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OMPARISON BETWEEN CELLS AND CANCER STEM-LIKE CELLS
SOLATED FROM GLIOBLASTOMA AND ASTROCYTOMA ON
XPRESSION OF ANTI-APOPTOTIC AND MULTIDRUG

ESISTANCE–ASSOCIATED PROTEIN GENES

r
2
b
s
p
a
g
o
w
n
W
o
d
t

n
v
g
g
s
p
c
(
s
c
b
s
c
i
f
s
T
N
m
c
c
c
o
p
s
t
2
t
w
S

. JIN,a L. ZHAO,b* H.-Y. ZHAO,a S.-G. GUO,c J. FENG,a

.-B. JIANG,a S.-L. ZHANG,b Y.-J. WEI,a R. FUa AND
.-S. ZHAOa

Department of Neurosurgery, Union Hospital, Tongji Medical College,
uazhong University of Science and Technology, Wuhan, 430022, PR
hina

Department of Hepatology and Infectious Disease, Union Hospital,
ongji Medical College, Huazhong University of Science and Technol-
gy, Wuhan, 430022, PR China

Department of Neurology, Shandong Provincial Hospital, Jinan,
50021, PR China

bstract—This study is to explore and compare the features
f the cells and cancer stem-like cells (CSCs) isolated from
oth glioblastoma and astrocytoma on expression of anti-ap-
ptotic and multidrug resistance–associated protein (MRP)
enes. A s a result, the mRNA expression of livin, livin� and
RP1 was up-regulated in human CSCs from 2 times to 85

imes, but the gene expression of MRP3 was down-regulated
rom 0.09 times to 0.5 times. After just differentiation the
RNA expression of livin, livin� and MRP3 was up-regulated

rom9 times to 64 times, but the mRNA expression of MRP1
as down-regulated from 0.01 times to 0.03 times. It is a rare

eport that glioma stem-like cells can be induced success-
ully from a grade 2–3 astrocytoma tissue. The properties of
lioblastoma and astrocytoma stem-like cells on anti-apop-
otic and MRP genes are: anti-apoptotic gene livin and sur-
ivin are elevated in CSCs but are the most increased in just
ifferentiated CSCs; MRP1 gene is significantly increased
nd MRP3 is decreased in CSCs, but when differentiating the
RP3 gene starts a remarkable increase in CSCs; the expres-
ion of anti-apoptotic and MRP genes shows no differences
etween the CSCs isolated from glioblastoma and astrocy-
oma tissues. © 2008 IBRO. Published by Elsevier Ltd. All
ights reserved.

ey words: glioma, cancer stem-like cell, glioblastoma, as-
rocytoma, livin, multidrug resistance–associated protein.

liomas are the most common type of primary brain tumor.
early two-thirds of gliomas are highly malignant lesions

hat account for a disproportionate share of brain tumor–

Corresponding author. Tel: �86-27-62717387; fax: �86-27-84848153.
-mail address: chinesemd@hotmail.com (L. Zhao).
bbreviations: ACC, autologous cancer cell; bFGF, basic fibroblast
rowth factor; CSC, cancer stem-like cell; Ct, cycle threshold; DMEM/
12, Dulbecco’s modified Eagle’s medium/nutrient mixture F-12
am’s; EGF, epidermal growth factor; FBS, fetal bovine serum; GFAP,
lial fibrillary acidic protein; IAP, inhibitor of apoptosis protein; LIF,

eukemia inhibitory factor; MRP, multidrug resistance–associated pro-
a
ein; NSC, neural stem cell; PBS, phosphate-buffered saline; WHO,

orld Health Organization.
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elated morbidity and mortality (Sathornsumetee et al.,
007). Despite recent advances, 2-year survival for glio-
lastoma with optimal therapy is less than 30%. While
urgery, radiation therapy and chemotherapy have roles to
lay in the treatment of patients with gliomas, these ther-
pies are self-limited because of the intrinsic resistance of
lioma cells to therapy, and the diffusely infiltrating nature
f the lesions (Nakada et al., 2007). Even among patients
ith low-grade gliomas that confer a relatively good prog-
osis, treatment is almost never curative (Norden and
en, 2006). Though the last decade produced a number

f important advances, some of which have translated
irectly into survival benefits, the prognosis for many pa-
ients with gliomas is poor.

It is now known that malignant gliomas arise from a
umber of well-characterized genetic alterations and acti-
ations of oncogenes and inactivation of tumor suppressor
enes. Those genetic alterations disrupt critical cell cycle,
rowth factor activation, apoptotic, cell motility, and inva-
ion pathways that lead to phenotypic changes and neo-
lastic transformation (Bansal et al., 2006). Recently, the
oncept of cancer stem cells was focused on increasingly
Schulenburg et al., 2006). The findings of brain cancer
tem cells were made by applying the principles for cell
ulture and analysis of normal neural stem cells (NSCs) to
rain cancer cell populations and by identification of cell
urface markers that allow for isolation of distinct cancer
ell populations that can then be studied in vitro and
n vivo. A population of brain cancer cells can be enriched
or brain cancer stem cells by cell sorting of dissociated
uspensions of cancer cells for the NSC marker CD133.
hese CD133 positive cells, which also expressed the
SC marker nestin, but not differentiated neural lineage
arkers, represent a minority fraction of the entire brain

