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Isolation of Density Enrichment Fraction of Adipose-Derived Stem Cells from
Stromal Vascular Fraction by Gradient Centrifugation Method
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Department of Endocrinology-Metabolism®, College of Medicine, Kyunghee University, Seoul, Korea

Background: Adipose tissues include multipotent cells, the same as bone marrow-derived mesenchymal stem cells. The stromal
vascular fractions (SVFs) from adipose tissues represent a heterogeneous cell population. The purpose of this study was to isolate
and purify adipose-derived stem cells (ASCs) in SVFs by the density gradient method.

Methods: SVFs were extracted from the subcutaneous, epididymal, mesenteric and retroperitoneal adipose tissue of 8 weeks old
male Sprague-Dawley rats (n = 15) and these were separated into 4 layers according to a Nycodenz gradient (Fx-1: < 11%, Fx-2: 11-
13%, Fx-3: 13-19% and Fx-4: 19-30%). The post-confluent SVFs were cultured in adipogenic medium for 2 days, in insulin medium
for 2 days and in 10% fetal bovine serum medium for 5 days. To observe lipid droplets in SVFs, we performed Oil Red O staining.
Results: The SVFs’ cellular fractions (Fx-1, Fx-2, Fx-3 and Fx-4) were isolated by density gradient centrifugation from the adipose
tissues of rats. The SVFs extracted to fraction 3 (Fx-3) had the most abundant cells compared to that of the other fractions. However
fraction 1 (Fx-1) or 2 (Fx-2) had a superior ability to make lipid droplets. The adipogenic differentiation of Fx-1 or 2 was higher than
that of the unfractionated cells. The SVFs extracted from retroperitoneal adipose tissue had the highest efficiency for adipogenic dif-
ferentiation, whereas the SVFs from mesenteric adipose tissue did not differentiate.

Conclusion: This density gradient fractionated method leads to efficient isolation and purification of cells with the characteristics

of ASCs. (Endocrinol Metab 25:103-109, 2010)
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1. Stromal vascular fraction2| 22|
8539] 471 Sprague-Dawley 3] F|(n = 15, 2427 + 1.3 @& A}
4-5}04 subcutaneous adipose tissue (SAT), epididymal adipose tis-

sue (EAT), mesenteric adipose tissue (MAT), retroperitoneal adi-
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QF5Fek -] A HfE2AS 2% bovine se-
rum albumin (BSA, Gibco, USA)2 €2 Hank’s Balanced Salt So-
lution (HBSS, Gibco, USA)O. 2 A|Z3}o] 22 27Fo & HA5}%]
ot EHAZ 23S 0.075% collagenase Type 11 (Sigma-Aldrich,
USA)E 37°Col| A 308 2]t th-&, 10% fetal bovine serum (FBS),
0.2% Fungizone, 1% Penicillin Streptomycin (Gibco, USA)Z $Hr
3} Dulbecco’s Modified Eagle Medium (DMEM, Gibco, USA)©. &
A ANES-S AHA|AIZ] AL 100 pm YEE o TZ](mesh filter, BD bio-
science, USA)O|| FIHAIA B2 23F 2218 A|AsISITE 200 x gof
A 1042 52t Aalelste] Aol e AE A A 25 A
A3t th-2 3F5L9] Mol A 3EE RBC lysis buffer (eBioscience, San
Diego, CA, USA)O|| 105-7F Aajalal ofxt 2l YJAlEa|ste] SVFE
ot

pose tissue (RAT)E

2, H|IB0| E Mzl 22|
30% wt/vol 9]0l 19%, 13%, 11%2] =¥ H]H<: Nycodenz
(Sigma, USA) bufferE TH= th-S A|W22] 9] SVFE 11% Nycodenz
bufferoﬂ o] 250 x goflA] 304 52t YIS A5 Hat 7t
ZAAH(interface)o| Al =33F SVFE 22} Fx-1 (< 11% Ny-
codenz), Fx-2 (11-13% Nycodenz interface), Fx-3 (13-19% Nycodenz
interface), Fx-4 (19-30% Nycodenz interface) 2 5} Ch

