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Recent research has revealed that glioblastoma (GBM) avoids the immune system via strong expression
of indoleamine 2,3-dioxygenase 1 (IDO1). IDO1, an enzyme involved in tryptophan metabolism, is now
proposed as a new target in GBM treatment, since several reports have demonstrated that IDO1
expression is related to GBM malignancy. On the other hand, it is well known that glioma stem cells
(GSCs) are strongly related to the malignancy of GBM. However, there is as yet no report evaluating the
relationship between GSCs and IDO1. We therefore examined the expression levels of IDO1 in GSCs in
order to identify a new therapeutic target for GBM based on the immune systems of GSCs. In the present
study, we employed human GBM cell lines (U-138MG, U-251MG) and patient-derived GSC model cell
lines (0125-GSC, 0222-GSC). GSC model cell lines Rev-U-138MG and Rev-U-251MG were established by
culturing U-138MG and U-251MG in serum-free media, while differentiated GBM model cell lines 0125-
DGC and 0222-DGC were established by culturing 0125-GSC and 0222-GSC in serum-containing media.
The expression levels of stem cell markers (Nanog, Nestin, Oct4 and Sox2) and IDO1 protein and mRNA
were determined. Rev-U-138MG and Rev-U-251MG formed spheres and their expression levels of stem
cell markers were increased as compared to U-138MG and U-251MG. On the other hand, 0125-DGC and
0222-DGC suffered breakdown of sphere formation, despite the original 0125-GSC and 0222-GSC
forming spheres, and their expression levels of the markers were decreased. IDO1 expressions were
strongly recognized in Rev-U-138MG, Rev-U-251MG, 0125-GSC and 0222-GSC as compared to U-138MG,
U-251MG, 0125-DGC and 0222-DGC. These findings demonstrate that GSCs exhibit treatment resistance
with immunosuppression via high expression levels of IDO1, and could represent a novel target for GBM
treatment.
© 2020 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

etc.,clinicaloutcomesstillremainpoor.Establishmentofanovelthera-
peuticmethodisthusneededtoimprovethe prognosisof GBM.Recent

Glioblastoma(GBM)is the mostcommonand lethal brain tumorin
adults.Despiteanestablishedtherapy,involvingsurgicalresectionfol-
lowedbyradiation therapyand chemotherapy, orintegrationof novel
therapies,suchasmolecularlytargetedagents,angiogenesisinhibitors,
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researchhasshownthatgliomastemcells(GSCs)contributetothe ma-
lignancyof GBM.GSCsareconsideredtobecapableofaberrantlydiffer-
entiatingintodiversecelltypes,includingdifferentiatedgliomacells,in
responsetotheirmicroenvironment| 1,2]Moreover,apreviousstudyhas
demonstrated that GSCs and differentiated glioma cells could convert
betweeneachother|[3].Whenconsideringanoveltreatmentmethodfor
GBM,itisimportanttotargetnotonlydifferentiatedgliomacellsbutalso
GSCs,andforthatreason,amoredetailedunderstandingoftherelevant
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featuresisstillneeded.

Recently, the effectiveness of several immunotherapies has been
reported to provide a new adjuvant approach for GBM treatment.
GBM suppresses autoimmunity via immune checkpoint blockade,
such as programmed cell death 1 (PD-1), programmed death-
ligand 1 (PD-L1) and cytotoxic T-lymphocyte associated protein 4
(CTLA-4), or enzyme expression such as of indoleamine 2,3-
dioxygenase 1 (IDO1) and tryptophan 2,3-dioxygenase 2 [4—6].
Among these factors, IDO1, the rate-limiting enzyme for trypto-
phan (Trp) metabolism, may be involved in the ability of GBM cells
to escape from immune surveillance, and show immunosuppres-
sive function [7—9]. Trp is metabolized to kynurenine by IDO1, and
its metabolism results in anergy of effector T cells, while simulta-
neously fostering maturation and activation of regulatory T cells,
and contributing to an immune tolerant environment [10]. Several
studies have examined the therapeutic effectiveness of IDO1 in-
hibitors for cancer, and the possibility has been suggested that IDO1
inhibitors could be used with anticancer drugs [11].

The effectiveness of immunotherapy via IDO1 inhibitors has
already been described in a mouse glioma model [12]. Mitsuka et al.
reported high expression of IDO1 in human GBM, especially sec-
ondary GBM tissue [ 13], while Hanihara et al. observed a synergistic
antitumor effect of IDO1 inhibition with temozolomide (TMZ), a
standard chemotherapeutic drug for GBM, in a mouse glioma
model [7]. Also, the effectiveness of combined therapy involving
radiation therapy with IDO1 inhibitor has been demonstrated in a
mouse glioma model [14]. Thus, IDO1 is of interest as a key enzyme
for immunotherapy in GBM, although only a few reports have
discussed the relation between GSCs and IDO1.

Kesarwani et al. demonstrated that IDO1 accumulates more in
GBM than in low-grade glioma [14], but its levels of accumulation
in GSCs still remain to be investigated. We hypothesize that IDO1
accumulates more in GSCs rather than differentiated glioma cells,
and up-regulations of Trp metabolism due to IDO1 in GSCs could
represent a new target for GBM therapy. In the present study, we
examined the differences in expression level of IDO1 between GSCs
and differentiated glioma cells, while searching for a new thera-
peutic target for GBM based on the immune systems of GSCs,
employing human GBM cell lines.