ancer cell population, and exclusively generate clonal
ancer spheres in suspension culture and exhibit in-
reased self-renewal capacity (Singh et al., 2004a). More-
ver, progressive explorations have discovered CD133
ositive cancer stem cells have a capacity for unlimited
elf-renewal, as well as the ability to initiate and drive
umor progression in an animal model (Singh et al.,
004b). The cell-membrane protein CD133 has been iden-
ified as a marker of a subset of NSCs in the adult CNS as
ell as of glioma stem or stem-like cells (Bao et al., 2006;
ingh et al., 2003, 2004b).

In gliomas, WHO (World Health Organization) system

ssigns a grade from 1 to 4, with one being the least

ved.

mailto:chinesemd@hotmail.com
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ggressive and four being the most aggressive. Glioblas-
oma, also called grade 4 astrocytoma, glioblastoma mul-
iforme, is a fast-growing type of CNS tumor that forms
rom glial (supportive) tissue of the brain and spinal cord
nd has cells that look very different from normal cells.
strocytoma is a tumor that begins in the brain or spinal
ord in small, star-shaped cells called astrocytes and in-
ludes WHO grades 1–3. As in the past all glioma stem-
ike cells were isolated from glioblastoma, astrocytoma
tem cells have not been known so far, and the properties
f stem-like cells isolated from glioblastoma and astrocy-
oma on expression of anti-apoptotic and multidrug resis-
ance–associated protein (MRP) genes have not been
ompared before.

Thereby, we cultured and disassociated cancer stem-
ike cells (CSCs) from the cell lines and tumor mass of
npatients suffering from both glioblastoma and astrocy-
oma, and explored the anti-apoptotic and drug resistant
ene expression in order to find novel properties of those
SCs.

EXPERIMENTAL PROCEDURES

hemicals and reagents

ulbecco’s modified Eagle’s medium/nutrient mixture F-12 Ham’s
DMEM/F12) with high glucose medium was purchased from Hy-
lone (Logan, UT, USA). Fetal bovine serum (FBS), trypsin, B-27

1�) serum-free supplements were from Gibco (Grand Island, NY,
SA). Epidermal growth factor (EGF), basic fibroblast growth

actor (bFGF), leukemia inhibitory factor (LIF) was obtained from
eprotech (Rocky Hill, NJ, USA). Rabbit anti-human nestin, rabbit
nti-human glial fibrillary acidic protein (GFAP) and mouse anti-
uman �-tubulin antibody were from Santa Cruz Biotechnology
Santa Cruz, CA, USA). Goat anti-mouse IgG-FITC antibody and
oat anti-rabbit IgG-FITC antibody were from Sigma (St. Louis,
O, USA). CD133 cell isolation kit (MACS method) was purchased

rom Miltenyi Biotec GmbH (Bergisch Gladbach, Germany).

umor specimens and primary cell culture

lioma specimens were collected from 17 inpatients in China
uhan Union Hospital and their pathological diagnoses were

rain glioma. In those patients 10 subjects were of glioblastoma
nd the others suffered from astrocytoma. The exsected tissues
ere washed twice with D-Hanks’ solution in aseptic condition.
fter clearing out of visible blood vessel and necrotic tissue, the

    A              
Fig. 1. Glioma tissues with HE staining (20�10). (A) Glioblastoma tissue (N
lioma tissues were sheared into paste by eye scissors. Then
ollowing digestion with 0.25% trypsin for 20 min and blown and
tirred by pipette, cell suspension was made prior to terminating
igestion by 10% FBS. The suspension was filtered through a
00-mesh sieve and centrifuged at 1000 r.p.m. After disposing of
upernatant, the primary glioma cells were washed again with
erum-free medium. Then having been centrifuged, the cells were
ollected and inoculated into a serum-free medium (NSC medium)
hich contained DMEM/F12 with high glucose medium, 20 ng/mL
GF, 20 ng/mL bFGF, 10 ng/mL LIF and b27 (1�). Last, the cells
ere placed in incubator on conditions of 37 °C, 5% CO2 and
aturated humidity. Every 3–4 days the medium was renewed.
hen the induced glioma stem-like cells were cultured in condi-

ions of DMEM/F12 with high glucose medium with 10% FBS for
nducing differentiation. The use of human tissue was authorized
y the Ethics Committee of Tongji Medical College, Huazhong
niversity of Science and Technology.

lioma cell line culture

lioblastoma U251 cell line was provided by the China Center for
ypical Culture Collection (CCTCC) (Wuhan, China). Astrocytoma
L15 cell line was kindly provided by Institute of Neuroscience,
ongji Medical College, Huazhong University of Science and
echnology. The two cell lines were cultured in the same condi-

ions as the primary cell culture.

solation of CD133 positive glioma stem-like cells

fter the neurospheres grew a large amount, the spheres were
ollected and the CD133 positive cells were separated by
agnetic cell sorting technique (MACS). The sorting process
as conducted according to the instruction of the CD133 cell

solation kit.

