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SUMMARY

Aims: To study the contribution of epidermal growth factor receptor variant III (EGFRvIII)

to glioblastoma multiforme (GBM) stemness and gefitinib resistance. Methods: CD133+

and CD133� cells were separated from EGFRvIII+ clinical specimens of three patients with

newly diagnosed GBM. Then, RT-PCR was performed to evaluate EGFRvIII and EGFR

expression in CD133+ and CD133� cells. The tumorigenicity and stemness of CD133+ cells

was verified by intracranial implantation of 5 9 103 cells into immunodeficient NOD/SCID

mice. Finally, cells were evaluated for their sensitivity to EGFR tyrosine kinase inhibition by

gefitinib. Results: RT-PCR results showed that the sorted CD133+ cells expressed EGFRvIII

exclusively, while the CD133� cells expressed both EGFRvIII and EGFR. At 6–8 weeks

postimplantation, CD133+/EGFRvIII+/EGFR� cells formed intracranial tumors. Cell count-

ing kit-8 results showed that the IC50 values of the three isolated EGFRvIII+ cell lines treated

with gefitinib were 14.44, 16.00, and 14.66 lM, respectively, whereas the IC50 value of an

isolated EGFRvIII� cell line was 8.57 lM. Conclusions: EGFRvIII contributes to the stem-

ness of cancer stem cells through coexpression with CD133 in GBMs. Furthermore,

CD133+/EGFRvIII+/EGFR� cells have the ability to initiate tumor formation and may

contribute to gefitinib resistance.

Introduction

Glioblastoma multiforme (GBM) is the most common and

malignant type of primary brain tumor. Overexpression of the

epidermal growth factor receptor (EGFR) has been found in

more than 50% of GBMs [1–3] and is often associated with

the genomic deletion mutation of exons 2–7 (EGFRvIII) [4–7],

the most common gain-of-function mutation. EGFRvIII, a trun-

cated receptor with weak but constitutive oncogenic activation

[8,9], usually correlates with a poor prognosis for GBM

patients [10]. Numerous data have demonstrated that EGFRvIII

expression can be regarded as a marker of poor prognosis

because EGFRvIII+ gliomas are always far more malignant than

gliomas with EGFR expression only [8,11,12]. Many studies

have confirmed that EGFRvIII+ cells are more radioresistant

and chemoresistant to EGFR inhibitors [13–18]. Recently, the

concept of glioma stem cells (GSCs), which have been identi-

fied in human brain tumors, has gained more attention in

research on GBM malignancy. This minority cell population

has shown potent tumorigenicity in several in vivo studies of

immunodeficient animals and has a high degree of similarity

to normal neural stem cells (NSCs) because they express NSC

markers and possess the properties of self-renewal and differen-

tiation [19–21]. Therefore, considering the properties of EG-

FRvIII, a recent study demonstrated that EGFRvIII contributes

to cancer stem cell (CSC) phenotypes, suggesting that EGFRvIII

may serve as a CSC marker [22].

CD133 was first reported as a NSC marker and is now consid-

ered as a GSC marker [20]. Many clinical studies have also

demonstrated that CD133 promotes GSC resistance against che-

motherapeutics, resulting in poor clinical outcomes [23–25]. In

this study, we show that EGFRvIII indeed contributes to stemness,
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and that EGFRvIII and CD133 can synergistically lead to stemness

and increase malignancy, tumorigenicity, and drug resistance in

GBMs.

Materials and Methods

GBM Specimens, Cell Lines, and Tissue Culture

Ten clinical specimens from GBM patients diagnosed by magnetic

resonance imaging (MRI) were provided by Peking Union Medical

College Hospital, Navy General Hospital of PLA China, and The

Military General Hospital of Beijing PLA. Permission to use

human tissue was granted by the ethical committees of these hos-

pitals. Details of the each patient specimen are summarized in

Table 1. After testing for EGFRvIII/EGFR expression, we selected

three EGFRvIII+ specimens (Patient No. 1–3) from Peking Union

Medical College Hospital for further study.