2. Materials and methods
2.1. Cell culture

The human GBM cell lines U-138MG and U-251MG (purchased
from Health Science Research Resources Bank, Sennan, Osaka,
Japan) and patient-derived GSC model cell lines 0125-GSC and
0222-GSC were used in the present study. 0125-GSC and 0222-GSC
were kindly provided by Dr. Atsushi Natsume and Dr. Toshihiko
Wakabayashi, Department of Neurosurgery, Nagoya University
School of Medicine (Nagoya, Japan). We examined the detailed
features of 0125-GSC and 0222-GSC described previously [15], and
applied in several past studies [3,16]. U-138MG and U-251MG were
cultured in Dulbecco’s modified Eagle’s medium (Nissui Pharma-
ceutical, Tokyo, Japan) containing 10% fetal bovine serum (FBS) (Life
Technologies, Grand Island, NY, USA) [17,18]. 0125-GSC and 0222-
GSC were cultured in serum-free media, which were composed of
serum-free neurobasal media (Invitrogen, Carlsbad, CA, USA)
comprising N2 and B27 supplements (Invitrogen), human recom-
binant basic fibroblast growth factor (bFGF; R&D Systems, Minne-
apolis, MN, USA), and epidermal growth factor (EGF; R&D Systems).

2.2. Protein expressions

We analyzed the protein expressions of Nanog, Nestin, Oct4,

Sox2, and IDO1 in the cell lines by Western blotting (WB). Nanog,
Nestin, Oct4 and Sox2 were employed as neural stem cell markers
[19—22]. WB was carried out with soluble protein lysates which
were prepared from 1 x 107 cells using RIPA buffer (Wako Pure
Chemical, Tokyo, Japan) supplemented with protease inhibitor
complex mix (Roche Diagnostics, Mannheim, Germany). After
determination of the protein contents with a Pierce BCA protein
assay kit (Thermo Fisher Scientific, IL, USA), 50 ug proteins were
electrophoresed on 12% polyacrylamide gel (TEFCO, Tokyo, Japan).
The separated proteins were transferred onto nitrocellulose
membranes (GE Healthcare, Tokyo, Japan) for 30 min at 15 V
employing Bio-Rad transblot (Bio-Rad Laboratories, Franklin Lakes,
NJ, USA). The non-specific binding of the transferred membranes
was blocked with 1% skimmed milk dissolved in washing buffer
(PBS (-) + 0.1% Tween-20) for 60 min at room temperature. The
primary antibodies used for WB were all specific monoclonal an-
tibodies and were treated for 24 h at 4 C. Primary antibodies were
purchased from abcam (Tokyo, Japan). Beta-actin was employed as
a housekeeping control protein. The secondary antibody was anti-
mouse IgG-HRP conjugate (abcam, Tokyo, Japan) and was treated
for 60 min at room temperature. The band patterns were analyzed
by LAS-4000 (GE Health, Buckinghamshire, UK) after treatment
with ECL prime WB detection reagent (GE Healthcare, Buck-
inghamshire, UK).

2.3. mRNA expressions

We analyzed the mRNA expressions of Nanog, Nestin, Sox2 and
IDO1 in the cell lines based on the quantitative reverse transcription
polymerase chain reaction (RT-PCR). An RNeasy Mini kit (Qiagen
Inc., Valencia, CA, USA) was employed for the extraction of mRNA.
After determination of the RNA contents with NanoDrop (Thermo
Fisher Scientific, IL, USA), the mRNA expression levels were
analyzed by the RT-PCR with SYBR-Green Realtime PCR Master Mix
(TOYOBO, Osaka, Japan) using a StepOne Real-time PCR System
(Applied Biosystems, Foster City, CA, USA). The total RNA was
extracted from 1 x 10° cells, and the RT-PCR was carried out with a
volume of 20 pl according to the manufacturer’s protocol using the
SYBR-Green Realtime PCR Master Mix. Amplification was per-
formed by initial denaturing at 90 C for 30 s, reverse transcription at
61 C for 20 min, and a second denaturing at 95 C for 1 min, followed
by 45 cycles of extension at 95 C for 15 s, 55 C for 15 s, and 74 C for
45 s. The housekeeping gene glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was employed as the control. All primers were
synthesized by Operon (Tokyo, Japan). The expression levels of
mRNA were calculated employing the following equations by
comparing the threshold cycles (CT): ACT = CT of target gene - CT of
GAPDH, AACT = ACT (target cell line) - ACT (reference cell line), and
ratio = 2"24CT [23].

2.4. Statistical evaluations

Statistical analyses were performed using the unpaired, Stu-
dent’s t-test. The statistical software IBM SPSS Statistics version
21.0 (International Business Machines Corp., Armonk, NY, USA) was
employed for the data analysis, and all quantitative data are pre-
sented as the means + SE. p-Values of less than 0.05 were consid-
ered as statistically significant.

3. Results

3.1. GBM cell lines acquire stem-like cell features after culture in
serum-free media

Initially, we established the GSC model cell lines Rev-U-138MG
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and Rev-U-251MG from the human GBM cell lines U-138MG and U-
251MG by applying the procedures below. Rev-U-138MG and Rev-
U-251MG were established by culturing U-138MG and U-251MG
cells in serum-free media for 2 weeks [24]. We had shown previ-
ously that a human GBM cell line could regain the features of GSCs
in terms of its morphology and up-regulation of CD133 expression
when cultured in a serum-free medium [24]. As regards their
morphological features, U-138MG and U-251MG cells were scat-
tered and adherent within the serum-containing medium (Fig. 1a
and b), whereas Rev-U-138MG and Rev-U-251MG cells formed
spheres following culture in serum-free medium (Fig. 1c and d). In
contrast, the GSC cell lines 0125-GSC and 0222-GSC originally un-
derwent sphere formation (Fig. 1e and f), but these cells suffered
breakdown of sphere formation and became adherent when
cultured in serum-containing media (Fig. 1g and h). We designated
these cell lines, made by culturing 0125-GSC and 0222-GSC in
serum-containing media for 2 weeks, as 0125-DGC and 0222-DGC.

