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Abstract

Background and purpose: Application of three-dimensional scaffolds with the ability to
simulate a three-dimensional in vivo environment has opened new perspective on targeted differentiation
and therapeutic use of stem cells. In this study we examined the compatibility of CD93 stem cells with
biodegradable pcl- gelatin scaffold.

Materials and methods: In this experimental study, three-dimensional scaffolds made of PCL -
gelatin using electrospining synthesis and its molecular structure was tested by SEM electron microscopy.
The scaffold surface was disinfected by UV ray. The hematopoietic CD93stem cells of those isolated
previously were divided into two groups including normal cultured (plate) and culture on scaffolds
(scaffold + cell). The survival and growth of the cells were measured through MTT assay and electron
microscopy at 7, 14, and 28 days after culturing.

Results: Electron microscopic analysis on the seventh day showed appropriate adhesion of CD93
cells on scaffold fibers and secretion of extracellular matrix. Survival rate of the cells at 7, 14, and 28
days after culturing were not significantly different between the two groups. But at the same days
significant differences were observed in the Scaffold + Cell group (P< 0.05).

Conclusion: This study suggests that PCL nanofiber scaffolds has high compatibility with CD93
stem cells and proximity to this scaffold lead to increased survival and growth of the cells. Further studies
on the treatment of tissue damage and scarring by CD93 stem cells using this scaffold can be effective in

increasing treatment efficiency.

Keywords: nano-fiber scaffold, polycaprolactone, CD93 stem cells, growth, reproduction

J Mazandaran Univ Med Sci 2016; 26 (144): 211-218 (Persian).

211


http://jmums.mazums.ac.ir/article-1-9259-fa.html

Downloaded from jmums.mazums.ac.ir at 9:24 +0430 on Wednesday May 31st 2017

ol (—S B}y e—L coll _hiba L as
(PH-PIA) 1090 Jls 53  1I€IE o)laid @i g Cumy 0)9s

Cuuy jla 595 1 CD93 (5alaiy slen Yghaw 2uis g Ly gl juo )

Uil -0giSlig plS Ll cu i G jgas) aw

'sib Ly 5
r‘f)b‘fba)&
P glilie ¢l
"SI 313 s
238>
S Il el Oy JoHs G dw Joes (6l 4 Sl b (g aw (ool ) eslizul 1852 9 diblw
el 5 )8 5 Ol s oy p o Lo anllas ool 53 ol 035287 (g3l (glad shos 1 Sl ys enlizal 5 5ldbs pla o
M));’.‘Q‘u.'»j))‘o)l.a‘.'_w‘bw_’;yjuijjﬁK‘shéJxmw)bcdﬁwbw|)ézhw§)’)|}o
J}M.lﬂ:;w):g;_&fcjjfijLﬁ)yaMé)u‘b%GCDg:g)Lu}:— LS"‘?“LSL“JJL*‘)""‘;‘LSJL"“J{.J:"’"
Sy Ko sMTT assay 3 b 5l s dsy 5 < s s (Scaffold+Cell) o ls 555 » =287 5 (plate)
.M@)ﬁwﬂu\&i*/\}\'ch‘sbj_g)).}u_;}f"g‘
Q)L‘S‘C‘—&f)‘m—iv‘ﬁw‘VLSL“)'})FL"J}LM‘LLO‘J—:‘W)JJ)-’3}—’J}l—~ﬂcﬂ>m§iﬁb’c&jﬁ
QML:M‘S)‘}L;.M Q}L{LTYI\)\\CJV Lgl.a)'”).sSCaffold+Ce|| a}fJ:st cg;..:‘.\}.ﬁjq-j 5‘5}?}:&6)\3@”
p<e/od) ws
CDO3 (53 slad s b (Y (658 5Le I3 POL ;b I shor vyl s oo LS alllan o) s szttt
u.?blf&l;\):vb\}:@w)\;J_\)la;u:..ﬂ\>}J@ud}lﬂ,\.&)};@&\ﬁl@b@,l;a\bouij!
A3l 5 e CD93 (g5l gls J sl oww 5 u(.;”G:épéuwmu,;@;,;6@@\4\@,;@@;

doddo
Slaoss 53 eslal 3550 slad sl t\}.ﬂ e ) clad gow losliznl ds CLU Gl gbadle s
w\)AgM&hfﬁ;)\.@l@b)bd}Lﬂ by iz gl 5 Slays Jske 55 (ool
@6@\hﬂ@\bﬁ&3x_@g,4§hdp éo\yqugdhdjb.@\osﬁq?sf
E-mail:ms.sadeghi@yahoo.com S 0uSils 0l (Say pole o> 10 — STk SIS o :gdmmne g0

