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meningiomas (Khaddar et al., South Asian J Cancer 9:261, 2020). Besides 
its efficacy as a single agent, gemcitabine reportedly has a radiosensitizing 
effect in pancreatic cancer. However, it remains unknown whether or how 
gemcitabine interacts with ionizing radiation (IR) in malignant meningioma 
cells. METHODS: We examined radiosensitization effects of gemcitabine 
using malignant meningioma cell lines and xenografts (s.c. and i.c.) and 
explored the underlying mechanisms. RESULTS: Gemcitabine sensitized 
malignant meningioma cells remarkably to IR through the induction of 
senescence both in vitro and in vivo. Gemcitabine augmented the intracel-
lular production of reactive oxygen species (ROS) by IR, which, together 
with cell growth suppression/senescence induced by this combination, was 
inhibited by N-acetyl-cysteine, suggesting a pivotal role for ROS in these 
combinatorial effects. Navitoclax, a senolytic drug, further enhanced the 
effects of the combination of gemcitabine and IR in vitro and in vivo by 
strongly inducing apoptotic cell death in senescent cells. CONCLUSION: 
These results suggest that gemcitabine is not only a promising radiosensitizer 
for malignant meningioma but also creates in combination with IR a thera-
peutic vulnerability of senescent meningioma cells to senolytics. (submitted 
for publication)
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ROLES FOR HENT1 AND DCK IN GEMCITABINE SENSITIVITY 
AND MALIGNANCY OF MENINGIOMA
Masahiro Yamamoto1, Hiroyuki Uchida2, Hajime Yonezawa2, 
Nayuta Higa2, Yuki Yamada3, Yukihiko Sonoda3, Hirofumi Hirano2, 
Koji Yoshimoto2, Chifumi Kitanaka1; 1Department of Molecular 
Cancer Science, Yamagata University, Yamagata, Japan 2Department of 
Neurosurgery, Kagoshima University, Kagoshima, Japan 3Department of 
Neurosurgery, Yamagata University, Yamagata, Japan

Background: High-grade meningiomas are aggressive tumors with 
high morbidity and mortality rates that frequently recur even after 
surgery and adjuvant radiotherapy. However, limited information is 
currently available on the biology of these tumors, and no alternative 
adjuvant treatment options exist. Although we previously demonstrated 
that high-grade meningioma cells were highly sensitive to gemcitabine in 
vitro and in vivo, the underlying molecular mechanisms remain unknown. 
Methods: We examined the roles of hENT1 (human equilibrative nucleo-
side transporter 1)  and dCK (deoxycytidine kinase) in the gemcitabine 
sensitivity and growth of meningioma cells in vitro. Tissue samples from 
meningiomas (26 WHO grade I and 21 WHO grade II/III meningiomas) 
were immunohistochemically analyzed for hENT1 and dCK as well as 
for Ki-67 as a marker of proliferative activity. Results: hENT1 and dCK, 
which play critical roles in the intracellular transport and activation of 
gemcitabine, respectively, were responsible for the high gemcitabine sen-
sitivity of high-grade meningioma cells and were strongly expressed in 
high-grade meningiomas. hENT1 expression was required for the prolif-
eration and survival of high-grade meningioma cells and dCK expression. 
Furthermore, high hENT1 and dCK expression levels correlated with 
stronger tumor cell proliferative activity and shorter survival in men-
ingioma patients. Conclusions: The present results suggest that hENT1 is 
a key molecular factor influencing the growth capacity and gemcitabine 
sensitivity of meningioma cells and also that hENT1, together with dCK, 
may be a viable prognostic marker for meningioma patients as well as a 
predictive marker of their responses to gemcitabine.
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INTEGRATED DIAGNOSTIC APPROACH TO PREDICT PROGNOSIS 
FOR MALIGNANT GLIOMAS
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Youhei Miyake1, Akito Oshima1, Hirokuni Honma1, Tetsuya Yamamoto1; 
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Previous studies indicated that MGMT promoter methylation status 
with IDH and TERT promotor mutation are major prognostic factors in 
glioma. In addition to these molecular features, we have been assessing 
drug sensitivity against several chemotherapeutic agents, including 
temozolomide (TMZ). Here, we examined if this combined information 
could strongly predict drug sensitivity and the prognosis in glioma pa-
tients. One hundred and twenty-five IDH wild-type gliomas (WHO grade 
III and grade IV) were included in this study and retrospectively analyzed. 
Among them, we focused on 37 patients with partial surgical resection 
and biopsy to assess radiological difference on MRI. The primary cul-
tured tumor cells were exposed with several compounds for 72 hours, 
then ATP based cell viability assay was performed. The favorable radio-
logical therapeutic effect was found in 6 out of 8 (75%) with MGMT 
promoter methylated cases, while unfavorable in 23 of 29 (79.3%) with 
MGMT promoter unmethylated cases (p=0.008). The drug screening 

