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Abstract 

Bcrp1/ABCG2 is exclusively expressed in side population (SP) cells, however, it has not been fully 
elucidated whether it has an impact on the viability, proliferation and paracrine actions in kidney SP 
cells under oxygen-glucose deprivation (OGD) followed by reoxygenation. In this study, we found 
that 2-h OGD did not injure SP cells (sub-lethal OGD) but induced SP cells proliferation 48 and 72 
h after reoxygenation; whereas 4-h OGD markedly injured the cells (lethal OGD) and led to 
apoptosis 24-72 h after reoxygenation. Fumitremorgin C, an inhibitor of ABCG2, attenuated both 
the proliferation and viability of SP cells. Sub-lethal and lethal OGD induced the increase in the 
secretion of vascular endothelial growth factor, insulin-like growth factor 1, hepatocyte growth 
factor, and stromal cell-derived factor-1α in kidney SP cells, which was inhibited by Fumitremorgin 
C. Collectively, these findings provide evidence for a crucial role for the ABCG2 expression in the 
viability, proliferation and paracrine actions of kidney SP cells after OGD. 

Key words: Stem cells; Side population; Kidney; Proliferation; Apoptosis; Paracrine; ischemia; 
hypoxia; oxygen-glucose deprivation. 

1. Introduction 
Side population (SP) cells, which are originally 

identified in bone marrow using flow cytometers 
equipped with UV sources, are defined as a group of 
cells displaying low Hoechst33342 fluorescence and 
hematopoietic stem cell properties [1]. Subsequently, 
the SP cells resident in the tissues of many adult or-
gans have been successfully isolated, which have been 
identified to be a stem/progenitor-like cell popula-
tion, possessing strong potential of proliferation, 
self-renewal and multipotentiality [2]. In recent years, 
resident SP cells have also been found in kidneys of 

both animal and human, which showed multipoten-
tiality and can promoting the repair process of the 
damaged kidney when transplanted in vivo [3-10], 
suggesting that the cells could be good targets for 
clinical renal regenerative medicine.  

The ability of SP cells in excluding Hoechst 33342 
dye is dependent on the expression of Bcrp1/ABCG2 
[11]. Studies on cells from a variety of sources showed 
that SP cells have a superior anti-apoptotic ability 
compared with the non-SP cells, and which was asso-
ciated with the expression of ABCG2, suggesting that 

 
Ivyspring  

International Publisher 



Int. J. Med. Sci. 2014, Vol. 11 

 
http://www.medsci.org 

1002 

the expression of ABCG2 on SP cells probably have 
functional effects [12, 13]. Our previous study [10] 
indicated that the kidney SP cells can obviously im-
prove the renal function, cell proliferation and viabil-
ity in mice with renal ischemia/reperfusion (I/R) in-
jury, and the MEK/ERK-ABCG2 pathway is involved 
in protecting kidney SP cells from I/R injury. How-
ever, whether the expression of ABCG2 has some ef-
fects on the viability, proliferation and paracrine ac-
tions in kidney SP cells remains unknown. 

In the present study, therefore, we performed 
oxygen-glucose deprivation (OGD) followed by re-
oxygenation to induce ischemic-like injury in the 
cultured kidney SP and non-SP cells, and attempted to 
investigate the role of ABCG2 on the viability, prolif-
eration and paracrine actions of SP cells after OGD. 

2. Materials and methods 
2.1. Isolation of kidney SP cells 

6 to 8-week-old male C57BL/6 mice were pro-
vided by the Laboratory Animal Center of the Fourth 
Military Medical University (Xi’an, China). They were 
housed individually in cages in an animal house at 22 
°C under a light/dark cycle of 12/12 hours, with 
standard food and water provided ad libitum, which 
were approved as the protocol by the institutional 
animal care and use committee. And all the proce-
dures in our animal study were conducted under ap-
proved guidelines of the animal ethics committee of 
the university.  

