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(NPC, 5 11R)5 KJa, H 0.25% k5 F B UCEE NS
BEAKANM, AR A% 40 BB 77 28 B 8 ) %
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6 fLiRH, 2 RJG, 4R M Tyl f ket
HeRA 10 em MR MLAF, M & A KKE T
Reproeasy 1 72 5 (AL 28 WA R) )b AT #5972, 1EJK
P55 14~28 RIRIEILE N THRHCiPS wfE, f#
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ANTERM A B A e R R IRt Bt AT 39ROk
H 3 AN AT iPSC #RHEAT T AR %2 .
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16 1 %6 #% K J5 1 iPSC (NP-iPSC) & RNA, f# [
Superseript 11 1 # 5% i #] & (Invitrogen) & &
cDNA. S & - 54 i 4k 0% B (qQRT-PCR) 73
M3 OCT4, SOX2, ¢-MYC Al KLF4 £k,
hESC H9 19Xt . IR H) OCT4, SOX2,
c-MYC #1 KLF4 B 5| P17 51 W3 1. cDNA FrifE
it 3E 47 gRT-PCR 73 #r, JF 5 P9 U6 ¥ A0 2 1
OCT4, SOX2, c-MYC Fl KLF4 3Kk #HT .

Table 1 Endogenous and total primer sequences
for OCT4, SOX2, c-MYC and KLF4

Target Sequence (5'—3") Product sizes/bp
KLF4 Endo cggacctacttactcgectt 192
gcaactgaaaccccaagtce
KLF4 Total tctccaattcgetgaccecat 139
tcgaagtggataggctagge
MYC Endo catccacgaaactttgccca 152
tectgggegaagagacttte
MYC Total aacacacaacgtcttggagc 193
gacttctectgaacaacgee
OCT-4 Endo ctgetgggtetectttctca 120
catgaggagccagggaaagg
OCT-4 Total cgagaggattttgaggctgc 126
agtgacgtgacatgaggage
SOX2 Endo tcaggagttgtcaaggcaga 124
tecetctcttcaaactcggg
SOX2 Total agctcgcagacctacatgaa 151
atggagaaggagggtgaggt

55 13 AX NP-iPSC 2 [HI*Rf 57 11 2 3 F o ] 42
G AR B AL AR bR AE 7 V50T, B B — e dn
T : #i A TRA-1-60 (StainAlive TRA-1-60,
Stemgent), T A TRA-1-81(StainAlive TRA-1-60,
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Stemgent), #T A\ SSEA-4(Santa Cruz Biotechnology),
$t N NANOG (Abcam), #i A OCT3 / 4(Santa Cruz
Biotechnology) A1 $T A SOX2 (Santa Cruz
Biotechnology). M % o't — HT 1) 41 Jifil 75 2 O 2 1l
55 T (Zeiss Imager Z1)H AxioVision 4 3k 17 W %2
.
14 {KAARIRESE

K NP-iPSC 7E 48 A [ 2 e 1, BATHRE
NP-iPS 48 g 5 V0L S 21 JE PR 123 R 93 ERE BBk &
% % G [# (nonobese diabetic severe combined

immunodeficient, NOD-SCID)/NREH L T, 15w
JaVIBR Mo 22, 10% 46 /R Ak e, # VR,
HHAT AN & AL (H&E) YL th, 85 N4,
1.5 EFEENF

% I MethylCode™ V. i BR & £k #% 1k X 771 &
(Methyl Code Bisulfite Conversion Kit) it B 45 4b #
NP-iPSC, Oct4 Il Nanog & K J& 3l F 51 ¥ 405K 2.
% PCR 7= ¥4 N\ #| pMD18-T(Takara) 3 1A, 1T
EHbIE 5~6 A TikE MI13 IE m Al 51 4% 34T
FERIMF

Table 2 The PCR primers for Oct4 and Nanog promoters

Primer name

Sequence(5’'—3")