mmunofluorescence staining on glioma tumor
tem cells

he well-grown cell spheres were selected for growing on the
lides which were coated by polylysine. After drying at 37 °C, the
lides were washed by phosphate-buffered saline (PBS) three
imes in order to clear up medium. At room temperature, the cells
ere fixed by paraform for 30 min, and then were washed by PBS
gain three times. After blocked by 5% goat serum at 37 °C for 30
in, rabbit anti-human nestin (1:200) (1st antibody) was added
nd the cells were placed in a wet box for one night. The day
ollowing PBS washing, goat anti-rabbit IgG-FITC antibody (2nd
ntibody) was added for incubation for 30 min at 37 °C. Meanwhile
negative control in which PBS was used instead of the 1st

ntibody was performed. The slides were observed with an Olym-

            B 

   
     
o.912110); (B) astrocytoma (WHO 2–3 grade) tissue (No. 916718).
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us BX51 fluorescence microscope. The procedure of immuno-
uorescent assay on GFAP and �-tubulin on differentiated glioma
tem cells followed the course of nestin except for respective
elated antibodies.

eal-time quantitative RT-PCR

he samples were collected and each 50–100 mg tissue samples
r 106 cell samples were collected and added 1 mL TRIzol (Jin et
l., 2008). The total RNA from glioma cells and glioma stem cells
as prepared by adding TRIzol Reagent (Gibco BRL) according to
anufacturer’s protocol. The RNA solution was stored at �80 °C
ntil used. All reactions were performed in duplicate with a neg-

    A              

Fig. 2. Normal glioma cells (10�10). (A) Norma

 A

 C

ig. 3. Glioma cells cultured from tissues and cell lines (20�10). (A) P

ay in NSC medium. (B) Primary cells derived from astrocytoma tissue (No. 91
rd culturing day in NSC medium. (D) U251 cells at the 3rd culturing day in N
tive control (no template) and the mean value of the threshold
ycle (the start of exponential amplification) of each sample was
ormalized with the threshold cycle of glyceraldehyde-3-phos-
hate dehydrogenase (GAPD), obtaining the � cycle threshold
Ct) value. Quantitative PCR was performed in ABI-7700 Se-
uence Detector (Applied Biosystems, Foster City, CA, USA). The
everse transcription was performed with M-MLV reverse tran-
criptase. The reverse transcriptional reaction system included:
.5 �L H2O, 1.0 �L Oligo(dT18) (50 �g/mL), total RNA 6.0 �L,
0 °C 5 min to ice for unfolding the secondary structure of mRNA;
.5 �L RNasin (40 U/�L), 4.0 �L 5� buffer, 2.0 �L dNTP (10 mM),
.0 �L RTase (200 U/�L), 42 °C 60 min to 95 °C 5 min to 4 °C.

            B 

d GL15 cells. (B) Normally cultured U251 cells.

 B

D

ells derived from glioblastoma tissue (No. 912110) at the 5th culturing
     
rimary c

6718) at the 5th culturing day in NSC medium. (C) GL15 cells at the

SC medium.
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eal time PCR reaction was performed with SYBR GreenIfluoro-
hrome. The standard curve was obtained and Ct value was
alculated. Each 50 �L PCR system contained 1/50 of the original
DNA, 7 �L (25 mM) MgCl2, 0.8 �L (20 pmol/�L) of each primer,
�L (10 mM) dNTP, 1 �L SYBR GreenI, 0.5 �L (5 U/�L) TaqDNA
olymerase (Promega, Madison, WI, USA) and 5 �L 10� buffer.
ifty cycles of amplification were performed: after 94 °C 3 min,
eaction cycle with 94 °C, 30 s, to 57 °C, 30 s, then to 72 °C, 30 s
as carried out. The fluorescence signal was detected at the end
f each cycle. Melting curve analysis was used to confirm the
pecificity of the products. The 2���CT method was performed to
nalyze the results (Livak and Schmittgen, 2001). The primer was
s below:

Homo-livin
Forward: 5=-ACAGAGGAGGAAGAGGAGGAGG-3=
Reverse: 5=-GCAGTCAGCGGCCAGTCATAG-3=
Homo-livin�
Forward: 5=-CTGTCAGTTCCTGCTCCGGTC-3=
Reverse: 5=-GGGCTCAAGAACCCACCAC-3=
Homo-survivin
Forward: 5=-ACTGCCCCACTGAGAACGAGC-3=
Reverse: 5=-AAGGAAAGCGCAACCGGACGAAT-3=
Homo-MRP1
Forward: 5=-CACCACTGGAGCATTGACTACC-3=
Reverse: 5=-GTAATTACAGCAAGCCTGGAACC-3=
Homo-MRP3
Forward: 5=-CCTGTATGTGGGTCAAAGTGCG-3=
Reverse: 5=-CCCAGCCTCAGGGAAGTGTTG-3=
Homo-�-actin
Forward: 5=-CTTAGTTGCGTTACACCCTTTCTTG-3=
Reverse: 5=-CTGCTGTCACCTTCACCGTTCC-3=

 A

C

ig. 4. Neurospheres emerged from primary cells and cell lines (20�
t the 7th culturing day in NSC medium. (B) Neurospheres emerged

C) Neurospheres emerged from GL15 cells at the 5th culturing day in NSC med
ay in NSC medium.
tatistical analysis

ach test was perform and then repeated two times. The data
ere normalized as ratio of CSC/ACC (autologous cancer cells).
he data were presented as mean�S.D. Comparisons of the data
ere performed with Student t-test. Statistical significance was
onsidered significant when P�0.05. The statistical process was
erformed with SPSS 12.0 software.

