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Comparison of Immunomodulatory Functions in Human Umbilical Cord

Mesenchymal Stem Cells after Long-Term Expansion
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Abstract The purpose of this study was to systematically compare different passages of human umbilical
cord mesenchymal stem cells, explore the effect of long-term subculture on their immune regulatory function and
possible mechanisms. The cells were cultured to 5th, 10th and 15th passage, and their differentiation potential and
surface markers were determined. Cell senescence and apoptosis were detected by B-galactosidase staining and flow
cytometry. Co-cultured with each passages of umbilical cord mesenchymal stem cells under different conditions to
compare lymphocytes proliferation, cell cycle changes and T cell subsets in human peripheral blood lymphocytes.

ELISA was used to detect the concentration of TNF-a, IFN-y, IL- and IL-6 in the co-culture system. Western blot
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was used to detect the expression of PD-L1 and IDO in hUC-MSCs at different passages. The study indicated that
hUC-MSCs were cultured to the 15th passage with no significant change in biological characteristics of stem cell,
but the number of f-galactosidase staining positive cells was significantly increased. Three passages of hUC-MSCs
could regulate cell cycle in activated lymphocytes, effectively suppressed proliferation and Th1/Th17 cell subsets,
affected the expression of inflammatory factors. The 15th passage cells showed deregulation of Treg subsets and
IL-1B. hUC-MSCs could maintain their multi-directional differentiation potential and satisfactory immunomodula-
tory activity after long-term subculture; however, it could not be ignored that the disability on regulation of Tregs

subsets and anti-inflammatory in high-passages cells which were aging. In clinical applications, hUC-MSCs within

10th passage should be used to ensure the safety and efficacy in treatment.
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A: the three passages of hUC-MSCs showed normal morphology under microscope. B,C: cells were induced for adipogenic (14 d) and osteogenic (21 d)

differentiation, oil red O staining and alizarin red staining showed intracellular fat droplet aggregation and calcium deposition.
El ARERRhUC-MSCsHRafS5HS I LEENEE
Fig.1 Identification of cell morphology and differentiation ability in hUC-MSCs at different passages
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A-C: the flow cytometry analysis in 5th, 10th and 15th passage hUC-MSCs, and the results demonstrated that the cell surface antigens CD105, CD90,
CD44 or CD73 were positively stained. >98%), CD19, CD34, CD45 and HLA-DR co-staining results were negative (<2%).
E2 RERXhUC-MSCsHIMAFRELE
Fig.2 Cell phenotype identification of hUC-MSCs at different passages
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A: three passages of cells were counted continuously in 7 days and a proliferation curve was plotted; B,C: flow cytometry was used to detect the cell
cycle of hUC-MSCs in three passages. The fitting results by software indicated changes in Gy, S, G, phases and statistical analysis of cell cycle distribu-

tion. ***P<(0.001 compared with 5th passage hUC-MSCs, n.s.: no significant difference.
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Fig.3 Proliferation and cell cycle of hUC-MSC:s at different passages

(A) P10 MSCs P15 MSCs
g ST T el N PSS ““'b S, T = ] 3/7";;"3‘3
: '*.ﬁ - ’ B | i 5,7 ¥
=7 | b
At S "\\)
& = s Lo R O ) =3 . ¢
/’// L £

B)
] ok P5 MSCs P10 MSCs P15 MSCs
560 : -
= n.s Bax i —— - o
(3 — ‘A
240 . 1 Caspase 3 n——————
'z -4 L " Cleaved s e e L e
250 _?7t Caspase 3 S S S w—
<
cg) GAPDI e e e s s e
< 0 T T v
<2} S S )
@%Q @%C 5e
(@ OC/ 00
> >
) S e}
< N &

A, B: AFRARKhUC-MSCsZe i B-=F FLHE H BH(SA-B-ga) A 05 45 R, B A R (R S BEALIE HGS DM ILET, TS A-B-gal B 10 I VEAH L I
Mgttt orhr. C: ANFEARIKhUC-MSCsIH T-F <8 FIBax. Caspase-3KiE . 45 B R Axts, **P<0.01; n.s.: LREEHEZE .