Product size/bp

OCT4-1 F GGATGTTATTAAGATGAAGATAGTTGG 406
R CCTAAACTCCCCTTCAAAATCTATT

OCT4-2 F TAGTTGGGATGTGTAGAGTTTGAGA 260
R TAAACCAAAACAATCCTTCTACTCC

NANOG F GGAGTAGAGTGTAGAGGAGAATGAGTTA 331
R CTAACTCTTTAACTTCTTCCCAAATC

1.6 ZEISH

%5 16 1% NP-iPSC F FK /KAl 2 (&K FE 0.07 g/L,
Sigma-Aldrich)&b # 4 h 5 &0, #8/5H 10 ml KCI
(75 mmol/L)E &, AW HIREE | IKEERRG @ DHIFW
[, HEE 3 K. EERed 2 I, SRR
N A R It = WO = s a S AN U NG VO #7da
T 5 H 0.0025% i 85 E G AL BE 5 min, SRJ5 1
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AT 2 40 Jf SR 5 1) iPSC(F-iPSC)il it _F ik [F] #E
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MRt i A2, DL F-iPSC Xt I8 . US4 m ik i
(1x107 cells/ml) ) iPSCs &, F¥s 3 i A 21 60 4
AHREAERAIEFRBR O, WEE1h G, MA
BE A% 73 685 77 2L (7R B DMEM, 10 wg/L TGF-B1,
100 nmol/L b ZEKFA, 50 mg/L HLIR ML 2- iR
£, 1% ITS, 100 U/ml 7 % %= 1 100 g/L #5 %,
YW H Life Technologies) #1715 555 7%, 3 K
W1 k. NS 10% FBS [ 5% DMEM [f] iPSC
EAXTECR A AL). 4k 21 RJGHHAT a0 R R,
1.8 HREHALFLEE

AT R LU Rt 2 /T, R B4k

(1) iPSC LA K A o BH 1 xof Bt P il A% 4 Fi 74 1) 1A
fi] 4°C[& 52 30 min, PBS ¥ 3 K. 10%M) 2 i
B 20 min, —HUPL I BR RS PLEE AR
Pifk. $t CD24 ifk. Abcam) 4 CHFFid#%, PBS
MY 3 K, BRI E ALY EE bR ic i Pt (Invitrogen)
FEIRWEE 2h, PBS MWLM, DAB %, Akl
S P o AR 2, S I AE I 4% 2 R
F % (pH 7.4, Sigma-Aldrich)[# 52 5 31T B 2K % 5
get IX-71 %06 R S W22 (Olympus, H
).
1.9 #HRMEAFRIEHEN

W EE 1L 5 iPSC, I 0.05 mol/L Tris #: & 2%
M (pH 8.0, 1% 0.15 mol/L S ALY, 0.02%8 %
14, 0.1% SDS, 1% NP-40, 11 mg/L 41 ik i Al
0.1 mol/L 2 J& F B i /¥ 50 PMSF, BT 718 5
Sigma) #4724, REAZANAVE NBHIEXT R, A
fET 4°C, 12 000 r/min 50> 15 min. 100 g &
B R AT () £ 5 A AE & 34T SDS-PAGE
B HRUK, RJER RO BRI,
REG K = BB P 1 h, N3 PRGOS 48 R 1 — L
B BRI i A R buiE. Bt CD24 i
&, 1:1000, Abcam)4CHH IR, HHARLHE
ALY bR 1 B — P (Invitrogen) = 9% & 1 h, ECL
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112 FitFESR

s 45 R AR IS DL I B bR i 2 (x2SD) JE 20
NS S I AN b N 1l = oS T ER (51 = 2
(ANOVA). 3 ANOVA k% o 2 &M% =,
HASHZ A% A M EAER B, A 8] SO AL
R TE) B 22 Sl ok 5 S B BORE 58 (post hoc test).
P<005 ~NAEEZFMEZES. AR E4HEE H
SPSS15.0 73 At 3K A1k AT 43 #7

