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Role of Pertussis Toxin-sensitive G Protein-coupled Receptor
Signaling in the Proliferation of Bone Marrow
Mesenchymal Stem Cells

Seong-Woo Kim, Jin-Hee Hwang, Seon-Ah Jin, M.D., Gak-Won Yun, M.D., Young-Joon Yang, M.D.,
Nam-Whan Park, M.D., Hyo-Jin Lee, M.D., Hwan-Jung Yun, M.D.,
Deog Yeon Jo, M.D. and Samyong Kim, M.D.
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Background: Bone marrow (BM) mesenchymal stem cells (MSCs) can be expanded over 20~30 cell
doublings in vitro even in the absence of any growth factors. However, the mechanisms that govern MSC
proliferation are not well understood.

Methods: We investigated the role of signaling of the pertussis toxin (PTX)-sensitive G protein-coupled
receptor in the proliferation of BM MSCs.

Results: PTX inhibited the proliferation of human BM MSCs and murine BM stromal MS-5 cells in
a dose-dependent manner. Among the chemokines produced by the BM stromal cells, stromal cell-derived
factor-1 (SDF-1) enhanced the proliferation of BM MSCs, while MIP-1 o, MCP-3 or RANTES did not.
PTX also inhibited the proliferation of some fibroblasts, such as MRC-5 and NIH-3T3, but did not affect
the proliferation of HeLa and HSF cells. HSF cells did not express CXCR4 mRNA, but did produce
SDF-1. In contrast, HeLa cells expressed CXCR4 strongly on the cell surface, but did not produce SDF-1.
BM MSCs, MS-5, MRC-5, and NIH-3T3 cells all expressed CXCR4 minimally on the cell surface. These
cells, however, had abundant CXCR4 protein in their cytoplasm, which was demonstrated by flow cyto-
metric analysis performed after permeabilization of the cells. In addition, an ELISA performed on the
culture supernatants of the cells revealed that these cells constitutively produce and secrete SDF-1.
Conclusion: These results indicate that the signaling through the PTX-sensitive G protein-coupled
receptor, which is induced by autocrine factors, plays an important role in the proliferation of BM MSCs
and in some fibroblasts, and that SDF-1 is the most probable candidate for the autocrine growth factor.
(Korean J Hematol 2007;42:24-32.)
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Fig. 1. Pertussis toxin (PTX) inhibits the proliferation of human bone marrow mesenchymal stem cells (MSCs) in a dose-de-
pendent manner. MSCs were incubated in IMDM (A) or IMDM supplemented with 10% FBS (B) in the absence (control)
or presence of PTX (0.2 -200ng/mL) or SDF-1 (100ng/mL). After 3 days, the cultures were observed under the phase contrasi
microscope. A representative result of two independent experiments is shown.
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83 SDF-1 sense-GCT CTG CAT CAG TGA CGG TA,
antisense-TAA TTT CGG GTC AAT GCA CA. AF
GAPDH sense-AAC TTT GGC ATT GTG GAA GG,
antisense-ACA CAT TGG GGG TAG GAA CA.
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Fig. 2. Effects of pertussis toxin (PTX) on the apoptosis of
human bone marrow mesenchymal stem cells (MSCs).
MSCs were incubated in serum-free X-VIVO medium in the
absence (A) or presence (B) of PTX (200ng/mL). After 24
hours of incubation, the cells were stained with propium
iodide (PI) and annexin V, and then subjected to a flow cy-
tometric analysis. A representative result of three in-
dependent experiments is shown.
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Fig. 3. SDF-1, but not other chemokines, enhances the

proliferation of human bone marrow mesenchymal stem
cells (MSCs). MSCs were incubated in serum-free medium
X-VIVO in the absence (control) or presence of various
chemokines (100ng/mL) for 3 days. Data are the mean and
S.D. of number of the cells expressed in percentage of
control from three independent experiments. *P «0.05.