assay demonstrated that 7 of 10 cases with favorable TMZ sensitivity 
in vitro showed response on MRI, whereas 22 of 27 (81.5%) cases with 
TMZ resistance in vitro indicated tumor progression (p=0.006). Of note, 
all 5 cases with sensitive to TMZ and methylated MGMT promoter dem-
onstrated favorable radiological response (p=0.002). These 5 cases tended 
to survive longer (median survival time, 697 days) as compared to others 
(median survival time, 391 days, p=0.13). These data indicate that inte-
grated approach with genomic assessment and drug screening test may 
predict therapeutic response to chemotherapy and contribute selecting 
optimal therapy in glioma patients.
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DEVELOPMENT OF PHOTOSENSITIVE ANTIBODIES FOR NEAR-
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IL13RΑ2 OF MALIGNANT GLIOMAS AND INVESTIGATION OF 
THEIR PHOTODYNAMIC CYTOTOXIC ACTIVITY IN VITRO
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Introduction: Near-Infrared Photoimmunotherapy (NIR-PIT) is a re-
cently developed hybrid cancer therapy based on photodynamic cyto-
toxicity and anti-tumor immunopotentiation, utilizing a photosensitive 
antibody drug (PSAD). A global Phase III trial of NIR-PIT with an anti-
EGFR-PSAD in patients with recurrent head and neck squamous cell car-
cinoma (HNSCC) is already underway, and NIR-PIT is expected to have 
therapeutic applications also in malignant gliomas. Methods: In this study, 
monoclonal antibodies to EGFR and IL13Rα2 were conjugated to the 
photosensitive dye IRDye700DX (IR700) to produce PSADs (EGFR-Ab/
IR700 and IL13Rα2-Ab/IR700) and in vitro PDT assays using these PSADs 
were performed on four human glioma cell lines (U87MG, U251, U138, 
A172).Five groups were studied: EGFR-Ab/IR700 monotherapy: 5 μg/ml 
or 10 μg/ml, IL13Rα2-Ab/IR700 monotherapy: 5 μg/ml or 10 μg/ml, and 
EGFR-Ab/IR700: 5  μg/ml + IL13Rα2-Ab/IR700: 5  μg/ml combination 
therapy. The cytotoxic activity of each group was compared after irradi-
ation with 690 nm light at 16 J/cm2. Results: Significantly higher cyto-
toxic activity was observed in all four glioma cell lines when EGFR-Ab/
IR700 and IL13Rα2-Ab/IR700 were used in combination at 5 μg/ml each, 
than when each PSAD was treated with a doubled dose (10 μg/ml).Con-
clusion: Malignant gliomas show extensive cellular heterogeneity with di-
verse expression of cell surface antigens. The present results suggest that 
a therapeutic strategy using several different photosensitive antibodies 
simultaneously may lead to the release of tumor antigens from a greater 
number of tumor cells, resulting in a more efficient host immune response 
for therapeutic purposes.
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PATIENT-DERIVED MENINGIOMA ORGANOID MODEL 
DEMONSTRATES FOXM1 DEPENDENT TUMOR PROLIFERATION
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Recent comprehensive studies have revealed several molecular alterations 
that are frequently found in meningiomas. However, effective treatment 
reagents targeting specific molecular alterations have not yet been iden-
tified because of the limited number of representative research models of 
meningiomas.