A, B: the senescent cells were stained with p-galactosidase in 5th, 10th, 15th passage of hUC-MSCs and positive cells were counted and statistically
analyzed in five fields randomly selected; C: the expression of apoptosis-related proteins Bax and Caspase-3 in hUC-MSCs at different passages. The
results were shown as X+s. ¥*P<0.01, n.s.: no significant difference.
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Fig.4 Senescence and apoptosis of hUC-MSCs at different passages
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BE V. £ 06 TR R R 2B S BE V) 2 i (parent), FLARUE IR (B, SR, . F 00 B R IRE I £ RIGAE )5 [IPBMCs(Generation2~5). F:
AN 7 46 F T PBMCs (R 37 51 047 S i1 73 A7, 7€ SCPHARIBR AF R PBMCs I 5 4 J9100%, 45 54 75 A3 U ST L8 FIxs, *P<0.05,
#4P<0.01, FPHAR G FIPBMCs HL A, nus.: TTRE MR T
A-E: PBMCs were cultured individually or PHA stimulated and co-cultured with 5th, 10th, and 15th passage of the hUC-MSCs respectively, flow cy-
tometry was used to detect the proliferation of lymphocytes, the proliferative fitting peaks of PBMCs were distinguished with different colors, the blue
peak indicated cells without proliferation (parent), and the other peaks (orange, green, purple, and cyan) indicated PBMCs that have proliferated several
times, respectively(Generation2~5). F: the proliferation rate of PBMCs in co-culture system. The rate of PBMCs under PHA stimulation was defined as
100%. The results were shown as X£s of 3 independent experiments. *P<0.05, **P<0.01 compared with PBMCs stimulated by PHA, n.s.: no signifi-
cant difference.
El5 RERRXhUC-MSCsx it B 4RpaE5E #1H{E A
Fig.5 Inhibition of lymphocytes proliferation by different passages of hUC-MSCs

1 THELRIENUC-MSCs{EF T 4BR0E HAAT L 6
Table 1 Proportion of cell cycle in T lymphocytes treated with hUC-MSCs

#H1 SIH/% GiH/% Goi/%
Group S period /% G, period /% G, period /%
PBMCs 1.25+0.78 97.24+1.35 1.51+0.62
PBMCs+PHA 31.39+1.44 64.10+0.72 4.51+0.72
+P5 hUC-MSCs 2.16 +£1.89 96.24+0.78 1.61£1.12
+P10 hUC-MSCs 2.76 £0.45 96.32+0.11 1.06£0.13
+P15 hUC-MSCs 2.59+0.25 95.86+0.53 1.56+0.28

Treg(CD4"/CD25"/FoxP3") 4l il & FHL, 5 PSAIP104E
hUC-MSCs3L#% 7% Re % I 25 Y 14 N Treg 2 Md 1) LE 51,
TMP154ChUC-MSCs| X} Treg i Jio /1) 43 1k 76 5 Wi (P
7C).
2.5 hUC-MSCsiI#IPBMCs % fiE E FH 435
MSCs/t 55— B ZL T g 2 BE 8 i) 2% 5 K111
RIS 53wk, TR AR S i) S Hu 2 8. A,
BATRHELISAVERT M L1577 J5 35 0P AH 5% 2 0
Al FTNF-a. IFN-y. IL-1BKIL-6/KIEK . &55H

BoR, =MRIRhUC-MSCs E % 5 2 11 #PBMCs
75 W JE TNF-a, IFN=y JZIL-6[1] 43 1 7K “F-(P<0.01) H.
TG i % 2 S (EISA . EISBAIESD); MMiP154X 41 i )]
FEILH XTIL-1BE) I 715 B8 /7 FEAIS, AH XTI S PS5, P10
A0 M L8 R 4R R TPIL-1B R IE ) B A B
H4E FH (P<0.01)(KI8C).
2.6 ARERRhUC-MSCsHIDO. PD-L18YFRIX
s

