ 8 e st 5wl S 5 Slo oy )
23 Sl 55 Ll i edalie LT 5o Sslis
(3L G158l g5 BB b PEG Jjs 0

iy sLadlasta dadlsna Ko ¢l
oS Sladig al  bdSsda ol Ames (65
Gl om e G yls O oty L3l g5 0 S 035
350 Sl 5 b S8 (2l wdige Dlallas
SLadlanes slags 5 5l (S5 6,8 )13 esliza
23 0T Ol i sl o) OLS! (55 gy
(Sl gl Sl i s 40 (S sds sl
Glac s o 025531 L 5 sy JIg 055 o6
LAAV) ISl e gz slro oei ) 4 Lgsj_ﬁkw
S el Sl GUlS (s slad5s s
V135S el L i)l 1) ECM s (gl
ol o5 e a1
Gl 5o oo o sk 4 il 5 oo LOT clad 550

110D 113 « PPV o)ladd «ogw § (w0 3)9s

ohdjle (i) ek oGl dlas 19q¥


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

o2l Uy jsmn 55 o 1 OT J1 5 (Glsem Jlo
0T sge g pomm 5 0l 033 0 Sle 05 (5,5 0310
Cose s oj):éﬁ);s.sa:\:ow@u.m Y
15 G5 L awlie 13 PTX (59,05 gl iyl S
SalS 5 Sleody e il Eel e &) uay
LS 5 ol Sl 0l Gl e 53 55055 o
o Slaysls Sl PTX g g)ls HLS 55 55,4
315 G205 Ll 53 5358 oo odd J 25 05l
ool e GV b 51015528 J5ssdn Lol en
Y1V 45 b Cannn
Docetaxel s DOX (s ,ls 95 ol,LSan 5 Sheu
isoden o 5 Olojen Sluysyls &jswa |, (DOC)
Jios 0 Al Sy Jla i 51 ) 4 ol
0355 D304 CT-26 JLS )41 S Sl Sl sm
053 3 0508 g S8 O ILIL L3S G5 o0
awlle 53 Olejor o) gty 5015 93 Goy 5 ¢ Sla e
3 o3 g EalS ol lag,ls s8> G5
e 255 Sloals pree pl 21T 41
Od Gl laplll ys gobs S bale Ole () 1 b
Lagyls bl OIS Conl o ol Sl Joe
G5 e 53 5505 93 Ol e Gy 5 5l Ay
O,LSea s Huang (1Nl o 2l e gls 6810
Lios 53 53 PECT U35, eslizal L 1, DOX (65,5
Gy HepG2 S v slalil 4 in vivo in vitro
4 DOX (55> PECT Jjs,u Gou 5l d s S
23 CCK-8 s jloslanwl L (555 95 slad g
awslie js Sl glad g slussin VItI0 e
Sl 5L 0l 4 s 5 bas )15 GiyF b
s gy (S 5Lsl3T 5 G gn Sl yls ediasOlis &S asl
Ot Sl (65 5 55 3L ol bl s gyl ol
sloul Gl Jde s sy o3Il 9, ¥ b s
L daslin 53 551> sl Jioodas Gy el
Sl &) yoas 1, DOX (55,05 45 olad b

Wl 03 S Iy 2alS” (ool Hldde 4 s S 5L s

L;LAJJLM.LL)JJ.:AJ;ECMU:LM‘SMJ

NI o (S g0 5

(o5 sbadisde sl el dhesas Syl
3340 b (Gosm SLES e by fealy bl
Ladga gladissdon 5 ool sladjydan gaws
ol sladigodar V)L 8 n (St
sladiodos Lol b plvo aoes Ol o
MJ;QI;DH Los 5 diile el ge an el a
o e lad g s (NN Las 0 Olis Conlus
(HA) el S5 Js &1, slad3s50s 25 Ls
by sS s PEG-PCL-PEG (PECE) PEG (PLGA
Sl 53 Lad5sion ¢ 45 ol Al o PECT
sladisa (MFNMIL,Is 6oL 5,5, 5 Sl
Sl ki s ()b S e K 5 b o5
L slagls Wil 5 o s T e 53 J5 w0 5o
(lays s Gl ls (NS ST S
e 5l Lacp S smle 5 JU S 550 slasals 5T
G5 Skt BSs,dn Low g & dzes olagls
A3 gdma 31 oo Ul fown 3,15 &5
e ) (Sleps nlin = psas Ol 5 (n s
4S ola0b w5 ikl GO w5 Sluygyls
L;uv;_m:,ﬂ b3S o lal (g oo sdoms 3 4o Gl
Lol o gl ool n a3 g 5 2 Sleyo
335 4 3L pmp Glusasls 3 bag)ls V9 sd oo
25 Slress s s 03 35 LSS 5 VL
03 Sy sl sl Sleslanul dbe Sl yls
Ladjsoden olass & 515 a5 3,50 Slaygls
503,58 J,m8 385 S pman ) Lagyls (g5LusliT
WY D)WL 55 e gls dieddas Uil Cels
L1, Paclitaxel (PTX) s4,s oI, 5 Pesoa
o 05528 J5ssd 5 PLGA Ol )3y S Sl aslical
O Sl Jde ;3 M23-4p 5 g0 Oy S 3L

13 e Ol 50 i3 ST 555 Sose s 0905 Dyswe

19 11SeP 133 « PP o)ladd «ogw § (0 3)9s

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

iy s Olylay i (S 3 Sl slaay &
0803 5 dal i $SaS Ol
3P el lady Syl o, 5 Ravi
(MPEG) 5 PLGA PLA sLa oy jlods S5
4k—w 54 |y mono-methoxypolyethylene glycol
S Gad g s S (b 55 SN S
=l Lagdle 5 Olasd Ol (Ol casy )
SLadshw I cmazs LS5 5 s 0313 CiST Syl
Gilwan s HECM b yls opl . Llosls |y (550 85
Py 55508 S Jred Sl S 03,8
Glad g b glie 53 0d S5 k) g0 55 i ot
Jolie 53 w95 CiS ps el esls LS S w
A3l 0 Ol (6 5 i Cuglie b pw ds (slagyls
0Ly sl 53l ahw gas EMT Ll Eoly P ol
b sadshe jsE-cadherin Ol (2l 5 otes s
G clis i 85 Ol giot Syl ) oSl 0l
et Olays ¢ Sl o Ol )laws (Lo oy 50 uiS
St glasyls SlislsT aras 5 Ohlas
OLLan 5 Nanki .(101) -8 o 51 15 osliul 3,40
Oldads Ol o Calibes slawi & 55 51 gl 58
Ohylas 31 laus 651 ol disls S J5 Sl s 1
5 L Olimn 5 48 8 Olass Ol o 4 Y
ol Loy ge 5 L LadT ki Sl sla S5
S5 5 by Lol Ol mls dd aw e
) SLaSl (S5 s 0T Sl s 8 3 56,1
H&E (¢ 50Te5 ) 5l eslizal L e s bl g |l
OT s by o a3 5651 5 a0 55 & Ad ointie
ol a5l s plie bt 5L sls S5
o slag,ls 4 Ol w4 Sl 5l 3 LSL“’C“L;“S
Glayses Sl ol glans 58 el gline Sleys
el Sl sl 5,15 5 KL% (sl L5 0 53
Gl 5851 g s Ceglin O s andllas oyl 55 . ABL
Oldasw Ol clear cell(CCC-1) 45 5 51 Jol>

sl s 3& ) a o s paclitaxel (15

L;‘)"MVL.?‘|°‘J&{"\"§@GLA)JL§°}?&J‘

OYFALSL Ol o Ol ys

lads $& 1 ¥

L Sl kel (Organoid) s 561
5 PRl s Al B s oS s (Gde 4w Sl
63,k 5 bl gl Skomy 5 0ks LT3k 5
ol S (gl |y Llodds i OT 1as 3L
(b slad s (o3l slad s tl}i\ 3yl
IS asml L sladsh 5 5la iy slad sk
Sy esl> (ST 55 g sl S 5 s e
Lo 5851 .OYa- I DL s Slays Jobo 5 paid
Aile dsode e Sl gy 53 Jgena 5 5bas
5 S5 adlan (gl o 5 558 e 03y SiS Wy Sl
= edle LYYW 88 e esliel Ll sls ()l
Sy sy b4 a4 ol L ad 55|
Ol i e Grie Hlew Sl w Sla3L 1S 5 0s
Colie Ll 5 6 5 r 5505 4k gl
3951485 5 b Gl g (a4 S 1
adls )y Ode GV b CiS LUy oS A sl ) Hles
lin Lagyls Sl 5 S Olalllas (6l o
ilizes 15 58 )1 gladde sl b 3 (M)l
(O Al Calien 5La0l oo (555 s anlllas 1
3 e Olassd (JBST) ol 557 codme e Dl 5 (AST
OPV=VFR0¥D) 3415 3 5 5 ol SSL 35,8

Godod o> o slad sei 31 O, Ken s Kazama
OLES 5 5,8 slowl 1y AS gy 90 5 Jbe ()90 8 sadS
Ol o & Mae ke 4dS” (6550 5 Sladly &S L0l
(ol Ll Blodd 50T 51 b S 5 sadsss g5
2 b il (K85 D1k 5 Sk sla S
o= e Al er 4 o3l gaals Bcl-2 o3
Lozl «olon St ladie Ol poas i) go 5
s pazopanib wsle b v ds syl 4 S ylae

lesT 4 i 5 g5 opl . duas e cabozantinib

1101 113 « PPY o)ladd «ogu § (0 3)9s

ohdjle (i) ok slEibil dlas 1qic


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

0 LT oyl Cwslis 5 Ll SO slads &1 2S5
M&dbd‘w‘audujéw&éh))b
—ddn Gla i o g5l Jds 6l o olos il
pbﬁfﬁ;u@dpb\jw)uﬁ.\:bb)ﬁ»\
35 5 Sose s Lme 1oy Lagsls Sl e

OF)3,E )5 oslizal

(Microspheres) s jiw s Soo —F

Ais 655 5 Jobine 155580 b pie s S
Al e 45T s e Sa Vet B Y (g kB oS
dw b g as Gl 555 a1, adsle 5 lagls
o b iy Sn ST (Sl d ) O b (gln
b (o s S s iledde ¢l s e
S8 eslial 5 s Ll 5 e Laldl (5Ll 5 3L
sl 6l w PLA 3PLGA (la ol (00F00Y)s,E
Calw (D0 5 o 03Ul ba s s Koo WS 5o
o g S R L (s Sos gla )l
0Pl ol o a5 50 5 QLSS Sl i sl 5 o2
ECM sl 5 3585 ¢ St (255 b jis S
NS o o 65 1y b ghe Law 8

