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[Abstract] Objectives: To observe the biological effects of different oxygen concentrations on human nucleus
pulposus mesenchymal stem cells (NPMSCs) in vitro, and to explore the mechanism of intervertebral disc
degeneration. Methods: MSCs obtained in this study were isolated from non-degenerative nucleus pulposus
(Pfirrmann I or II) which were harvested from 4 patients with congenital scolisis, and then were cultured
and passaged in vitro. The immunophenotypes(CD90, CD73, CD105, CD44, CD31, CD34, CD45) of the third
generation cells were identified by flow cytometry, and then were induced into osteogenesis, adipogenic and

chondroblast cells which were identified by alizarin red, oil red O and toluidine blue staining, respectively.
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Briefly, the cells should be identified by the criteria of the International Society for Cellular Therapry (ISCT).
The 2% oxygen concentration was set to mimic oxygen level of intervertebral disc degeneration and 20%
oxygen concentration was used as normoxic oxygen concentration and then the cells were further cultured in
different oxygen concentration(2% 0,, 5% CO,, 37°C; 20% 0,, 5% CO,, 37C;

of the cells was observed by inverted microscope at different time points and the growth curve was analyzed

respectively). The morphology
by cell counting. The pH and osmotic pressure of the culture medium at each time point were measured by
using the Architect ¢8000 automatic biochemical detector. The mRNA expression levels of stemness-related
genes(POUSFK1, NANOG, SO0X2), MYC),
Energy related gene(adenosine triphosphate synthetase, ATP5A1) and mitochondria —related genes[cytochrome ¢

proliferation —related genes(CCND1, hypoxia—induced genes(EPAST),
oxidase IV subunit 1 isoenzyme(COX4I1), mitochondrial transcription factor A(TFAM), mitochondrial coding for
cytochrome ¢ oxidase I(MT-CO1), MT-CO2 were evaluated by QRT-PCR. Results:
enchymal stem cells (NPMSCs) with high expressions of CD90
(80.4%), CD73(99.9%), CD105(99.8%), CD44(95.9%) and low expressions of CD31(5.3%), CD34(4.4%), CD45
(6.8%). Oil red O

staining displayed a large amount of lipid droplets deposited in cells. Chondrogenic differentiation was positive

Nucleus pulposus mes-
grew into typical, adherent monolayer cells,

Alizarin red staining showed deposition of large amounts of calcium nodules in NPMSCs.

for alcian blue staining. Based on the above results, the cells obtained in this study met the criteria of ISCT
and these cells were absolute mesenchymal stem cells. NPMSCs that were cultured in a hypoxic atmosphere
(2% 02) became comparatively smaller in size, with an original spindle—shaped morphology. The growth curve
assays showed that the doubling time of NPMSCs at hypoxia was significantly earlier than that of cells grown
at normoxia (31.22+1.98h, 39.56+2.02h, respectively, P<0.05). The pH and osmolality from different conditions
were within limits to promote normal cell growth(P>0.05). The major markers of primitive stem cells, POUSF1
(Oct4), NANOG and SOX2 increased in NPMSCs grown at 2% 02 compared with NPMSCs cultured in 20%
02(P<0.05). the proliferation-related genes CCNDI1(CyclinD1) and MYC(c—

Myec) significantly increased(P<0.05), and the hypoxia—inducible factor HIFo-related gene EPAS1 was also sig-

Under the condition of hypoxia,

nificantly elevated(P<0.05). The relative mRNA expression levels of ATPSA1 and nuclear—encoded energy-—re-
lated gene, were significantly elevated under hypoxia(P<0.05). However, nuclear coding mitochondria -related
the mRNA expression levels of COX4I1 and TFAM significantly decreased(P<0.05) in hypoxic condi-
tions. Still, the mRNA expression levels of MT-CO1 and MT-CO2 also significantly decreased under hypoxic
conditions (P<0.05).

