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BIMERERZE T « LY —h ST U e M/IVRBEFRIC & D EEREFHIa BB F5HE

AARBIGEEY  EN AT N BEAYY BB SEmY I R
Ak AR KRB MBY BAR BRY BN B KB B

(] M EE, REOREEZRET 2 AL REHEL LTRFINTEY, BUE £ < OMITBESE A5
FEENTV S, HIOMIIIIMEEH RO 7Y X2 ¥ PBIATKTH 0, 7 VIR (fetal bovine serum : FBS)
P d —BMICHA SN TS, L L, FBSIZIERIENIGD ) 27, EimAac B3 2 M RE, ROAEIE
BIRASEDWIEN ) A 7 LW 2R EDH 4. e MMM E B L T4 e b IVIMRE#R (human platelet lysate :
hPL) &, ZRGEERTFZ&4G L, FBSOMBME LTHERIN TS, LA L, hPL OFBREMHICLELR 45
mOL MUMRZSES Z L IZHEETH L. M EA OE TR CAHMIRE BRET 2 72010 H S - AimEkk2: (A
BR) 74V =PI, MM E MBEAIRAE L T b, ABIZETIE, HBRT 4 v & — PRSI 2 533 L 72 hPL
(fhPL) 122w T, MZEREMIE (mesenchymal stem cell : MSC) OEIZHHTAH 7Y A v s & LTOF M
EFEMEO W REME & MR 3 5.

[EMEREADOHBR 7 4 V7 —12, HIMERRFUE 380 imh S ABAEKZIEALTZ 4 V7 —HORE
AR 2 WX L7z, Mg % a0 L C /MR (f-platelet) PRl & 2 @ B 12508E L 72, f-platelet (2527 % & B o By ik oi
FEIMAE (fresh frozen plasma : FFP) Z RN L CTiAf# L, hPL OMRBICE L2 7 v 87 HiBEZRE L7, T O5REE
IZHEDE, A7 4 vy — Nl (fplasma) 2 A LT, Tz & ¥ 37 BiREOERR % T L7z, fplatelet
(11x10°%/ml) & fplasma (27mg/ml ¥ ¥ ’327'8) &R AL, 3 BOBKEEFS A 7 V2 LT hPL 258 L 7.
Small scale J% OF large scale ®#HE T £hPL Z L, MSC D#lE & PR % 5-fi L < £hPL & % Biit L 72,

RHERIEBR 7 4 v 7 — 125, 3506 %10 o fplatelet ZSHILE A, [AUERIL 37.1 £5.3% 72 - 7. MilbElE
ICF# 7% f-plasma D F ¥ 8 7 B 1L 27mg/ml Pl E72 5 72 £hPL 100m! OF BN, B 7 4 V¥ — 6 &2 E L 7.
10% f-hPL Z @3 L 7255 # TRy 28 L 72 MSC O g sdmE= 1, TIREESR S hPL & JEB L T 20% = <, FBS &L
T 300% 4> 72. £-hPL CTHIE L 72 MSC Ofilla i~ — & — & 5 baE I EESHNG - s T iaHEsR o Rk % i/
LCw7z. £hPL TH;FE L 72 MSC 1%, FBS K OFe b AB R TRy L7z MSC & ik U C a4 LA oo Tl i i sl
Wz EAE L. 512, £hPL 12X % MSC Ol passage 12 £ T FBS X W FEI125E <, M L2 L 7.

i) SRS A AR 7 4 0V & — PIFRATIMLE 2 & i3 L 72 £hPL 13BN 7z MSC ONgIRREZ /R L7z, FHERERICS
VA BEFEMBEOFIEHIE, FERTHE TR LRI MATH D, BOIEBFERZ I LS 0 REEZ O Tn 5.
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MR REERLE, S FSERBRBOREMREICHE
iR LTIEHSIRTWS, BIfET T, BER
Miky (ESHMiRR), AT ZrEvEsMile (iPSHike), M3
SEEHINE (mesenchymal stem cells : MSC) 7 &, ##
OB DO WTHIREYP R INTE 2. £ DHA,
ML 2 Br 28 i CHIE S & 4 720102, Mk o ¥
TIVA Y NERNTH2LERHD, HTh, 7IEE
i (fetal bovine serum : FBS) %&b — %92 fli
ENTWBY. LaL, FBSIZIX, B koHEATE
e, REPUTIIN 3 A 0IEPOL, BRI E S 2 16
RS EOWBMEN LY A7 8H 5. & AB
ALF B EHO—2TH ), ABILEEIOB S
B WD H 5. B, ZROBRRBRICE
WCHIEIEIC e b AB BUIEAMEH S e Tw 599,
L2L, &M ABHMEIFE MIETH S 720, T A
b ASTRER RS <, EE B ORI R o F B H I
SIS AT PAG A 43& % A WHEED D 5. Filt
O T, © MIIMEE#R (human platelet lysate :
hPL) 2 FBS OHELABmTH S Z LAVRENTHE
D7V, BROBRR R IR oY 7Y A v b
ELTHhPL BBRHEINTWAYY, v M AB IS &
FARLS, BRSO hPL AU /R TH 5.
L2 L, BEo e b, i i) (plate-
let concentrate : PC) # ##%5 % HYTIITME & >~
F—THRIME N, hPL 82 HI9E L2 0TI 2w,
ZD1DIZPC D 2~4% % 5D LA X)WL PC 23
hPL O #EIEIZH SN TV 5 AR PC %/
FRICHIZ ZHL) MLADHEA TS Z &5, hPL OJR
BHIWEA T 5 2 P s, MMEOS 7Y 2~
b & L COMHDHIR S 2 iEtEdH 5917,

