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The Research of Clinical Separation of SVF (Stromal Vascular Fraction)

LI Zhiguo, ZHANG Fangfang, LIU Yue, LIU Jianxing, JIN Liang*
(China Pharmaceutical University, Nanjing 211100, China)

Abstract

histocompatibility and little influence on donors. SVF (stromal vascular fraction) is a heterogeneous group of cells

Adipose tissue is an important source of stem cells because it is easy to access and has a good

isolated from adipose tissue, including ADSC (adipose derived stem cell) and stromal cells. According to a large
number of clinical trials, SVF has been proved that it can promote tissue to repair and regenerate, especially in cos-
metic surgery and tissue repair. In the early stage, SVF was obtained by enzyme digestion. With the extensive ap-
plication of SVF in clinical practice during recent years, in order to ensure patient safety and quality control, some
new automatic separation equipment was developed. Meanwhile, in order to meet the regulatory requirements of
some countries and avoid the use of enzyme, non-enzymatic digestion method becomes a way of obtaining SVF.
Therefore, current essay is primary to make a detailed discuss about reported clinical separation ways and related
equipments based on the enzyme digestion and non-enzyme digestion.

Keywords stromal vascular fraction; enzymatic digestion; non-enzymatic digestion; separation equipment
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75 3 it 52 PRI B S OB, P R /AHL 40 R 2 T
R A ) B AR . 55— 5 1T, SVEAS[RI 40 i o
WA KPR A W IR 7 () W AR EL B RAE ), 40 ADSCr™”
AT IS N 2 AR K K (vascular endothelial growth
factor, VEGF)H BT N L4 i IEF2, P B2 AH 40
FEAR I INRRT A2 AR K R (platelet derived growth
factor BB, PDGF-BB){£ i ADSCH3E 4 51T % 1.
SVFAER T ERAS . HERCGR I & LR, I 1
P AR S 2 P R R I R VR AR, Al
BT 12 B PR B FH A 550

SVFI 7 S 77k Bl MR 4t —, B2 T Mg A 2
AT 43 B A AT R BT A k. Bl AR R
T8 BRITAY I T 16 A O I J7 248 P 9 55 J5i (extracellular
matrix, ECM), AEBEH LA R FAL . B0, R,
10 e S5 B B ) B T VR B RECM, B T A L )
UL 5y BRI AL BISVFROR Bl A = &
&, SRR AR R B 2R G 52T G
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ECM, Bl &5 S5 4R AT . S 56 BT 72 A0 PR A
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HEAT 58 7005 M e Lhusk /> Bl 1) 5k B o
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BT R T AR, RELSVE, 18 R
Tl 7 0 5 Y8 5 WG R ) T 20 VR B, e i AT AR T 4L 2
REWA3T CCIREN M. B0, WAL e 5

BP R4S 2ISVE, 3 BS Uit Wl 1. R 75 3R A
SVF4H il & 7£10/5 21130 /7 2 [8l (5 = T+ N5 17), 40 i
1795 R AE65%3193%2 18] 2 15 A7 3G ) 2
SEZEEEIRE . WK WAREAL . AR
A . JINZEVLR H VR B M0.1% 0.2%1 T8 i
JER it 3 ) A i 7 42420 40, 60 min, 25 EOR,
FH AR FEE DR 1% 1) Ji T 1 41 A JE 7 60 mini), 40 i ™= &
1% 51 TSEKOURASEEEIZ: il WA IE . 3. K
B A AU S 5 43 BSSVE, KR P iR S VF4H B % =
B T A A X 3R, 4 55 9% )5, ADSCHI41 A
BEAE93.12%~96.14%. TRIVISONNOZPE % 4;
HIM AR EE (E A3 mm, B ) AHEE (H 422 mm,
5703 1) AR, B e H R D ORE B /)N, U o)
A AR (2.91%10° cells/mL) & Fr#EER 73 B SVF
Y1 H B P 1% (1.38%10° cells/mL)

Il PR 43 B SVF A 3R 15 /2 1 (1 241 M £ &=, fRAIE
FAEERE, ILFE B nE. HEMEHE KRR
B0 B SV IR 20 i 250 A A R vis 0 mT AR AR B R
()22 5, FRAE AR RE B A VR ) ] ] B 2 3 RS [F)
IR Z TG T 30OR 22 5 1 R R, AN 38 K B A
PG D 2H 2R
1.3 ETREMEIERE

