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Impacts of cell culture methods on proliferation, morphology and differentiation
of chicken bone marrow-derived mesenchymal stem cells
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#Abstract

Background: By attention to the practical importance of the stem cells screening and culture, this
study was conducted on chicken bone marrow mesenchymal stem cells.

Objective: This study was performed to determine the effect of screening and cultural methods on
the cell morphology and differentiation.

Methods: This was an experimental study carried out at Pasture institute in 2009. One milligram
aspirated bone marrow from tibia of a two-week old Raf chicken was cultured in low-glucose
DMEM, 10% FBS, penicillin and streptomycin using both direct (without RBC removal) and Ficol
(with RBC removal) mounted culture methods. After 4 passages, the bone marrow cells of two cell
culture methods were compared for their morphology and differentiation into bone, cartilage, and
adipose. Data were statistically analyzed by ANOVA test.

Findings: In direct cell culture, more colonization compared with Ficol mounting method, was
observed and most cells showed fibroblastic morphology. Also, the results were indicative of higher
yields of differentiation into bone (21%), cartilage (27%), and adipose (40%) in direct method.
Conclusion: According to our results, the application of direct culturing system for screening and
proliferation of mesenchymal stem cells seems to be a better protocol to screen the chicken bone
marrow mesenchymal stem cells compared to Ficol mounting method.

Keywords: Mesenchymal Stem Cells, Culture, Differentiation, Chicken

Corresponding Author: Mina Ramezani, Department of Biology, Ashtian Branch, Islamic Azad University, Ashtian, Iran
Email: ramezani@mail.aiau.ac.ir

Tel: +98-862-7224373

Received: 21 Sep 2010

Accepted: 9 Mar 2011



¥ a3y AlEe AT ka3 () 555 0) F oslad ozl o cons 8 (S e ol pale alons

ol sladshs 32lad 9 (55998590 2 (Johus CulS (g, 93 T Ayl
da g ol i 5l Gho owil3o
Tl bl e b 55
obasl aoly oMol SljT oSl ¢ gl a3 095 Jlslisl
A 550 558 ply SR oyl pole wl pulid)IS
REVYYY PV a5 st a5 09,5 ¢ oo Mool SljT olStils (bl 2 e 0dtis g5 03]

Email: ramezani@mail.aiau.ac.ir
MYV 2o pds go,l AVEIY il gl

dS

5 ploxl g gzl jae cerdilie (o3l ol 59y » adllae nl il by Joho cuiS g gilulis (o Cuenl 4 JlaS 14k

5 plil Jol sla gl 5l 5 S3lsige 2 (ol CulS 5 sileliz oy ot skt 4 adlllae (u] 1R

o by leas ow’l Olozeial jre i oo Vsl s plool ) jstwly giiul j3 WAA Jlo 3 026 adllas oyl :lhu:@) 9 .5‘59
ki ) JsSU8 2 S oy 5 (8 oyl Bl () e Sl gy & i ¥ gt (o L ((055) REF 15 slaar g2
s A CiS palogig piwl 5 a1 VTl (598 s g (ol S5 o3 L DMEM cuiS lasme )3 (50,8 sloJoulS B
A Ggafl Ly Laols 350 auglio By 5 sl & s csilsygm o) 1 cal ip 39 51 Jolo ¥ ol i Joo
K50 s a8\l S (slggil

Lol cdel g oLl lisl g5t lioslS ol 2 )k b9y b S i L dusglie )3 s Sl s > 2 LB

2ty ples

A Gl gy Tlie (B9 qepine CulS s b ondilie (3l sladshe iS5 g silulix 450 (LS gl 36 S Aol

sla Jolw aiwd 93 4 lesuiwl 320 (oolis sl oo
(MSCs) ol (ki slaJsb g sloyss ol
b 2l Jobe oy ool (sl Joho g co pumnds
&Lt sla Jsl Ptz oS jas b (Ysbo jas
05 P YL 0pB L gy ki plagbe entilje
bl e 035 (sl Slolis b 11 oS sizn
L (o8 395 Caols LS & ook ol 098 0
sl Yo B Y g0 1) S5 wdligyued (g55)s8)50
gl an ples Uy olioren aSly i oo lais
by yai ¢yl ddomale Jte Lien clac.dl

Db e Cgudte drgx Gl jhe (eniilie o3k b Jobe
dog> cpplod S ¢ pandilie (o3l Jolo 1lB0jlgalS

