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Comparative study of the biological effects from two kinds of human stromal stem cells to
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[Abstract] Objectives: To compare the biological effects of degenerative nucleus pulposus cells when co-
cultured with two kinds of people’s mesenchymal stem cells under a contact system. Methods: The degen-
erative nucleus pulposus tissue, dipose tissue and bone marrow were obtained from the same patient who suf-
fered from lumbar disc herniation during the surgery, and then degenerative nucleus pulposus cells (NPCs),
adipose— derived mesenchymal stem cells(ADSCs) and bone marrow mesenchymal stem cells(BMSCs) were iso-
lated and cultured. The third generation of cells had the direct cell-cell contact co—culture. First, the third
generation of degeneration NPCs was labled by PKH26, and then the NPCs with ADSCs and BMSCs were
put in 6-well plates to contact co—culture at the ratio of 1:1. There were three groups: group A was NPCs
cultured alone, as the control group; group B was NPCs co—cultured with ADSCs; group C was NPCs co—cul-
tured with BMSCs.  On the seventh day after co—culture, BMSCs, ADSCs and NPCs were seperated by the
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co—culture flow cytometry, the total RNA of each group was extracted, then the Real-Time PCR technology
The results

Results:

was used to detect the relative gene expression of type Il collagen, proteoglycan and SOX-9.

were statistical analyzed by ¢ test between every two groups, P<0.05 meant statistically significant.
After obtained the degenerative nucleus pulposus tissue, fat tissue and bone marrow tissue, the NPCs, ADSCs
and BMSCs were successfully isolated and cultured. When cells were transmitted to the third generation, the

NPCs labled by PKH26 were got successfully. MoFlo high—speed flow
cytometry was used to separate and obtain the NPCs in group B and group C. Total RNA was extracted, after

On the seventh day after co-culture,

proteoglycan and SOX-9 gene relative
expression of NPCs in each group were obtained. Collagen protein I, proteoglycan and SOX-9 of NPCs in
group A was 1.03+0.04, 1.05+0.07, 1.04+0.17; 5.26+0.24, 7.71+0.21, 3.84+0.25 respectively in group B; and
9.33+0.39, 11.07+0.34, 5.64+0.26 respectively in group C. Compared with group A, the nucleus pulposus cells

reversing transcription and Real-time PCR, the collagen protein II,

of group B and C had a significant increase of collagen protein I, proteoglycan and SOX-9 gene expression
(P<0.05); The group C had a higher significant increase of gene expression of collagen protein I ,
proteoglycan and SOX-9 than group B (P<0.05). BMSCs and ADSCs can both stimulate and
activate the degenerative NPCs under the condition of contact co—culture. Compared with ADSCs, BMSCs have

Conclusions:
a stronger activation effect on degenerative NPCs, it may be more suitable for degenerative disc diseases’
biological treatment.

[Key words] Contact co—culture; Mesenchymal stem cells; Degenerative nucleus pulposus cells; Comparative
study
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Figure 1 Male, 45 years, pre—op MRI showed the in-
tervertebral disc of L4/5 showed herniation, the degree of

degeneration is Pfirrmann grade IV
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Figure 2 a Cellular morphology of ADSCs: the second generation, adherent growth, and appeared as long fusiform with

the inverted microscope( x40) b Cellular morphology of BMSCs: the second generation, adherent growth, and as long
fusiform with the inverted microscope( x40) ¢ Cellular morphology of NPCs: the second generation, adherent growth, and
shown as multi angle and homogenous distribution with the inverted microscope( x40) Figure 3 a The PKH26 labled
NPCs with ADSCs co—cultured on the seventh day, showed adherent growth, long fusiform, multi angle and homogenous
distribution under the microscope in ordinary imaging( x100) b The PKH26 labled NPCs with ADSCs co—cultured on the
seventh day, the NPCs showed red fluorescence strongly, and individual cell fluorescence homogenous distribution under
a fluorescence microscope ( x100) ¢ The PKH26 labled NPCs with BMSCs co—cultured on the seventh day, showed ad-
herent growth, long fusiform, multi angle and homogenous distribution under the microscope in ordinary imaging( x100) d
The PKH26 labled NPCs with BMSCs co-cultured on the seventh day, the NPCs showed red fluorescence strongly, and
individual cell fluorescence homogenous distribution, NPCs were clustered distribution under a fluorescence microscope( x