T2 BRI AV 2 0 SVFAR 28 A 4
TR, UM IR 2 k. AR nlE
SRR SR, AR T —RYIEES /A
AN B SVEREA (% ). XU {5 /[ 305 B %
K2 HAR B /E S BIAEL, g ES Se =
F L ERAEMEL, SR, B0, Pk
TR RIS SVEAIIL. 5F T8 AR &,
FReIEHLE MBS, XS agRed i A5 Y). A
by M SESHRAL G T A AT AL B R A e
0 UKL (P R A% B /N HL38) — Ak, BRI 17 2H 2Ok A2 5%
SVFAS 3 FZH B 28 (1) R0

FR A B I R FCARIE , IR 43 B 46 FH % 4%
PA Celution®. GID-SVF1®. ADSC Extraction Kit®.
Transpose RT(TPU)®. Cha-Station®Z A+, [ i
b Ak 5 2% 7 B v T /R 7R 2 S 1R 40 B P 2
1001522 1, Celution®* R4 Z R iEw ARG+
SVF4 i ™ & i = i 70 B KRG 2 — , BUASERIM G —
(CONFORMITE EUROPEENNE, CE)Z; il Al = J7 2%
P V], RISEELR 5HGYT , {2 B ATIE R4 FDAL
#E b7, BN IR IE E S . GENTILEZ T
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Washing /three times

7 Pellet layer

Bl 2D BESVERIE
Fig.1 The process of classical enzymatic separation of SVF

# 1 Celution®. Medi-Khan LipokitFFatstem® —F 4}
H AR Y, Celution® R G40 = & (5%10° cells/g) i /=1 »
ARONOWITZ!" L5 T Multi Station. CHA Biotech
Cha-Station. Celution 800" F1Medi-Khan LipokitV4Ff
AN[E4TBS 25, Celution 80073 B 2 R e i, 4l
;7 2.4%10° cells/g, 40METE 118 93%. GID-SVF1*®
oL S5kt — AN e 2B A )\ A ARG, BCEFr
HE Ol PIRUBEAL BT, — kiR % AT Ab 2 500
mLAg T, F EAZ & nl SERb Rl 2 B = N B 2
7KF-. ADSC Extraction Kit" 5 #:1 T \ L5 25 /572,
HAS () i oy i i N SRR AR, TN 37 °CHE =48
HAS I RE 58 30 min, 5400t B0 AR B R BEG 2
BB . Transpose RT(TPU)® £ S it A 481 N T F
THA S ESVE, A8 — A E s B = (T LA
BCAIGEER ) PIANVES #8 (T 0 1 T e v F
PV R ) I il i€ %%« Cha-Station® & — A&
W H B s, 71— MREITR. IRZE0%
o MREEOHL. 100 pmPERE . AU EAS , 1%
2% A I S TR R IS IE SVFI o B T . B
Multi Station ¥4 /& — M TEh AL R G, BN
TorEdRE, W&l —MRG /MRS, REES
BB O, B W& I BAE— AN A ok S
R AN R B AR e b . o — e A H
A BB AT AR B M, R AR B A G
BAR BT
14 ETEHEESBHISVFRIIRR B E
SVF{ENADSC I a4, #1% T ADSC,
IR, WD SNEY L, [RGB T 4ERFADSC

TER N IS EIRE . IR FHSVE 2l 1 B vH
WESRAS, M TR B8 K0, U, 1
HAa . W IRAETE 5 48 LA SO LRI R S I
AU, AL T AN R I PR FE R B[R] B Dhyak 397
Rt KA, SVFRR B A1, Al & & /MR I
¥ (platelet-rich plasma, PRP). £F4EfE . HMFAR
B2 AE HoAm AR BRI T T B, B0 I K ge W2

2 JFEEIHE

B A5 EORAE SVFINAS & By, LA
W, WAL 1 glRlT 2T I RO & 25 i A i B
PRIV (Good Manufacturing Practices, GMP)Z% ] ]
IR g A N 238 T0 2 53R T, [N W& B2 R H
—URMEFRERS , A AEAT IR 1 DR Bl 35 5 AN 78 2 i - 3
A RSN A5 2 I, B AELEATT &
5 [ B 5 24 2 4 e BHE PR (Food and Drug Ad-
ministration, FDA)FIER I & i 24 i I B 2R (Bu-
ropean Medicines Agency, EMA)# Hi i« S A 5 i 4
AR, BB A R AT e 2> 238 SV A=)
SEERRFAELTS R, 2R AR SR SVFIE R
W FDAMIEMALAE T 1m0 ARl v A0 O ZH 23k
SVF(tissue SVF, tSVF) M4}l F:SVF(cell SVF, cSVF)
TSR T m PR o AF Bl Ak T OB T IR 3%
W S AT IR o A S AT B, 7385 8 00 B
I UESE TSR IS V.
2.1 Nanofat

