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for relative and absolute quantitation)t&-il, At 2 € it B ff 25 649 IR AT RIL F ARIE, ZJa 34k
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CCL2. COL4Al. TGFpI. SERPINEI. SEMA7A&A#4T T Real-time PCRE & 4547, @it TMTA &
AU &M, Z T 1 0005 AP A & &, 3 A 7047 & & AAhUC-MSCs ¥ #9 £ 3£ WNCF ¥
% . ifitReal-time PCR, HA1EE T CCL2. COL4AIfERUC-MSCs™ ¢4 53 64 # 5 F H AANCE ¥ ¢4
kg, BEFAA REM, @i & L kA A Uniproth) 48 B 248 A 4035, I K I, X AFr 9T 1
KIE 6 Ty B AL R+ o T e 4E A, i KR RS AR M A Ak S R AT MR R 69 R A B R R AR A
F|E2AER . B ITANCFAThUC-MSCs3% fr Ak 5k 64 % & SATAS M AT, 32 AR50 AT 18] R
T tm e oy ik B 6 V6 97 AV B IRAT M IR JA 89 5T Be T AUHR AL B .
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Abstract To elucidate the probable mechanism of hUC-MSCs (umbilical cord mesenchymal stem cells)
secretory proteins in the treatment of neurodegenerative diseases, this study investigated the differences in secretory

proteins between NCF (human skin fibroblasts) and hUC-MSCs. Based on LC-MS/MS (tandem mass spectrom-
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etry), the supernatant samples of hUC-MSCs and NCF cultured in serum-free medium for 48 hours were collected
for TMT (tandem mass tags for relative and absolute quantitation) to detect peptides after protein digestion. Isotope
labeling was performed, and then the difference in expression of secretory proteins was accurately identified and
quantified. The secretory proteins of NCF and hUC-MSCs were established by bioinformatics analysis, and func-
tional analysis of these secretory proteins were performed by GO (gene ontology). Proteins at the central position
were analysed by Real-time PCR, such as CCL2, COL4A1, TGFf1, SERPINEI and SEMA7A. More than 1 000
consensus proteins were identified and the corresponding functions were searched by Uniprot. And the paper con-
firmed that the secretion of CCL2 and COL4A1 in hUC-MSCs were more than the secretion in NCF. The paper find
that these two molecules play an important role in the elimination of inflammation, and the inflammatory response
plays an important role in the occurrence and development of degenerative diseases such as Parkinson’s disease. By

analyzing the proteins secreted in NCF and hUC-MSCs culture medium, this study lays the foundation for elucidat-

ing the differences in molecular mechanisms between mesenchymal stem cells and skin fibroblasts.

Keywords

and absolute quantitation; secretory proteins

PREAIRAT M — M EFE - RRAE  TH AR
Wi B BEI R A RENLNZ400E . SRR S .
V) 78 J5T T 4 L AE VR 97 A Qe e U1 T S o R
LR, (HEARYLHIEA Fridk— B0 N 58 3

[B] 78 )i T-41 ffd (mesenchymal stem cell)*&—3E%
RET-4H, BA R B 3R TR RE /7 DA n) 2 Fh 4
ST RE . Horh, AJBET U] 7858 4 il (human
umbilical cord mesenchymal stem cells, h(UC-MSCs)[A|
g e Wb | | NP S I ) e S It (N TN
FEAR SN N IS AN [F] 7 30155 5 0 A0 o T 1D 240 2340
My AR AR AN & 2 A 2R A i AN 2H 232 i DA
NG Sl R 7T I, R) 78 5T 4 P 40T
B A= 03 1 TR - 0 FLAE VR T A 22 3R AT PR e
AR BT R B 55 Bk AR Fh B 21 1 3R
YRR, T A ST 72 ) 4T 4E 41 i (fibroblast, NCF)'®
W Rk, & 2 A A, & SRR,
1NN W E o a1 O T = N i T Wi
k15 3 0] DL N AT 4E 40 i, 2k 25 0897
A& /7. TMTHRICE f 4 H 4 %% (tandem mass tags for
relative and absolute quantitation)s& 15 2 kA4 7 g
WCHA, K 10M R FIARAS, Fric 2 IR 2 B 5
1, 38 LC-MS/MS 73 #ir, S R BUEEATHE s 46 5 A E
HILEL. AW IZEAR 2 B NCEAThUC-MSCs
B R B v o WA B B T b 2 4 i 29 B 1 i 4
S 2 S AR TE, AR hUC-MSCs 4l LA I7 1A 4 A%
I S OB AT M LS R DR, AT A 20 LB B
BAFRRE,