NPMSC proliferation rate, and better stemness-related genes expression.

genes,

Conclusions: Hypoxic atmosphere (2% 0,) favored a more primitive morphology, higher

[Key words] Intervertebral disc degeneration; Nucleus pulposus mesenchymal stem cell (NPMSCs); Oxygen
concentrations; Biological characteristics
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1 MBRAE
11 25 R AR
DMEM—IHE 3% 55 3 525 g | 96 1R 6 2 o
W (PBS) i 4+ MLY% (FBS) (Sigma, 3 [® ), 11 I8
JE i (Gibico, € [ ),CD90-APC .CD73-APC
CD105 —-APC .CD44 —APC.CD31 —-APC.CD34 -
APC .CD45-APC Hi & (Abcam, 3E [® ) ; [f] 72 i +
AL (MSCs) JH g B CH 5 5 15 97 ) (stem
cell, JEHE); M5k (I AEWRE);
0.22m 33 € W (Gibico, 32 [# ) ; Trizol Reagent .
SCHE 96 % i PCR (Real-Time PCR) i 7] &
(Takara, H A ); 40 1% 3% # (Nunc Flasks
Nunclon™A with Filter Cap, J}Z2); 75 4Lk
(Corning, 3¢ [# ) ; {8] & 2¢ 6 . 0 BE (Nikon, H 4%) ;
FC500 iz 40 i1 (Beckman Coulter, 28 [# ) ;7500
TF & PCR L (AB, K H); =K K F#46 (Thermo,
) ; Architect ¢8000 [ 3l A= fLAG A CHE 55 /A 7]
XKH),
1.2 NPMSCs A9 B 15 5%
1.2.1 Bk AHFIE 4 B B e B2 R S, BT
A BH S FANE R, HEM AR AR BB
B B} K2 — B B B A AR 2016 4 7 H ~12 A 16
3 i B e A BT (AN E ) B 1 0k e R
BN 8 R P R i Rl B 4 AT
[ 38 AR Plivemann A 8] 4518 75 5 9% 58 Go ] 4
SR 2NN T H,2 T,
1.2.2 NPMSCs 73 B fssE g B4 B4 B 00 I HE
[ #EARAS  PBS W VIS, 20 B AE TR A5 1 T 4 BT
BYRERER 2040, FF ] 0.02mg/ml (1 1 0 iz 5 s 314
b, B 37°CE; FRA %, B 0.22um {3 3E (9 & B
i F . 1200 %% /min 50> 4min, 37 F 75 &, ICE AR
L, A KR FRIEEWRATIR AT, 8 4 i 4y il 4 b+
T25cm?® W) KE = M A7 IR ARG 77 . # B RE 5R 4~
5d, 4 I BE 5 3d ek 1 U, 1 A0 A R s B
80%~90% 1} HEAT I 1k LA .
1.3 NPMSCs [H%E
1.3.1 MBS =WEE (B8 AT WA
M AR A B A, AR AR A K R AF 9 P3 AR 4
J S BT T A AR LR IR I SR AN T S SRR A
1.3.2  AUp R m bR AR e P3 AR 4, il
JIC 200 BV, A M MR B3R 1 10%/ml, R34 LA
Iml, 3£ 8 4, PBS Ut )5 , 7 #i1H PBS, & & H-
A 100p #r PBS, 548 4 5N A 2 B 5 B B 44

CD90 —-APC .CD73 —APC.CDI105 —APC.CD44 -
APC .CD31-APC .CD34-APC .CD45-APC . A fn{E
iR (BIPEX IR, =R EEHEE , 20min J5 H
2ml PBS {HUk)E 7 LiE, R 3 K, EET 400wl
PBS( % 0.5%FBS)H, Fl FC500 it =X 41 At A4S
BOE AN RS, i FLOW JO $R 4440 #r 43 Ff
PO BH P 20 e AR

1.3.3 NPMSCs 30kt (1) i1k .
P3 AU, 22 BB 3x10° A28 /L %5 B 45 b T 75 AL
Br ,DMEM % 3% W& 35 77 % 4i Md @l & 2% 38 70% ~
80% i i , W K BE FR WK , A 2ml hMSCs A B 5
SRR IAT S R IR . B 3~4d R 1 KRR
W, SR 21d IR R MEL . (2) BUIR S
b B P3 ARG, 42 1 R B B R KR &2 70%~
80% il A , T e IR 175 5 1 77 3, Fie BRI A3 R 45
SR B 3~4d Wil — Kk, B E S 28d J5 M AL
O Jeta sk, (3) BUFCH Ak B M fl G 5 5k
70%~80%[1) P3 1 NPMSCs, 11k J& , il il 40 g
W, DL 5x10° AL 40 M AT sk 85 3%, A
DMEM , 24h J5 B #1755 55 32 56 &% DMEM 4= 1L/
HEN FRSE NIRS . B ERKRHETF-B
(TGF-B) \HLET 4 40 i A= K Hl +-B (B-FGF) \ITF |
Vite MEBEA], & 2~3d #1135 21d J5
A7 PR R i W G 0 X B AT 0 PR AT

