rh E 40 i 2B Y022 244 Chinese Journal of Cell Biology 2019, 41(5): 867-874 DOI: 10.11844/cjcb.2019.05.0009

o-FR R N B TR T4 /&
APFIE R SRR A 5
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CRPREER R R ) LB ) LRHOT L7, LR 5 B T T 807 00 T S, L T 515
BHE A IEEHD, JUR % R B S %, BT AN LRSS0, K 400014)

HE #% B F NF-E248 % & F2(nuclear factor erythroid 2-related factor 2, NRF2),2 48 el 4 .
PR 8GR AE ST, CENRF2T A B 45 F b % AR % X £ 2 HFANRF2I%3) 7 o
ff—‘ﬁ&;(a-hpmc acid, ALA), 3& 3% I 18] L/ T 4@ f(umbilical cord mesenchymal stem cells, UC-MSCs)
FTEAPREE S . IR FSRAF 18K A UC-MSCs, i ifB-galf &, CCK-8& %, J& 3 AL M| 4m oL 38

AL ) ﬁt’ﬁ%‘f&iﬂ . Western blot#& ] 5% £ 48 X & & p16VA ANRF21z 518 3548 X 4T NRF2. Serd0
55'%@?14% #9NRF2(pS40-NRF2)%& &) & 3iA. qRT-PCRA& M 4m i %, J2 38 70 4 4 B F o3 o Fae-2,3- 3 m B Bl
1(indoleamine 2,3-dioxygenase 1, IDO-1) mRNA &L K-F 49 £ F, AR 0o AKA R UC-MSCsH7 4|9
JE) fn 3 AA% 4@ it (peripheral blood mononuclear cell, PBMC)3§ 74 #t /) 69 £ F. 4 R R, UC-MSCs
FARSNRAAY 3G A2 F 38 58 68 ) PR OT R L 3 % R A, Western bloth I NRF2 & pS40-NRF2%& &
FIAFEAK IEN-y/R 3 69 IDO-1 49 mRNA & & K -F B 4K, 375 PBMCE 74 48 ) Ti&. ALAYEA &
B-gal 4 &, a4 40 402 IR V7 FHAT 3 4 iR38 78 IDO-149mRNA KX 3E A & 37 4| PBMC3E 72 84 £
Wik, ZMPR4ERIR T, ALATT VAIEZ UC-MSCs#y R %, 738 5% 5 % & 4741

KA oo SR RR; AT IR AR5 TR, NRF2; 40 & Mo %ETW%U

Effect of a-lipoic Acid on Immunosuppressive Effect of Human
Umbilical Cord Mesenchymal Stem Cells

Zhang Jie, Yao Huan, Wu Mengyun, Li Yasha, Yang Ke*
(Pediatric Research Institute, Children’s Hospital of Chongqing Medical University, Ministry of Education Key Laboratory of Child

Development and Disorders, National International Science and Technology Cooperation Base for Major Children’s Development,

Chongqing Key Laboratory of Pediatrics, Chongqing Stem Cell Therapy Engineering Research Center, Chongqing 400014, China)

Abstract Nuclear factor erythroid 2-related factor 2 (NRF2) is a key molecule of antioxidative stress in
cells. Activation of NRF2 could effectively reverse the senescence phenotype of stem cells. The purpose of the
study was to investigate the role of a-lipoic acid (ALA), an agonist of NRF2, in promoting immunosuppression
ability of umbilical cord mesenchymal stem cells (UC-MSCs). P5 and P18 UC-MSCs were cultured, cell prolifera-
tion and senescence phenotype were detected by B-gal staining, CCK-8 and immunofluorescence. Western blot was
used to detect the expression of senescence-associated protein p16 and NRF2 signaling pathway-related molecules