Next, to verify whether these established GSC model cell lines
(Rev-U-138MG and Rev-U-251MG) demonstrate stem-like cell
features, we examined the protein expressions of neural stem cell
markers. Furthermore, to evaluate whether the patient-derived
GSC cell lines (0125-GSC and 0222-GSC) lose their stem-like cell
features, we again examined the same protein expressions. The
expression levels of Nanog, Nestin, Oct4 and Sox2, which are
common markers of neural stem cells, in U-138MG, U-251MG, Rev-
U-138MG, Rev-U-251MG, 0125-GSC, 0222-GSC, 0125-DGC and
0222-DGC, were determined by WB. The protein expressions of
Nanog, Nestin, Oct4 and Sox2 in Rev-U-138MG and Rev—U-251MG
were increased as compared to their levels in U-138MG and U-
251MG (left half of Fig. 2a). On the other hand, the expressions in
0125-DGC and 0222-DGC were decreased as compared to their
levels in 0125-GSC and 0222-GSC (right half of Fig. 2a).

To confirm these results, the mRNA expressions of Nanog, Nestin,

and Sox2 in U-251MG, Rev-U-251MG, 0125-GSC and 0125-DGC
were measured by using the RT-PCR. The mRNA expression of
Nanog in Rev-U-251MG increased to 1.23 + 0.05 fold as compared to
the expression in U-251MG (p < 0.01; Fig. 2b left). The mRNA
expression of Nestin in Rev-U-251MG increased to 5.26 + 0.42 fold
as compared to the expression in U-251MG (p < 0.01; Fig. 2b cen-
ter). Also, the mRNA expression of Sox2 in Rev-U-251MG increased
to 5.58 + 1.50 fold as compared to the expression in U-251MG
(p < 0.01; Fig. 2b right). On the other hand, the mRNA expression of
Nanog in 0125-DGC decreased to 0.72 + 0.01 fold as compared to
the expression in 0125-GSC (p < 0.01; Fig. 2c left). The mRNA
expression of Nestin in 0125-DGC decreased to 0.52 + 0.06 fold as
compared to the expression in 0125-GSC (p < 0.01; Fig. 2c center).
The mRNA expression of Sox2 in 0125-DGC decreased to 0.19 + 0.02
fold as compared to the expression in 0125-GSC (p < 0.01; Fig. 2¢
right). These findings confirmed that GSCs and differentiated GBM
cells could interconvert between each other.

3.2. GSC cell lines show high expression levels of IDO1

To evaluate the differences in immune system between the GSCs
and differentiated glioma cells, the protein expressions of IDO1 in
U-138MG, U-251MG, Rev-U-138MG, Rev-U-251MG, 0125-GSC,
0222-GSC, 0125-DGC and 0222-DGC were determined by WB. The
protein expressions of IDO1 in Rev-U-138MG and Rev-U-251MG
were increased as compared to their levels in U-138MG and U-
251MG (left half of Fig. 3a). On the other hand, the protein ex-
pressions of IDO1 in 0125-DGC and 0222-DGC were decreased as
compared to their levels in 0125-GSC and 0222-GSC (right half of
Fig. 3a).

Next, to confirm these results, we examined the mRNA ex-
pressions of IDO1 in U-251MG, Rev-U-251MG, 0125-GSC and 0125-
DGC by using the RT-PCR. The mRNA expression of IDO1 in Rev-U-

1 differentiated GBM cells
(serum contained medium)

U-138MG (a)
U-251MG (b)
0125-DGC (g) 0125-GSC (¢)
0222-DGC (h) 0222-GSC (f)

GSCs cells
(serum free medium)

Rev-U-138MG (c)
Rev-U-251MG (d)

Fig.1. Comparative morphological changes between glioblastoma cell lines and glioma stem-like cell model cell lines observed under the microscope (x 100). a-d. U-138MG (a) and
U-251MG (b) were scattered and adherent in the serum-containing medium. Rev-U-138MG (c) and Rev-U-251MG (d), established by culturing U-138MG and U-251MG cells in
serum-free media for 2 weeks, formed spheres. Scale bar = 100 pm. e-h. Patient-derived glioma stem-like cell model cell lines 0125-GSC (e) and 0222-GSC (f) formed spheres in
serum-free media. 0125-DGC (g) and 0222-DGC (h), established by culturing 0125-GSC and 0222-GSC cells in serum-containing media for 2 weeks, suffered breakdown of sphere
formation and became adherent. Scale bar = 100 pm. i. Schema illustrating the relationship between cell lines and states of cell differentiation.
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Fig. 2. a. Protein expressions of Nanog, Nestin, Oct4 and Sox2 in U-138MG (U138), Rev-U-138MG (Rev-U138), U-251MG (U251), Rev-U-251MG (Rev-U251), 0125-GSC (0125GSC),
0125-DGC (0125DGC), 0222-GSC (0222GSC) and 0222-DGC (0222DGC) analyzed by Western blotting. b, c. mRNA expressions of Nanog, Nestin and Sox2 in U251, Rev-U251, 0125GSC
and 0125DGC analyzed by the RT-PCR (n = 6). *, p < 0.01.
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Fig. 3. a. Protein expressions of IDO1 in U138, Rev-U138, U251, Rev-U251, 0125GSC, 0125DGC, 0222GSC and 0222DGC analyzed by Western blotting. b, c. mRNA expressions of IDO1
in U251, Rev-U251, 0125GSC and 0125DGC analyzed by the RT-PCR (n = 6). *, p < 0.01.
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251MG increased to 3.55 + 0.09 fold as compared to the expression
in U-251MG (p < 0.01; Fig. 3b). On the other hand, the mRNA
expression of IDO1 in 0125-DGC decreased to 0.64 + 0.02 fold as
compared to the expression in 0125-GSC (p < 0.01; Fig. 3c). These
findings suggested that IDO1 expressions are unregulated in GSCs
rather than differentiated GBM cells.