2 % R

2.1 BEMZABEE4RTEA iPSC

i 3T 4 i5 OCT3/4. SOX2. KLF4 Fll ¢-MYC
FERI SeV Ik YL 1% 41 i - 8 2w A2 N iPSCHI LR
Kl 1 (& la). SeV &Y 7 K5, JTHAH
/N IRS B B B, (HFF AN B LAY ) ESC B
FRAE. #eYef5 14~28 K2 (A, HRHELS ESC JE&H
(PN AR A I P SR o U LRI N R
()35 7 L AL AR 57

Day8, split on matrigel

with Reproeasy media NP iPS cells

Cultured with
PSCeasy media

Day14, pick up
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Fig. 1 Overview of the NP-iPSC generation protocol and immunostaining of specific markers
(a) NPCs transduced with SeV expressing human OCT3/4, SOX2, KLF4 and ¢c-MY C. NPC derived iPS colonies emerge at 14~28 days after NP cell
transduction. (b) Staining of Alkaline phosphatase (AP) and pluripotency markers (NANOG, OCT3/4, SOX2, TRA-1-60, TRA-1-81 and SSEA-4) in

induced cell colonies.

2.2 iPSC BIEE

=AM BERZ HGURIE R iPSC #IEAT T %58,
SEREARENEE R, AXERTREREF—A
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OCT4. SOX2 Fl NANOG, LA 14 fif i ity 4 £ PH 1
( 1b). AR NP-iPSC /NS H KR B, SEi
5k PCR 23 BT 42 158 4 1R 9 NP-iPSC 41 2 ]
CITER (B 2a). ESC —AMRE B RE ML A2 04
VA1 Octd Al Nanog J& 5T [X B Y 1 K
T, ESC $ 5 13 K DNA H 5 (kK F 1T B 5 iPS
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B CE B SE. R 4 0 R
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P, AT NP-iPSC 7 51 ] NOD/SCID # % T,
15 A Ja MR BB T HCH B 412, R AT 48]
I HE 3eth, 450 BoRwi it B = IR E 45,
WAMNEZ IR, N IZ I A 2 s i DL 2 R IR 2
FIE HEU(E 2d).

Fig. 2 Characterization of iPS colonies generated from NPCs

(a) Real time polymerase chain reaction (RT-PCR) analysis of endogenous and total genes in induced colonies. 1# and 2# represent NPC-derived iPSCs
P4 and P16, 3# represent H9 P38. (b) DNA methylation analysis in the promoters of Oct4 and Nanog by bisulfite sequencing. Human NP and H9 cells

were used as controls. (c) Karyotyping analysis of a representative colony. (d) Hematoxylin and eosin (HE) staining of teratomas derived from

NP-derived iPSCs.

2.3 iPSC 7t A BErx A4 Ra

R B IPSC 42 Fh 1) 0 g FE IR 4F 4 Z 5 R I
HOTE AN L A B (] 3). oAb Je i R R i i £
ST WU 91 [ ke o - 3 6 A 0T B 71 R e R
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GAGs. HIZ7R Yt BoR, BT S IR0
FiPSC A Z [T B RJE . & H R CD24,
I NP-iPSC /L5 nf A 2 1 T MRE . & A
WA CD24(8] 3). PiFh e REA - AE
BRI, ROH NP-iPSC 4 K I} 6] 1% 5% 5 &
kb E GAGs. [THRJE . | ARFEA CD24, £
B NP-iPSC A3 5 5% [ il A% 200 2010 V85 i

24 BERZEBRMEAMERRIEINEESH

Western blot 25 5 5 G s 2H Ak YLt 45 R — 2.
BEIZ A SR IR S iPSC RIAHE £ 11 B 5 AN
FEHERE; T K1 iPSC, NP-iPSC 3% ik
D EFEZ AN RSN, {H F-iPSC 4K i [ 5 77 B
A WL BEAZ 40 M S i 11K, NP-iPSC 2044 J5 4 5+
PR A RIEK T SEEZ A0 LU B .
SEI E B PCR M 45 R, Rlx 5 SRk vl
755 iPSC RIZ £ collagen I . aggrecan. CD24.
KRT18 1 Baspl , NP-iPSC 431k 5 iX &4 % [K] () &
KT 5 B AZ 40 M R AR KT A 035 1 22 S (] 4).
JiT A 45 B, NP-iPSC Lt F-iPSC B A5 5 58 1) 7]
FEAZ 40 L 23 R TS e
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Bright field Toluidine blue staining Collagen I CD24 Aggrecan
: 7 g : gz

