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"A%g I 51tE ©0l= Thapsigargin X2/ MSC(52tE EJ|AM|
) 22l Extracellular vesicles (EV, MIEX 2] (45+) AXA]) Of] CHol
oENa?

4 » . o
{8 biomedicines mMDPI

Extracellular Vesicles from Thapsigargin-Treated

Mesenchymal Stem Cells Amelio:
Enhanced Immunomodulatory P

xperimental Colitis via

erEstMR! Of ot)| s st=80lM= ==& "Extracellular Vesicles from
Thapsigargin-Treated Mesenchymal Stem Cells Ameliorated Experimental
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[80] d&l]

4, Mesenchymal stem cell(MSC), &2t =J|A|IL0i| CHolf 214 O|OPD[SHED=? &2t
SI|MIEZ SHIFoIM 29tE S5, Xl Z49| J|& (stroma), EiE S0i| Z&Y

l= SIIMEJLICE O] &, = JHE 20| AtREl= Za20|1), mesenchymal stromal

cellOl2tl! E2/7|& gLith & A0M = =2 XHCHe (umbilical cord blood)OflAf XH3et

MSOt ARBEIRSLICY

2 o
M

Ot
S
S|

Ol X2k MSCOll Thapsigargin(TSG) M2|Z SHA| &=, 691 TSGEE BB XK
ol 3t ZRE LHLICE TSGE M| A1LH|(endoplasmic reticulum)2t 28 MO ZAIL
H|(sarcoplasmic reticulum)@| ATP Jt=Edlia4 (SERCA)E AM6H= JlsS ELIC 5,
ATHLE 2AEHC| J|lsES etote AMMIYLICH OlFA TSG XM= MSCe ML 2f AL
(Extracellular Vesicle, EV) &H| 21501l B2t 42X LTt O] Habr 08 2EF Jid

S I =X =2 21E 2 2460 Lot ?

A A ®, oY gl

1.MSC- Mesenchymal Stem Cell, £2t¥ EJ|M X
2.WJ-MSC- Wharton's jellu-deriv MSC, BiE

ed
THCH™ & wharton's jelluOlM F&3 MSC
3.TSG- Thapsigargin, MZ9 AXZHNL 28 HMES 24
THC Jlsg dHMe= HBH AMHL o8 SF
A.EV- Extracellular Vesicle, A& & A X
5. TSG-EV- TSG N¥2[& MSC |Kdf EV
6. CTL - B RIS tlelExRcre f¥is g =ty =
7.ER- Endoplasmic reticulum, &KX
8. GW-CM- EV BHE &%= nSMase
O

2 aA9 AHH
Ol GW4869E2 Xe2lst MSC HHYHo AEZE 8

e
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2 =29 AUZ TSG-EVIF BYYS Tt 359 At
LICE 208 IHEOR ofEst s
EAICH

J[E0) MSC-EVie @iol £ J%% SICHD e QUSLICE MSC-EVE BISHES| 55 5
9 Chfst 912 822 GEols M2 CikKIZol 2ot

(@x]
(polarize) 8 REOHE JISS BHLICH DCHD, TSG-EVis BHHO) Ot @ie 0jAnte?
r

2 =00 A5 A

Al
= |_;—| =0

S, AOIE31Q1 B FEC| XOIt LIEHSSLICH TSG-EV Xelgt HTOl|M IL-18, IFN-y,
TNFa2t 20| @52 |REdk= AOIEIRI2 EUEL, IL-10, TGFRRE 20| FELERH B2
Sh= AFOIESIRI2 =01l T SIRMELICE (Figure SA) Eot, @54 A 2B Lyz],
Defa20, efa292t 22 &4 HEHO|E (antimicrobial peptides) Y& 0| 2ZAELICE
TSG-EV Me|& g CTL-EV AT 250 ged HEOIE H=Z0| SRl Yyt eV
Bt TSG-EVOIM RLIDBHH SIFHELITE (Figure 5B)

OOI-

FMIZLS| 2 O{EH| BoBIASNR 7 TN 0] N0 Oi? 20D YN s
LIEf O RUX & B S Halth ol I35 220l 22 = A0 HEYLICE T M1
= CHERO! IO 25 SHLtR Chgst 220t JUSLICE Th1, Th2, Th172 helper T celle] &

