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Abstract 

 

Pseudopalisades (Ps) around necrotic foci are severely hypoxic and 

overexpress hypoxia-inducible factor (HIF) in glioblastoma (GBM). Hypoxic 

regions have been proposed as one of several distinct niches for cancer stem 

cells (CSCs) in GBM, but little is known about the association between Ps 

features and CSC properties. Herein, we focused on the biological role of Ps 

lesions. In clinical cases of GBM, expression of hypoxia-related molecules 

including HIF-1α, Glut-1, p27Kip1 as well as pAkt, was significantly increased 

in perinecrotic Ps lesions compared with non-necrotic areas and perinecrotic 

lesions lacking Ps features. Significantly higher expression levels of several 

CSC-related markers, including CD133, Sox2, CD44s, and aldehyde 

dehydrogenase (ALDH) 1, were also observed in Ps lesions, which were 

positively correlated with expression of hypoxia-related molecules and pAkt. Ps 

lesions also showed increased number of apoptotic cells and decreased bcl-2 and 

survivin expression compared with the surrounding tissue. Short-term exposure 

of astrocytoma cell lines to cobalt chloride (CoCl2), which is known to mimic the 

effect of hypoxia, caused an increase in expression of both hypoxia- and 

CSC-related markers, in line with increases in the ALDHhigh cell population and 

number of spheroids. Inhibition of endogenous Akt by LY294002 resulted in 

decreased expression of Sox2, ALDH1, and CD133, leading to enhancement of 

CoCl2-mediated apoptotic events due to altered ratio of bcl-2 to bax expression. 

These findings suggest that Ps lesions within GBM may serve as a specialized 

hypoxic niche, in which the HIF-1α/pAkt axis is activated, in response to severe 

hypoxia. 
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1．Introduction 

 

Glioma is the most common primary brain tumor, and includes low grade 

infiltrative astrocytomas (World Health Organization [WHO] grade II) and high 

grade tumors (grades III and IV). The highest grade (IV) of astrocytoma is also 

referred to as glioblastoma (GBM) [1].  The histopathological grading system 

for astrocytomas, which is based on nuclear pleomorphism and atypia, mitotic 

activity, vascular proliferation, and tumor necrosis, has clinical utility in 

predicting prognosis and determining the choice of treatment [2-4]. Low grade 

tumors are ultimately fatal but have substantially slower growth rates and 

impart longer survival (3-8 years), while the mean survival of GBM patients is a 

mere 14 weeks when patients receive only surgical resection, without adjuvant 

therapy[5-8].      

It has been shown recently that astrocytoma is initiated and maintained by 

cancer stem cells (CSCs), a population of cells capable of extensive self-renewal, 

differentiation into multiple lineages, and recapitulation of the original tumor 

following grafting in immunodeficient mice[9,10].  CSCs are considered to be a 

cause of relapse and a promising cellular target in the development of novel 

therapeutic strategies [10-13].  Several distinct niches for CSCs, which provide 

a specialized microenvironment that maintains and regulates the properties of 

the resting cells, have been proposed in GBM, including perivascular and 

hypoxic regions [14-16]. 

Restricted oxygen conditions increase the CSC fraction and promote 

acquisition of a stem-like state [17,18]. All high grade astrocytomas contain 

numerous foci that are hypoxic and necrotic as compared to the surrounding 

brain tissue, since the rapidly growing astrocytomas outgrow the brain’s 

vascular supply initially taken over by the tumor [19]. Necrotic foci are typically 

surrounded by pseudopalisading (Ps) cells, a configuration that is relatively 

unique to GBM and has long been recognized as an ominous prognostic feature 

[20,21].  Recent investigations have indicated that Ps lesions are severely 

hypoxic and overexpress hypoxia-inducible factor (HIF) [22,23], but little is 

known about the association between Ps features and CSC properties. In this 

study, we therefore examined the effects of hypoxia on the establishment and 

maintenance of CSC properties in Ps lesions within GBM, with emphasis on the 

status of HIF-1α and its related molecules, as well as CSC-related markers, 

using in vivo and in vitro models. 
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2．Materials and methods  

 

2-1. Clinical cases 

 

A total of 110 cases of astrocytomas, surgically resected at the Kitasato 

University Hospital in the period from 1996 to 2013, were selected from our 

patient records, according to the criteria of the 2007 WHO classification [1]. The 

mean age of the patients was 49.2 years (range, 4 to 79 years). Of these, 25, 31, 

and 54 cases were subcategorized as grades II, III, and IV (primary, but not 

secondary, GBM), respectively. In the GBM cases, necrotic foci within tumor 

lesions were subdivided into two categories, necrosis with or without Ps features, 

which are characterized by an accumulation of tumor cells around a central 

necrosis zone (Supplementary Figure S1A). For evaluation of the necrotic area, 

the maximal internal width and height of each necrotic lesion were measured as 

described previously [20]. and the values of the necrotic areas were generated by 

multiplication of the two parameters. None of the patients were treated with 

chemo-radiation therapy before surgical resection of the tumors. All tissues 

were routinely fixed in 10% formalin and processed for embedding in paraffin 

wax. Approval for this study was given by the Ethics Committee of the Kitasato 

University School of Medicine (B13-28). 