Cells from these three specimens were isolated, purified, and

primary cultured in Dulbecco’s modified Eagle’s medium/F12

(Gibco, Carlsbad, CA, USA) supplemented with 10% fetal bovine

serum (Hyclone, Logan City, UT, USA), epidermal growth factor

(EGF; 20 ng/mL; PeproTech Inc., Rocky Hill, NJ, USA), basic

fibroblast growth factor (20 ng/mL, PeproTech), and B27 (509;

Invitrogen, Carlsbad, CA, USA). At 95% confluence, cells were

transferred to a new flask and cultured continuously to form a

monolayer.

RT-PCR Assay

RT-PCR was performed to determine wild-type EGFR and EG-

FRvIII expression. Total RNA was extracted from the original clini-

cal specimens, and RT-PCR was performed using the following

primers: sense, 5′-CTTCGGGGAGCAGCGATGCGAC-3′; and anti-

sense, 5′-ACCAATACCTATTCCGTTACAC-3′.

RT-PCR products were separated by agarose gel electrophoresis.

A 1044-bp fragment indicated wild-type EGFR expression, and

a 243-bp (deletion product) fragment indicated EGFRvIII

expression.

Flow Cytometric Analysis

Cells isolated from each of the three clinical specimens were tryps-

inized, and a single cell suspension was prepared containing

1 9 106 cells in 100 lL of 1% bovine serum albumin (BSA)/phos-

phate-buffered saline (PBS) (w/v) and immediately stained for

30 min at room temperature with a PE-labeled anti-CD133 anti-

body (Miltenyi Biotech, Auburn, CA, USA). A mouse IgG1-PE

(Becton-Dickinson, Rutherford, NJ, USA) was used as an isotype

control. The Caco2 cell line with CD133 overexpression was used

as the positive control. Stained cells were analyzed by a FACSCali-

bur flow cytometer (Becton-Dickinson).

Immunofluorescence Assay

Cells were subcultured on LabTek chamber slides overnight.

The attached cells were then fixed with 2% paraformaldehyde/

PBS (v/v) for 15 min on ice. After blocking for 30 min with

2% BSA and 1% normal goat serum, the cells were incubated

with the relevant primary antibodies at 4°C overnight and then

incubated with the corresponding fluorescence-conjugated sec-

ondary antibodies. Mouse or rabbit IgG was used as isotype

controls. Primary polyclonal antibodies were a rabbit anti-

human CD133 (Cell Signaling Technology, Beverly, MA, USA),

rabbit anti-EGFRvIII (Abcam, Cambridge, MA, USA), rabbit

anti-nestin (Santa Cruz Biotechnology, Santa Cruz, CA, USA),

and rabbit anti-glial fibrillary acidic protein (GFAP; Chemicon,

Billerica, MA, USA). DAPI was used for nuclear staining. Fluo-

rescence signals were detected using a confocal microscope

(TCS SP5; Leica, solms, Germany).

Magnetic-Activated Cell Sorting for CD133

CD133+ cells from the three patients were purified by magnetic-

activated cell sorting (MACS) using a CD133 MicroBead Kit (Milt-

enyi Biotech), followed by flow cytometric analysis using CD133/

2-PE (Miltenyi Biotech).

Intracranial Tumorigenic Implantation and
Immunohistochemistry

Twenty NOD/SCID mice were equally and randomly divided

into four experimental groups. Group 1, 2 and 3 corresponded

to sorted CD133+ cell lines derived from Patient No. 1–3,

respectively. The forth group of mice was inoculated with

CD133� cells from Patient No. 1. A total of 5 9 103 cells of

each sorted cell population were intracranially injected into

the area between the cerebral cortex and dorsal hippocampus

CA3 of experimental mice. When symptoms of hydrocephalus

were observed, the mice immediately underwent micro-CT

scanning or micro-PET imaging after 37 MBq 11C-choline in

0.1 mL PBS was injected via the tail vein. Then, the intact

brains were removed and fixed with 10% neutral buffered

formalin and then embedded in paraffin for hematoxylin and

eosin (H&E) staining and immunofluorescence analysis. Ani-

mal procedures and care were performed in accordance with

the Guide for the Care and Use of Laboratory Animals of the

National Institutes of Health.