Non-induction
F-IPSC

NP-IPSC

Induction
F-IPSC

NP-IPSC

100 pm ;

Positive control
NPC

Fig. 3 Differentiation analysis of iPSCs
Brightfield image showing the morphology of iPSCs 3 weeks post differentiation. Toluidine blue staining of glycosaminoglycans in representative iPS
cell clusters. Immunostaining of iPS cell cultures for the presence of collagen II , aggrecan, and CD24. NP cells were used as positive control. Regions
of positive staining are shown as brown. F-iPS: fibroblast derived iPS cells; NP-iPS: NP cells derived iPS cells; NPC: NP cells; Induction: iPSCs

induced with NP differentiation media; Non-induction: iPSCs cultured without NP differentiation media.

NP-iPS-C NP-iPS-D F-iPS-C F-iPS-D NP cells

s R
90+ 2
Collagen Il i %0 * m: CD24
S I Wl: Collagen II
CD24 =
- o 701 @: Aggrecan
B-Actin D — — LQ’ 601 l: KRTI18
.S .
® 250t M: Collagen II [: Aggrecan [l : CD24 % 50F ; * : (Bé;s;:
= 200} * * g 40f AR
o < N *
L *
2 1504 " % 30 +
o *
B * w0 ¥ 20+ #
g 100f x * . x
=3 L
g sof 4

NP-iPS-C NP-iPS-D F-iPS-C F-iPS-D NP cells

0
NP-iPS-C NP-iPS-D F-iPS-C F-iPS-D NP cells

Fig. 4 Quantitative analysis of NP specific proteins and genes
Protein expressions of collagen II , aggrecan and CD24 were analyzed by Western blotting. Quantitative analysis was did for collagen II , aggrecan,
CD24, KRT18, Baspl and CD54 gene expression in micromass-cultured iPSCs after 3 weeks differentiation. *P < 0.01, compared with undifferentiation
group; #P < 0.05, compared with NP cells. F-iPS-C: fibroblast derived iPS cells without differentiation; F-iPS-D: fibroblast derived iPS cells cultured
with NP differentiation media; NP-iPS-C: NP cells derived iPS cells without differentiation; NP-iPS-D: NP cells derived iPS cells cultured with NP

differentiation media.
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2.5 NP-iPSC EKERF 5L

YR - KB Z A4k 21 KIE AT A %D)
A, YIRS W EEEREER, 5 487004l
HHEE, AR - KER B A YA T 2 GAGs It
(K 5a); S2i5E B PCR KGN 45 5t 2% B /K B i
o 41 il % I8 B £ collagen 1T+ aggrecan. CD24.
KRT18 Al Baspl %5 [K ;0% 40 4k 2% 45 R 2
7N 7K B 40 a3 A S R R OA T Y R R A CD24
(Bl 6). Zrtantisn 1 B JE A CD24 e tafHtE,
YMIA% 2 DAPL G (i B R 5 .08 .
3 i it

iPSC ¥ H LT 58 9 AR W B 2 A @ S T — A
Bk, AR % 10 48, iPSC B4 A
CLIE I SOk e s R T A B R, i g U2 1 Y
o A2 4 M S Y S A3 BB K sk, R T — A
B % HLJE A U 3 TR R R R A R A R

Collagen [

100+
90}
80+
70F
60
50}
40+
30}
20r
10+

mRNA expression levels/%

0
CD24 Collagen Il Aggrecan KRT18 Baspl CD54

Fig. 5 Differentiation analysis of iPSCs in hydrogel
Toluidine blue staining of glycosaminoglycans in hydrogel and culture
plate. Quantitative analysis was performed for collagen Il , aggrecan,
CD24, KRT18, Baspl and CD54 gene expression in in hydrogel and
culture plate, *compared with cells in culture plate. 2D: iPSCs
differentiated in culture plate, 3D: iPSCs differentiated in hydrogel.

