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Extraction and identification of human stem cells from the apical papilla derived-exosomes
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[Abstract] Objective - To obtain and identify the exosomes derived from human stem cells from the apical papilla (hSCAPs). Methods - hSCAPs were
cultured by modified tissue adherence method and the phenotypes were analyzed with stem cell surface markers CD105, CD45, CD44, CD31, CD34 and
CD29. The capability of multi-differentiation in hRSCAPs was identified by osteogenic and adipogenic differentiation in vitro. Exosomes were isolated from
hSCAPs culture supernatants using gradient centrifugation methods. The size of vesicle was assessed by nanoparticle size analyzer. The morphology of
exosomes was observed by transmission electronic microscope (TEM), and the expression of exosome molecular markers CD81, CD9, CD63 and TSG101
was analyzed by Western blotting. Results - hSCAPs were positive for the mesenchyme stem cell markers, including CD105, CD44 and CD29 and negative
for the hematopoietic markers CD45, CD31 and CD34. hSCAPs could differentiate into osteoblasts and adipocytes. hSCAPs secreted microvesicles which
exhibited round vesicle structure with an intact membrane observed by the TEM. The results of nanoparticle size analyzer measurement showed that the
diameters of vesicles were ranged from 30 to 100 nm, which were consistent with the results by TEM. Microvesicles could express the molecular markers for
exosomes, i.e. CD81, CD9, CD63 and TSG101. Conclusion - The microvesicles were successfully isolated from hSCAPs and identified as exosomes.
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fEfe, e, TUERBRONE =B F CkA Ll
AR R RS LN RERE D ESME) , DMEM £ 55
B OBEAM. BEnG. &R, #EHR (Gibeo, 3
), B- HilkEegh, e kin, 43 C (Sigma, 3£
E), FEZL e, e O deify (Cyagen Biosciences, 3
[E), Beckman CytoFlex S ji=4A{¢ (Beckman Coulter,
¥ E), CD29. CD90, CD105 $ji{& (BD biosciences, £
E ), CD34, CD45 $i {& (Biolegend, 3£ [F ), CD44 fi
f& (eBioscience, 3 [F ), CD63. CD81. CD9. TSG101
(Abcam, H&[E ), BRI A 14 B bR I AT L =E B % bL
R (B, hE), %6 ESOLE B (Olympus, H
A ), CO, ¥ F %i. GeneChip” Scanner 3000 7G F1 #i

{8 (Thermo, £ ), OPTUMAL-80XP #B & 27 .0» #L
(Hitachi, H 4<), Tecnai G2 Spirit Twin 1% 5 1, % (FEI,

% & ), ZETASIZER Nano series-Nano-ZS k7 12 4y # L
(OTSUKA, HA), B BG o0 %58 (Tanon, i),

1.2 92585051k
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TR LN R EEBE L 2 51 25 W AL B 5 Jn i R & s
W12 ~ 18 % B TR EMF T S RERAVIE e, 2% iR
AR B T2 BT S U R BUR R E A L
SKHHE, & 100 UmL FHaER, 100 pg/mL 5555 AL
+h 4% thifk (phosphate buffered saline, PBS) &% 3 vk, 3
W5 0.5 ~ 1mm’/ B, H#HEk AR 23R 10 cm
Brgellvh, 3R A 10 mL 52 4% 553 (& 20%
e, 100 UmL 583, 100 pgmL §EH ), BT
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(1) 4ife 2 mbr G %K HUEE 2 1L hSCAPs,
0.25% JHREGHIL, PBS iEME 2 vk, EEJFIM. #& 9 ik
A4, EEIRRENMA 0.5 mL PBS FAAY 1 x 10" 41
e, 4 BIAnA 5 uL CD29-PE, CD31-FITC, CD34-FITC,
CD44-FITC, CD45-FITC, CD105-PE i fA&; % 3 3% % 5%
B, —3IA PE R A BTk, —3nA FITC [yf& %!
xR (ISO) 1A S, 54— R4 N A dri A T
il ek, =B NEE 45 min, PBS PRIk ER G, RH
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10 mmol/L B- Hl B ER . S0 pmol/L 435 C) 155, 453
Hifui, o AR URse R ISR . B595 3 )G, W
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e 3 vk, LI 40 mmol/L fpE Ll Yutaify, =inFE
20min 5, PBS {{k 4 2k, I8 BHEE TS LA
TR, SRt B 3 A RE, MorEE 3 Rk,
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LA S < 10° A4 / FLAD 2 BE e Fp 3] 24 fLdkcrp . 3 Hift
RAEZ NI A2 100% b, SRUs2H anigdi i g 175 ik A
W (524 ks34 10 mg/L B8 2. 0.5 mmol/L 3- &
TR -1- RIS AR SIER, 1 pmol/L HhZEKY) B
Fs 3 d e R E S B (e & ks s A b & 10 mg/L
), &k HIRBIR SR AT, AbiEEe, HE 3 ~5
AR, o BRI e A R R R R . B S e UG,
W% 3E B NS 5 Sl AN BE F5 56, PBSIHIE3 1k, 4% £ B
W% [& 72 30 min Ji7, PBS {3 7k, #EfLAn 1 mL L O
Yefs 15 min, FH PBS % 3 k5 8 B B G N ALEE IR
W&, 5 Sl YL 3 AVE AL, MorEE 3 k.
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¥ Bigwe R R.OE Y, 85 mL AEITEAT s 4 C A
10 000 x g B0 30 min, b 2k 4 i i T 28 B
¥, TEAERER S mL AR, 4CE&MET 110000 x g
B0 70 min, NGRS BiEWR, M 1 mL PBS & IRFT &
EoiiE, H PBS (MR, WATIRA))E 0.22 pm JENEIT 3
BT s FRok 110 000 x g BE.0 70 min, PE¥% 1k, &) H
100 pL PBS WS AMBATTEE, T —80CKMIRAT,
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WL B INB BAR I, Rz 5 min J5, FHEACR D
SN0, R RN 3% MRS BRI R 20 pl & 4L 5 min,
FHUEAC R W S /N0 T, 1635 S v BE 4 FE R T
65 CHtREZ) 15 min, FE B, MOrEE 3 Rk,

(2) kitgortr B ERSMAAR £ 100 uL, H PBS #p
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(3) FMBARFREMEERARE Wy BRI SN
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13000 x g 5.0 10min, B _FiENAGE & 5% _EFELE of
K, 100 C &k 10 min; SMUA PR FE G 5 A0 & R 20 uL T

10% SDS 5 PR A e B Jie v BE AT L Dk, 45 SRS 3R 1
E) % PVDF Jiig |, 5% [ fg 2wy B 47 B0, A bt A

CD63 (1:1000), i A CD81 (1:1000), i A TSG101
(1:1000), %4t A CD9 (1:1000) % pavifedifh, 4°C 47
IR BB, Tris-HCL L ohifg (TBST) Ptk 3 vk, Rk
10 min, 2 JE A BRRGE SEACRRICAILEDi e — T (112
000), =i F#F& 2 h, TBST 6% 3 ¥k, %5k 10min, ECL
etk R, BERORIR ARG, HOLEE 3 K,
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Fig 4 Transmission electron microscope observation and particle size identification of exosomes
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