F 3oLz, g9 BTN SIS Mot g UES B0k MEYLICE Ol=er LS
o| Xpot B grEE ’SéfE = gstitss Qﬂﬂﬁfﬁ MIZOFBIZ Treg, 2E T cell YLICH

el ot 2 THIEZS HH F& (level of
expression) S @?—&OJEILI Th1, Th2, Th172| IS ©AF QXL (Lineage transcription
factor)Ql T-bet, GATA3, RORytQ| H¥l HLEIF GW-CM+ ZTHOlX = SoFet HHH,
TSG-EV M| OtRA HEHOIM = 240t A2 =AY 4 JAJ=HR. 3] Th29| HiS TAF 2

X2 GATA3IE CHE HTHO| HIsH TSG-EV HEOIM =0l TP ZASHASLICE Tregll TAL QI
XIQ! Foxp3= TSG-EV RT0fiM JFE 80| 1t LICE (Figure 50)

* O JIM GW-CME EV 2HIE £85H= nSMasel2 249| X2 GWAE69E X{2[et MSC Hfi2Flof
Y58 82 o0
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Figure SA, 5B, 5C : AtO|E3IRI(A), 2wt HEIO|E(B), Lineage transcription factor B3 H&E T2
Source: Joo Hansol 2| 1291, "Extracellular Vesicles from Thapsigargin Treated Mesenchymal
Stem Cells Ameliorated Experimental Colitis via Enhanced Immunomodulatory Properties’,

Biomedicines, 2021, p. 120f 17.

£ A0Z LIEHHEHIR. CHAMIZEE 390 & JHX|
of A% wizt0| 53t MR PEFLICL YS HISS EXIGA 2S HIHots M1 CHAME
HHSS Aol AME XS Bt M2 ChAMER LRELIC T2t TSG-EV
X| 20t CHALMIZZO) OfF S1HE JIX| D @<=X| SIstd| Qeh TSGE M= EVet M| ElX| e
CTL-EVE 0|23t A5 S XIaistg s
L CTL-EVe TSG-EV Tt RE0M 2A&QD, M2 THAMHZO| marker®! Argl,
CD206= S At B0l SItERXELICE J2iLt, HEHO2, TSG-EVOI M1 Ot
CTL-EVOI| BI3H =0 /3| 245190, M22| OtH2t & 80| SILSIASLICH (Figure 5D) 2%
ol Z2|H /B CHAMIZ(F4/80*CD11b* cell)Q 47t ZoRts 2402 Ui QaLict
CTL-EV YT TSG-EV YT B5 CHAIMIZLS| HIZ0l| R2I0[8F Bot= HOIX| 9iRACLE Arg
2t CD2062 H¥ HEIH=0ll E3H SOtEIAELIC &, Ol TSG-EVIL 2H T MIZEQF M2 T

=0
HIZO| EotE R0 F52 Aetdhz 21 U= AS 2|06k= A0| &

Figure 50, 5E, 5F, 5G : CHAMIELO| marker2| Hol H & J2iZ (D), CHAMIIE Hg e (EF), Argl,
CD206 marker?| H3 & TI12HZ(G)
Source: |bid.
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“IHCHH, Ol=el Blot= BFG0 22 FOP AAHH22 OfTfet ikt gits ERSIHR?

NIEZSS A0 BYSOIML TSG-EVe| A 2IE Lot=EI| ol EV = Agds X

ASE At Chst 22 2ots 2 4 AUSLICE (Figure 4).

735 OFRA 4002|101 3% (w/v) dextran sulfate sodium (DSS)S £0{st0] ZEE0|
”Eljﬂ ot &, 0|12 FAIRIZ 4012 HEHOZ L0 HedotAsLICh 1 HER CHEF, 23 g
F2f 20| GW-CM+E Xe|oh gH, 33 HHE CTL-EVE X2(|ot AT, 48 HEH2 TSG-
EVE M2|3h T JLIC} 2822 FTH| FO|H 1Y¥XRE O|F 2HH2E J59 L{o| 3L BV =
A B FH, 10YXIIX| BUE 2HESHD, CRIAE sty oY ZUE 2SI ELICH
(Figure 4A)
OlH|, 4 2XE HHESIMR? 24, F(Q| =223 Hatzfo| 2F YOI fO[SHH| LIEHSLICY.
GW-CM T S22t I 3| ZASHR D, CTL-EV AEH0| 1 O, TSG-EV HEe| 22
HPE IR = A8t Ao = LIEHGHELICE (Figure 4B) Eot, 2t EEHS0| 22 HEfE 2 &

& X|4=(Disease Activity Index, DAI*) Z IOt 2 GW-CM &S| X ,
CtS0| CTL-EV 2T0|R&LICH HALF TSG-EV ETHO| X|4I} It =61 LiEtaL|Cr.