HIMERBRZ: (FBR) 74 V& —1&, S i i )
DEGETRIZBWT, WIEEHORKO—>TH %
FF—HIMERZBRET 572016 TW 5. BITE,
FMERBR 2 O E A AR 7 4 0V & — IS RHRBEREY
ELTHBEINTYES. HBE7 4 V7 —I3HIMLER %
I 57203 Th L, EMHPICHEET 5 VMO 30~
9% HIRFFT 5. A THBRT7 4 )V & — 23 hPL O #E
2B A MM AR ORERE R L 2 0152 L& 2
2. AWEZETIE, HBRT7 4V y — ke M I/MGER
i (FhPL) D@ EZMT L, FhPL OFH
HEFMT A2 E2HME L.
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ME EFE
1. R HE
ARHEHEACHEE KR bR H & OREF T © 012-
0334) MUOHARTFAHAGHE RS GRiEE T © 2022-
019-3) ICX W ARFEZIFTCERLE. £XF VT4 7T
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A H0d, BRI OV BEERICER 12, Y > 7 v & 92
BRI 5 2 LI THEIIC L 2FELZF TV 5.
Lonza #1745 AT L7z MSC &, WFge Hifia #0720
DY RIS IR 2 B AGICHER L TS (G
#ll 1 https://www.lonza.com/specialized-modalities/c
ell-and-gene/tissue-acquisition T+ ~ 5 1 S HE).

2. BR7 1 E—

M H AR ZatdbifpE 7 e v 7 i >~ 7 —12
BWT, @B AL oOMIC L ) FRILE N7z £hPL
DOBEN P % Fig 1 1RT. BRIMIZ X ) #5172 400
ml O£ % [ 7 4 )V % — (Sepacell RZ-2000 N, Asahi
Kasei Medical, Tokyo, Japan) WLEE L, HERZ O I
i TP ML 30 B ) B3 0 72 0 WA T ST L 72, S
B 4 vy —id, AR A > TWizNy 7 ($f
Moxy 7)) (CHmSh-KEDF F, HHFEFTL4C T
PRAF L7z, EBOWiEmA (MEmg, BEUF& Y4 VX, C
BFRIANVA, € MUEARAETI A VAR TE FT
AR MR A VA 18) OBAIZAER L7z 4
V% —% £hPL OFRHIMEH L7z, BAYEMRA ORI,
Supplementary methods (ZHE# L 7-.

3. BR7 1JILE2—55 DM/ (f-platelet) DEYR

AR ACIE K % FE3E L 728N v 27 (Hicaliqg IVH 28 v
7", HC-B1006A, Terumo, Tokyo, Japan) & i F i% A 1
b7 4 vy —oFimz, TSCD-II 2 % 7 ¥ — (Terumo,
Tokyo, Japan) % Fl\W TR AYICHEA L 72, 210ml D4
HAKKZAR 7 4 vy —oF P HEAL, HE
7 4V F —WERAIE % $RIL/N v 72 EIL L C, MR
FZ B L 72, 2 D@ ABO B ORI Ny 7% 1 DD
PRI N Y 7127 =V L, #420ml & L7z, I % sl
8l (180g, 10 43, i) (9942, Kubota, Tokyo, Japan) L
ThExomiE Ny 77 (KBP-66DC, SB-Kawasumi,
Tokyo, Japan) (Z# L, R0 8E (120g, 10 47,
i) UCARIMER & FHMmER % BrZ: L7z, 2 [0 H omigr
Bt BiEE BN/ > 7 (KBP-66DC, SB-Kawasumi,
Tokyo, Japan) {2 X L 7z, XL 7z EiE2 54809
YTV ERIL, M/MRE, FBRAAARIMERE, FRAFE A I
B % M L 72 (Blood Bank & — F3&#H B)IMERE
P XN-1000, Sysmex, Kobe, Japan). D, /Ny 7
7 yat L BE (4,000g, 20 43, =Ei) (9920, Kubota, Tokyo,
Japan) L CHL/MEXL » b (filter-platelet : f-platelet)
& LTI BEL, fEH T -80°C TR L 72,

4. PLOBZ N EIRE

PLBICRE Ry v ik A3 720, B
%% V87 HikED ChPL A BB L 72, J7ik 3. T
L AR R ) o B GF B AT (fresh frozen
plasma : FFP) {4 L T FFP £ 2% 0%, 20%, 35%.
40%, 70%, 90% DWW E L, £ FFP EDHRA R
% f-platelet (2NN L 72, &ML/ INRRE T O I/ IR BE
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Fig. 1 Schematic Representation of f-hPL Production
The leukoreduction filter is reversely perfused with saline to recover the residual contents within the filter. The collected

contents are then subjected to centrifugation to obtain the f-pellet and supernatant. The supernatant is subsequently

passed through an additional leukoreduction filter to achieve a sufficient protein concentration (27mg/ml) for f-plasma. f-
platelet and f-plasma are then combined, followed by three freeze-thaw cycles to facilitate platelet membrane disruption.
After purification through centrifugation and filtration, the final f-hPL is collected.