100)
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Figure 4 a MoFlo 2D dotplot showing the cocultrued BMSCs and NPCs, R2
" - was single live cells of PKH26-labeled NPCs and unlabeled BMSCs b MoFlo
- 2D dotplot showing the cocultrued ADSCs and NPCs, R2 was single live
- - ™ - v cells of PKH26-labeled NPCs and unlabeled ADSCs ¢ 2D dotplot shows re-
@ gions of labeled NPCs and unlabeled BMSCs, R3 was labeled NPCs, R5 was

BMSCs d 2D dotplot shows regions of labeled NPCs and unlabeled ADSCs, R3 was labeled NPCs, RS was ADSCs
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Note:  Group A was NPCs cultured alone, as the control

group; Group B was NPCs co—cultured with ADSCs; Group C
was NPCs co—cultured with BMSCs. (Dcompared with Group
A, P<0.05; @compared with group B, P<0.05
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REEFFBWHLHI AT RE N . (1) EILIEFRT R,
T4 Mg n] b JE A R A A K - —B1 (transform-
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ing growth factor-B1,TGF-B1) & R HEKNK
¥ (insulin—like growth factor,IGF-1) 3 4 K
A F (epidermal growth factor, EGF) Fl Ifil /s # 47T
A K W F (platelet —derived  growth factor,
PDGF) 458 5% A 1~ | DA 2 44 85 53 RO R 2035 1k
PRI Bt B TR HEEAS 1 40 i ] 2 i b ek 1T A
JOE A A e B, AT ) M I 258 400 4 o T ok
P AR BT Y A CRE B (2) T Al M RT A BT
IBAE NPCs 12, MER] EHR AL J5 ,NPCs # 724 2.
EXn, SEMETESENPCs HHEAMNEE
Ji PRSI =240 i ] B ARG Fas 7E 6 A% XY R3K08
T AE 22 B8 T2 32 IR A2 A 5 1 NPCs 125 B8
NPCs 7£ T 4 Bax ik [FIEF, 14 Bel-2 ik, 1M
P TR PR Bel-2 755 A BMSCs JF £ fil 1 1%
FEIEW R B, (3)IB74E NPCs WARA AT RE AR
M TAMEE T 400, DU IR A0 A5G 175 5 T 40
la] NPCs 704k, FFEZ5 TIRAEHZAL WER
AR (4) T E 2 27 AR Y ROk,
AR RARBT SR RS 5 AR
H—Fh AL T EOE AL S, G A S e R
NS H ARG, Ko R w1
AN BT AR 25 5 3K PR b i AR R TS B 4
Ja B AR F A5 A% 51 A E A 40 7 A 2
X AT B 2 T A MRS 1R AR NPCs 19 8 22 AL 2
— (S)TEFLIEFERE , T U5 NPCs #H B 32 fil -
AR 0 L 22 B AR R R ) ek 4
Bt 3% 42 JF F 4 4 =X 7 B OB (SEMD) WL 42 31 44
it 5% 9 P A7 AE O (30nm~Tum) L iR AL il
AIRES 5 A0 2 ) B RH ELAE
3.3 BMSCs fit T ADSCs XfiR 25 NPCs # i 1F H
(] BEHL

AWFFEEE R B, ML ADSCs,BMSCs *f i
75 NPCs Y 0T R0 5 5, 5 R4 1T 2 it Jit |
I Z W SOX-9 A F ARy 18 4307 St A AT
AEJE : (1) H 4% BMSCs Hll ADSCs £ 2527 4L 4
b B B AR, (P E T2 o iR T
FEAE 22 52 A BB 3 BN NPCs By HESOCR A ]
(2) A WFFE T BMSCs MU AE R B 15, ARG
4y s ADSCs O B2, AT RE iR A D &1 L
Y0 Bt o8 PN Rz 4, 5 3k ADSCs 19 4005 T B 52 i)
LR FRACR . (3)AWFIE BMSCs K ADSCs iR 7%
NPCs #7 14 50:50 9 Fe il 47 S 45 3%, BEAE A5
7, W A 4% A ] L AT e 3R A R A