5 e (slacan s 31 01, s 5 Kuriakose
(PLGA) Sil)3 s, Se assly o Joddera pb Sl
cladslw @i, ¢l - poly lactic-co-glycolic acid
PLGA &lyis Ko .3 S aslizul AB49 a4y Sl
L sodium bicarbonate (SBC) L =¥ ol,3 L
——S 5 polyN-isopropylacrylamide (PNIPAAmM)
R e e SE B L CA R R e
0 5Sg Sr Sldalive s DAPI (65T, 51 oslical
dbalw)ls o) sladshe Sl i en s SEM
sLadsbu g JLas PLGA-SBC fiudnie il y3 5 So
i 5 o A8 o OLES |y s 4 S e
S o 03l3 CiST slad sl 457 sl 0315 0L MTS

E 5 e Sk 355 01w PLGA-SBC s s

Lok 1) (o s gomn | ol 03 5 s a5 85
ASle ()5 g5 Jamen 1y ) gl ps a Ol S (e
oLl ety b 5 S eS¢l slad b
AFF)s S
sseg 3 a8 et 58 01, Kes 5 Zou
sls CiS J5 5l pa y edas Ol w4 M Oyl
S S8 5 Olslay Sla s go g ¢ gl 3L Blod |
Ol 1y bt omlis 3L sla T 55 0T jlas 8,
Sla S5k (5T, 5 oslial U R s A e
E-cadherin 3 LGRS Ki-67 «CEA il 4l sl (g 50 55
133y adsl slay g5 Aslen ot 550 s
95 P Paclitaxel (g5 ,ls i osls OLis e
sl s ol Jaze (-J_é L awslis 55 Lipo-PTX
w58y Ladsw ke & o sl Albu-PTX
Jie )3 gyl ol el 3 pl Aol Hshte 4395
505 5,5 a3l 5550 56 odme Sl Sl
- SalS EeL Lipo-PTX (g5,ls b et in
) el 0t S5 T Sad sk 5131 5 5505
A 58 S 48T ol ) (soasilis gl
Ll b e Jos 65 15 g oy S e slad S
ilwdds 1 aus 51 5 eslizal 5 asl in vivo
Lg,ls Cuglae g Combus Glalad planil 5 b Loy
AL 5 Schuth L(1F1)s 5 dal g 23w el Lo
Oleg 0ds (ol slaygo 55 3l ol (slads 515
Sy smoin CAFS HLS 31 Ll SSL Ol o 4 Dlis
= CAFs &l 31 5 dsls &S U3 5l yo 268
el ol s Lisls 3 o) Sy 1y a5 5
S gy s G815 5 sy Ol e &7 51y OLES
RNV P g P KPS X g MUV P PTGV
301> Sslin Ol e b el 4L
slagyls o i CAFs \%M{rﬁéhu\:ﬁ}}\f‘)‘
L 4w las ,3 5-fluorouracil 5 gemcitabine PTX
4l il OB T i8S L ol 5

gy Salsel el CAFS sls Ol @L:S ol

190 1€ 13« PPP o)louds «@gu § ¢, 5)93

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

SLad s ol ol 3l o3lizal L . isls JUSH 5 o
23 osag gedd Gy slad s s)sCAR T
5o 85 el ladshe 51 oYU bl 5 ae
o3liul 3 g8 o S Glad s (585 G Sl o e
Gl s L g g e RS sl el ) ]

08l ol b o (sl

s S Sl Lo g 0 Ol (St (Sla s s 0
3Dprinting (3DP) (gl 4w la SS$
b 5 5alS ST 1y Caliies (g dw gla L
3Dbioprinting (e aw g ) ol LS o sl g
A ] S ol slas 8 5l gsii (3DBP)
535 5 ) Calie sl (slaca )15 OT ¢SS
Olidos 3 (1PVAS o (Sl ) (G505 Jaes
wlh 63h) Sler g SIS ol S eslinal Ol
Cole Chb sl glag g Sl os S Ll 55
2yl yin vivo Lyl i uSle U o= 2 TME
bl S 5 o0 0l Ol il e slads
OBl yden a3 5 os PH sle Sogline S5 05 50
a0 J xS 0Ll 3DBP .y 4t L Calibes
OPY-180)dns oo by Slwyg,ls 5 ddy cla, oS
o e Bl s o i e o2 3DBP
) P dehe () Sl S el s
DGRV 15| WRCHNS J PRV g Y -
ol el s OT 5 sy oe 0 (slad s
Ay 5 (S b Sl |y a5 n sl
oﬁ;,mv\igww\)wp}mvﬁt;w}p
L VL b5 055N L Ol T 5
bl €03 55 o s 53 €015, Cad (ks Sl
O3S 4 Sl i3580 (S50 55 Lo (S5luas
s g e G (K5 5l 658 5l
3 =0 Dl Go 5 Lmee oy ilwad 6l
4 S Wilesls Ol Sladlles WV VPOl (559 2

L;b_? l_> c‘J_aA (lnk'RGD) ‘_,’Jjj)u\__& 6.“._.4..;) A

s 55,85 5 eals OLL Lacw)ls plo 4 S
¢8  aPLGA-SBC s )ls (5355 »5 Lad sho 28
Sl s b e edalie G glad sk
oyl 53 ABA9 clad sl 5,13 6 KL & Solalllas
CiS L awlie 3 g Lds osl> &z PLGA-SBC
Lsls L& LSJij 2913 Cowlus Ol 5 (g 3
93 sladde 55 sg)ls cwli 3 Sl A lis oS
Ol Les 5 Dhamecha (il s gdn 4w 5 (gbn

Gl 3 FwPLGA i 51 Joize ols iy S
Sal> Sid slaST rared 5 4 s sn g Silduls
SyIs s S sl s S eslinal Sl s
23 g5 OIISTL 503 OLSS la Joulss
S i 5 S L g sl LS el el
Dy b lad sk 9 ASA9 4y () 505 Slad sl
Lsws Ll 5 o jhes Sn ol 3585 0 MRC-5 Ll
53 0l (5 S Sl 11 1) grrlio (S5 305
LOAMAS sloe | IN VIO Loses

5o axt Ll gla ,aw s S 51 01, 5 Fan
L—— (PLA-PEO-PPO-PEO-PLA) ,odss 5
Curcumin sDOC (slag)ls Jol> Ol sicas (PLA-F68-PLA)
(PEO-PPO-PEQ) .35 5" eslil <5 55 39 Olbo o 33
Polyethyleneoxide-polypropylene oxide-poly ethylene oxide
93457 el DT 53 Jglome it 5 G5 oy 57 S5
G3lsl3T Jaas S ol ayls (6305 5,587 Slays sl
35 oo 1IN VIO Loes 53 9515 95 ol azuaT
035y b, lad s 55 50T Wl Coge S
Sy on o1y SalS 50u i 1292 5 CT26
el ANNexin-V/PI s 5 eslizal | 55LT ey
530l 5ubT Sl w glad o sl OT js a57 i
IS S Ola s Oy sty 55l 95 JLisil &) 5o
0wl 03 95 6 1o oy 50 s 915 JUial

(CAR T) sload b ol,LSea 5 Smiths
6_:1)5))& L. ¢ 1, Chimeric antigen receptor T

A S50 5 S skt PEG 5 DL 3T x|

110D 113 « PPV o)ladd «ogw § (w0 3)9s

ohijle (i) ek oGl dlas 19¢


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

Al pr g 5o 5 s slads ol Ol
(MMP-9) 4 Matrix Metallopeptidase 2 (MMP-2)
S Jsku o3 S 55,5 Matrix Metallopeptidase 9
034 Coglite (g 93 TS 5 S yls 53 0k 03ls
(W)l

I8 Syl Sl eslizal b 01, 8ea 5 Wang
pelSe ot Dl ST s 3Y5 e
5GSC23 L yadly 1 Sl e Lo 155
wly Jhwosy 9 ,m dis S ) 1,UL18
ol o5ls S glad sl JUml b 5 Lyls 1y 21565,
o=l INVIVO Lol 5 55 (Sl s Jds s S yls s
7515 Wl ad slad sl W5 U155 ad sk
Ul18 L awslis 45 GSC23 (slad sl e Adls
VEGF i 5 5 435 bl S5 812 55 S 2 U5
St Ul old Olor w3 Je ol izl |
Sl gl ol g o s atils 1) ()90 5 Lo 55
2550 iS58 Ol e 15 505 4 53 e
089)3,8 ) 5 o3lizal

Slte O Canyls Jie & 01,0 5 Kim
Sons e g3 Sl 5 GRIMA U3 550m 51 oslizu |
aS T24 45637 b v Jobo slros, L5 S bl |
Uilodds 0315 Gl ol Olo Gk dwr (S ls 5>
Om Sy 5 S L (il 93 CEST 4
Lo ol e ins o 0L 1y (6t ok
5 Rapamycin 55,15 53 4 Cud (el 55 LS )
osls 9L Cwlus Bacillus Calmette-Guerin(BCG)
S slad g 55 S ot LOT 25 tals Esl
s e Ol Cl“ Ol S dw (Gl y3 0l
23012 Ceaslie Gulms dw Glalsls 55 ad sk

OFANLas 0 Ol g yls 4 ‘Sff’f Clo 9 5 i

Microfluidic systems) _Jw s SCo (slantucr
ol S5 (9ol 5 i ) s S (5l e
Veor B ulde s Ol e sl s Slale 0L >

L & g 3DBP (sl Ll 5 s (Arg-Gly-Asp)
5 DOX «docetaxel (DTX) b v 4 sl yls
oslewl Oliwy 9 4uy S w slad sl ;5 Erlotinib
G 4w S ls ple 4 i 3DBP (W) 55 o
Sl s oy 5 Sl S i I3 S
Extrusion-based (clacSiSS .S o 25 1) (55505
droplet-basedbioprinting(DBB) bioprinting(EBB)
laser-based  ,ink-jet bioprinting systems L
4S s S Ol by, 4w bioprinting(LBB)
EBB &SG5S o 1,5 enlinul 350 Yy ans
Gk sy 45 ol 5 Sl jp g Sl gy SL o~
LBB <SG .0V 58 o0 )55 Dby 655 50 558
s s ) Gl o Sl eslial b
54 il 4 5l 5 0o Fedomy 45 255 o pl]
SIS (W3l e s Dl T 3 (605 2 5 b J 25
S () Sla 2 SIS sy oLl DBB
VBIVH b o ol S 5 ST gl o
MCF-7 Oty S slad sk 01, Ken 5 Ling
Seslawl Ly odd Olar (gdm aw Cyls 53 )
LAyl isls CiS™ 3V i 51 olad)g i
s b jake aeSal> S 4 PEG ¢SS
33 (kS 3l dm 33,V b 53 MCF-7 lad sn
g il S I35 i il ok 4l slacSale
=555 ol ol andllas by a0 J sl
S sl S5 Cota by Saly st ol
LacSals ol J 28" W 5 (g1 3DBP .l ok o3l
ol 3Ll Jous 53 Oy pmds S5 il LSCES
S e Olar Gl yls opl il s Ll
L 0LLSKes s Wang .(\Ws)<wl sz o3li ol EBB
ol s Ol (Gubn 4w s )13 EBB eSS 51 el
oy b sbd e g5l J5ssn Sl eslizal L1,
b ST et 5 Y5 o s AB49/95-D
el Lada)ls (s 4w Lo js bd e s S

