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Abstract The purpose of this study is to study the chondrogenic properties capacity of human umbili-

cal cord mesenchymal stem cells (hUC-MSCs) after three-dimensional hanging drop culture method and adherent
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culture method. The hUC-MSCs were isolated from Wharton’s jelly and cultured by mechanical homogenization in
vitro. The morphology of 3D spheroid under optical microscope, and surface antigens were examined by flow cy-
tometric analysis were compared. The hUC-MSCs were induced to differentiate into chondrocytes in vitro, and ex-
pression levels of chondrocyte related genes ACAN, MIA, COLIA2, COL2A1 and COL10A1 were detected by fluores-
cence quantitative PCR on the 3", 7"and 14" day. The microspheres were induced for a chondro-like appearance and
visualized by Saffron O staining and Alcian blue staining. Immunohistochemistry was used to detect the expression
of type II collagen. Flow cytometry data showed the hUC-MSCs at passage 5 are positive for CD105, CD90, CD44,
CD73, negative for CD19, CD34, CD45, HLA-DR, which were in line with The morphological characteristics and
surface immune markers of mesenchymal stem cells developed by the International Society for Cellular Therapy (ISCT)
in 2006. The hUC-MSC:s cultured in 3D hanging drop culture can form a dense cell polymer, and the cell morphology
of adherent culture can grow into a spindle shape. The results of Saffron O and Alcian blue staining showed that both
the hUC-MSC:s cultured in 3D hanging drop culture and adherent culture could form chondrocytes, but the results of
fluorescence real-time quantitative PCR showed that the number of chondrogenic genes related to the formation of
chondrocytes in the hUC-MSCs cultured in 3D hanging drop culture were more than that in the adherent culture. The
semi-quantitative analysis result of type II collagen with immunohistochemistry showed that the chondrogenic ability
of hUC-MSCs induced by 3D hanging drop culture was stronger than that by adherent culture. 3D hanging drop cul-
tured technology is an ideal method to culture hUC-MSCs.

Keywords

human umbilical cord mesenchymal stem cells; three-dimensional hanging drop culture; adher-

ent culture; three-dimensional spheroid; chondrocytes induction
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Table 1 qRT-PCR primers for expression of chondrocytic genes (modified from reference [15])

B A 514 SR A(5'—3")

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

GAPDH GAPDH-F TGC ACC ACCAACTGCTTAGC
GAPDH-R GGC ATG GAC TGT GGT CAT GAG

ACAN ACAN-F TGC ATT CCA CGAAGC TAACCTT
ACAN-R GAC GCCTCG CCT TCTTGA A

MIA MIA-F CCC AGT AGC ATT GTC CGA GA
MIA-R GGC AGT AGA AAT CCC ATT TGT CT

COLI1A42 COL1A2-F GCT GGC AGC CAG TTT GAA TAT AAT
COL1A2-R CAG GCG CAT GAAGGCAAGT

COL241 COL2A1-F AGA GGT ATA ATG ATA AGG ATG TGT GGA AG
COL2A1-R GTC GTC GCA GAG GAC AGT CC

COLI10A1 COL10A1-F CAC GCA GAATCC ATC TGA GAAT

COL10A1-R

CGT TCA GCG TAAAACACT CCAT
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Flow cytometry data show a expression pattern of the surface markers on hUC-MSCs at passage 5 tested: CD105, CD90, CD73 positive expression, and
CD19, CD34, CD14,CD45, HLA-DR negative.

Bl #E5RABEE TR T AERRERICRIA
Fig.1 Characterization of hUC-MSCs surface markers at passage 5

Observation on the formation and morphology of hUC-MSCs microspheres

l/ . N

Observation of the morphology of hUC-MSCs adherent culture

A: hUC-MSCs s BEAN LT 6 LIRS, B: S N WLEEE I NS RIRIAAIRTS, C: 2~3 ha AN ARG B T 55 IR MUK; D: hUC-MSCs 124 hji
T BB R K IR TERS; E: hUC-MSCs 124 W5 AN ETE MUK K B TE RS, F: hUC-MSCs#ZAh T 6L ATEZS; G: hUC-MSCsT-72 hJs £k
AR .