Ol e <0l (K e o8l ¢ (S 0aSCails o o 5T 03,8 skl

Ol O el s (S p sk oBils ¢ Sl 655 Sl S 50 ol Y

Ol LS (O™ (S pshe oy (K5 ouSails (0S5 s )l o2 )5 ¥

Ol el <0l (K3 e ol8ils ¢ STy 0aSils o Sy o505 8 5Lils F

WAN/P/V ¢y goad G50 WAB/F/ND 1 Dl-Slol g gl l sl AWAO/F/A 3 oL 55 b

1190 (53 ¢ 1IEIE a)Lasd (@il g Cumyy 8)9s ohdjle (i) ol slGibily alas PIp


http://jmums.mazums.ac.ir/article-1-9259-fa.html

Downloaded from jmums.mazums.ac.ir at 9:24 +0430 on Wednesday May 31st 2017

ul)lSem g 50 byyo

PHB s PGA PPCL PLA sls 2wl b sl
LA yls  osliul (438 ans 55 (A)))dzes
Lol le 5 amio o5 e S 4 S5 b
O g 554 O 6050 b S 5 > (i
Bl a5 L5) s S 0S5
S Joee Obile BL e a4 Js 0T gy
e Lo S a5 Crnd Sl O
ol Gl ok ladan)ls Sleslanal lis
ol dBB 4Tl enls b 5y slis glacanls
b b gl ISl 3 oslimal (100 ) diteas SIS e
J=b sl Il Jlast slowl L o5 Y5~ PCL 4l
S 4w bl (28 Gl O 5 Ld) e
sloml T e 3 Clig b Sl sk Coma
mlie sl 8 a1y s Sl g5 ol oS ST e
QPANEl 035 hold (8L ol n i g
2 6ok Sad g Sleys ol 5 oaal 4 r 5 b
SIS al bl 5o Al i i 5 5 iS
sesle b ol anlas 5o dadshe opl Sloys
oY 5PCL el Canyls 6,8 50 Ol (o

.v,_.:.>'\;,; CD93 lu s ol slad sl b

b o9, 9 slge
CD93 (eslo (sls ol iS5 4

305,58 en a5 S5 CDIB (sLa b
5 g 0dh (3Ll ige Ol gl e 3 ke
sLagsl, =T sFACS SORTER o&us baw s

Mouse Hematopoietic Lineage eFluor® 450
AntiCD93 antibody 4 Cocktail (affymetrix)

s g el A3L ¢ (ab16285-1/100-unconjugated)
eslatwl Stem span CiS” Lowe i lad gl ST g
spenicillin -+« ui/ml cus 5 Y+ FBS l,ls 57 Wi
0,8 58+ Ol « SCF (Sterptomycin 1+ + pg/ml
S SUY Ol e TPO 5 IL-6 ¢ = (s
WL 5L S s CiS Sl e b Jshe g 2 L