=
(Figure 4C) &8 IA| TSG-EV HTOIIM O ZASLICE (Figure 4D) 20| 22 F
|

S0PHIM SSEHCE 2 2O ZALl= dMS =0l £~ U=, TSG-EV He|E #1522
T3 HEOF Y B2 2102 LIEHELITE (Figure 4E, F) 0] 28+ OfL|2f TSG-EVE X2
=l F|o| BE IR MK 9l FS0| E 1 (Figure 4G, 4H), HRIMQIC| MRS EotF= 24
Aota A 24 (myeloperoxidase, MPO activity) O] ZASMELICE (Figure 41)
Sacrifice
A 3% 055 N o

Am) : — |

CETELMS O 1d d =d s | 10

[T whks)

200 | E% e | 1
Figure 4A: #1Z 08¢t A3 2ig EAL) I8

Source : /bid., p. 10 ?17

* Disease Activity Index, DAl : 28 &5 X[~ 2 A2 (T8t 2021)0IM AZ8F DAIC| 8F=2 8ItX]
9. Body weight loss (0-4), stool consistency (0-4), stool blood (0-4), coat roughness (O-
4), rectal prolapse (0-3), hunched posture (0-3), bedding contamination (0-2), and not
inquisitive/alert (0O-2).
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Source : [bid.
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Figure 4G, 4H, 41 : F9| % ZZ| AZI1t Histological score J2{E,
MPQ activity eI
Source : [bid.
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[ OFFelotn] ]

el D)2t AT E S MSC-EVe Tt ez X=0| M8 4~ UCh= A0| &K &I
SUCh MSC-Eve 9 HE8E 0t H1 HE 280 & FOILHA| 2B 2 S(species) 7281
O] £0] Dttt A2 oLt &H2 = AF0A 2] MS S P FARESO
C Fel0jet B HE BIS2 LIEILIA| §USLICH 2 C+te 2Y B0 MSC-EVE HE0dt= M

= N=gS AMEofitie oM 1 2QIE &HE o= USLILE. TSG-EVIF CTL-EVO| Hlo &

01 XX—I ]|LO| (PN 6|-ﬂ

_|

MIZE S CHALMIRE 5 SHIO 72loith= 20| 2 A5 Soll Soifs
LICt. 2k TSG-EVE FOIH Z=ABIR S T, CTL-EVO| BI5H FIO 2B i 21t B
LICt Ol= 2&F 0 OfL|et CHYot G358 220l TSG-EVIL XgHe2 M HEFE + ATt
tsgds E0=/UsLtt

- o>

2 ==0Me Y29 o5t A0l tiohiME HASt JASULE. 53] TSG-EVE| micro

RNA(mMIRNA) +0f 2ot 1S Tdidt= 21E HIRHEsLITE miRNADE EVel d20t B2 d=
S JIs0ll 3 e F7| H2YULICE TSG-EVRl miRNALS| E&ut 0Dt 2t0fst= Chfot
HIERIZ S 240t= A710F TSG-EV X 22| LSS Olbsh=0l 2 ==20| 2 XYLt &

ot TSG-EVe| =

= g = (=]
g B20]| Zrot AL BRI HARSLT 2 d0ke F2l 52 Lo
IR FABIS

O, Ol 20} 1% ATHAX| YOR sz W UASLIC

X|Z2DHX| "Extracellular Vesicles from Thapsigargin-Treated Mesenchymal Stem

Cells Ameliorated Experimental Caolitis via Enhanced Immunomodulatory

Properties’ ==0i CHoll #THE = A2H2 P EQF=0| OHZLIR 7 O] A= MSC Ref EVE

ME22 XX HE HIACHE Holld 2 2ClE IRICHD Hd2efL|Ch. #Q= O|FO0E
(o] =1

TSG-EVO| Cifet ot A1t J|CHELICH

<]
St

* CHHE SHEYO0) X HE O 2 2H0jo1A] Y= HIHY RNAZE REX1C| YWolg £ 8o JlsE & 20~25719)
S LEI0/E2 O|F0IN Qo] TAL B TE0IA mRNARH 42X O 2 Hefotd REAIC) 2oig £