D dodlo #
slodole cueal 5 (Shy hogad ojgl
Jobe (9 ool Jslo o oy (8 2 ol
Oygo & CulS lase (3 Wl o &S Cunl | SSlogu
Wbl yaass gladshe 4 bbb S (g9dl
Oy 4 3lgie sk ool J> (e 4 298 s
oo b sl pld lp gl Gbh ae
Sileiel sloshe @b ool slashs g
S poladl s plete gladse Gle > o Az
5 L D¢ ST 4 OB Wigd o bl plul b cdl
plul b el o] olans! gl sk lgl 4 ilgi o

0155 39290 53 I Joho cpl (gulul (BE g flate



San 5 i) b S5/ 5 G5B p Jsbe S Ea 93 5T amlie vy

Ozl 330 VA oylad (jgm w9 SOy 5l 03liil
O 38 Blae CtS hame il Lo V3 5 0 )18
9 malliame SS9 93 Lo (cordilie Lo ol

a8 b JsSb 55k
e S5l 9L i (ybg) 4y CulS 4l
59,0k VY o TPM o3 13 5 4add ¥ e &y 4yl gzl

Blee > baee yid eV 3 Jols (oo culy a3
DMEM cis bazme 1 ¢ Jsho (pgpilimgen 23,5
Ve ol (i e 203 Ve ol SS9 a0 L
o 2 P95 Vg et (oo 2 22
VO S S50 5 (LS pol daSins) pmmmlagizg o

Wb CutS @y ol
Fe eJsals 65l U S Cp
DMEM Ly y5d o ¥ b o oyl lgsiu
2l 4 g 45 58) (5o iz ppw oy Ve s
5 e a3 613556 (Inotrain) JoSols Jsloxe (59,
L glywl jxe ol 19506 556 9 Jolore slm
Sloul b .ad oyl dddo) s Gdo 0 VY- IPM g0
sbadsbw (JeLS Jodoe gy clale (Lol)S
o8 GUelS G sl 4Y Sy 53 39250 loatun

VO (sla SIS p> g oas ar by ol)] 4y Lol o
gl pom (i) b g SAS 4050 (g g0
o 5 95 (5 jelate a land 8L Jolore
AR 0 Sdo 4 VYoo TPM Ho0 b S0 sl jd JoS
S i) @le 0255 D 5l g 545 03> gutind
oo (oo 855 (98I S ) 0 S5 b
Py 20> Vo (ol Lo i) oo Ve )3 5 Blee S
Ve g Oy (e 2 32l Ve gl i
VO S oy pppmalogig il (g o 53 p)5 9S00

W oy S (g yie il

3,5 (8l 2 )3TV glos )3 iS5 Ca b Jghoo g

el YA 5l 508 4601 Sy S 55 o0 0

99Ul o> sl ok ol &S la Jobo o9 bamo
Blsl L lase 5 iy H9d g 0dus (sl Jolw

S U1y (ras 5 605 S8l (22 96
Lo Jslw covanl s a0 Mg o laan YL
Lo sk ool 525 5 il (gly caslie oaly (8L
L) . e e
4_?-9.» L’ | o)y @‘9& dllba\.a}o., U‘?M‘ xo )l
5 555 ol sladobw Cenl g &5 4
je 0l sl ol de) > (ol Slagis
9 3= S olS Jie alaglee g Gl ol
o (V¥-1a
9 0 jR (T

9 S sl Ghgy (% Sl st )15
oaits plodl dr g plyeinl jie (o3kis sl Jobe jols
sl

ootz o3lts (slo ol b Loyl > v S
2 eiilie ool Jolo 22S5) (2l508 Cools
(0SS sladsho 5l (unon bl g canlio bl
S R (TS P WORC SC IPR PR RN
dagl (S sl p3Y 230 gl cunlio byl
S15) gl 5o 5l ox s 4yl sla ol Sl
ol ((Joko

el pgy 15| s am Uy sl aslllas 1
R g Si5T98y90 2 Jolmw iS55l
5 plol ol o Jbe

Ll 01 ploo sihusS

g, 9 dlge ¥
sl gl P AWYA Jlo 3 0yo0 adllas oyl
il e o sk gl il cap 5 ol ol
L asan ¥ o, oy & RAF 315 as g ashad Vo sli
5 o laplpinl uw a8 Jens p)de)lS
S GLL py il g balae 5 s byl 5 cad)y
DMEM (Dulbecos Modified L Jsbs j5 g 4
ool ggie dlgl.cd 51,8 Eagle Medium)
398 5 g ol o )18 & 69y 3 (S by g Oy