ol 53 385 e L a5 Asymetric replication ol ge
33 Jol> L;ww;\usi«d}umx;tmau
23 20 dsb 5 Lila g B ool Comarr Lk g
il L sk &S5 O ey 5 48,5515 oL e
COud b BByl pld et gladle 4
sladshe (YTl Caliee slacil slad sho ¢ 5
dir (Lwily Lo o] sk (HSC) Sl 5 (s3L
o 5l ol Sl slres; g SUls JSlus oS
) S gige 5 S d 518 T s B i
e glad sl Slais s /0 V=0 /0 350> 55 Lyl
O35 o gk 5l doys /00 ) s9d>= 53 5 Of gl
31 S CD93 (M) das o JuSKis 1y Dby Jaes
0352 115 L 48" el HSC (ol sladshw ¢ 15
Slm YU 555 5 O e ol ¢ it ol
SO ENCl 5 e BL Sl s 5 55 eslizl
2l 1 Gleys eslanwl glalys gl e Bl
S Dl (ol (galal e 4 (g3l slad sl
ST Sl Oy (s Lo 4 e O )l s
g 6oL slad s 4l Coda Lo )3 G w14
b s 53 U8 e sbul ol glalil
Lo b 5l 14 acb s ¥ Lo O glail
D Lad s o oled 457 S e sl (6 520 56 Jilie L
Sl L ol SO oyl g S eyl 5,
OheS as |y Lad sl o 2wy 5 b 51 g das o0
O b S LS o oS (ME Sl ge 5 D g0 0
5 i gl Sl 5 eslinal ¢ Sia opl 037
ke 3 LAl (day 4w sk Lo (G5lu 4
Wl 43 5 515 L5 e ol gladlu 43 sl
s OT (5Lesb s ECM i b e ISl
adom 1 Il Cadoses slas Shes gl o culie
3 S o oal 315 e 5 15 0D rlge o St
s o S (e dlBSl ) bzl (e WIS Ols
Bl (kign 53 Lo OT 50 oo 0150 o &

WAl ol o2 5 e Tl (55 S 4 55 35 50

PR 1190 (53 « 1ISIE o)laid (@i g Canyy )9y

ohsjle (Al eoke oGRSl alas


http://jmums.mazums.ac.ir/article-1-9259-fa.html

Downloaded from jmums.mazums.ac.ir at 9:24 +0430 on Wednesday May 31st 2017

08307 ~003509105 L 56y 1 CD93 (53aiy sle Jolw ib) g <(8y

A3 esls M ik, Polaran SC7620 sputter coater
ot Sl 55 S 85 S a7 1 505
&Iy k8710 5W s Hitachi (Japan), S-416 ,FESEM
oSl b b g o DT 1y A
Microstructure Measurement | lep S Ay 4 L 8
ok 4 lallblSCul Tl s L5, SPSS sl
A N F P I WK S N VU G S SN
232 el SAe 0T b i 4l
Sy 53 e 5 238 AUV 5 b o 3 0

A asls 5l als YF

ABISu] 0y p CblS g s Sl 0357 il

Vb gy 0 MBSl 038 03LT 51 g 55,5 65
CoslS 5 s s a sl Al (g5, b sk
S ad g 03 5L Cgr MKl (555 2 Lo ko
Dil Jsloes 51HAY 0 a5 i 5 opl & A o3lazal Dil
ool Jsdous 31503 " 35, HBSS 1LY YFa0 L 1
PR S NG PPURICID- g SV i P
63k s o ks L3I Dil 0l 33, J gloes
VN0 Cbale L Dl b sus Lluiles CDI3 L o
A BB 3 AT 4 S8 Las 1Y B¢ ol e
(ol Cid8 Sl s Jame WIS S
Fke o S ST ol pen 4 2iST Lo 1Y o
A 4SSl Tsdome 5 s 6Ll oy 2 4 TPO 5 1L-6
Jol e bl (555 p b sher S8 1 s S5 ey
sladshu 5 5m 5 i plail d sl (g 5luosle]
Sy Son ey 4y Sl a0 s 0T (S
SLa sk 31 5 4s (o » SEM RSl 55 S
s as § Se lSul g4,

MTT assay & ,b j/ls ol sL& Ol juo iy
Sl ool lad s 055 03 Ol s gy
MTT assay s i oslizul L WISl g5, » CDI3

(e ol (81 sk (5luesleT g w28 8 plon

).,U.,\_LL;J\MKSMJAOCOZJJ‘;@JLWQ-J>
IS 50 Sle) Jol g 55 SiS bass Lo g

38 s

PCL (o] ag
0S5 A0SV LS o Wl g
S35 053 (o o V10 o el SISV
L (DMF, N,N-Dimethylformamide) L 5 |
o 035 4 ks Jslone L8 b glons VA
¥ L s e iS YN G K —w Loml
30/ M Co o U J pdoes .l oslizal (6 20 Sl
i o T domio 3 S ey SIS YO S5
I3 50 S s e Sl Yo dlols s ovu;f@? Ol g
w8 b5 FY 4 0A (oY 4 PCL Ci .25 S
ey GialT L La bl (6T e sl 5 45
2\t A e b el s o

