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Expression of Chemokine Receptors Involved in Receptor-Mediated Endocytosis
of Bone Marrow-Derived Stromal Stem Cells
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ABSTRACT-To design gene delivery systems which can deliver higher amounts of genes into stem cells, we studied the
expression of receptors involved in the receptor-mediated endocytosis of bone marrow stromal stem cells. Bone marrow was
isolated from ICR mice, and bone marrow stromal stem cells were isolated based on their plastic adherence property. Several
culture conditions were screened for effective and continuous culture of marrow stromal stem cells. MesenCult medium was
finally used to cultivate marrow stromal stem cells in vitro. As candidate receptors, various chemokine receptors were stud-
ied. Both bone marrow cells and marrow-derived stromal stem cells showed expression of CC chemokine receptors (CCR)
and CXC chemokine receptors (CXCR). Marrow stromal stem cells showed higher expression of CCR5 and CXCR4
chemokine receptors as compared to other types of chemokine receptors. Moreover, though the expression of chemokine
receptors generally decreased in most chemokine receptors with the cultivation of marrow stromal stem cells, CCRS and
CXCR4 chemokine receptors retained the higher level of receptor expressions over prolonged periods. These results suggest
that the ligands exhibiting specific binding to CCR5 or CXCR4 might be used to modify gene delivery systems for increased
levels of receptor-mediated gene delivery into stromal stem cells.
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Table I-Culiure Medium Conditions Used for Cultivation of Bone Marrow-Derived Stromal Stem Cells

Conditions Plasticware Cell confluency Cell growth Subculture
DMEM + 10% EE&&43} 983 100 mm culture dish 0 - No
RPMI1640 + 15% SEEA3} $-83 100 mm culture dish <1% + No
DMEM + 15% BE&43} 9384 100 mm culture dish <1% + No
DMEM + 20% GE&43} $-83 100 mm culture dish <10% + No
A BBLAF) 0.3 =]
?ﬁ?‘é %1 (ﬁf;ﬁg fj TeR 100 mm culture dish 10% + No
HEFLAF] 0.8
?%%?’g %loé/‘;o?;} 3}%% e T-25 culture flask 15% + No
DMEM + 10% EE43} ¢34
+10% @EEA3 v}8A T-25 culture flask 30% ++ No
+ B E A E-E (50 uM)
ls\éfii?igg Zﬁgﬁeﬁz;::(:hymal stem cell T-25 culture flask 70% +++ Yes
Table II-The Sequences of Oligonucleotide Primers Used for PCR Amplification
Primers Oligonucleotide sequences Size (bp)
CCR1 sense 5'-AGCCTACCCCACAACTACAGAA-3' 547
antisense 5'-CTTGTAGGGGAAATGAGGGCAA-3'
CCR2 sense 5-GTATCCAAGAGCTTGATGAAGGG-3' 532
antisense 5-GTGTAATGGTGATCATCTTGTTTGGA-3'
CCR3 sense 5'"TGGGCAACATGATGGTTGTG-3' 383
antisense 5'-GCTGTCTTGAGACTCATGGA-3'
CCR4 sense 5-TTGAAGGCAAGGACCCTGAC-3' 490
antisense 5-CCCCGAGAAAGAAGTAAATGACG-3'
CCR5 sense 5'-GCTGAAGAGCGTGACTGATA-3' 360
antisense 5'-GAGGACTGCATGTATAATGA-3'
CXCR2 sense 5'-AACAGTTATGCTGTGGTTGTA-3' 483
antisense 5'-“CAAACGGGATGTATTGTTACC-3'
sense 5'-GGCTGTAGAGCGGTTGC-3'
CXCR4 antisense 5-GTAGAGGTTGACAGTGTAGAT-3' 390
sense 5'-ATCACCATCTTCCAGGAGC-3'
GAPDH antisense 5'-AGAGGGGCCATCCcGTCTTC-3' 360

RNA 1pgs o|83192™ RTPreMix kitlo] oo}, 3+
& ARSI PCR HHS-S cDNA 1/, sense 2 antisense
primer Z}ZF 1wl (10 pmol), Taq polymerase 7.5U, dNTP
212+ dNTP 2.5mM), 10xreaction buffer® HA) wH&
|FS 25WE e Y33k PCRY ARE-SF primers
Table 19} 7201 94°C 45%; 55°C 45%; 72°C 45%9] =
ZA2Z 30cycled T3l PCRS It thaite

+ house-keeping 7 A}FQ]  glyceraldehyde-3-phosphate
dehydrogenase(GAPDH)E AME-8191tHY PCR HHS-E2 2
% agarose gelolA 77195392 Gel Doc Video Gel
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2 Z 1AM RS 28X e HEXE PEEINT B
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Figure 1-Morphology of bone marrow-derived stromal stem cells.
Phase contrast pictures of bone marrow-derived stromal stem cells
cultured in vitro at day 3 (a), day 7 (b) and day 21 (c).

0.8

Receptor/GAPDH

CCRI CCR2 CCR3 CCR4 CCRS CXCR2 CXCR4
Chemokine receptors

Figure 2-Chemokine receptor expression pattern of fresh bone
marrow cells. The relative expression levels of each chemokine re-
ceptor were normalized by the levels of GAPDH.



27 8l 712 E7Ee) gzke mipig ARSI 8 I8 A 285
1.4 CCRI CCR2 CCR3 CCR4 CCRS5
_— 3 day (a)

121 CCR
Z 10- ) T )

0.8 -
% CCR1 CCR2 CCR3 CCR4 CCR5
B 0.6 4
]
Q
2 04 4

0.2 1

0.0 - n RERH g

CCR2 CCR3 CCR4
CC chemokine receptors

CCR1 CCRS

Figure 3-CC chemokine receptor (CCR) expression of bone mar-
row-derived stromal stem cells. At various time points, the relative
expression levels of various CCR were measured using GAPDH as

a control. The results are expressed as the meantSD (n=4).
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Figure 4-CXC chemokine receptor expression of bone marrow-de-
rived stromal stem cells. At various time points, the relative ex-
pression levels of CXCR2 and CXCR4 were measured using
GAPDH as a control. The results are expressed as the meantSD
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Figure 5—Representative pictures of chemokine receptor expression
in marrow stromal stem cells. Representative picture of CCR ex-
pression at day 3 (a) and day 21 (b) are presented. Representative
picture of CXCR expression at day 3 (¢) and day 21 (d) are pre-
sented.
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