 

2-2. Antibodies and reagents 

 

Anti-HIF-1α, anti-p27kip1, anti-bax, and anti-aldehyde dehydrogenase 

(ALDH)-1 antibodies were purchased from BD Biosciences (San Jose, CA, USA). 

Anti-bcl-2, anti-CD44s, and anti-Ki-67 antibodies were obtained from Dako 

(Copenhagen, Denmark). Anti-phospho-Akt at Ser473 (pAkt), anti-total Akt, 

anti-Oct4, anti-Slug, and anti-Snail antibodies were from Cell Signaling 

(Danvers, MA, USA). Anti-Glut-1, anti-CD133, and anti-survivin antibodies 

were purchased from Millipore (Billerica, MA, USA), Miltenyi Biotechnology 

(Bergisch Gladbach, Germany), and R&D Systems (Minneapolis, MN, USA), 

respectively. Anti-Sox2 and anti-β-actin antibodies were obtained from Abcam 

(Cambridge, MA, USA) and Sigma-Aldrich Chemicals (St Louis, MO, USA), 

respectively. LY294002 and cobalt chloride (CoCl2) were purchased from Sigma 

Chemicals. 
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2-3．Immunohistochemistry 

 

IHC was performed using a combination of the microwave-oven heating and 

polymer immunocomplex (Envision, Dako) methods, as described 

previously[24,25]. The immunoreactions were visualized with DAB (3,3’ 

diaminobenzidine), and the nuclei were counterstained with methylgreen.  

For evaluation of IHC findings, scoring of nuclear or cytoplasmic 

immunoreactivity for HNF-1α, Glut-1, pAkt, p27Kip1, CD133, Sox2, CD44s, and 

ALDH1 was performed, as described previously [24,25]. Briefly, the proportion 

of immunopositive cells among the total number of counted cells was subdivided 

into five categories as follows: 0, all negative; 1, <10%; 2, 10-30%; 3, 30-50%; and 

4, >50% positive cells. The immunointensity was also subclassified into four 

groups: 0, negative; 1, weak; 2, moderate; and 3, strong immunointensity. IHC 

scores were generated by multiplication of the values of the two parameters. 

Nuclear immunopositivity for Ki-67 was also counted in at least 500 cells in 

selected fields, including Ps and non-Ps lesions around the necrotic areas, as 

well as low and high HIF-1α areas. Labeling indices (LIs) were then calculated 

as number per 100 cells. Nuclear or cytoplasmic immunopositivity for Ki-67, 

bcl-2, and survivin was also counted in at least 500 cells in selected fields, 

including Ps and the surrounding tumor lesions. Based on the HIF-1α score, 

tumor lesions were also subdivided into two categories, as follows: low HIF-1α 

area, score < 2; high area, score≧2. 

 

2-4. Apoptosis and TdT-mediated dUTP-biotin nick end-labeling assay 

 

Apoptotic cells were identified in hematoxylin and eosin (HE)-stained sections, 

according to the criteria of Kerr et al [26]. Apoptotic indices (AIs) were 

calculated by counting the mean number of apoptotic figures per 10 high power 

fields. The In Situ Cell Death Detection Kit (Roche, Tokyo Japan) was also used 

for detection of apoptotic cells, according to the manufacturer’s instructions. 

TUNEL-positive cells with the specific nuclear features were counted among at 

least 500 cells. Areas of severe inflammatory cell infiltration and necrosis were 

excluded, since questionable cells were observed in such lesions. LIs were then 

calculated as number per 100 cells. 

 

2-5．Cell lines 
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Three astrocytoma cell lines, KS-1 (GBM), no. 10 (anaplastic astrocytoma), 

and KINGS-1 (anaplastic astrocytoma), which were obtained from the Health 

Science Research Resources Bank (Osaka, Japan), were maintained in Eagle’s 

MEM or RPMI1640 with 10% bovine calf serum. For hypoxia experiments, cells 

were treated with 100 μM CoCl2 under 5% CO2 at 37 ℃, as described 

previously [25]. 

 

2-6．Western blot assays 

 

Total cellular proteins were isolated using RIPA buffer [20 mM Tris-HCl 

(pH7.2), 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl 

sulfate]. Aliquots of the proteins were resolved by SDS-PAGE, transferred to 

membranes, and probed with primary antibodies, coupled with the ECL 

detection system (Amersham Pharmacia Biotech., Tokyo, Japan). 