3. KEMZEZO| B3 =

AR 225 2F B819] SVFE 10% FBS, 0.2% Fungi-
zone, 1% Penicillin Streptomycing ¢33t DMEM H[jX|(Comple-
ment medium, CM)®f| 3]43}0] 12 well plate®]] 1 x 10° cell/mLE
o] 37T, 5% CO, B F710lA i Fstaict. 271 24A17F Fof] K2}
E)R] 92 A= phosphate buffered saline (PBS, Gibco, USA) 2.
2 AHsto] AASE - 239 Ao A2 ujAE nekshHA
SESHdEfo] o] 5 w7HA] viekstich AHA| =0 #3} FeE ¢
af HjFYoll 520 uM 3-isobutyl-methylxanthine (IBMX), 1 uM
dexamethasone, 1 mg/mL insuling A7}eF A RA| 32 B335
A(MDI medium, Adipogenic medium)& 247} A 2]t th-2 1 mg/
713t ¥R |(nsulin medium)& ThA] 2U7F %25}
Stk CMO 2 6 Fot vjoFalH A ZHF ¥-e(lipid vacuole) 2] &4
opg nje 2 sl

e [inaL
mL insulingH-&

AMPAES] B AT L 48] ZHE o % 9 Oil Red O
staingr ©]- &3}tk A|EE 10% formaldehyde® 304 11743+ Zof
60% isopropanol @ A&t Th-2 60% isopropanole] Oil Red O
(Sigma-Aldrich, USA)E <] Oil red O solution & & 304 o4} &
ASEGIT). AR Al Z = AAnl o = sG] om, 100% isopropa-
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nolZ Oil red O de-stainS 3} ELISA Reader (Model 680 Micro-
plate Reader, Bio-Rad, USA)ZE 490 nmof|A] SF=5 ZA3|3T]

2 I

2 Ao BEE SAT7E A A1) 50292 o] 7H g

31, EAT 22.8%, MAT 15.8%, RAT 11. Z%E ARG om )| A
o FHF 47 + 0.2 gQTHFig. 1. TFE 5% 9] Nycodenz bufferE ©|
§5to] YAEYE o Ay U E}E} 471] &2l SVFE
= = Al

2. RIZ R X|E7 | HZo| ofut 2ot B
Trypan blue PAMH 0 & AHZAHZ Alolgliz A3 22 =
Jot A}, MATZHE EelE AZM-SVH2] 47} 714 ko,
E-SVF, S-SVE, RSVF 224 Q1H(Fig, 2A). S-SVE2} R-SVF= post con-
fluenceo]| TE3l= &7l whekom M-SVFR} E-SVFE= Atz o

=

N
[$,]
1

Percentage of ATs

% ATs of body weight

I..L

ATs EAT MAT RAT

Fig. 1. Amount of adipose tissues is most extensive in subcutaneous, epididy-
mal, mesenteric, and lowest in retroperitoneal adipose tissue. Data is ex-
pressed as mean + SE.
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P

£8 Rk 7Y B AMPAIER I ATk A
A5} Akeb= Wkt R-SVFQ] 53171 714 2 o] R0l
S-SVFE &2 238 B o E-SViE Atz o g Eslr)
EJA] QFUAL M-SVFE= o7} 719 o FofR[A] Rkt ok A
A|3Z 9] Lipid vacuolesol A& HFzZo]| W 2polE #a}gir)
oFe WA A7)7} 2 lipid vacuoled HYE S-SVFo] |3}
E-SVF= A8 o &2 ¢Fol ARt Atted lipid vacuoles &/J5}
3L AT R-SVE= AYA| 2] o] 71
E3 - HolqlTh(Fig. 3).
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(Fig. 2B). 2}0] 42 RATRRE| Ha|g A| X Fx27} Fx-4 50} ok
A9t T2 2 H}RAL Fx27} Fx-4 2T} A 22 427} A QJck CMO.2 2

U Fe vioFRlS o whEkE Al o] Mok fefE ApRA] 9 2
Zlo|| Alkglo] TIE A-9-okA| E(fibroblas) ] FE|Z 2}Ho]7} 412

4, 220 e X|Lx2E x|
2SS ] S SVFE d R con 2 & 3t 23S e
SVFE AMAE 2 79 5t 23HAA drf73 2t Oil red O stain o &
2Relatgict 23 794 E3ks o) Elof whet lipid vacuoles®] =
719} oFo] G3t) S-SVFY} R-SVF= BE H3loj4 HAZ oz A
U EZE 127 FA5}9ItHEig. 4). 12 E-SVF= HEHo g
B3P} o] Rolgon H8jo] e QA ool Zol7t LS
Hu|7go g PG, M-SVFE LA EES 7 9] ZtolE 4= ¢)
t} &A% A Oil red O staing 3Fo] @n)F o2 B3} AHr
geletds o, £ttt 12 BotE HAH S-SVFR} R-SVF=
ot Aoz Zoh-go] HojA|