RESULTS

nduction of glioma stem-like cells

e found that the primary cancer cells from two tissues,
251 and GL15 cell line (Figs. 1, 2 and 3) could become
oating neurospheres by NSC-medium cultivation. When
ultured in NSC medium at the 7th–10th culturing day, the
oating neurospheres emerged from primary glioma cells,
hile at the 5th–7th culturing day the GL15 cells produced
eurospheres and at the 15th–20th culturing day the U251
ell generated neurospheres (Fig. 4). By CD133 isolation,
lioma stem-like cells were induced successfully from two
lioma specimens from one glioblastoma (No. 912110)
nd one grade 2–3 astrocytoma subject (No. 916718), and
rom U251 and GL15 cell lines (Fig. 5). The CSCs which
ere cultured in NSC medium grew in suspension and
resented the features of stem cells: sphere-like shape,
elf-renewal and ability to differentiate. Nestin immunoflu-

 B

D

eurospheres emerged from primary glioblastoma cells (No. 912110)
ocytoma cells (No. 916718) at the 7th culturing day in NSC medium.
10). (A) N
from astr
ium. (D) Neurospheres emerged from U251 cells at the 15th culturing
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rescence staining of the stem-like cells presented positive
ut the glioma cells did not show this feature (Fig. 6).

ifferentiation of glioma stem-like cells

he induced glioma stem-like cells started to differentiate
fter culture conditions of DMEM/F12 medium with 10%
BS. At the 4th hour after culture, the stem-like spheres
erived from glioma tissues adhered to the wall and den-
rite- or axon-like pseudopodia emerged at the surface of
pheres. At the 3rd–5th day, thick dendrite-like pseudop-
dia grew from all the spheres. As a contrast, the stem-like
ells cultured by NSC medium did not show the similar
hanges. The differentiated cells presented positive �-tu-
ulin and GFAP stain but the glioma stem-like spheres did
ot show this feature (Fig. 7).

omparison of anti-apoptotic and MRP gene
xpression between glioma CSC and ACC

s shown in Table 1, the mRNA expression of livin, livin�
nd MRP-1 was up-regulated in CSCs in both glioma
rimary cells and cell lines from 2 times to 62 times in CSC
erived from cell line and 2 times to 85 times CSC from
rimary tissues, but the gene expression of MRP-3 was
own-regulated from 0.09 times to 0.5 times. The trends of

ivin� were also coincident with livin� according to the
hanges of livin and livin�. The increasing extent from

         A             

 C

ig. 5. Stem-like cell sphere derived from primary cells and cell lin
12110). (B) Stem-like cell sphere derived from astrocytoma tissue (N
ell sphere derived from U251 cell line.
L15 cell line was significantly more than that from U251 f
ell line (P�0.01) but the difference did not exist between
he CSC from two tissues.

omparison of anti-apoptotic and MRP gene
xpression between CSC before and after
ifferentiation

s shown in Table 2, the mRNA expression of livin, livin�
nd MRP-3 was up-regulated after differentiation in CSC
eriving from both glioma specimens from9 times to 64
imes. The trends of livin� were also coincident with livin�
ccording to the changes of livin and livin�. However, the
RNA expression of MRP-1 was down-regulated from
.01 times to 0.03 times.

DISCUSSION

tem cells are defined by their ability to self-renew, prolif-
rate, and generate progeny that differentiate into the mul-
iple cell types that make up the tissue from which they are
erived. The hypothesis that certain cancers may be the
esult of unregulated stem cells is founded on the sug-
ested similarities between cancer stem cells and somatic
tem cells (Ghods et al., 2007). Recently, it has been
onfirmed by identification of brain cancer stem cells by
D133 (Bao et al., 2006; Singh et al., 2003, 2004b). Iden-

ification of brain cancer stem cells provides a powerful tool

            B 

 D

0). (A) Stem-like cell sphere derived from glioblastoma tissue (No.
). (C) Stem-like cell sphere derived from GL15 cell line. (D) Stem-like
     

es (20�1
o. 916718
or the investigation of the tumorigenic process in the CNS,
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ig. 6. Nestin immunofluorescence staining (green fluorescence was positive) on glioma stem-like cell spheres and glioma cells (40�10). (A) On
pheres derived from glioblastoma tissue (No. 912110). (B) On cells from glioblastoma tissue (No. 912110). (C) On spheres derived from astrocytoma
issue (No. 916718). (D) On cells from astrocytoma tissue (No. 916718). (E) On spheres derived from GL15 cells. (F) On GL15 cells. (G) On spheres

erived from U251 cells. (H) On U251 cells.
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nd will be crucial in developing therapies that use brain
ancer stem cells as a target (Singh et al., 2004a).