The protocol was based on a report by Challen et 
al. [4]. Briefly, anesthetized mice were perfused with 
normal saline via the abdominal aorta, and the 
minced kidneys were digested enzymatically in 
Hank’s balanced salt solution (HBSS) (Invitrogen, 
Sweden) containing 1.2 U/mL Dispase II (Roche, Ita-
ly), 0.01% DNAse type I (Sigma, USA), and 7.5 
mg/mL collagenase B (Roche) at 37 °C for 20 min. 
Then the single cell suspension was filtered through 
40 μm strainers (BD Falcon 2350; BD Pharmingen, 
USA) to remove debris, and washed in HBSS con-
taining 10 mmol/L HEPES (Sigma) and 2% fetal bo-
vine serum (FBS) (Gibco, USA). Then cells were re-
suspended in Dulbecco’s modified Eagle’s medium 
(DMEM) (HyClone, USA) containing 2% FBS, 10 mM 
HEPES, and 5 μg/mL Hoechst 33342 (Sigma), with or 
without 50 μM verapamil (Sigma). Cells were then 
incubated at 37 °C for 90 min, with a definite concen-
tration of 1×106 cells/mL. For fluorescence-activated 
cell sorting (FACS) analysis, propidium iodide (PI, 2 
μg/ml) (BD Pharmingen) was added previously so 
that to exclude dead cells and ensure all quantified 
cells were viable. 

2.2. Cell culture 
The kidney SP and non-SP cells were seeded in 

DMEM media containing 10% fetal bovine serum 
(FBS), 5 pM thyronine, 5 μg/mL insulin, 5 μg/mL 
transferrin, 50 nM hydrocortisone, 50 nM selenium, 
and 50 nM prostaglandin (all Sigma), incubated at 37 
°C in a 21% O2 / 74% N2 / 5% CO2 incubator for 48 h. 
OGD followed by reoxygenation (OGD/R) is used as 
an in vitro model of I/R injury[14-16]. The OGD 
group was incubated in glucose-free DMEM and 
placed in a hypoxic chamber (Billups-Rothenberg, Del 
Mar, CA, USA) filled with an anoxic gas mixture (95% 
N2 / 5% CO2) for 1, 2, 4, 6 h while the control 
normoxia group was incubated in DMEM supple-
mented with 5.5 mM glucose and placed in a cell 
culture incubator for the same periods of time. At the 
end of OGD, the plates were taken out from the hy-
poxic chamber, the glucose and FBS were added and 
the cells were incubated under normoxic conditions 
for different time periods to generate reoxygenation. 
To determine the involvement of ABCG2, the ABCG2 
inhibitor Fumitremorgin C (FTC, 0.2-10 μM, Sigma) 
were continuously applied from 30 min before OGD 
to the end of reoxygenation.  

2.3 RT-PCR Analysis 
Total RNA was extracted from the kidney SP and 

non-SP cells using RNAzol (Molecular Research Cen-
ter, Cincinnati, OH, USA) following the manufactur-
er’s instructions and complementary DNA (cDNA) 
was synthesized using oligo dT primers with reverse 
transcriptase (Promega Corp., Fitchurg, WI, USA). 
The primers used were as follows: ABCG2 (235 bp), 
forward, 5'-CCA TAG CCA CAG GCC AAA GT-3' 
and reverse, 5'-GGG CCA CAT GAT TCT TCC AC-3'; 
β-actin (375 bp), forward, 5'-TCG TGC GTG ACA 
TCA AAG AGA-3' and reverse, 5'-GAA CCG CTC 
GTT GCC AAT AGT-3'. PCR conditions were as fol-
lows: 94 °C for 5 min; 35 cycles at 94 °C for 45 s, 58 °C 
for 45 s, and 72 °C for 60 s; final elongation at 72 °C for 
10 min. The PCR products were separated by elec-
trophoresis in 2% agarose gels and stained with eth-
idium bromide (both Invitrogen).  

2.4 Western Blot Analysis 
Nuclear protein of the kidney SP and non-SP 

cells was extracted and protein concentration was 
determined using the BCA Protein Assay (Thermo 
Scientific). Protein samples were separated by 10% 
sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and electrotransferred onto 
polyvinylidene difluoride membrane (all Invitrogen). 
The membrane was incubated with antibodies against 
ABCG2 (BXP-53, Santa Cruz, CA, USA), proliferating 
cell nuclear antigen (PCNA) (Santa Cruz, CA, USA) 
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and β-actin (Cell Signaling Technology Inc.). Proteins 
of interest were detected with horseradish peroxi-
dase-conjugated secondary antibodies (Abcam) and 
were developed using the enhanced chemilumines-
cence Plus kit (Amersham, Freiburg, Germany). 

2.5 Cell viability assay 
The cell viability was tested by the 

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazoli
um bromide (MTT) assay (Sigma). In order to better 
compare the cell metabolic activities in different con-
trols, the MTT results in other groups were presented 
as a percentage compared to SP cells in a same control 
group.  