 

2-7．Flow cytometry and Aldefluor assay 

 

Individual cells were fixed using 70% alcohol and stained with propidium 

iodide (Sigma-Aldrich) for cell cycle analysis. Detached cells were also incubated 

with optimized antibodies, including anti-CD133 (Miltenyi Biotechnology), 

anti-mouse Immunoglobulin G-fluorescein isothiocyanate, or anti-mouse 

Immunoglobulin G-phycoerythrin obtained from BioLegend (San Diego, CA, 

USA). In addition, ALDH 1 enzyme activity in viable cells was determined using 

a fluorogenic dye based Aldefluor assay (Stem Cell Technologies, Grenoble, 

France), according to the manufacturer’s instructions. The prepared cells were 

analyzed by flow cytometry using BD FACS Calibur (BD Biosciences) and 

CellQuest Pro software, version 3.3 (BD Biosciences). 

 

2-8．Spheroid assay 

 

Cells (x103) were plated in low cell binding plates (Thermo Fisher Scientific, 

Yokohama, Japan) in STK2 medium, a serum-free culture medium for 

mesenchymal stem cells [27], or Eagle’s MEM with 10% bovine calf serum. 

Uniform spheroids with a minimum diameter of 50 μm were counted 

approximately two weeks following plating.  

 

2-9．Statistics 
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Comparative data were analyzed using the Mann-Whitney U-test, the 

Spearman’s correlation coefficient or the Kruskal-Wallis test, as appropriate. 

The cutoff for statistical significance was set as p<0.05. 

 

3．Results 

  

3-1．IHC findings in gliomas 

 

In GBMs, the average values of necrotic areas were significantly lower in the 

lesions adjacent to Ps as compared to those lacking such features 

(Supplementary Figure S1B). 

Representative images of IHC for HIF-1α, Glut-1, pAkt, p27Kip1, and Ki-67, 

in GBM, as well as grade II and III astrocytomas, are illustrated in Figure 1A 

and Supplementary Figure S2, respectively. Distinct nuclear immunostaining 

for HIF-1α, p27Kip1, and Ki-67 was observed, while Glut-1 expression was 

clearly cytoplasmic and pAkt was localized to both regions, demonstrating 

markedly heterogeneous distribution of the immunopositive astrocytoma cells 

within tumors. 

Average IHC scores for Glut-1 and pAkt were significantly higher in the high 

HIF-1α lesions as compared to the low HIF-1α areas in grade II and III 

tumors and GBM. In the high HIF-1αgroup, HIF-1α, Glut-1, pAkt, and p27Kip1 

scores were significantly higher in GBM than in the grade II and III tumors, in 

contrast to a lack of such associations in the low HIF-1α category. In 

perinecrotic lesions within GBM, significantly higher IHC scores for HIF-1α, 

Glut-1, pAkt, and p27Kip1 were observed in Ps lesions as compared to areas 

without Ps features. The Ki-67 LIs were significantly higher in the high HIF-1

α category as compared to the low HIF-1α group in grade II and GBM cases. 

In addition, the LI values were also significantly lower in perinecrotic lesions 

with and without Ps features than in non-necrotic lesions in GBM (Figure 1B). 

Representative images of IHC for several CSC markers, including CD133, 

Sox2, CD44s, and ALDH1, in GBM, as well as grade II and III astrocytomas, are 

illustrated in Figure 2A and Supplementary Figure S3, respectively. 

Cytoplasmic and/or membranous immunoreaction for CD133, CD44s, and 

ALDH1 and distinct nuclear immunostaining for Sox2 were observed in 

astrocytoma cells, particularly in the Ps lesions within GBM.  

No differences in the IHC scores for CD133, Sox2, CD44s, and ALDH1 were 

observed between the low and high HIF-1α categories. In contrast, 
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significantly higher CD133, Sox2, CD44s, and ALDH1 scores were observed in 

perinecrotic Ps lesions as compared to perinecrotic lesions without Ps features 

and non-necrotic areas in GBM, as well as grade II and III tumors (Figure 2B).  

As shown in Table 1, strongly positive correlations among the IHC scores for 

hypoxia-related molecules, including HIF-1α, pAkt, Glut-1, and p27Kip1 were 

observed in all astrocytoma categories. Strongly positive correlations among 

IHC scores for CSC-related markers, such as CD133, Sox2, CD44s, and ALDH1, 

were also evident. In addition, positive correlations among hypoxia- and 

CSC-related molecules were also demonstrated, in contrast to a lack of any 

correlations of Ki-67 LIs with other markers. Similar findings were also found 

when examining grade II and III tumors and GBM categories separately 

(Supplementary Tables S1 and S2, respectively), with the exception of an 

association between HIF-1α score and Ki-67 LI in grade II and III tumors. 