1.4 A[R]EH BT 5537 NPMSCs (194245 Fe Pk
141 MBS B KRS R 4719 NPMSCs,
T 40 e, L 1.2%10° AN /em? B %5 B 2 Rh T
T25cm?® ¥5 7700 (3t 48 Ji) , FEFI B RATIR &), FRIE
R AR — 30, BN ARG IR Sml, R 5
24 WATH MBS % (20% 0,.5% CO,), % 24 &
T AT, R AR SRR O AR (2%
0,.5% CO,),}573% 5d J5 45 R ITERY a0 4, 2
Tob J R AR RO A B AR RO S THE, EESE 8
KW EE 1~5d IR R FR 5 ,0.22um i g 7% i3 U8 L
A0 5 —80°CA- AT

142 HEFHEN (K iZ) 24h ¥ H A AR
ARG IR A A B 3O, AT, FLAR RO
IR METE S 2 I, LR &0 T NPMSCs 119
AR, I B PSR R, 20 A% 1 )
(PD) =[logN (t)-logN (t,)/log2N[N (t) 4y 4f Jfil 1% 1%
BF 9 20 BRSO SN (o) A 90 2 4 1) 48 e %
1.

143 3R pH HMBE RN B -80C
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TRAFI R IR 5L 4°CH# R o 1] Architect ¢8000 H
Bl A= ARG I SRS 0 4% B[] 6 355 75 B Y pH (A
i
144 T 3 KAIFESHF LR A
g RA GO BUE RS R 409 P3 40,
SR e L e i N[5 B ol BB - I
M fl A K 70%~80% IR B 40 i, A A gRT-
PCR $ AN [ 3 56 i PR A 7 o G026 B
N FIFH RNA #3857 TRizol ¥ i H2HUE RNA
W RE N S5, o 5 e S iR & i 4T cDNA A A
FRE SRR UNR AE UK e £ B SR &R, O A
Z LA 10pd 274 ,5X PrimeScript™ RT Master Mix
(Perfect Real Time):2ul,RNA. # #& ¥riill RNA
W, B RNA K81 RNase Free dH,0: (8pl-
RNA &), #i5% 5% J5 3815 19 ¢DNA, i & QPCR
Xt M A 5 3 N POUSF1 (OCT4) NANOG .
SOX2, ¥ A &K CCND1(CyelinD1) MYC (¢
Myc), K45 S HIF2a A1 5 3L K EPAST, £ k7 &
A I RE AR O 3 R MT-CO2 MT-CO1 ,ATP5AT1 .
COX4I1 TFAM #4744 & % 3L GAPDH 1E N
2 5lWF S Primer 5.0 AR (FE 1), B
SN HE (0K kAT ), 25 e B B 25 | E A R
WAARTR 2 > 2 F RO SR FY 10% , DL AEFL 20l
9 49 :SYBRPremix Ex Taqll 10l .PCR i 5| 4
0.8l .PCR J5 51 % 0.8ul . ROX Reference Dye II
0.4l .¢cDNA 2pl . dH,0 6pl, 7500 5 PCR 1%
HULT #2747 Real Time PCR JZ b :Stage 1,
it ¢ £ Reps.1,95°C .30s;Stage 2,PCR Jz i
Reps .40,95°C .5s,60°C 34s, H 27T i+5 H (1 3t
PR ) AF G e K 8
1.5 Bl ar

K HI SPSS 19.0 B A kAT 55 40 1, 45 LA
xxs FooN, A3 AN [ SR B G 5 AR AR T S [ 8
FREF ] NPMSCs 114k, 3922 pHH . BB %
. DX FRIA e HEAT IR 534 S Oy 26 55 A
B, P ST RS ¢ KIS AT I LA . P<0.05
MA G ESR