3.3. IFN-( suppressed stemness features but stimulates expression
levels of IDO1

We demonstrated previously that interferon-beta (IFN-f) could
suppress the acquisition of undifferentiated features in GBM cell
lines. We therefore attempted to determine whether this IFN-f
function could exert suppressive effects on the expression of IDO1
in GSCs. We respectively administered 10 IU/ml of IFN-§ (Toray
Industries, Tokyo, Japan) to the serum-free medium in which Rev-
U-138MG, Rev-U-251MG, GSC-0125 and GSC-0222 were cultured.
These cells were then harvested using trypsin-EDTA solution at 4 h.
The protein expressions of Nanog, Nestin, Sox2 and IDO1 in the
treated and untreated Rev-U138MG, Rev-U-251MG, GSC-0125 and
GSC-0222 were determined by WB. As expected, the protein ex-
pressions of Nanog, Nestin and Sox2 in treated Rev-U-138MG, Rev-
U-251MG, GSC-0125 and GSC-0222 were decreased as compared to
the expressions in untreated cell lines. However, the protein ex-
pressions of IDO1 in treated Rev-U-138MG, Rev-U-251MG, GSC-
0125 and GSC-0222 were increased as compared to the expres-
sions in untreated cell lines (Fig. 4a). Similar results, such as an
increased protein expression of IDO1, were also identified in U-
251MG and 0125-DGC, when cell of these cell lines were treated

a

with 10 IU/ml of IFN-f (Fig. 4b).

Next, to confirm these results, the mRNA expressions of Nanog
and IDO1 in the treated (10 IU/ml IFN-B) Rev-U-251MG and 0125-
GSC cells were measured by using the RT-PCR and compared to
the levels in the untreated Rev-U-251MG and 0125-GSC cells. The
mRNA expression of Nanog in treated Rev-U-251MG and 0125-GSC
decreased to 0.70 + 0.02 fold (p < 0.01) and 0.84 + 0.01 fold
(p < 0.01) as compared to the expression in untreated Rev-U-
251MG and 0125-GSC (Fig. 4c). On the other hand, the mRNA
expression of IDO1 in treated Rev-U-251MG and 0125-GSC
increased to 13.62 + 1.88 fold (p < 0.01) and 4.47 + 0.36 fold
(p < 0.01) as compared to the expression in untreated Rev-U-
251MG and 0125-GSC (Fig. 4d). These findings suggest that IFN-f
exerts two contrary effects on GBM which involve suppression of
stemness features and stimulation of IDO1 expression, and the
latter effects exceed the former effect.

4. Discussion

IDO1, the rate-limiting enzyme for Trp metabolism, plays a role
in assisting malignant glioma cells to escape from immune sur-
veillance, and causes treatment resistance [7,25]. Moreover, GSCs
are considered to be a major factor contributing to the malignancy
of GBM. Much research has been carried out on individual GSCs and
IDO1, but there is as yet no report on the detailed relation between
them. This is the first report to clarify the relationship between
GSCs and IDO1.

In the present study, it was demonstrated that the GBM cell lines
U-138MG and U-251MG formed spheres with increased levels of
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Fig. 4. a. Protein expressions of Nanog, Nestin, Sox2 and IDO1 in Rev-U138, Rev-U251, GSC0125, GSC0222, and these cell lines with IFN-f treatment (Rev-U138+IFN, Rev-U251-+IFN,
0125GSC + IFN and 0222GSC + IFN) analyzed by Western blotting. b. Protein expressions of IDO1 in U251, 0125DGC, and these cell lines with IFN-B treatment (U251+IFN and
0125DGC + IFN). ¢, d. mRNA expressions of Nanog and IDO1 in Rev-U251, 0125GSC, Rev-U251+IFN and 0125GSC + IFN analyzed by the RT-PCR (n = 6). Rev-U-251MG and 0125GSC

cells were treated with 10 IU/ml of IFN-B and harvested after 4 h *, p < 0.01.
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Nanog, Nestin, and Oct4 mRNA and Nanog, Nestin, OCT4, and Sox2
protein expression, when cultured in serum-free medium (we
designated them as Rev-U-138 and Rev-U-251MG). Also, the
expression levels of IDO1 mRNA and IDO1 protein were increased in
Rev-U-138MG and Rev-U-251MG. As described above, we previ-
ously found that human GBM cell lines regain the features of GSCs
such as sphere formation and up-regulation of CD133 expression
when cultured in serum-free medium [24]. Furthermore, Qiang
et al. demonstrated that U-251MG expressed the neural stem
markers CD133 and Nestin, whereas a lack of neuronal and astro-
cyte marker microtubule-associated protein 2, B-III tubulin and
glial fibrillary acid protein was noted following culture in serum-
free medium [19]. On this basis, we regarded Rev-U-138MG and
Rev-U-251MG as cell lines of glioma stem-like cells and employed
them as materials to evaluate the features of GSCs. We also added
the patient-derived GSC cell lines, 0125-GSC and 0222-GSC, to
these established GSC model cell lines and examined their
expression levels of IDO1 in order to elucidate their immune
systems.

Firstly, we clearly confirmed the interconversion between GSCs
and normal/differentiated GBM cells, justifying the use of both cell
lines. Next, we demonstrated that the expression levels of IDO1, in
terms of both mRNA level and protein level, were elevated in the
GSC model cell lines as expected. On the other hand, it was
confirmed that the expression levels of IDO1 in the patient-derived
GSC cell lines were reduced according to the differentiation.
Elevation of IDO1 levels in GSCs means that the cells can escape
from immune surveillance while producing more IDO1, and this
may be strongly related to the malignancy of GBM [7—9]. Such
findings are consistent with past research demonstrating that IDO1
rose in malignant gliomas [13,14]. Since IDO1 is highly expressed in
malignant gliomas, a novel therapeutic strategy via IDO1 inhibitor
has been anticipated for targeting more aggressive and/or high-
grade malignant gliomas [14]. Furthermore, since the present
study revealed that IDO1 is also highly expressed in GSCs, treat-
ment with IDO1 inhibitor could be additionally expected to serve as
a treatment for targeting GSCs, such as in post-operative GBM,
because GSCs play an important role in GBM recurrence.