A SCHERRE , IDOM PD-L17E /5 MSCs Xtk
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PBMCs were fitted without any treatment (A), PHA stimulation (B), or cell cycle changes after co-culture with Sth, 10th, 15th generation hUC-MSCs
(C-E). Different passages of hUC-MSCs could inhibit the cell cycle progression of PHA-stimulated lymphocytes to G, and S phase.
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Fig.6 Effects of hUC-MSCs at different passages on T-lymphocytes cell cycle
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PBMCs were co-cultured with different passages of hUC-MSCs, and flow cytometry was applied to detect subsets of Th1(CD4"/IFN-y") cells (A), Th17
(CD4/Th17A") cells (B) and Treg (CD4"/CD25"/FoxP3") cells (C) in CD4" T lymphocytes. The results were shown as ¥+s in 3 independent experi-
ments. ¥*P<0.05, **P<0.01 compared with PBMCs only, n.s.: no significant difference.

E7 TEMIRhUC-MSCsd Tith B 4BAaIE B AT EM ELR
Fig.7 Regulation of T lymphocytes subsets by hUC-MSCs at different passages
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Different passages of hUC-MSCs effected on the secretion of inflammatory factors by PBMCs. Compared with PHA-activated PBMCs, hUC-MSCs
could significantly inhibit the secretion of inflammatory factors such as TNF-a (A), IFN-y (B), and IL-6 (D) without significant difference between 3
passages cells, but the 15th passage cells demonstrated reduced ability to regulate of IL-1f (C).The results were shown as ¥+s in three independent ex-
periments. *P< 0.05, **P< 0.01 compared with PBMCs stimulated by PHA, n.s.: no significant difference.
E8 AERIRXhUC-MSCHI 4 M EF 53t IS/
Fig.8 hUC-MSCs at different passages affect the secretion of inflammatory factors

MSCsH IR WL B 222 4L (F9) .

3 g

IF) 78 03 T 4 B AR A — Bl Bl (1) 4H 20 TR 7 i,
FEEZW. SR A TR, MR S 1
HTRE ST N AR PRAR A 1 I 2 X I VR 59 i SR () A
W, BTHAS SR, S0, EERg MG i
2(ISCT) T-20134F 42 Hi, 75 VP MSCI¥ A= 4 2% 3% i
B, 75 B I A iR ThRe g T R E A A /AT
TG B MPAN 2, AR ST TR - 0 18] 78
J5E T 240 PR B A R [ A 2 S R A, MR B2
MG FE . TIbk B4 A S0 R T DA B Th g 1 IR T 1

Feak 2T, WA FARKhUC-MSCs ) 4 5% 1 5 5
MHEHT T R LT 5T

JRUEH SCHRIRGE, 18] 78 )5 40 i 28 I K AR AR
B IRIa, Pl 352 a0 M B W 1, MSCsx [R]
b S AT AR EEL 4 L 1) S 0 1) FH S 35 555, 440 P A
T HIRIE WA TR, fERTM TR+, FATH
SV BB AR IR IhUC-MSCs 28 I 5 22 K R T4
P, HIGFETENEG TR, AW Te, PISACAH AR AL
T-PSFIPTOAX, EF il Ik E 240 P 14 55 A8 15 Th1/Th17
ST B 1 S v PR R IR A R B E M E R
H A5 2 9E 1 A2, BURARRhUC-MSCst -9k B 41
HABA (300 V8 F AT BB BE AR 5, 7E 2 IRE H S0,



618

IDO —_— =

S — — —

PD-L1 ™ s s s S s Sy S s

GAPDH = e s s s s G < G

MSCs  P5hUC-MSCs

IFN-y - + +

P10 hUC-MSCs

P15 hUC-MSCs

+ + - + +

B G g% EIZEAS I B AN [FAR K hUC-MSCSTEIFN-y IR ES N AR R IAIDO, 1M PD-L1FZRIA AN ZIFN-y I o — AREINIFN-y, +: Br sl

HIAIEN-y % hUC-MSCs#EAT ) 34 o

Western Blot showed that different passages of hUC-MSCs expressed non-constitutive IDO under the IFN-y treatment, while PD-L1 was not affected.—:

No IFN-y added, +: IFN-y was added to the medium to stimulate hUC-MSCs.

E9 IDO. PD-LIZEAFEIXhUC-MSCsHHIZRIA
Fig.9 IDO and PD-L1 expression in hUC-MSCs at different passages
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