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Fig 1.

Fig 2.

Fig 3.

Fig 4.

A) total DNA content in three dimensional culture of IVD cells and MSCs,
B)Newly synthesized proteoglycan in three dimensional culture of IVD
cells and MSCs presented as percent control. Mixed cultures with IVD
cells and MSCs equalled or quite decreased in newly synthesized
proteoglycan comparing only IVD cell cultures (p €0.05).  weeseeeeeseseensneunes 12

A) total DNA content in three dimensional culture of IVD cells and
Ad/TGF- g 1-transduced MSCs, B) Newly synthesized proteoglycan in
three dimensional culture of IVD cells and Ad/TGF- 8 1-transduced MSCs
presented as percent control (p <0.05). - 13

RT-PCR for aggrecan, collagen type [, and collagen type II in three
dimensional culture of IVD cells and MSCs. f-actin was used for
normalization.

Mixed ratio of IVD cells and MSCs are a) 1.0, b) 0:1, 041, d 11, e 14  --14
RT-PCR for aggrecan, collagen type [, and collagen type II in three
dimensional culture of IVD cells and Ad-transduced MSCs. g -actin was
used for normalization. a) only IVD cells, b) only MSC, c) only
Ad/luc-transduced MSC [Mock], d only Ad/TGF- g 1-transduced MSC
[Ad/TGF- p1-MSC], e) [IVD cells : Ad/TGF- g1-MSC] 1:1, f) [IVD cells :
Ad/TGF- 8 1-MSC] 1:4. 15

Table 1. Primer sequence and reaction temperature 10
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= x2FE g9 g AYS AAS7] #8l Dulbecco’s
Phosphate-Buffered saline (D-PBS, Invitrogen, Grand Island, NY) °.=&
A3 &, FRAEIE 38 84 Aoz A Bt F,
AA AXE =8 23S 24 A uE 5% FHior ¥4 (FBS, JRH
BIOSCIENCES, Lenexa, KS), 0.2% pronase (Sigma, St. Louis, MO),
0.004% deoxyribonuclease 1I type IV (DNAse, Sigma, St. Louis, MO)Z
233t Ham’s F-12 medium (nvitrogen, Grand Island, NY)& o]&3&}o 3
TColA 6023 &3tAZAT. D-PBSE AlH 3 5, 4719 &4 &l
pronaseE 0.02% collagenase type II (Worthington Biochemical Corp.,
Lakewood, ND& thXA17] A|2¢9] &hgdoz A 37° ColA 4N A&
23AZ Y. BEEE FEAMEE Ham ‘s F-12 medium and Dulbeccos
Modified Eagle Medium (DMEM/F12, Invitrogen, Grand Island, NY)&.&
A3 & nylon oJ3A] (pore size 75 xm)E AL&3te] RH{ ZFS A AL
AE AEAR A 2 AZEEES AN T O5x10° cells/mle] YE=
25cm*-EasYFlask™ (Nunc, Rockilde, Denmark)ell Al ®je¥stsdch. AlE wijok

Ao 10% FBS, 25ug/ml ascorbic acid, 1% v/v penicillin, streptomycin,

nystatin (all antibiotics from Invitrogen, Grand Island, NY)=S 33t
DMEM/F12 wjfol& AR&stdoh. FUaAx2E 35730 5% COE >33t
37° C & & 1oA vl Aar, ikl 3dol ShHA A= wjgd o

2 uAsA-

2. Y 71429 By R WY

Hd 24 AFT FAZEE 53 10mle) T &E 40 10% FBS

XY

X33l Low glucose-Dulbecco’s Minimal Essential Medium (DMEM-LG,

il

Invitrogen, Grand Island, NY) ®vj<ked 20mlS ¥ 94 Edle] JAHAES =



O AFe B ANETS HEo Ropxl IHES widd 10mlE F-fs)o
Ficoll-Paque™ PLUS (Amersham pharmacia, Uppsala, Sweden)& o]&3le] o
T e E ERSAT H 29k Fo Eopxl T EVIMEE w gy
o7 P33 25em’-EasYFlask™ (Nunc, Rockilde, Denmark)el] 3 |25 2