human skin fibroblasts; umbilical cord mesenchymal stem cells; tandem mass tags for relative

1 MRER*®
1.1 #8

JRE AEE. DTT. LAMIAH Promega/A#l ; J&
Z I H GibcoBRLA ]; EDTA. PMSF. % &
Ykl G250, L AREREL W H Amescos &) 5 ML
1R . SDS. TEMEDW H Sigma s 75 LB LR
R E b= ) 8. HWEE E Fisher Scien-
tific/A 7 ; strata-X C18FREAE . SCXEEPH & 7 A HukE
(#2*5 Luna SCX250%4.60 mm)Ji4 H phenomenex 2 7]
1.2 753k
1.2.1 #mfe3Esc  hUC-MSCsHINCFYy Aysri = 7
KRBT RENEEFAL, MANEEEHR/
5% % (penicillin & streptomycin, PS)f] DMEM
BUIK, FEFHPBSYRIR 2R . SRR T ARG 2205, H
FHRAIBTET I 1 mm?®x 1 mm?fZ4 233 . B N\ s
FEM A, i AMEF; 723 [DMEM, 10%Ji44- L35 (fa-
tal bovine serum, FBS). 1%F 4 75 2 2 (nonessen-
tial amino acid, NEAA). 1% L-2 & It % (L-Glutamine,
LG). 1% EHR/EHER]. KB, B2 T
for R AR AT dE A i, SRS 5 BRIk
FABh, FATEYEE T NI, PBSHE 345 DI A
N, FEMSCH; 72 35(DMEM/F12. FBS. NEAA/PS/
LG FR 7~14 K. AR, Frft& ik 3]
90% I HEAT AR
122 #emlf  SEEEEPSRUNAEKRER
U (5% U NCF AT hUC-MSCs, 7E 10 e Jifg % 77 ML
A KB RE90% & 5, FIPBSMIES IR, SR ETE
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&R IR P K77 48 h, W _LiEFE ST TMT 2
WAER AT

123 &GRS Z0GEIEE H, 14000 xg.
4 °CE0r40 min, FEKW . EE LRB T, HEM
IR SR 32 200 pLic A7 o BRI 50 pLE R
W, 2 min(TAE2 s, [HF@3 s, T3 180 WYL AT &7
EEVEMR. BAE, 20 000 xgB 030 min, B EE.
IOADTTZEZIKE 10 mmol/L. 56 °C/K¥A1 h. HUH
Ja, IE A TAMZ 29K %55 mmol/L , B = F#E 1 h.
{# i Bradfordyk: %} 25 H T € & .

1.2.4 JFagenm 16T S il )5 A sy, o
S U . A5 FH Q-Exactive5 #E AU I ik B S 5 .
g e e, A3 B IR GG SO . K S R 4R S
4% N 3| PD(Proteome Discoverer 1.4, Thermo)#X £
J&i , B R R R AT IR . PDAR UG I K]
Hmascot# T R, HRL N5, PDHRAFR#FEmascot
R 45 R — iRk 5 v BT e =, AE
F ANOVA 7 BT i 65 JEAT 2 7 BB M VEAG . 3
HEHLP<0.05, ratio=1.28{ratio<0.83 ()& 1 N % 5 4&
=