Crmmmed sl QLA (gday 95 Lo 4 i (5 e

19V 116 13« PPP o)lauds «@gu § ¢, 5)9s

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

dlast Joles (S35 ool Mo 4 a8 035005 53 KT
5 Y el o 055 sLad s 0 = sl
o Jlasl QLSS a3l shte & N5 5 0805 58
5 S pn 3l iy o 0 6L5I PDMS ¢l
lad s ¢ Jshu 035 93 opl o (S5 L, O
S e Ol glog el S sk Coonw 4 S e
S gy Sladss (S - sl il dn
NRTR ST G U G RWENIE RN
OMIL 55 o olog 2l slad gl

S 8 sl 1y s 6l 0, Kaa 5 Cho
Sl e Sadsha o3 4w 55,5 5 (IL-6) 6,8 S 1]
I SK-BR-3 s MCF-7 (MDA-MB-231 ot .,
i 2l 253 S 03zl PDMS Jlow s Soo s
FRP Nt G i U G W P W
als LS s ST e (5leand | Slinke NU I
P oS s Rl o ae 03 6 nl Sl S lad s
o olss 5 e BEMT jlgs a8 5,5
=35 Al s Bl Eel g esls OLiS 1y (5 5
OAL 35 oo

S Iy S (s ¢SS ol,8aa 5 Anguiano
b s dn sl 5 O3NS ol oladisdes Sl
H1299 4y ) b o slad e orlgs aolllan (sl 5 5
asdlles ol s d0s S eslanl Cadides Lol i G
S5 S i 53 405 Gl o Slod o o lgs 555
o=l sl eslenal . coal azsl il 5l adSs e (s ol>
L Sadshe ol 5550 53 allle gojll 5
slag,ls 1o 5 Calibes ()90 55 Gladoes 55 5o
L ohlSes 5 Bersini .0M)das o 1) S, Ao
Selis PDMS iz 51 s S e
Ol szl &5 1, MDA-MB-231 pliy Ol o (sl shr
Ol by lad gl adlllan (] )3 5 S ()
3l JUb 50l slad s L o ol 5y aJUS &
ol (s 4 G Glad sk (g Ol 5 S

Gl ot gl 51 (SS 5 Lsd o I 58T 5 Se
OVAAVA LS o0 O glaal 5> J b by (g 5luanis
Polydimethylsiloxane (PDMS) v LB
pde 5 855 5lm b (6 pdy ATy pe (il fs &
3l i S shas (A3 52 o 03l Cans
2 B 5y ki (g OSGl &S 03 (S LaJUE
ol s JAST G Do 5 ila | e LS
Ok (b5 Lame ¢ Sl Sladibe b anslie 53 ot
5 Olale 0L o OSGl (s s S bl s w0 1)
AL o ilad o GGl 8 505 slow]
Sobo o3y L b 55 228 U1 (R ) o on
Ol or > Cpmaday 2,05 Ol jon ) goay ) Sl
2,5 eslial Johw o Sl addllas (gl 0T 5
s 555257 SEMT sladsl 55 J sl Y03
Slbin allan (513 W1 gn il pl s At e
Sadsle 5 ©om 5 S sk o 1Sen 5 5 O
S glog el Sad e 5 (sl (glad s A3l ot
le_k('.'.'_m:.w o=t ROTN AV DRV-IFLS ESP P ¥:H
Wb T e mn g Sldlllan 5o Iy S
St 55 303 6 S Sllan 5 Ol (6550558
OAFAW) L Hls Coanl
5331 JSze s Sor s 01,8 5 SONG
e S giled e 5 addlas gl |, PDMS &Y
565250 s MDA-MB-231 0l Sl o (slad s
bt e ) S oslizal b s S b Gy
SLadshe 655 2 CXCLI2 8 08 2Kon o s
35 2 OXCRA (LS 508 05,8 L Doy Gl o
Slad sk (S Sy 5 el JUS 501 (sl sl
s Menon .OA) L 5-i s B3 ,5 p s sl 4 G e
5 HS5 Ol il jra (log il Jshoo 035 53 0o
o S e Do L HUHT A4S 0l slad 5o
sl 5 Gosns b 15y sarlllas  lite
S5 b odd o 5 PDMS s S e (53
Cools L o3le ¢SG PDMS LGsls iS5V

IS0 P 133 « PP o)lasd «oow § (10 5)9s

ohsjls Ak} eole sl alas 19A


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

(bone marrow-on-chip) s (lung-on-chip) slade
Os slaplbl 4 G sk 02 lg o)
SLaail 7 31 i on (185018003 55 o ealizal jloal
il Ol o Slalie Jolpo (g 2 812 (s S
=6 5 2155, Extravasasion dntravasation «- s
Yoosled Jgdm 55 .08V-Ye )5 55 e eslanal sk
o3liul 3, 5o (Sl yls il £l 5 SL e 5 ylae

Sl ok S5 S slad o (gl ¥ iS55

5 6 o s ol 1 s 0l o 0l e

Sl 5L S0y s ed 4 Bl Olgz 5> e
Sl sla s s Ob v 56w e S 3 ¢l
Sl oy (Sl <S5 Ol o ilocaT 5 g 52 ko
by RIS L Ss05 S she 2iSan 0 g 2553
Slais sl Wl 5 e sles il g sbe 5L
o e LS LS Ol Dlays 53 e Sl
4o il e by Sl ko giday 53 ST ST )
sladds o) sl (S g5 ol sy Ls
Al (55 g Dl 3 s SIS (61 (Sl 4
(a0 5 La s Ol ¢ b (55 58 Sllllas
5,8 o o5 eslinal 5y 50 Olb e 5 el (Sa
Ladshw (goms amw CiS 05 9 55 Lol Glals i
GRASS b sosm 8 Sad e bliyl g oS s Sl
Lo 55 S S a5 ez s syl b bl

g Ol gl b 3l gldsle 5 SN WSS il
53 Gb e lad g 0 0553 I8 5 2S5 O e
SIS s sk a3 o 5 Sl 03 53 3L 5 oo o2
«(Organ-on-chip) il 5 eIl OA) L oo Lyl
L Jsw b ol en 45 dimn Iy Sen slaol&ens
Las slew slwdde gyls g5 (6l Slusl odsj 3L
Wbl eIl a3 ki ph e eslinl il (S5
LOT j5 a8 Lyls 54y J 55 JL:M)JQ:A sladils
La LLS I 53 o 5ime By 0 b Gluil o (slad s
P08 ol am Ay llanil ey &5 )3
P! (sla sl L adite ol 15 S ol RS Pe g
slaail 5 oS claadl (e 93 0Ll Al
AL sl (ol )3 (opr B A4S
0955 4 S 3L 05 5 5)15.0a1)3,05 4405
Ol o (S5l s (G435 5 S (b s
4S 1S e slewl 1y (Cancer-on-chip) a-sl 5 (s 9,
in V|VO @JD()U&ﬂJDA)%&fJJ}L&)J‘D
Laadl 5 plbl gladde O o Dlaisss )5 .(141)5 54
Sl el a5 &S Ol e Ol Slinlie (51
o= J_:jb‘t_i 09F)5 55 oslanul Ll g Ol asnlllas

Ol Sl 53 (Sobay ¥ 7 ks 151 (Sl 5o 5 lon ¥ 05lod Jgur

o 13

b g3 gudome S LS e

(Y\-Y+F) r:.-_,.—xm_é)\?;u;,i;,é,gﬂ;.;;_ﬂ_;‘;u,v;,.;&;y,y;

DY F) (Sl i o) Vb (6o 395 5 5 8 Sl 3 Vo ST ol U5

Doy e s a0 Lo sl cals

(FVEYe9) G5 eals ol 305 eota e 3 513 6V HES loys Lolss sl s
ke SV gb 5 g oy o )5 (S5lolay IS (Coa e 4 OLT
ATV e (S gng dasmn oy (s3ledie (G015 6585l 3 dN VIVO i sl 5 gt

035 8 W i gmal Sl 25

ONYWAVD) o 03 s BB (s S ode g o5l 4 35 T3 oo D3 VL

Real-ime & gos 1T 3 (5 odalin SIS 5 s D3 Sl

30 53Vl (58 ety i 05 05 550l 5 Copoms OISRl 0 53 U s ooy s o e ol Sledy S s
O 53 Al s ISl cla dy a5 shor SV OISl ks ooy gon p0355 (54 o ks
O 53 e a5 (S3nsl3T 0.5 03 bl TR
Jolm 03 (U pae 5 Ol o M Jorl e 03 5t Jlaps LT a5 gl 3ok

Pl T3 (SO 5 o T sl el 3 ¢ g sl 5S35 (S5t pte S

O 5 0l s 5 T 1052 4 Ol St 3 5 S s S (5l e

199 1S P 13 « PPY o)ladd «ogw § ¢, 3)9s

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

ot glagyls o Glays glagal 558 0 o s
et Lel 35 a8 035 e s B a5 b )3 Glays
3lom| OLSGI L s g0 5 s 2358 o0 50l (oS
20T CiS 5 slen 35 S50 Glad sl 3l oslinal
OLSGl ) gma 55 3laml 5 0oy | L olin Jaons
das oy )15 6 S e 5 Caliien glagls ST
Al 5o 5 DLl gls o 5 f e OT Saasan U
SLad Gl o 5 05— eslial 5,8 Olays
R el LS Gl e s Lk 3 8
4 OleS e e gy cpl Gy guoes Sl dlaan yls
i sl 5 gy BL 5 AT 005 018
OLES js Laeyls ol Sl g s yls w6l
Losee oy JolS (ileand pa 5 O35 055 50 031
Wl Loy go 5 (S5 Dl 051 0L 5 S) 505
Pl ST Gladis gy al Lo el la e
Lo )y altn A Lyl 5 058 0al 3 L (gay 4w
=2 Slply Sl s 85755 55 Wil 5 0 S50 5
ol 3 S oSS Ol b,k g slaul s
CiS 5o G a G5 151 5 655 0 dlae
o 0T 328 51 ol e 5 Sl e slad sl
A5 Gl e lad s 3 I s sla fiiSien
il Sl o Jlw laes, s Caliies (slag,ls
dw SliS GlaCusgdoes 3959 b Ol old AST
O 03 e 5 1 m 6 e Sl (g
ol S e 2O G 53 ST 5 Lalusgdos

el S e Sy

References

1. Massumi M, Abasi M, Babaloo H, Terraf P,
Safi M, Saeed M, et al. The effect of
topography on differentiation fates of
matrigel-coated mouse embryonic stem cells
cultured on PLGA nanofibrous scaffolds.
Tissue Eng Part A 2012; 18(5-6): 609-620.