7|2 Eot =

) mlm 32, mlo

ok
¢

EATe Apol 5 Belsly] ofF

50 The number of cell fractions
W Fx-1

= 40F o Fx-2
= 0O Fx-3
g 0+ O Fx-4
=
5wt
3
=
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Fig. 2. Cell numbers of undifferentiated SVFs were estimated by trypan blue staining. A. Mesenteric adipose tissue had the most abundant cells than other adi-
pose depots (MAT > EAT > RAT > SAT). B. SVFs extracted to fraction 3 (Fx-3) had highest cell numbers than other fractions.
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Fig. 3. Post-confluent ASCs were cultured in adipogenic medium. On day 7 of
adipogenic induction, lipid vacuoles were observed within the ASCs, and a sig-
nificant difference was detected in the number, size and distribution patterns of
the lipid vacuoles (magnification, x 200).

£ ESVFE ti2e] Hisl £88 UrRole of 237t & =9ict
(Fig. 4). Oil red O de-stain®. 2 E3}-8-& HoFEAlslo] WA
ol Baldya B3] oFALS )WYtk S-SVEQ} R-SVF= Fx-22)
B3}go] 714 S48 Ao 2 Vel on S-SVEQ} R-SVERT 717}
24, 158 52514 %8 23} 58S HYrhFig 5). E-SVFQt
M-SVFE Fx-10] B31-8-0] 714 =94l E-SVF= S-SVF, R-SVFo]|
HlgllA E3hgo] AAF O R A HojA|= 42501900, M-SVF=

719 23 EA] R kTh(Fig. 5).
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R-SVF

Fx-3 Fx-2 Fx-1 Control

Fx-4

Fig. 4. Comparisons in the differentiation were examined by Qil red O stain for
adipogenesis. The retroperitoneal and subcutaneous adipose tissue derived
stem cells had the highest efficiency in adipogenic differentiation whereas the
mesenteric adipose tissue dereived stem cells did not differentiate (magnifica-
tion, x 200).

351 The mean level of adipogenic differentiation
30 control
W Fx-1

§ % m F2
-é’ 20 O Fx-3
o O Fx-4
S 15
I
3 10

0.5

H Nz [Simimh
S-SVF E-SVF M-SVF R-SVF

Fig. 5. After Qil red O staining, the optical density of il red O-positive cells
was assessed by ELISA reader. The retroperitoneal adipose tissue derived stem
cells had the highest efficiency in adipogenic differentiation. The adipogenic
differentiation of fraction 1 or 2 was higher compared to that of the unfraction-
ated cells (control) and other fractions. Data are expressed as mean + SE.

Az, WalHlZ, AGAE, APATAE 5 o] AE7F E3HE o]
AEH20-23]. == 9l 2A 02 RE 54 Pﬁgﬂ*ﬂi(mesen—
chymal stem cell, MSC)+= UHFAQ] uljoF Abefjo| A M| ZHE 23S