1% 1.1x10°/ml & L7z f-platelet D MU/IMIUE %+ 128k
WS 5720123 M, 3k (-80TC, 45 ReHILLL) mifiF
(4C, 20WERILL 1) L 7=, =05 (4,000g, 20
45, 4C) U7 4V bL—3 3 ¥ (02um, Thermo
Fisher Scientific) L C, PL ZlI{L7z. /i3, T
7o B3 & ARWIBRYIN FFP @ % 37 FiBEIZZFh 2
N 58mg/ml & 65mg/ml TH o> 72. % FFPIEE®D
RBAEWCTHELL 72 PL O % V7 ik iz 2 Zh, 6,
18, 27, 30, 48, 60mg/ml TH-o7z. ¥ 737 HikkE
&, BCA % Y287 v+t 4%y b (23225 Thermo
Fisher Scientific) % I\ CTHlE L7z, MR IR 12 28
PLOY 8y BHIRIER R ET B 720, R L7z PL
O K B I fE & SR L 72. MEM-o. (Thermo Fisher
Scientific) 1 FFP iR D #7% % % PL (10%), ~/%1)
v (2IU/ml), v ¥ =<4 ¥ (40ug/ml) L7z
AL CoRhe L <, §iihk MSC
(Lonza, Walkersville, MD, USA) % 24 well 7L — b2
5x10%em’ CIFFEL 72. 97 ) X ¥ F kiR & LC,
FFP ¥, 7B ® hPL (nLivenPR"™, PL-PR-100, Sex-
ton Biotechnologies, IN, USA), K& U° FBS (Equitech-
Bio Inc, TX, USA, Gibco, 12662-029, NY, USA) % H\v 7.
AR IZIEAE 5 HR I L CHiia B2 il L (Luna-
FL, Logos Biosystems, South Korea), Mg g% % Ky
PR & A o R e LCam L7z, iR

TERE % G 9 5 72 0 BRI S (% % g L 7z,

5. A7 1 JVZ—HEXPL (hPL) DOFAHR

A DR C, 22 2 AR 21X 27mg/ml U Lo
YN BIREDRVIHTH LI LWL N o7z
JiiE 3. TR Rk 2 ME, OB T 4 vy —ITIEA
LT, 74Ny —NOERRIMEA S IMEE 78T 2 2
LWL, F Uy HBRES 2Tmg/ml (I L7 (f
plasma). f-platelet (ZIIL/MREEAY 1.1 x10°/ml & 7% 5
& 9 fplasma (27mg/ml) %ML T £hPL 28 L
72 (Fig. 1). 1ZU®IZ, smallscale T, 15D 7 4
V& =35 226ml @ f-hPL % JH3 L 7z, wiadk 5 i 4.)
DJiEET MSC )1 L € £-hPL OB IERE 2 3¢ L
7z. Small scale TH# L7z £-hPL, ilko hPL F 721
FBS % 10% i U 728530 2 A U CHlgigg & Kin~—
B =D 8% g L 72, RIZ large scale T, 284~292
BOERRT 4 V& —725 471 O £hPL 2B L 72
hPL & 51 /¥ » 77 (STD FLEXSAFE" 5L, Sartorius Ste-
dim Biotech) {27 — )V L (51/lot), Biowelder ® TC
(Sartorius Stedim Biotech), 7 4 ) % — (Sartopore
2XLG 02um), XYY A% 5714 v 7R 7 (630 S/R, Wat-
sonMarlow) ZHWT74 Vb= a3y L7z gk
(K 4.) ®F3:C, £hPL ® MSC O¥ElERE 2 F-f L
7o LRI E LC, FBS 2 L7-.
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6. f-hPL THEE L 7= MSC OFHE

Large-scale f-hPL % LLREDFFNT I L 72 Bk (O
#:4.) ©J75T MSC 2l L T £hPL OMfifassiEqE
SR L7z, £hPL, FBS, F72i3k b AB Ik (H6910,
Sigma-Aldrich #:, MO, USA) % 10% %Il L 72 MEM-
o Kb x, il O H e THEBL, B b9 7Y 2
> b THREE L 72 MSC OHifl & IR % Hl L 72, ik o
iz HWT320RL%50y @ MSC(Passage 4 :
P4) #7372 T5HM, HELLKE t)7TrR
BLLCHRL 2 #0E L, P LGl e L7z 4
TIVX Y egFEhWMEM-o 2 L T24 well 7L —
MHITE % FRAE L 7=, 5538 3 H HICEEE G 2 [
L T hepatocyte growth factor (HGF) i ol 52 (Hu-
man HGF ELISA kit, DHGOOB, R&D Systems, Minnea-
polis, MN, USA) & 7u 5+ — AN 2 Ef L7z, F7
YA Y M & o T, MR OREED B 7e 5 7280, HGF
IR 3 H HoMMTHiE Lz, a5t —4
fEATIE Bl E B 7Y SRR L, BERO T IZHE W,
Baaghrikic Ly, £l 7a7r4+— Airost
#M 7z TNEIZ Supplementary methods (ZER# L7z X5
12, £hPL, FBS, F¥7-idk b AB IiE TH%E L 72 MSC
DAL % FHM L7z, Bizk o MSC %, 572 5% 71)
AV MeHWT12well 7L — FTPI12 T THREL
7z MR 4 B ZEZEU L, fifeE % Ml L7z, Popu-
lation doublings (PD) (%, LAF DX TRD 7.