NRF2 and pS40-NRF2. Real-time quantitative PCR was used to detect the difference of mRNA expression of in-
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doleamine 2,3-dioxygenase 1 (IDO-1), which is the cellular immunomodulatory inhibitory factor. Flow cytometry
was used to detect the difference in the ability of UC-MSCs to inhibit peripheral blood mononuclear cell (PBMC)
proliferation. The results showed that after long-term amplification in vitro, UC-MSCs showed senescence pheno-
type and their proliferative ability decreased; the protein expression of NRF2 and pS40-NRF2 was decreased; the
mRNA expression level of IFN-y-resistant /DO-1 was decreased significantly, and their ability of inhibiting PBMC
proliferation was decreased. After UC-MSCs treated by ALA, the number of -gal staining positive cells was de-
creased and cell proliferation was promoted. The expression of IDO-1 was increased and the ability of inhibiting
PBMC proliferation was promoted. We concluded that ALA can delay the aging of UC-MSCs and enhance UC-

MSCs immunosuppressive ability.
Keywords

munosuppression

B8] 78 i T 41 g (mesenchymal stem cells, MSCs)
& B R E R A2 ) AT BE 1) 2 e T4
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1% K F-NF-E2 4 5 [X-F-2(nuclear factor erythroid
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5PN B I (antioxidant responsive element,
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a-lipoic acid; umbilical cord mesenchymal stem cells; NRF2; cell replicative senescence; im-

A DAIEZE A 78 1 T 40 R 2 A2 . (ENRF2AE 75
Z 5UC-MSCs e il i 1788 71, H Al 1 JE 2 AR )
TRIE . A IR R DT U NRF2 K 5T 35 2 68 7 72 4
THUC-MSCs He B e 1 IR E AR

1 MRI5EE
1.1 FEAFIFNEE

N B 18] 78 52 T 41 g (UC-MSCs) K Y5 T 5 K T
TA I TT LARB AR 540 . DMEM/F-12(1:1)5
FRHE. RPMI-164085 2 5. Jifi 4F L3 4 14 F Gibeo
INT]; o= SE BRTE S TR (ALA)IA H 5 PR 25 K41 254 TR
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EVEARA IR A F]; 2 S RNAP I 4 G ) &
T B A6 5 E R T AE R A T 0 A SR e E
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Fo A RA 75 pledifg Il H proteintech A 7] ; HP-1v#L
&I F santa Cruz/A 7] ; NRF2F1pS40-NRF2H 141 H
Abcam/A # .
1.2 753
12.1 BREE@IZHRA. PBMCEAL  F10%H
A L FTDMEM/F- 1235 72 A E A i@ R 7R 2 9710%
G4 15 FTRPMI-16403% 77 5 APBMCE; 77 2k
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YA, TEREFEAR TSRS h, FP4HARIEE S, IIA0.01 pmol
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FEPII G 2.5 h, BRI E 7450 nmsh 1) o
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IR E 15 min, PBSPE3 minx37K, I Gt TAE,
37 °CIECOMMFAH IS, I N/DEPBS, 2 B T
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125 FB%EZEFPCR  TRizol 7o 7> 2R 4 M,
2 B S 2 AN ek HELZE 0 40 i S mRNA, I BEHL 5
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GAG AAA GAG TTG-3', R: 5'-ATC CCA GAA CTA
GAC GTG CAA-3"). f-actinfE RN ZHF 3 5Kl
A EE DA R AR Rk, BN FE R R B3 EH A
FiBio-Rad CFX Manager{X #3317 o

1.2.6 Western blot#2  PBSURIRAHAL2 K, BEFLIN
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TBSTHE3 minx5IK, FAIIAFHR ) — 30, HiEMFEL h
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T B D IR EEE AR AT 47,6~ JRFE-2- 2R Jk g
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#45 min, PBSPE3 minx37K, W T B4k, HHt2%
TR K E il Fr, 2Ot R N ISR EIE .
12.8 PBMC4 &34  HUAMEIM10 mL, S5
PBSH B Jo, W& BESZ 52 N\ B 11 %6 364410 mLIY
Ficoll /3 B[ B3 0 FR, 600 xg 850 77 850>20 mins
W R ] I 2, PBSYEER2IK. FH10 ng/mLIFHEA)
1ML #¢ 2% (phytohaemagglutinin, PHA) RIS -

12.9 PBMC3% 78 5% 3% 244L #R T %6 B2 FhUcC-
MSCs, PBMCTil 5 F # J 5% 't 3¢ — T6g 1R 6 % 51 19
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o U B AR A I PBMC I S 5 22

