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A B S T R A C T

Metabolic abnormality is one of the hallmarks of cancer cells, and limiting material supply is a potential
breakthrough approach for cancer treatment. Increasing researchers have been involved in the study of glioma
cell metabolism reprogramming since the significance of IDH1 was confirmed in glioma. However, the molecular
mechanisms underlying metabolic reprogramming induced by methionine deprivation regulates glioma cell
proliferation remain unclear. Here we demonstrated that methionine deprivation inhibited glioma cell pro-
liferation via downregulating interleukin 1 receptor antagonist (IL1RN) both in vitro and in vivo, methionine
deprivation or knocking down IL1RN induced glioma cell cycle arrest. Moreover, we confirmed that IL1RN is a
tumor associated gene and its expression is negatively correlated with the survival time of glioma patients.
Altogether these results demonstrate a strong rationale insight that targeting amino acid metabolism such as
methionine deprivation/IL1RN related gene therapy may offer novel direction for glioma treatment.

1. Introduction

Glioma is the most common primary malignant intracranial tumor
and has a poor prognosis [1,2]. Despite the application of standard
therapies—surgical resection, radiotherapy and chemotherapy, the
two-year survival rate remains less than 10% after diagnosis of glio-
blastoma [2]. Though great progress has been made in the treatment of
glioma during the last decades, more superior detection methods and
therapeutic regimens are still urgently needed [3,4].

Substance metabolism plays a critical role in tumor progression due
to high material and energy requirement of tumor cells to maintain
their unimpeded proliferation [5]. Recently, researchers demonstrated

that restricting nutrients supplementation, such as proteins, glucose and
lipids could be a feasible therapy for cancer [6–8]. Methionine is an
essential amino acid and is vital to protein synthesis, DNA methylation
and polyamine synthesis [9]. Several studies have confirmed that me-
thionine deprivation limits growth and metastasis of different tumors,
and prolongs lifespan of experimental animals [10–12]. Similarly, our
previous study has indicated that dual deprivation of methionine and
cysteine has synergetic inhibitory effect on glioma proliferation by in-
ducing ROS accumulation/autophagy [13], but the exact underlying
mechanisms remain to be elucidated.

Under these circumstances, to observe the role of methionine play in
glioma proliferation we transplanted primary glioma cells to mice brain
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and deprived methionine supplementation, then performed gene mi-
croarray to explore the molecular mechanism of which methionine
deprivation inhibits tumor cell proliferation. The gene interleukin 1
receptor antagonist (IL1RN) captured our attention [14]. As a member
of the interleukin 1 cytokine family, IL1RN is a well-known immune
and pro-inflammatory cytokine that inhibits the activity of interleukin-
1 (IL-1) by competitively binding the IL1R1 receptor and preventing its
association with the co-receptor interleukin 1 receptor accessory pro-
tein (IL1RAP), thereby it modulates lots of IL1 related immune and
inflammatory responses [15]. As a potent immune/inflammatory mo-
lecule, IL1RN is tightly associated with osteomyelitis, rheumatoid ar-
thritis, traumatic brain injury (TBI) and stroke [16–18]. Recently, an
increasing number of studies proved that IL1RN is also actively in-
volved in tumor progression, such as high expression IL1RN increased
the risk of bladder cancer and non-cardia gastric carcinoma [19,20],
but decreased the risk of lung cancer [21]. These intriguingly contra-
dictory observations drove us to figure out the role of IL1RN in glioma.

In this study, we demonstrated that methionine deprivation in-
hibited glioma proliferation in vitro and in vivo and induced cell G1/S
phase arrest by suppressing IL1RN expression. Moreover, over-
expression of IL1RN could reverse the suppressive effect of methionine
deprivation on glioma cell proliferation. The survival curves indicated
that high expression of IL1RN predicted a poor prognosis in glioma
patients. All together, these results suggest that IL1RN could be a
prognostic indicator of and a novel therapeutic target for glioma.

2. Materials and methods

2.1. Patient samples collection and primary glioma cell extraction

Non-tumorous human brain tissues (N= 6) and human glioma tis-
sues (N=19) were obtained from surgical resection at the Department
of Neurosurgery, First Affiliated Hospital of Harbin Medical University.
Primary GBM cells were separated from three independent GBM patient
tissues respectively and cultured at 37 °C with 5% CO2 [22]. This study
was approved by the Ethics Committee of Harbin Medical University
Hospital and carried out in according to the Declaration of Helsinki. All
the participants gave written informed consent.