In our research, we successfully separated CD133
ositive cells from glioblastoma, astrocytoma tissues and
251, GL15 cell line, and found the separated cells pre-
ented properties of cancer stem cells: sphere-like form,
elf-renewal, ability to differentiate. Especially, we induced
rimary glioma stem-like cells from two samples of glioma
ubjects. One was diagnosed as WHO grade 2–3 astro-
ytoma. So far almost all glioma stem-like cells have been
ultured from glioblastoma tissue. It is a rare report that
lioma stem-like cells can be induced from astrocytoma.

          A 

     B             

 D

ig. 7. GFAP and �-tubulin immunofluorescence staining (green fluo
ells (20�10). (A) Differentiated glioma stem-like cell. (B) GFAP im
mmunofluorescence staining on undifferentiated glioma stem-like cell
ell. (E) �-Tubulin immunofluorescence staining on undifferentiated g
he finding suggests a mildly malignant tumor still has s
otential abilities to develop into highly malignant cancer
nd a clear eradication for cancer tissue is necessary in
linic.

As discovered now, cancer stem cells are a very small
roup of cells in the tumor bulk. Thereby inducing cancer
tem cells from cancer tissue is not easy work and a suc-
essful induction is limited by operational technology, such as
he successful rate of primary cell culture, cell survival con-
ition and so on. Our induction rate is similar to the litera-
ure (Liu et al., 2006). More effective methods will be
eveloped in the future.

We further checked the other properties of glioma

            C 

 E

was positive) on differentiated and undifferentiated glioma stem-like
rescence staining on differentiated glioma stem-like cell. (C) GFAP
bulin immunofluorescence staining on differentiated glioma stem-like

m-like cell.
     

rescence
munofluo
. (D) �-Tu
tem-like cells on our separated cells. Nestin was selected
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o examine the feature of our separated glioma stem-like
ells. Nestin is a marker of progenitor cells or precursor
ells and now is recognized as a protein marker of NSCs
Hoffman, 2007; Hwang et al., 2007). Many researches
hose nestin as a marker to check the properties of brain
SCs. Recent findings also showed nestin has an up-

egulated expression in glioma stem cells. In our research,
he separated cells were nestin positive, which could sup-
ort that our induced CD133 positive cells were CSCs. We
urther cultured the tumor stem cells by NSC medium and
ound this method could maintain growth of the CSCs.
fter being induced to differentiation by culture with
MEM/F12 medium, the CSCs from both cancer tissue
nd glioma cell lines presented GFAP and �-tubulin posi-

ive. As GFAP is the astrocyte lineage marker and �-tubu-
in is considered as the neuronal lineage marker (Ghods et
l., 2007), it could be implied that our induced CD133
ositive cells had the potential to differentiate into astro-
ytes and neurons, which shows the cells possess the
roperty to differentiate into different ACCs.

The inhibitor of apoptosis protein (IAP) family encodes
group of baculovirus IAP repeat domain (BIR) –contain-

ng proteins that suppress apoptosis (Huang et al., 2006).
urvivin is an important member of IAP. This protein is
ighly expressed in most cancers and associated with
hemotherapy resistance, increased tumor recurrence,
nd shorter patient survival, but rarely is expressed in
erminally differentiated adult tissues (Fukuda and Pelus,
006). Current documents show that biological functions of
urvivin include inhibition of apoptosis, promotion of mito-
is, angiogenesis, which play a causative role in cancer

able 1. Anti-apoptotic and MRP gene expression on glioma CSC co

ene name Glioblastoma No. 912110 Astrocytoma No.

ACC CSC ACC CSC

ivin 1 52.543�4.281 1 57.0
ivin� 1 11.574�0.852 1 34.2
urvivin 1 2.457�0.205 1 1.9
RP-1 1 64.287�7.803 1 85.7
RP-3 1 0.094�0.004 1 0.2

The value of ACC was normalized as 1 and the value of CSC was
P�0.01 compared to the value of CSC in U251 group.

able 2. Anti-apoptotic and MRP gene expression on CSC compared
o that on differentiated stem-like cells (DSC)

ene name Glioblastoma No.
912110

Astrocytoma No.
916718

CSC DSC CSC DSC

ivin 1 24.783�2.038 1 17.695�1.894
ivin� 1 57.784�5.832 1 82.196�7.539
urvivin 1 12.853�1.439 1 9.361�1.474
RP-1 1 0.037�0.002 1 0.014�0.003
RP-3 1 64.739�5.961 1 52.673�6.197

The value of CSC was standardized as 1 and the value of DSC was

dxpressed as relative value.
ormation and/or progression (Duffy et al., 2007). In our
esearch, it was observed that gene expression of the
ember of IAP was up-regulated in CSCs, which implies

he glioma stem-like cells are a main factor to resist cancer
poptosis and maintain cancer growth and angiogenesis.
urthermore, it was also investigated that survivin contin-
ed rising in differentiated glioma stem-like cells. It has
een reported that survivin expresses more highly in gli-
ma CSCs (Ghods et al., 2007). Inferred by our finding, the
nti-apoptotic gene is the most highly expressed in just
ifferentiated glioma CSCs, which presents a more de-
ailed profile of survivin expression in glioma stem-like
ells.