In the present study, we examined the effect of IFN-§ which has
been used as a drug for glioma treatment. As shown by us previ-
ously [24], IFN-B can suppress the acquisition of undifferentiated
features in human GBM cell lines. We attempted to determine
whether this IFN-$ function could exert suppressive effects on the
expression of IDO1 in GSCs. In fact, it increased the IDO1 expression
in GSCs model cell lines, contrary to expectations. It is well known
that interferon-gamma (IFN-y) can raise the level of IDO1
[14,26—28]. There are also studies demonstrating that IFN-f me-
diates IDO1, rather than IFN-y, in astrocytes [29]. Several receptor/
ligand signaling pathways upstream to the transcription factors
that can regulate IDO1 expression, including IFN-, have been re-
ported [30]. In the present study, increased levels of IDO1 following
IFN-B treatment were found not only in GSC cell lines but also in U-
251MG or 0125DGC, and this effect of IFN-f was strongly expressed.
If we regard this negative side effect as having appeared more
strongly than the expected effect, such results can be considered
acceptable. Evidence for the effectiveness of IFN-f administration
in GBM therapy has not been reported from phase IIl randomized
control studies. However, there have been many investigations
demonstrating an anti-tumor effect of IFN-f or a synergistic anti-
tumor effect between TMZ and IFN-f [17,19,31,32]. There is a pos-
sibility that we could develop new combination therapies,
assuming the fact that IFN-f3 works in a negative direction for tu-
mor immunotherapy via expression of IDO1. If we could suppress
this negative side effect by employing a combination with some
immunosuppressive drug, we might expect that the original IFN-

effect could be demonstrated more strongly.

In conclusion, the expression of IDO1, which contributes to
treatment resistance in GBM via immunosuppression, was shown
to be elevated in GSCs as compared to normal GBM cells. IDO1 is
therefore considered to be a valuable and important target when
developing a novel effective therapy in GBM.
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afi SCH1 S S
/8 : Indoleamine 2,3-dioxygenase 1 is highly expressed in glioma stem cells

HIRER ARSI A NERERR

ML

BOE DL T, BBEHIE IS indoleamine 2,3-dioxygenase 1 (IDO1) Z5H< FIHT 22 &ic kv, fifEE %
EREREL TWE 2 EBHL IR -72, IDOL XY 7+ 7 7 v REFICBID 2R TH O, IDO1 DF
WABHHEOEEEICEEG L T2 W G b H 25, 20729 IDO1 (FBEFIEDHT 72 7 iGEERN & LT
FHEINTCW S, F 7, MRRBIESRHD S BHFHEOEMEE LB L Tw b 2 2RI T 525, #ifER
MEERHIAD & TDO1 DRARICO W CTOMEIT E 20w, £ & THRA I, fiRBIEs AL o JUES % > 2 7
L BER) & U 72 B O 87 72 7 iR BEERFE IS | T R BIERIEIC 3510 5 IDO1 D REB MG L 72,
Agecid e +BIFEMATK (U-138MG. U-251MG) | & O35 H1 2k o tifR B A e - 7 VA AEpE (0125-
GSC, 0222-GSC) ZfEM L7z, F7z. U-138MG KU U-251MG % SEMHEEH TR 3 % © & TR B E
IR O & 7 A HIBERE Rev-U-138MG. Rev-U-251MG % ¥ 72 1T L 72, & 51T 0125-GSC S X 0222-GSC
ZIMEECRES 2 < & ©, ML L 2 BZF @MU 0125-DGC. 0222-DGC %Mz L TEF L 7z, & b
B ZF A R PR | SR IR B C RS 8 3 2 © & CIlsiias 2 TR L 720 OIS, B3 R 0 i AR B HE A
bk % Sk cRs 8§ 2 & | IR 25 & N L 72, Bfligkkic o Cipfillid~ — 7 — (Nanog,
Nestin, sex determining region Y-box2 (Sox2). octamer-binding transcription fancot4 (Oct4)). X UFIDO1 D
HFHH'E & messenger RNA (mRNA) DFILEfi##r L 72 & Z A, Rev-U-138MG. Rev-U-251MG % U-138MG.
U-25IMG & HE L Tt~ — 7 — 2B B L Tz, £72. 0125-DGC. 0222-DGC 1% 0125-GSC.
0222-GSC & i L Cipfifi~ — A — o FIAAWET L 72, & 51T, Rev-U-138MG. Rev-U-251MG. 0125-
GSC. 0222-GSC IZ &1F % IDO1 DFEHLIZ U-138MG., U-251MG. 0125-DGC, 0222-DGC &t L THYaE L
Tz, TNHORERA B MR IB IR |2 TUE S Bl X 2 Byt icBd 53 % IDO1 % X b
SR FIT 2 2 LG A L 7 0 IDO1 2SBEEEICKT T 2 B2 mIBEIC AR V55 2 LR S T,
1. #I®Iic

FBIERE XIS 31T 2 JR A ESE O h CROBELRE . &dD FTROBVWERETH 5, BIF
HE I3 2 iH# e LT SMRHYIER I X OB AR I X 2 BEE s BRI & L CfThilT\w» 5
D, Z D FRITED THEL T ENESLMEN A HEE LR &% & kA4 Bl o) R oGt &
NTEEDLDOD, ZOFHRARET LIRS TRV[L, 2, 3], £ D70, BEFEICHT 2 87 ik
BT 2 2 L AR TH B, W, DAL —FETH 2 HIRBIEEHIIE S EAEE o & o B EEE
KX VLG SFEEL TW 3 Z Lo Ic I N7z[4], BHFEITREEOME TH Y . RinVIFRIZNETH
%3[5]e 2D, FMiEOMPBEENLHAL 25, L L, BIHEEIEHRL AR LRttt %
R L. % OBFEEEGTE IR BIESAE 2SS L v 2, ¥ 2REYIRSEEECH 2 720, BB OEH
2% L FFRIC S MRRBIESHIAE 2B S L C\wv 3 (5, 6], MERBIESHIA IR, BUNRELICE L T, ML
- BHEME Z & DA Rfifdic b2 e EZ N TWE, X5 ICHRBESDMG & B Em I A
WIZEL LS9 2L R LG D B B[7), BIHEICHT 2572 RiBbEE 2 RET2 9 2 i, BIFE
MR o7 < . MHBIEE I D MR E T2 2 L SEETH Y. L VM E YIS 2o B HE
Bd 5,



