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Abstract The purpose of this study is to evaluate the effects of long-term in vitro expansion on the stability
and functions of human umbilical cord mesenchymal stem cells (WUC-MSCs). The hUC-MSCs were isolated from
Wharton’s jelly and in vitro cultured till passage 20. The hUC-MSCs at passage 5, 10, 20 were selected to compare
their proliferation capacity, immunophenotype, genomic stability, multi-differentiation potency, telomerase activity

and senescence. Proliferation capacity of the hUC-MSC:s at passage 5, 10, 20 remained no significant change. Long-
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term expansion of hUC-MSCs had no effect on their immunophenotype determined by expression levels of the cell
surface markers, karyotype and chromosomal microarray analysis showed genomic stability, and A/TERT expression
showed similar telomerase activity. Furthermore, the multi-differentiation potency of the hUC-MSC:s still remained
strong after long-term culture, demonstrated by adipogenic and osteogenic induction. However, an increase of se-
nescence-associated -galactosidase activity was observed over time. All the major biological characters and func-
tions of hUC-MSCs remain unchanged after long-term in vitro expansion. However, hUC-MSCs cultured over 10

passages may have a reduced cell activity due to increasing senescence, therefore, hUC-MSCs cultured less than 10

passages are suitable for clinical research/therapy.
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Table 1 qRT-PCR primers for expression of adipogenic and osteogenic genes

FE 514 SIS~ 3)

Genes Primer Sequences of primers (5'—3")

GAPDH GAPDH-F TGC ACC ACCAAC TGC TTA GC
GAPDH-R GGC ATG GAC TGT GGT CAT GAG

PPARy PPARA-F GGA GAC ACT GTG TAT GGC TG
PPARA-R TGC ACT GGC AGC AGT GAA AG

¢/EBP-a ¢/EBP-0-F CCG CCTTCAACG ACG AGT TC
¢/EBP-a-R TAG TCA AAG TCG CCG CC

Pref-1 Pref-1-F AGA GAT GAC CGC GAC CGAAG
Pref-1-R AGC ATT CAG CCC CAT AGG TG

Runx2 Runx2-F GGT ACC AGA TGG GAC TGT G
Runx2-R CAT AAC AGC AGA GGC ATT CC

OPN OPN-F TTC TGG GAG GGC TTG GTT GTC
OPN-R TTG GTC GGC GTT TGG CTG AG

ALP ALP-F ATG GAC CGC TTC CCATAT GTG
ALP-R TCT GGA AGT TGC CCT TGA CC
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Day 1 Day 2 Day 3 Day 4

RAMEARREFR 25, 10/RhUC-MSCs 2 31 58 2 A0 A I A AR A8 5 A K HESI 75 20, 35 R IACHOIR I EE A=, B BRI IR GU/ICIRHES . 28204040 i
AR AU AABORINGBE AR K, (HARARRS 38 K, A5 5 R i HkE A1 2L .
hUC-MSCs were in vitro serum-free cultured till to 20 passages. Comparing to the hUC-MSCs at passage 5, the cells at passage 10 remain a same ad-
herent growing pattern with fibroblast-like morphology and slightly circle arrangement; the cells at passage 20 maintain a similar growing pattern and
morphology, but with some cells flatting and local arrangement disordering.
Bl RERRAB B TR THEBARSERR
Fig.1 Morphology of hUC-MSCs at different passages
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A~CH3 I AREEPS. P10, P20fRhUC-MSCs. it sUA I 73 Hr 45 AL 7, A7 AR X IThUC-MSCs 1 40 i 3 THT S 2 b 54 52 58 4 A [ i Fe i i =X
CD105. CD90. CD44. HICD73[HE#IE, MiCD19. CD34. CD45&HLA-DRFI1E.
A-C represented P5, P10, P20 generation hUC-MSCs, respectively. Flow cytometry data showed a same expression pattern of the surface markers on
hUC-MSCs at all different passages tested: CD105, CD90, CD44, CD73 positive expression, and CD19, CD34, CD45, HLA-DR negative.