A: hUC-MSCs high-concentration cell suspension droplets were placed at the bottom of the 6-well plate; B: observe the initial state of the suspension
drops under a 100-fold microscope; C: the cells were attached to the bottom of the culture dish after 2-3 hours; D: typical morphology of cellular
microspheres formed by hUC-MSCs after 24 h; E: hUC-MSCs could not form the typical morphology of microspheres after 24 h. F: hUC-MSCs were
inoculated in the initial form of 6-well plate; G: typical morphology of hUC-MSCs after 72 h post-adherent.

2 hUC-MSCsZRAERIEREIR SR FN S
Fig.2 Formation and morphology of hUC-MSC:s cell microspheres
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Table 2 Comparison of gene expression of chondroblast between 3D hanging drop culture and adherent culture

PRI IR FERTR FHFR 14K
" Induction on the 3" day Induction on the 7" day Induction on the 14" day
Genes TN BE 15 BiH3DIE T TN BE 15 BiH3DIE T I BE 5 5 RIH3DIE T

Adherent 3D hanging drop Adherent 3D hanging drop ~ Adherent 3D hanging drop

culture culture culture culture culture culture
COL241 0.69+0.23 1.10+0.23 2.71£0.44 2.64+0.17 5.32+1.54 12.94+1.56
ACAN 0.57+0.46 0.43+0.55 0.11£0.08 12.70+5.73 0.79+0.28 9.83+2.45
MIA 0.36+0.15 0.67+0.10 2.76+0.11 2.14+0.82 4.11+£1.35 2.23+0.29
COLIA42 1.48+0.41 1.69+0.15 1.29+0.18 2.64+0.17 0.74+0.11 3.23+0.69
COL10A41 1.52+0.44 0.43+0.03 0.91+0.13 2.57+2.38 0.29+0.04 3.25+0.40
The number of up- 0 0 2 5 2 5

regulated genes
FEAR R R A5 BSCR e 15 L A B xks, n=3.

When the relative expression fold of gene is changed by more than 2 times, it is regarded as up-regulated. ¥+£s, n=3.

(A) ®)

Control Induction Control Induction

Alcian blue staining
Alcian blue staining

Saffron O staining
Saffron O staining

A BERE 7 A3DRER SR B 2 SR, A0 ROk i B TR ) B £ O e 10 5 B0 = W e 0 42 L sk AR ) R R A O A1 i B 4L 73 RS £ B
BT 2Dk TR 5

A: chondroblast differentiation 3D microsphere chondroblast differentiation culture. Chondroblast differentiation and culture of 3D microspheres. Par-

affin-embedded paraffin-embedded sections of cell microspheres showed positive staining of a large number of extracellular matrix components around
the microspheres in saffron O staining and in alcian blue staining. B: 2D induction culture of chondroblast differentiation.
B3 ZB5{KhUC-MSCsHIARIMNESRIE 531L
Fig.3 Induced for chondrogenic differentiation of hUC-MSCs at passage 5 in vitro
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A,D: the immunohistochemical staining results of type II of control groups; B,E: the immunohistochemical staining results of type II of induction

groups C,F: the semi-quantitative analysis result of immunohistochemistry between 3D hanging drop culture and adherent culture from 5 randomly se-

lected fields using mage-Pro Plus/#T R 4t, ***P<0.001.

El4 3DEHIZFRFMEIEFhUC-MSCsiFEF28 R BNAR R R Z AN R BLER
Fig.4 Immunohistochemical staining of type II collagen of cartilage induced by hUC-MSCs after

3D hanging drop culture and adherent culture on the 28" day

1T e 5 R 24 A S SR A O £, DN SR B PR A A (El4B AN
KI4E); 3Dk i 15 77 FH Uk BE £ % (1 41 A B MLk B s
NEH . AEESFEA X, HImage-Pro Plus7; T &
G TR Je Ji 4 92 2HL A e £ BH 1 &85 SR AT G020 #T,
g5 RoR, 3DEH B IR 115 5 I 55 5AXhUC-MSCs
B BE ) B SR (EACAHT EI4F) . 4 2EL1A) B A FE
SLREARGG I . LAP<0.05 N Giit 2% 7.