Table 1 Characteristics of study patients and their tumors according to

CD133 and EGFRvIII status

Patient No. Age (years) Gender

Pathologic diagnosis

(WHO classification grade)

1 18 M Astrocytoma (grade III)

2 31 F Astrocytoma (mixed type,

grade III)

3 53 M Gliosarcoma (grade IV)

4 21 F Gliosarcoma (grade IV)

5 32 M Astrocytoma (grade III-IV)

6 58 F Astrocytoma (poorly

differentiated,grade III)

7 34 F Glioblastoma (grade IV)

8 58 F Glioblastoma (grade IV)

9 45 M Astrocytoma (grade III-IV)

10 63 M Glioblastoma (grade IV)

M, male; F, female.
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Drug-Resistance Assay

A cell counting kit-8 (CCK-8; Dojindo Laboratories, Kumamoto,

Japan) assay was performed to evaluate the tolerance of the three

cell lines for gefitinib, an EGFR tyrosine kinase inhibitor. Cells

were seeded in 96-well plates at 5 9 103 cells per well. After incu-

bation overnight at 37°C, complete medium containing 0.5, 1, 2,

5, 10, 20, 30, 40, 50, 60, 70, 80, or 90 lM gefitinib or a vehicle

control was added to the cells. After incubation for 48 h at 37°C,

10 lL of CCK-8 solution was added to each well, and the cells

were incubated for a further 4 h at 37°C. The optical density was

measured at 450 nm with a Delta Soft ELISA analysis program

interfaced with a Bio-Tek Microplate Reader (EL-340; Bio-Metal-

lics, Princeton, NJ, USA). Each reaction was performed in four

replicate wells for each drug concentration and carried out inde-

pendently three or four times. The IC50 value was defined as the

concentration needed for a 50% reduction in the absorbance

based on the survival curves.

Western Blot Analysis

As indicated in Figure 4, all cell lines were mock-treated with

DMSO or treated with gefitinib and EGF for up to 3 days.

Briefly, at the time of harvest, the cells were washed once in

0.01 M PBS, centrifuged, and then lysed. Protein concentra-

tions in lysates were determined using BCA Protein Assay

Reagent (Pierce Chemical, Rockford, IL, USA). Total protein

(60 lg) was separated by sodium dodecyl sulfate–polyacryl-

amide gel electrophoresis and then transferred onto nitrocellu-

lose membranes at 250 V for 2 h. Membranes were blocked for

1 h with 5% nonfat milk powder in 19 TBS/0.1% Tween 20

and then incubated with a rabbit anti-phospho-Tyr-1048 EGFR

polyclonal antibody (Santa Cruz Biotechnology), rabbit anti-

EGFR polyclonal antibody (Santa Cruz Biotechnology), rabbit

anti-CD133 polyclonal antibody (Cell Signaling Technology), or

rabbit anti-nestin polyclonal antibody (Santa Cruz Biotechnol-

ogy) at 4°C overnight. The membranes were washed and incu-

bated with a secondary antibody conjugated with Dylight 800

(EarthOx, San Francisco, CA, USA). After the membranes were

washed, immunoblotted proteins were detected using an

Odyssey Western Blotting Detection System.

Results

Status of EGFRvIII and CD133 Expression in
Clinical GBM Specimens

RT-PCR was used to detect EGFR and EGFRvIII expression in 10

clinical specimens of newly diagnosed WHO Grade III–IV GBM.

The results showed that all 10 GBM clinical specimens were wild-

type EGFR+, and eight of the 10 were EGFRvIII+ (Figure 1A). We

chose three EGFRvIII+ specimens (No. 1, 2, and 3) to study fur-

ther. MRIs of these clinical specimens all showed that the

intracranial space was occupied with lesions (Figure 1B). Immu-

nophenotyping demonstrated that CD133-expressing cells

accounted for an extremely low percentage of cells among the iso-

lated and cultured GBM cells: 1.1, 3.6, and 0.3%, respectively

(Figure 1C). To evaluate stemness, CD133, nestin, and EGFRvIII

were detected by immunofluorescence staining (Figure 2A). Next,

we evaluated the relationship between EGFRvIII and CD133 co-

expression in GBMs.

