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[Abstract] Objectives: To investigate the biological effects of human urine stem cell-derived exosomes(USC—
Exos) on degenerated nucleus pulposus cells. Methods: Human urine—derived stem cells(USCs) were obtained
from healthy adult urine and cultured in vitro. The extracted cells were identified by osteogenic, chondrogenic,
adipogenic differentiation and Western Blot(WB) techniques. The USCs complete medium was used to culture
USCs for 48h, and the exosomes were extracted from the medium by differential centrifugation. Under the
electron microscope, particle size analysis and WB technology were used to detect the morphology, diameter

and surface markers of USC-Exos. NPCs were extracted from the nucleus pulposus which was removed from
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patients with lumbar disc herniation during operations, and the cells were cultured to P6. P6 NPCs intervened
with 50pg/ml USC-Exos were used as the experimental group, and P6 NPCs intervened with 50wg/ml cen-
trifuged sediment of USCs complete medium without cultured cells were used as the control group. CCK-8
method was used to detect the proliferation of NPCs 1-6 days after intervention. USC-Exos was labeled with
PKH26 fluorescent dye, and P6 NPCs were intervened with the labeled USC-Exos. After 12h, the uptake of
USC -Exos by NPCs was observed under a laser confocal microscope. Both groups were tested for (-
galactosidase aging staining 48h after intervention to detect the proportion of aging NPCs, and immuno-
fluorescence staining was used to observe the expression of proteoglycan(ACAN) and type 1l collagen(COL2).
The expressions of ACAN, COL2,
suppressor gene P16 (P16)
PCR and WB at 3d, 5d and 7d after intervention. To compare the relative expression levels of ACAN, COL2,

TIMP1, Results:

matrix metalloproteinase tissue inhibitory factor 1 (TIMP1), multi—tumor

mRNA and corresponding proteins in NPCs of both groups were detected by RT-
P16 genes between the two groups, with P<0.05 being considered statistically significant.

Cells extracted from human urine had the characteristics of somatic stem cells. After subculturing, elliptical
CD63 and TsglO1 were expressed,
which was consistent with the characteristics of Exos.
USC-Exos, the cell proliferation speed of P6 NPCs became faster. USC-Exos labeled with PKH26 could be
taken up by NPCs. the proportion of senescent cells in the experimental group
decreased[(13.8£1.4)% vs (19.6+2.4)%], and the fluorescence intensities of ACAN and COL2 were higher than
At 3d, 5d,

COL2, TIMP1 mRNA and corresponding proteins in cells of the experimental group were significantly higher

vesicle structures with a particle size of 50-100nm could be extracted.
instead of Calnexin protein, After the intervention of

48h after intervention,

those of the control group. and 7d after intervention, the relative expression levels of ACAN,

than those of the control group (P<0.05), and the relative expression levels of P16 gene mRNA and
corresponding proteins were significantly decreased in the control group (P<0.05), but no significant difference
was seen in the same group at different time points. Conclusions: USC-Exos can promote the proliferation of

COL2, TIMP1 mRNA and

and reduce the expression of P16 mRNA and corresponding

degenerated NPCs in vitro condition, increase the expression of ACAN,

corresponding proteins in degenerated NPCs,

Chinese Journal of Spine and Spinal Cord, 2020, Vol. 30, No.5

proteins.
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Figure 1 Observation under an inverted microscope (x100)

observed adherent to the wall b On the 10th day after inoculation,

could reach 80%-90% fusion
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3-5 circular cells were
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a On the 5d after inoculation,

cells grew and proliferated to form colonies,

——CD34

TaENERSEN

2 WB R T 40 M B bR G4 CD29 .CD44 .CD73 il CD90 & 4k , AR A th T 40 MU B PE AR 54 CD34 il CD45
Figure 2 CD29, CD44, CD73 and CD90, the positive markers of stem cells, were highly expressed by WB technique,

while CD34 and CDA45, the negative markers of stem cells, were not detected
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Figure 3 Observation under an inverted microscope (x200)

a Two weeks after induction of osteogenic differentiation,
adherent cells were stained with alizarin red and calcium nodules were seen b Accumulation of glycosaminoglycan was
seen with alcian blue staining 4 weeks after induction of chondroblast differentiation ¢ Red lipid droplets were seen with

oil red O staining 2 weeks after adipocyte differentiation induction
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Figure 4
150 000),

a Under transmission electron microscope (X
the shape of USC-Exos was a circular cystic

body with a central depression, with a diameter of 50—

USC-Exos  USC-Lysates
@ - 100nm b The results of particle size analysis showed
that the main peak of particle size of USC—Exos was near 90nm, and the morphology was close to normal distribution ¢