Mole ZAX0| XH OIX|2 XL}
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HOIM|R7? X3l SSAMARIARAS| =2 "Muscle stem cell isolation and in vitro

culture for meat production: A methodological review"s 2150, 'Bi<'0| BF=0
K= 2FE0| Tl EEoi =221 gfLC

HIFR 02t 522 25 SIIMIILE 018510 QIsX Q= Mitst 1J|1S SRLICE Of2{0F B

=2 S0t Al 0112l Tl S5l 53 SA 52 ST0IM 2|0t 91X AH[5h= 28
Ol DIIQ| TN I |2 Feforn AsLT

N QU )
IS O Ol3! B s S 2 &+~ Qe AR 2] SIIHLES HILI0M =

+&E%

foF
>
N

N

FO] X LI12F FARSHA BEE= 10| BE2 BHFS: Are] S LICH XSOt A0 =
F2 TEHHel BiFs ik b O 28-S 01 OIS Chaalt 20| 06t /lsLth 5= A
X~ g

d A 2= SIME 22]) Bi) 2=h =5 X Its

- -‘ -
- - e
- =
Y \
. , — o
. -
& ' — g = )
i ol 2. Isolation of 4
1. Muscle sampling muscle stem cells T
1 2.1 Cryopreservation of
CD ~ muscle stem cells
2%
s o> il
|
1
N g

4, Upscaled culture of
muscle stem cells

1 3. Primary culture of
muscle stem cells
<%
W % % —
* - p—— ¥
. ’ - === <,
5. Muscle differentiation 6. Harvest and processing 7. Mimicking

and maturation of muscle tissues the conventional meat

Kwang-Hwan Choi. (2020). Muscle stem cell isolation and in vitro culture for meat production: A methodological review.
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)y 28 SIMEe 2o

.__..SL-:;:
N ‘?\-f e N O
i s BrE0| QM= oY BIM SIIMIZLSE hyF
AFHOHOH LT BIMEE MHE BB TN | wwmemms T e
30HX| DFHOR LY, 0= 28 FXI0jM]
CHIAIT 222], CriyIoko| KEIMT 22|, e e
9|0 OHBtOR AREINEY WERH AR
O|FOfLICE
S MIES] MF 2HFO0IM 2T X TIII A Ol 012, 2|0 OhH|9) g8 50| USLICH 01
of RPI52 0B 2Z5H=X0l| T2t S 2~ Uz SIIMIELS| OH=plt MF £ kXD |& gLt

1. 2= 2HNILOA Q| BRI 22|

SIMIEE M7 T Or BN 25 HotM|EE 28

FE2EH Feloh= O EZA, S, 2Ll
O|A, IZ2H|O|A SO =453 AFERILICE 2IIMES 222 0|=20]| &2 XeiE S (fiber, tissue debris)
=2 2XEL|2f cell strainer S8 AFESH0A] H|H&HL|CE.

2. HHNIOMC] =3I IME 22

1) 22|& e

OIZESS M 0|3 CHMZOIN 25 EIIMIES £21 30 ok, 0 S0k oI Y, WS
ST W, SR YHS ALSELICt

2a|% YHORE YT 2 RAEE| It YSLITL Percoll OILE FicollS AISI0I B4 2] Us At
S F26Di S0, 2YERIZ 015 S2ILICh J2iLt 0| W2 S B0iCH 22| HE} CI20t CrEo)
Q&L

& HIHZ M2 BHH0ll= preplating 2t cytochalasim B treatmentIt Q&LICH
Preplating OliM= 28 £91 MIFCHE MIZSEC platell] = 2= SRS AMESIHMIFE I ML
O

[ N e |

cytochalasin B treatment Of|4= AE HERIE JdS Yoo, 4O

HE AMEYLILE 015 SollM 2HMES 2l 4= UXTH ZFME0H 593 OIX=

S MFLLILE. 8882 52U 52282 Mrkle 850t Lt HE0| AL
=

OZI

-10 -
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Lfi)_ﬂﬁ—*._%tﬂ

O|J_ FACS, oE Y
MACS Q&L &
E|ﬂ£g%a&¢ouimﬂﬂ'0;|a | 2 WE&OWMWM
ALICH O] EHe M 3tel -3
s AT -