Al oolanal aads

IS ko ol gzt (6l i
O5aST gyl Jlsd slmog 8 039531 (sl
ek s 655 (30T Ol s 5 (COOH, OH)
oo e e diy 5 S Bl g
Dl ek pl (6l 5. b eslezul Plasma treatment
o 3l aslizal Ly ISl la b 5L ela

Diener Electronic Plasma Generator (Germany)
adaioen L2 5 A5 plnil 5m AS Pl WSS L

@L}ajb-d}r‘s‘wMaJ)jTu:thb&'/fb
Yo Sl e ok 0y STl e 4 4k ¥ ke
S 2l dbaies Jo15 1 Us 6 pai ek

N K5 SCn Loy (65550 oty
i eslir wl (SEM) 5 2SI O sS s Sa |
J‘abw_‘ﬁ\bg:_uJ‘Jch)}_bu_ﬂdb_v

1190 (53 « 1IEIE a)Lasd (@il § Cumyy 8)9s

ohdjle (i) eole slGibily alas Plic


http://jmums.mazums.ac.ir/article-1-9259-fa.html

Downloaded from jmums.mazums.ac.ir at 9:24 +0430 on Wednesday May 31st 2017

ul)lSem g 50 byyo

ISl (5 2 U Sslor ity 5 S hivuim Ol oo oty
3l slad sl (St Oljn (o) 2
PCL-Gelatin ,.s 5 WISl g5, » CDI3 jlus o=
02 S9N Sy S ol T s 4y gl
A6 Bl (555 2 Wad ks i8S 1 g oin 55
g5 5 Wl (655 1 gl olis Oty oS
Lo aS 00 Ladshe L g sk 2ol S 5L
Syl iz g 5kl b J sl s L1 6513 5

(Y o)led p guad) 3L oo

o g 31 Sl 5 78 583 S 55 ¥ 5l 998
9 (A) PCL-Gelatin WS ul g5, »CDI3 jlus = g5l

S LS 5 53 2 o)l 535 255 (B) ¢g3in )
T K 5 Sl (5L b 4 Lad s sl
AL o Sk

G Bl (55 o L Sl 2l Ol oo e o
MTT oo

sPlate cla os, S 3 Laddw coils 5l dn
330355 YA 5 VF 5V slossy S 5 Scaffold+Cell
sy g MTT 05057 61 6l YF glac by
BIEPepT @Lﬁ s (ll_>u‘ Lad sl 0545 05 Ol 5ue
S S ol gl ol ok o3l 5L ) o )led
PCL-Gelatin AblSul o ke 5 onlie < &5
05 Ol jme 4 S 108l e CDI3 (slad shr (sl
Sol3me gl alie sLajs,y 5o ey S 55 03
3V slajs, s Scaffold+Cell o5 3 55 Js cosl
S (P</00) i edalie (6,13 s sl YA 5)F
Lad s 03 5 053 Ol il s Soslis !
sl WSSl Las 5

a2l YV FxY slues 4 &l YF Cll 0555 bad sk !
dad gl 3187 51 55, YA SVF Y CidE 1 e i
dome 51y 13 Jaoen o o3 V0 Ol e
Al alsl b a a0 mg/iml clale LMTT &S gl
MTT Jgloe 05 515851 3 8l S5 ol B 51 oy
N N N P PR R
i eslarwl Shaker s DMSO J s oes 51 0 950a 50
4% ool 4 DMSO J sdoes (4ids Sy 51 g
2l Uy s (555 o O jn 5 ot Jia s
FosU OV e dpb ) a5 s il ois 5|

Al s

> 4l

KgAK (Sl b oy Sl e
s
Oy dm ISl glp i a8 5 ey
Py St 5 i (B 5 S
Nl o Laasls ST s SEM (55 S
L-,:isL:A SPSS 4L ,, s Microstructure Mesurment
Sl 45 B 03 ey e g O V/FA La b L3
ey 4 e (3L gls J b Ll 5 JLas!