Sl 53 G aw Sl )by (Ll ol (550 58
52 0l o 5l STl g glalid (Glb ks slas 1
Lot )l 1358 oo o3lizal 55 Ol Dliiond o]
s 0 (Jlws Son (lapins 5 5508 (5 ok
Gl 5INVIVO Lyl o alin ol 5 05 S oal b
Slidss gl p JTe) 5 cmlis 5 S5, ECM s
e sl Kl sl T A 0l
Ol oy Eol e gl (it i 287 L 0T Lol
Sl (gl o 0l 45 ol (Gl v () Ol
glsl el 0d s w815 Jiial 35 90 Ol o 0 g )
Glad s 316 g &5 )3 4 s 4w gl S
sl i Olb e 25 8 (glad sk 5 O o (3L
q_&fgl&lijvuonwaLE.:Z:Jv.@xL;hA,;?j‘J
G g o Ol ALTHS 5 o g slaoleys
a8 a1 (ko s gladube sl e Il
> s SLaos o Sl O s e pde 4
SO 5 e Sl L g5 oo sl 5 L s
23 Sless ot 5 (6,8 o spe 5 S LS
g g)la LSl b Gl lad gl 05 o 51 LS
2L s Aolse bl Sel Ok 3 (gl D) 5
spomy el s ;503 5l pd e (Sl (slad she
S 5 g0 s 4 gls diedis JUsl OISl s s
30l b il e dte s oy g 5505 (53T 4
3013 533 3355 6,5 plo aal B Sl 2,150
3055 05 Samol S Iy el 55 e

23,800,053 gy se g b )y Dl

2. Massumi M, Abasi M, Babaloo H, Terraf P,
Safi M, Saeed M, et al. The effect of
topography on differentiation fates of
matrigel-coated mouse embryonic stem cells
cultured on PLGA nanofibrous scaffolds.
Tissue Eng Part A 2012; 18(5-6): 609-620.

IS0 P 133 « PPP o)lasd «oow g (10 8)9s

ohsjls ¢Sy eole olEiRs1s alas Poo


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

10.

11.

12.

3. Kuriakose AE, Hu W, Nguyen KT, Menon

JU. Scaffold-based lung tumor culture on
porous PLGA microparticle substrates. PL0S
One 2019; 14(5): e0217640.

4. Kuriakose AE, Hu W, Nguyen KT, Menon

JU. Scaffold-based lung tumor culture on
porous PLGA microparticle substrates. PL0S
One 2019; 14(5): e0217640.

5. Seidi K, Jahanban-Esfahlan R, Abasi M,

Abbasi MM. Anti tumoral properties of
Punica granatum (Pomegranate) seed extract
in different human cancer cells. Asian Pac J
Cancer Prev 2016; 17(3): 1119-1122.

6. Antoni D, Burckel H, Josset E, Noel G.

Three-dimensional cell culture: a breakthrough
in vivo. Int J Mol Sci 2015; 16(3): 5517-5527.

7. Abasi M, Bazi Z, Mohammadi-Yeganeh S,

Soleimani M, Haghpanah V, Zargami N, et
al. 7SK small nuclear RNA transcription
level down-regulates in human tumors and
stem cells. Med Oncol 2016; 33(11): 128.

8. Breslin S, O'Driscoll L. Three-dimensional cell

culture: the missing link in drug discovery.
Drug Discov Today 2013; 18(5-6): 240-249.

9. Jiang D, Yang Y, Yang X, Wang B, Fan W,

Liu Y, et al. The application of elastin-like
peptides in cancer, tissue engineering and
ocular disease. OpenNano 2023; 9: 100113.
Suckow MA, Hiles MC. Use of Conditioned
Extracellular Matrix as a Tissue-engineered
Tumor Matrisome for Prostate Cancer and
Melanoma Immunotherapy. Anticancer Res
2023; 43(1): 335-341.

Carvalho MR, Lima D, Reis RL, Correlo
VM, Oliveira JM. Evaluating Biomaterial-
and Microfluidic-Based 3D Tumor Models.
Trends Biotechnol 2015; 33(11): 667-678.
Yamada KM, Cukierman E. Modeling Tissue
Morphogenesis and Cancer in 3D. Cell 2007;
130(4): 601-610.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Zarebkohan A, Sheervalilou R, Ghods R,
Kundu SC, Gholipourmalekabadi M. Chapter
14-3D scaffold materials for skin cancer
modeling. In: Kundu SC, Reis RL, editors.
Biomaterials for 3D Tumor Modeling. New
York: Elsevier; 2020. p. 305-328.

Bokhari M, Carnachan RJ, Cameron NR,
Przyborski SA. Culture of HepG2 liver cells
on three dimensional polystyrene scaffolds
enhances cell structure and function during
toxicological challenge. J Anat 2007; 211(4):
567-576.

David L, Dulong V, Le Cerf D, Cazin L,
Lamacz M, Vannier JP. Hyaluronan hydrogel:
an appropriate three-dimensional model for
evaluation of anticancer drug sensitivity.
Acta Biomater 2008; 4(2): 256-363.
Langhans SA. Three-dimensional in vitro cell
culture models in drug discovery and drug
repositioning. Front Pharmacol 2018; 9: 6.
Beck JN, Singh A, Rothenberg AR, Elisseeff
JH, Ewald AJ. The independent roles of
mechanical, structural and adhesion characteristics
of 3D hydrogels on the regulation of cancer
invasion and dissemination. Biomaterials
2013; 34(37): 9486-9495.

Dhaliwal A. 3D Cell culture: a review. Mater
Methods 2012; 2: 162.

Cushing MC, Anseth KS. Materials science.
Hydroge cell cultures. Science 2007; 316(5828):
1133-1134.

Lv D, Hu Z, Lu L, Lu H, Xu X. Three-
dimensional cell culture: A powerful tool in
tumor research and drug discovery. Oncol
Lett 2017; 14(6): 6999-7010.

Mitchell MJ, Jain RK, Langer R. Engineering
and physical sciences in oncology: challenges
and opportunities. Nature reviews Cancer
2017; 17(11): 659-675.

Holle AW, Young JL, Spatz JP. In vitro

Pol 111 13« PPP o)lauds «ogus § ¢, 5)93

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

23.

24,

25.

26.

217.

28.

29.

30.

3L

cancer cell-ECM interactions inform in vivo
cancer treatment. Adv Drug Deliv Rev 2016;
97: 270-279.

Keenan TM, Folch A. Biomolecular gradients
in cell culture systems. Lab Chip 2008; 8(1):
34-57.

Hajdu SI. A note from history: landmarks in
history of cancer, part 4. Cancer 2012; 118(20):
4914-4928.

Voskoglou-Nomikos T, Pater JL, Seymour L.
Clinical predictive value of the in vitro cell
line, human xenograft, and mouse allograft
preclinical cancer models. Clin Cancer Res
2003; 9(11): 4227-4239.

Ji X, Lu H, Zhou Q, Luo K. LARP7
suppresses P-TEFb activity to inhibit breast
cancer progression and metastasis. Elife
2014; 3: e02907.

Pampaloni F, Reynaud EG, Stelzer EH. The
third dimension bridges the gap between cell
culture and live tissue. Nat Rev Mol Cell
Biol 2007; 8(10): 839-845.

Bazi Z, Bertacchi M, Abasi M, Mohammadi-
Yeganeh S, Soleimani M, Wagner N, et al.
Rn7SK small nuclear RNA is involved in
neuronal differentiation. J Cell Biochem
2018; 119(4): 3174-3182.

Frieboes HB, Zheng X, Sun CH, Tromberg
B, Gatenby R, Cristini V. An integrated
computational/experimental model of tumor
invasion. Cancer Res 2006; 66(3): 1597-1604.
Gilbert PM, Havenstrite KL, Magnusson KE,
Sacco A, Leonardi NA, Kraft P, et al.
Substrate elasticity regulates skeletal muscle
stem cell self-renewal in culture. Science
2010; 329(5995): 1078-1081.

Lee J, Cuddihy MJ, Kotov NA. Three-
dimensional cell culture matrices: state of the
art. Tissue Eng Part B Rev 2008; 14(1): 61-86.

32.

33.

34.

35.

36.

37.

38.

39.

Cawkill D, Eaglestone SS. Evolution of cell-
based reagent provision. Drug Discov Today
2007; 12(19-20): 820-825.

Hassell BA, Goyal G, Lee E, Sontheimer-
Phelps A, Levy O, Chen CS, et al. Human
organ chip models recapitulate orthotopic
lung cancer growth, therapeutic responses,
and tumor dormancy in vitro. Cell Rep 2017;
21(2): 508-516.

Imamura Y, Mukohara T, Shimono Y,
Funakoshi Y, Chayahara N, Toyoda M, et al.
Comparison of 2D-and 3D-culture models as
drug-testing platforms in breast cancer.
Oncol Rep 2015; 33(4): 1837-1843.

Ravi M, Paramesh V, Kaviya S, Anuradha E,
Solomon FP. 3D cell culture systems:
advantages and applications. J Cell Physiol
2015; 230(1): 16-26.

Souza AG, Silva IBB, Campos-Fernandez E,
Barcelos LS, Souza JB, Marangoni K, et al.
Comparative Assay of 2D and 3D Cell Culture
Models: Proliferation, Gene Expression and
Anticancer Drug Response. Curr Pharm Des
2018; 24(15): 1689-1694.

Costa EC, Moreira AF, de Melo-Diogo D,
Gaspar VM, Carvalho MP, Correia 1J. 3D
tumor spheroids: an overview on the tools
and techniques used for their analysis.
Biotechnol Adv 2016; 34(8): 1427-1441.
Rhodes NP, Srivastava JK, Smith RF,
Longinotti C. Metabolic and histological
analysis of mesenchymal stem cells grown in
3-D hyaluronan-based scaffolds. J Mater Sci
Mater Med 2004; 15(4): 391-395.

Anders M, Hansen R, Ding RX, Rauen KA,
Bissell MJ, Korn WM. Disruption of 3D
tissue  integrity  facilitates  adenovirus
infection by deregulating the coxsackievirus
and adenovirus receptor. Proc Natl Acad Sci
U S A 2003; 100(4): 1943-1948.

IS0 P 133 « PPP o)lasd «oow g (10 8)9s

ohsjls Ak} eoke oGRSl alas Pop


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

40.

41.

42,

43.

44,

45,

46.

47,

Caliari SR, Burdick JA. A practical guide to
hydrogels for cell culture. Nat Methods 2016;
13(5): 405-414.