3 Wig

T 240 W I PRS2 FH PR I 9 2% 1 o A SIME AR 3
B3R, RS R BENTHRE. AR RER, 5
SARIRhUC-MSCs 2 #2140 i 38 T b £ R IA
FEIE, EICD105. CD735CD90 % ik (>98%), 1fi A~
Fk Bk FXCDI14. CD19. CD34. CD45)HLA-
DR(<2%)(KEl1), iF BIFRATThUC-MSCs 43 25 3% 77 B
. B4 FESE, hUC-MSCsA& — i Ho Al il 4
240 Jf B A A 1 ) 70 0 T, LA R R e AT
Z [ 4B e, 1T oA AN IR J2 4 48 200 i F0 e 22
FE SR A B, IR E AR S AR AN BT I A g DL

J AR Z B RFRE S B S A R . R, ARSI =
BT 8 TAF % B, hUC-MSCsZ 44 #h i S 1] 434k,
A S R 40 B

CVA B KB4 MSCsii 171 4344 BCRR - 4 B 1
WEFE o, WGBS 57 ob it — 24 U B 41 i 5 22 Fh R
TIFEMEH RSt BEE LM B E R R,
£ i 3Dk i 55 TR A AT DA 2K AR < o A
PN = 4 AR A B T DA 4 RE AN AT R 1) AR )
DhRe X — . A 0 Fo 0l R 5 S 2 0, %
MSCsEz il 22 TR 5 2018 P i ) B 1) 40 K 2T 4 = 28
o, IR S Rl AR T B b R R AT T —
AHIIEAERY, AFBHMSCsE % S N IR 4. K
HMAE M. RN, 4 AMSCs#A1-0.3% 1%
JEEERE 1, J3 59 483 20 K 75 BB A ML 5 5 R B R 43
WNEE AL, 2t 14K 7B M 53058 T W4
W AEYIN. F, CUEY) TREMRME MR 7R 50,
A LLUAMSCsHR A B 4T ) = 443 (b 3R 5500, 3DER
BE IR FH B 0 M i R T 5K ) T R e R =
YELHHBR, 1207 V5 T BRAR 5, (EE R R R R L B



1974

- BRE T

RN ER . AHE FT 3D A B 7R (B 1A~E 1C) I Ji
FE R A B T H 0, A0 P 4 A R
R4, U RGBT FERIR — 4E 45 M (D), H15 LAE %
SER NGRS E K. AT SR F3DE Y B 7Rk
41 J T BR3DAMER IR R S90%~100%, = 5 4f g
P14 AR PEE 5 7 i R T P e s PR A O

5 5 ZhUC-MSCs/lfi BE 55 77 UR HH HL R, huC-
MSCsTE3DEZE 4 v B 58 17 1 245 15 1201k il 34 1 4%
FhIhGE. 7E3DIELH, Ui (A1) 2 Bk, H Bh
T YT, SRR N R, 7T LA 2
{RHFhUC-MSCsE R AL E o« X 7 ik 0 B0 1 3047 3
2Ly, v DUE B K S 40 M SR AL AR BRARSMI THD, BR A
PRI il — 2 BERE S K. 3DRH L IR th T4 e
[ HE 51 B 10 5 8 B A B B3 ) AR, A 4 2 T e
S IE— RIME 57 S LM HAE S & TR A
1Ak, W LA BT AR S A k. Ak, W]
I FH A0 A0 B A DGR M 52 R (L35 A CAN. MIA .
Col241. CollA2 1 Coll0A1%5)3Fk45 Ak N HI5E
hUC-MSCs4H Ml SR B 70 AL e 10 B ZEHR AR,
T FL A3, MIA S 2 32 40 i 1) % A A4 i) B 43
A KB, AR SCR 3D A R R AR S
ST VRS W B IS 3 0 A TV B B3 R
TR B IARA R E AR B S R R IA 2 57
SEIRR I, BEIR3DAN MR T 4 T VAR SR T
Ry BRI FHIMMAERERRIE FRMEE 7
¥ % T WG EEAN I 15 5 0 0 7 VE(GR2), (HFE £LOFI
o] 1) S 1 e 045 R O, 3Dk iR S IR R G BE B 7R (1)
hUC-MSCs¥4 58 % A& 4B 4l i, 33k 17 $2 7 5K FH 3D &
TR IR 3 0 7 ROV BE 20 B 75 5 A 5V B
B SO BCRE &, KR A 504 B R [R]
F5 o IR =, [F)E HAE S22 1 F0E 40 i 7 1k
FH K FE R 38 43 Mt J7 72 — N 3K T hUC-MSCs i
WS R I E =V 75