QA o)LJ_,g_}a,aJ)

ol S5 (gl kb 5 Sl b gl 2 0 lomt g g
[EPRTE e Ss g &) - PCL-Gelatin S|
b osls b i 5 Polaran SC7620 sputter coater i o5l
L S416 Je Sl (59 S Sy S a5 5

b ags &Iy STV W, 5 FESEM

PIO 19D (53 ¢ 1IE1E o)Louds (@uinids § Camyy 3)9s

ohsjle (Al eoke oGRSl alas


http://jmums.mazums.ac.ir/article-1-9259-fa.html

Downloaded from jmums.mazums.ac.ir at 9:24 +0430 on Wednesday May 31st 2017

08307 ~003509105 L 56y 1 CD93 (53aiy sle Jolw ib) g <(8y

O G b aisls WISul ol (55, CDI3 jlus 4=
La b 58 Kle LPLC o8 5L s i
b s (St s S s L e gl 00V/F4
PCL-Gelatin Sl o pe Sl J gl 28
S ns Sen s p 3 il CDIB glad s sl
L Ladsbe ol (St 5 Jlasl Silis 55 S
Wl ST 51 oy 0208 595 53 Sl
9Ly 4 Ghse slandlas s 551, Sea s Monica
ol Lol e Sl s ol slad sl 255
Lok (28 3D W Bl (55 g les il Sad s
G yls 4 BT Jlast 5 HSC glad sh 2G5 Ol e
G S Dlllas I 5T Sl >3 g 03
GBIl Ol 55 487 390 o ol s 30 s 5 A3
Jos Gogo T e 5 e 53 PCL o 305 o
S8 Sl sladsho b Cols ol 5 &S o
OLSen 5 Ciu g (6,505 anlllan 55 .(10)3,15 owlie
2 dSI B ol Gladshe T8 iS4 G e
Al ol 5 2228 PCL AslSSul (g5, 2 (HFSC)
»JSIB ol sladshe u8 5 5 S ¢l 0 1)
Olalllas 5 andllae ol ol (1)L S (3 jae ol
SU bl e sl 8L Sl Lo e
ol (3L sLad sk Caksiea ¢141 L PCL (gla ;i3
LS b gyl CD93 (slad ghos sy Ol e gy 2 3
slin 3 Scaffold+Cell 05,8 ;5 i) ls gme il 3l
6,55 allan 5 .ol (Plete) Conyls 236 oy S L
o3liul &8 W3 S 5,18 4l Kas 5 shamsasenjan
S s Ay il 3l el Pel b S el
Gla 4Bl (V)3 53 e CD34 Sl g (3L (slad sho
PCL C s 5l a5 b6 50 Solts Slalllas (!
L el Sl 2 ol s s 2S5 3 s
b 55 ol ol 53 8 50 S m el s
doT  sla b b a8 Sl os 31 .ol 0kt
sRac KIS (sla s (5w I 3 b S
bl e lutslen 5 L3S a3l sl PIBKIAKT

025 * *

0.2

0.15

M PCL g2lztin Scaffold

ODof MTT

0.1 OFlzte

0.05

TDAY 14DAY 28DAY
sPlate (sla 05,8 s MTT Cs L 3 o5l Sl3g—0
St 390 Cpeiiid G 9 03 )lg « a5 Scaffold+Cell
wlie glajay 5o Laog, S 53 035 0di) Ol .l Jshe CoslS”
s Scaffold+Cell 5,8 53 I5 (o bls )l (—inn sl

AP < /00) dd sdaline (gl ime ol YA 5VF 5V (slass,

aS das e 0Lt Gl wdige Slallls

RTPHTNG PO VR PRI SR CI P PYCRII B
(S 5 S (K5 s Bl 51O as s
(ECM) Jsho =, S Sl sl wlie gkl
ST g iy o gL (gl (00U 4l
LHECM 5 Shee 5 ltle (8l a5 b S yls
Ot ke Olge 4 a b 5L ST s e b sl
it o 53 50 (8 gan S )ls o s Ll
0Pl 035 1l g el b (Ld sl b g
Loee sl 015 (6 i A0 oS 5 5 2y Ollan]
ML, 1 ECM 5 0587 ksl dles ol
SN0 S5 L b 5L sla oy sl o o
Sl 5 55 9 Lt Sy ol ys Sl s
Sl G 6o ok Ol g 4 5 0ls eslinal Sl
OL& i Olallae (Y)W g5 o (220 som o 9
Sl L PCL sl o slacusyls a5 das
Sl 5 Lies Ol il S8 owlign g (Al 5
350 A5 o 63y Sad sk I (o1l A A3
S a0 Lo aadllas o 55 (YRS 50 )5 oslizal
V30 SV S S 5L B e MBS