CD133-positive GBM Cells Express the EGFRvIII
Mutant Isoform But Not EGFR

To confirm the specificity of the relationship between CD133 and

EGFRvIII expression in GBM cells, the cells were separated into

two subpopulation of CD133+ and CD133� cells by MACS. To

obtain a high purity of isolated CD133+ cells, MACS was per-

formed twice with a similar method. Then, flow cytometry was

used to test the purity of isolated CD133+ cells from Patient No. 1,

which showed that the cells were more than 97% CD133+ after

MACS was performed twice (Figure 2B). Results of flow cytomet-

ric analyses for Patient No. 2 and 3 are shown in Supplemental

Figure 1A, 1B. RT-PCR and sequence analysis showed that

CD133� cells were both wild-type EGFR+ and EGFRvIII+. Surpris-

ingly, CD133+ cells were only EGFRvIII+ and EGFR� (CD133+/

EGFRvIII+/EGFR�) (Figure 2C), suggesting that the CD133+/EG-

FRvIII+ phenotype may have great potential as a CSC-like marker.

CD133+/EGFRvIII+/EGFR� GBM Cells Show Stem
Cell-like Features and Initiate Intracranial Tumor
Formation

To test the in vivo tumorigenicity of CD133+/EGFRvIII+/EGFR�

and CD133�/EGFRvIII�/EGFR+ GBM cells, immunodeficient

(NOD/SCID) mice were used. All 15 mice that received intra-

cranial implantation of CD133+/EGFRvIII+/EGFR� cells showed

fleshless, hunched backs and were unresponsive after 6–

8 weeks. Results of micro-CT scanning could not detect any

tumor formation probably because of the low sensitivity of the

equipment and/or the tumor volume was too small in the

mouse brain. However, micro-PET imaging verified tumor for-

mation in mouse brains at 4 weeks postinoculation. (Supple-

mental Figure S1C). Histologically, these neoplastic cells

invaded the surrounding normal nervous tissues. H&E staining

revealed that these tumor cells had large, oval nuclei with

some prominent nucleoli, suggesting that these tumor cells

could proliferate quickly (Figure 3A). Figure 3B shows that the

transplanted cells grew along with the needle track. H&E

staining results from Patient No. 2 and 3 are shown in Supple-

mental Figure S1A,B. After intracranial implantation, immuno-

fluorescence staining demonstrated that these cell lines

expressed GSC markers CD133 (Figure 3C) and nestin (Fig-

ure 3D), the glial cell marker GFAP (Figure 3E), and EGFRvIII

(Figure 3F). Mice in group four that received CD133�/EG-
FRvIII�/EGFR+ cells showed no neurological symptoms at

4 weeks postimplantation. Both micro-CT scanning and micro-

PET imaging could not detect any tumor formation in these

mice. However, tumor formation occurred in two mice up to 4

–6 months postimplantation. Taken together, these data

revealed that CD133+/EGFRvIII+/EGFR� GMB cells can initiate

tumor formation in the brain and acquire the features of

malignancy and stemness.
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CD133+/EGFRvIII+/EGFR� GBM Cells Are More
Resistant to Gefitinib

A major possibility raised by the identification of CD133 and EG-

FRvIII coexpression in GBMs is targeting the EGFR pathway by an

inhibitor. For example, gefitinib (trade name Iressa) is an EGFR

inhibitor that targets the tyrosine kinase domain. The IC50 values

of EGFRvIII+ cells derived from the three GBM clinical specimens

were 14.44, 16.00, and 14.66 lM, respectively. In contrast, the

IC50 value of EGFRvIII
� cells derived from the specimen of Patient

No. 10 was 8.57 lM (Figure 4A–E). The P-values between Patient

No. 10 and Patient No. 1–3 were all smaller than 0.0001. The P-

values between Patient No. 1 and 2, Patient No. 1 and 3, and

Patient No. 2 and 3 were 0.0226, 0.6940 and 0.0460, respectively.