FATHERUC-MSCs 4 B 4 i 175 5 3 A0t 55
R, K F A5 T o0 4 R 77 B2 3 Re 5 T I B
F& ThUC-MSCs 2 I B 1) =7 B8 G (2 BH 1, B afi 1) 0%
BE R % 14 ] ) = 5 e (.55 T IS Be A 20T AH S 4
i 75 B R R A R R B e . SR, 3D&
MR FRIIhUC-MSCs {E415 S T U FE 4N
TUER IR BE 77 A7 E ARG B S5 1) 22 S5, E AT A0 3 WK
(R B, 45 A 3DR B IR AL ZU0) Fr e, w] it —
53 HFhUC-MSCsTE B30 H 40 i 75 5 1k ie 1 B

SRS . LAY R Gt R AG ARC0UE R A A PR T
B BE 77, TRVt 5 AR T Tt 5 2 e ) o 1 et vk (1)
SRR A FUR P IIRY F 5 4 928 2H A0 4G W 3 D Ak v 455
F+ 75 FhUC-MSCsHHCE IRE 11, 45 R BoR, 3D
R 9% LG BE 1S 725 5 IhUC-MSCs LB g 1 58 o,
LA ) b330 B I — 55

gi TR, IATHI0E 5T R, 3DE VLB b
FRI G BE 1% 9% ¥ 5% ShUC-MSCsi k5 . BE&E A
W 200 P A [ 2 AR B 9 A AU T A 1 3
— IR N, 3D 1 FEhUC-MSCs P K B 31371 1
S I FLER b 4 Y 22 ) 2 A el 2 & — I
BT, NI 5E & I REME 1 CE 414 H
AL MR Z R AR AR IR )T T B AR AL
SIS AR -

BEHk (References)

1 Spees JL, Lee RH, Gregory CA. Mechanisms of mesenchymal
stem/stromal cell function. Stem Cell Res Ther 2016; 7(1): 125.

2 TEAEAR, DR, Bt MRIFEE, Mk)T, AR, 55 TRy
PP A ) G B SR 5 G BE iR 3275 5. TP [ RHS R (Shi Dong-
fu, Zhao Tongbiao, Yi Huanfa, Lin Tongxiang, Yang Yongguang,
Xu Yang, et al. China Science and Technology Achievements)
2017; 18: 50-2.

3 Li M, Luo X, Lii XT, Liu V, Zhao GY, Zhang X, et al. In vivo hu-
man adipose-derived mesenchymal stem cell tracking after intra-
articular delivery in a rat osteoarthritis model. Stem Cell Res
Ther 2016; 7(1): 160.

4 Pablo FP, Rodriguez-Lesende I, Alexandre DL, Jesus Mateos F.
CD105"-mesenchymal stem cells migrate into osteoarthritis joint:
An animal model. PLoS One 2017; 12(11): e0188072.

5 Wang W, He N, Feng C, Liu V, Zhang L, Wang F, et al. Human
adipose-derived mesenchymal progenitor cells engraft into rabbit
articular cartilage. Int J Mol Sci 2015; 16: 12076-91.

6 TRAL, SRMLAF, Gea, FA s, Hle, sOMRRG. IR B IR xS
NI 18] 78 57 1 200 M 2 0 2 A DSR2 . o 00 Y AR ) 2
224 (Zhang Quan, Zhang Yagqi, Rao Wei, Zhou Duanpeng, Han
Bing, Wu Dongcheng. Characterization of human umbilical cord
mesenchymal stem cells after long-term expansion. Chinese
Journal of Cell Biology) 2019; 41(1): 42-52.

7 Chang RW, Falconer J, Stulberg SD, Arnold WJ, Manheim LM,
Dyer AR. A randomized, controlled trial of arthroscopic surgery
versus closed-needle joint lavage for patients with osteoarthritis
of the knee. Arthritis Rheum 1993; 36(3): 289-96.

