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ABSTRACT

The study on the investigation and equine adult stem cell

culture in therapy for equine arthritis

Nam-il Jin

(Supervised by professor Dong-Kee Jeong)

Purpose: The horse is already established as an animal model for focal cartilage
injuries and osteoarthritis. Advantage of horse joint model compared with those of
other animals are their sheer size, which allows for easy manipulation and
exploration, and their cartilage thickness and composition, which most closely
resemble those of human articular cartilage among the current animal models. There
are many similarities between the weight—bearing tendons of the horse and those of
the human achilles tendon in their hierarchical structure and matrix composition,
their function and the nature of the injuries sustained. This research was based on
isolation stem cells from bone marrow of horse which had many advantage as an
arthritis treatment model, and checking a expression of the specific gene of cartilage
cells and testing a effectiveness of cartilage repair treatment using stem cells by
injecting with horse bone marrow stem cells(BMSCs) into the mouse which was

induced arthritis.

Materials and Methods: The horse bone marrow was brought from Jeju livestock
institute for this research. Mono nuclear cells were isolated from the horse bone
marrow using centrifuge and cultured cells. Bone marrow stem cells(BMSCs) which
1s gotten after first subculture was counted using haemacytometer and then
measured rate of cell multiplication using MTT assay. The cells that Oil red-O and

H&E staining was done for checking a differentiation potential culturing stem cells
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were observed through an optical microscope and RT-PCR was carried out for
observing a distribution volume of collagenl, collagenll, PPARyl and Oct4 gene
using stem cells which was cultured in medium with differentiation inducers. In
addition RT-PCR was carried out for observing a expression as time duration of
TGFB-1, TGFB-2, TGFB-3 and MMPZ gene using a nearby cells of a part of
ligament and tendon of the mouse which was induced arthritis and injected the horse
bone marrow derived stem cells. The horse bone marrow derived stem cells which
is transfected with GFP vector are injected into mouse which was injected with
immunosuppressive agents and then observed through a fluorescence microscope for
checking the injected stem cells whether or not move to various organs, and it was
checked to influence recovery of arthritis when the horse bone marrow derived stem
cells were injected into the mouse which was induced arthritis. The recovery rate of
the mouse which was induced arthritis was compared injecting a horse bone marrow
derived stem cells with immunosuppressive agents group and a horse bone marrow
stem cells with no immunosuppressive agents group with the control group when the

mouse was induced arthritis.

Results: The isolated mono nuclear cells in this research grew with colony formation
on surface of a bottom of flask, and after three days the cells were come into sight
fibroblast-like shape of shpindle-shaped. Doubling time of the horse bone marrow
derived stem cells was highest from day 4 to day 5 as five times, and after that a
multiplication rate was went down and the multiplication rate kept relatively
consistent speed. In a gene expression test through RT-PCR, the expression of
collagen I was early differentiation and the expression of collagenll was high after
early differentiation and the expression of PPARyl was very low with no difference
as time duration and Oct4 was expressed on stem cells which is cultured in normal
medium and Oct4 was not expressed on stem cells which is cultured in medium with
differentiation inducers though. Therefore stem cells which is cultured in medium
with differentiation inducers were well differentiated. The result of observing a
expression as time duration of TGFB-1, TGFB-2, TGFB-3 and MMPZ gene using a

nearby cells of a part of ligament and tendon of the mouse which was induced
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arthritis and injected the horse bone marrow derived stem cells, a expression of
TGF-B(transforming growth factor beta, TGF-B1, 2, 3) which is important gene for
differentiation of cartilage cells was different as time duration. TGFB-1 was
important effect early cartilage differentiation because the expression of TGFB-1
was high after one month, and TGFB-2 and TGFB-3 were important effect after
early cartilage differentiation because the expression of TGFB-2 and TGFB-3 were
high after three months. The expression of MMPZ2 was very low with no difference
as time duration. The result of observing with the unaided eye after injecting the
horse bone marrow derived stem cells into the mouse which was induced arthritis,
both injecting a horse bone marrow derived stem cells with Immunosuppressive
agents group and a horse bone marrow derived stem cells with no
Immunosuppressive agents group were noticeable in a recovery rate compared the
control group when the mouse was induced arthritis. But it was no noticeable
difference between injecting a horse bone marrow derived stem cells with
immunosuppressive agents group and a horse bone marrow derived stem cells with

no immunosuppressive agents group in a recovery rate.