We established 18 organoid models comprising of two malignant men-
ingioma cells (HKBMM and IOMM-Lee), 10 benign meningiomas, four 
malignant meningiomas, and two solitary fibrous tumors (SFTs). Using 
immunohistochemistry and molecular analyses consisting of whole exome 
sequencing, RNA-seq, and DNA methylation analyses, we compared the 
histological findings and molecular profiling of organoid models with 
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those of parental tumors. The organoids exhibited consistent histological 
features and molecular profiles with those of the parental tumors. Using 
a public database of meningioma, we identified that upregulated forkhead 
box M1 (FOXM1) was correlated with increased tumor proliferation. 
Overexpression of FOXM1 in benign meningioma organoids increased 
organoid proliferation; depletion of FOXM1 in malignant organoids de-
creased proliferation. Additionally, thiostrepton, a FOXM1 inhibitor 
combined with radiation therapy, significantly inhibited proliferation of ma-
lignant meningioma organoid models (P<0.01).

An organoid model for meningioma enabled us to elucidate the tumor 
biology of meningioma along with potent treatment targets for meningioma.
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MIR-33A DEPLETION ACCELERATE MEDULLOBLASTOMA 
GENERATION AND INVASION
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Takaaki Morimoto3, Tetsushi Nakao4, Takahiro Horie4, Koh Ono4, 
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Background and purposes: Lipid metabolism have been shown to be asso-
ciated with tumorigenicity in various malignancies. The purpose of this study 
was to investigate the association of miR-33, a key regulator of lipid metab-
olism, in tumorigenicity and progression of medulloblastoma. Methods: In-
cidence of medulloblastoma and histopathological findings were compared 
between ptch1+/- mice and ptch1+/- miR-33a-/- mice. Tumors extracted from 
these mice were transplanted subcutaneously in nude mice (n=14 for ptch1+/-, 
n=19 for ptch1+/- miR-33a-/-) and in C57BL/6 mice (n=12 for each). Gene ex-
pression profile was compared between tumors from ptch1+/- mice and those 
from ptch1+/- miR-33a-/- mice. Results: Knockout of miR-33a in ptch1+/- 
transgenic mouse model increased the incidence of spontaneous generation 
of medulloblastoma from 34.5% to 84.0% (p< 0.001) at 12 months. Histo-
pathological analysis showed infiltrative tumor borders in ptch1+/- miR-33a-/- 
tumors as compared with ptch1+/- ones. Tumor formation was observed in 
21.4% for ptch1+/- tumors and 68.4% for ptch1+/- miR-33a-/- tumors in 
nude mice (p= 0.008). It was observed in 0% and 16.7% in immune compe-
tent mice. RNA sequencing detected that SCD1 and SREBF1 was upregulated 
in tumors from miR-33a knockout mice. Discussion: Our results demon-
strated that depletion of miR-33a accelerated medulloblastoma generation 
and invasion. miR-33a may also be important for immune evasion. SCD1, 
which is reported to play a role in tumor stem cell maintenance and metas-
tasis, can be a potential therapeutic target for medulloblastoma.
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ANTITUMOR EFFECTS OF A NOVEL CURCUMIN DERIVATIVE 
CURCUMIN MONOGLUCURONIDE ON GLIOBLASTOMA CELLS 
IN VITRO AND IN VIVO
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Akihide Kondo5, Yoshitaka Narita4, Atsuo Yoshino3, Kojiro Wada1, 
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The therapeutic outcome of glioblastomas (GBMs) is still very poor. 
Therefore, invention of novel therapeutic methods against GBM cases is 
considered urgent. The antitumor effects of naturally-derived compounds 
are attracting attention recently, and therapeutic efficacy of curcumin, 
a plant-derived compound previously used for multiple purpose, has 
been indicated in many cancer systems; however, clinical application of 
curcumin is considered difficult because of its poor bioavailability (under 
1 %). Curcumin monoglucuronide (CMG), a water-soluble prodrug of 
curcumin recently developed for overcoming this weakness, has been 
demonstrated excellent antitumor effects for several malignancies in 
vitro and in vivo; therefore, we investigated the effects of CMG against 
GBM cells. CMG induced cell death of human GBM cells lines (T98G, 
U251MG, and U87MG) by dose dependent manner by triggering mul-
tiple forms of cell death such as apoptosis and perthanatos. Immuno-
blotting of CMG-treated GBM cell lysates demonstrated activation of 
multiple cell death signaling. Furthermore, immunodeficiency mice har-
boring intracerebral U87MG cell xenografts systemically treated by 