8 Voytik-Harbin SL. Three-dimensional extracellular matrix
substrates for cell culture. Methods Cell Bio 2001; 63(2): 561-81.

9 Wang W, Itaka K, Ohba S, Nishiyama N, Chung Ung-il,
Yamasaki Y, et al. 3D spheroid culture system on micropattemed
substrates for improved differentiation efficiency of multipotent
mesenchymal stem cell. Biomaterials 2009; 30(14): 2705-15.

10 Bartosh TJ, Joni H Ylostalo, Mohammadipoor A, Bazhanov N,
Coble K, Claypool K, et al. Aggregation of human mesenchymal

stromal cells (MSCs) into 3D spheroids enhances their antiin-



SRS PRI [ (4R S0 75 S N BE 7 18] 70 571~ 4 M B 1 A i (9 1975

flammatory properties. Proc Natl Acad Sci USA 2010; 107(31):
13724-9.

Wang W, Itaka K, Ohba S, Nishiyama N, Chung Ul, Yamasaki Y,
et al. 3D spheroid culture system on micropatterned substrates for
improved differentiation efficiency of multipotent mesenchymal
stem cells. Biomaterials 2009; 30(14): 2705-15.

Wang Y, Yuan M, Guo QY, Lu SB, Peng J. Mesenchymal stem
cells for treating articular cartilage defects and osteoarthritis. Cell
Transplant 2015; 24(9): 1661-78.

Murdoch AD, Hardingham TE, Eyre DR, Fernandes RJ. The
development of a mature collagen network in cartilage from
human bone marrow stem cells in Transwell culture. Matrix Biol
2016; 50(11): 16-26.

Geijsen N, Horoschak M, Kim K, Gribnau J, Eggan K, Daley
GQ. Derivation of embryonic germ cells and male gametes from
embryonic stem cells. Nature 2003; 427(6970): 148-54.

sk, XIER, AN, s EER. N TS BT A0 A A R A
Re LR G VAN SIS 7L, Hh 1B %7 2 2% . (Zhang Kehua, Liu Jing,
Na Tao, Yuan Baozhu. A comprehensive evaluation strategy for
chondrogenic differentiation of human mesenchymal stem cells.
Chinese Journal of New Drugs) 2017; 26(18): 2196-203.

A, MR, — Pl NS A 18] 78 B T4 3 B 5 57 7 ik,
[ (Yao Weiqi, Wu Dongcheng. A method for isolation of human
umbilical cord mesenchymal stem cell. China) 201110261543.5.
2016-12-14.

17

20

21

22

23

Li S, Wang Y, Guan L, Ji M. Characteristics of human umbilical
cord mesenchymal stem cells during ex vivo expansion. Mol Med
Rep 2015; 12(3): 4320-5.

Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini
F, Krause D, ef al. Minimal criteria for defining multipotent
mesenchymal stromal cells. Cytotherapy 2006; 8(4): 315-7.
Grade M, Difilippantonio MJ, Camps J. Patterns of chromosomal
aberrations in solid tumors. Recent Results Cancer Res 2015;
200: 115-42.

Li WJ, Tuli R, Huang XX, Laquerriere P, Tuan RS. Multilineage
differentiation of human mesenchymal stem cells in a three-
dimensional nanofibrous scaffold. Biomaterials 2005; 26(25):
5158-66.

Yoneno K, Ohno S, Tanimoto K, Honda K, Tanaka N, Doi T, et
al. Multidifferentiation potential of mesenchymal stem cells in
three-dimensional collagen gel cultures. J Biomed Mater Res Part
A 2005; 75(3): 733-41.

Tan L, Zhao B, Ge FT, Sun DH, Yu T. Shockwaves inhibit chon-
drogenic differentiation of human mesenchymal stem cells in as-
sociation with adenosine and A2B receptors. Sci Rep 2017; 7(1):
14377.

Barry F, Boynton RE, Liu B, Murphy JM. Chondrogenic
differentiation of mesenchymal stem cells from bone marrow:
differentiation-dependent gene expression of matrix components.
Exp Cell Res 2001; 268(2): 189-200.