Conclusion: In this research, the result of observing after injecting the horse bone
marrow derived stem cells into the mouse which was induced arthritis, the injecting
a horse bone marrow derived stem cell group was noticeable in a recovery rate
compared the control group which is not injected a horse bone marrow derived stem
cells. But it was no noticeable difference between injecting a horse bone marrow
derived stem cells with immunosuppressive agents group and a horse bone marrow
derived stem cells with no immunosuppressive agents group In a recovery rate. As
the result of an experiment, it is possible to use heterogeneity stem cells for stem
cell therapy. But it was limited as accuracy because of observing with the unaided

eye, therefore it is need to analyze with scientific exactitude in the future.
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= 50 ml centrifuge tube°] 23, DMEM
ZE3 A4S 3 2000 rpmol A 1057 YA
Aot A3 FFAE+= DMEM WA 2 FF=

N

343 3 15 ml centrifuge tubeo] 5 mle vl Histopaque-1077(Sigma)S Y il
Qo 5 me AT FFE AAM3E S 111 oz &k 3 2000 rpmol A 3087 YA

=] ST AAZYR tubes AT At RAZF U Jf SoR EEE RS = o UM

_1

Cell, MNC) &3 Histopaque=1077 =29} Sola ml ofef 5L Aot} Wl 959 &
%3 DMEM< 24138 et vy S35 GIAESS SQ71E ol&ste] dHds] &<l
sle] AlZ% 50 ml centrifuge tubed] Y3 DMEM wiX|Z2 F ¥ AxS ot #Ed o
MM E= 35T flaskell 1 me® Ear mjg] Az sjLFHA(DMEM, 10% FBS, 1% penicillin)
10 mE #7bske] 37 °C, 5% CO, , 100% Esh5E=o] i) wjdrlolA wjdatsitt. A=
o] wjAl gk 24 AJRto] Bk - wjkE U)o DA %2 floating cells A7k A
2 WA= wghstglom, o] 5 Alxe] wjke: W 3Yntty A= WA & vlro] FHA F
A =AM 125 &<k diFEith AldEi S W 5-69 wiok AlEZE w7l
80~90% #Al ¥ 1x Trypsin—-EDTAE o]&3dto] k& 7]olA wojdl 5 M= wjde

Ho
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76l &7 Wi, YEA AEE 10% DMSO7L Eate skl Bl ~80 °C W
mol A A YEATIEL, 24 A7 T AR ALe] YE nBsch

MTT(methylthiazolyldiphenyl-tetrazolium)E ©]&3te] A¥ S &S SAHSIH. A W
A Al & Ao F5fE S71HEE haemacytometerE AFE31Y] countingdt T
96-well platesol] 1x10* /wello] HE% ®EFstx dFA(DMEM, 10% FBS, 1%
penicillin& ¥Wol& F 24 AIZF &<k CO, MEMS7] Foll A viFate] A7 w71
ZF Bx5 kA sAF Y 24 AIE WlF & 3-(4,5-dimethyl-2-thiazolyl)=2,5-diphenyl-2H
—tetrazolium bromide (MTT: 0.5 mg/ml, Sigma chemicals)E& Z} well vt} 20 ul® 7}
ate] AFFAl7]a 37 °C CO, AMEME7IONA 4 AZF &<k wlFstalth. Formazano] 34+
7] A ZFsbd, 1500 rpmoll A 2083 42215k medias Al ASHL o] 7]9] DMSOE 200

uly BAnh. dAYgew & 4o formazans v = 5, 16%3t IA®BV|2 & E50 T
570 nm 3ol A ELISA readerE AF&3}o](ELX800(Biotek, HP, WV) ¥ E=E 433
ok o] ¥ == MTTZF AM2Edd 9& e S vkl ZF welldl SA)8t= ol
A2 ] &g}
4. 23} &