 

3-2．Relationship between hypoxia and stemness in glioma cells 

 

The effects of CoCl2 treatment on astrocytoma cell kinetics and stemness were 

examined, since it mimics the effects of hypoxia [25]. Treatment of KS-1 cells 

with low and moderate doses of CoCl2 caused an increase in HIF-1α expression, 

in contrast to its inhibition by treatment with high doses (Supplementary 

Figure S4A). As shown in Figure 3A, short-term exposure of KS-1 cells to CoCl2 

abrogated growth considerably as compared to controls, leading to induction of 

G1-arrest during cell cycle progression. Expression of several hypoxia- and 

CSC-related molecules, including HIF-1α, p27Kip1, pAkt, CD133, Sox2, and 

ALDH1, was also increased under hypoxic condition (Figure 3B). Aldefluor 

assay revealed an increase in the ALDHhigh cell population after CoCl2 

treatment, in line with the finding that showed a significantly increased 

number of well-defined, round spheroids that were over 50 μm in size (Figure 

3C). Similar results were also observed in KINGS-1 and no. 10 cells 

(Supplementary Figure S4). Moreover, longterm exposure of KS-1 cells to CoCl2 

induced an alteration in cell morphology toward a fibroblast-like appearance 

which was observed after 90 days of treatment, along with increased expression 

of HIF-1α, Sox2, Oct4, Slug, and Snail (Figure 3D). 

 

 

3-3．Inhibition of hypoxia-induced apoptosis by pAkt 
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Previous studies demonstrated that the CSC population can survive injury by 

preventing DNA damage through activation of the Akt signaling pathway [28]. 

To examine whether pAkt affects apoptosis and CSC status, KS-1 cells were 

treated with LY294002, an inhibitor of phosphatidylinositol 3’ kinase (PI3K) 

which acts as an upstream effector of Akt. As shown in Figure 4A, treatment 

with CoCl2 and/or LY294002 resulted in decreased bcl-2 and survivin expression, 

in contrast to no change in bax expression. LY294002 treatment also caused a 

decrease in expression of pAkt, Sox2, and ALDH1, but these inhibitory effects 

were abrogated by CoCl2 treatment, with the exception of pAkt. In contrast, 

increased CD133 expression induced by CoCl2 was apparently inhibited by 

LY294002 treatment (Figure 4A). TUNEL assay revealed that treatment of 

KS-1 cells with either CoCl2 or LY294002 showed a significant increase in the 

amount of apoptotic cells. In addition, treatment with a combination of 

LY294002 and CoCl2 resulted in further increase in apoptotic events (Figure 

4B). 

Apoptotic cells were readily detected in HE-stained sections on the basis of 

characteristic features, and the AIs were positively correlated with those 

detected by TUNEL assay (data not shown). Representative images of IHC for 

cytoplasmic bcl-2 and nuclear survivin in Ps lesions within GBM are illustrated 

in Figure 4C. The AI values were significantly higher in Ps lesions as compared 

to the surrounding areas, in contrast to significant decreases in both bcl-2 and 

survivin LIs in the former (Figure 4D). As shown in Table 2, AIs were inversely 

correlated with both bcl-2 and survivin LIs in Ps and the surrounding lesions, in 

contrast to a positive correlation between bcl-2 and survivin LIs.  

 

4．Discussion 

 

The present study clearly provided evidence that most astrocytomas 

contained numerous non-necrotic hypoxic foci that showed high expression of 

HIF-1α and its related molecules. Interestingly, cell proliferation was 

significantly increased in high HIF-1α lesions of grade II tumors and GBM as 

compared to the low HIF-1α areas, while there was an overall lack of direct 

correlation between HIF-1α score and Ki-67 LI. This may be due to the 

presence of Ps lesions with high HIF-1α and low Ki-67, since a positive 

correlation (p= 0.4, p<0.0001) between the 2 was evident by exclusion of the 

data for these areas, indicating that Ps lesions may have specialized features in 

GBM tissues.    
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Given that embryonic day-12 rat mesencephalic precursor cells grown in a 3% 

oxygen environment exhibit increased proliferation and reduced apoptosis [29], 

it is suggested that a hypoxic microenvironment within tumors may contribute 

to tumor progression by activating an adaptive program that promotes tumor 

invasion and survival through activation of the HIF-1α signaling pathway. 

Further, significantly higher expression of HIF-1α and its related molecules 

was observed in high but not low HIF-1α lesions in GBM as compared to grade 

II and III tumors, which may be simply due to differences in oxygen levels 

among the tumors. In fact, it has been demonstrated that cellular hypoxia is 

mild (10% oxygen) and mild to moderate (10-2.5%) in grade II and III tumors, 

respectively, while it is severe (0.1%) in GBM [30].   

Importantly, expression levels of HIF-1α and its related molecules were 

significantly higher in perinecrotic Ps lesions as compared to perinecrotic areas 

without Ps feature in GBM, which showed strongly positive correlations with 

pAkt status. In general, Ps lesions around necrotic regions appear to represent 

hypoxic tumor cells migrating away from vaso-occlusion and thrombosis [20,21]. 