1210 “%itF7E ALRGHE MR HISPSS
17.01:47, HIAFEAS LEACR FARRC i 536, 2t 251 A
meantSEM#E 7R, P<0.058 % 7 G it k& L.
MR EE 3R
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HA G 12452 L(P<0.05) (K1B); A ey to iR
P18REL JUC-MSCs4H Bt H 57 4y £ )5 25 1 1y (HP-
ly)ZRik BRI, IF H 230K AR (E10).
2.2 UC-MSCsf&SMCHRY 18 F ¥ FENRF2/ARE
1A R B B RIAFER

Western blotfi il PSACE AN P184K%k UC-MSCs,
Y HM O F pl 6FINRF2/ARE % AH 5 85 FANRF2.
pS40-NRF2FRIAZ 5. 5 BoR, H5PSAC 0 40 iy b
5, P18AREL Hpl 63 A FRIA B 1A 194.80%, NRF2
A1 pS40-NRF2 5 [ Kk & [F1K 5 40.54% H140.90%
(P<0.001)(2B). VA bEFoR, BEFE A AL AR 3G,
NRF2 K pS40-NRF2 ff] # ik P .
2.3 UC-MSCsfk 4 & Hi 4 18 FIFN-yIK 81 19
IDO-1FRIA PR

FHAS [F) 9 B2 1 $8 3y (IFN-y) 73 73] Ak 3 58 54K
1 EE 18/ UC-MSCs, 3K J5qRT-PCRE& M 2. 7%,
FHIAREUC-MSCsEL#, W AR K4 B 1 S 2 1
] K7 1IDO-13R 14 2. 35 FEIK(P<0.05)(K13)
2.4 UC-MSCsfAIMCERY 12 o 4 b S 7 0 1 g
TIHIBEAR

PBMCH 5 52 46 3 55 773 K )5, CFSEfRid ik
MPBMCHI AR /). PHARIEL S, PBMC 1 % B
5, BHE E N100%. 7EiZAR R In NARZE SR 1
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(B) 127
(A) P5 P18 —P5——P18

(C) Time (d)

P5

50 pm 50 um 50 um

P18

50 pm 50 pm 50 pm

Merge DAPI HP-1y
A: B-gal B (A ZE SR H 18 RUC-MSCs B-2f-FUME B RREVE; B: 3SR EE18RUC-MSCs B K i 28, *P<0.05, SPSZAELEL C: H51K
FIF18RUC-MSCs HP-1y[{) i 5 et .
A: B-gal staining of UC-MSCs at passage 5 and passage 18; B: cell growth curve of UC-MSCs at passage 5 and passage 18, *P<0.05 vs P5 group; C:
HP-1y immunofluorescence detection of UC-MSCs at passage 5 and passage 18.

E1l FRHEIFEHRCBUC-MSCsIBEFEE It
Fig.1 Cell proliferation and senescence of early and late passage UC-MSCs

A B
( ) PS5 P18 ( )
2504 — ps
NRF2
N P8 Sk
~ 200
i\o/
2
PS40-NRF2 % 150
E
'g kokok koK
2 100
P16 2
ks
&2 50
GAPDH
0

NRF2  pS40-NRF2  pl6

A: Western bloths il F- A A EUC-MSCsIINRF2 5 [ FRIA AR AL s B: ARX IR BEAE 43 #T, ***P<0.001.
A: Western blot analysis of protein expression changes associated with NRF2 in early and late passage UC-MSCs; B: corresponding gray value analysis,
***P<0.001.