Ly obad Laglml slal g3 0 Jaze syl



v (a3 e /AT Dl () (g 030) ¥ ool oan il Jlw s 33 (S ke ol oo alonae

S baroe ol oS jluchypad lase g g A3
Pl Voo g9 e FBSu 5y V- c DMEM
SpsSol “Lid 2l oo 3 55,500 0053l 35>
Ay Jele it e 2 oSl N i b Y
S5 5l ) 5 (Lol i) by S sl
4 g (GIDCO) s ctls = (sl 5 =yl g
dw ya Glo cpl 0 b ddlsl by Jsho 4 59, TY G
eutS 5l (B b Ghrges sl buoes )b S G,
DMEM J5one by caals 09,5 lois an
W0,S 8l > (698 yuin pyw Juoyd Ve (gl

oyt 9y b b Jslo paled oy VY 0bb 5
&3S0, 5 plgeal (gl e85 )15 o) )5
&l 50 dgl 630155 5l sz gl @) ol
5 odlitel ol gl (55l ) By it

L Jsbo &Y 5 il 4 lof el g
Lagd Ve Gasndy godd diuwd Olawd ,8L
b (5300155) g 5 b (S0 20> ¥ aiillo B
3y ol 229 5 V) 2 il ) (S35 Jslome
A plool 48B3y Ve e 4 (Hhie Of g e Voo
e 9 X0h dwd yhie Ol L laJolo aeldl )
WS odaliie ugSae oSy S b b Suid
srogsSee 3l oozl by o)l b (500l ST 51 (g
i 93 53 (04 (Sina) () (3blie do )y (o>
AT 5 Lol im0 s oo a6
8)5 )58 dualie )90

5 0d b b Jsho bl e 02 4 oS adlllae (4l
3 drgl Sy pg S V7)) bl SO ©pgle
(58] deSs) 20y 7+ Jiligpoial il oo Voo 5o
o Jsbo (Seiiand | g 38,5 3 485 ¥+ Ste &
b g oad Sts lnpY ( BLSI S5, g9 8 g ko Ol L
gl b (5085 1 oy 2505 it g So
i 93 )3 (2 ©lyad) (50) gblie b0y )
9 O oty pleg S I odliiwl Ly (Jsho s
A5 duglie g)lol Hlas 1 ] (Sl

B ol oS sl e )b Sy g, Yoo Ll
NS 2098 p b Jshe dlwg & coly i &8 Sloj b
iy ol ad 00l Lol b Jolw cloj opl 3.0
WY Coms a g e EDTA- (a5 L ol o8
95 Ot YO Sdls Sy (sl Jolow) Huds s
aalsl pylg ol B8 ol (0 sl YO (S
Foke gy sl bl ol s dsho 5l 5 cdly
A5 oolizl bl pleS Blgi (ow)p (S

Sesbs cople | Glinebl jglaie 4y sy dlsyo )
g a2 lpinl el od sl (endilse
gl 4 3les g3l Sl dagl (giled ol )2
W ool By it o oy

bl Jobow 00w v o2 g Glgil 4 ples ol
P Sele £ oS Byl gladls I G e o ¥
o i pyw Jopd Ve g9l DMEM Lo 30
oid e eSS 5l e Adodly cuiS Sogn
Oyl 4 ples oo L Lag) buoxe daJghs
Gy V) @i dy Jobo (gples S g 0b (n Sl
Olyesl & pled bazee Al s )b G gy Ve
o555 y5an b+ s5ixe FBS 103V « DMEM ol
Voo wlid Y Syl del Lyt e
JoraedS=li oo (o Ve g (yoiliel S5 Y500l
ol 2 @ led Lo 35y (1 0l o) ol
Noegls V+ssls FBS 4oy V- DMEM
10 paliogil oo 5> p)S)Sun Br ¢ygjlialiS
(0] doSns) ]S o =V Sigagial =¥, Y g0 e
e St sl 5 = gl S 5l asls Y
O Sals £ ecd slaals 5l 5, 04 (Gibeo)
Vo s DMEM Jgons oo cialis 09)5 olgis
W53)S 8Ly 696 i pyw deoyd