Nanofat;& SVF) — 1, 55 M & S H 40 fu A
SVF(cSVF)AN ], #i AR AL ZURESVF(tSVF) . Nanofat
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Table 1 Separation equipments based on the enzymatic digestion

Jii: AR e A 4y YIS ) K
Method Company Devise Cell yield Cell viability Picture
Semi-enclosed and automatic ~ Tissue Genesis, Inc Tissue Genesis 7.02%10° cells/g 80.70% m

= =

Icellator!'>"!

Biosafe

Enclosed and automatic Cytori Therapeutics Celution800/CRS [ 5x10* cells/mL 63.00%

2.4x10° cells/g 93.00%

Stempeutics Research Pvt. Ltd Stempeutron''*

Hurim Biocell, Inc Huricell

SundarRaj Automated system!"”! 1.17x10° cells/g ~ 90.00%

Biosafe Group SA Sepax 2" 2.6x10° cells/mL  62.00%
Semi-enclosed and manual ~ Medikhan International, Inc ~ Lipo-Kit GT!"" 4x10°* cells/g 72.00%

Eurosilicone Puregraft 250" 4.25x10° cells/lg ~ 77.45%
Open and manual PNC International MultiStation'" 1.1x10° cells/g

N-Biotek, Inc Beauty Cell

Cellthera, s.r.0. Cellthera Kit I'"¥

GeneWorld ADSC Extraction Kit!"

InGeneron, Inc Transpose RT™ (TPU)"*"! 88.00%
Semi-closed semi-automatic ~ Cha-Station Cha-Station!"”! 1x10* cells/g

Medikan International, Inc STEM-XTM

Enclosed and manual GID Group, Inc GID SVE-1ME!) 7.19x10° cells/mL ~ 83.00% ﬁ%
w
il 3 -
LifeCell Corporation Revolve System®?! 5 1
. . Eii=
Proteal Stem.pras with Duografter [T 5.35x10° cells/g ~ 69.30% -

“on s RRAE A B A S B IS VE A I 4 P 7 e B 200 M A7 T 26
“--<” means cell yield and cell viability of the SVF separated by the equipment are not tested.
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Table 2 Clinical separation method based on the enzymatic digestion

I A i fE#& YRS #5277 30 I R B B BEHE
Clinical application Author Separation method Way of administration Level of clinical Number of patient
Bone/Joint/Tendon BANSALP! Open and manual SVF+PRP Case series level IV n=10
injuries HONG™ Open and manual SVF Level I n=16
KIM/CHOI™! Open and manual SVF+fibrous protein Case series level IV n=17
KOH/KWON/ Open and manual SVF-+high level osteotomy Level IT n=21
K12 +PRP
PAKP" Open and manual cSVF+PRP+HA Case series level IV n=3
Chronic wounds CARSTEN GID SVF-1, SVF Case series level IV n=10
CERVELLI®" Celution” SVF+PRP Level 111 n=10
HANE Open and manual SVF-+ibrous protein Level II n=26
Urogenital injury MIZUSHIMAP"  Celution system SVF-+ibrous protein glue Case series level IV n=6
ANDELKOVF?  Celution”800 SVF Case series level IV n=6
Cardiovascul/ COMELLAP Adipolase™ SVF Case series level IV n=28
pulmonary diseases
Peripheral nerve injury  MAUSKOP® Open and manual SVF Case series level IV n=9
BRIGHT™ Open and manual c¢SVF+PRFG Case series level IV n=4
CALGAGNIP® Celution®800 SVF-+fat transplantation Case series level IV n=5

W FL A A FRIR R P e Al A, SRR — R
cSVFRYH L K 7 1 st 454, TERCRE T AT 2L A e
2 N H . Nanofatffil] £ 38 i 8 F 542 81 mm 1) H)
MIFLI 22 05 113 mmZB BB AR, 2 J5 M1
10 mL[FVE S 2% i B30, B A G AR 11 oA A
W, Z )5 FH B 204 ik 9E, B8 B AR W Nanofat™ 1,
X FhNanofat A8 % B 1225 5 A ) 2% 57 Jok Ul A fef )7 ik
IR, 3 P TS R e s R
Nanofatfg 78 73 PR FFADSCH) T4, & H T 32 = Ie i
R R0 B it 1), B FLAR I AR P AR i 22 i 4 A e
AR, 251 R JR3BI) 90 B, cSVFAHE T Nano-
fat, 410 & 5L BE iy, JBE G0 9 RE S N L & A T R
K R
2.2 ETIEEEF I ESVF