In addition, Akt is believed to be involved in the epithelial-mesenchymal 

transition (EMT) pathway which leads to increased motility, reduced 

intercellular adhesion, and tumor progression [31]. Given that HIF-1α is 

regulated by the PI3K/Akt signal pathway [32],  it appeared that activation of 

HIF-1α/Akt axis may contribute to the formation of Ps lesions within GBMs, 

and modulate astrocytoma cell movements under hypoxic condition. The lack of 

such findings in perinecrotic lesions without Ps features may be due to low 

viability of tumor cells, probably due to extremely severe hypoxia, since 

treatment of KS-1 cells with high doses of CoCl2 resulted in decreased HIF-1α 

expression, in line with significantly lower HIF-1α score in non-Ps lesions. 

This conclusion may also be supported by the evidence that necrotic areas 

adjacent to Ps lesions were significantly smaller than those without Ps features.  

Our results also showed that short-term treatment of astrocytoma cells with 

CoCl2 was sufficient to induce CSC properties, along with an inhibition of cell 

proliferation, probably by promoting G1-arrest during cell cycle progression. 

This is in line with the evidence that oxygen availability regulates the tumor 

stem cell phenotype in GBM, and most hypoxic tumor cells are viable but 

non-proliferating[15,16,33]. By IHC, we demonstrated that the expression 

levels of several CSC-related markers were increased in Ps lesions with low cell 

proliferation activity within GBM, and were positively correlated to the 

expression of several hypoxia-related molecules. Given the results showing that 
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the expression of CSC-related markers was not increased in the non-necrotic 

regions as well as perinecrotic lesions without Ps features in GBM, it is 

suggested that Ps areas may contain key factors for generation or expansion of 

CSC properties.    

Another interesting finding in this study was that long-term exposure of KS-1 

cells with CoCl2 resulted in not only an induction of EMT-like features, 

including alteration in morphology toward a fibroblast-like appearance and an 

increase in the expression of EMT-related molecules such as Slug and Snail, but 

also increased expression of the CSC-related markers, Sox2 and Oct4. Given 

that cells undergoing EMT exhibit stem cell-like traits and CSCs acquire 

mesenchymal-like characteristics [34], it is likely that prolonged hypoxia may 

be an important factor for a phenotypic shift toward a more stem-like status, 

along with activation of the EMT phenomenon.  

In order to verify the importance of the Akt pathway in the regulation of CSC 

features in Ps lesions, since the cytoplasmic tail of phosphorylated CD133 binds 

to the PI3K regulatory subunit p85, resulting in activation of the PI3K/Akt 

pathway and subsequent promotion of CSC properties, endogenous Akt was 

inhibited with LY294002 [35]. Using KS-1 cells, we found that increased CD133 

expression by CoCl2 treatment was apparently abrogated by LY294002. 

Moreover, inhibition of endogenous pAkt also caused a decrease in expression of 

Sox2 and ALDH1. Given that positive correlations were found by IHC between 

pAkt status and expression of CD133, Sox2, and ALDH1 in astrocytoma tissues, 

it is likely that there is crosstalk between the Akt pathway and the strictly 

regulated CSC signaling required for CSC maintenance in astrocytomas.  

A previous study proposed that TUNEL positivity was not a specific marker 

for apoptotic cells, since DNA fragmentation is common in a variety of cell 

deaths, including apoptosis, necrosis, and autolysis [36]. In this study, the AIs 

detected by specific nuclear features in HE-stained sections were positively 

correlated with TUNEL positivity, in line with our previous data [37]. In 

agreement with other studies [20,21], a significantly increased amount of 

apoptotic cells was observed in Ps lesions as compared to the surrounding areas 

in GBM, which was inversely correlated with bcl-2 and survivin expression. 

Treatment of KS-1 cells with CoCl2 also caused an increase in the number of 

apoptotic cells and a decrease in bcl-2 but not bax expression, in line with the 

idea that a decrease in the ratio of bcl-2 to bax is essential for the induction of 

the mitochondrial-dependent apoptotic pathway[38]. Moreover, inhibition of 

endogenous pAkt by LY294002 resulted in further increase in CoCl2-mediated 
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apoptosis. Therefore, it appeared that Akt may contribute to suppression of 

hypoxia-mediated apoptotic events induced by changes in bcl-2, survivin, and 

bax expression in Ps lesions within GBM.  

Together, our observations provide evidence for a biological role of the HIF-1

α/pAkt axis in Ps lesions within GBM (Figure 5). (1) Increased cell proliferation 

triggers mild hypoxia due to relatively decreased blood supply, leading to 

upregulation of HIF-1α and its related molecules. (2) Severe hypoxia, probably 

due to vascular occlusion, causes formation of Ps lesions around massive 

necrotic foci through activation of the HIF-1α/pAkt axis. (3) Prolonged hypoxia 

plays a key role in promoting crosstalk among the HIF-1α/pAkt axis and EMT- 

and CSC-related signaling networks required for CSC maintenance. (4) A 

hypoxic microenvironment may also promote the mitochondrial-dependent 

apoptotic pathway in some astrocytoma cells.    