WA, W DD D RIEEEE BB O H 7= migik & L CTIfF I T v 5, BEFE T programmed cell
death 1 (PD-1) %, programmed death-ligand 1 (PD-L1). cytotoxic T-lymphocyte associated protein 4 (CTLA-
4) R XDHET =y 7 R4 v b ofifl<, IDOIL. tryptophan 2,3-dioxygenase 2 (TDO2)7x & DR %
FET 52 cTHMEZIHLTWA[8,9,10, 1 ThH, M) 7+ 77 vyREtoALEREZE TH % IDOL I,
[BLEIEAIAE I 35\ F 2 PUIEE oy oWkl IcBI 5 L C W A AIREME AR S Cw b, Y 7 F 7 7 Y IiZ IDOI
KroTtFRrv=vicfidh, =7 =27 2 —-THIlRORNEELEZ D 726 U, Gl T Mz ko, Sk
fbE23 & TRIZEERICHS L TW3[11], IDOI HEFOPESMEZ R LZHMED I hTHD,
IDO1 FHEIE ST AA & LTl & 2 A[REEATRE E T v 5[12].

IDO1 PFHESRIC X 2 REEE oGt Bic~y 0BT T LTl I N TH ., BIFMICE W
TIDOI1 23RS FEAL TV B 2 RN LD H B[13], $72. ~ 7 RAOBHEE T L C, BIFHEDOE
HALEFRESECH 2 7Y v I P e DOl FHEZREOHHAM R Z R L 2iEd I N TV 3B[14], 2D XD
IC IDO1 ZBHFMED kA2 HE 2 5 5 2 CHERME L L CEH I T 555, MfRBESME e
IDO1 DBRIC DWW TIRFR EHR SN Tniny,

IDO1 IFEHEE ORI L 0 b BHE oS WHRBECEFMIc s XV EdREHAL v
2L HRRLEMED D22, MRBEGHIZICE T2 IDO1 OFBICOVWTRPEL2ICAIR TV
Vo AT, MR RRERIAT 3, b L 22 MR IBIERIAT X D IDO1 ZER FEHL Th . X v is YikE
B 2 W LT B &5 2 RIS B TR IB IR IAT & B IC 3510 5 IDO1 o FEH L ~ v
DIE NI DN TS 21T - 72,

2. MRLETTE
2.1. fifa s &

b+ BIFIEHAOE T ® % U-138MG. U-251MG. K UM F# Rk o i B s Aa ik © 0125-GSC. 0222-
GSC Z I L 7z, 0125-GSC, 0222-GSC ## H B R ZELE MRS O B H B R A, M OERERE
AT X 0 BT & Nz BE HSR o iR BIER IR T B b . BRICEROIE CERA I TV B[, 15, 16,
17]o U-138MG. U-251MG IZ 10% D 7 v JERIMEZ & X~y a4 — 7 85 (DU, IfEksHb)
THEE L 72[18], 0125-GSC. 0222-GSC DRFEICIZ. N2 7V X v+ (025%). B27 %7V A v b (1%).
b bR z S EEARHE IR R IR 7 (bFGF; 20 ng/mL) . R EK T (EGF; 20 ng/mL). L-glutamine

(0.5 mM) %Ml Z 7= #EIf{ D Neurobasal 55 (LAT . #EIMERH) Z6H L 72[7].

¥ 72, b FMBIEEMERTH 5 U-138MG, U-251MG % MR © 2 AR E T 2 2 L T, #Hikic
Rev-U-138MG. Rev-U-251MG %2 L7z, & HIC, ffEBIESHAE <5 % 0125-GSC, 0222-GSC #Ifil
EEHCHRE T %5 2 & T 0125-DGC, 0222-DGC % Hi 7= 1T L 72,

Ava—7xzvyv_—% (IFN-B) #INC X 2 EEuIZ, SEMFERHIC IFN-p % 10 IU/mL 780l L 72 R 8
CHEREZ 7 HREHGE L 28 1AT 2 72[7]6
2.2. E 8 O F BT
SRR IC O W TR~ — A — MO IDO1 OEHE OB 2 v T2 %2 v 7 uy b ik (WBiE) T
BT L 720 1 <107 fE D MRE I L 8 A o0 g SR P EA 2 8N L 72 RIPA Ny 7 7 — %l X CEEAE Z B L 72,
BCA HHT7 vt A4 ¥ v F CEHREZHE L 721&I1C, 50 ig DEHEZ 2% KV T2 IAT I FT5AT
EAVKEI L 72, BEL 7-EH'E X Bio-Rad F 7 v 27 vy FPEHWTISV, 30 0Tt rtrn—X
BICHRT L 7z, 85 S N7z IO IERF R i A 1 IPEE BRI 1% D A ¥ 4 I V7 A, EifT 60 57



M7ay 7Lz, —XPukiEeMii~ —7 — o, Nanog. Nestin, Oct4, Sox2 % fififf L[19, 20, 21].
NGAF—VCVIEALLTC B TI7FVvEMALL, —XIERETRTRRNE 7 0 —FAdiffkic X
D, 4°CT 24 FFRILEE L 72, —RPUAKIZHI~ 7 R IgG-HRP fitik#{FHH L. = T 60 LB L 72, ~Nv
F ¥ % — 1% ECL prime WB detection reagent CHLEHE L 7214 LAS-4000 TE#T L 72,

2.3. mRNA O FIRfENT

BAHIAEHE IC DT Nanog, Nestin, Sox2, XU IDOI ® mRNA D¥H1% reverse transcription polymerase
chain reaction % (RT-PCR %) 1T X Y fi##T L 72, 1x105flH O AT 2> & RNeasy MINI kit % F\» T mRNA %
fhH L. NanoDrop © RNA & % JHlliE L 7214£1C. StepOne Real-time PCR System % i\ > Ci##T L 72, SYBR-
Green Realtime PCR Master Mix Z Il 2 C 20 L & L., X 45 34 2 {707z, a v bu—nicidny
AF¥ -V VBT TH D GAPDH %\ iz, 77 4 ~— iRk owHE ol S nzid 2 S5HEic L <
ERL L 72[7,22, 23], mRNA OFBIEIF AACT 2 HWTEEL 72,