7IA|H, in vitroo| Al THESHsS 2H g %J. gl
= Al 7] B 7R AL QJeH4). MSCE #gEolu: 2|

EO]J—7 ";'ﬂ— :ﬂ;o]
Ao

L2 S GFAHEEAZ|(FACS) Z-2 AN ZEA7|(MACS)
2 F7NEYS SISty Uubz o @ MSCof| ARl A
= 28N E 9 I A5 3]l CD34, CD45, CD14 (=
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CD11b), CD790. (= CD19), HLA-DRo|H, %kAJ3}4|= CD105,
CD73, CD90OTH25]. SVE= Z7]43E 314191 CDI66, CD44, CD29,
CD73, CD90, CD105Z 7}A|1L 9l.on 0|5 Y-S passage”} 27}
slo| ul2} 718kl CDI11, CD14, CD45, CD34+= passage”} 57}
SE H]—‘c‘c]o] 71—/\Q7‘11,]. 04011]1;]_ [26-28]. 1311,]— /\].a}-_]/]- %4
ASCOA CD90, CD34, CD106, CD105, Stro-1 %7] passageo]|A]
o] 2 U= 5 whslo] 7P A o]tk ASC2} bone marrow mesen-
chymal stem cell (BSC)+= H]|S23t & 7FA] 3L QIANE o]& ALo]
of sl ele] o] BeolA heho0L Eet A ol
SJelo A ApkEl 7318 Mol 495 I ¢l Zuk S0
Q0|4 e 7N EIME 28 T el cD3ie) Vg
o] uj> Fkth Planat-Benard ${311-& CD349] H]-&-& 90% oA+
olglal Hi1glom Miranville 5321 FEZ 24 oi=2Aqk
oF 30-60% 0|4} AHA|FHATHTL WIS ol et 2271

5 Belotet glof 7=l ofEFo] EAsh EHa E4
= &R Z7|MEZE 719E FRlsl = Aol AR g 3
ot Zefuy & Atods BEAS YRS ol8sto] dofdl
SVFE| e}l w412 AldiehA] 5o 2a Ak, 2ol
Aolg st | AV Yo nw olF neksl] giat B
7} A7t D@ Aoz AbRET)
838 =71 SD ratQ 2HE 3 AL SAT7} 50% ©)A¢
2 ZFA|5}9 L, EAT, MAT, RAT <=o]ich 1e8juf zF AjHlxA o 2

HE 53 SVFO| A2 = MATOA 74 whgken, 71 thol
EAT, SAT, RAT £¢1 A2 2 Hol v}kl SVFQ] A|Z4=7} vle|s}
7o) o2 o % sieh. S, 50% oS A3 a1 7
§ SVES] AJE47F ALk S SAT ol e AT} B8
< onjeb B2 MATE 22|5F0] 22 thg <3 Al 2=
A%17] wizoll SVFO] A|Z4=7F Wt 2o 2 Kok
SHH, NycodenzZ o] 83 WA S YAEe| 2 SHHE SVF= 4
91 Ao =R 33 2eo] 7 ekt Zreu AA|
F20) 2307} 7P 2 H REL o 909 Aol o] 1}
oI 3 e Bl B34 ol
2 RSP ol ol RO ABHLE Bop % 9]
Z7|H13EE 7P homogeneoussHA| 7HR|aL Qlom AT 2}-5-9
125 Saf 7P B2 A7 2AE Al | 22 A7)
L 2K 9] heterogeneousdh= 2Ju]3ttt Density gradient?] percoll
2 0]8-35}9] rat?] inguinal tissue?] SVFE 2|5t Ao A= A ¥
A|(1.018-1.033), T HA|(1.033-1.049) E&Jo] homogeneouss}H, Al
HA(1.049-1.062) 32 FEfALO 2 = heterogeneoussTial K il
SFRTH33]. ERF #2S WAl 92 SVFS} H| gl off £85 o
e SVFS] 23} A& vlwe i A HA B T A 2] £
218 ) b svEsct ot Bl Stk uebd WAl
R} Az o 2 £7MES S50 o] glo] e}
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u B1gh A A7kl X)) Rl Kol A B 248 A
715k U] 71AIERES B NycodensE o]-8510] 71442
2 URAEANRslo] o] BaG Yo} Z7hg vl
23} o] o2 A BINES LR BEE Gumsto] 4

1, Fx-2 FX—3 FX—4)O 1: /‘ﬂ H‘]FH
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ko 2 B} 71 2 = AR 22]2 retroperitoneal fat tissue
.o 11 20| subcutaneous fat tissue¥al, epididymal fat tissue
© JHHe R Eolgo] HolAle Jle WSt Mesenteric fat
tissue= E317} A9 E|A] &Frct

A2 AUz, R AYRs 7ANES el et

S 2H Ao R #3F 50| S AYETNEE 2

http://www.enm-kes.org



1. Jun YJ: Recent Development trend and prospects of adipose-derived stem
cells on nerve regeneration. Korean Tissue Engineering and Regenerative
Medicine Society 5:51-56, 2008

. Yang YT, Kim HI, Seo JY, Choi MY: Adult stem cells as cell therapeutics
for angiogenesis. Korean Tissue Engineering and Regenerative Medicine
Society 4:484-489, 2007