In conclusion, the present study provides evidence that Ps lesions within 

GBM may serve as a specialized microenvironment by acting as a hypoxic niche, 

in which the HIF-1α/pAkt axis is activated, in response to severe hypoxia and 

promote CSC features in GBM. 

 

5．Conclusion 

 

Ps lesions within GBM may serve as a specialized microenvironment by 

acting as a hypoxic niche, in which the HIF-1α/pAkt axis is activated, in 

response to severe hypoxia and promote CSC features in GBM. 

 

 

6．Further study 

 

To establish molecular target therapy for GBM cells in Ps lesions, several 

proteins, which were specifically overexpressed in the lesions, were detected by 

shot-gun proteomics methods using several samples of GBM with Ps lesions. In 

the present time, the biological roles of the molecules in GBMs are examined by 

in vivo and in vitro approach.       
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  none 

 

Ⅲ）Case reports： 

  犬飼円，岡秀宏，佐藤澄人，宇津木聡，藤井清孝：ラトケのう胞術後に浸透圧性

脱髄症候群となった一例．日本内分泌学会雑誌，86：54－56，2010． 
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2011．) 

９． 犬飼円，倉田彰，岩本和久，仁木淳，中原邦晶，佐藤公俊，他：海綿静脈洞へ

の新しい経静脈的アプローチルート．第 26回日本脳神経血管内治療学会学術

総会，2010，小倉．(脳神経血管内治療，4(4)：270-270，2010．) 

１０．犬飼円，中原邦晶，岡秀宏，宇津木聡，藤井清孝：骨性 human tail を伴った

pfeiffer症候群の一例．第 38回日本小児神経外科学会，2010，富山．(小児の

脳神経，35(2)：280-280，2010．) 

１１．犬飼円，岡秀宏，佐藤澄人，宇津木聡，藤井清孝：ラトケのう胞術後に浸透圧

性脱髄症候群となった一例．第 22回内分泌外科学会，2010，名古屋．(日本内

分泌学会雑誌，86：54-56，2010．) 

１２．犬飼円，岡秀宏，佐藤澄人，宇津木聡，藤井清孝：ラトケのう胞術後に浸透圧

性脱髄症候群となった一例．第 20回日本間脳下垂体学会，2010，神戸．(日本

内分泌学会雑誌，86：54-56，2010．) 

１３．犬飼円，倉田彰，鈴木祥生，岩本和久，中原邦晶，仁木淳，他：腕頭動脈起始
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部狭窄症に対してステント留置術を施行した１例．第 110回日本脳神経外科学

会関東支部総会，2009，東京．(PDF，：B27，2009．) 

１４．犬飼円，倉田彰，鈴木祥生，宮崎朋子，馬渕一樹，阿部克智，他：異なる部位

に新たに出現した De-novo dAVFの二例．第 25回日本脳神経血管内治療学会

学術総会，2009，富山．(脳神経血管内治療，3(4)：374-374，2009．) 

１５．犬飼円，倉田彰，鈴木祥生，岩本和久，大澤成之，宮崎朋子，他：大型石灰化

動脈瘤に対する塞栓術．第 24 回日本脳神経血管内治療学会学術総会，2008，

名古屋．(脳神経血管内治療，2(4)：207-207，2008.  ) 

 

Ⅷ）Public lectures・Educational lectures： 

  none 

 

Ⅸ）Reserch funding acquisition： 

１． 犬飼円：平成 26年度院生プロジェクト研究(北里大学医療系研究科大学院)，膠芽腫

の低酸素ニッチ領域におけるがん幹細胞化制御機構の解明，40万円，2014～2015 

２． 犬飼円：平成 26年度若手医師および医療従事者研究助成金(株式会社エスアールエ

ル)，膠芽腫の低酸素環境による癌幹細胞化誘導の分子機構の解明，40万円，2014

～2015 

３． 犬飼円：2013年度若手研究者研究助成金(キャタピラージャパン株式会社)，膠芽腫の

低酸素関連シグナル系による増殖制御・組織再構築機構の解明と新規治療法への展

開，40万円，2013～2014 

４． 犬飼円：平成 25年度院生プロジェクト研究(北里大学医療系研究科大学院)，膠芽腫

の低酸素関連シグナルネットワークによる増殖制御の分子機構の解明と新規治療法へ

の応用，40万円，2013～2014 

５． 犬飼円：平成 24年度医学部けやき会研究助成金(北里大学医学部けやき会)，悪性グ

リオーマの低酸素関連シグナル系による増殖制御・組織再構築機構の解明と新規治

療法への展開，25万円，2012～2013 
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Figure 1. IHC findings in serial sections of GBMs. A,  Staining is for HE and by IHC 

for the indicated molecules in Ps (upper panel) and perinecrotic lesion without Ps 

feature (lower panel). Closed boxes are magnified in the insets. Asterisk, necrotic areas 

within tumors. Original magnification, x200 and x400 (inset). B,  IHC scores and 

Ki-67 LIs for the indicated molecules in low and high HIF-1α lesions in grades II and 