125 &adgft  BMERE00 pgd AR, A
FIOKEETEE H1, 14 000 xg 4 °CE§0240 min, FJE K -
BIA200 uL 50% TEAB, 14 000 xg. 4 °CE.»40 min,
FIRM . BEE FIRPIE2IR. AT pg/uLif) Trypsin,
100 pg#E BRI 3.3 ug HIEE, 37 °C/K¥# 24 h.
AR, SR 518 F TEAB(K ;-TEAB= 1:1)5:4530 L
SR

12,6 kEARE  FRCRFTPER=ER. B8R
A A4 pLZWE, W% 1 min, B0 B2 E
&Ko K VR AR IE RN B BE B b, AN TRIRE 5
ANRAKANRIFEM EbRiC. ®AE, BEER, iR
B ho A8 pL 5% f%, =R HE 15 min, B
TR FF AT H SR TR

12.7 HPLCHW 4% B A5 FH o R AE, 9 FH B A8
e €4 158 4 (Luna SCX)o 1R K FE i HE £ ARid a7
b F ARG BE 1045, BEIR IpH %£3.0, 15 000 xg @& L
10 min, B b3f . WE B 7%, BFE, R B L
(150 BIBR IS AT o ARIRTI S B FR I ER 361 2 48, 4%
HR T 0 A, U ED B 6, &G IR
16141 53 AT fa B Ab B

12.8 JREegzei  HCI8 AR IERRER, SIR
Wk A1 mL P EEEAAERL SR 5 5% ACNF-1;

FE i AT mL MilliQ/K M B i A5 FE 1 mL 5% & i
Verk B ER; 500 uLak 2 G B2 SR G AT AW
T8 B F0.1% IR B etk Ja KB

1.2.9 CCK8E#Mmisgsa ke (E96FLIR 4%
Tl 240 L R (100 pL/AL), A4 35 FEAROICTE 55 7740 i
BEREFRTR(T °Ch 5% COy)o [FIAHMFLIIATO nLi
CCKS8AW, KB - UAERT A NI B 1 h, H B AR
A 5 £E 450 nm A I DA

1.2.10 Real-time PCRi&#M U4 NCFAIhUC-
MSCs4if, Trizolyk R HLAN il S RNAKAR , 2R 5
B RNAW 8 cDNA. WS 45 R ik B4 iE
1 H 3R B39, W28 GAPDH, i SYBR
GREEN{E#E1T Real-time PCRAG I H 1) 5 [ & i
T WE 3UCEAT LR IR 45 B, H GraphPad
Prism(v5.0) X AHAE I, IFdEAT Si it 204

1.2.11 Western blot#n| ¥e47%& & K EE 4T ff IG I
H BB, ISR GT RIS 5 BCAKI & &
H& &, SRR AT 15% SDS-PAGEH K, &
R RIS IR AT 4 = b, LA 5% 2F 95 1)
TBSTH W & A 1 h, —HiiF & 4 °CiI . TBST
Vs, FH AR L B o 5 Ak P i bR i P IR
H1 h, TBSTHE G ECLE (R SR MIAR N 461 . BT
AL E 3N

1.2.12 %it3am $9% K Fl GraphPad
Prism(v5.0) A 34T it A BE, Dhxts 3R, ML L
BCRH A, P<0.05FREAREMER,