. Ferrari G, Cusella-De Angelis G, Coletta M, Paolucci E, Stornaiuolo A,

ro

(S8

Cossu G, Mavilio F: Muscle regeneration by bone marrow-derived myo-
genic progenitors. Science 279:1528-1530, 1998
4. Kuznetsov SA, Friedenstein AJ, Robey PG: Factors required for bone mar-
row stromal fibroblast colony formation in vitro. Br J Haematol 97:561-
570, 1997
. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca JD,
Moorman MA, Simonetti DW, Craig S, Marshak DR: Multilineage poten-
tial of adult human mesenchymal stem cells. Science 284:143-147, 1999

N

6. Prockop DJ: Marrow stromal cells as stem cells for nonhematopoietic tis-
sues. Science 276:71-74, 1997
. Woodbury D, Schwarz EJ, Prockop DJ, Black IB: Adult rat and human
bone marrow stromal cells differentiate into neurons. J Neurosci Res 61:
364-370, 2000
8. Jiang Y, Jahagirdar BN, Reinhardt RL, Schwartz RE, Keene CD, Ortiz-
Gonzalez XR, Reyes M, Lenvik T, Lund T, Blackstad M, Du J, Aldrich S,
Lisberg A, Low WC, Largaespada DA, Verfaillie CM: Pluripotency of mes-
enchymal stem cells derived from adult marrow. Nature 418:41-49, 2002
9. De Ugarte DA, Morizono K, Elbarbary A, Alfonso Z, Zuk PA, Zhu M,
Dragoo JL, Ashjian P, Thomas B, Benhaim P, Chen I, Fraser ], Hedrick
MH: Comparison of multi-lineage cells from human adipose tissue and
bone marrow. Cells Tissues Organs 174:101-109, 2003
10. Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang JI, Mizuno H, Alfonso
ZC, Fraser JK, Benhaim P, Hedrick MH: Human adipose tissue is a source
of multipotent stem cells. Mol Biol Cell 13:4279-4295, 2002
. Zuk PA, Zhu M, Mizuno H, Huang J, Futrell JW, Katz AJ, Benhaim P,
Lorenz HP, Hedrick MH: Multilineage cells from human adipose tissue:

~

1

—_

implications for cell-based therapies. Tissue Eng 7:211-228, 2001

12. Strem BM, Hicok KC, Zhu M, Waulur I, Alfonso Z, Schreiber RE, Fraser
JK, Hedrick MH: Multipotential differentiation of adipose tissue-derived
stem cells. Keio J Med 54:132-141, 2005

13. Grégoire F, Todoroff G, Hauser N, Remacle C: The stroma-vascular frac-
tion of rat inguinal and epididymal adipose tissue and the adipoconversion
of fat cell precursors in primary culture. Biol Cell 69:215-222, 1990

14. Alpini G, Phillips JO, Vroman B, LaRusso NF: Recent advances in the
isolation of liver cells. Hepatology 20:494-514, 1994

15. Innes GK, Fuller BJ, Hobbs KE: Functional testing of hepatocytes follow-
ing their recovery from cryopreservation. Cryobiology 25:23-30, 1988

16. Munthe-Kaas AC, Seglen PO: The use of Metrizamide as a gradient medi-
um for isopycnic separation of rat liver cells. FEBS Lett 43:252-256, 1974

17. Dabeva MD, Hwang SG, Vasa SR, Hurston E, Novikoff PM, Hixson DC,

http://www.enm-kes.org

Kim MK, et al.

Gupta S, Shafritz DA: Differentiation of pancreatic epithelial progenitor
cells into hepatocytes following transplantation into rat liver. Proc Natl
Acad Sci U S A 94:7356-7361, 1997

18. Rickwood D, Ford T, Graham J: Nycodenz: a new nonionic iodinated gra-
dient medium. Anal Biochem 123:23-31, 1982

19. Ford TC, Rickwood D: Formation of isotonic Nycodenz gradients for cell
separations. Anal Biochem 124:293-298, 1982

20. Rodbell M: Metabolism of isolated fat cells. I. Effects of hormones on glu-
cose metabolism and lipolysis. J Biol Chem 239:375-380, 1964

21. Rodbell M: Metabolism of isolated fat cells. II. The similar effects of phos-
pholipase C (Clostridium petfringens alpha toxin) and of insulin on glu-
cose and amino acid metabolism. J Biol Chem 241:130-139, 1966