2.4, R BIEGHIIE O IFN-B #I1IC X % IDO1 D FEIRfENT

HFLBIEEHIIE T H 2 Rev-U-138MG. Rev-U-251MG. GSC-0125, GSC-0222 xf L Cili% o H Mg
FEHLIZ IFN-B Z#sh0 L. IFN-B TR L 7=t & . ARILE O Mlifa#E C Nanog. Nestin, Sox2 & IDO1 @
EHFHZ WB LT L 72z, %7z Rev-U-25IMG. 0125-GSC IZ 5\ TRk ICIEIMERHLIC IFN-B Z 35
L. Nanog. IDOI ® mRNA DFH81% RT-PCR % CHliE L 7z,

2.5. EaTEAT

#at i3 Student's t-test Z AV 72, #EEH Y 7 b ITiZ IBM SPSS Statistics version 21.0 Z{Hfi L. &£ToDF
— 2T L AR E TR L 72, p 25 0.05 RifO G A 2 ANICHEE L AR LTz,

3. HEER
3.1, FEIMIFH M T c o Mifa st o B

WA T EIc, B 2 g c—E WIS L CH5 R 9 5 & BIEREM Ak A3 i A
~—/7—TH% CDI33 #EmFEHT 2 L 2WE LTV 3[7], BIFMEMIEKTH 3 U-138MG. U-251MG
AT H 2 28, HEMFERH CH 2 L 72 Rev-U-138MG. Rev-U-251MG (38R 2 TR L 72, X
T, 0125-GSC. 0222-GSC 7 2 U L T 7228, MERHCREE T 2 © & oiteiifa i g
HE . AL,

RiT, FHifakkic BT, RREE~ — 5 — T® % Nanog, Nestin, Oct4, Sox2 DEHDFRIHE %
WB ETHIE L, 5 LE DR %2 1T 5 7o, MEIMEE; L CHIZ L 72 Rev-U-138MG. Rev-U-251MG (37CD U-
138MG. U-251MG & [t} Nanog. Nestin, Octd, Sox2 DFEIINIEIR L T\ 7z, F 7z, IMERH o7 L
72 0125-DGC. 0222-DGC 2B L TiZ, 0125-GSC. 0222-GSC & [t L T Nanog. Nestin, Oct4, Sox2 D¥
BIH3ES L 7=,

IO DFERE X BICHERE T % 72% U-251MG, Rev-U-251MG, 0125-GSC. 0125-DGC I 35> T Nanog,
Nestin, Sox2 ® mRNA DOFHd% RT-PCR L TT L 72, fEHE L <. EHARKHLFKIC, Rev-U-25IMG
T3 U-251MG &tk L T Nanog, Nestin, Sox2 ® mRNA OFIAHERL TH Y, £72. 0125-DGC Tb
[ IC 0125-GSC & el L T Nanog, Nestin, Sox2 ® mRNA OFIAIKIG L Tviz, 2o DFERD S,
PR B A & b U 72 B A A B A LIS 5 © & ROVE L 7= B EF e A A | I 0fmL 3 855 3
THET 5 L oRBER oY (FHES LSS C LRI N,

3.2, MR B IEEE G IC 31 3 IDO1 D FEERfENT



o\ T R BIEE G & b L 72 BEEIEMIE IC 35 2 IDO1 @ FHL % f@hT L 72, U-138MG. U-251MG,
Rev-U-138MG. Rev-U-251MG K UF 0125-GSC. 0222-GSC. 0125-DGC., 0222-DGC ® IDO1 D& I %
WB L TRl L 72 & & A, Rev-U-138MG. Rev-U-251MG T3 U-138MG. U-251MG & [ L T IDO1 D%
BA2SERR L T\ 7z, F 72[EEKIC 0125-DGC. 0222-DGC Tl 0125-GSC. 0222-GSC & Ltk L T IDO1 D%
B LTz,

KIZ U-251MG, Rev-U-251IMG K TF 0125-GSC, 0125-DGC IZ ¥ 1F % IDOI D mRNA O ¥81% RT-PCR
% TR L 72, FERIZFEIER IS, Rev-U-251MG T3 U-25IMG & HiE L T IDOI DRI L Tk
. 0125-DGC Tl 0125-GSC & HHE LT IDOI DFEHAII L Tatz, TN DREHED O, MR B
MR IX oAb U 72 B3R AT & el L € IDO1 258 FIRL T3 2 &R E vz,

3.3 IFN-B @ hNC X 2 BEFHEfAd o 2k, KO IDO1 FH D224k

AL T, IFN-p 2SR BIEMIIE o Bt b o @ FE 2 i 32 £ & 27" L C & /2[7], % & T, IFN-
B DIBLEIEMIIE DB L 2 Wil 3 % © & T IDO1 OFIZ M LIS % 2% MGt L 72, IFN-p LB L 7= #f
faff & . RUFE O MAEHE T Nanog. Nestin, Sox2 & IDO1 OEHFEH % WB LTl L 7z, #H%R e L <.
IFN-B WLEERE C I3 AR LBREE & LL#E L T, Nanog. Nestin, Sox2 DFEILIHA L 72D O D, IFN-p ALEEE T
RALFRREE L HLEZ L C IDO1 DEHADFKHAHE R L T 7z, 72, U-251MG. 0125-DGC Ic BT, IfifEks
H11Z IFN-B % 10 TU/mL @0 L. IFN-B CLER L 7= #AEHE & . KRB OHEHE T IDO1 O EH O FHL %2 WB
ECEHMl L 72 & 2 A, [FBRIC IFN-B TR L 7= FFIZ R OFE & Ll L € IDO1 O FIAEIE L T/,

