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Mesenchymal Stem Cell-Specific Chemokines for Articular Cartilage Repair

Min Sung Park'? Yun Hee Kim® Jin Woo Lee'?

Brain Korea 21 Project for Medical Science’, Department of Orthopaedic Surgeryz,
Yonsei University College of Medicine, Seoul, Korea

Objectives: Bone marrow-derived mesenchymal stem cells (BMSCs) are a good source for cartilage
repair. Chondral defects do not heal spontaneously due to a lack of chondrocytes at the defect site
and migration of surrounding chondrocytes to the injury site. The purpose of this study was to determine
the expression of 19 chemokine receptors in human BMSCs stimulated by IL-1 8 and TNF-a as an in vifro
cartilage-injury condition.

Materials & Methods: MSCs isolated from human bone marrow were expended for the experiments.
Specifically, cells were grown either in the presence or absence of pro-inflammatory cytokines, such as
IL-18 and TNF-a. RT-PCR was performed to evaluate the expression of 19 chemokine receptors. To
evaluate changes in the expression of chemokine receptors, a reverse dot-blot assay was performed.
Results: We observed increased expression of CCR4, CCR6, CCR7, CCR9, CCR10, CXCR1, CXCR4, CXCR6,
and CXCR7 in untreated BMSCs, while inflammation-induced BMSCs exhibited enhanced expression of
CCR9, CCRI10, CXCRI1, CXCR4, CXCR5, CXCR6, and CXCR7. Collectively, the results showed CCR9/
CYA-25, CCR10/SCYA-28, CXCR1/IL-8, CXCR4/SDF-1, CXCR6/CXCL-16, and CXCR7/SDF-1 (receptor/ligand)
were expressed in normal BMSCs and showed a gradual increase upon treatment with pro-inflammatory
cytokines.

Conclusions: We suggest that chemokines, including SCYA-25, SCYA-28, IL-8, CXCL-16 and SDF-1 can be
useful in repairing damaged articular cartilage.

Key Words: Articular cartilage repair, Mesenchymal stem cells, Chemokines, Chemotaxis
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=

Ake] il e EVIAIEE AT o4
o e gael Bojelol RBASE AH ¥+ %
S (posterior iliac crest)ol| A FT5 Folsta
gl & slo] T Wl AIZE RAAAIA pellets Rh=
, AZNE A A F Dulbecco’s modified eagle’s
medium-low glucose (DMEM-LG, GIBCO-BRL, Grand
Island, NY, USA) wjokelol] % ®lo}d A (FBS, fetal
bovine serum, GIBCO BRL, Grand Island, NY, USA)
10% (v/v), 100 units/ml penicillin G % 0.1 mg/ml
streptomycino] 7}El 7]E wjokeo g AxE %
T-75 em’ A v} Fehazol] BEFAZA A, 4%
7k weFstdct. ol ¥, Fubaa wietel]l RAE A ¢
& AEEL AABIL, vl F25 7k £7)

AZE 39 A0R el mikele] Fehaz

BoMr
A
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Aol ATEY 212 AASA AlEI1IQ
IL-18 (R&D Systems Inc., Minneapolis, MN, U.S.A.)
= TNF-@ (R&D Systems Inc)& *2lgdo 2y =
Ao 249 FAEE AT E 5 doldl
o] E3E A 952 DMEM-LG s gFlollA] w3t
%, 10 ngmle] FEZ IL-158 % TNF-a& okl
ol A7kslo] 4, 24, 48417k Ft AEE ikt +
Aol ALgiele
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3. YTAI-ZEtgh HAMEEST|H(Reverse Tran-
scriptase-Polymerase Chain Reaction)

Table 1. The primers used in RT-PCR

Z7| A Lol A sl

F3goA4 5

3}7] $13ll RNeasy kit (Qiagen, Valencia,

CA, USA)E o] &slo] 7+ Z7]AE9] total RNA
5 FEsle], dAA-FTHEL AT S B9
FI AR FEAY A s A &
A8k F3MAJ9IAE 8= CCR1~10, CXCR1~7,
CX3CR, XCRI1ZA] % 197]o]ch(Table 1). ZZH F