i, 3 AEE 5% COE XT3 37° C 57 i d71olA 543t vkt

F, 2A40] gt AEE AAdD Aze WIS Bsgch e 3
Qo gy Az wFAow wASHE

3. ot zulo] 2= AZF

El % E3 §A4%%0] dels) 4ol AGe A 53 ofvertole 22

i

vector2 ARE3¥Th El 23 9o %2 FdAE luciferase FAA};
(Ad/luo), A& FAAE TGF-p1 FHAESAJTGF-8D AM=xdstATh Al
Z3H §AAE cytomegalovirus promotorel] o] ZAA| wAEH, A3
ofdlmntol g e 293 A EolA FAstF o, CCl 2= ooz +g
AABt, 1x10 ¥ paricles/ml®] F==Z 1.5ml QA% tubeo] SE3}
-70° C W&ol AZsideh. w3k vtoly =9 particle ¢ #d 7hs e

particle == 1:1009] Hl&2 ZAA3t 3PS FYstATH

PN

4 2ARATY F0F EIAE 339 WP

0.15M NaClel] 24%= =<1 low viscosity alginic acid (Sigma, St.
Louis, MO)E w8 &3t Mxe &3] 1/24 4ol alginic acidg&He] &
=7 1.2%7 I=2 FHdg. HF AT £ 2x10° cells/mlo] ).
26G9] lcc FAL71E o] &3le], 24well platee] wg] ©o} & 102mM CaCly

Sfol alginic acid&H3} Ax EFHS Wete "o =y AR =



A ok EFY B2 welld 10/47F HEs ok &2 Foljxl &g
73] polymerizationo] HEZ 1083F 204 ¥tk 0.15M NaCl-&9j
o7 FxE AFHI F, AEES wFg 10% FBS, 25ug/ml ascorbic acid,
1% v/v penicillin, streptomycin (all antibiotics from Invitrogen, Grand
Island, NY)& %3 DMEM/F12 wj¢ez s W of AHE F, oA Al

ZuojgA s well F Iml® H7ste] 5% CO.E& EF3E 37° C & M7

5. Ald B ofH=uiolB & #E &4 H AT

e T F/E) WFlS AAR F DPBSE T W A g,
UEEE 5% FBS7L £FE DMEM-LG W Falihg, Aazols w2147} A
=

ol
e Ad/luc == X85 F3A7F AzFE AdTGF-p15 22t 5% FBS7}F

A EZ} ofdlentolgi~z EHE FUHE SVIMEE EF 0.25% Trypsin,
, 27+S 4x10° cells/ml
o] HEE wjgdo IMHTt. FUHAAEY FUHE S7IAEILY v &
1.0, 0:1, 1:1, 14 7} H == 4& 3, alginic acidE o] &3} 3x9 wjdS A

Alski .

6. Ax F4 ¥



Y
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H

o TE SVIAEE E5F 33 wjFe AARA TIA H=

XY

o

o wl¥NS  [methyl-’H]Thymidine (Amersham pharmacia, Uppsala,

Sweden) 5xCifmle] H71E 712 w2 wAStY 24A)17F 5o u) kst H Tt

g

24712t & AMEE  cell harvesterg ©]&3te] Glass microfibre filter
(Whatman, Maidstone, England)ell §2A171 5, D-PBSZ =xt&] A &35t
unbounded [methyl-"HIThymidineS $d3] AAJT 16A7FEF< Aol A
membraneS A3 =L &, membraneS scintillation vialsol] golA]
Liquid scintillation cocktail &< (Beckman, Fullerton, CA)S 3ml #7}3sl4,
deo X 16417 o4 WAt DNAZE =& =2 3lth. g -scintillation
counter (Packard, Downers Grove, IL)E o]&3] DNAY %S =A3t¢th