DAPI Merge

CD24

DAPI Merge

Fig. 6 Immunofluorescence analysis of iPSC differentiation in hydrogel
Immunofluorescence staining of iPSCs for the presence of collagen Il and CD24. Positive staining is shown by red fluorescence, blue fluorescence is
for the nucleus. 2D: iPSCs differentiated in culture plate, 3D: iPSCs differentiated in hydrogel.
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iPSC H gm 2 /72 B BB 3. A 40 i o 2w 75
iPSC Ja AMXL AT A48 1 5 2% £ 5% (%1 4 DDD) & J
MU S BE4n A AL, oA R A v 7 S fik ]
SEMYIRIE. HAr, KEZHEFRAMEHEEE IE
WS\ E AR, W R R AT 4R GE M L I AN
WS, %t T DDD B, IBARBEZ AL UR %
Gyi@ B F AR GRS, R R AZ 40 2 iPSC H 4
PRI — /MR UF B4 RIR, B AR5 1 iPSC AT
T DDD RIRALHI I A AR YT

AHFFEH, BATFIH SeV il —Ff i B4 2%
(1) 7 7% B T J o 6 A% 4T = g e g T A5 3 DR 2
1) iPSC. SeV s& —FiAEE N 15 F IF g B RE %
ME AR EA, TCEREN, femBuRE i
S IO AR AR R A% 2H 2340 45 B 11 i A% 40 P 0
REJI55, FRATTAT HA R P 0 S s 25 S 0 73 4 e i
AR, AT W 1~2 ANPHE TR, 1 H ARSI
(A 56 4= BR AR T BB 5 W 5 82 iPSC 140460, H
T SeV ¥ gusbiR m HICAME R R A S5, K
ULV AR B4 E AR A . ETE S
[ iPSC KU 2 REPERRAE, JERIE 2 REMEMI DG
RIFIEE E, HAEWZL.

H995 N B A 40 i 2 4 A2 M iPSC HK b A
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Generation and Functional Characterization of Induced Pluripotent Stem
Cells From Human Intervertebral Disc Nucleus Pulposus Cells

WU Zhang-Song", LUO Zhi-Qiang", ZHANG Ming-Yu", LIAN Cui-Hong?,
LIN Xin-Yan", LIANG Yu-Hong", GU Hong-Sheng?, ZHU Yan-Xia"™
(" Health Science Center, Shenzhen University, Shenzhen 518060, China;
? Department of Spinal Surgery, The First Affiliated Hospital of Shenzhen University, Shenzhen 518060, China)

Abstract Intervertebral disc degeneration is believed to originate in the nucleus pulposus (NP) region, it is
important to obtain greater numbers of active NP cells for the study and therapy of disc degenerative disease
(DDD). Human induced pluripotent stem cells (iPSCs) are a powerful tool for modeling human development and
disease, as well as for their potential applications in regenerative medicine. We isolated NP cells from DDD
patients with our improved method, and reprogramed primary NP cells into iPSCs with Sendai virus vectors
encoding 4 factors. Successful reprogramming of iPSCs was verified by specific surface markers and teratoma, and
differentiation of iPSCs into NP-like cells was performed in culture plate and hydrogel, with skin fibroblast
derived-iPSC used as control. It was demonstrated that iPSCs derived from NP cells were featured with normal
karyotype, and showed expression of pluripotency markers and were able to form teratoma in nude mice. NP
induction of iPSCs resulted in their expression of NP cell specific matrix proteins and related genes. NP
derived-iPSCs without induction also showed a basal level of expression of some NP-like phenotype
characteristics. What’s more, NP derived-iPSCs prefer to differentiate into NP-like cells in hydrogel rather than in
culture plate.This is the first protocol for generation of iPSCs from NP cells of DDD patients, and we successfully
differentiated this iPSCs into NP-like cells in hydrogel. This method opens a window in the treatment of DDD by
using patient-specific NP cells in a relatively simple and straight forward manner.
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