N LF5h45r BISVF A SL 5 = 5 H 10— Fh AR 4>
BTVE, BB O I’ RS IEBIRECMAR i
LRI, (EEFRAE S BRI AFE BOR G, 4 B (4
MR TS, —Se T35 B i AR 2. Bl
— R R B B0V, TS HIE200 xg~500 xg, &5
O3 PBE 75 L4 1)/ R 22 R 4 M 1 s b, [ 3R
Rt P 40 M 0 R P o T R O 4 R AR R S 2 RO
MR, T B B0 Yk, B SR Ik 2 R T o
FCHUAAR R AE SORE RS USRI 37 16 15 FH sl LA R
Vil 7124 T BEECMAT A M (1) SR 4 . WIRAPOSIO

K FH6 0007 /minf] = 415 5 A FF 22 4R %36 min, ARUE
£ 41 1 24 5 1 A A PR R 195% . CHAPUTSEMER:
FH3 200/ /minimiit6 min, 55 it L4l A7 3G AL
N BEREE ) —F, ER AR SV B (colony forming
unit, CFU) I & 15 T B fif 4 .
23 ETIEMoEgE

1552 = Fah /B ISR, SVEIR B EAR
T escdk, — 28 5 3l 3 B 5 A AR 4R BT R (FRd). AL
(ko o S NG N - N E R S S R s
%, MO 4H — Sl &/ EHRE L, B2
S EHISVFAIIALE . A%, & 2R Lu il F2
BRKER, BlEEANGEAT. Tali i, #iER
B8 1 2 S 1 R R A

TIRYAKIAE PR A [ il 3 P S J7 7 2% B 0y 155
SVF, LW &456 T B B R E 8
B, & SH A Sl R =, ST R =y
AIZEET 000 pm. 750 pmA1500 pmf) 4@ I, 1% 7
Ji A ) = TH R 35 B R L, AT TRI N R = AN
U Y Y N NE AN S 2 RV S LB i R e YV PE )
%, Teli 2OALEEIR G 508U 2, RINSVEZ.
6 356 E 2 iR i EAT B o B A AU A4 A B AT
THAAR R AR AT L, 45 R B, BE A 4n i = &
(3.38%10° cells/mL) &= FHLRIH AL (1.34%10° cells/mL),
Z H B TRIE T AL AE 1 2 1 [ A 2 o
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Table 3 Manual separation methods based on the non-enzymatic digestion

Jivk (= 0 e/ I EH NG ADSCHH it &/ /I 117
Method Author Cell yield/adipose tissue Cell viability ADSC yield/adipose tissue
High speed GONTIJO-DE-AMORIM™ 1.62x10° cells/mL
centrifugation MARKARIANH! 2.5%10* cells/mL 65.00%

BAPTISTAM 2.40x10° cells/mL 1.200%10* cells/mL

CONDE-GREEN*"! 2.30%10* cells/mL
High speed shock ROMANOVH

RAPOSIO™! 1.56x10° cells/mL 6.25%10° cells/mL

CHAPUT™! 54.53% 1.00x10° cells/g
Emulsification CHAPUT™! 45.53% 5.00x10* cells/g
Vortex CONDE-GREEN" 1.20%10* cells/mL 80%-90% 1.56x10° cells/mL
Shake violently SHANPY 2.50x10* cells/mL
Ultrasonic cavitation BRIGHT®!