Gene Size (BPs) Sequence
CCR1 560 Sense 5’-AGGTTCTGACTCTTGGCACA
Antisense 5’-TCTCGTTAGGTCTCAACTCT
CCR2 580 Sense 5’-CCAAACTACCTTCCAGTTCC
Antisense 5’-AGCTTCTCCACCTTCCATTC
CCR3 699 Sense 5’-CCTAGTGAGAAGCTGGAAAG
Antisense 5’-CCTCTGCAATGTCAGATTGG
CCR4 501 Sense 5’-CTTGCACCAAAGAAGGCATC
Antisense 5’-GGAGTTGAGAGAGTACTTGG
CCRS 550 Sense 5’-TTCTATGAGGCAACCACAGG
Antisense 5’-TTCCCTCACCTTACCTGTAC
CCR6 540 Sense 5’-CTCCGATCCAGAACACTACC
Antisense 5’-CCACAGGTCCTTCAAGATCT
CCR7 548 Sense 5’-CAAGAGGCTCAAGACCATGA
Antisense 5’-ACCACAGCGATGATCACCTT
CCR8 560 Sense 5’-AGTTCAGCATGAAGGATGCC
Antisense 5’-TGAGGCATTGTGTTTGATGG
CCR9 580 Sense 5’-TGACATCTGCTTCCAGGTCA
Antisense 5’-CTGAAGCCACAGAAGTTCAC
CCRI10 489 Sense 5’-TCTTCCTGGCCTGTATCAGC
Antisense 5’-AGTGCGACATCCTTGCGTTT
CXCR1 520 Sense 5’-GACCAACATCGCAGACACAT
Antisense 5’-GTGAGCTCACATAGCTTGAG
CXCR2 520 Sense 5’-GTTCCTCCCTTCTCTTCACA
Antisense 5’-CTGAGACAGAGTCTCACTGT
CXCR3 528 Sense 5’-CCAGACTTCATCTTCCTGTC
Antisense 5’-AGGTCTCAGACCAGGATGAA
CXCR4 517 Sense 5’-ACACAGTCAACCTCTACAGC
Antisense 5’-CTCGGTGATGGAAATCCACT
CXCRS5 490 Sense 5’-GAAACGCATGCCTGGTTCAC
Antisense 5’-ACCTAGAACGTGGTGAGAGA
CXCR6 516 Sense 5’-TTCTTCTTGCCACTGCTCAC
Antisense 5’-AAACAAAGCCTGCCTCACCA
CXCR7 518 Sense 5’-AACTTCTCGGACATCAGCTG
Antisense 5’-GGTCTTCAGGTAGTAGGTGT
CX3CR 539 Sense 5’-GATCTGCTGTTTGTAGCCAC
Antisense 5’-CATAGAGCTTAAGCGTCTCC
XCR1 550 Sense 5’-GAGTCCCTCACCAACATCTT
Antisense 5’-ACAGGGTGAAGTTGTAGGGA
GAPDH 444 Sense 5’- ATCACTGCCACCCAGAAGAC
Antisense 5’- ATGAGTCCACCACCCTGTT

59



Osteoporosis Vol. 9 No. 1 April 2011 pp. 57-65

AR =82 DNAE 3100 Genetic Analyser
(Applied Biosystems Inc., Foster City, CA, USA)E ©]
&3 DNA 71 GBAH7IHE o]l &3] AZ F
2el Aol P8 e

H}\\:!E =

4. Auiy-Et=E Hst(Reverse Dot-Blot Hy-
bridization)

IL-18 X TNF-eol 93] utso] Z7lels 23}
Aozt =82 AWely] Yol AR Fea L o
AES7IHE ol 8ste] 19719 F3AIAA F& 1]
o] DNAE §Asto] sample DNAZ AHE-319