28 Korean J Hematol Vol. 42, No. 1, March, 2007

2. 2F ADIII0| FLNABTIMEL SA0j 0] 3. PTXVH 25 MROMIEZC SAl0 0jx= ¥g
e s e ot e ot 1
PTXel| o3k Al 4 AA7F 25 FAAE7IHE
oA BPE e 45 AR FAHF=71A o e A v YehtE Al Sold d41AE gelst
29 Z40 vlAE L FAgh FEAAD 7] Ak 2P YA D AL AR EFE U
X-VIVOE Ar&3ste ZHdE7IAEZE wfdatuA ZPTX7F A E S4dl A& 43S B46dth &
SDF-1, MIP-1 @, MCP-3 & RANTES $¢| AR7}S F FF SV EE H] E38Fo] MS-5, NIH-3T3, MRC-5
100ng/mLe] s H7betsih. wiF 42 - SDF-1<& 59 A Eo taiXE PTXVE £ EF o S48
hzaol ¥ AEZFE 20+5% F7HAZ U P< A8k AL, SDF-12 4374 A S5 FAAH T
0.05), th& AR Y& PAA FrhFig. 3). olgfgt M F24 AA EIe MS-5904 71 FSlst
g 71te sEAU AR s=E 2ot A Aom FAFE7IAEAA A o m v gl
74 Aol Aate np A ATHA 3 AA = A & WA PTX7} HSFS HeLa2] S4lol & 93-S v A
). 2 9kth(Fig. 4, 5).
MS-5 B NIH-3T3
301 80 1
—o— Control —o— Control
—s— PTX 2ng/mL —s— PTX 2ng/mL
25 —a— PTX 20ng/mL —a— PTX 20ng/mL
= —e— PTX 200ng/mL g 60+ —e— PTX 200ng/mL
& 904 —o— SDF-1100ng/mL & —o— SDF-1100ng/mL
x x
2 151 240
Q []
(8] [&]
5 4o €
o o
z Z 20-
5 -
O T T T T 1 0 T T T T 1
0 1 2 3 4 0 1 2 3 4
Incubation time (days) Incubation time (days)
BM MSC D MRC-5
30 1 160
—o— Control —o— Control
—a— PTX 2ng/mL —a— PTX 2ng/mL
—a— PTX 20ng/mL —a— PTX 20ng/mL
= —e— PTX 200ng/mL S 1201 —e— PTX 200ng/mL
& 20 —o— SDF-1100ng/mL & —o— SDF-1 100ng/mL
3 3
2 2 80
Q [0]
(8] (]
5 40- e
o o
z Z 40
O T T T T 1 0 T T T T 1
0 1 2 3 4 0 1 2 3 4
Incubation time (days) Incubation time (days)

Fig. 4. Pertussis toxin (PTX) inhibits the proliferation not only of human bone marrow mesenchymal stem cells (BM MSC)
(C) but also of other several fibroblasts (A, B, D) in a dose-dependent manner. Cells were incubated in serum-free medium
X-VIVO in the absence (control) or presence of PTX (0.2-200ng/mL) or SDF-1 (100ng/mL) for up to 4 days. A representative
result of two independent experiments is shown.
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Fig. 5. Pertussis toxin (PTX) does not inhibit the pro-
liferation of HSF and Hela cells. Cells were incubated in
serum-free medium X-VIVO in the absence (control) or
presence of PTX (200ng/mL) for 4 days. Data are the mean
and S.D. of number of the cells expressed in percentage
of control from three independent experiments. *P <0.05.
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Fig. 6. Expression of CXCR4 and production SDF-1 in bone marrow mesenchymal stem cells (MSCs) and some fibroblasts.
(A) Expression of mRNA for SDF-1 and CXCR4 analyzed by RT-PCR in various cell types. (B) Concentrations of SDF-1 in
the supernatants of three-day culture of the cells analyzed by ELISA. (C) Cell surface expression CXCR4 in human MSCs
analyzed by flow cytometry. (D) Flow cytometric analysis on CXCR4 expression in various cell types, before and after

permeabilization.
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