III tumors and GBM, as well as perinecrotic lesions with or without pseudopalisades 

(Ps or N-Ps). The data shown are means±SD. 
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Figure 2. IHC findings in serial sections of GBM. A,  Staining is for HE and by IHC for 

the indicated molecules in Ps (upper panel) and perinecrotic lesions without Ps features 

(lower panel). Closed boxes are magnified in the insets. Asterisk, necrotic areas within 

tumors. Original magnification, x200 and x400 (inset). B, IHC scores for the indicated 

molecules in low and high HIF-1α lesions in grades II and III tumors and GBM, as 

well as perinecrotic lesions with or without pseudopalisades (Ps or N-Ps). The data 

shown are means±SD. 
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Figure 3. Relationship between hypoxia and CSC properties in GBM cells. A, KS-1 cells 

were seeded at low density with or without 100 μM CoCl2 treatment for the time 

shown. The cell numbers are presented as means±SD. P, cell passage. B, Cell cycle 

analysis by flow cytometry of KS-1 cells with or without 100 μM CoCl2 treatment for 

the time shown. C,  Western blot analysis of the indicated molecules after exposure to 

100 μM CoCl2 in KS-1 cells for the time shown. D, KS-1 cells were stained for CD133 

after 100 μM CoCl2 treatment for 24 hours. Note the increased CD133-positive 

population in the group treated with 100 μM CoCl2 (indicated by arrows). E, Aldefluor 

analysis in KS-1 cells with or without 100 μM CoCl2 treatment. “DEAB” denotes 

diethylaminobenzaldehyde. F, Phase-contrast images of KS-1 cell spheroids after 

treatment with 100 μM CoCl2 for 14 days. G,  The number of spheroids is presented 

as means±SD. H,  Phase-contrast images of KS-1 cells treated with 100 μM CoCl2 for 

90 days. Note the fibroblast-like appearance of the KS-1 cells. I,  Western blot analysis 

of the indicated molecules after prolonged exposure to 50 and 100 μM CoCl2 in KS-1 

cells for 90 days. 
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Figure 4.  Association between pAkt expression and apoptosis in GBM. A, Western 

blot analysis of the indicated molecules after treatment with 100 μM CoCl2 and 20 μ

M LY294002 in KS-1 cells for 24 hours. B, KS-1 cells were stained for CD133 after 

treatment with 100 μM CoCl2 and/or 20 μM LY294002 for 24 hours. Note the 

increased CD133-positive population in the group treated with 100 μM CoCl2, in 

contrast to a decrease in this population in the group treated with 20 μM LY294002 

(indicated by arrows). C,  After treatment with 100 μM CoCl2 and/or 20 μM 

LY294002 for 24 hours, KS-1 cells undergoing apoptosis (indicated by arrows) were 

detected in HE sections (left) and by the TUNEL assay (right). Original magnification, 

x400. D, Apoptotic cells detected by the TUNEL assay among KS-1 cells treated with 

100 μM CoCl2 and/or 20 μM LY294002 for 24 hours. E, Detection of apoptotic cells in 

HE section (upper left) and by the TUNEL assay (lower left) and staining by IHC for 

bcl-2 (upper right) and survivin (lower right) in Ps around necrotic regions (indicated 

by asterisk) in GBM. Closed boxes are magnified in the insets. Original magnification, 

x200 and x400 (inset). F,  AI and LIs for bcl-2 and survivin in Ps and the surrounding 

tumor lesions (Sur-Ps). The data shown are means±SD. 
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Figure 5. Schematic representation of associations among pseudopalisading necrosis, 

HIF-1α/pAkt axis, and CSC properties in GBM. 
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Table 1. 

Correlations among hypoxia- and CSC-related markers investigated in astrocytomas 

HIF-1a Glut-1 pAkt p27Kip1 Ki-67 CD133 Sox2 CD44s

r  (p) r  (p) r  (p) r  (p) r  (p) r  (p) r  (p) r  (p)

Glut-1 0.91 * * * * * * *
(<0.0001)

pAkt 0.91 0.89 * * * * * *
(<0.0001) (<0.0001)

p27Kip1 0.9 0.86 0.91 * * * * *

(<0.0001) (<0.0001) (<0.0001)

Ki-67 0.08 -0.72 0.02 0.06 * * * *
(0.18) (0.7) (0.79) (0.29)

CD133 0.61 0.63 0.59 0.61 0.03 * * *
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.58)

Sox2 0.6 0.66 0.6 0.6 -0.16 0.85 * *
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.78) (<0.0001)

CD44s 0.62 0.66 0.62 0.63 0.03 0.87 0.92 *
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.67) (<0.0001) (<0.0001)

ALDH1 0.61 0.66 0.62 0.63 0.07 0.8 0.92 0.87
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.25) (<0.0001) (<0.0001) (<0.0001)

Abbreviations: CSC, cancer stem cells; r , Spearman's correlation coefficient  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 28 - 

 

Table 2. 