2.2. Cell culture

Human glioma cell lines LN229 and A172 were obtained from China
Infrastructure of Cell Line Resource (National Science & Technology
Infrastructure, NSTI) and the Institute of Brain Science(Harbin Medical
University China). Cell lines were cultured with Dulecco's Modified
Eagle medium (DMEM, 11960044, Gibco, USA) or methionine free
medium (21013024, Gibco, USA). All cells were maintained at 37 °C in
an incubator containing 5% CO2 [13,23].

2.3. MTT assay

Cells were seeded in 96-well plate at a density of 5000 cells/well.
10 μl of MTT dye (5mg/ml) was added to each well, after incubation at
37 °C for 4 h the medium was replaced by 200 μl dimethyl sulfoxide.
The optical density of each well was measured at a wavelength of
490 nm (BioTek elx800, USA). The cell morphology was observed with
a microscope (Leica DMI8, Germany).

2.4. Cell transfection

X-tremeGENE (Roche, Germany) and Lipofectamine 2000 reagent
(Invitrogen, USA) was used for siRNA/plasmid transfection according
to the manufacturers’ instructions. Sequences of the siRNA- NC/IL1RN
(GenePharma, China) were shown in Table 1. IL1RN overexpression
plasmid pEnter-NC/IL1RN were purchased from Vigene Biosciences.
INC (China), Lentivirus Plxv3-shNC, Plxv3-shIL1RN 1–3 were

purchased form GenePharma (China).

2.5. Western blot analysis

After extracting from glioma cell/tissues, total proteins were sepa-
rated on 12.5% SDS-PAGE gel and transferred to polyvinylidene di-
fluoride (PVDF) membrane. The membranes were blocked in 5% skim
milk for 2 h and then incubated with primary antibodies at 4 °C over-
night. Then membranes were incubated with fluorescently conjugated
secondary antibodies (Cat#: 7075, Cell Signaling Technology, USA).
Immuno-reactive complexes were visualized using BeyoECL Plus
(Beyotime, China). The protein bands were captured using ChemiDoc
XRS + Imaging System (Bio-Rad, USA). Primary antibodies were used
as follows: IL1RN (ab124962, Abcam, USA), CDK2 (ab32147, Abcam,
USA), CDK4 (ab199728, Abcam, USA), Cyclin D1 (ab134175, Abcam,
USA), TGF-β (ab179695, Abcam, USA), β-actin (AC004, ABclonal
Technology).

2.6. Assessment of cell cycle distribution by flow cytometry

Briefly, cells were collected and incubated with 70% ethyl alcohol
overnight. Then cells were washed with PBS and stained with reagents
from Cell cycle analysis kit (Beyotime P0010, China). After cells were
incubated at 37 °C for 30min, their fluorescence was visualized by
Accuri C6 flow cytometer (BD, USA) and analysed by ModFit LT 5.0.

2.7. Quantitative real-time PCR (qRT-PCR)

Briefly, total RNA was isolated from samples with Trizol reagent
(Invitrogen, USA). The IL1RN mRNA expression were analysed using a
SYBR Green PCR Master Mix kit (Applied Biosystems, USA). GAPDH
was used as an internal control. qRT-PCR was performed on ABI Prism
7500 fast thermocycler (Applied Biosystems, CA). The primer se-
quences of GAPDH and IL1N were in Table 1.

2.8. Orthotopic transplantation experiment

BALB/C nude mice were purchased from Beijing Vital River
Laboratory Animal Technology Co., Ltd. (China). The injection location
is 2.5 mm to the right of midline and 0.5mm posterior to the coronal
suture at a depth of 3.5 mm [24]. In diet control assay, human primary
glioma cells (2× 105 cells per mice) were injected into mice brain, after
1 week, mice were randomly divided into standard diet group and the
methionine deprivation diet group. After another 3 weeks of diet con-
sumption, the mice were sacrificed. In lentivirus transfection assay,
2×105 LN229 cells were injected into mouse brain, after 3 weeks mice
were sacrificed. The lentivirus sequences were in Table 1. The standard
diet (Cat#: TP 0010G)and methionine free diets(Cat#: TP 01A0401G1)
were purchased from Trophic Animal Feed High-tech Co., Ltd. (China).
All experimental ethics and animal research were approved by the
Ethics Committee of First Affiliated hospital of Harbin Medical Uni-
versity and carried out in according to the Declaration of Helsinki.