@l slad gl LS)lfJ'L“ 3 gwyp 9 SOl g

1190 (53 ¢ 1IEIE a)Lasd @il § Cumyy 8)9s

ohdjle (i) ol oGl alas Ply


http://jmums.mazums.ac.ir/article-1-9259-fa.html

Downloaded from jmums.mazums.ac.ir at 9:24 +0430 on Wednesday May 31st 2017

ul)lSem g 50 byyo

U sl Ll =25 o Ll i - PCL
CD93 jlui g (ol lad s Ll 5 Db (8

A CDO3 slad sho (goe 5 (VL Joily 4 4 5

dLﬁ) VA oalaial ijap BE) av\..'.iT ldlas BE) J.w)@
wJ‘Yj—Q)ﬁYjﬁK& CL«{)\:)CDQS LS\AJ}L«J J'l

258 Jool (Bl Gl e 5> (e 5 JE

References
1. Yarin AL, Koombhongse S, Renrker DH.

Bending instability in electrospinning of
nanofibers. J Appl Phy 2001; 89(5): 3018-
3026.

2. Kweon HY, Yoo MK, Park IK, Kim TH, Lee
HC, Lee HS, et al. A novel degradable
polycaprolactone  networks  for  tissue
engineering. Biomaterials 2003; 24(5): 801-
808.

3. Avasthi S, Srivastava RN, Singh A, Srivastava
M. Stem cell: past, present and future-a
review article. Internet Journal of Medical
Update 2008; 3(1): 22-30.

4. Danet GH, Luongo JL, Butler G, Lu MM,
Tenner AJ, Simon MC, et al. C1gRp defines
a new human stem cell population with
hematopoietic and hepatic potential. Proc
Natl Acad Sci USA 2002; 99(16): 10441-
10445.

5. Norsworthy PJ, Fossati-Jimack L, Cortes-
Hernandez J, Taylor PR, Bygrave AE,
Thompson RD, et al. CD93 (ClgRp)
contributes to the removal of apoptotic cells
in vivo but is not required for C1g-mediated
enhancement of phagocytosis. J Immunol
2004; 172(6): 3406-3414.

6. Mackey MC. Cell kinetic status of
haematopoietic stem cells. Cell Proliferation
2001; 34(2): 71-83.

SU ot ls 3 Yloom| 68 W5 sien 5L 5 (o5l
255 5 8, L s ol 53k Jleb 33 PCL o0
S el ol Sl sy ol b il bl s bad ke
213 8 St S Sl 4
Sl e St Sl aalllan ol s
PCL b 55 Syl 555 = CD93 lad sk i
Wl 23§ ames Ol e il (sl al G ool

7. Wright DE, Cheshier SH, Wagers AJ,
Randall TD, Christensen JL, Weissman
IL. Cyclophosphamide/granulocyte colony-
stimulating factor causes selective mobilization
of bone marrow hematopoietic stem cells
into the blood after M phase of the cell cycle.
Blood 2001; 97(8): 2278-2285.

8. Gelain FD, Bottai D, Vescovi A, Zhang Sh.
Designer self-assembling peptide nanofiber
scaffolds for adult mouse neural stem cell 3-
dimensional cultures. PloS One 2006; 1(1):
el19.

9. Cao H, T Liu, Chew SY. The application of
nanofibrous scaffolds in neural tissue
engineering. Adv Drug Deliv Rev 2009;
61(12): 1055-1064.

10. Hosseinkhani H, Hosseinkhani M, Hattori S,
Matsuoka R, Kawaguchi N. Micro and nano
scale in vitro 3D culture system for cardiac
stem cells. J Biomed Mater Res 2010; 94(1):
1-8.

11. Yang F, Murugan R, Ramakrishna S, Wang
X, Ma YX, Wang S. Fabrication of nano-
structured porous 11. PLLA scaffold intended
for nerve tissue engineering. Biomaterials
2004; 25(10): 1891-1900.