2.6 Cell apoptosis assay 
Apoptosis assays were performed using an An-

nexin V-fluorescein isothiocyanate (FITC) apoptosis 
detection kit (catalog No. 556419; BD Pharmingen) 
according to the manufacturer's instructions. Briefly, 
kidney SP and non-SP cells in the dish (105 cells/well) 
were collected and resuspended in binding buffer. 
Annexin V-FITC and PI were added, and the reaction 
was incubated in the dark for 15 min. Cells were an-
alyzed using a FACScan flow cytometer. 

2.7. Cell cycle studies 
Kidney SP and non-SP cells in S-G2M phase were 

identified using immunostaining of the cell cycling 
marker, Ki 67, and the DNA binding dye, PI. Briefly, 
we pelleted the isolated kidney SP and non-SP cells 
through centrifugation, and the the cells were per-
meabilized by using the Citofix/Cytoperm kit 
(Pharmingen). After that the permeabilized cells were 
then stained with FITC conjugated anti-Ki 67 goat 
polyclonal antibodies (2 μg/mL) (Santa Cruz Bio-
technology, Inc) or PI (10 μg/mL) for 30 minutes on 
ice. We used the respective isotype control (Santa 
Cruz Biotechnology, Inc) as a negative control. And 
then cells were washed twice with HBSS and ana-
lyzed using FACS as described below. 

2.8. FACS analysis 
FACS was carried out using a dual-laser FACS 

Vantage (BD Biosciences, USA). Hoechst 33342 was 
excited by an 355 nm UV laser, and the fluorescence 
emission signals were collected with a 675nm 
long-pass filter (Hoechst red) and a 450/20 band-pass 
filter (Hoechst blue), and we used a 610 nm dichroic 
mirror short-pass to separate the wavelengths of 
emission light. The fluorescences of PE, FITC, and PI 
were detected using a 488 nm argon laser, and the live 
cell gate was identified as the cells being excluded 
from the PI positive cells. 

2.9. Enzyme linked immunosorbent assay 
(ELISA) 

The levels of vascular endothelial growth factor 
(VEGF), insulin-like growth factor 1 (IGF-1), hepato-
cyte growth factor (HGF), and stromal cell-derived 
factor-1 (SDF-1α) in the supernatants of SP and 
non-SP were measured by ELISA assay using a com-
mercially available ELISA kit (R&D Systems, USA) 
referring to the manufacturer’s recommendation. The 
cell suspensions containing about 1 × 106 cells were 
treated with OGD/R (2-h OGD+ 48-h reoxygenation 
or 4-h OGD+ 24-h reoxygenation), respectively. And 
all the proteins were quantified by using BCA protein 
assay reagent (Pierce, USA). Optical density values 
were measured at 450nm with wavelength correction 
at 570 nm. All standards of samples were measured 
twice. 

2.10. Statistical analysis 
All values are expressed as means ± SD. Differ-

ences between data means of all assays were com-
pared by use of analysis of variance (ANOVA) or 
Student’s t-test using the SPSS statistical software 
package (SPSS, Inc., Chicago, IL, USA). A threshold of 
statistical significance was set at P < 0.05. 

3. Results 
3.1 OGD/R-induced kidney SP cell 
proliferation and apoptosis 

We determined the effects of exposure to various 
durations of OGD on the viability of kidney SP and 
non-SP cells. The results showed that OGD 
time-dependently decreased the viability of kidney SP 
and non-SP cells. The viability of both the two types of 
cells was not affected at 1 h after OGD. And 2-h OGD 
decreased the viability of non-SP cells, but the same 
decrease did not happen in SP cells at the same time. 
Both at 4 and 6 h after OGD, the viability of SP cells 
decreased as well as that of the non-SP cells. And at all 
the three time points of 2, 4 and 6 h after OGD, the 
viability of SP cells significantly higher than that of 
corresponding non-SP cells, respectively (Fig. 1A). 
Then we treated the kidney SP and non-SP cells with 
2-h and 4-h OGD and observed viability at 24, 48, and 
72 h after recovery. Treatment of SP cells with 2-h 
OGD increased the viability at 48 and 72 h after re-
oxygenation (indicating SP cell proliferation, Fig. 1B); 
however, 4-h OGD decreased the SP cell viability at 
24-72 h after reoxygenation (indicating SP cell injury, 
Fig. 1C). As for non-SP cells, no matter 2-h or 4-h OGD 
treatment decreased the cell viability at 24-72 h after 
reoxygenation (indicating non-SP cell injury, Fig. 1B 
and 1C). In addition, apoptosis of SP cells were in-
duced by 4-h OGD and 24-h reoxygenation (4-h 