2.9. Hematoxylin-eosin (H&E) staining and immunohistochemical (IHC)
staining

For H&E staining, tissues were dehydrated and paraffin-embedded
in preparation of sectioning, the resulting slices were stained with H&E
for histological examination. For IHC assay, tissues were paraffin-em-
bedded and sliced, then stained for interested protein using a strepta-
vidin-biotin peroxidase method. the primary antibodies were used as
follows: CDK4 (ab199728, Abcam, USA), Cyclin D1 (ab134175, Abcam,
USA), Ki67 (A2094, ABclonal, USA).
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2.10. Bioinformatics analysis

The bioinformatics data were downloaded as follows: gene expression:
https://xenabrowser.net/datapages/?hub=https://tcga.xenahubs.net:443,
which included data from 515 LGG and 154 GBM patients. Clinical data:
http://www.cbioportal.org/, which include clinical data from 521 LGG and
167 GBM patients. Among them, 464 LGG and 116 GBM cases reported
disease-free survival (DFS), and the top 75% were chosen for demarcation
point.

2.11. Gene microarray and data analysis

Agilent Human Gene Expression (8∗60 K, Design ID:039494)was
used to detect the expression of genes. Feature Extraction software
(version10.7.1.1, Agilent Technologies) was used to analyze array
images to get raw data. Genespring were employed to finish the basic
analysis with the raw data. Differentially expressed genes were then
identified through fold change as well as P value calculated with t-test.
The fold change≥ 2.0 and P value≤0.05 were set for threshold of up-
and down-regulated genes. Bidirectional hierarchical clustering of dif-
ferentially expressed genes across eight samples was carried out by
Cluster 3.0 (http://bonsai.hgc.jp/∼mdehoon/software/cluster/) and
heatmap was viewed by TreeView 3.0 (https://bitbucket.org/
TreeView3Dev/treeview3/). The assay (https://www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GPL17077) were followed the Minimum
Information about a microarray Gene Experiment (MIAME), GEO ac-
cession number was GPL17077.

2.12. Statistical analysis

Statistical analysis between groups was performed using Student's t-
test or one-way ANOVA (Prism version 7.0). P < 0.05 was considered
statistically significant (*).

3. Results

3.1. Methionine deprivation inhibits glioma cell proliferation in vitro and in
vivo

Substance metabolism plays a critical role in tumor progression, and
the only way units obtain methionine is from outside as it’s an essential
amino acid. To figure out whether methionine metabolism plays a
critical role in glioma cell proliferation or not we cut off methionine
supplement. First, we cultured human primary GBM cells with or
without methionine and observed cell sphere formation, as we observed
that the cell sphere size of methionine free group (Met (−)) were
smaller than those of full medium group obviously (Met (+)) (Fig. 1A),
it mean that methionine deprivation inhibited primary glioma cell
viability. Moreover, we transplanted primary glioma cells to nude mice
brain and found the same inhibitory effect, the results shown that the
maximal section area of the methionine deprivation group (Met (−))

was notably smaller than that of the control group (Met (+)) (Fig. 1B).
All above, the results demonstrated that methionine deprivation in-
hibited primary glioma cell viability in vivo and in vitro.

Meanwhile, methionine deprivation exerted same inhibitory effect
in glioma cell lines. We cultured glioma cell line LN229 and A172
present or absence of methionine, next cell viability were detected at
indicated time, as the results shown that methionine deprivation sig-
nificantly reduced LN229 and A172 cell viabilities in a time-dependent
manner (Fig. 1C), at the same time we got cell images to got cell
morphology at indicated time, the cell number in Met (−) group were
smaller than that in Met (+) group which were in accordance with
Fig. 1C (Supplementary Fig. S1A). To confirm the suppressive effect
were induced by cell death or cell proliferation inhibition, we detected
cell death by Tunnel assay and cell proliferation by staining prolifera-
tion associated protein Ki67, the results demonstrated that LN229 and
A172 cell proliferation were suppressed notably (Fig. 1D and E) and
there were no significant cell death (Supplementary Fig. S1 A and B), all
above we proved that the glioma cell viability inhibition were induced
by cell proliferation suppression. Taken together, these results indicated
that methionine deprivation inhibits glioma cell proliferation in vitro
and in vivo.