Moreover, western blot results showed that the levels of CD133,

nestin, and EGFR were essentially stable after gefitinib treatment,

which explicitly illustrates that EGFRvIII+ GBM cells were more

resistant to gefitinib compared with that of EGFRvIII� cells

(Figure 4F–I). However, phosphorylation of EGFR tyrosine 845, a

key regulatory tyrosine residue of the EGFR, and EGFRvIII signal

transduction were slightly reduced by daily treatment with 10 lM
gefitinib.

Discussion

In 1997, CSCs were isolated by Bonnet and Dick from a subpopu-

lation of leukemic cells that showed a CD34+/CD38� phenotype

[26]. In recent decades, CSCs have been identified in several solid

tumors including brain tumors [20] and breast cancers [27]. How-

ever, recent studies of CSCs underline many complexities and

(A)

(B)

(C)

(D)

Figure 1 RT-PCR results showed that all 10

GBM clinical specimens were wild-type EGFR+,

and eight of the 10 were EGFRvIII+ (A). Lanes

correspond to the patient number. DNA

fragments of 1044 bp and 243 bp in size

represented EGFR and EGFRvIII, respectively.

MRI showed space-occupying lesions in all

three patients (B). Patient No. 1. Space-

occupying lesions were located in the left

temporal lobe rear, and the midline structure

shifted right. Patient No. 2 showed a class

round abnormal signal shadow, and rich blood

supply space-occupying lesions were located in

the left temporal lobe rear. Patient No. 3

showed space-occupying lesions in the right

frontal lobe, the right lateral ventricle was

compressed by the tumor, and the midline

structure shifted left. Flow cytometric analysis

showed that the percentages of CD133+ cells

from each patient were 1.1%, 3.6%, and 0.3%

(C). The Caco2 cell line with CD133

overexpression was used as a positive

control (D).
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challenges [28]. The molecular mechanism of the relationship

between CSC-specific markers and the biological characteristics of

cancer is still unknown. A number of membrane proteins are con-

sidered as markers of multiple types of CSCs. For example, it has

been widely accepted that CD133 is a GSC marker [20]. In addi-

tion, some cell surface proteins associated with signaling pathways

are considered as CSC markers, including CD44 [29,30] and

CD166 [31], as well as high aldehyde dehydrogenase activity [31].

Moreover, compelling studies have confirmed that only the

CD133+ subset has the ability to maintain tumorigenesis, generate

heterogeneity, and initiate tumor formation [32]. On the other

hand, even a huge number of CD133� cells lack the capacity to

form tumors [20,33]. Therefore, CD133 may be a therapeutic

target for CSCs [34]. However, subsequent studies have shown

that CD133 expression is not restricted to CSCs, and both CD133+

and CD133� cells have been detected among brain tumor cells

[35,36]. Recently, Stewart et al. [37] found that CD133 expres-

sion can change during passaging of some types of stem-like cells.

Taken together, these observations suggest that CD133 as a CSC

marker is not convincing. There must be at least some other

protein that interacts with CD133 to synergistically promote GSC-

mediated tumorigenesis.

EGFRvIII is a specific variant of the EGFR and is commonly

found in glioblastoma [4–7]. Many studies have determined that

constitutive activation of EGFRvIII promotes oncogenesis [8,9].