7. 712 BAE S

FAAES} TR ST7IAEE 9 33 iG-S AAIEA LA He
o, wjkelS [*S]-Sulfur (Amersham pharmacia, Uppsala, Sweden) 20 .« Ci/ml
o] 7" 7B wixZ wA s 4A7+ F7F o8k F, 8M  guanidine
hydrochloride, 20mM EDTA, Z2&]3 proteinase inhibitors &3S AlXEZ v
of H7Fsted 4° C oA 48A17F &<t gatuls F=uth A EA LR

xAEE gduwe] Al B8 98] Sephadex G-25ME *3¥H3k PD-10

-

column (Amersham pharmacia, Uppsala, Sweden) 2.2 E3A|AH +=aHo =z &
=3 %, Liquid scintillation cocktail 8<% (Beckman, Fullerton, CA)S 6ml<
A7rste] 42 5, 16413 A2olA BAAT Al 2, 3, 4 A &= &t
S p-scintillation counter (Packard, Downers Grove, ILE E3] AlZo] XA

243190},

¥ goulok
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8. Al B¥F =4 (Aggrecan, collagen type I, type I mRNA %3)



329 wjekst Al beadol 28mM EDTA (pHS8.0), 0.15M NaClg<4S 7}
3}o] depolymerization A]%] %, RNeasy mini kit (QIAGEN, Maryland, USA)Z
o]&3te] F RNAE E@stth #8s % RNA 1pgel Oligo d(T)is primer
2.5 uM (Invitrogen, Grand Island, NY)< #7}ste] 70° ColA 5#%F annealing
A1Z1 &, RT premix (Bioneer, WA, 3dt=)E o]&3le] 42° CollA 1A|ZL,
95° CollA 5%, 4° CollA 583 w33l cDNAZS A 43 cDNA
ulE Z+z+e] primer 10pmol/ul® & H7bsle] HE R u7p 20ul7F S =2 3
% PCR premix (Bioneer, )&, $+)E o] &3te] PCRS A5ttt (TableD).
RT-PCRe|| ™3} internal control2 p-acting Al&ston, #212 ¢d Fx
£ TINA program ©|-&3}a] Hlu #2433t}

9. B4
A8 & SPSS (SPSS Inc. Chicago ILE o]&3le] x8)3tRem™ One-way

ANOVA = Fisher’s protected LSD post-hoc test2 237t Bl sl Gt A4
W fo 7 p0.052 At

Table 1. Primer sequence and reaction temperature

] annealing
primer sequence(5'->3") o
temperature(°C)

et GGC GGA CTA TGA CTT AGT TG -
actin AAA CAA CAA TGT GCA ATC AA

GGA TCT AGC AGT GAG ACG TC
aggrecan 47
CTG CAG CAG TTG ATT CTG AT

CCT GTC TGC TTC CTG TTA AC
collagen type I 48
AGA GAT GAA TGC AAA GGA AA

CAG GAC CAA AGG GAC AGA AA
collagen type 1II 54
TTG GTC CTT GCA TTA CTC CC

_10_
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Mixed ratio of IVD cell and MSC

Fig 1. A) total DNA content in three dimensional culture of VD cells and MSCs,
B)Newly synthesized proteoglycan in three dimensional culture of IVD
cells and MSCs presented as percent control. Mixed cultures with IVD
cells and MSCs equalled or quite decreased in newly synthesized
proteoglycan comparing only IVD cell cultures (p <0.05).
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900.0

W VD cell control
800.0 - OMSC control T
OMSC+Ad/luc(Mock) 150MOl
700.0 [AMSC+Ad/TGF-b1 150MOl
MAd/TGF-b1 1:1(IVD:MSC)
600.0 - EAd/TGF-b1 1:4(IVD:MSC)

500.0

400.0

300.0

total DNA content(cpm)

200.0
A) 100.0

0.0

\\\\

350.0
W IVD cell control

OMSC control

300.0 O MSC+Ad/luc(Mock) 150MOl
MSC+Ad/TGF-b1 150MOI
MAd/TGF-b1 1:1(IVD:MSC)
BHAd/TGF-b1 1:4(VD:MSC)

250.0 -

200.0 -

150.0

100.0

50.0

Proteoglycan/DNA synthesis(percent control)