Shamir ER, Ewald AJ. Three-dimensional
organotypic culture: experimental models of
mammalian biology and disease. Nat Rev
Mol Cell Biol 2014; 15(10): 647-664.
Sarkhosh-Inanlou R, Shafiei-lrannejad V,
Azizi S, Jouyban A, Ezzati-Nazhad Dolatabadi
J, Mobed A, et al. Applications of scaffold-
based advanced materials in biomedical sensing.
Trends Analyt Chem 2021; 143: 116342.
Wright MH, Calcagno AM, Salcido CD,
Carlson MD, Ambudkar SV, Varticovski L.
Brcal breast tumors contain distinct CD44+/
CD24- and CD133+ cells with cancer stem
cell characteristics. Breast Cancer Research
2008; 10(1): R10.

Lantada AD, Sanchez MU, Fernandez DF. In
silico Tissue Engineering and Cancer Treatment
Using Cellular Automata and Hybrid
Cellular Automata-Finite Element Models. In
Proceedings of the 16" International Joint
Conference on Biomedical Engineering
Systems and Technologies; 2023 Feb 16-18;
Portugal: 2023.

Xue J, Wu T, Dai Y, Xia Y. Electrospinning
and Electrospun Nanofibers: Methods, Materials,
and Applications. Chem Rev 2019; 119(8):
5298-5415.

Huang L, Abdalla AME, Xiao L, Yang G.
Biopolymer-Based Microcarriers for Three-
Dimensional Cell Culture and Engineered
Tissue Formation. Int J Mol Sci 2020; 21(5):
1895.

Pérez-Pedroza R, Avila-Ramirez A, Khan Z,
Moretti M, Hauser CAE. Supramolecular
Biopolymers for Tissue Engineering. Adv
Polym Technol 2021; 2021: 8815006.

48.

49.

50.

51.

52.

53.

54.

55.

Chen JL, Yin Z, Shen WL, Chen X, Heng
BC, Zou XH, et al. Efficacy of hESC-MSCs
in knitted silk-collagen scaffold for tendon
tissue engineering and their roles. Biomaterials
2010; 31(36): 9438-9451.

Shen W, Chen X, Hu Y, Yin Z, Zhu T, Hu J,
et al. Long-term effects of knitted silk-
collagen sponge scaffold on anterior cruciate
ligament reconstruction and osteoarthritis
prevention. Biomaterials 2014; 35(28): 8154-
8163.

De la Riva B, Nowak C, Sanchez E,
Hernandez A, Schulz-Siegmund M, Pec MK,
et al. VEGF-controlled release within a bone
defect from alginate/chitosan/PLA-H scaffolds.
Eur J Pharm Biopharm 2009; 73(1): 50-58.
Kogan G, Soltés L, Stern R, Gemeiner P.
Hyaluronic acid: a natural biopolymer with a
broad range of biomedical and industrial
applications. Biotechnol Lett 2007; 29(1):
17-25.

Jensen C, Teng Y. Is It Time to Start
Transitioning From 2D to 3D Cell Culture?
Front Mol Biosci 2020; 7(33).

Wen X, Saijilafu, Luo Z, Yang H, Wang W,
Yang L. 6-Biomaterials and scaffolds for the
treatment of spinal cord injury. In: Yang L,
Bhaduri SB, Webster TJ, editors. Biomaterials
in Translational Medicine. Cambridge: Academic
Press; 2019. p. 117-139.

Makadia HK, Siegel SJ. Poly Lactic-co-
Glycolic Acid (PLGA) as Biodegradable
Controlled Drug Delivery Carrier. Polymers
(Basel) 2011; 3(3): 1377-1397.

Gentile P, Chiono V, Carmagnola I, Hatton
PV. An overview of poly(lactic-co-glycolic)
acid (PLGA)-based biomaterials for bone
tissue engineering. Int J Mol Sci 2014; 15(3):
3640-3659.

Pol  11SoP 133 « PP o)ladd «ogw § ¢, )9y

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

56.

57.

58.

59.

60.

61.

62.

63.

Zhao X, Shan P, Liu H, Li D, Cai P, Li Z, et
al. Poly(ethylene glycol)s With a Single
Cinnamaldehyde Acetal Unit for Fabricating
Acid-Degradable Hydrogel. Front Chem
2020; 8: 839.

Archer E, Torretti M, Madbouly S.
Biodegradable polycaprolactone (PCL) based
polymer and composites. Physical Sciences
Reviews 2021(000010151520200074).
Sharifi F, Jahangiri M, Ebrahimnejad P.
Synthesis of novel polymeric nanoparticles
(methoxy-polyethylene glycol-chitosan/
hyaluronic acid) containing 7-ethyl-10-
hydroxycamptothecin for colon cancer therapy:
in vitro, ex vivo and in vivo investigation.
Artif Cells Nanomed Biotechnol 2021; 49(1):
367-380.

Asgarirad H, Ebrahimnejad P, Mahjoub MA,
Jalalian M, Morad H, Ataee R, et al. A
promising technology for wound healing; in-
vitro and in-vivo evaluation of chitosan nano-
biocomposite films containing gentamicin. J
Microencapsul 2021; 38(2): 100-107.
Shoichet MS.
Biomaterials Applications. Macromolecules
2010; 43(2): 581-591.

Dhandayuthapani B, Yoshida Y, Maekawa T,

Polymer Scaffolds for

Kumar DS. Polymeric Scaffolds in Tissue
Engineering Application: A Review. Int J
Polym Sci 2011; 2011: 290602.

Rijal G, Bathula C, Li W. Application of
Synthetic Polymeric Scaffolds in Breast
Cancer 3D Tissue Cultures and Animal
Tumor Models. Int J Biomater 2017; 2017:
8074890.

Zhan Q, Shen B, Deng X, Chen H, Jin J,
Zhang X, et al. Drug-eluting scaffold to deliver
chemotherapeutic medication for management
of pancreatic cancer after surgery. Int J
Nanomedicine 2013; 8: 2465-2472.

64.

65.

66.

67.

68.

69.

70.

71.

Rabie AMI, Ali ASM, Al-Zeer MA, Barhoum
A, El-Hallouty S, Shousha WG, et al.
Spontaneous Formation of 3D Breast Cancer
Tissues on Electrospun Chitosan/Poly (ethylene
oxide) Nanofibrous Scaffolds. ACS Omega
2022; 7(2): 2114-2126.

Malakpour Permlid A, Roci P, Fredlund E,
Falt F, Onell E, Johansson F, et al. Unique
animal friendly 3D culturing of human
cancer and normal cells. Toxicol in Vitro
2019; 60: 51-60.

Dondajewska E, Juzwa W, Mackiewicz A,
Dams-Kozlowska H. Heterotypic breast cancer
model based on a silk fibroin scaffold to
study the tumor microenvironment. Oncotarget
2017; 9(4): 4935-4950.

Polonio-Alcala E, Rabionet M, Gallardo X,
Angelats D, Ciurana J, Ruiz-Martinez S, et
al. PLA Electrospun Scaffolds for Three-
Dimensional Triple-Negative Breast Cancer
Cell Culture. Polymers (Basel) 2019; 11(5):
916.

Jordahl JH, Solorio L, Sun H, Ramcharan S,
Teeple CB, Haley HR, et al. 3D Jet Writing:
Functional Microtissues Based on Tessellated
Scaffold Architectures. Adv Mater 2018;
30(14): e1707196.

Jordahl S, Solorio L, Neale DB, McDermott
S, Jordahl JH, Fox A, et al. Engineered
Fibrillar Fibronectin Networks as Three-
Dimensional Tissue Scaffolds. Adv Mater
2019; 31(46): €1904580.

Lu Y, Wan Y, Gan D, Zhang Q, Luo H,
Deng X, et al. Enwrapping Polydopamine on
Doxorubicin-Loaded Lamellar Hydroxyapatite/
Poly(lactic-co-glycolic acid) Composite Fibers
for Inhibiting Bone Tumor Recurrence and
Enhancing Bone Regeneration. ACS Appl
Bio Mater 2021; 4(8): 6036-6045.

Zhu X, Yang Z, Gan D, Cui T, Luo H, Wan

1101 113 « PPY o)ladd «ogw § (0 3)9s

ohdjls Ak} eole olEibily alas PolE


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

72.

73.

74.

75.

76.

77.

78.

79.

Y, et al. A doxorubicin and siRNA coloaded
nanolamellar hydroxyapatite/PLGA electrospun
scaffold as a safe antitumor drug delivery
system. Appl Mater Today 2023; 31: 101759.
Phan-Lai V, Florczyk SJ, Kievit FM, Wang
K, Gad E, Disis ML, et al. Three-dimensional
scaffolds to evaluate tumor associated
fibroblast-mediated suppression of breast
tumor specific T cells. Biomacromolecules
2013; 14(5): 1330-1337.

Florczyk SJ, Kim DJ, Wood DL, Zhang M.
Influence of processing parameters on pore
structure of 3D porous chitosan-alginate
polyelectrolyte complex scaffolds. J Biomed
Mater Res A 2011; 98(4): 614-620.

Geetha Bai R, Muthoosamy K, Manickam S,
Hilal-Alnagbi A. Graphene-based 3D scaffolds
in tissue engineering: fabrication, applications,
and future scope in liver tissue engineering.
Int J Nanomedicine 2019; 14: 5753-5783.
Hou Y, Wang W, Bartolo P. Novel Poly(e-
caprolactone)/Graphene Scaffolds for Bone
Cancer Treatment and Bone Regeneration.
3D Print Addit Manuf 2020; 7(5): 222-229.
Feng S, Duan X, Lo P-K, Liu S, Liu X, Chen
H, et al. Expansion of breast cancer stem cells
with fibrous scaffolds. Integr Biol (Camb)
2013; 5(5): 768-777.

Tibbitt MW, Anseth KS. Hydrogels as
extracellular matrix mimics for 3D cell culture.
Biotechnol Bioeng 2009; 103(4): 655-663.
Ullah F, Othman MB, Javed F, Ahmad Z,
Md Akil H. Classification, processing and
application of hydrogels: A review. Mater Sci
Eng C Mater Biol Appl 2015; 57: 414-433.
Weber LM, He J, Bradley B, Haskins K,
Anseth KS. PEG-based hydrogels as an in
vitro encapsulation platform for testing
controlled beta-cell microenvironments. Acta
Biomater 2006; 2(1): 1-8.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Madduma-Bandarage USK, Madihally SV.
Synthetic hydrogels: Synthesis, novel trends,
and applications. J Appl Polym Sci 2021;
138(19): 50376.

Hughes CS, Postovit LM, Lajoie GA. Matrigel:
a complex protein mixture required for
optimal growth of cell culture. Proteomics
2010; 10(9): 1886-1890.

Glowacki J, Mizuno S. Collagen scaffolds
for tissue engineering. Biopolymers: Original
Research on Biomolecules 2008; 89(5): 338-
344,

Pathak A, Kumar S. Biophysical regulation of
tumor cell invasion: moving beyond matrix
stiffness. Integr Biol (Camb) 2011; 3(4): 267-
278.