2 #R
21 4ifekEgE

3 B AR I 20 B R AR 3 57 24 4~5d, B 1
BE W SR ANf REEAE K B A YR R
F£ 12~14d 40 @5 0] 38 80%~90% , nl it 47 4%

&, PTARAI A A= 4 55 PO AR I 8 38 B, 400 it R /A
PO ¥ — | R LERIE , 29 5~7d 40 g B AT @l 4, P2
&1 P2 AR LLE M 4l R S R R 3 51— 3%, MY
HRERIE (K 1),
2.2 FRMEPUEEKIR

Tt 2 A AR SOAS: T 445 2R 1 7 N NPMSCss 3% [ A
O # Ik CDY0 (80.4%).CD73 (99.9%) .CD105
(99.8% ) .CD44(95.9% ) , Ik 2 ik i I 1 4f i b 75
CD31(5.3%) .CD34(4.4%) .CD45(6.8%) (& 2) .,
2.3 NPMSCs A7 F 501k
231 WEER AT IE SN 14d, 4%
T H A0 /0N () 85 A5 1 5 Bl 55 SR I TA] A R4 | 45
TR L 55 FE 21d, R0 BRI R
WA AE R LT Qe B IR A5 SR TR (D 3)
232 WRIES A RUARE T 14d, AT 0L
Serb s BLAH /N AR ; B G 5 IR I R] A SE | B T
B 2 Mg R R R I MR o 15 S 28d,
ML O Yeta oR IR 2 ML (& 4),

#1 RT-PCRHI3I#FFI
Table 1 Primer sequences used for RT-PCR

TS BRI r A 5-3"
. Product
Primer name . Sequence
size (bp)
NANOG R {7 J7 51 158 CAAAGGCAAACAACCCACTT
NANOG TCTGCTGGAGGCTGAGGT
P Oﬁﬁﬁgﬁ ’n’l'J b AGCGAACCAGTATCGAGAAC
POUSFL(OCT4) TTACAGAACCACACTCGCAC
2 %U7§§ XY 1o TACAGCATGTCCTACTCGCAG
= GAGGAAGAGGTAACCACAGGG
SOX2
A A% 1 116 GCCCTCGGTGTCCTACTTCAAAT
CCND1 AGACCTCCTCCTCGCACTTCTGT
MY CI iz 41 130 CCAGAGGAGGAACGAGCTAA
MYC(c-MYC) TTGGACGGACAGGATGTATG
REAEFHTF2 TGCTACGCCACCAGTACCA
EPASI CAGTTCGGGCAGCAGGTAGG
faly %172 He A
W%%’fﬁ T CCAGGGCTATGAAGCAGGTA
ATPSAL AAAGTTGTTGAGTGGCAGCA
2167 I S L 4
é%‘f‘g ?éﬁ%ﬂfg 13 ATACCAAACGCCCCTCTTCG
Mol GGGTCGAAGAAGGTGGTGTT
L8 7 A 4 i 4
é%ﬁ: ﬁfﬁﬁ%’ﬂ@ 134 CATAACAGACGAGGTCAACGA
e R GGGCTTCAATCGGGAGTA
MT-CO2
I ¢ A
LRIV 3 1 129 GTTTCACCGCGCTCGTTATC
0 [ Tl CCTGGATGGGGTTCACCTTC
COX4-1

AAGATTCCAAGAAGCTAAGGGTGA
CAGAGTCAGACAGATTTTTCCAGTTT
CTCTCTGCTCCTCCTGTTCG
ACGACCAAATCCGTTGACTC

AR e e R
ATFAM

HRILN
GAPDH 114
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233 MEHCEIES  MERKFE 5d B, PIER AT UL 40
Ji AT S 2L A RER B S 21d I, IR L S 2R ERIR
2 L 1A B, 2 R OR e i g €2, T DL S 38— K
AL (B S) .