A0 Crkst e
IFsELIC SIel-YH B8 S 018
3F2S 0| 86| 20| =

3 NE =Z
{2 52 (cryopreservation)

Bt &A=RE
it} | ez
=| 2SI M E=
THAHZ2 O M2 J|150| 9X|12 ¢
- E TOH)\‘I '—HE E_'f
i OHOIZOI—L“:'_

[RE

slow-fre
ezing, S2|3t XL, J2|10 s 2ES
2 5
s F3E Sl 'WsEEO| O|F 0K

)\‘I|E_:|j|*_TrXOj +|0 = EQI* 206 o| 282 KErsiL|c
o= |
|’ | |Hk| o= -||E)\|-O |’ |

= EC->| |' |' ref

e =
) 25 Zomzel Hi Y

— —~——
| ?IU\—| oo =
o == =k
wz >~ X Chod HIILO| 220t S reio]| Che
1.'-50'!!'":!\0' = O|H‘_-|O1| |EH}H O‘iO kl|£o| - ‘:'O“ EHOH %Fol-E()?)t
muscle stem cells AL_| % HHOOF BHHOI CHS
L Zicr\'uptesemuon - |- 1|9| HHOOF% I-HLH %I-DO:‘ g H|“" - ‘:'O-H HOH OFOI‘E?&
/ mus:lestemcells *—I I-”I"HO'”*‘I E% kHE_ E‘|M|' OO|-O:I OI__T_'_O-I \:1I—-||:|' |'E|-
ol 2
o HH b T S Sl 2= 29S8
b N =SS oot
o J_|'oO'” xﬁlijHE 2\'10|_|I| OEI-O|'L|-|L }IO-:; ‘_l'uko—1
= 0 H2| By

QFO| BHA|Q|
Q| SHA QLT OHCHH
e 1 ol

|‘O|-

29 |%% J_)_E}ioHE'SO.IOF %}

3, Primary :u\lur:o'

meat production: A me!hodo\og’\ca\ review-

m cell isolation and in vitro culture for

Kwang-Hwan choi. (2020)- Muscle ste

-11-
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1. MIIE D& (Cell substrates)
S MIIE D=2 MIZLOPH HAHE HHE HiSotll, M| Lot #F, MEH0| s DIEPLILL '] =
JIMIELS] ECM(MIEZRDIA) S 2= fibronectin, S22, 2t0|H SO| AMBE|, O|F0| HLHRL AR 2HE S
MBSl dgs gL

(1) fibronectin(8as SCrais) S ePEof TWnt/a tos ZEH 28 = MLEO SES SEelLICT. 23 Aot A
S S| MII XHL0 2X10F 0[O, LoD &45 520] XotE(0f a4 0| YOI LICH

(2) 24 (collagen)2 MILHOIM 25 S| X1t 2t0]| %'Tﬁ@ =2 YLIC

(3) OIX|SfC 2 28 B4 A 2-datel= 2tilH (laminin)2 28 2| M0 24Xl S AL

Olefot Crfot ECM TR HILHRE M0 25 Bl=et BuE |E01)| THZ0, BIX|0 Ol52 E0==L
SA, 22 30| T ACHTT LT

NIIL= O[21e ECMOI| & 5018 & 20[0] THROH, SHX| MIZL, | M|II S0l 0ot 2eke| ECME HIEot=X]
O Ctef A1 29 50l 2 X012 20|H| LIt Tetd 2MQl ECME He BiOI %Rﬁ*LIEf ol & &7
MIE 2310 Z2] AF2%= matrigelO] J&LICEH Matrigel2 ECM d&

typed collagen, entactin, trace growth factor2 “+gd%|0f RUELICH

;_9

_lmf:

fn
o
rfot
o%
e
>5e 0
Hu
o
3
=
-

2. J|=2 BiX|(Basal media)
Jl2 HiXl= Of0| =, Ebpalz, X1E, BIEHR, &
SLICH EoF HILHOIMQL 20| 2&AE, Y &8

1o, OoT Y ' =
== =N ro] iiro] Foy de=) Ch S Ct =4 oFs
MR 70| Tef S E0HARE 2716k 2ief=0] Eet, 7, 5K, &, 4, 12F SO| LiYet S22 MIZOIA
O N 2t = L A oFs
Ctsot 20[ 2He| gits W= basal medialt AEASLICE (xTable1) HOM Crfer Dl X[
MO X|gH= HE SH0|sF A Ol =3 = 2 X =
e FoliE A =AY + U=HR, O1ZA O SF2| BiX| 7-dS FollF=XI0f Tref SI (A&
YN 9351 = XIS E| A Ol A
S 29 50| £2E &+ USLIL
= - . - . >
S= 7212 7| Hix] H€H 7| Ef SMH M3 ZXt Incubator 2E =X
Signaling Incubator
Species Substrates Basal media Serums Others ibiotics lecul diti Refi es
Pig Gelatin MEM FBS P+S+G+ 37°C,5% CO, Doumit and
F Merkel (1992)
Pig Gelatin MEM 10% FBS + 10% HS L-glutamine P+S+F 37°C,5% CO, Mau et al. (2008)
Pig Type I collagen | aMEM 20% FBS P+S+AB 37°C,5% CO, Redshaw et al.
(2010)
Pig Type L collagen | aMEM 20% FBS L-glutamine P+S+AB 37°C, Redshaw and
5% CO..5% Loughna (2012)
0,
Pig Matrigel DMEM 10% FBS + 10% HS G+ AB 37°C,5% CO, Perruchot et al.
(2012)
Pig Matrigel MEM 10% FBS P+8 37°C,5% CO, Jeong et al. (2013)
Pig F10 15% FBS P+S FGF2 Ding et al. (2017)
Pig Type I collagen | aMEM 20% FBS P+S+AB 37°C,5% CO, Miersch et al.
+G (2018)
Pig Matrigel SkGM-2 10% FBS Glutamax AA EGF, dexam- 37°C,5% CO, Choi et al. (2020a,
(Lonza) ethasone, and 2020b)
SB203580
Cattle Gelatin MEM + DMEM 10% FBS CEE FGF 37°C,5% CO, Gospodarowicz
Kwang-Hwan Choi. (2020). Muscle st@m cell isolation andfjn vitro culture for meat production: A methodological review. et al. (1976)
Cattle Fibronectin 37°C,5% CO, Dodson et al.
(1987)
DM cattle Gelatin MEM 10% FBS Conditioned media from P+S+G+ 37°C,5% CO, Quinn et al. (1990)
fibroblasts 12
Cattle Type [ collagen F10 20% FBS P+S FGF2 and Ding et al. (2018)
SB203580
Kwang-Hwan Choi. (2020). Muscle stem cell isolation and in vitro culture for meat production: A methodological review. Ta b Ie 1
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Specneslce]l

lines Bioreactor Scaffold Scale References

Rat HARV Microcarriers (Cytodex 3 and Biosilon) coated with Matrigel 10 mL Molnar et al. (1997)
bioreactor

c2C12 Spinner flask Microcarriers (SoloHill Labs glass coated polymer) 1350/1600 mL Breese and Admassu (1999)

C2C12 Spinner and DEAE cellulose (DE-53), cellulose (Asahi microcarrier), glass 200, 600 mL for the spinner Bardouille et al. (2001)
SuperSpinner (Sigma), plastic (Sigma), polyester (Fibra-Cel), collagen-coated flask and SuperSpinner
flask microcarrier beads (Cytodex 3). flask, respectively

c2C12 Hollow-fiber PLLA hollow fiber Not specified Bettahalli, Steg, Wessling,
spinning and Stamatialis (2011)
bioreactor

c2C12 Perfusion Polypropylene hollow-fiber, polysulfone hollow fiber, and Not specified Bettahalli et al. (2011)
bioreactor polyethersulfone hollow fiber

C2C12 Hollow-fiber Cellulose triacetate hollow fibers 1mL ‘Yamamoto et al. (2012)
bioreactor Scaffold=collagen

c2C12 Hollow-fiber Polysulfone Hollow fibers with C2C12 spheroid of diameter 300 Not specified Baba and Sankai (2017)
bioreactor um

c2C12 Spinner flask CultiSpher G microcarrer and Cellnest microcarrier 20 mL Confalonieri, La Marca, van

Dongen, Walles, and
Ehlicke (2017)

Cattle Spinner flask Microcarriers (Cytodex 1, Synthemax IT and CellBIND) 95/250 mL Verbruggen et al. (2018)

Human Spinner flask Cytodex 1 and Cytodex 3 40/100 mL and 500 mL Bardouille et al. (2001)

Human Spinner flask Cytodex 3 100 mL Rozwadowska et al. (2016)

Abbreviations: HARV, high-aspect-ratio vessel; PLLA, poly(lactic acid).
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