PD= [logl0 (Nh) —logl0 (Ni)1/logl0 (2)

Nh : [ OMNE %L, Ni ¢ 3R £

Cumulative population doublings (CPD) &, #kfC4g
IZBWTHA LN/ PD ORI E L, KE T P5 205
P12 £ TR L7z MIBL OIS TH 5 A5 & b
¥ —¥ (Bgal) BBUL, BHFTV AL FCHELE
Qo P5, P8, P121235WC, Kit-SPIDER-BGal (Do-
jindo, Tokyo, Japan) & I\ CHefs LT L7z, 406
WEEZ, 3 DO DMAELITHEIR L 72 EHE O 7 v BLO I
(randomly selected, non-overlapping regions of inter-
est : ROIs) 26, HBEOLA Y v 5 =7 7)) r—2 3
> (BZ-X Analyzer, Keyence Co., Osaka, Japan) &
T L 7=

7. £hPL & {ERA U 7= MSC KIRIERLE D 54

R AR S F Va8 L 72 RS TR B il % 3Tl 3~ 5 7212
H EhHIAESiE > 2 7 4 (Quantum cell expansion system,
Terumo BCT, CO, USA) %M L7z, 10% f-hPL % Hi
WORH (~$) ¥ F oy F <A ¥ v RTFIL 72 MEM-
o) WML T, 10l OFs#b A2 FE L 7= FriE 25 HE
50m! %, A —7—ORRFHEFIES T, Y AT A
v hL72. MSC IZE:H 2 k53 % 728, 0.1~4.0ml/
o THEN L 72, ¥ oM laEk & 5Tl 3 % 729,
FMREZHOE=5) v 7 Lz FHEA 21 H#
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W HEDAIIREGE > X 7 2 h SRR B L, DARTICH
H LB - T, Mila, A ez, +A4 X, KW
~—% —, Lg% Gl L 72, RiiPuE K% 05 LEED
SHIICH W25k & F v M i Supplementary table 1250
L7

HRET AR

TRTCOFMEFER T TER L7z, 7— 7 13
{2 (SD) T/ L7z #EH#ENT & JMP Pro 14
v 7 b =7 (SAS Institute Inc, NC, USA) % 721
GraphPad Prism /¥— ¥ a ~ 9.0.1(Graphpad Software,
MA, USA) #HWTERM L7z 2 B OBy REIX
t Mg F 7213 Wilcoxon Mg & vy, 3 #ELL L ORER
B — TR E AT (ANOVA) THUER, Turkey's
HSD #ese & Fhta L7z, fabiss (P)5% Kz HEE L
7z.

B R

f-platelet £ HER7 1 L2 —HRD L&

596 D EBR7 4 V& —ZkEia gL Lz 1 HoH
b7 4 V7 —H 5 RIS N7z MRS 35+0.6 x 107
T, 74NF—=55OM/MMEENEIE 37.1+53%
Thol2. 1 ADOAKRT7 4 V& —& 720 ORRAE A MLERE
K OFRAFARMBRE L F N Zh, 41+40x10"H & 11.3
45X 10ETH - 7.

PLICE@EEZ >IN ERE

HEr7 4 V& —NIILEO BB WT, HERE7 1V
Y=\ CHABAERKINEASNS Z EIZLD, MRS
BRI PC £ ) S KRIEICIKL 2B 2 50, 2D
LW EhPL ORMEICEEY 5 2 AW RN H 5. &2
T, PL OMIBEIEIEREIC R 2 & v /X 7 REE 2 Mg
b7, 872 5 2 X7 BIREEO PL O R IEGE % 5F
fliL7z. ZO%EHE, PL DY VX7 HIBENEWITE,
P ESMENL TV D Z S 2 L 72 o 72 (Fig. 2).
27~60mg/ml O % > 737 BT, MR A =
RERARED LN P57 LA L, 60mg/ml L Z
nZEh, 6mg/ml #, 18mg/ml #, FBS #: & ° FFP
L ORISR A HR SNz, 60mg/ml FEOHIN
HIER T FBS O 45 TH o 72, ISR,
60mg/ml O % > 7% 7 GHEEDS PL OMIFaHE MR #E S E 2
THHILERLTWD EHTREZ LIX FFP Hl
12 & 2B Tl IR RE A 72 5 722 L TH 5.
FFP &tk s Y0 B2 &/ T 50, MR ZE &4
LTWwiawn, 202 i3+ Mikx %35 PL OR
IR & PL DWAERIT D 5 > 737 H OG5 7052
TWARNRTHDI EERLTWVE, S5 ZHHMSEHLE
12X, 6mg/ml HTIIMIBREBICEE ;RO HN,
27mg/ml K O 60mg/ml B TIXIEH A RE H3hE
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BEN/2(Fig.3). INHORFBRIIDE, ¥ o0 H
I 27Tmg/ml @ PL ZfEHTICH WS 2 L & L7z,