Int. J. Med. Sci. 2014, Vol. 11 

 
http://www.medsci.org 

1004 

OGD/24-h R), but not by 2-h OGD and 48-h reoxy-
genation (2-h OGD/48-h R) (Fig.1D). While both the 
4-h OGD/24-h R and 2-h OGD/48-h R treatments 
induced the apoptosis in non-SP cells compared with 
corresponding normal control, respectively (Fig.1D). 
On the basis of these results, we induced SP cell pro-
liferation by 2-h OGD/48-h R (defined as sublethal 
OGD/R), and SP cell apoptosis by 4-h OGD/24-h R 
(defined as lethal OGD/R) in the following experi-
ments. 

3.2 Involvement of ABCG2 in OGD/R-induced 
kidney SP cell proliferation and apoptosis 

To determine whether ABCG2 is involved in 
OGD/R-induced kidney SP cell proliferation and 
apoptosis, we observed the effects of Fumitremorgin 
C (FTC), a selective BCRP1/ABCG2 inhibitor [17-20], 
on cell proliferation/apoptosis. As the articles previ-

ously published by us [9, 10], in this study, we further 
confirmed the exclusive expression of ABCG2 in kid-
ney SP cells, but not non-SP cells by using RT-PCR 
analysis. The results showed that the administration 
of FTC (10 μM) block the mRNA expression of 
ABCG2 in kidney SP cells. (Fig. 2A).Then the western 
blot analysis further proved the exclusive expression 
of ABCG2 in SP cells, which showed that the expres-
sion of ABCG2 was significantly increased, when 
performed the treatment of sub-lethal OGD (2h) on 
the cells, but FTC (10 μM) markedly blocked the ex-
pression of ABCG2 in SP cells, whether the cells 
treated with sub-lethal OGD (2h) or not (Fig.2B). FTC 
(1 and 10 μM) attenuated sub-lethal OGD/R-induced 
SP cell proliferation (Fig.2C), and further aggravated 
lethal OGD/R-induced SP cell injury (Fig.2D).  

 

 
Figure 1. Effect of OGD/R on cell viability and apoptosis in kidney SP and non-SP cells. (A) Kidney SP and non-SP cells were treated by OGD for 1-6 h; the SP cell viability was 
gradually decreased at 2, 4, and 6 h. (B) After 2-h OGD, the SP cell viability was significantly increased at 48 and 72 h after reoxygenation. (C) After 4-h OGD, the viability was 
reduced at 24-72 h after reoxygenation. (D) In vitro survival analysis of kidney SP and non-SP cells in basal conditions and after OGD/R. Bar graph described from the FACS-based 
Annexin V/propidium iodide apoptosis assay. The cells without OGD/R were used as controls. OGD, oxygen-glucose deprivation; 2-h OGD/48-h R, 2-h OGD and 48-h 
reoxygenation; 4-h OGD/24-h R, 4-h OGD and 24-h reoxygenation. Data are expressed as mean ±SD; n=6; * P < 0.05 versus control (without OGD); † P < 0.05 versus OGD 
alone; ‡ P < 0.5 versus SP. 
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Figure 2. Effects of ABCG2 expression on OGD/R-induced changes in cell viability. (A) RT-PCR analysis of the kidney SP and non-SP cells for ATP-binding cassette, subfamily 
G, member 2 (ABCG2; 235bp). The cells were treated with or without Fumitremorgin C (FTC, 10 μM), an inhibitor of ABCG2. (B) Western blot analysis was performed to 
detect ABCG2 expression in the kidney SP cells treated with or without OGD (2h). FTC (10 μM) was used to inhibit ABCG2 expression. (C) After 2-h OGD and 48-h 
reoxygenation, cell viability was significantly increased, which was attenuated by FTC (1-10 μM). (D) After 4-h OGD and 24-h reoxygenation, the viability was significantly 
reduced, which was futher depravated by FTC (1-10 μM). The cells without OGD/R were used as controls. FTC, Fumitremorgin C; OGD, oxygen-glucose deprivation. Data are 
expressed as mean ±SD; n=6; * P < 0.05 versus control (without OGD); † P < 0.05 versus OGD/R alone; ‡ P < 0.05 versus SP. 