2 H#R
2.1 hUC-MSCsZABEFINCFZAAR A E5E FN4E & SEI6
1% O HOH A KRS R iF M hUC-MSCs 4t
MU AT NCF4H ISR M I8 v, Wi 1A~ {6
CCKSIAFI G AT 40 B FE 50 5, W 1B FR, M
3 4R 2 J5 hUC-MSCs42H il 34 5 fie 77 BH 2. 3% T NCF
i, BA SR (R, P<0.05). @i
i 4 #r & B, hUC-MSCs4liffii 1 CD16. CD29.
CD34. CD45. CD73F1CD0) %k Z 5 511°50.1%-
94.0% 2.2%-+ 2.0%- 97.0%#198.7%. FH.H CD29.
CD73M1CD90&hUC-MSCs4H il () % T brid 7> 7, #
IEIKPFEL R . T CD16s2 A% 40 flbrid 72, CD34
FICDA45 /2 & IfiL T 40 f 19 A5 £ 4, 1K K -FRAK.
NCF2H i %5 5 25 5 WS90 % 2 /i R M S, B
SEE YN
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BATR I SLH 2 M HER I NCFZ R E R
PEO MR OE R E RN 0.933(E 2A); 2N LR ) hUC-
MSCs 2 [H] 1 # & P BT AH ¢ R EL R 0.912(1 2B),
PR KT AH G R A IR bR AEME 0.8, BRItL, FRATTAN
FAREAR M ER MERROE A R ZR . B IEEUE M L3k
HHEH10%HSDS-PAGE /3 55, Ik Bl f5 42 HPLC-
CHIP-MS/MS/rHT45E » FiGHIie 5, 15 2 ik
JRAGE A, B e s 2 B (E2C) . B i R
G i A\ 2 PD(Proteome Dicoverer 1.4, thermo)#k
PRI, A2 o R 1 PR AT 0 i . PDAREERUS 1%
K FmascotidH 17 %, R 4505, PDHAAR i mas-
cotf & 45 AN 5 — D i 18 I 1% AT 8 BT .
A1 268/ 7 R B A IR A% H ok, HihUC-MSCs/
NCF L& AHH N 7044, FIREASH N564
Ao f8H ANOVA S BT 285 Rt AT 2 57 B 35 PEVTAL
Ji , #EHLP<0.05, ratio= 1.28% ratio< 0.83 /) & A N %

) E

100-pm

FHEM . HRHEUniprotliiiix £ 722 A I ThiE . ik
B A RE A 2 B2 48 String - TR A D T H
YEE, B 2DA7R, 121 32 BT AR A% O B O
T AT T — PSR %0 8 & PCRAMT, MW
ISP SN IR ZE 5

i#id 2 hUC-MSCsMINCF b i A, 45 Rk
I, hUC-MSCs%yWh i F 1 5 JOREAH G (1) 4> 1R 1A
KFE ST NCF; M5 T 251147, hUC-MSCs
AR A B EAR T NCF(FK 1), $#278 hUC-MSCs4) i
B AN S 1 20 SN AN R T ] AT e AE A
S e AR R AR R BER , EIEAER RN
HARM 73 FHLHIE 75 5 22 PR FT
2.3 EATREEEPCREARE

e N E T HAF B AZ O A B ik L
T 9% 9 #H 5% (1) ] 7 #E 47 Real-time PCRE & 43 #, 45
FanE3FTR. T 22 R 2R oy,
1T R — Ik, 45 R E4FTR .

(B) 2.0 e ewsc
s * + NCF
Q?rl.o
0.5
100.4m o

0 2 4 6 38

day
MSC-CD16 MSC-CD29 MSC-CD34
© =
D g g
28 P2 g ] P2 2 P
© O = o
S ]
o]
2 1
DT S T N Y T O = 01010t 108 100 10f o8
FITC-A PE-A PE-A
MSC-CD45 MSC-CD73 MSC-CD90
o ]
&7
2]
g ERE
é e P2
.
Tl
o]
> : ’ ; LIt S T 10010 10t 100
107 105 4 10 10 PE-A PE-A

A: hUC-MSCsHINCFAIATE A5 K; B: CCK8AZMIhUC-MSCsHINCFAH A i 71 (Student’s t-test, *P<0.05); C: hUC-MSCsANAL 3 2358 o
A: cell morphology of hUC-MSCs and NCF; B: CCKS assay detection of hUC-MSCs and NCF proliferation (Student’s #-test, *P<0.05); C: flow cyto-

metric identification of hUC-MSCs.