small-scale K U large-scale CFARE L 7= £-hPL (KD
MSC HEiEREFFH

small-scale (1B 7 14 V% —# 15 ffl/lot) K O large-
scale (FBR7 1 )V & —#5 290 f/lot) THH L 7z hPL
12X % MSC #IEREZ 5 L 72, w3 ho £hPL b, T
WL hPL ¥ 7213 FBS & ik L T MSC O ¥lEREIEH 4
& o 72 (Fig 4A : small-scale, Fig 4B : large-scale).
PEMEEEIERIC X 1, large-scale £hPL % UF FBS TH:%
L 72 MSC 1%, MSC IZHFBI 2 M L RE SRR S
72 (Fig.4C). ¥ 512 large-scale f-hPL THs#& L 72 MSC

wn 18

o

Y 16 b3

w1

o

o 12

(%]

© w0 [ *k

<
8

]

£ 6 **

B

(o]

w o I
o

PL-Solution

Protein Con. (mg/mL)

6 18 27 30 48 60
hPL FBS FFP

Fig. 2 Impact of protein concentration of lysate solution
on MSC proliferation
MSC were grown with platelet lysate containing differ-
ent protein concentration of lysate solution (6, 18, 27, 30,
48, and 60mg/ml). The results of the cell expansion as-
say revealed that protein concentrations ranging from
27 to 60mg/ml did not exhibit statistically significant
differences. However, notable differences were ob-
served between the 60mg/ml! group and the 6mg/mi,
18mg/ml, FBS, and FFP groups.
Results are expressed as mean*SD of MSCs from
three donors.
*p<<0.05 compared to f-hPL plasma protein of 60mg/m!

6 mg/mL

27 mg/mL
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DI~ — 71— OFEBUIEBEHING - BinFHHE2 (n-
ternational Society for Cell & Gene Therapy : ISCT) ®
FeHE 272 L7z (Table 1).

f-hPL THEE U 7= MSC DO#ERESTA

R 7)) A2 b THAE L 72 MSC OFkREZ 57ifi L
7z. £hPL T L 72 MSC ® HGF O3 id FBS & b
I AB B TR L 72 MSC & bk L CRSE»Z L
ETH o7 (Fig. 5A). B LiEO 70 7 F — AfRHTIC
X0, £hPL THFEL 72 MSC 2B iz v %7
B 1%, FBS THi2E L 72 MSC & Helk L TR BR O 581
Ta7 7 A NVERL, 1,355 (82%) ©F v 87
A H CTRHRE 27z (Fig.5B, C). La»L, MHETH
HEAERR 5 5 3y 5RO, FBS ThHiZE L7z MSC
LR L C, hPL THeFE L 72 MSC Tl 153 i ¥
YR EOFEBREITE 1S DO 5 VX7 B O
=3 TH - 72. Biological process Gene Ontology
(GO)enrichment analysis O#E#, FBS TH# L 72 MSC
LI LT, £hPL TH:#E L 72 MSC TIZ RNA 275
A3 v 7 & mRNA 7ut Yy ZICM5T 55 VS
DFEBIAICHEL, —HT, Mlst~ M) v 7 2O
5525 287 BT LT, ok
X £-hPL TRy L7z MSC OHFHANEIR TH AH T L &R
%9 % (Fig. 5D, Supplementary Fig. A). & 512 £hPL
THAEL 72 MSC TlX FBS T2 L7 MSC & b L C,
S S 7 %7 Y (Myc targets v1) OZEBIAE
BIEL, —hHTags—Frry v s Ay 80 g
OFEIJUIMELTLTEY, X RN MO 7-9
OB FE D ITAED TR S 172 (Supplementary Fig.
B, C). ¥7:, fhPL & M ABIiE# LKL 727 —%
%, f-hPL & FBS &L DTS SN R e —3 L
Twiz (F=FmR&7).

R7p 24 71) A v MTRHERE L 72 MSC OMifa#t b &
fliL7z. £hPL & FBS K O'e ~ AB B & el L€

60 mg/mL

Fig. 3 Microscopic cell morphology
MSCs were expanded using human platelet lysate with varying protein concentrations in the lysate solution. The 27mg/ml
and 60mg/ml groups exhibited the characteristic spindle-shaped morphology of MSCs, whereas the 6mg/ml group dis-

played an irregular and non-uniform cell shape. Bar =500um
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Fig. 4 Cell expansion potential for small and large-scale
production of f-hPL
(A) The MSCs expansion capacity was assessed using
both small-scale (approximately 50 filters) and large-
scale (approximately 150 filters) production of f-hPL.
Small-scale f-hPL demonstrated significantly higher cell
expansion potential compared to commercial platelet ly-
sate (PL) and fetal bovine serum (FBS). (B) Similarly,
large-scale f-hPL exhibited significantly greater cell ex-
pansion capacity compared to FBS. (C) Microscopic
analysis of MSCs expanded with large-scale f-hPL and
FBS revealed the characteristic spindle-shaped mor-
phology of MSCs. Bar =500um