 
The apoptosis assay showed that the viable per-

centage of SP cells was comparable to that of non-SP 
cells treated with or without FTC (10 μM) under 
normoxic condition, suggesting that FTC is not toxic 
to kidney SP and non-SP cells (Fig. 3A). Sub-lethal 
OGD/R did not increase the ratio of apoptotic (An-
nexin V+) cells in SP cells, while FTC significantly in-
creased the ratio of apoptotic (Annexin V+) cells in SP 
cells with sub-lethal OGD/R treatment. Similarly, 
FTC also further aggravated the SP cell apoptosis in-
duced by lethal OGD/R treatment (Fig. 3A). When we 
inhibited the expression of ABCG2, apoptosis of SP 
cells was increased, which suggesting a role for 
ABCG2 in protecting SP cells against OGD/R injury. 
But FTC did not influence the OGD-induced non-SP 
cell apoptosis (Fig. 3A). The proliferation was verified 
by western blot analysis, in which sub-lethal OGD/R 
significantly increased the expression of proliferating 
cell nuclear antigen (PCNA) in SP cells, but had no 
obvious effect in non-SP cells, and the administration 
of FTC significantly decreased the expression of 
PCNA in SP cells, but did not affect the expression of 
PCNA in non-SP cells (Fig.3B). In addition, we ex-

amined the expression of the cell cycling markers, 
Ki67 and PI, and analyzed the cell percentage of the 
cells in S-G2/M phase. Flow cytometric analysis 
showed SP cells treated with sub-lethal OGD/R in-
duced distinctly increase of the fraction of SP cells in 
S-G2/M phase, while the increase was relatively slight 
in non-SP cells, which indicated that compared 
non-SP cells sub-lethal OGD induced more SP cells to 
undergo mitosis. However, lethal OGD/R did not 
change the fraction of both kidney SP and non-SP cells 
entering in S-G2/M phase (Fig.3C and 3D). The in-
crease of kidney SP cells of S-G2/M induced by 
sub-lethal OGD/R was decreased by the pretreatment 
of FTC, suggesting that FTC blocked SP cells to enter 
in division phase. 

3.3. ABCG2 contributes to the OGD/R- 
induced paracrine action in kidney SP cells 

We first determined the role of OGD/R in the 
secretion of chemokine and mitogen factors in kidney 
SP cells (Fig. 4). In vitro sub-lethal and lethal OGD/R 
induced the increase in the secretion of VEGF, IGF-1, 
HGF and SDF-1α in kidney SP cells, but had no effect 
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on the non-SP cells (Fig. 4). Compared with lethal 
OGD/R, sub-lethal OGD/R induced the more secre-
tion of factors mentioned above. Then, we were 
looking forward to determining the role of ABCG2 in 
OGD/R-induced paracrine action of kidney SP cells. 
Just as shown in Fig. 4, the secretion of chemokine and 
mitogen factors induced by OGD/R was blocked by 
FTC. 

4. Discussion 
Our study for the first time confirmed that the 

role of ABCG2 on kidney SP cell viability, prolifera-
tion and paracrine function under OGD/R. 

Bone marrow-derived stem cells and renal resi-
dent stem cells are postulated to participate in recov-
ery after kidney damage [2, 21-23]. In recent years, we 
and other authors [3-10] have confirmed the existence 
of SP cells in normal kidneys. Affymetrix microarrays 
showed that the immunophenotype of kidney SP cells 
was distinct from that of bone marrow SP cells, sug-
gesting that the kidney SP are a renal resident cell 
population [4, 5]. Although the SP cell populations are 
heterogeneous, which contains renal tubular epitheli-
al cells, stromal cells and monocyte-macrophage cells, 
etc., they all have multi-linear differentiation potential 
and renal protective capacity [4-7, 9, 10]. Challen GA, 
et al [4] successfully induced the differentiation of SP 