Livin is also a member of the IAP family of caspase
nhibitors that selectively binds the endogenous IAP antag-
nist (second mitochondria-derived activator of caspases)
MAC and caspase-3, caspase-7, and caspase-9, which
ncode negative regulatory proteins that prevent cell apo-
tosis (Chang and Schimmer, 2007). Livin is selectively
xpressed in the most common human neoplasms and
ppears to be involved in tumor cell resistance to chemo-
herapeutic agents (Liu et al., 2007; Kempkensteffen et al.,
007). In our research, it was observed that gene expres-
ion of livin and livin� was up-regulated in CSCs. As livin
ontains two isoforms: livin� and livin�, it could be de-
uced that livin� had a similar elevating expression to

ivin� in the CSCs and differentiated CSCs. Like survivin
he rising expression of livin in glioma stem-like cells also
hows its causative role for anti-apoptosis and anti-che-
otherapy by inhibiting the function of SMAC and caspase
olecules. Furthermore, the fact the highest expression of

ivin in differentiated CSCs also demonstrates the just
ifferentiating or having differentiated glioma stem-like
ells are the most tolerant stage to promote growth of
ancer cells and to resistant apoptosis and chemothera-
eutic drugs.

The findings of survivin and livin expression in CSC
nd just differentiated CSC suggest that the group of CSC
ay be the highest malignant cell population in cancer
ulk. This can be interpreted this way: a relapsing cancer

s more malignant after treatments because the relapsing
ancer tissue may be developed from uneliminated cancer
ells, cancer stem cells.

MRP is a 180- to 195-kDa membrane protein associ-
ted with resistance of human tumor cells to cytotoxic

o that on ACC

GL15 U251

ACC CSC ACC CSC

2 1 6.695�0.437* 1 3.912�0.231
5 1 62.336�5.017* 1 8.699�0.779
8 1 4.867�0.403* 1 2.972�0.275
4 1 54.042�4.772* 1 2.015�0.183
7 1 0.533�0.038 1 0.453�0.047

d as relative value.
mpared t

916718

84�5.36
79�2.93
43�0.13
36�8.75
75�0.01

expresse
rugs (Zaman et al., 1994). Numerous members of the
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ultidrug resistance associated protein family serve as
xport pumps that prevent the accumulation of anionic
onjugates and glutathione disulfide (GSSG) in the cyto-
lasm, and play, therefore, an essential role in detoxifica-
ion and defense against oxidative stress (Homolya et al.,
003). The 190 kDa multidrug resistance protein MRP1 is

nvolved in the multidrug resistance phenotype of human
liomas (Benyahia et al., 2004). In gliomas, mainly MRP1
as been studied thus far and was found to be localized to
he tumor vasculature and partially also to the tumor cells
Mohri et al., 2000; Aronica et al., 2003; Andersson et al.,
004; Benyahia et al., 2004). In glioma cell lines, MRP1 is
hown to confer resistance to various anticancer drugs
Benyahia et al., 2004; Bronger et al., 2005). Apart from
RP1, some research showed gene MRP3 is hyperex-
ressed in astrocytomas for the primary resistance to che-
otherapy (Calatozzolo et al., 2005) and MRP3 can mod-
late drug sensitivity to certain anticancer agents in human
liomas (Haga et al., 2001). We detected MRP1 and
RP3 gene expression in both glioma stem-like cells and
utologous cancer cells and found MRP1 was the most
ighly expressed in glioma stem-like cells and MRP3 was
uch less expressed in CSCs, which was different from

he past reports (Salmaggi et al., 2006). That is to say,
RP1 plays a more significant role as multidrug resistance

ransporter than MRP3 in glioma stem-like cells. However,
fter differentiation, the expression of MRP3 notably rose,
hich showed when just differentiating or having differen-

iated, the cells perform resisting chemotherapeutics via
RP3 function. As the MRP family has been considered
s a target for reducing chemotherapeutic drug resistance,
he variation of MRPs in CSCs may be important in the
uture therapeutic strategies.

GL15 cell line is derived from glioblastoma (Bocchini et
l., 1991), while the U251 cell line is cultured from astro-
ytoma (Akhyani et al., 2006). We compared the gene
xpression between those two cell lines on livin, survivin
nd MRP1 and found more up-regulations of those genes
xisted in CSCs derived from the GL15 cell line, which is
oincident with malignant degree of glioblastoma. How-
ver, the same trends did not occur in glioma stem-like
ells derived from tissues, which showed a more compli-
ated influence in human body and the malignant differ-
nce between glioblastoma and astrocytoma is not due to
he tested anti-apoptotic and MRP genes.