E2 FEMRABHEFRTFAMENRERCRIE

Fig.2 Characterization of hUC-MSCs surface markers at different passages
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hUC-MSCs at different passages were seeded at same density in 6-well plates. The proliferative curves were made by counting the cells harvested from
the hUC-MSCs at different passage every day. Data were representative of three independent experiments.

E3 REMOR AR B 7E R4 A a9 18 5E & AR

Fig.3 Proliferation capacity of human umbilical cord mesenchymal stem cells at different passages

(A) e |(B) LY © A Y )

- \k‘ % - “~" - ~ \'0( ’0‘
\.J" . / & 2 i

L SR LN 'd /, 4"’ ’

0l o 7 e
\

yan uwat R i a3 3N K
R R R IR S kAR e (N

"

TR o1 k| N e woa ol fiotloW Won o
” " 15 % w " 3 " 15 % A\l ”

L 11 Ab B8 & a (|88 2% 4 ba ‘ Ml ag 33 i o l i
" » 2 » X Y " 2 2 n X Y " ] pil n X ¥

A. B. CHlfREP5. P10, P20RhUC-MSCsIZ B 1. FraARIR(EES. 104 201%) hUC-MSCsZ i FUAZ AL 43 4T 52 1E 3 BUA 14 (46, XY)IZ AL .
A, B, C represented P5, P10, P20 generation hUC-MSCs, respectively. All hUC-MSCs analyzed at different passages showed a normal karyotype.
El4 RERRAB B FERTHEERZE S
Fig.4 Conventional karyotyping of hUC-MSC:s at different passages
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A. B. CHHIMREEPS. P10, P20fRhUC-MSCs#He ARl 51 40 #r i . R FH Affymetrix 2 7] CytoSanHD/CytoSan750K s F K HL it Bl £, 4
AL I EAERE PP 3RO AR (355410, 200 hUC-MSCs I 4% (AR DN AGEAT Y (0 42 5 DRI B4 047 o i 7 S0 s b sl i iR 1 0 T,
JH Affymetrix Chromosome Analysis Suite Softwarei# 1T 23 #T, PLAffymetrix #2115 5 A Je B ARDNALE Jyx R ArvE. 45 R 8 oR, RFEACIKhUC-
SMCs )58 Ge (0 AR B A 3] 55 11 PRI 1 A DG ) (0 ek R DL 2 . R Brali & TR (O AR RS, L6 VARUE, £ER
RAET)o

A, B, C represented PS5, P10, P20 generation hUC-MSCs, respectively. The CMA of the hUC-MSCs at different passages (PS5, P10 and P20) was
conducted using the Affymetrix cytoSanHD/CytoSan750K chips with the associated testing kit following the manufacturer’s instruction. The data were
analyzed with Affymetrix Chromosome Analysis Suite Software, and no significant CNV was fund in all different passaged hUC-MSCs (blue A: repeti-

tion, red ¥: missing, purple: homozygote).

El5 AEMROR AR IETE BT AR e AR5 o5 i

Fig.5 Chromosomal microarray analysis of hUC-MSCs at different passages

24 REKIMERIZEFNUC-MSCsHIZ B3 1L RE
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Red O and (C) Alizarin Red staining, respectively. After adipogenic and osteogenic induction by UC-MSCs for 14 days, expression of adipogenic (B)
and osteogenic (D) genes were significantly increased by qRT-PCR. *P<0.05, **P<0.01 vs control group.
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Fig.6 Multipotency of hUC-MSCs after long-term in vitro culture
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Fig.7 The relative expression of A”TERT in hUC-MSC:s at different passages
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A-C: the representative SA-B-gal staining of P5, P10, P20 generation hUC-MSCs; D: the average number of positive cells of hUC-MSCs at different
passages counted from 5 randomly selected fields. ***P<0.001; ns: no significance.
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Fig.8 SA-B-gal staining of hUC-MSCs at passage 5, 10, 20
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