fi 22 5,24 NPCs:MSCs & 75:25 i1 50:50 B}, H 2k
P 25 0 0 ) W e SR B b MG N £ B ADSCs
5 NPCs 15 A2 85 55 L) i T i 45 5, AR 0%
FE R H A T BB A A 2 Hede A Lo ], BlonT REAE
—EFRLE R ADSCs XF NPCs BB VEH . 5
G IR 2 T e SR I 3 o 20 i e AR
20 i 53 Ak O BE 7 AR BL, I & 22 e R i
TSR, BARIF P R HLHA T i — 25
AT,

B2 MSCs 5 NPCs 42 firh 5 e 3 45 1 50 1l
BT 4 M I 7 IR AR ME [B) B PO R 5 Ik T )
1, B R 04 52 R 8 R0 S 3 o ik > o
7% ,BMSCs 1 ADSCs ¥ a4l A & iR 45 NPCs
Az B TS S SRR, R AR NPCs v 1T 2
B R 2B SOX-9 2541 Jitg A JE i 3k B
T, FEE, M T ADSCs, BMSCs *}iE 28 NPCs
) 3835 28 % B iR PRI, BMSCs 1 BE B GE & T
HE ] AR AT MR 19 2E W 2R T

4 SETH

1. Yang SH, Wu CC, Shih TT, et al. In vitro study on interac-
tion between human nucleus pulposus cells and mesenchymal
stem cells through paracrine stimulation[J]. Spine, 2008, 33
(18): 1951-1957.

2. Tao F, Li F, Li G, et al. Differentiation of mesenchymal stem
cells into nucleus pulposus cells in vitro[J]. J Huazhong Univ
Sci Technolog Med Sci, 2008, 28(2): 156-158.

3. Allon AA, Butcher K, Schneider RA, et al. Structured cocul-
ture of mesenchymal stem cells and disc cells enhances dif-
ferentiation and proliferation[]J]. Cells Tissues Organs, 2012,
196(2): 99-106.

4. Niu CC, Yuan LJ, Lin SS, et al. Mesenchymal stem cell and
nucleus pulposus cell coculture modulates cell profile[]J]. Clin
Orthop Relat Res, 2009, 467(12): 3263-3272.

5. Lu ZF, Zandieh DB, Wuisman PI, et al. Differentiation of
adipose stem cells by nucleus pulposus cells:  configuration
effect[J]. Biochem Biophys Res Commun, 2007, 359(4): 991-
996.

6. Jeong JH, Lee JH, Jin ES, et al. Regeneration of interverte-
bral discs in a rat disc degeneration model by implanted adi-
pose—tissue—derived stromal cells [J]. Acta Neurochir (Wien),
2010, 152(10): 1771-1777.

7. Wang F, Wu XT, Zhuang SY, et al. Ex vivo observation of
human nucleus pulposus chondrocytes isolated from degenerat-
ed intervertebral discs[J]. Asian Spine J, 2011, 5(2): 73-81.

8. Yamamoto Y, Mochida J, Sakai D, et al. Upregulation of the

viability of nucleus pulposus cells by bone marrow —derived



of A HOE A 2% R 2014 AR5 24 B85 6 1 Chinese Journal of Spine and Spinal Cord ,2014,Vol.24 ,No.6
5

stromal cells:  significance of direct cell-to—cell contact in 2010, 27(7): 979-982.

coculture system[J]. Spine, 2004, 29(14): 1508-1514. 17. Zhao CQ, Jiang LS, Dai LY. Programmed cell death in in-
9. Sobajima S, Vadala G, Shimer A, et al. Feasibility of a stem tervertebral disc degeneration[J]. Apoptosis, 2006, 11 (12):

cell therapy for intervertebral disc degeneration [J]. Spine J, 2079-2088.