1) Oil red-0O staining & Hematoxylin and Eosin (H&E) staining

2y, wdE Y =7)A329 background stainingS 93t H&E stainingS 2 A&
At A slide glass 9ol 58 =7AEE =83 3 hematoxylin 9SS 387 s

th 183 328 B &gol= WS g AlFe & 70% Etohs 20% AL #5313

Eosin Y staining= 3%3%F st}

AC)
Rl

al,
1023 325 & &dol= WS ta AlHE 5 gd5E5 517] 93] 70% Etohs
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=017k 80% Etoh, 90% Etoh, 95% Etoh, 100%

platesoll A 4571 vk Ao 4% paraformaldehyde (in PBS)E A7}ste] 4 A7+ &<t
IAAZL & 60% isopropanol (in PBS)E Al&A3G T 60% oil red-O(Sigma, USA)
solution (in PBS)o.Z ¢F 40%3t 4= AP aL, S/T= AlF 3 100% isopropa

_‘_z_rf_
of Fgdmn A sl

-nol® THA] AZ 33l Mayer's hematoxylin £N o= A ¥HS A5}

A AZ B PFe RS

5. RT-PCR

i
4

A4 A oo {ARA HEHS IHAA-TFaEA AN-S-(Reverse transcription

polymerase chain reaction)2.=® X33 th Z425E &2y, sl #2449 A4

Fel
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=
lo
e,
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i
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ok
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>
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o1
—
(@)
117
-
M
L,
ki
i
e
r o

Fel

kel type I collagen, #|MA
& 1291 PPARy1, IFAE #d A2l typell collagen, WotE 7| AL WA ol 2

o o] u] A3 primers Table 2°] YEY gt

> o

ol

) vjuE A]dY
1) Total RNA 2]

e, g R S7IMEE AR TS o8t 22 ¥ TRI reagent 1 mlE
A7Vsle] Ao 587F X3} ar, chloroform 200 pl A7}sle] 40%7F 7stA E£50 A
At B3 gAe Ao 2-387 WA F 1.5
12,000 rpme.2 154 &t 9Ae stk 9w E & 1.5 ml tubed] H5HS &7 F
isopropanol 500 S AH7}ste] 9 oldlE 7FHA E50o] AF2oA] 1087 #x|8tar, 4 °C
oA 12,000 rpme.Z 10% =
pelletel DEPC 2|3 75% Etoh 1 mS 93 7PEA &5 4 °CollA 12,000 rpme2 5

Collection @ jeju



A4E sk YARYE FF0e W RNA pellet 44 1087 A2
=
-

ola FEE HAske] -80 °Col B

2) ¢cDNA 34

RNA 500 ngell 1 b oligo DT, 1 x0 10 mM dNTPZE #7}sle] 65 °CollA 5837 w3t
3l vpE olo]lxof Yo WA TH 4 pl 5XFirst-strand buffer, 2 x¢ 0.1 M DTT, 1 0
RNase out(40 unit/u)S H7Fstar 42 °Coll 283+ wj¢k skitk. SUPERSCRIPTI mix(200
unit) 1 g0 H7F % Al 42 °Cell 50 &<t wiF A 5, 70 °CollAl 15%3F mjF A17]1aL
-20 °Coll ®#3t}.

2% total RNAYE DNaseZ #8l8t & cyclescript RT preMix(dT20, Bioneer Inc.)el
RNA | ngS ¥ols 3 Table 19 cycleS 153 33}9] cDNAZS A3tk

Table 1. cDNA synthesis cycle

Step Reaction Temp. Time
step 1 primer annealing 37°C 30 sec
step 2 cDNA synthesis 48°C 4 min

melting secondary structure
step 3 55°C 30 sec

& cDNA synthesis

3) RT-PCR

3

primer®= PCRE 4733} 2™, PCR running processi= Table 33 Zt}.