P12 F CHEICHWHMLEIEZ R L7 (Fig.6). AB
I THE2E L 72 MSC Tid, P8 T B-gal BN L D 5
WE %78 L7z DxF L, FBS MU £hPL TIE3EBIAS
<, MMM RE BNIT LR TH 72, P12
1BV, FBS THAE L 72 MSC 138 7% B-gal S8 %
TR L72DITH L, £hPL TH:#E L 72 MSC @ B-gal 563lix
Wy, i CTdHh - 72 (Fig. 7A,B). £hPL THREEEL 72
MSC Tirm\ Al s h, L E < ofMifaniz
I EIIRBEIND ZENS, W UEMEICB T
MM E L OIRELDMEAE T - 72 Z & 13 £hPL THFE L 7-
MSC 2B % RiF e i btz /R LT 5.

f-hPL | & 2 ERREH L NIV T O iR EiE

H B R 2885l o A 7 4 % W, £hPL A Tk
EMEL72. 3 AR D PP —HROERE % Quan-
tum cell expansion system (2% A L7z, HHo0 SVE AR
D 5 1% & L T, Platelet-derived growth factor-BB
(PDGF-BB) i Z % L 72 %5 %, 124~17.7ng/ml
DHFPATDH o 72. LhPL A EHIZ X - T MSC 1d BRA4F
IR S, BEIRE oM UL 4.6~126 X 100 T, &
W viability (>90%) Z/R L, EKHE~—h—DOFHE 5
LEEIZ T E DFME%# /R L7 (Table 2 ; Fig. 8).

£ ¥
AWFFEIZBNT, FABRT7 4 V& —NOIRAIMIE % )

Japanese Journal of Transfusion and Cell Therapy, Vol. 72. No. 3, 2026

Table 1 Surface marker expression of MSCs
grown in the medium supplemented with large
scale production of f-hPL

Surface Marker  f-hPL #1 f-hPL #2 f-hPL #3

CD90 99.8% 99.9% 99.9%
CD73 95.4% 99.2% 98.6%
CD105 97.2% 98.1% 95.9%
CD44 99.6% 99.7% 99.5%
CD166 96.6% 98.3% 94.6%
CD34 0.0% 0.1% 0.1%
CD45 1.4% 0.6% 1.1%
CD19 0.1% 0.1% 0.1%
CD14 0.1% 0.1% 0.0%
HLA-DR 0.6% 1.1% 0.9%

LT MM/MREFE (hPL) 2R TX 5 2 L 2R
L 7z. £-hPL oMifiagiEsE 3 il o hPL & [F4:C, FBS
XD HEN TV 512, £hPL OFEII A 5 1
Dy Ny EBED 27Tmeg/ml VL ETH A Z LS,
hPL OFBII BT 2 HELZRNTFTHSL I L 2W 50
L7z. £-hPL CTHi2 L 7= MSC o#%5Ei1x, FBS Uk b
AB U & R L CRE»ZNL ETH - 72,

PC #3575 1:1%, /87 4 —a— M, platelet rich
plasmai:, YUY NVEKF—T 7L —Y AHRLE,
LHdHbH. NSO ETHEESNLPC 25 MSC
OWEIHICH R 72 PL A I CTw5b. PC % PL OJi
BHIEH 3562 &1, BEOWFELHE LAk
BRI L BiA T 5. A OB LRI 8] o Bk
THTHEESNLIMEZFNEHLTBY, EEORH
W fE 7% B %6 H B (Sustainable Development Goals :
SDGs) 12T HENT VB[ DL ZHEM - 229 B D
Ao 77T 7 a—FTh . Fx 1L, f-plasma
W L7257 V87 IR 27Tmg/m] L LETHHT L %
L7z, ShEHEADOPCOY V7 EOME (67
mg/ml) DX TH 50?7, S5 A L, MM
MCHIMAEHATY, Fadla Mmooy, W
FHRRETHI LY, HlBEH % et 3 2 A
WEDPEL D EZW ST L. MiEY V87 Bf
HEDORI60% BT IVT IV, IRWT 15% H3aE 7 o
TVYG 3% BTATN =T THBEYY. ZOM
TR RICHFGTHRFEOHRTIZOVTIZE 54 5078
DWEECTEH A . hPL 1@ PDGE-BB (& MSC D342 %
53 EERNTEEZONTRBY, L4 3DHT, B
Hih o> PDGF-BB iffE & MSC HG o & RN AR
B2 52 & E2ME L TWwabH®. £hPL H o PDGF-
BB i1 124~17.7ng/ml OFEHEHTH Y, ThidFHx 4
DEATI LBV, HEOMMEEEHT 5 PC
(20 Hif7) 2> 5% L 72 hPL W PDGF-BB &/, 5~
6ng/ml DIIF 2 HITHY T L. ZOREDEN L PL
ORMBFFEOENTRNT L E2 5N, i
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Fig. 5 MSC expression profile with different supplements
(A) Hepatocyte growth factor expression profile of MSC supernatant treated with f-hPL, FBS, or human AB
serum. f-hPL demonstrated similar to superior expression compared with other supplements (n =3 each). (B)
Venn diagram of proteomics analysis showed that proteins released from cells pre-exposed to f-hPL dis-
played a predominantly similar expression profile compared to those exposed to FBS. While differential ex-
pression of proteins was observed between the groups, with 153 proteins exhibiting higher expression and
135 proteins showing lower expression in the f-hPL group. (C) Volcano plots of the identified protein. (D) Bi-
ological process Gene Ontology (GO) enrichment analysis revealed that extracellular matrix organization