I, Rev-U-251MG. 0125-GSC IZ 3\ TIABRIC IFN-B ZF5M L. Nanog. IDOI ® mRNA D FHl%
RT-PCR & CHIE L 7z, #5H & LT, IFN-B UUEHECIERLIRAE & L L C Nanog DFEHLIZIRET L T\ 7z
23, IDOI DFEBUIIEIR L Tviz, TS OFERD S IFN-B IZBIERE I L <. st &S o I,
J OV IDO1 DFBLDEHEL V5 —ODMHK T 28R 2R L, BEPHIE % L5 Z L 23RB I T,

4. HE

FY b7y REBIICE T 2 AUEEER TH B IDOL 1T, TEIEFRBIE IC 3\ TS Sk o ki ic B
5L Tk Y RFRESIEDIIK L 72> T 3[12], & O ICHHEBIER L IZBFE O B L DK & RN
7o T B[13], MFEBIEEHIEC IDO1 122 W TIE% K DD R I T 325, Wi#H O 7= Bf%
KOWTIRRZRE ST, AR, MRBESRHEIC S YT IDOI 2958 BHL Wb 2 L %
BHO IS LD CoHETH 5,

BEFIEMINER CH 5 U-138MG. U-251MG 7% SEIMiEEH ¢ E iR #E 3 5 2 & THIZ L 72 Rev-U-
138MG. Rev-U-251MG (&, FilEiiasiz B L, #iild~ —7% —T» % Nanog. Nestin, Sox2. Oct4 %
KRB L Tz, Fox e, BIFREMIOE 2 S IERH i 3 2 C & <, it o e,
CDI3 ZEFIRT 22 L MEL TV 3[7], /2, U-25IMG IFEEIMFERH R E T 2 2 & orikapiiig
~ —71—"C&® % CDI133.Nestin DFEH AR L ML T XA e 4 + D<= — 75— T»H % microtubule-
associated protein2 (MAP2). tubulinbeta [I(TUBB3). glial fibrillary acidic protein(GFAP) D 5234 & 3170
{RBTHRRNLEHED B B[24], 2D &5 Rev-U-138MG. Rev-U-251MG % fiiftIBIEEHE & &
L. E7-EBEHRROMRBIEGMIER TH % 0125-GSC. 0222-GSC %\ T IDO1 OFRIE % F~7z,

9. MRBEEHE L U L 2B EME S AW LS 2 © & 2R L 7o, RICHIREIBIEE:
MR IZ T DAL L 72 B AE & Hele LT, IDO1 DEHE. KU mRNA OFHAHRL Tz, —F
<, BF ko mRBERMIL. 9td 5 2 & T, IDO1 DFBBIRD Lz, 2 b DfERL» 6, ik



[BIEEHIILIE IDO1 238 B L Tnw 3 2 LIk o 77, 72, HRBESMLIZ IDO1 %75 < #
HYyszeo, MEMEZIIHILTEY, 202 & BBHFEORBIETTIMEICEIBEEG L TWw3 2 LR
WX N7z, IDO1 DFBUIMRBIED B ICHFI L <3 2 2L 2R LEDH Y. BHFEZET
T o B O R IBIE N ON I R BRI IC 35 W s C IR L T 3 IDO1 I3 BIFIEGEEE 2 5 ) %
THYRBEIERIC R VG2 L E 2N [4], X bic, HRBIESHIIIZBIEEOHAEIC L HFE5 L Tv
52 EDHSNTE D IDO1 2R & T 2GR IEBFHOMAETHICHEME 2G5 L E 2 b,

IFN-B ZFEEIETEINH], 7 R+ — > ZAFFEEL, p53 %S L 72 06-methylguanine-DNA methyltransferase

(MGMT) DR FFEBZMIHI L < 7' v m I FIon 3 2 EAIRZEZ RS 5 72 L, BN 241

FEETES S S A3 % B TS & 72 KA T H 5 [25.26], T 13iEEIc, IFN-B A3 HHRIBIEHIAE o Bt 43k o @A & 1
Hl4 2L 2@MELTVB[T], % 2T, AWFICI T IFN-B A HRBIREHIEIC 351 % IDO1 DFH %
I LIS 2 20 2Bt L 7225, PRUCK L. IFN-B ALERAE CI3 RUUERE & L L € IDO1 DI E55 L <
W7z, IFN-y 28 IDO1 OFH AR T 5 2 iz L <AL N TE Y, HICTIE IFN-B I b [Fk DR H % &
L 72 D H 5[27.28.29.30.31.32], IFN-B 2% IFN-stimulated gene 3 ifi OV iC IFN-stimulated response element %
LT IDO1 DB ZHIET 2 Z L HBHMONTEH Y . ARWFETIE. IFN-B D IDO1 % FHL X & 25525,
oAb o AR 2 W 3~ 2 AR & 0 bR Bl vlRetEriE 2 o 5, BEIFEMALICHN S 2 IFN-B DU
B, HB30IETEY T I FEOERRRIC O TR, HEEERL <~ THRIEZ R L - WS 05
RENTWS[25.26.33.34], 2o DG %321F, IFN-p DOBHEIC 3 2 Gahit: 235 WA R I 5
WCRGEE S 8, B2 LR T 5 2 ik CcE b o, ZOFERD—DIT, TFN-BIC & b IDO1 ©
FIADBER L 722 L 2BES LT % & 2T, IFN-B & IDO1 OEFA 24 2 A2 T2 C L i
X D, IFN-Bp OYUEES R A2 2 & TE RN E 2 b iz,

HEE IS o & A U CIBEEIE O WBFRYTEICH S5 L CTw 2 L F 2 5 TWw 3 IDO1 i3, #R BT
faics T, ML 7ZBHEMIE L D 3 BCAEHLTw3 2 LR EI N, ZOREX Y, DO IFBEF
JEIC 3~ 2 /T 72 B EIC e V15 5 2 E IR E LTz,
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