2008, 8(6): 888-896. 18. Hiyama A, Mochida J, Iwashina T, et al. Transplantation of
10. Ganey T, Hutton WC, Moseley T, et al. Intervertebral disc mesenchymal stem cells in a canine disc degeneration model

repair using adipose tissue —derived stem and regenerative [J]. J Orthop Res, 2008, 26(5): 589-600.

cells: experiments in a canine model[J]. Spine, 2009, 34(21): 19. Lai RC, Arslan F, Lee MM, et al. Exosome secreted by

2297-2304. MSC reduces myocardial ischemia/reperfusion injury[J]. Stem

11, sk, Bugkse, sk, 4. e flXan itk By 72 % 5 A 48 Cell Res, 2010, 4(3): 214-222.
30 i ] 70 5 A e SR AZ AR L A4k (D). b VA RS A 20. Del CI, Shrimpton CN, Thiagarajan P, et al. Tissue—factor—

i, 2012, 22(10): 936-942. bearing microvesicles arise from lipid rafts and fuse with

12. Caplan Al, Dennis JE. Mesenchymal stem cells as trophic activated platelets to initiate coagulation[J]. Blood, 2005, 106
mediation[J]. J Cell Biochem, 2006, 98(5): 1076—1084. (5): 1604-1611.

13. Strassburg S, Hodson NW, Hill PI, et al. Bi-directional 21. Winter A, Breit S, Parsch D, et al. Cartilage-like gene
exchange of membrane components occurs during co—culture expression in differentiated human stem cell spheroids: a
of mesenchymal stem cells and nucleus pulposus cells [J]. comparison of bone marrow —derived and adipose tissue —
PLoS One, 2012, 7(3): €33739. derived stromal cells[J]. Arthritis Rheum, 2003, 48(2): 418—

14. Risbud MV, Guttapalli A, Tsai TT, et al. Evidence for skele- 429.
tal progenitor cells in the degenerate human intervertebral 22. Lee RH, Kim B, Choi I, et al. Characterization and expres-
disc[J]. Spine, 2007, 32(23): 2537-2544. sion analysis of mesenchymal stem cells from human bone

15. Sugii S, Kida Y, Kawamura T, et al. Human and mouse marrow and adipose tissue[J]. Cell Physiol Biochem, 2004,
adipose —derived cells support feeder —independent induction 14(4-6): 311-324.
of pluripotent stem cells [J]. Proc Natl Acad Sci U S A, (e H1.2014-01-21 K kE I H I .2014-04-14)
2010, 107(8): 3558-3563. (EXLmF #H RINAH)

16. BEspWl, /N, Lid v, 55, B AR T 5T 20 i X A (A% FHE)

B A i) 2SR AN ML oS D). R AR SRR AR IR,

575 i 4 A A SR R 2y o) PR

RFXXFHEZER(LEZR)NEIAAELAGE RRALLERKE R A 2014-04-04-015 (B) “2 B
HHMAAAIAZAFZ T I MT 2014 5 10 A 12~15 B £ 7B I, 5 J 34855 B N A3 A A B4
£ EREIRFHIR N B EHIR A BRAHIR  ERFIR TR I PR FAR IR MR
B XWHEE FRABE SRABBEFERNALERR, BRAEZEEFL LG R EF,@E 5 M3t &
RAT® FRETLDFLONBELLAMMNEB AMER AL R EHE AHLETHEARBNY L
WALFE T AR TF AR P ARG AT KRG AEAE P A4 LGN B IR A EMNE G
F ARG EARME AR AN T ARG AR Z IR X 0GB R R M R SRR AR SN A R R Y it
e HPREHF ik, RPBFAZIAfFHEE SRR ETE A TRIEZERS, FHRIBF
R20 4 ZFRARLEGHS , FINLEIABRTERAULEFHFTARD | £8%45,

A BB B M 52014 410 A 12~15 B b7 K F 5 = B RRAAT 4,

A ARE 2014 F 100 28, A ZREASEE(RTRFEFERA),

#HT 2014 10 A 1 B a7 = H K F] Lubin301@163.com H R F 2] b W K5 % = E A 2404
B OB BR B A 100191, BE A W95 15611908096, 15611908272, (010)82267350,

53 PR R I EM 1200 TR ATEM,2014 F 10 A 1 B AT 1000 7T (VAL KRB A 42) , WRE
LR AR RKFH ZERANZINF RS (OK), "% 100191,