was downregulated in the f-hPL group.
n=23 each

& W B IE, ARG TUE £hPL o#lik o IEME{L (56°C,
30) BiTbhholzZ ETH A, IBLIZIMEH D
RIC X 2 OS5 &2 KRS % B CTHW S5 —J7 T FBS
FOHT) AV N R EE5 2 EPHHEINTNEY,
H7Y A YN ORROIEE LA MSC ORI A &
I PIEAHTH 5.

ARWFFECLE, Bl IR B |2 I ht X B R RER
TORMEL HEORMEWMIZTHR T 4 V5 — % i
L7z, ZD72%, £hPL O JE ARG G 0 fe Bk 13 i i F
MEEA L HEO LAV FTERRSINS. L L,
M M R & FRRS, w4 > Foliow 4 V2R A
DY) A7 IFEAEITIIHER T & v £hPL ORI IZ
BWTIE, VA VARNFLD 20D 7 > < HEIRGT A
LD, Fxld MSC OB & #EREDT ST I DV,
£-hPL, FBS K. U't b AB B O &y E % Mg L7z, MSC
AP ELIZONTH A XANRL Y KE L, BEXIX
DRFALT 5 2 LA G SN TWBET, £72, p53/p2l

O p16 #EBEOIEMEALIC X O B-gal FEBLASHEIN§ %%,
Fx OfEFIZ, P12 T, £hPL I X BN 72 B
A RL, ZORETL D BILOBEIMUETH - 72
CEEMHBELTWA, IhsomAl, PLAMSC
DT RN = AR OB E R T OFBL A2 THI L,
JE 955 B i - DAL & S % & v s & —F L
TWaY., 7a 74— ALY, thPL TREEL 72
MSC T, FBS THi# L7z MSC & ik L CHilfast <
N w7 ADBNARD 8 V37 B DOFHIHA LT
W2, ZOBROFEME A Z A LEIAHTDH 5.
4 oL CIE, £hPL TR L 72 MSC 13 FBS TR 28
L 72 MSC IZHERTHIEE L 3 2000 72, 2oV IZHIE
M= ™) Y 2 ZADRBNARD & 37 BB L 72 MSC
REZAL DS G LTV A T REEAVRIB S 5.
AT OPDBRAD D D, S5 7% 2N
VETH A, #—I12, £hPL OMBBEIEE IS 53 5 45
FEDY VN ERFERETE Loz, Thude Mk
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Fig. 6 Cumulative cell expansion with different supple-
ments
f-hPL facilitated significantly better MSC expansion
compared to both FBS and human AB serum up to
P12. AB serum group culture were ceased after P9 be-
cause of the low cell division.
n=23 each
*p<0.05 compared to FBS, Tp<0.05 compared to hu-
man AB serum
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Fig. 7 Cell senescence analysis between different sup-
plements
(A) B-gal staining of the MSC treated with either f-hPL
or FBS after P12. Significantly high signals are seen in
the FBS group. (B) Fluorescence intensity of MSC
treated with different supplements were compared re-
garding different passages. Human AB serum exhibited
a higher trend of B-gal expression as early as P8,
whereas FBS and f-hPL showed lower levels of expres-
sion. MSCs treated with FBS exhibited substantial B-gal
expression at P12, whereas f-hPL-treated MSCs dis-
played comparatively lower expression.
n=3 each, Bar =100um

Table 2 Surface marker expression of MSCs grown in the medium supplemented with

large scale production of f-hPL in Quantum system

BM 1 BM 2 BM 3
f-hPL PDGF-BB (ng/ml) 12.4 17.7 10.5
Automated cell culture Quantity of Bone marrow (ml) 50 50 50
Age of donor (Y) 23 25 22
Total cell number 46x107 126 %107 84 %107
Viability 91.8% 95.3% 89.4%
Cell size (um) 16.5 215 15.6
FACS Isotype control 2.0% 1.7% 0.9%
CD45 3.7% 1.9% 2.3%
CD44 94.5% 99.5% 99.7%
CD90 95.3% 99.5% 99.5%
CD105 92.9% 96.6% 91.7%
CD166 88.8% 93.0% 82.1%
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Adipocyte Osteocyte Chondrocyte

Fig. 8 MSC differentiation potential
MSCs expanded with large-scale f-hPL and cultured in the Quantum system demonstrated robust differentiation potential
into three distinct lineages: adipogenesis, osteogenesis, and chondrogenesis (Lower raw: control).
Bar=200pm
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Supplementary table Kit used for evaluating cell quality