Yang XB, Bhatnagar RS, Li S, Oreffo RO.
Biomimetic collagen scaffolds for human
bone cell growth and differentiation. Tissue
Eng 2004; 10(7-8): 1148-1159.

Kutschka I, Chen 1Y, Kofidis T, Arai T, von
Degenfeld G, Sheikh AY, et al. Collagen
matrices enhance survival of transplanted
cardiomyoblasts and contribute to functional
improvement of ischemic rat hearts. Circulation
2006; 114(1 Suppl): 1167-173.

Baeva LF, Lyle DB, Rios M, Langone JJ,
Lightfoote MM. Different molecular weight
hyaluronic acid effects on human macrophage
interleukin 1f production. J Biomed Mater
Res A 2014; 102(2): 305-314.

Kraehenbuehl TP, Zammaretti P, Van der
Vlies AJ, Schoenmakers RG, Lutolf MP, Jaconi
ME, et al. Three-dimensional extracellular
matrix-directed cardioprogenitor differentiation:
systematic modulation of a synthetic cell-
responsive PEG-hydrogel. Biomaterials 2008;
29(18): 2757-2766.

Weber LM, Hayda KN, Haskins K, Anseth

KS. The effects of cell-matrix interactions on

Pod 11 13« PPP o)louds «ogu § ¢, 5)93

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

89.

90.

91

92.

93.

94.

95.

96.

encapsulated p-cell function within hydrogels
functionalized with matrix-derived adhesive
peptides. Biomaterials 2007; 28(19): 3004-3011.
Zhu M, Wang Y, Ferracci G, Zheng J, Cho
N-J, Lee BH. Gelatin methacryloyl and its
hydrogels with an exceptional degree of
controllability and batch-to-batch consistency.
Sci Rep 2019; 9(1): 6863.

Liu T, Weng W, Zhang Y, Sun X, Yang H.
Applications of Gelatin Methacryloyl (GelMA)
Hydrogels in Microfluidic Technique-Assisted
Tissue Engineering. Molecules 2020; 25(22):
5305.

Worthington P, Pochan DJ, Langhans SA.
Peptide Hydrogels-Versatile Matrices for 3D
Cell Culture in Cancer Medicine. Front Oncol
2015; 5: 92.

Chittasupho C, Angklomklew J, Thongnopkoon
T, Senavongse W. Biopolymer Hydrogel
Scaffolds Containing Doxorubicin as A
Localized Drug Delivery System for Inhibiting
Lung Cancer Cell Proliferation. Polymers
(Basel) 2021; 13(20): 3580.

Pal M, Chen H, Lee BH, Lee HJY, Yip YS,
Tan SN, et al. Epithelial-mesenchymal
transition of cancer cells using bioengineered
hybrid scaffold composed of hydrogel/3D-
fibrous framework. Sci Rep 2019; 9(1): 8997.

Liu M, Zhang X, Long C, Xu H, Cheng
X, Chang J, et al. Collagen-based three-
dimensional culture microenvironment promotes
epithelial to mesenchymal transition and drug
resistance of human ovarian cancer in vitro.
RSC Adv 2018; 8(16): 8910-8919.

Pradhan S, Hassani |, Seeto WJ, Lipke
EA. PEG-fibrinogen hydrogels for three-
dimensional breast cancer cell culture. J
Biomed Mater Res A 2017; 105(1): 236-252.
Livingston MK, Morgan MM, Daly WT,
Murphy WL, Johnson BP, Beebe DJ, et al.

97.

98.

99.

100.

101.

102.

103.

Evaluation of PEG-based hydrogel influence
on estrogen receptor driven responses in
MCF7 breast cancer cells. ACS Biomater Sci
Eng 2019; 5(11): 6089-6098.

Branco MC, Sigano DM, Schneider JP.
Materials from peptide assembly: towards the
treatment of cancer and transmittable disease.
Curr Opin Chem Biol 2011; 15(3): 427-434.
Li J, Gao Y, Kuang Y, Shi J, Du X, Zhou J,
et al. Dephosphorylation of D-peptide
derivatives to form biofunctional, supramolecular
nanofibers/hydrogels and their potential
applications for intracellular imaging and
intratumoral chemotherapy. J Am Chem Soc
2013; 135(26): 9907-9914.

Dalby MJ, Gadegaard N, Oreffo ROC.
Harnessing nanotopography and integrin—
matrix interactions to influence stem cell
fate. Nat Mater 2014; 13(6): 558-569.
Santiago LY, Nowak RW, Peter Rubin J,
Marra KG. Peptide-surface modification of
poly (caprolactone) with laminin-derived
sequences for adipose-derived stem cell
applications. Biomaterials 2006; 27(15):
2962-2969.

Cambria E, Renggli K, Ahrens CC, Cook
CD, Kroll C, Krueger AT, et al. Covalent
Modification of Synthetic Hydrogels with
Bioactive Proteins via Sortase-Mediated
Ligation. Biomacromolecules 2015; 16(8):
2316-2326.

Yang Z, Zhao X. A 3D model of ovarian
cancer cell lines on peptide nanofiber scaffold
to explore the cell-scaffold interaction and
chemotherapeutic resistance of anticancer
drugs. Int J Nanomedicine 2011; 6: 303-310.
Kakinoki S, Nishioka S, Arichi Y, Yamaoka
T. Stable and direct coating of fibronectin-
derived Leu-Asp-Val peptide on ePTFE using

one-pot tyrosine oxidation for endothelial cell

IS0 P 133 « PP o)lasd «oow § (10 5)9s

ohsjle Ak} eolc oGRSl alas Poly


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

104.

105.

106.

107.

108.

109.

110.

adhesion. Colloids and Surf B: Biointerfaces
2022; 216: 112576.

Zhao Z, Vizetto-Duarte C, Moay ZK, Setyawati
MI, Rakshit M, Kathawala MH, et al.
Composite Hydrogels in Three-Dimensional
in vitro Models. Front Bioeng Biotechnol
2020; 8: 611.

Boateng SY, Lateef SS, Mosley W, Hartman
TJ, Hanley L, Russell B. RGD and YIGSR
synthetic peptides facilitate cellular adhesion
identical to that of laminin and fibronectin
but alter the physiology of neonatal cardiac
myocytes. Am J Physiol Cell Physiol 2005;
288(1): C30-38.

Zhang S, Gelain F, Zhao X. Designer self-
assembling peptide nanofiber scaffolds for
3D tissue cell cultures. Semin Cancer Biol
2005; 15(5): 413-420.

Zhou M, Smith AM, Das AK, Hodson NW,
Collins RF, Ulijn RV, et al. Self-assembled
peptide-based hydrogels as scaffolds for
anchorage-dependent cells. Biomaterials 2009;
30(13): 2523-2530.

Li X, Galliher-Beckley A, Huang H, Sun X,
Shi J. Peptide nanofiber hydrogel adjuvanted
live virus vaccine enhances cross-protective
immunity to porcine reproductive and
respiratory syndrome virus. Vaccine 2013;
31(41): 4508-4515.

Song H, Cai G-h, Liang J, Ao D-s, Wang H,
Yang Z-h. Three-dimensional culture and
clinical drug responses of a highly metastatic
human ovarian cancer HO-8910PM cells in
nanofibrous microenvironments of three hydrogel
biomaterials. Journal of Nanobiotechnology
2020; 18(1): 90.

Balion Z, Sipailaite E, Stasyte G, Vailionyte
A, Mazetyte-Godiene A, Seskeviciute I, et al.
Investigation of Cancer Cell Migration and

Proliferation on Synthetic Extracellular Matrix

111.

112.

113.

114.

115.

116.

117.

118.

119.

Peptide Hydrogels. Front Bioeng Biotechnol
2020; 8: 773.

Gu D, O’Connor AJ, G.H. Qiao G, Ladewig
K. Hydrogels with smart systems for delivery
of hydrophobic drugs. Expert Opin Drug
Deliv 2017; 14(7): 879-895.

Castelletto V, Edwards-Gayle CJC, Greco F,
Hamley IW, Seitsonen J, Ruokolainen J.
Self-Assembly, Tunable Hydrogel Properties,
and Selective Anti-Cancer Activity of a
Carnosine-Derived Lipidated Peptide. ACS
Appl Mater Interfaces 2019; 11(37): 33573-
33580.

Gong C, Qi T, Wei X, Qu Y, Wu Q, Luo F,
et al. Thermosensitive polymeric hydrogels
as drug delivery systems. Curr Med Chem
2013; 20(1): 79-94.

Ebrahimnejad P, Sodagar Taleghani A,
Asare-Addo K, Nokhodchi A. An updated
review of folate-functionalized nanocarriers:
A promising ligand in cancer. Drug Discov
Today 2022; 27(2): 471-489.

Kim J, Choi Y, Kim DH, Yoon HY, Kim K.
Injectable Hydrogel-Based Combination Cancer
Immunotherapy for Overcoming Localized
Therapeutic Efficacy. Pharmaceutics 2022;
14(9): 1908.

Wolinsky JB, Colson YL, Grinstaff MW. Local
drug delivery strategies for cancer treatment:
Gels, nanoparticles, polymeric films, rods,
and wafers. J Control Release 2012; 159(1):
14-26.

Hoare TR, Kohane DS. Hydrogels in drug
delivery: Progress and challenges. Polymer
2008; 49(8): 1993-2007.

Li J, Mooney DJ. Designing hydrogels for
controlled drug delivery. Nat Rev Mater
2016; 1(12): 16071.

Pesoa JI, Rico MJ, Rozados VR, Scharovsky
OG,Luna JA, Mengatto LN. Paclitaxel delivery

PoV  11S0P 133 « PP o)ladd «ogw § ¢, )9y

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

120.

121.

122.

123.

124.

125.

system based on poly (lactide-co-glycolide)
microparticles and chitosan thermo-sensitive
gel for mammary adenocarcinoma treatment.
J Pharm Pharmacol 2018; 70(11): 1494-1502.
Kasinski A, Zielinska-Pisklak M, Oledzka E,
Sobczak M. Smart Hydrogels-Synthetic
Stimuli-Responsive Antitumor Drug Release
Systems. Int J Nanomedicine 2020; 15: 4541-
4572,

Ebrahimnejad P, Dinarvand R, Sajadi A,
Jafari MR, Movaghari F, Atyabi F.
Development and Validation of an lon-pair
HPLC Chromatography for Simultaneous
Determination of Lactone and Carboxylate
Forms of SN-38 in Nanoparticles. Journal of
Food and Drug Analysis 2009; 17(4): 246-
256.

Sheu M-T, Jhan H-J, Su C-Y, Chen L-C,
Chang C-E, Liu D-Z, et al. Codelivery
of doxorubicin-containing thermosensitive
hydrogels incorporated with docetaxel-
loaded mixed micelles enhances local cancer
therapy. Colloids Surf B: Biointerfaces 2016;
143: 260-270.