CD63 and TsglO1 were highly expressed by WB, but no negative Calnexin was detected
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Fiem Figure 5 Under laser confocal microscope(x60)

a The nuclei of P6 NPCs were stained by DAPI

b PKH26 red fluorescence labeled USC-Exos ¢

) P6 NPCs ingested USC-Exos intracellular Fig-

ure 6 The CCK8 method was used to measure

the absorbance of the two groups of NPCs at

different time points, and the cell growth curve was plotted using the culture time as the abscissa and the NPCs ab-

sorbance at the A450nm wavelength as the ordinate

UaJ /1)

7 B NPCs WLEE (B2 FLWE 1A R & Y O, §i S 8 15 40 i S0 5% NPCs) a SE80 4 NPCs, Z L EFREHLIT o o8
AR LB (13.8£1.4)% NPCs b Xf HEZL NPCs , 2 HLUF LT 400 2 40 ML L 6 (19.642.4) %

Figure 7 p-galactosidase senescence staining, blue cells indicated by arrows are colored senescent NPCs a In the
experimental group with —galactosidase senescence staining, the proportion of senescent cells randomly counted in
multiple fields was (13.8+1.4)% b In the control group with Senescence [3-Galactosidase Staining, the proportion of

senescent cells randomly counted in multiple fields was (19.6+2.4)%
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Figure 8

and COL2 showed red

fluorescence under excitation light at 647nm wavelength. Both groups of cells showed bright dot or diffuse fluorescence

ACAN showed green fluorescence under excitation light at 488nm wavelength,
distribution in the cytoplasm, but the fluorescence intensity of the experimental group was stronger than that of the

control group

F2 EF3IS5.7d MBAMELEH ACAN,COL2, TIMP1.P16 & mRNA #HXfFRILXE
Table 2 The relative mRNA expression of ACAN, COL2, TIMP1 and P16 in the control group and experimental
group was measured on the 3d, 5d, and 7d

Xt IR 2 SEY A

Control group Experimental group

3d 5d 7d 3d 5d 7d
ACAN 1.00+0.06 1.00+0.31 1.00+0.14 2.00+0.44" 2.34+0.35" 5.45+0.27%
COL2 1.00+0.10 1.00+0.24 1.00+0.01 6.22+0.85" 8.22+1.20" 7.09+0.57%
TIMP1 1.00+0.09 1.00+0.02 1.00+0.01 2.16+0.14" 2.01+0.25% 3.19+0.54"
P16 1.00+0.06 1.00+0.05 1.00+0.05 0.39+0.04" 0.37+0.01" 0.37+0.02%
T+ (D5 [7) e i) 7 0 B 4L HE B2 P<0.05

Note: (DCompared with control group at the same time, P<0.05
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Figure 9 Protein expression of ACAN, COL2, TIMPI and P16 genes of P6 NPCs in the experimental group and the

control group after culture of 3, 5 and 7days

R3 MERAMKIXE A NPCs F ACAN.COL2,
TIMP1.P16 ERHEXMNFIEE
Table 3 The relative expression of ACAN, COL2,
TIMP1, and P16 proteins in control and experimental

NPCs
X R 2H LB 2H
Control group Experimental group
ACAN 1.00+0.01 3.470.778"
COL2 1.000.15 5.35+0.70
TIMP1 1.00+0.13 4.07+0.08"
P16 1.00+0.19 0.28+0.05

1 (D5 % B 41 Ho i P<0.05
Note: (DCompared with control group, P<0.05

NPCsHiEA7 15 F2 45 0y 5256 41, I 76 10 1 i iF 52 v
i FH 7 A ) 9 BE Y USCs—Exos %f NPCs #F 47 T
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LN ASN IR e E Ry SOwg/ml, i FH [) B 22
B SN B R B FR T NI ) USCs 58 4 15 7 3k
RAFUCTEDy, Al A ] v B2 T R A8 NPCs 1E R
X R FEREFR 1 A CCK-8 146 7 41 4
i 384 5 1 50, % B S I 4H NPCss 3 5 o 3 bl | 15
B—F= FUMH AT il 72 & Yo 10 )5 1) Z A~ B AL BT 11 4L
b 73S o S A M L ) AR TR R 59 & 48h
I EFT ACAN 5 COL2 fyEsd e fa, 7r et
R AT T SR K IR S 36 4 5 't i B 6T R A
WA Z fE B R 3d.5d.7d R K COL2 .
ACAN TIMP1 P16 mRNA J% %F 1 2 11 5 A4 A1 X
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o P R %o 8 e A ot M ZEL I e M ) 45 14 2
SRS, ) S A e TR E 24 g 5 X 2 4R A ) 45 174
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B e B R R o 2 —  FERE R R R Rk
ACAN F5 A AU o3 B G T 08 DL 2 4 W R 45 4 v
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