cells into osteocytes and adipocytes in their cell cul-
ture assays in vitro, and they injected SP cells into an 
adriamycin-nephropathy model resulting in the re-
duction of the albuminuria:creatinine ratios. Hishi-
kawa K, et al [6] demonstrated that the renal function 
was significantly improved by the infusion of SP cells 
in cisplatin-induced reversible acute renal failure mice 
model. Their quantitative real-time PCR shows that 
the secretion of renal protective factors was increased 
significantly in the kidney of acute renal failure mice, 
suggesting the kidney SP cells possessed the potential 
on the kidney regeneration. Our previous study [10] 
also indicated that exogenous infusion of kidney SP 
cells significantly improved the renal function, pro-
moting the proliferation and decreasing the apoptosis 
of the surviving tubular cells in acute renal I/R injury 
mice model. Therefore, kidney SP cells have potential 
to be the target cells of renal reconstruction therapies 
in clinic. Given the newly discovered evidence that 
the predominant mechanism of kidney repair after 
ischemic tubular injury involved the regeneration by 
surviving tubular epithelial cells [23], the further 
study of the biological characteristics in these renal 
residential stem/progenitor cell population under 
ischemic and hypoxic conditions may open a novel 
way to the treatment of acute kidney injury.  

 
Figure 3. Effects of ABCG2 expression 
on OGD/R-induced cell apoptosis, prolif-
eration and cell cycle in kidney SP and 
non-SP cells. (A) In vitro survival analysis of 
kidney SP and non-SP cells treated with or 
without FTC (10 μM) in basal conditions 
and after OGD/R. Bar graph described 
from the FACS-based Annexin 
V/propidium iodide apoptosis assay. (B) 
Western blot analysis was performed to 
detect proliferating cell nuclear antigen 
(PCNA) levels in the kidney SP cells 
treated with or without OGD. FTC (10 
μM) was used to inhibit ABCG2 expres-
sion. (C-D) Fractions of S-G2M kidney SP 
and non-SP cells were obtained by im-
munostaining for Ki67 (C) and PI (D). FTC 
(10 μM) was used to inhibit ABCG2 
expression. The cells without OGD/R 
were used as controls. FTC, Fumitremor-
gin C; OGD, oxygen-glucose deprivation; 
2-h OGD/48-h R, 2-h OGD and 48-h 
reoxygenation; 4-h OGD/24-h R, 4-h 
OGD and 24-h reoxygenation. Data are 
expressed as mean ±SD; n=6; * P < 0.05 
versus control (without OGD); † P < 0.05 
versus 2-h OGD/48-h R; ‡ P < 0.05 versus 
SP or non-SP cells treated without FTC. 
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Figure 4. Effect of ABCG2 expression on OGD/R-induced paracrine actions in kidney SP and non-SP cells. Cultured cells were subjected to 2-h OGD/48-h R or 4-h OGD/24-h 
R, and then the secretion levels of VEGF, IGF-1, HGF, and SDF-1α were quantified by ELISA. FTC (10 μM) was used to inhibit ABCG2 expression. The cells without OGD/R were 
used as controls. FTC, Fumitremorgin C; OGD, oxygen-glucose deprivation; 2-h OGD/48-h R, 2-h OGD and 48-h reoxygenation; 4-h OGD/24-h R, 4-h OGD and 24-h 
reoxygenation.. * P < 0.05 versus control (without OGD); † P < 0.05 versus 2-h OGD/48-h R; ‡ P < 0.05 versus SP or non-SP cells treated without FTC. 

 
OGD/R has been commonly used as an in vitro 

model of I/R injury in numerous studies [14-16]. Our 
results showed that in vitro sub-lethal OGD/R did not 
injure SP cells but induced SP cells proliferation; 
whereas lethal OGD/R induced the marked decrease 
in the viability of SP and non-SP cells. Sub-lethal and 
lethal OGD/R induced the increase in the secretion of 
VEGF, IGF-1, HGF, and SDF-1α in kidney SP cells but 
not in non-SP cells. These results suggested that there 
was a significant difference between kidney SP and 
non-SP cells after OGD/R in cell viability, prolifera-
tion, and paracrine actions. 

The SP cells constitutively express ABCG2, 
which are a member of the ATP-binding cassette 
transporter family and a very important determinant 
of the SP phenotype [1]. Our study also identified that 
kidney SP cells, but not non-SP cells, preferentially 
and exclusively expressed ABCG2. Importantly, in 
this study, we shows that the ABCG2 inhibitor, FTC, 
significantly increased sub-lethal and lethal 
OGD-induced apoptosis, and reduced the 
OGD-induced proliferation and paracrine ability of 
SP cells, suggesting that ABCG2 is crucial in prompt-

ing some biological functions of the kidney SP cells. 
Further clarify the signal pathways and key targets in 
regulating the viability, proliferation and paracrine 
actions in kidney SP cells, will be our future research 
directions.  
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