Huang P, Song H, Zhang Y, Liu J, Zhang J,
Wang W, et al. Bridging the gap between
macroscale drug delivery systems and
nanomedicines: a nanoparticle-assembled
thermosensitive hydrogel for peritumoral
chemotherapy. ACS Appl Mater Interfaces
2016; 8(43): 29323-29333.

Mohammady H, Dinarvand R, Esfandyari
Manesh M, Ebrahimnejad P. Encapsulation
of irinotecan in polymeric nanoparticles:
Characterization, release  kinetic  and
cytotoxicity evaluation. Nanomedicine J 2016;
3(3): 159-168 (Persian).

Lancaster MA, Knablich JA. Organogenesis

in a dish: modeling development and disease

126.

127.

128.

129.

130.

131.

132.

133.

134.

using organoid technologies. Science 2014;
345(6194): 1247125.

Kretzschmar K, Clevers H. Organoids:
Modeling Development and the Stem Cell
Niche in a Dish. Dev Cell 2016; 38(6): 590-
600.

Xu H, Lyu X, Yi M, Zhao W, Song Y, Wu
K. Organoid technology and applications in
cancer research. J Hematol Oncology 2018;
11(1): 116.

Lancaster MA, Knoblich JA. Generation of
cerebral organoids from human pluripotent
stem cells. Nature Protoc 2014; 9(10): 2329-
2340.

Kim M, Mun H, Sung CO, Cho EJ, Jeon H-J,
Chun S-M, et al. Patient-derived lung cancer
organoids as in vitro cancer models for
therapeutic screening. Nat Commun 2019;
10(1): 3991.

Al Shihabi A, Davarifar A, Nguyen HTL,
Tavanaie N, Nelson SD, Yanagawa J, et al.
Personalized chordoma organoids for drug
discovery studies. Sci Adv 2022; 8(7):
eabl3674.

Fatehullah A, Tan SH, Barker N. Organoids
as an in vitro model of human development
and disease. Nat Cell Biol 2016; 18(3): 246-
254.

Liu F, Huang J, Ning B, Liu Z, Chen S, Zhao
W. Drug Discovery via Human-Derived Stem
Cell Organoids. Front Pharmacol 2016; 7: 334.
Xu X, Farach-Carson MC, Jia X. Three-
dimensional in vitro tumor models for cancer
research and drug evaluation. Biotechnol
Adv 2014; 32(7): 1256-1268.

Stadler M, Walter S, Walzl A, Kramer N,
Unger C, Scherzer M, et al. Increased
complexity in carcinomas: Analyzing and

modeling the interaction of human cancer

IS0 P 133 « PP o)lasd «oow g (10 5)9s

ohsjls ¢Sy eole oGSl alss PoA


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

135.

136.

137.

138.

139.

140.

141.

142.

cells with their microenvironment. Semin
Cancer Biol 2015; 35: 107-124.

Yokota E, lwai M, Yukawa T, Yoshida M,
Naomoto Y, Haisa M, et al. Clinical application
of a lung cancer organoid (tumoroid) culture
system. NPJ Precis Oncol 2021; 5(1): 29.
Yoon WH, Lee H-R, Kim S, Kim E, Ku JH,
Shin K, et al. Use of inkjet-printed single
cells to quantify intratumoral heterogeneity.
Biofabrication 2020; 12(3): 035030.
Goldhammer N, Kim J, Timmermans-
Wielenga V, Petersen OW. Characterization
of organoid cultured human breast cancer.
Breast Cancer Res 2019; 21: 1-8.

Dekkers JF, van Vliet EJ, Sachs N,
Rosenbluth JM, Kopper O, Rebel HG, et al.
Long-term culture, genetic manipulation and
xenotransplantation of human normal and
breast cancer organoids. Nat Protoc 2021;
16(4): 1936-1965.

Nuciforo S, Fofana I, Matter MS, Blumer T,
Calabrese D, Boldanova T, et al. Organoid
Models of Human Liver Cancers Derived
from Tumor Needle Biopsies. Cell Rep 2018;
24(5): 1363-1376.

Drost J, Karthaus WR, Gao D, Driehuis E,
Sawyers CL, Chen Y, et al. Organoid culture
systems for prostate epithelial and cancer
tissue. Nat Protoc 2016; 11(2): 347-358.

Zou J, Wang S, Chai N, Yue H, Ye P, Guo P,
et al. Construction of gastric cancer patient-
derived organoids and their utilization in a
comparative study of clinically used paclitaxel
nanoformulations. J Nanobiotechnology 2022;
20(1): 233.

Fujii M, Shimokawa M, Date S, Takano A,
Matano M, Nanki K, et al. A colorectal tumor
organoid library demonstrates progressive loss of
niche factor requirements during tumorigenesis.
Cell Stem Cell 2016; 18(6): 827-838.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Kopper O, De Witte CJ, Ldhmussaar K,
Valle-Inclan JE, Hami N, Kester L, et al. An
organoid platform for ovarian cancer
captures intra-and interpatient heterogeneity.
Nat Med 2019; 25(5): 838-849.

Nanki Y, Chiyoda T, Hirasawa A, Ookubo
A, Itoh M, Ueno M, et al. Patient-derived
ovarian cancer organoids capture the genomic
profiles of primary tumours applicable for
drug sensitivity and resistance testing. Sci
Rep 2020; 10(1): 12581.

Tanaka N, Osman AA, Takahashi Y,
Lindemann A, Patel AA, Zhao M, et al. Head
and neck cancer organoids established by
modification of the CTOS method can be
used to predict in vivo drug sensitivity. Oral
Oncol 2018; 87: 49-57.

Tiriac H, Plenker D, Baker LA, Tuveson DA.
Organoid models for translational pancreatic
cancer research. Curr Opin Genet Dev 2019;
54: 7-11.

Schuth S, Le Blanc S, Krieger TG, Jabs J,
Schenk M, Giese NA, et al. Patient-specific
modeling of stroma-mediated chemoresistance
of pancreatic cancer using a three-dimensional
organoid-fibroblast co-culture system. J Exp
Clin Cancer Res 2022; 41(1): 312.

Drost J, Clevers H. Organoids in cancer research.
Nat Rev Cancer 2018; 18(7): 407-418.

Xu H, Jiao D, Liu A, Wu K. Tumor
organoids: applications in cancer modeling
and potentials in precision medicine. J
Hematol Oncol 2022; 15(1): 58.

Kazama A, Anraku T, Kuroki H, Shirono Y,
Murata M, Bilim V, et al. Development of
patient-derived tumor organoids and a drug
testing model for renal cell carcinoma. Oncol
Rep 2021; 46(4): 226.

Girard YK, Wang C, Ravi S, Howell MC,
Mallela J, Alibrahim M, et al. A 3D fibrous

Poq  11SoP 113 ¢ PPY o)ladd «ogw § (0 3)9s

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

152.

153.

154.

155.

156.

157.

158.

159.

scaffold inducing tumoroids: a platform for
anticancer drug development. PLoS One
2013; 8(10): e75345.

Fang J, Zhang Y, Yan S, Liu Z, He S,
Cui L, et al. Poly (L-glutamic acid)/chitosan
polyelectrolyte complex porous microspheres
as cell microcarriers for cartilage regeneration.
Acta Biomater 2014; 10(1): 276-288.

Leong W, Wang DA. Cell-laden Polymeric
Microspheres for Biomedical Applications.
Trends Biotechnol 2015; 33(11): 653-666.
Mukherjee PK, Harwansh RK, Bhattacharyya
S. Chapter 10-Bioavailability of Herbal Products:
Approach Toward Improved Pharmacokinetics.
In: Mukherjee PK, editor. Evidence-Based
Validation of Herbal Medicine. Boston:
Elsevier; 2015. p. 217-245.

Gupta V, Khan Y, Berkland CJ, Laurencin
CT, Detamore MS.
Scaffolds in Regenerative Engineering. Annu
Rev Biomed Eng 2017; 19(1): 135-161.

Choi SW, Zhang Y, Xia Y. Three-

dimensional scaffolds for tissue engineering:

Microsphere-Based

the importance of uniformity in pore size and
structure. Langmuir 2010; 26(24): 19001-19006.
Horning JL, Sahoo SK, Vijayaraghavalu S,
Dimitrijevic S, Vasir JK, Jain TK, et al. 3-D
tumor model for in vitro evaluation of
anticancer drugs. Mol Pharm 2008; 5(5):
849-862.

Dhamecha D, Le D, Movsas R, Gonsalves A,
Menon JU. Porous Polymeric Microspheres
With Controllable Pore Diameters for Tissue
Engineered Lung Tumor Model Development.
Front Bioeng Biotechnol 2020; 8: 799.

Fan R, Li X, Deng J, Gao X, Zhou L, Zheng
Y, et al. Dual Drug Loaded Biodegradable
Nanofibrous Microsphere for Improving
Anti-Colon Cancer Activity. Sci Rep 2016;
6(1): 28373.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Smith TT, Moffett HF, Stephan SB, Opel CF,
Dumigan AG, Jiang X, et al. Biopolymers
codelivering engineered T cells and STING
agonists can eliminate heterogeneous tumors.
J Clin Invest 2017; 127(6): 2176-2191.

Do AV, Khorsand B, Geary SM, Salem
AK. 3D printing of scaffolds for tissue
regeneration applications. Adv Healthc Mater
2015; 4(12): 1742-1762.

Radhakrishnan J, Varadaraj S, Dash SK,
Sharma A, Verma RS. Organotypic cancer tissue
models for drug screening: 3D constructs,
bioprinting and microfluidic chips. Drug
Discov Today 2020; 25(5): 879-890.

Tiwari AP, Thorat ND, Pricl S, Patil RM,
Rohiwal S, Townley H. Bioink: a 3D-
bioprinting tool for anticancer drug discovery
and cancer management. Drug Discov Today
2021; 26(7): 1574-1590.

Tetsuka H, Shin SR. Materials and technical
innovations in 3D printing in biomedical
applications. J Mater Chem B 2020; 8(15):
2930-2950.

Peng W, Unutmaz D, Ozbolat IT. Bioprinting
towards Physiologically Relevant Tissue
Models for Pharmaceutics. Trends Biotechnol
2016; 34(9): 722-732.

Wang X, Li X, Ding J, Long X, Zhang H,
Zhang X, et al. 3D bioprinted glioma
microenvironment for glioma vascularization. J
Biomed Mater Res A 2021; 109(6): 915-925.
Groll J, Burdick JA, Cho DW, Derby B,
Gelinsky M, Heilshorn SC, et al. A definition of
bioinks and their distinction from biomaterial
inks. Biofabrication 2018; 11(1): 013001.
Kim MJ, Chi BH, Yoo JJ, Ju YM, Whang
YM, Chang IH. Structure establishment of
three-dimensional (3D) cell culture printing
model for bladder cancer. PLoS One 2019;
14(10): e0223689.