22. Rodbell M, Jones AB: Metabolism of isolated fat cells. 3. The similar in-
hibitory action of phospholipase C (Clostridium perfringens alpha toxin)
and of insulin on lipolysis stimulated by lipolytic hormones and theophyl-
line. J Biol Chem 241:140-142, 1966

23. Rodbell M: The metabolism of isolated fat cells. IV. Regulation of release
of protein by lipolytic hormones and insulin. J Biol Chem 241:3909-
3917, 1966

24. Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F, Krause
D, Deans R, Keating A, Prockop DJ, Horwitz E: Minimal criteria for de-
fining multipotent mesenchymal stromal cells. The International Society
for Cellular Therapy position statement. Cytotherapy 8:315-317, 2006

25. Kolf CM, Cho E, Tuan RS: Mesenchymal stromal cells. Biology of adult
mesenchymal stem cells: regulation of niche, self-renewal and differentia-
tion. Arthritis Res Ther 9:204, 2007

26. Gronthos S, Franklin DM, Leddy HA, Robey PG, Storms RW, Gimble
JM: Surface protein characterization of human adipose tissue-derived stro-
mal cells. J Cell Physiol 189:54-63, 2001

27. Mitchell JB, McIntosh K, Zvonic S, Garrett S, Floyd ZE, Kloster A, Di
Halvorsen Y, Storms RW, Goh B, Kilroy G, Wu X, Gimble JM: Immuno-
phenotype of human adipose-derived cells: temporal changes in stromal-
associated and stem cell-associated markers. Stem Cells 24:376-385, 2006

28. Katz AJ, Tholpady A, Tholpady SS, Shang H, Ogle RC: Cell surface and
transcriptional characterization of human adipose-derived adherent stro-
mal (hADAS) cells. Stem Cells 23:412-423, 2005

29. Yafiez R, Lamana ML, Garcia-Castro J, Colmenero I, Ramirez M, Bueren
JA: Adipose tissue-derived mesenchymal stem cells have in vivo immuno-
suppressive properties applicable for the control of the graft-versus-host
disease. Stem Cells 24:2582-2591, 2006

30. Haniffa MA, Wang XN, Holtick U, Rae M, Isaacs JD, Dickinson AM,
Hilkens CM, Collin MP: Adult human fibroblasts are potent immunoreg-
ulatory cells and functionally equivalent to mesenchymal stem cells. J Im-
munol 179:1595-1604, 2007

31. Planat-Benard V, Silvestre JS, Cousin B, André M, Nibbelink M, Tamarat
R, Clergue M, Manneville C, Saillan-Barreau C, Duriez M, Tedgui A, Levy
B, Pénicaud L, Casteilla L: Plasticity of human adipose lineage cells toward
endothelial cells: physiological and therapeutic perspectives. Circulation
109:656-663, 2004

32. Miranville A, Heeschen C, Sengenes C, Curat CA, Busse R, Bouloumié A:
Improvement of postnatal neovascularization by human adipose tissue-de-
rived stem cells. Circulation 110:349-355, 2004

33. Gaben-Cogneville AM, Aron Y, Idriss G, Jahchan T, Pello JY, Swierczews-
ki E: Differentiation under the control of insulin of rat preadipocytes in

DOI: 10.3803/EnM.2010.25.2.103



Isolation of Density Enrichment Fraction of Adipose-Derived Stem Cells from Stromal Vascular Fraction by Gradient Centrifugation Method 109

primary culture. Isolation of homogeneous cellular fractions by gradient 2002

centrifugation. Biochim Biophys Acta 762:437-444, 1983 35. Ashjian PH, Elbarbary AS, Edmonds B, DeUgarte D, Zhu M, Zuk PA,
34. Safford KM, Hicok KC, Safford SD, Halvorsen YD, Wilkison WO, Gim- Lorenz HP, Benhaim P, Hedrick MH: In vitro differentiation of human

ble JM, Rice HE: Neurogenic differentiation of murine and human adi- processed lipoaspirate cells into early neural progenitors. Plast Reconstr

pose-derived stromal cells. Biochem Biophys Res Commun 294:371-379, Surg 111:1922-1931, 2003

DOI: 10.3803/EnM.2010.25.2.103 http://www.enm-kes.org