Cancer is among the leading causes of morbidity and
ortality in the world (Jin et al., 2008). Despite recent
dvances, most therapeutic approaches fail to eradicate
he entire neoplastic clone. The remaining cells often de-
elop metastasis and/or recurrences and therefore may
epresent attractive targets of therapy. In this research, we
uccessfully induced and cultured CSCs from both glioma
issues and cell lines. Especially, we induced tumor stem
ells from astrocytoma tissue. Moreover, we found the
roperties of human brain glioma stem-like cells: anti-
poptotic gene is elevated in glioma stem-like cells but is
he most increased in just differentiated glioma stem-like
ells; MRP1 gene is significantly increased but MRP3 is

ecreased in glioma stem-like cells, and when differentiat-
ng the MRP3 gene starts a remarkable increase in glioma
tem-like cells; but the difference of malignant grade be-
ween glioblastoma and astrocytoma is not due to the
ested anti-apoptotic and MRP genes.

cknowledgments—This study is sponsored by the China Shan-
ong Provincial Development Program of Medical Science and
echnology (No. 2007HZ019) and Jining City Development Pro-
ram of Science and Technology (No. 2006-11-33).

REFERENCES

khyani N, Fotheringham J, Yao K, Rashti F, Jacobson S (2006)
Efficacy of antiviral compounds in human herpesvirus-6-infected
glial cells. J Neurovirol 12:284–293.

ndersson U, Malmer B, Bergenheim AT, Brännström T, Henriksson R
(2004) Heterogeneity in the expression of markers for drug resis-
tance in brain tumors. Clin Neuropathol 23:21–27.

ronica E, Gorter JA, Jansen GH, van Veelen CW, van Rijen PC,
Leenstra S, Ramkema M, Scheffer GL, Scheper RJ, Troost D
(2003) Expression and cellular distribution of multidrug transporter
proteins in two major causes of medically intractable epilepsy: focal
cortical dysplasia and glioneuronal tumors. Neuroscience 118:
417–429.

ansal K, Liang ML, Rutka JT (2006) Molecular biology of human
gliomas. Technol Cancer Res Treat 5:185–194.

ao S, Wu Q, McLendon RE, Hao Y, Shi Q, Hjelmeland AB, Dewhirst
MW, Bigner DD, Rich JN (2006) Glioma stem cells promote radio-
resistance by preferential activation of the DNA damage response.
Nature 444:756–760.

enyahia B, Huguet S, Declèves X, Mokhtari K, Crinière E, Bernaudin
JF, Scherrmann JM, Delattre JY (2004) Multidrug resistance-as-
sociated protein MRP1 expression in human gliomas: chemosen-
sitization to vincristine and etoposide by indomethacin in human
glioma cell lines overexpressing MRP1. J Neurooncol 66:65–70.

occhini V, Casalone R, Collini P, Rebel G, Lo Curto F (1991)
Changes in glial fibrillary acidic protein and karyotype during cul-
turing of two cell lines established from human glioblastoma mul-
tiforme. Cell Tissue Res 265:73–81.

ronger H, König J, Kopplow K, Steiner HH, Ahmadi R, Herold-Mende
C, Keppler D, Nies AT (2005) ABCC drug efflux pumps and organic
anion uptake transporters in human gliomas and the blood-tumor
barrier. Cancer Res 65:11419–11428.

alatozzolo C, Gelati M, Ciusani E, Sciacca FL, Pollo B, Cajola L,
Marras C, Silvani A, Vitellaro-Zuccarello L, Croci D, Boiardi A,
Salmaggi A (2005) Expression of drug resistance proteins Pgp,
MRP1, MRP3, MRP5 and GST-pi in human glioma. J Neurooncol
74:113–121.

hang H, Schimmer AD (2007) Livin/melanoma inhibitor of apoptosis
protein as a potential therapeutic target for the treatment of malig-
nancy. Mol Cancer Ther 6:24–30.

uffy MJ, O’Donovan N, Brennan DJ, Gallagher WM, Ryan BM (2007)
Survivin: a promising tumor biomarker. Cancer Lett 249:49–60.

ukuda S, Pelus LM (2006) Survivin, a cancer target with an emerging
role in normal adult tissues. Mol Cancer Ther 5:1087–1098.

hods AJ, Irvin D, Liu G, Yuan X, Abdulkadir IR, Tunici P, Konda B,
Wachsmann-Hogiu S, Black KL, Yu JS (2007) Spheres isolated
from 9L gliosarcoma rat cell line possess chemoresistant and
aggressive cancer stem-like cells. Stem Cells 25:1645–1653.

aga S, Hinoshita E, Ikezaki K, Fukui M, Scheffer GL, Uchiumi T,
Kuwano M (2001) Involvement of the multidrug resistance protein
3 in drug sensitivity and its expression in human glioma. Jpn J
Cancer Res 92:211–219.

offman RM (2007) The potential of nestin-expressing hair follicle
stem cells in regenerative medicine. Expert Opin Biol Ther 7:

289–291.