IS0 P 133 « PPV o)lasd «ogw g ¢, 3)9s

ohdjle (i) eoke oGl dlas Plo


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

169. Gungor-Ozkerim PS, Inci 1, Zhang YS,

Khademhosseini A, Dokmeci MR. Bioinks
for 3D bioprinting: an overview. Biomater
Sci 2018; 6(5): 915-946.

170. Gopinathan J, Noh I. Recent trends in bioinks

for 3D printing. Biomater Res 2018; 22(1):
1-15.

171. Gebeyehu A, Surapaneni SK, Huang J,

Mondal A, Wang VZ, Haruna NF, et al.
Polysaccharide hydrogel based 3D printed
tumor models for chemotherapeutic drug
screening. Sci Rep 2021; 11(1): 372.

172. Ling K, Huang G, Liu J, Zhang X, Ma Y, Lu

T, et al. Bioprinting-based high-throughput
fabrication of three-dimensional MCF-7 human
breast cancer cellular spheroids. Engineering
2015; 1(2): 269-274.

173. Leberfinger AN, Dinda S, Wu Y, Koduru

SV, Ozbolat V, Ravnic DJ, et al. Bioprinting
functional tissues. Acta Biomate 2019; 95:
32-49.

174. Xu F, Celli J, Rizvi I, Moon S, Hasan T,

Demirci U. A three-dimensional in vitro
ovarian cancer coculture model using a
high-throughput cell patterning platform.
Biotechnol J 2011; 6(2): 204-212.

175. Wu Y, Woodbine L, Carr AM. 3D Printed

Calcium Phosphate Cement (CPC) Scaffolds
for Anti-Cancer Drug Delivery. Pharmaceutics
2020; 12(11): 1077.

176. Ling K, Huang G, Liu J, Zhang X, Ma Y, Lu

T, et al. Bioprinting-Based High-Throughput
Fabrication of Three- Dimensional MCF-7
Human Breast Cancer Cellular Spheroids.
Engineering 2015; 1(2): 269-274.

177. Wang X, Zhang X, Dai X, Wang X, Li X,

Diao J, et al. Tumor-like Lung Cancer Model
Based on 3D Bioprinting. 3 Biotech 2018;
8(12): 501.

178.

179.

180.

181.

182.

183.

184.

185.

186.

Mondadori C, Crippa M, Moretti M,
Candrian C, Lopa S, Arrigoni C. Advanced
Microfluidic Models of Cancer and Immune
Cell Extravasation: A Systematic Review
of the Literature. Front Bioeng Biotechnol
2020; 8: 907.

Sodagar Taleghani A, Ebrahimnejad P,
Heydarinasab A, Akbarzadeh A. Adsorption
and controlled release of iron-chelating drug
from the amino-terminated PAMAM/ordered
mesoporous silica hybrid materials. J Drug
Deliv Sci Technol 2020; 56: 101579.

Jo B-H, Van Lerberghe LM, Motsegood KM,
Beebe DJ. Three-dimensional micro-channel
fabrication in polydimethylsiloxane (PDMS)
elastomer. J Microelectromech Syst 2000;
9(1): 76-81.

Esch EW, Bahinski A, Huh D. Organs-on-
chips at the frontiers of drug discovery. Nat
Rev Drug Discov 2015; 14(4): 248-260.

Cho H-Y, Choi J-H, Kim K-J, Shin M, Choi
J-W. Microfluidic System to Analyze the
Effects of Interleukin 6 on Lymphatic Breast
Cancer Metastasis. Front Bioeng Biotechnol
2021; 8: 611802.

Li W, Khan M, Mao S, Feng S, Lin J-M.
Advances in tumor-endothelial cells co-
culture and interaction on microfluidics. J
Pharm Anal 2018; 8(4): 210-218.
Virumbrales-Mufioz M, Ayuso JM. From
microfluidics to microphysiological systems:
Past, present, and future. Organs-on-a-Chip
2022; 4: 100015.

Song JW, Cavnar SP, Walker AC, Luker KE,
Gupta M, Tung Y-C, et al. Microfluidic
endothelium for studying the intravascular
adhesion of metastatic breast cancer cells.
PLoS One 2009; 4(6):5756 .

Menon NV, Chuah YJ, Cao B, Lim M, Kang

PIL 11SoP 133 « PPP o)ladd «ogw § (0 )98

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

Q180 wsigs Slacumy)ls azwe’

187.

188.

189.

190.

191.

192.

193.

194.

Y. A microfluidic co-culture system to
monitor tumor-stromal interactions on a chip.
Biomicrofluidics 2014; 8(6): 064118 .

Cho HY, Choi JH, Kim KJ, Shin M, Choi
JW. Microfluidic System to Analyze the
Effects of Interleukin 6 on Lymphatic Breast
Cancer Metastasis. Front Bioeng Biotechnol
2020; 8: 611802.

Anguiano M, Castilla C, Maska M, Ederra C,
Peldez R, Morales X, et al. Characterization
of three-dimensional cancer cell migration in
mixed collagen-Matrigel scaffolds using
microfluidics and image analysis. PLoS One
2017; 12(2): e0171417.

Bersini S, Jeon JS, Dubini G, Arrigoni C,
Chung S, Charest JL, et al. A microfluidic
3D invitro model for specificity of breast
cancer metastasis to bone. Biomaterials
2014; 35(8): 2454-2461.

Yu F, Choudhury D. Microfluidic bioprinting
for organ-on-a-chip models. Drug Discov
Today 2019; 24(6): 1248-1257.

Vickerman V, Blundo J, Chung S, Kamm R.
Design, fabrication and implementation of a
novel multi-parameter control microfluidic
platform for three-dimensional cell culture
and real-time imaging. Lab Chip 2008; 8(9):
1468-1477.

Skardal A, Shupe T, Atala A. Organoid-on-a-
chip and body-on-a-chip systems for drug
screening and disease modeling. Drug
Discov Today 2016; 21(9): 1399-1411.

Sun W, Luo Z, Lee J, Kim HJ, Lee K, Tebon
P, et al. Organ-on-a-Chip for Cancer and
Immune Organs Modeling. Adv Healthc
Mater 2019; 8(4): e1801363.

Zhang B, Montgomery M, Chamberlain MD,
Ogawa S, Korolj A, Pahnke A, et al.
Biodegradable scaffold with built-in vasculature

for organ-on-a-chip engineering and direct

195.

196.

197.

198.

199.

200.

201.

202.

surgical anastomosis. Nat Mater 2016; 15(6):
669-678.

Huh D, Matthews BD, Mammoto A,
Montoya-Zavala M, Hsin HY, Ingber DE.
Reconstituting organ-level lung functions on
a chip. Science 2010; 328(5986): 1662-1668.
Torisawa YS, Spina CS, Mammoto T,
Mammoto A, Weaver JC, Tat T, et al. Bone
marrow-on-a-chip replicates hematopoietic
niche physiology in vitro. Nat Methods 2014;
11(6): 663-669.

Zervantonakis 1K, Hughes-Alford SK,
Charest JL, Condeelis JS, Gertler FB, Kamm
RD. Three-dimensional microfluidic model
for tumor cell intravasation and endothelial
barrier function. Proc Natl Acad Sci U S A
2012; 109(34): 13515-13520.

Jeon JS, Bersini S, Gilardi M, Dubini G,
Charest JL, Moretti M, et al. Human 3D
vascularized organotypic microfluidic assays
to study breast cancer cell extravasation. Proc
Natl Acad Sci U S A 2015; 112(1): 214-219.
Vickerman V, Kamm RD. Mechanism of a
flow-gated angiogenesis  switch:  early
signaling events at cell-matrix and cell—cell
junctions. Integr Biol (Camb) 2012; 4(8):
863-874.

Sung KE, Yang N, Pehlke C, Keely PJ,
Eliceiri KW, Friedl A, et al. Transition to
invasion in breast cancer: a microfluidic in
vitro model enables examination of spatial
and temporal effects. Integr Biol (Camb)
2011; 3(4): 439-450.

Cipitria A, Skelton A, Dargaville T, Dalton
P, Hutmacher D. Design, fabrication and
characterization of PCL electrospun scaffolds—a
review. J Mater Chem 2011; 21(26): 9419-9453.
Lasprilla AJ, Martinez GA, Lunelli BH,
Jardini AL, Maciel Filho R. Poly-lactic acid

synthesis for application in biomedical

IS0 P 133 « PPP o)lasd «oow § (10 8)9s

ohsjls (S eolc olEibsly alas PIp


http://jmums.mazums.ac.ir/article-1-19249-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-24 ]

il Sasb g lpuildl aalj g 0a30 0220

203.

204.

205.

206.

207.

devices—A review. Biotechnol Adv 2012;
30(1): 321-328.

Cheng Z, Teoh S-H. Surface modification of
ultra thin poly (e-caprolactone) films using
acrylic acid and collagen. Biomaterials 2004;
25(11): 1991-2001.

Stratton S, Shelke NB, Hoshino K, Rudraiah
S, Kumbar SG. Bioactive polymeric scaffolds
for tissue engineering. Bioact Mater 2016;
1(2): 93-108.

Ma J, Wang B, Shao H, Zhang S, Chen X, Li F,
et al. Hydrogels for localized chemotherapy
of liver cancer: a possible strategy for
improved and safe liver cancer treatment.
Drug Deliv 2022; 29(1): 1457-1476.

Singh A, Peppas NA. Hydrogels and
scaffolds for immunomodulation. Adv Mater
2014; 26(38): 6530-6541.

Kim J, Choi Y, Yang S, Lee J, Choi J, Moon
Y, et al. Sustained and Long-Term Release of
Doxorubicin from PLGA Nanoparticles for
Eliciting Anti-Tumor Immune Responses.
Pharmaceutics 2022; 14(3): 474.

208.

2009.

210.

211.

212.

213.

Bishop ES, Mostafa S, Pakvasa M, Luu HH,
Lee MJ, Wolf JM, et al. 3-D bioprinting
technologies in tissue engineering and
regenerative medicine: Current and future
trends. Genes Dis 2017; 4(4): 185-195.

Irvine SA, Venkatraman SS. Bioprinting and
differentiation of stem cells. Molecules 2016;
21(9): 1188.

Murphy SV, Atala A. 3D bioprinting of
tissues and organs. Nat Biotechnol 2014;
32(8): 773-785.

Fujii T. PDMS-based microfluidic devices
for biomedical applications. Microelectron
Eng 2002; 61: 907-914.

McDonald JC, Metallo SJ, Whitesides GM.
Fabrication of a configurable, single-use
microfluidic device. Anal Chem 2001; 73(23):
5645-6550.

Chen C, Mehl BT, Munshi AS, Townsend
AD, Spence DM, Martin RS. 3D-printed
Microfluidic Devices: Fabrication, Advantages
and Limitations-a Mini Review. Anal Methods
2016; 8(31): 6005-6012.

PR 11€oP a3 ¢ PPP s)laild @ g 1 5)9s

ohjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-19249-en.html
http://www.tcpdf.org