“Con P RINAT FIZ A BT S VI AR Ao I 240 ff 7 B B4 S
“...” means cell yield and cell viability of the SVF separated by the equipment are not tested.
il
- T - . 7
(=) | S N E, =
Centrifugal Vortex Hand Shock Emulsion Ultrasonic

SVF

E2 ETIEEEKFEND BSVEAEGRIES E TE[57]15%)

Fig.2 Manual separation of SVF based on non-enzymatic digestion (modified from reference [57])

— LW IE BH R BV 2 5 00 40 A P s L S R i
#% o f8[E Arthrex ACA kit 4 41 % % JFL A< & /2
BIPRP, thAG 4 FH ok 7> BE SV RIS, %W 4% K H i
A% O B R U T AT R S0 3 6 4%« SRR FH30 mL i
Jig 77 20 3o 85 — AR B 0 s, B R IR G, s
O i T HE PR ARG 88, ANV S48 ok [ 7 R HE B A
160K, AT IR B0, JRIZBINSVFAILZ . 1%
£ T BRI B ML, R A L A 1 A5 A
By ote 7 KA|Lipogemsy™ s+ I7E20114F 3K 15 [ Pr
L F, B TR MR A AR P ) S D IR,
Je B2 2R R R A R BUS VEA I IR 7= il 22—
FKH-NEEBHNRYSE. L. DY) o E

SVF. 1%L — M A% 9250 mL iy [543 75 45,
[58]9S LA A [0 1100 90 B (K £ 90 s R
g ), — I AT ey T 88 FIVA 4% . Fatstem kit
BARHLIE. BOPBREB) ESVE. ol ikfg
(1) A 5138 s 5 A I X R v S, T B 25 KR
He R B, WCERIHE W LT 700 r/minf%i# 2.0, i R 2
NSVFZN L )Z, FK75 40 i 2 0 1 100 pmlr) 38 28 13
FISVF. myStem® & #/e— AN E M %, o B
NG, N B af SRS VF, 40 i = 2 A ik .
24 ETIEMENERRNYESE

B TR AL, FahfIEH 5 B ARSI A B
F T IRPR IARE . #%1E20204F, 5T AERGH A2 TT R
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Table 4 Separation equipments based on the non-enzymatic digestion

AT TN e N YA SIS 1) B R
Company/reference Devise Cell yield Cell viability Picture
Tiryaki®®” Closed cube 1.34x10° cells/mL 85.82%

Arthrex"”! Arthrex ACA kit"”

Rigenera’®! Rigenera®” ~’
Lipogems International***% Lipogems® o AN
CORIOS Soc. Coop!'!! Fatstem kit 3%10* cells/mL 52.00% a% ﬁ
MyStem LLC!'"7 myStem® 8x10° cells/mL 43.00% F&

“on RIS FZBE %70 B IS VF A I 40 7 2 40 Al A7 35 26

“-+” means cell yield and cell viability of the SVF separated by the equipment are not tested.

x5 ETIEEWEIRKDBEE

Table 5 Clinical separation method based on the non-enzymatic digestion

Il PRS2 (=2 Ik 252575 30 Il PR B B BEHE
Clinical application Author Separation method ~ Way of administration ~ Level of clinical Number of patient
Skin regeneration CHARLES-DE- Centrifugation Hypodermic injection Case series level IV n=6
SAY
COHEN™! Emulsification Skin surface puncture Case series level IV n=50
Wound healing TONNARD" Emulsification Hypodermic injection ~ Case series level IV n=67
TARALLO™" MyStem” Multipoint iniection Case series level IV n=40
Amputation wound recovery LONARDI! Lipogems” Multipoint iniection Case series level IV n=114
Tendon injury ALBANO™ FastKit"” Intra-endon injection Case series level IV n=21

SVF Ik RAIF Fe 56 o, A BREGETH47 3555155 T-SVF Il
IRIF e, 5 B 40544 IR RS o Ak b5k
TSVEH RUFATTRCR, A 5001 R SAT
MEEA RN, A AR ER TR, L
i #Nanofat. 7 FHBLASE, B IR Bl IS .

3 BEERE

I % SVF 4> B B AR (19 % JE, SVF4H L V4 97 76 ik
SR 2 (115 PR TTAE Hh M IE 5280 BT, S
F S R 5 S AL TS AR R SVF IR 7 0,
Y A SR, IE W A
KR . (2 H R TR, & ik
HER AR —, T R 45— LR S 38k 4 B A S U
PEY R DR 08 s R, — 2 B T O AL T
SVF 43 8 4 0 1 A — R0 EEIT F ST A I ST

AR T BT, R &N
AITE, (EHR > B SVFAIE = AR T7 AN st
B E LB, B AU B 1AL k0 Fr
B IR _E 73 BISVF, iR 23k 1 Mg v ALVE AR B,
P B D ANIRSE X5 3 AN BUKASE . S
A EE MM BER, BAAHATC A A5
b AT A e, (ELRE H AT i b — S8 LA P F)
TC, KL R R AR, K AT A T A Al PR 2
SVE 73 1 A b .
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