I¥ Sl Jokoo jl50 Ve v idgpaé a4 ples 4l
Olegr o Sl 6l e V0 Ayl 4 i SN
A28 Ve o dy g YATPM 90 1> J il

Sois dlg) a5 0 Joho oS 0395 g i 59 il



San 5 i) b S5/ 5 G5B p Jsbe S Ea 93 5T amlie vf

slasisdsige ol ko Y G oSG 5Ll
Sloyli 9 04edS ( hg N> Sy Jsho ol (ogite
0335 (Lo Job Cumex 53 jluly plol b og JSU3
b Joho CulS s Lol 53l ol (st Mig e
S99 o=l b Jy b SEBleSy (Golsyee LI
Dby pud auY ST LS 335 Jobe (60L5 dlas
LA 0D

bl sladslw lyeinl 4 5l (ow)p cax
S Sigiul s 53 55y VY Gie o e
i)l 2y il 55l S5y o) L civg: iS5
sl @B Slge (b 308 «(55:0 IS o N0
CilS i I Jols gla ol culS 35 (Sane
o8 (2o AOEVIF) Clgss L) sob &) e
U9y odd M sl ol 3 &S (Jb 3l )
S gblia oy FEEVR s JgSolb (65l
s o sinn (3ol Llod ) lacglis ol & <5 5,
(P<-1-0)

ez bl sladsho > (o 4 pled (ow)p
48,5 )5 S ijomdl lase > win ¥ e 4 &S
bl ly wud ol gy a0y (sbeo jlad (g
o3l 3) Lol (53215 Sl lmoylad l (35 (22
(popibione SIS gy 0 1 (glaJglw 09,5 )30
b o Jokw 9 o) d OEYY o sla sk slas
Ol g 2eyd QOEVY Joob 6553k gy & o3
(P10 391 foLsine o ol i 5 CEDkS]

o4 e Sl by Jshe 3 Bgpac a4 ple
L cidgy 485 51,8 Sijg)ais bazes )3 g, VY e
2 gl ol Sy olal (55l )
Loy y3b & atone S s 51 Juols sl Jsbo
P ad SOy Lhd bdiws (Mo pAVEY/F) cales
> S5l gy A 0 b ol o &8 b
by S5y caiS gblia s SOEND b «JgSols
(P<10) 590 s gme (glol blod I lancglis oyl oS

Gdo &y (oo Culy (Bgpa 4 plos adlllae >
Sl g ds cob o Ve Wil @l o celw ¥
D sla by bl Sob 4 5 6l ol 0 plos
sylate dy odal Cuwd 4 (slopY 5 LS a5 o9 S
koS g L)l (hoSse ol i oanlis
L (Bgyas sladl 5l aoudyio aildguw (slasy )L
51505 (ol doSs)shy (595 ST 3l oalie
g dmy 09y 5 93 > (Jolow (B)lad (i S
Sl 9 plosl Sise JliBley 5 6y95 5SS
5 dumlie ()] i 5 ]

4 ol pled wins )85 500 JBlas b yiales]
L Liosls i 43l Jlams Gyl £ Solio 900
4k Sy gl 51l gefl 5 SPSSY- sl
Ad o)5S Jla xe P<e/e0 G35 oo

(asl *
reine 09y & (ontilje (glaJob CulS odaliie
o gl CulS )3 a8l (LS ugSas g8y See b
S5 4 (595 $5e98y90 b b Jshe (gl g, ¥
ClS A 03 (e 935 Jshe (3l 5 (5lS

Ol 93 ) (B9 Ao pe 4 wtim 93 Iy 4yl
sapiS Bias ela sl 5l danY S5 oles
Sl 3 il JSis cusS Byl Sy (g pud
b dhe 4 (Sg3 e slaslo g y5lid sl Jobo S
Mg b (593 sbshe 93 jloly 3 us Sl
ad alls by