ot
i

7}7¥e]l cDNAE F3 o= PCR premix(Bioneer Inc.)E& ©]&3}o] Table 29

_16_
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Table 2. PCR oligonucleotide primer sequences and sizes of expected amplification

products
Primer Sequence(5'—3")
F 5'-TGCCATCAAAGTCTTCTGCAA-3'
Collagen I
R 5'-CGCCATACTCGAACTGGAATC-3'
F 5'-GGACTTTTCTCCCCTCTCT-3'
Collagen Il
R 5'-GACCCGAAGGTCTTACAGGA-3'
PPARYL F 5'-GGGTCAGCTCTTGTGAATGG-3'
L R 5'-CTGATGCACTGCCTATGAGC-3'
Oct 4 F 5'-CCCCCACTTCACCACACTC-3'
c
R 5'-GCATCACTGAGCTTCTTTCCC=3'
F 5'-CCCCGAGGGCGGCATG-3'
TGFB-1
R 5'-CATGCCGCCCTCGGGG-3!
F 5'-CACACAGTAGTGCATG-3'
TGFB-2
R 5'-CATGCACTACTGTGTG-3'
F 5'-CCTTTGCAAGTGCATC-3'
TGFB-3
R 5'-GATGCACTTGCAAAGG-3'
MMP?2 F 5'-GGCCCTGTCACTCCTGAGAT-3'
R 5'-GGCATCCAGGTTATCGGGGA-3'
B , F 5'-TGCGTGACATCAAGGAGAAG-3'
-actin
ac R 5'-ACAGGTCCTTACGGATGTCG-3'

Table 3. PCR running process

Step Temp(°C) Time(min)

1 94 5

2 94 1

3 62 1

4 72 1

5) Go to 2, 35 cycles

6 72 10

7 4 Hold

_17_
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4) Q7|95

PCRol & 34 o]z DNA AHL 1% agarose gelS AFE3te] 1x TBE buffer Aol
A 100Ve] Ao w HA7|HE S A3 & ethidum bromide® G A3le] U.V illuminator
(ETX-20.M, EEQ)E o] &3l ##3sl3ith

6. GFP R TX} 0| 3L ML 0] 4]

Retrovirus® GFP F3AE MXYZ HoJAlA GFP vectorg °©]€3}9 transfections
glstal, GFP +xx7F dold ZFfd E71MEE vhs-22 o]Aste] thE AlE Ao
29 HMojgds dolry] 3 AFPS 3Tt GFPE tagging® pcDNA 3.1 vectorE
liposome reagentS ©]-83}] transfection mixtureE A ZsFA T A Z%  transfection
mixtures WYt 5 E71A1Ee A2 ste] transfection 3F3ItE. GFP f 27k # o]
H E7AEE 24 A2 wiE = F3ARA stelA GFP Bds ekl FACSE &3t
TEHE Yolr gkt

GFP vector7} A494d ¥ ZFFd S7/AMEE WAGAAQJA HAo|Z 22X (cyclospo
-rine, Neoral, Cipol A)S FAFSE vl-2=9] g A0 F FALES Fslo] o]2st). o] 4
F @ % GFP vector7} o2& wh$-25 sFsto] AL, ddigl A F99 Ax, ¥, &
AFste] MEE FE:S §F 7 2F oA GFP §HA7F G =R FFdAnd stolA B2
ST

A8 AAAE FEA717] Y3 kaoling SHFol Fol HFE FE7F 497 HA Fx
sAcke] 75 #4474 o 0.1 ml TYsH S w3 BEeS A7 $, 2% carragee
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v. 23

1. Z7|M=E i

Fig.1. Cell Culture from separate Bone marrow.

The cell growth to pluripotent stem cell from one or two cell in short time.
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Doubling time ey
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Passage No.

. EE—

Fig.3. Analysis for checking proliferation ability of stem cells.
This graph showed characteristic of stem cells that hard to be watched in

somatic cell as is often the view with proliferation efficiency in fifteenth

subculture.
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Fig.4. Mesenchymal stem cell from separate equine bone marrow.