24, 48417k F<F IL-1 8 % INF-a9] A5 %o
7+ £7]H1ZE2] cDNAE Omniscript RT Kit (Qiagen)
= o]-gsto] gAsto] probe cDNAE A&t} F
3k Q17 +&-A1¢] DNAE nylon membranel] dotting
Sk % 2124 (1200x100 sjules)S ZAbsto] 1A s
9, AYFH Aol AT e e F
7] A E2] cDNAE- Rediprime II random prime labeling
system (GE Healthcare UK Limited. Amersham Place,
Little Chalfont, Buckinghamshire, UK)Z} 7> P-dCTPZ
o]-&&}o] labelings} A th. Membraneol] A = F3}14
oA} 829 DNASH label® 7+ E7|A|EQ)
cDNAE 42°CollA 15417 59t s2zteldel. Mem-

branes washdt ¥, fluorescent image analyzer (FLA-

CCR

7000, Fujifilm, Japan) & signal-s detectiond}¢] densito-
metry (TINA pixel analyzer version 2.10, Raytest
Isotopenme gerate GmbH, Straubenhardt, Germany)S
clgetol R, ALY AL paind
t-testsZ EAITA HEE 319 ch(P-value<0.05).

AAeE Agkel FA A - EAloll 3 primer Al
gL t}-S3 Ztl(Table 1). Table 12] primerel] 2|3}
SEH A2 947149 DNA 7149244
+ B8l o8 FIAAA FEAY AdH A2 F
BxA oke-8 3Hols}lgdrh(data not shown). RT-PCR
= &3l A =5 Al B 7k E71A1ZAAA
1970¢] F3AARAA &A1 HAS FAsAG
(Fig. 1). 57382l &Ik (dononZHE A2 7+ <71
A Fol|l A FIAAAL F8Ae] WS BAgE A,
CXCR2, CXCR3S A#He] Z48# 7+ E7|A%
o] A WS #lx 9gki, CCR1, CCR2, CCR3,
CCR5, CCR8, CXCR5, CX3CR, XCR1 9] F3}49l
A =4S 19 £l 0o 7kl E7] AT A
o] olx]9lom, CCR4, CCR6, CCR7, CCRY,

M MSC1 MSC2 MSC3 MSC4 MSC5

GAPDH

Fig. 1. Gene expression of chemokine receptors in human BMSCs. This is the result of RT-PCR against human chemokine
receptors using cDNA of human bMSCs. M: size marker, MSC1~5: MSCs obtain from donor 1~5.
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CCR10, CXCR1, CXCR4, CXCR6, CXCR7¢| 3% ©]

ol 7 E71AIEANA
(Table 2).
2. HE S &M AN =
M &8I0| Eotol= F3t
Az ol

18 ¥+ TNF-

ol A

E4s9 A9
a)

FEAoE Wittt

= 7l 2 E7IMZ0
A

HOIXL =3

24 Ao EFFIEL-
o] FHlH 3 ofo] e AFA|
T ol 3l vhekat 3%
o wheba BAAE EARA el FAAE

el FAAAA F4A FollA old &

Qe a7k Z7H

AL Z7hebA] Sobis] Sleto] oAl R

g o ute] 309l Foldz i Qe 7

Z71

A A 4, 24, 48X ZFAol] IL-1 8 B== TNF- 9] A}

Soll g8 FAe FAAAA FEAS B

Fol|A] F3HAI AL FEA O] W Fol
o= st vhFig. 2). FuHA-g 3]
5 7 FoARe ZHFE7|AE gk AIE den-
sitometry S ©]-&3}o] A eFslo] 2ul o] (fold change
>2) F7WE FEAIE ASAIZel wet Aedk A
7}, 7k Fozte] i E 71 Al EN A 57141 €] CCR Al
A3} 57}219] CXCR AlQ<] 484 183 CX3CR
TEA7E F7Hglew, o]& F CCRY, CXCRS,
CXCR8 %o°] 4A17toll Z7}313 CCRI, CCRY,
CCR10, CXCR1, CXCRS, CX3CR G©°| 24A|7H#]0l|
Z7lglom 48X 7Holl=, CCR5, CCR8, CCRY,
CCR10, CXCR1, CXCR4, CXCR5, CXCR6, CXCR7,
CX3CR %ol Z7}3ivk(Fig. 2). &3t 7+ Fof#ulc}

e
=
o

Table 2. The list of chemokine receptors expressed in human BMSCs from five donors