El1 hUC-MSCsZRFINCFZRAEHYIETE L E
Fig.1 Proliferation and identification of hUC-MSCs and NCF cells
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A: repeatability analysis between the two samples of NCF; B: repeatability analysis between the two samples of hUC-MSCs; C: total Ion Flow Map of

Mass Spectrometric Detection; D: functional interaction network of ECM proteins that play roles in inflammation.
E2 SWERERSN

Fig.2 Analysis the difference of secreted proteins

&1 hUC-MSCsHINCF 7 ih i) 5 ZAEFATHXMERTIR
Table 1 Inflammation and apoptosis factors secreted by hUC-MSCs and NCF

Thie e R A FERAFR Uniprotify)s EALEELF PH
Function Proteins Genes Uniprot ID Coverage P value hUC-MSCs/NCF
Inflammation  C-C motif chemokine2 CCL2 P13500 0.18 0.00534 9.25
Transforming growth factor beta-1 TGFp1 PO1137 0.19 <0.0001  3.88
proprotein
Collagen alpha-1(IV) chain COL4A1 P02462 0.10 <0.0001  3.22
Plasminogen activator inhibitor 1 SERPINE1 PO5121 0.56 <0.0001  3.07
C-C motif chemokine 7 CcCL7 P80098 0.07 <0.000 1  2.02
Apoptosis Semaphorin-7A SEMA7A4 075326 0.19 <0.0001 1.71
Vascular cell adhesion protein 1 VCAM1 P19320 0.19 0.00209 1.38
Thrombospondin-1 THBS1 A0A024R9Q1 0.43 0.08165 1.30
Methylthioribulose- 1 -phosphate APIP Q96GX9 0.03 <0.0001 0.63
dehydratase
Serine/threonine-protein phosphatase CPPEDI QI9BRFS 0.18 <0.0001 0.75
CPPEDI
Apoptosis regulator BAX BAX Q07812 0.26 <0.0001  0.79
Apoptosis-inducing factor 1, AIFM1 095831 0.06 <0.0001  0.80
mitochondrial
Caspase-1 CASP1 HOYEC7 0.03 0.000 13 0.80
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Fig.3 mRNA levels of several inflammatory associated factors
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Fig.4 Real-time PCR result of CCL2 and COL4A1

Iy M4 R R, CCL2RICOL4AT 2014 F-1E 2 F
i b A B RO, X2 4 T EhUC-MSCs
YA ) B I HNCFR 1, i S22 i L
5, P<0.001, 5 R EGWEEMWZ R, Hi LMo+
Tl 22 . XA RE A A A B 5 P B an R
2[R
24 FUBEREER

Ji i 45 B 5 Real-time PCR4E B —3(, hUC-
MSCsZH i T & (1) CCL2F1 COL4A 1% % . 2R &
B oy e 1, MR % BB T A0 AT I IR
A AN B T, R B RAE AR A e . Bk
b 25 R 3PN .
2.5 NCF#1hUC-MSCs_t;&CCL2IWestern blot
R

Western blot4h 5% B, FENCFFEAS L5 460
FICCL2[H R IE I HAR, MThUC-MSCsHFEA L iF ks
MAE|CCL2FRIE KT =, X R ThUC-MSCsH
A FiEHCCL2HIRIE KT LENCF &, ek B 5 i
FReal-time PCRFI AT HAZE R — 2 (K5).

3 Wig

AR S IE FH R IO TS I i S e 1 0002
PRI A, 8 A FR SR S AH B 1Y) Uniprot U P2
R HAEXS M A D) RE . 1@ I X NCFAhUC-MSCs!'™
B FRHE T 43 WA () R AT B TR I A, X 2R
KL 2 b B A 1 2684 22 S B B e tH ok,
HThUC-MSCs/NCF i F 3 H 7044, TiHEH
HH 5641

P S A A AR B AT e A B
CCL2. COL4A41. TGFpBI. SERPINEI. SEMA7A
13347 T Real-time PCREGIE. FATIESE T CCL2.
COL4A1/E hUC-MSCsH 73 5 11 5 T NCF 43
B, HERAFEEME. CcCL2 Mtk R1, 7
PORE N R B EEAEH, SOl IR R, KRR
IS AE BT IR P ek TR 4 4 20 38 AT M 50 R B 40
HEMVEH . CCL2TERT R kI BRI B35 b ] R IR
i 55 4 15 W 4 B3 AR AL 1D B A A B AT R
FEC B G317 (A FH U9, 72 N SR 48 0 1L BRI o
YR FRAR R, CCL2BEMS AR R 2 4 T, i 3
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Table 2 Real-time PCR primers