This picture indicate clearly different stem cells shape from cell aging. (A) is

figure that the result of Oil-red O and H&E Staining. (b) is picture that the

part of indicate of arrow is a adipocyte.
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3. RT-PCR Z1}
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Fig.6. The result of RT-PCR for nearby cells of ligament and tendon in each stage.
Expression rate of TGEFB1 has a opposite influence on TGEFBZ and TGFB3
during 3 months routing period. It could understand that TGF@ lineage gene
influenced a change to differentiation of stem cells and injury parts, and

MMP2(matrix metalloproteinase 2; gelatinase A) influenced also some degree.
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1) GFP vectorE ©]&3}¢] transfection &<l
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Fig.7. The result of GFP transfection and FACS.
This figure showed GFP expression in the Jeju horse stem cell which was
transfected GFP gene for the production of transfected cells. This result
indicate stem cell can use as a vector for the gene therapy and cell therapy of

specific protein expression in the body.

RetrovirusZ ©o]|-&3}o] #A|Fnf Z4 Z7|A| X0 GFP %A= transfection Al#A 24 A7+
ek & Fstdn|dow s B A tfFE] AEAA Fig.7(A)¢ o] GFP A7}

NS WEE A, FACS 23 Fig.7(B)9} e BXE BT, olgst Axt= AA
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2) E7IAIZE vh-2ol o] A3 § o] &<l

Fig.9. Expression of stem cell which injected to mouse.
(A, B) Testis, (C, D) Ligament and cells of nearby tendon, (E, F) Brain, (G, H)
Liver. Many cells concentrated nearby ligament and tendon, and it was

observed that cells move to another organs.
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(%)
"B group” mouse was not injected immunosuppressant drug before injecting stem cells.

"A group" mouse was Injected immunosuppressant drug before injecting stem cells.

Recover rate
Control group (10)

Table 5. Recovery rate of mouse which was induced arthritis

Treatment group A (10)
Treatment group B (10)

Group A:
Group B:
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AL (0.01% to 0.001%)¢] Mist Alx=s dFLW 54 =2 stollq FasistA &
7hset o, A=, 2%, A 5 oY AgeR #3td ¢ de sEs /T
(Wakitani ¢} Yamamoto, 2002; Prockop, 1997; Bianco ¢} Gehron, 2000). =3t9 &
I oy 2o AxE #sletr] el IS TS S AR T
b=, agal Azl AE dg Ake] 2o med w28yt dojdthal shA R, o g

MEE] nApRst= ob#] 1 7] do] WEsHA ¥ XA &ar JAtHGrigoriadis &, 1988).

A AA Ao FA4% =2 Qlste] wAAo] A7)
t}. 6041 ©]AF ¢17-¢] 80% o]ie] #HAH a
EFi a2 ) tH(Reginster, 2002). =324 9 (osteoarthritis)o] 2k St o] HHAE =

d 5]
FeH Aoz FAAA At WAL WA A FRAARE AAATN dit 2 EX

A= ) 4AAo] fle AR o] FiRoE FAHY o, F 748 &
28 Z 2t (typell collagen)©] 10~20%, X=2H 2 =8 ZHproteoglycan)®] 5~10%,
A 28 Zepdy Z2EH ozt 22 ML 7] d(extracellular matrix; ECM)S A4ks)
= AFAMEI 1~5%E AR dtH(Hardingham ¢ Fosang, 1992). #d A o= A F7
of (A 2, 6, 9, 10, 119)°] EA8IH 1 FellX = 1= §& olF= Al 28 =7
el 90~95% 5 AAgt. A=e] F8 4 =4 Al 28 FopAe Azedvt = 5ol
¢l mEAZ A Ao FpeiA s vhFe sheol di@dste] AIel JEE FAR AEAl
¥ duY AAAEA Fxo Vlss wAsE 98s o
Ay 1 Aol AoH A AR ZIFECM)S] skl JAE I Mxe] 7ds FElEe
A

¢l matrix metalloproteinases(MMPs)7} t&F #H| o] AZ 2o BIE do7|A #
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