Relationship between AI and expression levels of bcl-2 and survivin  

in Ps lesions in GBM 

 

AI bcl-2
r (p) r (p)

bcl-2 -0.7 *
(<0.0001)

Survivin -0.38 0.48
(<0.0001) (<0.0001)

Abbreviations: AI, apoptotic index; Ps, pseudopalisade; 
GBM, glioblastoma;ρ  , Spearman correlation coefficient.  
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Supplementary Figure S1. Representation of necrotic areas in GBM. A, Necrosis 

(indicated by asterisk) with and without Ps features (indicated by arrows) in GBM. 

Measurements for greatest internal height (H) and greatest internal width (W) of 

necrotic areas with or without Ps features. Original magnification x200. B, The values 

for the greatest internal width (left) and the greatest internal height (middle) in 

necrotic lesions. The necrotic areas with or without pseudopalisades are generated by 

multiplication of the wigth and the height (right). The data shown are means±SD. 
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Supplementary Figure S2. IHC findings in serial sections of grades II and III tumors 

and GBM.  Staining is for HE and by IHC for the indicated molecules in high HIF-1α 

areas in grades II and III tumors and GBM. Closed boxes are magnified in the insets. 

Original magnification, x200 and x400 (inset). 
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Supplementary Figure S3. IHC findings in serial sections of grade II and III tumors 

and GBM. Staining is for HE and by IHC for the indicated molecules in high HIF-1α 

areas in grade II and III tumors and GBM. Closed boxes are magnified in the insets. 

Original magnification, x200 and x400 (inset). 
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Supplementary Figure S4. Relationship between hypoxia and CSC properties in glioma 

cells. A,  Western blot analysis of HIF-1α after treatment with 100, 200, and 400μM 

CoCl2 in KS-1 cells 24 hours. B, Upper: Western blot analysis of the indicated molecules 

after exposure to 100 μM CoCl2 in no. 10 and KINGS-1 cells for the time shown. 

Lower: KS-1 cells were stained for CD133 after 100 μM CoCl2 treatment for 24 hours. 

Note the increased CD133-positive population in the group treated with 100 μM CoCl2 

(indicated by arrows) for 24 hours. C, Upper: phase-contrast images of no. 10 and 

KINGS-1 cells treated with 100 μM CoCl2 treatment for 2 weeks. Lower: the number 

of spheroids is presented as means±SD. 
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Supplementary Table S1. 

Correlations among hypoxia- and cancer stem cell-related markers investigated in grade 

II and III astroctyomas 

HIF-1a Glut-1 pAkt p27Kip1 Ki-67 CD133 Sox2 CD44s

r (p) r  (p) r  (p) r  (p) r  (p) r  (p) r  (p) r  (p)

Glut-1 0.75 * * * * * * *
(<0.0001)

pAkt 0.67 0.65 * * * * * *
(<0.0001) (<0.0001)

p27Kip1 0.49 0.45 0.48 * * * * *

(<0.0001) (<0.0001) (<0.0001)

Ki-67 0.39 0.27 0.23 0.16 * * * *
(0.0005) (0.01) 0.13 (0.14)

CD133 0.65 0.69 0.55 0.61 0.38 * * *
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.0008)

Sox2 0.63 0.74 0.5 0.57 0.38 0.93 * *
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.0008) (<0.0001)

CD44s 0.64 0.71 0.53 0.59 0.45 0.94 0.97 *
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001)

ALDH1 0.63 0.73 0.58 0.061 0.5 0.88 0.91 0.95
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (0<0.0001) (<0.0001) (<0.0001) (<0.0001)

r , Spearman's correlation coefficient  
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Supplementary Table S2. 

Correlations among hypoxia- and cancer stem cell-related markers investigated in GBMs 

HIF-1a Glut-1 pAkt p27Kip1 Ki-67 CD133 Sox2 CD44s

r  (p) r  (p) r  (p) r  (p) r  (p) r  (p) r  (p) r  (p)

Glut-1 0.88 * * * * * * *
(<0.0001)

pAkt 0.92 0.88 * * * * * *
(<0.0001) (<0.0001)

p27Kip1 0.93 0.93 0.93 * * * * *

(<0.0001) (<0.0001) (<0.0001)

Ki-67 -0.03 -0.15 -0.09 -0.17 * * * *
(0.69) (0.03) (0.21) (0.8)

CD133 0.56 0.59 0.54 0.57 -0.12 * * *
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.1)

Sox2 0.53 0.6 0.55 0.53 -0.19 0.82 * *
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.007) (<0.0001)

CD44s 0.55 0.62 0.56 0.57 -0.16 0.84 0.89 *
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.02) (<0.0001) (<0.0001)

ALDH1 0.53 0.59 0.54 0.54 -0.11 0.78 0.91 0.84
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (0.12) (<0.0001) (<0.0001) (<0.0001)

r , Spearman's correlation coefficient  

 

 

 

 

 

 

 