Some recent studies have shown that EGFRvIII expression con-

tributes to CSC phenotypes in some types of cancer, indicating

that EGFRvIII may serve as a CSC marker [22]. In previous stud-

ies, cancers following the hierarchical stem cell model can arise

from normal stem cells by acquiring mutations that over-activate

self-renewal mechanisms [38,39], or arise from restricted progeni-

tors or differentiated cells as a result of mutations that ectopically

activate self-renewal mechanisms. Therefore, we propose that it is

EGFRvIII, a specific genetic deletion mutant, which may synergis-

tically contribute to stemness together with CD133. In our study,

we confirmed that CD133+ cells exclusively express EGFRvIII, but

not EGFR, and this cell population acquires stemness, suggesting

that CD133 possibly has some particular relationship with

EGFRvIII, and that EGFRvIII may contribute to the stemness of

CSCs. Furthermore, some studies have found that CD133+ only

marks CSCs under defined conditions, and CD133+ cells can

change along with changes of the niche [37], indicating that

CD133+ cells, considered as CSCs, are an unstable and undefined

population. Thus, we assume that CD133 expression, when it is

regarded as a CSC marker for GBM, would be based on EGFRvIII

expression that probably creates a kind of niche for arising CSCs.

Gefitinib (Iressa, ZD1839) is a small molecule inhibitor that spe-

cifically binds to and inhibits the EGFR tyrosine kinase, and has

(A)

(B)

(C)

Figure 2 The results of immunofluorescence

assays showed that CD133, nestin, and

EGFRvIII were all expressed in cells derived

from the three patient specimens (A). For cells

from Patient No. 1, the percentages of CD133+

cells were 95.34% and 97.79% after initial and

secondary MACS was performed, respectively.

(B). The first left panel is the blank control, and

the second left panel is the isotype control

using IgG instead of the anti-CD133 antibody as

the primary antibody. The sorting results of

cells from Patient No. 2 and 3 are not shown

here. RT-PCR results showed that CD133+ cells

were EGFRvIII+ but EGFR� (C). Lanes 1 and 2,

corresponding to primary nonsorted cells and

sorted CD133� cells, respectively, showed two

bands including EGFR (1044 bp) and EGFRvIII

(243 bp), while CD133+ cells in lane 3 only

showed the 243-bp band. Sequencing results

confirmed expression of the EGFRvIII gene.
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been shown to inhibit the growth, proliferation, survival, and

invasion of a range of tumor cells overexpressing EGFR [40–43].

However, the clinical response to gefitinib has failed to correlate

with EGFR levels and activity, which indicates that there must be

other molecular mechanisms involved in the regulation of tumor

cell resistance to gefitinib. For this reason, EGFRvIII mutations

may be of importance to predict target drug susceptibility and poor

prognosis. Many studies have indicated that EGFRvIII expression

promotes tumor resistance against gefitinib [44,45]. Moreover, a

similar study showed that higher doses and longer exposure to

gefitinib decreases EGFRvIII phosphorylation but does not effec-

tively inhibit the biologically relevant processes of DNA synthesis,

cellular growth, and invasion [15]. Another study reported that

gefitinib treatment enhances mitochondrial translocalization of

both EGFR and EGFRvIII, and that mitochondrial accumulation of

these receptors contributes to tumor drug resistance [18]. In addi-

tion, a relevant study found that the nuclear EGFRvIII-STAT5b

complex contributes to glioblastoma cell survival by direct activa-

tion of the Bcl-XL promoter [46]. Nonetheless, some clinical stud-

ies of EGFR inhibitors have still shown inconsistent results [47].

Our study verified that EGFRvIII+ GBM shows more resistance to

gefitinib compared with that of EGFRvIII� GBM. Exposure to

10 lM gefitinib did not significantly decrease the level of receptor

tyrosine phosphorylation. Based on our results, we propose that

(A) (B)

(C) (D)

(E) (F)

Figure 3 H&E staining of the brain tissues of

NOD/SCID mice. Space-occupying lesions in the

area between the cerebral cortex and dorsal

hippocampus CA3, as well as many atypical

and prominent nuclei, were found in high-

magnification fields (A). The needle track of cell

transplantation is shown in (B). Brain tissue

sections were also analyzed by

immunofluorescence. Some tumor cells were

immunoreactive for CD133 (C), nestin (D),

GFAP (E), and EGFRvIII (F). Nuclei were

counterstained with DAPI. (Scale bars: A, B C,

D, and F, 200 lm; E, 40 lm).
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CD133+/EGFRvIII+/EGFR� cells, as stem-like cells, can survive

gefitinib treatment because of their gefitinib resistance, while

CD133�/EGFR+/EGFRvIII+ cells are more sensitive to gefitinib,

resulting in a larger number of killed tumor cells (Figure 5).