3.2. Methionine deprivation suppresses IL1RN expression in vitro and in
vivo

These markerable inhibitory effect captured our attention and drove
us to elucidate the underlying mechanism. We screened differentially
expressed genes in Fig. 1B tissues by gene microarray, the result shown
that there were 402 differentially expression genes that fold
change>2.0, P < 0.5 (Supplementary Fig. S2A), among them 13
genes were significantly upregulated (fold change > 3.0) and 24 genes
were significantly downregulated (fold change > 3.0) in methionine
deprivation group (Fig. 2A). Afterwards, we performed Kyoto En-
cyclopedia of Genes and Genomes (KEGG) Enrichment and Gene On-
tology (GO) Analysis, and found vast majority differentially expressed
genes in KEGG Enrichment signal pathway (P < 0.05) or GO Analysis
biological process units (P < 0.05) were associated with immune/in-
flammation obviously. KEGG Enrichment signal pathway analysis re-
sults shown 12 out of 26 were immune/inflammation pathways
(Supplementary Fig. S2B), GO Analysis unit was 12 out of 86 were
immune/inflammation units (Fig. 2B), associated representative gene
and their fold change were shown in (Supplementary Fig. S2C). Next,
we picked out all inflammation/immune genes and draw their disease-
free survival (DFS) time of glioma patients using TCGA clinical data.
Finally, the results shown that IL1RN was correlated with the disease-
free survival time of glioma patients (Fig. 2C). All above, the results
verified that methionine deprivation suppressed IL1RN expression in
vivo.

We also confirmed that IL1RN mRNA and protein expression were
downregulated after methionine were deprived in glioma cell lines. The
results demonstrated that IL1RN mRNA and protein were

Table 1
Sequences of siRNA, primer and lentivirus.

siRNA sequence
si NC 5′ UUCUCCGAACGUGUCACGUTT 3′, 5′ ACGUGACACGUUCGGAGAATT 3′
IL1RN-si RNA1 5′ GGUACCCAUUGAGCCUCAUTT 3′, 5′ AUGAGGCUCAAUGGGUACCTT 3′
IL1RN-si RNA2 5′ CCUUCUAUCUGAGGAACAATT3′, 5′ UUGUUCCUCAGAUAGAAGGTT 3′
IL1RN-si RNA3 5′ GCGUCAUGGUCACCAAAUUTT 3′, 5′ AAUUUGGUGACCAUGACGCTT 3′
Primer sequences
GAPDH F-5′ CACCCACTCCTCCACCTTTGA3′, R-5′ACCACCCTGTTGCTGTAGCCA3′
IL1RN F-5′TCCAAGCTCCATCTCCACTC3′, R5′GCTGAGTACCTGCCAAGAGC 3′
Lentivirus sequences
LV-shNC 5′ TTCTCCGAACGTGTCACGT 3′
LV-shIL1RN 1 5′ GGTACCCATTGAGCCTCATGC 3′
LV-shIL1RN 2 5′ GCCCGTCAGCCTCACCAATAT 3′
LV-shIL1RN 3 5′ GCCTGTTCCCATTCTTGCATG 3′
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downregulated in LN229 and A172 cell line after cells were culture
without methionine (Fig. 2D–F). Taken together, these data indicated
that the IL1RN expression were suppressed after methionine depriva-
tion both in vitro and in vivo.

3.3. IL1RN expression is sensitive to methionine deprivation in vivo

To further clarify IL1RN change character we established sub-
cutaneous xenograft model. The results shown that although there was
no significance between control group and methionine free group in
tumor weight (Fig. 3A and B) and tumor weight/mice weight (Fig. 3C),

there was significance in the mRNA (Fig. 3D) and protein expression
(Fig. 3E) of IL1RN after 3 days of dividing group. And there was sig-
nificance between two groups in tumor weight (Fig. 3F and G) and
tumor weight/mice weight (Fig. 3H) beside the mRNA (Fig. 3I) and
protein expression (Fig. 3J) of IL1RN at day 15. These results indicated
that IL1RN expression was sensitive to methionine and was inhibited at
early stage after methionine deprivation.

3.4. IL1RN knockdown inhibits glioma cell proliferation in vitro and in vivo

Next we assessed the role of IL1RN play in glioma cell proliferation.