B)

0.0

Fig 2. A) total DNA content in three dimensional culture of IVD cells and
Ad/TGF- g 1-transduced MSCs, B) Newly synthesized proteoglycan in
three dimensional culture of IVD cells and Ad/TGF- g 1-transduced MSCs
presented as percent control (p <0.05).
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E71MEe) EFFel kel et 2w
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Ea: FEF #HF mRNA
TAGo] HAHeR FaHol JFS #FEFY 5 A Figd). =3 A=
FA2A) AJITGE- 1S 5348 E7IA2 ALt e Aoz e
A%s #F T UAo, collagen type 9] mRNA &dol] JAM= A&
AR HEs & UG E7IHNEY oel dojMwt EF vES U o
gt dEgo] FUHES #F T 5 AT (Figd).

patient # 22 patient # 29
a b ¢ d e a b ¢ d e
aggrecan K

collagen type I
collagen type T i ——————
ERIOI — e e e . —— — — |

Fig 3. RT-PCR for aggrecan, collagen type I, and collagen type I in three
dimensional culture of IVD cells and MSCs. g-actin was used for
normalization.

Mixed ratio of IVD cells and MSCs are a) 1:0, b) 0:1, ©4:1, d) 1:1, e) 1:4.
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a b ¢ d e f
aggrecan
collagen type I [ R e e i
collagen type 11 e S
[RTOETON e e s i S S

Fig 4. RT-PCR for aggrecan, collagen type [, and collagen type II in three
dimensional culture of IVD cells and Ad-transduced MSCs. g -actin was
used for normalization. a) only IVD cells, b) only MSC, c) only
Ad/luc-transduced MSC [Mock], d only Ad/TGF- g 1-transduced MSC
[Ad/TGF- B 1-MSC], e) [IVD cells : Ad/TGF-p1-MSC] 1:1, f) [IVD cells :
Ad/TGF- p 1-MSC] 1:4.
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Abstract

Mesenchymanl stem cell based intradiscal gene therapy: Therapeutic
implication in degenerative disc disease

Kee Hong Song

Department of Medicine,
The Graduate School, Yonsel University

(Directed by Professor Hak Sun Kim)

Study Design :

In-vitro experiment using human mesenchymal stem cell (MSC),
intervertebral disc (IVD) cell and type 5 adenovirus/ transforming growth
factor- #1 construct (Ad/TGF- 4 D).

Objectives :

To determine the effect of MSC-based gene therapy for matrix
regeneration of VD cells.
Summary of literature review :

MSCs are known to be multipotent in tissue regeneration. In degeneration
of IVD, cellular replacement with genetic modification other than IVD cell
may prove a enhanced mechanism of regeneration of IVD.

Materials and Methods :

MSCs and IVD cells were cultured. Adenovirus construct containing TGF-
#1 cDNA (Ad/TGF-£1) was also produced. In first step, MSCs were
transduced with Ad/TGF-p£1. Then MSCs with Ad/TGF-41 and IVD cells

mixed with certain proportion and cultured three dimensionally.
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[methyl-’HIThymidine incorporation for DNA synthesis and [*SISulfur
incorporation for proteoglycan synthesis were measured. RT-PCR for
aggrecan, collagen type [, and collagen type I mRNA expression was
performed

Results :

Mixed cultures with MSCs and IVD cells showed relatively same amount of
newly synthesized proteoglycan comparing with cultures of IVD cell only. In
mixed cultures transduced with Ad/TGF- 41, there was significant decrease
in newly synthesized proteoglycan with regard to increase of the portion of
MSCs. Aggrecan and collagen type II mRNA expression showed same finding.
But collagen type I mRNA expression increased with an increase of the
portion of MSCs with Ad/TGF- 4 1.

Conclusion :

The cell therapy with MSCs to IVD cells provided a mechanism of cellular

augmentation. However, MSC-based gene therapy to IVD cell did not

maintain chondrogenic phenotype.

Key words :

Mesenchymal stem cell, disc cell, TGF-bl, adenovirus, gene therapy
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