Therefore, individualized treatments for patients with GBMs

harboring an active EGFRvIII mutation would be necessary and

more reasonable. As new therapeutic programs are developed, it

is important to develop a strategy to detect EGFRvIII expression

before chemotherapy, so that patients can benefit from the devel-

opment of a reasonable and effective therapeutic regimen in the

clinic.

Conclusion

In summary, the most significant finding of this study is that cells

isolated from clinical specimens express CD133 and are EG-

FRvIII+/EGFR�. More importantly, this minority subpopulation of

cells acquires stemness and the capacity to initiate tumors, which

are so-called “cancer stem-like cells”. All of these data suggest that

coexpression of EGFRvIII and CD133 contributes to the stemness

of CSCs in GBMs. Therefore, further research regarding the role of

EGFRvIII in GBMs is needed.

(A) (B) (C)

(D) (E)

(F) (G)

(H) (I)

Figure 4 The growth inhibition curves of cells treated with gefitinib were determined by a CCK-8 assay. (A) Patient No. 10 without EGFRvIII expression. (B,

C, and D) Patient No. 1–3, respectively. (E) Column diagram showing each IC50 value. Western blot results showed that the expression levels of CD133 (F),

nestin (G), EGFR (H) in cells from Patient No. 1 were essentially stable, while phosphorylation of EGFR tyrosine 845 was slightly reduced at the indicated

concentrations of EGF and gefitinib treatment (I). Caco2 cells and neurospheres were used as positive controls. Lanes 1, 2, and 3 represent the indicated

treatments of EGF, DMSO, or gefitinib, respectively. Western blot results of cells from Patient No. 2 and 3 are not shown because similar results were

obtained.
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Figure 5 GSC model depicting survival of gefitinib treatment. Glioma

following the stem cell model contains different subpopulations of

tumorigenic (black) and nontumorigenic (white) cells organized in a

hierarchy. In this study, the subpopulation of CD133+/EGFRvIII+/EGFR�

cells was confirmed to be tumorigenic and regarded as cancer stem-like

cells. This subpopulation of cells could survive gefitinib treatment and

give rise to phenotypically diverse nontumorigenic cells, while the

majority of nontumorigenic glioma cells (CD133�/EGFR+/EGFRvIII+) were
killed.
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Supporting Information

The following supplementary material is available for this article:

Figure S1. The middle panels of Figure 1A,B show that the per-

centages of CD133+ cells from Patient No. 2 and 3 were 89.66%

and 85.71%, respectively, by flow cytometric analysis after

MACS. The left panels of Figure 1A,B show the results of isotype

controls using IgG instead of the anti-CD133 antibody as the pri-

mary antibody. The right panels of Figure 1A,B show H&E stain-

ing of the brain tissues of NOD/SCID mice inoculated with cells

from Patient No. 2 and 3. We observed space-occupying lesions in

the area between the cerebral cortex and dorsal hippocampus

CA3, as well as many atypical and prominent nuclei. Figure 1C

shows the micro-CT scanning (left) and micro-PET imaging (right)

of tumor formation in mouse brains inoculated with CD133+/EG-

FRvIII+/EGFR� cells (mouse head up position) and CD133�/EG-
FRvIII�/EGFR+ cells (mouse head down position) from Patient

No. 1. Micro-CT could not detect tumor formation in both mice

probably because of the low sensitivity of the equipment and/or

the tumor volume was too small. However, micro-PET could

detect tumor formation (at the intersection of the red and yellow

lines) in the mouse brain inoculated with CD133+/EGFRvIII+/

EGFR� cells, whereas tumor formation was still not detected in

the mouse brain inoculated with CD133�/EGFRvIII�/EGFR+ cells.
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