B9y 4 eudilie sl Jolw ciS oaliiie
oS0l LS (oS gSugSee b JsSol 5k
3 o 09 (395 Spgo 4y o sl cadgl cuiS )
o) ¢ JSb (593 (ST9l58590 b sk (gl ¢jg, O
Qe daw jl e adgl CuliS 005 0000 a0 905 (4l
sl S5 glej cnl 53 wdpy (GBS dlsye 4
Jols 5315 5 (dligyed 0228 Btes (slaJoke
b LSt et Bl S oyl 5 e )5



o (a3 e /AT Dl () (g 030) ¥ ool oan il Jlw s 33 (S ke ol oo alonae

bt slaslw (Lo g9 IS 5l (o8 Shas 095 o0
S b bayly g 4355 g9 olul soniilie
5 45 355 1) QS 5ol 95 (glo oty g A0l o0
4 ol e L g aob pled Jb gl s 4
Al s an K,
50 oS olise b S 3 Lt il adlllas gl
5 Sig il Ol Sl eslatl gi g Gl
DS S5 g gl pendilie o3k Jobo (g
105 Caol quulie (Bg) 4 CuiS Laulyd
ol (oo Cmar Gal3il g S5 o aoms o Jsloo
ey i blpd 3 o8 Jlo S e Iy o
Job (=it camols (Jsils g9y » Sk
e oiilie pd Sl Jobu jod > 4 cendilie
Lol Cpman doeis 53 5 48 oo Mg o JolS yobo
oo Ll 03,55 L5,
posie <3Sl ol sla ol gg—azme 5
@St doyd g Sy e @l si5lsd )90
Al 1y By pad g (p2 gl 4 il ol bag]
ol s sl gine (gylel blod 31 acglis ol S

g &l el conlie gy S pleis 4y ol ol
oo g il s cardilie gla ol S
25

éa-‘).o #*
1. Rider DA, Dombrowski C, Sawyer AA, et
al. Autocrine fibroblast growth factor 2
increases the multipotentialy of human
adipose-derived mesenchymal stem cells.
Stem Cells 2008 Jun; 26 (6): 1598-608
2. Watt FM, Hogan BL. Out of Eden: stem
cells and their niches. Science 2000 Feb 25;
287 (5457): 1427-30
3. Jéger M, Wild A, Lensing-Hohn S,
Krauspe R. Influence of different culture
solutions on osteoblastic differentiation in
cord blood and bone marrow derived

HG 5 Ao g Cou #

L)bﬁ) W'-o*—*“*" A 02’9) PSRN ul‘“’ axllzo u,l
ol gla sl (giluslin 5 ciS (gl wlie
oy aS s iciwl dnes losiwl jre oudilie
9 Bgyad ¢ Jlgwil o ok 4 Joblo 5l 65 i
Sl ples o

Sl oDy pd (59> S358s90 5 ool Sy
e jloads b sbaJolow (19 (otilie (215
U5S osl ol ks M les S eolil gl
S dshe om JPine SLOE (S 3y p e
sl CuiS gy 90 5 ol

Bl (o g maltiene yobo & CulS (gl by 5
Silolia sly pgd b9y > b Pl jo B sy JslS
3 Gl d2gx gl je I condilie o3k Jok
3 308 ladsls Bio jolate 4 (loeinl jae cuiS
Oz 9 Jol o) » plol sae 655k by
Ol U9y Ol Galee 5lad oolial Gody il dls e
A28 VO g Sl & fot sl dlsye 90 a5 Cul
Wilo gl b e Jl )l 0 b she 35500 G
5 ol SlSe Ui 5 b olod Slpuis co
e Spslan e > onimen yS )18 Sk b
ol 0955 0l 4Tl Y (6 sl
awlj ol 393 g 3 lgseinl jre jlade

Rled paseds (lp g b (Slsdyge slne
ol allas 3 e dilie (ol S5l Courer
523 ol 5 ol 559,008 5 35kl (jsmal Cools
ool el Sl ,81 Magy 03y dus ol 4y b Jokes
Syl gldss ol 4 cuis e ) el
olill ey L & WS e Mg SIS g )
sbadslw Lo slS 5l o)l i 0y )0,
sloolad rono culS Lyl yd ot papiilie (o3l
e )3 9 4S8 (oo A 095 Mgt ) (02
Sy o By dmagh L g 958 0 5138 Sjodl



San 5 i) b S5/ 5 G5B p Jsbe S Ea 93 5T amlie v

progenitor cells. Biomed Tech (Berl) 2003
Sep; 48 (9): 241-4

4. Pittenger MF, Mackay AM, Beck SC, et al.
Multilineage potential of adult human
mesenchymal stem cells. Science 1999 Apr 2;
284 (5411): 143-7

5. Smith LG, Weissman IL, Heimfeld S.
Clonal analysis of hematopoietic stem - cell
differentiation in vivo. Proc Natl Sci USA
1991 Apr 1; 88 (7): 2788-92