E2 FRHAFEEEAAR HUC-MSCs FINRF2E H7K FRYRIX
Fig.2 The protein expression level of NRF2 in early and late passage UC-MSCs
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Fig.3 The mRNA expression level of IDO-1 in early and late passage UC-MSCs primed by IFN-y was detected by qRT-PCR

Relative mRNA expression of /DO-1

*P<0.05.
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300 - 300 4
5 =
= =
(=] o

S 200 S 200

100 100

0 0]

0 102 10° 10¢ 10°
CFSE

400 120 -

< 100 A
o}
300 A 2

E R
8 5

S 200 - £ 60 A
E
100 - g

& 20

(I 0 -
PBMC PBMC PBMC
0 102 10° 104 10° +P5-UC-MSCs ~ +P18-UC-MSCs

CFSE

*P<0.05.
E4 CFSEFE&RN S EHAMBERR B UC-MSCsH 157 B X PHAREHIPBMCHIEFE BE F1H0S2 M
Fig.4 The proliferative ability of PBMC stimulated by PHA co-cultured with early and
late passage UC-MSCs was assessed by CFSE

55 1840 UC-MSCs 85 5% Ji5, PBMC )4 5 £t 9(29.55+5.93)%. P94 HLAT B 2 22 7:(P<0.05) (K14),
BIHR A R %, K55 SUC-MSCs3t 85 77 J5 T Bf Tt BHUC-MSCs & il 4 % & {1 B 50 2 401 58 7 (1) B
N(13.82+3.19)%, L 18RUC-MSCsH L1577 J5 R R 1k
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(A) Control ALA

TS
(B)
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/-o\ *k
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&

Control ALA

A: B-gal ey M ALA AL T 5 UC-MSCs B-F-FLBEF S PE; B: CCK-8KI M ALAALLEE 5 UC-MSCs[T3EHE fE 71, **P<0.01,
A: B-gal staining of UC-MSCs treated with ALA; B: proliferative ability of UC-MSCs treated with ALA was detected by CCK-8, **P<0.01.
El5 ALAALIEFITUC-MSCs 1E5ERE NFIRE REAFIT
Fig.5 Effects of ALA on the proliferative ability and senecence phenotype of UC-MSCs
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EEA1H147.90% (P<0.01)(KI5B). LA F%ds 18, ALA
BENRF2AE ZE 2R UC-MSCsHEE 4 s HI H A
2.6 NRF2EGETIALAESRUC-MSCs R &I 58
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IDO- 1y 0 S R AU (1 B S I, 8 A (B SRRV R R
SR AT 73, 53 A=A ia i 40k T80 B R 4%
PRI VEF, TEMSCsIf G e il fE i R b A &
EAERM, SR AR UC-MSCs i n R R,
B A f D Re PR

52 ) 1 7 2 S BIMSCsIh RE () e 28, B Him ¥
L5 G S 4 ) Th e PR AR A BAR AL FEATE # . NRF2
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BATH &5 B R D, BEEMSCsAL A8 1 36 0, NRF2 &
pS40-NRF2#E F R IAH T FEMEH . I, NRF27]
RERZMUC-MSCs i & il 1 3 i 2

NRF2 {3 221 g B AR MS Cs 41 i 4 4840 7 51



= A
AN

¢ o R i NI 7 18] 78 53 T4 S B A A FH R SR Bt 7

873

(A) 4_
skksk
=]
£
5 37
(=9
5o~
< 3
<
25
g%
(5]
=
g 19 ™
(5]
4
0
Control ALA
©)
1000
800 -
_ 600
=] 4
=
=]
Q
400 -
200 -
0_
0 100 100 10°  10°
CFSE

(B)

35+
30+ {
25- l
20 |
15
10

ok

5_

Relative proliferative rate (%)

UC-MSCs UC-MSCs+ALA

] UC-MSCs+ALA

Count

0 10?

10°
CFSE

10¢ 10°

A: ALARCFEJFUC-MSCsH IDO-1FImRNAZRIE, ***#P<0.001; B: CFSEfMALAAFEUC-MSCs i X PBMCHAFHE (5200, **P<0.01; C: CFSEf

ALAXLBEUC-MSCs i X PBMCHE 5 521 ) 37 2014

A: the mRNA expression of /DO-1 in UC-MSCs treated with ALA was detected by qRT-PCR, ***P<0.001; B: the proliferative ability of PBMC co-
culture with UC-MSCs treated with ALA was assessed by CFSE, **P<0.01; C: the flow detection of proliferative ability in PBMC co-cultured with

UC-MSCs treated with ALA by CFSE.

El6 ALASIEXFUC-MSCsHZHH6E 1R
Fig.6 Effect of ALA on the immunosuppression ability of UC-MSCs
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