Number of donors (n)

Chemokine receptors

3<n<5 CCR4, CCR6, CCR7, CCR9, CCR10, CXCR1, CXCR4, CXCR6, CXCR7
1<n=<2 CCR1, CCR2, CCR3, CCRS, CCR8, CXCRS5, CX3CR, XCR1
n=0 CXCR2, CXCR3
GAPDH GAPDHG%Z)HG&)H GAPDH GAPDHGAPDHGAPDH = GAPDH  GAPDHGAPDHGAPDH GAPDH GAPDHGAPDHGARRH
. o @ o9 o . N s b
" T
e A T CCRI CCR2 CCR3 CCR4 CCRs  CCRI CCRZ CCR3 CCR4 CCRS CCRI CCR2 CCR3 CCR4 CCRS
. J 9
CCR6 CCR7 CCR8 CCRS CCRIO CCR6 CCR7 CCR8 CCR$ CCRI10 CCR6 CCR7 CCRS CCRS CCRI1O CCR6 CCR7 CCRS CCRS CCRIO
e 9 929 2@ P
CX%I CXCR3 CXCR4 CXCRS CXCRS CXCRI CXCR3 CXCR4 CXCRSCXCRS  CXCRI CXCR3 CXCR4 CXCRSCXCRS  CXCRI CXCR3 CXCR4 CXCRS CXCRS
. W e o
CXCR7 CX3CR XCRI CXCR7 CX3CR XCR1 CXCR7 CX3CR XCRL CXCR7 CX3CR XCR1
2 @ o v @
CONTROL IL-4H IL-24H IL-48H
GAPDH GAPDHGAPDHGAPDH = GAPDH  GAPDHGAPDHGAPDH GAPDH GAPDHGSDHWDH
-
a e © - ® LA

CCR1 CCR2 CCR3 CCR4 CCRS

CCR6 CCR7 CCR8 CCRS CCRIO

-
CXCRI CXCR3 CXCR4 CXCR5 CXCR6
[ <
CXCR7 CX3CR XCR1
TNF-4H

CCR1 CCR2 CCR3 CCR4 CCRS

CCR6 CCR7 CCR8 CCRS CCRI10

CX(aI CXCR3 CXCR4 CXCR5 CXCR6

CXCR7 CX3CR XCR1

TNF-24H

CCR1 CCR2Z CCR3 CCR4 CCRS

3
CCR6 CCR7 CCR8 CCRS CCRIO
- : o

CXCR1 CXCR3 CXCR4 CXCR5 CXCR6

CXCR7 CX3CR XCRI1

TNF-48H

Fig. 2. Altered gene expression of chemokine receptors in human BMSCs stimulated by proinflammatory cytokines. CONTROL:
normal BMSCs, IL-4H: BMSCs stimulated by IL-1/ for 4 hours, IL-24H: BMSCs stimulated by IL-15 for 24
hours, 1L-48H: BMSCs stimulated by IL-1 8 for 48 hours, TNF-4H: BMSCs stimulated by TNF-a for 4 hours,
TNF-24H: BMSCs stimulated by TNF- ¢ for 24 hours, TNF-48H: BMSCs stimulated by TNF-« for 48 hours.
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Table 3. Chemokine receptors expressed in unstimulated BMSCs or increased in stimulated BMSCs

Stimulation Chemokine receptors

None CCR4, CCR6, CCR7, CCRY, CCR10, CXCR1, CXCR4, CXCR6, CXCR7

IL-13 & TNF-a (Fold change>2)

CCR9, CCR10, CXCR1, CXCR4, CXCRS5, CXCR6, CXCR7

E2A4 Aelshd, CCR9, CCRlO, CXCRl, CXCR4,
CXCRS5, CXCR6, CXCR7 So| A %] Foizle] 7t
A ST ZNA FEo R Wiloe] Frteglown o]
9l FEAIES W FUheo] FARCLE o3

A ‘E&%lﬁ}(Table 3)
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