CMG showed significantly prolonged survival compared with control 
mice. These results suggest CMG would be a novel therapeutic agent 
against GBM cases.

Key words:  Glioblastoma | Curcumin monoglucuronide | Therapeutic 
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EXPERIMENTAL EVALUATION OF THE THERAPEUTIC 
POTENTIAL OF BORON NEUTRON CAPTURE THERAPY IN 
PRIMARY CENTRAL NERVOUS SYSTEM LYMPHOMA
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Background: High-dose methotrexate and whole brain radiation therapy 
(WBRT) is the recommended treatment for primary central nervous system 
lymphoma (PCNSL). Although the initial treatment is successful, the recur-
rence rate is high and the prognosis is poor. Boron neutron capture therapy 
(BNCT) is a nuclear reaction-based tumor cell-selective particle irradiation 
that occurs when non-radioactive boron-10 is irradiated with neutrons to 
produce α particles (10B [n, α] 7Li). In this study, we conducted a basic 
research to explore the possibility of BNCT as a treatment option for 
PCNSL. Methods: Cellular uptake of boron using human lymphoma cell-
lines after exposure to boronophenylalanine (BPA) were evaluated. The 
cytotoxicity of lymphoma cells by photon irradiation or neutron irradi-
ation with BPA were also evaluated. The lymphoma cells were implanted 
into the mouse brain and the bio-distribution of boron after administra-
tion of BPA were measured. In neutron irradiation studies, the therapeutic 
effect of BNCT on mouse CNSL models were evaluated in terms of sur-
vival time. Results: The boron concentration in lymphoma cells after BPA 
exposure was sufficiently high, and lymphoma cells showed cytotoxicity 
by photon irradiation, and also by BNCT. In in vivo bio-distribution study, 
lymphoma cells showed enough uptake of BPA with well contrasted to 
the brain. In the neutron irradiation experiment, the BNCT group showed 
a significant prolongation in their survival time compared to the con-
trol group. Conclusions: In our study, BNCT showed its effectiveness for 
PCNSL in a mouse brain tumor model. PCNSL is a radio-sensitive tumor 
with a extremely good response rate, but it also has a high recurrence 
rate / a high rate of adverse events, so there is no effective treatment for 
recurrence after treatment. Our translational study showed that BNCT is 
possibly have an important role against PCNSL during the therapy lines as 
a new treatment option for PCNSL patients.

Key words:  boron neutron capture therapy (BNCT) | primary central ner-
vous system lymphoma (PCNSL) | radiation therapy
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GENETIC AND MOLECULAR PROPERTIES OF LONG-TERM 
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Long-term proliferating tumorsphere-forming glioma derived cells (LTP-
TS-GDCs) and patient derived xenografts (PDXs) are essential tools for 
translational research for glioma. However, only small subsets of glioma 