2.4 KR[FEAHREXT NPMSCs #9249 24 5 52 i
241 JEAWE HE DS N W, P3 R
NPMSCs 15 3% 3d .5d . 7d B 480 1% 35 40 i 4 5 4R
Rige /N B g R IE | 825 PO R AN IRE &
(& 6),

2.4.2 HEFHEE ST WHALN RIS S A T A0 40 A
UL 3, AR AURE F5 B0 H SR 3% 4 M 1 4 o e 42 i
HE ARG (P<0.05), K& H 7% A% 1 1 ok

O

B 1 P3fUHEAZ A T 5T 4 M (NPMSCs) : JL 88 T 41 g e
Y — RYIEFERIE ( x4)

Figure 1 The third passage cultured NPMSCs from non
nucleus generally grew into

with a fibroblast-like

—degenerative pulposus
typical, adherent monolayer cells,

appearance ( x4)

(2)

B2 ORI P3RS T A0 AR I 43 TR SRR L

AR A M 40 i bR 5 CD31.CD34,CD45

S R 8

31.22+1.98h, A B A5 3 19124 39.56+2.02h, H 3%
TR 3 RIFIR AR R TR B & L TH A
B 4% (P<0.05) , 22 WG 0T 20 4 348 Bk 0 (3%
3)o

243 Hig pH EMBEE WK 4 RFE K
FEXEFRIT, 2% ) ARG 52 HE 00 pH (T b M 22
5(P>0.05),Bi& RIS T # 2 5 (P>0.05), H
3R pH (H |, 535 He (76 F T 40 i A= K 9 1
e,

244 THIEEMKM L GAPDH JEFEE RN
BHN ,20% O, HAE xR, Ho&e 1k 2k A
POUSF1 (OCT4) NANOG .SOX2 J:[H 1) ik | &
SR G5 R R AR TR R AL AR T
Kk 3 Th i, 22 55 A 4ot 2% 5 L (P<0.05)
(#£5),

2.4.5  PTHEAHOCEE N RIS = AR DG ER R Y
ik [FFELL GAPDH R HAEAN NS, # A4IE
S B AR AR N SE RG240, AT B A DG SE A
CCND1 (CyelinD1) MYC (c-Mye) , ik &% & A 1
HIFa #H5GHE (EPAST) BYER B AL, RT-QPCR
LRI ESE ST i< DO RS = B (1 = LN S B S ON
W ET N, ERAG R L (P<0.05,585),
2.4.6 LRSI ML i BRIk
WOALMEN IRAL, LA AL S LR AR A 5 3
B, SZbARA B A A DR SE o S 4 4
B, 5 A A K 4 1) ATPSAT COX411 \ TFAM
4 LROR R SRS Y MT-CO1 MT-CO2 25 41 %, .

5 #1k CD90.CD73.CD105 .CD44 %5 ] 78 it T 41 g 2 1 A

Figure 2 Flow cytometry was used to detect surface molecule marker of mesenchymal stem cell. Thrid passage of non—

degenerative cells were highly expressed CD90, CD73, CD105, CD44, and lowly expressed CD31, CD34, CD45
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ATP5A1 h =W IR B & i gt 5L 9, 5 HY %%
s ARG, B S R A DGR [N AR A T 4]
20 R ATP5AT 3 T (P<0.05) , COX4IT
TFAM MT-CO1 MT-CO2 %5 5 £ ki ik & i Ak ml
DIReA SRy B P A X T 48 4, AR A2 T I B AR
(P<0.05,%6),

3 g
HENR] B2 — A i =2 A AN ] AR B 2
BE A W M, B A AN IR 25 K R A A e T

O Y {0, m] L 240 60 M0 J5 PN TR 10K 20 % 1) IR i (- <20)

--0
--@

B3 P3UAINE A 21d J5 76 3R ALY A A 0L K £ (A i A5 R IR ( x20)
B 5 P3RHINE A 5 5 o Ak 21d JE TR B i g T L Hy —

RBET I, AN T (R 28 TR
JELAE ) A JCU A DT 5| M [R]85 AR AR i B
HENR] R AR, R 2N S S ) £ 2 3 0 AN 7 4 4
e B 54, R P A /D i 0 R ) 0T A e o
— D HRI R N ER AR AR AR T AR, I AR
fife E— 2B 3G FLER G 22 | DTS BOHE (] 2 4 T A
B SRR R FE K pH {ELRZSI9, Brishy 25001
WEFE LS W], M R] 48 P9 1 40 m] 3 e o4 2
VEF, RGR A8 i e ) B 61T N FE1B 2  EAE RIS
U, 1R 728 Y B A% 20 28U AE 8 TR NPMSCs®!, IR