6. Jones E, McGonagle D. Human bone
marrow mesenchymal stem cells in vivo.
Rheumatology 2008; 47 (2): 126-31

7. lzad panah R, Kaushal D, Kriedt C, et al.
Long-term in vitro expansion alters the
biology of adult mesenchymal stem cell.
Caner Res 2008 Jun 1; 68 (11): 4229-38

8. Eslaminejad MB, Mirzadeh H, Mohamadi
Y, Nickmahzar A. Bone differentiation of the
marrow-derived mesenchymal stem cells
using beta tricalcium phosphate - alginate -
gelatin hybrid scaffolds. J Tissue Eng Regen
Med 2007 Nov-Dec; 1 (6): 417- 24

9. Martin DR, Cox NR, Hathcock TL, et al.
Isolation and characterization of
multipotential mesenchymal stem cells from
Aug feline bone marrow. Exp Hematol 2002
Aug; 30 (8): 879-86

10. Kadiyala S, Young RG, Thiede MA,
Bruder SP. Culture expanded canine
mesenchymal stem cells possess
osteochondrogenic potential in vivo and in
vitro. Cell Transplant 1997 Mar-Apr; 6 (2):
125-34

11. Shao X, Goh JC, Hutmacher DW, et al.
Repair of large articular osteochondral
defects using hybrid scaffolds and bone
marrow-derived mesenchymal stem cells in
rabbit model. Tissue Eng 2006 Jun; 12 (6):
1539-51

12. Jessop HL, Noble BS, Cryer A. The

differentiation of a potential mesenchymal
stem cells population within ovine bone
marrow. Biochem Soc Trans 1994 Aug; 22
(3): 248S

13. Ringe J, Kaps C, Schmitt B, et al. Porcine
mesenchymal stem cells. Induction of distinct
mesenchymal cell lineages. Cell Tissue Res
2002 Mar; 307 (3): 321-7

14. Hung SC, Chen NJ, Hsieh SL, et al.
Isolation and characterization of size-sieved
stem cells from human bone marrow. Stem
Cells 2002; 20 (3): 249-58

15. Nadri S, Soleimani M, Hossni RH, et al.
An efficient method for isolation of murine
bone marrow mesenchymal stem cells. Int J
Dev Biol 2007; 51 (8): 723-9

16. Kogler G, Sensken S, Wernet P.
Comparative generation and characterization
of pluripotent unrestricted somatic stem cells
with Mesenchymal stem cells from human
cord blood. Exp Hematol 2006 Nov; 34 (11):
1589-95

17. Gong Z, Niklason LE. Small-diameter
human vessel wall engineered from bone
marrow derived mesenchymal stem cell
(hMSCs). FASEB J 2008 Jun; 22 (6): 1635-
48

18. Inguell JJ, Erices A, Conget P.
Mesenchymal stem cells. Experimental
and Biological Medicine (Maywood) 2001;
226 (6): 507-20

19. Weiss ML, Mitchell KE, Hix JE, et al.
Transplantation of porcine umbilical cord
matrix cells into the rat brain. Exp Neurol
2003 Aug; 182 (2): 288-99

20. Friedenstein AJ, Deriglasova UF,
Kulagina NN, et al. Precursors for fibroblasts
in different populations of hematopoietic cells
as detected by the in vitro colony assay
method. Exp Hematol 1974; 2 (2): 83-92

21. Friedenstein ~ AJ, Chailakhyan RK,



v (a3 e /AT Dl () (g 030) ¥ ool oan il Jlw s 33 (S ke ol oo alonae

Latsinik NV and et al. Stromal cells
responsible for transferring the
microenvironment of  the hematopoietic
tissues. Cloning in vitro and retransplantation
in vivo. Transplantation 1974 Apr; 17 (4):
331-40

22. Phinney DG, Kopen G, lIsaacson RL,
Prockop DJ. Plastic adherent stromal cells

from the bone marrow of commonly used
strains of inbred mice: variations in yield,
growth, and differentiation. J Cell Biochem
1999 Mar 15; 72 (4): 570-85

23.Sun S, Guo Z, Xiao X, et al. Isolation of
mouse marrow mesenchymal progenitors by a
novel and reliable method. Stem Cells 2003;
21 (5): 527-35



	10.pdf
	11.pdf