S S FIIE [ (5'—~3') S B I (5'—3")
Genes Primer sequences (5'—3') Primer sequences (5'—3')
CCL2 AGC AAG TGT CCC AAA GAA GC CAT GGA ATC CTG AAC CCACT
COL441 GGG ATG CTG TTG AAA GGT GAA GGT GGT CCG GTA AAT CCT GG
SERPINE] CCT GGG CAC TTA CAG GAA GG GGT CCG ATT CGT CGT CAA ATA AC
SEMA7A TTC AGC CCG GAC GAGAACT GAA CCG AGG GAT CTT CCC AT
TGF-p1 GGA TAC CAACTATTG CTT CAG CTC C AGG CTC CAA ATA TAG GGG CAG GGT C
#&3 hUC-MSCs/NCFRi% 5Real-time PCRZEREER 3
Table 3 Mass spectrometry and Real-time PCR results of hUC-MSCs/NCF
ESEZ Uniprot/7 5 Ja k2 Real-time PCR4%
Proteins Uniprot ID TMT result Real-time PCR result
CCL2 P13500 9.25 5.452
COL4A1 P02462 8.28 72.863
- NCF  hUC-MSCs
(A) ccLe
(B) g 2.07 ceL2 sk
2" 8 NCF
= = hUC-MSCs
S 1.5]
o
(=}
'3 1.01
]
a
2 0.5
=
Q
04
(=2
L ¢
& ¥

A:Western blotf MINCFAThUC-MSCs}% 3% I3 -1 CCL2; B: Western blot4s K ¥ Gt il 45 5, ***P<0.001.
A: Western blot detection of the CCL2 protein expression; B: statistical analysis of Western blot, ***P<0.001.
[El5 NCFHFhUC-MSCs_E & & $1 CCL2) Western blot45:R
Fig.5 Western blot result of CCL2 in supernate of NCF and hUC-MSCs

HEHINMDA B Tat &5 75 5 (1 4 B 0201, CCL21R
710 22 241 R e 52 Tat B (1 10 B PR 2 08 HL 32 /R CCR2
WS PLC/IPS{E 5 %, df 1 35 {L TRPCIl i, 5] i
Ca® [ kI 28 Ak, 2 J5 BF ERK/CREB/E 5 18 % 92 11
(Rtel, 2 f A w1 A SR R T B 3R 1 4 e
H A Y05 M, TCCL24L BE HL 5% 971K & At % 411
FINMDA B, Tat 2 [ 415 (1 240 g 40 45 2R £5 11 R A
2BV IR VR AR A 2 98 05 I SRR 471
HHORH R 22 20 P S B DR R I s & o, 2
bR ER AL R T R O AN P R 8 B R i CCL2 I &
R, SR 5 AE T Ah 2 40, 4f L 5 %2 NMDA B
HEIREE R SR A R B E U T H R

FIAEPE 22 W, CCL2/CCR2USIFEMIZ KA . AP AR
o 2 A 3o 25 ) 9 B A I O R kD B S0 AR
FH, DRI B L 980 51 6D PR #ok Z2 AR AT 1 95 3 (1 ¥ 97 v
FEAERIE N e BIR T #E . COL4ATL2 — i JR &
UL 2 I P R SR P B A A, ek TR RE
I %67 B P 58 R 56 B 4+ 4) E5L E, COL4ALIY T R
B 2 5| ™ 2 A A ot A RO A Y a4
i 3 B AR AP B AT R — AN B EE K&K
CCL25 COL4A1 & &5 # 7 H 5hUC-MSCs 4
BITBUR I 5 R AWFFIE W E A4
e, XF B0 B T 1) 78 S5 T 40 B Az R T 4 401 it TG
MmiEH; 7= BER P E AR ZE S, SRl AEE
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