4 P3 UM RG24k 28d Sl AL

ROF HE 0 19 A i A 22 5 (x100) 6 IR SR LB R A WA A 40 M 25 (aboe 230 AR S 57 3d\5d .\ 7d 1 Y
AMITEAS sd e f 435108 S 55 57 3d.5d . 7d A A0 TR 25 ) (R 0 3B )

Figure 3 Alizarin red staining showed deposition of large amounts of calcium nodules in NPMSCs after 21 days of os-
teogenic differentiation ( x20)  Figure 4 Oil Red O staining displayed a large amount of lipid droplets deposited in
NPMSCs after 28 days of adipogenic differentiation( x20) Figure 5 NPMSCs were positive for alcian blue staining af-
ter 21 days of chondrogenic differentiation( x100) Figure 6 The cell morphology of different time point was cultivated
under different oxygen concentration a—c, The cell morphology of low oxygen(2% O,) culture in 3d, 5d and 7d respec-

tively d—f The cell morphology of normal oxygen culture in 3d, 5d and 7d respectively
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2R A N IR NPMSCs AN RE 70k 2R B A% 40 i
NS ZEAE ] £ 1R A2 We 7 H A7 1R AL A 8] £ N
PR BE A XS BMSCs (94715 38 58 e Ak 1 52 i
A KRS, Herp Sk R R AR B Y PR T
KT IR U ) N M NPMSCs A= 9 16 1 1 52

R 3 AEEREHAEZE T BT 8 (NPMSCs) &
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Table 3 The numbers of cells in different oxygen

concentrations at different time points

2% 0, 4 20% 0,4
2% oxygen concentration 20% oxygen concentration

1d 1.20£0.015 1.22+0.022
2d 1.42+0.012 1.38+0.09
3d 2.54+0.0237 2.03+0.031
4d 3.71+0.017% 2.55+0.026
5d 4.93+0.0347 3.24+0.019
6d 6.12+0.010% 4.24+0.028
7d 6.94+0.026" 4.93 £0.017
8d 7.02+0.024% 5.22+0.015

i D45 20% 0, 4% P<0.05
Note: (DCompared with 20% oxygen concentration group, P<0.05
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Table 4 The pH and osmolality value in difierent culture point of different oxygen group
pHH BB
pH Osmolality
2% 0,4 20% 0, 2% 0,4 20% 0,
2% oxygen concentration 20% oxygen concentration 2% oxygen concentration 20% oxygen concentration
1d 7.45+0.043 7.43+0.021 345.02+3.70 347.28+3.27
2d 7.42+0.035 7.40+0.018 355.55+3.33 348.37+2.16
3d 7.38+0.047 7.42+0.024 352.41+2.18 346.29+3.38
4d 7.37£0.044 7.39+0.033 350.37+3.14 351.12+2.77
5d 7.35+0.039 7.38+0.015 349.23+2.76 354.33+2.98
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Table 5 Relative gene expression of POUSKF1 (OCT4),
NANOG, SOX2, CCNDI (CyclinD1),MYC (c—Myc) and

(x+s ,n=6)

Table 6 Relative gene expression of ATP5A1,

EPASIbetween different oxygen concentrations group

2% 0, 4l 20% 0O,
2% oxygen concentration 20% oxygen concentration
POUSF1 2.050+0.025% 1.004
NANOG 1.422+0.012% 1.003
SOX2 1.251=0.05% 1.002
CCNDI 1.251+0.110% 1.000
MYC 2. 140+ 0.0457 1.004
EPASI 5.152+0.023% 1.002

(DY 20% 0, 414 P<0.05
Note: (DCompared with 20% oxygen concentration group, P<0.05

COX4I1, TFAM, MT-CO1, MT-CO2 under different

oxygen concentrations

2% 0,4 20% 0,
2% oxygen concentration 20% oxygen concentration
ATP5A1 1.702+0.04% 1.000
COX4l11 0.628+0.03" 1.000
TFAM 0.801+0.012% 1.000
MT-COl 0.721=0.045% 1.000
MT-CO2 0.615+0.013% 1.000

.5 20% 0, 4 L# P<0.05

Note: (DCompared with 20% oxygen concentration group, P<0.05
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