Antibodies used in Table 1

Name Company Cat #
Pacific Blue Mouse 1gGl, k Isotype Control BL 400151
PE Mouse IgGl, k Isotype Control BD 349043
APC Mouse IgGl, x Isotype Control BD 555751
APC/Fire 750 Mouse I1gG2a, k Isotype Control BL 400284
Pacific Blue Mouse Anti-human CD14 BL 367122
PE Mouse Anti-Human CD73 BD 550257
APC Mouse Anti-Human CD105 BD 562408
APC/Fire 750 Mouse anti-human HLA-DR BL 307658
Pacific Blue Mouse anti-human CD19 BL 302232
PE Mouse Anti-Human CD34 BD 348057
APC Mouse Anti-Human CD45 BD 555485
Pacific Blue Mouse anti-human CD44 BL 338824
PE Mouse Anti-Human CD166 BC A22361
APC Mouse anti-human CD90 BL 328114

Antibodies and kits used in Fig. 8 and Table 2

Name Company Cat #
PDGF-BB Human PDGF-BB ELISA Kit R&D SYSTEMS DBB00
FACS Human BD FcBlock BD 564220
PE Mouse IgG x Isotype Control BD 555749
PE Mouse Anti-Human CD44 BD 550989
PE Mouse Anti-Human CD45 BD 560975
PE Mouse Anti-Human CD90 BD 561970
PE Mouse Anti-Human CD105 BD 560839
PE Mouse Anti-Human CD166 BD 560903
Differentiation capacity StemPro™ Osteogenesis Differentiation Kit Gibco A1007201
StemPro™ Adipogenesis Differentiation Kit Gibco A1007001
StemPro™ Chondrogenesis Differentiation Kit Gibco A1007101

BL: Biolegend, BD: Becton dickinson, BC: Beckman coulter
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(A) Biological process Gene Ontology (GO) enrichment analysis revealed that RNA binding was significantly upregu-
lated in the f-hPL group. (B) Protein degree analysis revealed that stemness marker (Myc targets vl) were upregu-
lated in f-hPL group, while epithelial mesenchymal transition was downregulated. (C) Protein-protein interaction net-

work analysis of downregulated proteins.
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Supplementary Methods.

BIMBKERE T 1 L2 —DBRLEERE

RERTHEMTHERT A2 —1F, 2T, ARARFFHIVEERSATWS, AR7 v —d, BREHHEZ B/
T2 MIRBFN 6 S0 5 k& 72 e A i 72 U7z B CARBFZEICEER L T b, BEEIIILITOH ARG END - 1)
FEIRAE A O E O, 2) HEdEHUA, HBs Hi, HBc #ifk, HBs Hiik, HCV fiifk, HIV ifk, HTLV-1 ik, PVB
19 PUFIC KT 2 HUR - PUARAGH#, 3) HBV, HCV, HIV, HEV [ZxIT 2 ZisEEMRE (NAT) &%

Data independent acquisition ZEA WV =EEMNTOFFHIH X

R, PETE & AR AR B B AR A5 2 FH VT L 72[1, 2], Sequential window acquisition of all theoretical fragment
ion spectra mass spectrometry (SWATH-MS) {Z{%, Dionex Ultimate 3000 RSLCnano A7 A (Dionex, Sunnyvale, CA, USA)
& ZenoTOF 7600 & &7 #7# (Sciex, Framingham, MA, USA) Z{EH L7z, 1% Aiii D145 K% (false discovery rate, FDR)
WICHSERTF REBRYIL, FEBINEROXMNEE Lz, ¥ /37 EORE L ERIX, data independent acquisition 14
IZ Lo THLNIZEESHTT — X B LW UniProt & MEHEY 74— 57 — % %\, DIA-NN v.2.0[31% H ™ Cfighr L
72o MaxLFQ 7 /L3 U X A% W CRIBMA B — 7 EAE D & v /8 7 B BL L~V & B L7 [3],

B Ry B BB ORNTIL RNAseqChef [4]% W TIEHE L 72, Network and Gene Ontology (GO) fi##T1d STRING /N —
¥ a2 12.0 (https://string-db.org/) % AN TIEhE L7=[5],

1. Masuda T, Tomita M, Ishihama Y. Phase transfer surfactant-aided trypsin digestion for membrane proteome analysis. J Proteome
Res. 2008;7(2):731-40.

2. Mori A, Masuda T, Ito S, Ohtsuki S. Human Hepatic Transporter Signature Peptides for Quantitative Targeted Absolute
Proteomics: Selection, Digestion Efficiency, and Peptide Stability. Pharm Res. 2022;39(11):2965-78.

3. Demichev V, Messner CB, Vernardis SI, Lilley KS, Ralser M. DIA-NN: neural networks and interference correction enable deep
proteome coverage in high throughput. Nat Methods. 2020;17(1):41-4.

4. Etoh K, Nakao M. A web-based integrative transcriptome analysis, RNAseqChef, uncovers the cell/tissue type-dependent action
of sulforaphane. J Biol Chem. 2023;299(6):104810.

5. Szklarczyk D, Gable AL, Nastou KC, Lyon D, Kirsch R, Pyysalo S, et al. The STRING database in 2021: customizable
protein-protein networks, and functional characterization of user-uploaded gene/measurement sets. Nucleic Acids Res.
2021;49(D1):D605-D12.
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