12. Kumar S, Tran JL, Hadeed J, Bellavance E,
Strande L, Eydelman R. Capillary formation

in bioengineered human skin constructs

PIV 1RG0 (53 « 11€1E ayladh (euiaid g Caunyy 2)9s

ohsjle (Al eoke oGRSl alas


http://jmums.mazums.ac.ir/article-1-9259-fa.html

Downloaded from jmums.mazums.ac.ir at 9:24 +0430 on Wednesday May 31st 2017

08307 ~003509105 L 56y 1 CD93 (53aiy sle Jolw ib) g <(8y

13.

14.

15.

16.

17.

18.

19.

20.

(BHSC) designed to study burn injury.
Journal of the American College of Surgeons
2004; 199(3): 65-65.

Avasthi S, Srivastava R, Singh A, Srivastava
M. Stem cell: past, present and future-a
review article. Internet Journal of Medical
Update 2008; 3(1): 984-989.

Doillon CJ, Silver FH, Berg RA. Doillon.
Fibroblast growth on a porous collagen
sponge containing hyaluronic acid and
fibronectin. Biomaterials 1987; 8(3): 195-200.
Ding CM, Zhou Y, He YN, Tan WS. Perfusion
seeding of collagen—chitosan sponges for
dermal tissue engineering. Process Biochemistry
2008; 43(3): 287-296.

Powell HM, Boyce ST. Engineered human
skin fabricated using electrospun collagen—
PCL blends: morphogenesis and mechanical
properties. Tissue Engin Part A 2009: 15(8):
2177-2187.

Powell HM, Supp DM. Influence of
electrospun collagen on wound contraction of
engineered skin substitutes. Biomaterials
2008; 29(7): 834-843.

Zhong SP, Zhang YZ, Lim CT. Tissue
scaffolds for skin wound healing and dermal
reconstruction. Wiley Interdiscip Rev Nanomed
Nanobiotechnol 2010; 5(2): 510-525.

Lin T. Nanofibers-production, properties and
functional applications. 1% ed. Croatia
InTech; 2011; 373-382.

Mei H, Gonzalez S, Deng SX. Extracellular
matrix is an important component of limbal
stem cell niche. J Funct Biomater 2012; 3(4):
879-894.

21.

22.

23.

24.

25.

26.

27.

Vasita R, Katti DS. Nanofibers and their
applications in tissue engineering. Int J
Nanomedicine 2006; 1(1): 15-30.

Brodbeck WG, Patel J, Voskerician G,
Christenson E, Shive MS, Nakayama Y, et al.
Biomaterial adherent macrophage apoptosis
is increased by hydrophilic and anionic
substrates in vivo. Proc Natl Acad Sci USA
2002; 99(16): 10287-10292.

Yoshimoto H, Shin YM, Terai H, Vacanti JP.
A Dbiodegradable nanofiber scaffold by
electrospinning and its potential for bone
tissue engineering. Biomaterials 2003; 24(12):
2077-2082.

Kweon HY, Yoo MK, Park IK, Kim TH, Lee
HC, Lee HS, et al. A novel degradable
polycaprolactone networks for tissue engineering.
Biomaterials 2003; 24(5): 801-808.

Ferreira MS, Jahnen-Dechent W, Labude N,
Bovi M, Hieronymus T, Zenke M, et al. Cord
blood-hematopoietic stem cell expansion in
3D fibrin scaffolds with stromal support.
Biomaterials 2012; 33(29): 6987-6997.
Hejazian LB, Esmaeilzade B, Moghanni FG,
Hejazian MB, Aslani A, Bakhtiari M, et al.
The Role of Biodegradable Engineered
Nanofiber Scaffolds Seeded with Hair
Follicle Stem Cells for Tissue Engineering.
Iran Biomed J 2012; 16(4): 193-201.
Dehdilani N, Shamsasenjan K, Movassaghpour
A, Akbarzadehlaleh P, Amoughli Tabrizi B,
Parsa H, et al. Improved survival and
hematopoietic  differentiation of murine
embryonic stem cells on electrospun
polycaprolactone nanofiber. Cell J 2016;
17(4): 629-638.

1WQ0 (53 « 11€1E o)Laild (@uiaidd § Cunyy 3)9s

ohsjle (A} eoke sEibily alas PIA


http://jmums.mazums.ac.ir/article-1-9259-fa.html