H

H

H

J

K

L

L

L

M

N

N

S

S

S

S

S

S

Z

F. Jin et al. / Neuroscience 154 (2008) 541–550550
omolya L, Váradi A, Sarkadi B (2003) Multidrug resistance-associ-
ated proteins: Export pumps for conjugates with glutathione, glu-
curonate or sulfate. Biofactors 17:103–114.

uang RC, Chang CC, Mold D (2006) Survivin-dependent and
-independent pathways and the induction of cancer cell death by
tetra-O-methyl nordihydroguaiaretic acid. Semin Oncol 33:479 –
485.

wang HS, Cho NH, Maeng YS, Kang MH, Park YW, Kim YH (2007)
Differential expression of nestin in normal and pre-eclamptic hu-
man placentas. Acta Obstet Gynecol Scand 86:909–914.

in F, Zhao L, Zhao HY, Guo SG, Feng J, Jiang XB, Zhang SL, Wei YJ,
Fu R, Zhao JS (2008) Paradoxical expression of anti-apoptotic and
MRP genes on cancer stem-like cell isolated from TJ905 glioblas-
toma multiforme cell line. Cancer Investigation [Epub ahead of
print]. Doi: 10.1080/07357900701788064.

empkensteffen C, Hinz S, Christoph F, Krause H, Koellermann J,
Magheli A, Schrader M, Schostak M, Miller K, Weikert S (2007)
Expression of the apoptosis inhibitor livin in renal cell carcinomas:
correlations with pathology and outcome. Tumour Biol 28:132–
138.

iu B, Han M, Wen JK, Wang L (2007) Livin/ML-IAP as a new target for
cancer treatment. Cancer Lett 250:168–176.

iu G, Yuan X, Zeng Z, Tunici P, Ng H, Abdulkadir IR, Lu L, Irvin D, Black
KL, Yu JS (2006) Analysis of gene expression and chemoresistance
of CD133� cancer stem cells in glioblastoma. Mol Cancer 5:67.

ivak KJ, Schmittgen TD (2001) Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-delta delta C(T))
method. Methods 25:402–408.

ohri M, Nitta H, Yamashita J (2000) Expression of multidrug resis-
tance-associated protein (MRP) in human gliomas. J Neurooncol

49:105–115.
akada M, Nakada S, Demuth T, Tran NL, Hoelzinger DB, Berens ME
(2007) Molecular targets of glioma invasion. Cell Mol Life Sci
64:458–478.

orden AD, Wen PY (2006) Glioma therapy in adults. Neurologist
12:279–292.

almaggi A, Boiardi A, Gelati M, Russo A, Calatozzolo C, Ciusani E,
Sciacca FL, Ottolina A, Parati EA, La Porta C, Alessandri G,
Marras C, Croci D, De Rossi M (2006) Glioblastoma-derived tu-
morospheres identify a population of tumor stem-like cells with
angiogenic potential and enhanced multidrug resistance pheno-
type. Glia 54:850–860.

athornsumetee S, Reardon DA, Desjardins A, Quinn JA, Vreden-
burgh JJ, Rich JN (2007) Molecularly targeted therapy for malig-
nant glioma. Cancer 110:13–24.

chulenburg A, Ulrich-Pur H, Thurnher D, Erovic B, Florian S, Sperr
WR, Kalhs P, Marian B, Wrba F, Zielinski CC, Valent P (2006)
Neoplastic stem cells: a novel therapeutic target in clinical oncol-
ogy. Cancer 107:2512–2520.

ingh SK, Clarke ID, Hide T, Dirks PB (2004a) Cancer stem cells in
nervous system tumors. Oncogene 23:7267–7273.

ingh SK, Hawkins C, Clarke ID, Squire JA, Bayani J, Hide T, Hen-
kelman RM, Cusimano MD, Dirks PB (2004b) Identification of
human brain tumour initiating cells. Nature 432:396–401.

ingh SK, Clarke ID, Terasaki M, Bonn VE, Hawkins C, Squire J, Dirks
PB (2003) Identification of a cancer stem cell in human brain
tumors. Cancer Res 63:5821–5828.

aman GJ, Flens MJ, van Leusden MR, de Haas M, Mülder HS,
Lankelma J, Pinedo HM, Scheper RJ, Baas F, Broxterman HJ,
Borst P (1994) The human multidrug resistance-associated protein
MRP is a plasma membrane drug-efflux pump. Proc Natl Acad Sci

U S A 91:8822–8826.
(Accepted 15 March 2008)
(Available online 1 April 2008)


	COMPARISON BETWEEN CELLS AND CANCER STEM-LIKE CELLS ISOLATED FROM GLIOBLASTOMA AND ASTROCYTOMA ON EXPRESSION OF ANTI-APOPTOTIC AND MULTIDRUG RESISTANCE–ASSOCIATED PROTEIN GENES
	EXPERIMENTAL PROCEDURES
	Chemicals and reagents
	Tumor specimens and primary cell culture
	Glioma cell line culture
	Isolation of CD133 positive glioma stem-like cells
	Immunofluorescence staining on glioma tumor stem cells
	Real-time quantitative RT-PCR
	Statistical analysis

	RESULTS
	Induction of glioma stem-like cells
	Differentiation of glioma stem-like cells
	Comparison of anti-apoptotic and MRP gene expression between glioma CSC and ACC
	Comparison of anti-apoptotic and MRP gene expression between CSC before and after differentiation

	DISCUSSION
	Acknowledgments
	REFERENCES