Fig. 1. Methionine deprivation inhibits glioma
cell proliferation in vitro and in vivo. (A) Three
independents primary GBM cell spheres after cells
were cultured with or without methionine for 5 days.
Bar: 200 μm. (B) Representative images of H&E
stained mouse brain sections after intracranial
transplanted of primary GBM cells. (C) Cell viability
of LN229 and A172 cell line after cells were cultured
with/withtout methionine for indicate times. (D and
E) Ki67 protein expression after cell were cultured
with or without methionine for 48 h. Bar: 100 μm.
Met (+): Standard diet group, Met (−): Methionine
free diet group. Data are represented as the
mean ± SEM, *P < 0.05, **P < 0.01,
***P < 0.001.
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First, we knocked down IL1RN by siRNA in LN229 and A172 cell lines,
after verifying the siRNA efficiency (Fig. 4A and B and Supplementary
Fig. S3A) we measured the cell viability, the results shown that glioma
cell viability were suppressed notably when IL1RN were downregulated
in glioma cells (Fig. 4C). Meanwhile, cell morphology (Supplementary
Fig. S3B) and Ki67 protein expression (Fig. 4D and Supplementary Fig.
S3 C and D) indicated that glioma cell proliferation were inhibited
when IL1RN was suppressed. All together these results indicated that
knocked down IL1RN inhibited glioma cell proliferation in vitro.

Furthermore, we knocked down IL1RN by target IL1RN lentivirus in
vivo. After testing the transfection efficiency (Supplementary Fig. S3 E
and F), cells were injected into 5 weeks old nude mice brain, then we
measured tumor proliferation by H&E and IHC. H&E results verified
that glioma cell proliferation was suppressed notably in IL1RN knock-
down group (LV-shIL1RN), and Ki67 protein expression were inhibited
in IL1RN knockdown group (Fig. 4E). Additionally, Cyclin D1, CDK4
which are cell cycle related protein expression [25] were inhibited si-
multaneously (Fig. 4E), this indicated that cell cycle were arrested

Fig. 2. Methionine deprivation suppresses IL1RN
expression in vitro and in vivo. (A) Microarray
analysis of orthotopically transplanted human
glioma tissues, only show the gene which its fold
change> 3.0 and P value < 0.05, red arrow in-
dicates IL1RN, C represents Standard diet group, E
represents Methionine free diet group. (B) Immune/
inflammation related biological process units by GO
Analysis. (C) Disease-free survival (DFS) curve of
TCGA LGG and GBM patients. (D) Relative IL1RN
mRNA expression after cells were cultured with/
without methionine for indicated times, % of Met
(+). (E and F) IL1RN protein expression after cells
were cultured with/without methionine for indicated
times. % of Met (+). Met (+): Control group, Met
(−): Methionine free group. Data are represented as
the mean ± SEM, *P < 0.05, **P < 0.01,
***P < 0.001.
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when methionine were deprived. All together, these results demon-
strated that silencing IL1RN expression suppressed glioma cell pro-
liferation both in vitro and in vivo.

3.5. Methionine deprivation inhibits glioma cell proliferation by suppressing
IL1RN expression

To verify the hypothesis that methionine deprivation suppresses
glioma proliferation by downregulating IL1RN, glioma cells were
transfected with IL1RN- siRNA glioma cells and cultured with methio-
nine free medium. Although we found that IL1RN protein expression
were obviously suppressed (Fig. 5A and B), the cell viability were no
significance change between these methionine deprived groups
(Fig. 5C), these results demonstrated that IL1RN knockdown and me-
thionine deprivation have no synergistic effect on inhibiting glioma cell
viability.

Meanwhile, we upregulated IL1RN expression in glioma cells and
cultured cell with methionine free medium, as we expected cell viabi-
lity were reversed belong with IL1RN upregulation (Fig. 5 D and E), this
mean upregulated IL1RN expression could reversed the suppressive

effect of methionine deprivation on glioma cell proliferation (Fig. 5F
and Supplementary Fig. S4). In all, these data suggested that methio-
nine deprivation and IL1RN knockdown exert the same inhibitory effect
on glioma cell proliferation and functioned in the same pathway in this
assay.

3.6. Methionine deprivation/IL1RN downregulation induces glioma cell
G1/S phase arrest

As we found cell cycle related protein were suppressed when me-
thionine were deprived in vivo (Fig. 4E), so we hypothesized that the
inhibitory effect of methionine deprivation or IL1RN suppression on
cell proliferation were induced by cell cycle arrest. In this circumstance,
we detected cell cycle phase distribution by flow cytometry. The results
shown that glioma cells were blocked at G1/S stage when methionine
were deprived, and IL1RN overexpression could reverse this arrest ef-
fect (Fig. 6A and B). Meanwhile, cell cycle related proteins expression
were coincident with the cell population in cell cycle distribution
(Fig. 6C and D). Together, these data demonstrated that methionine
deprivation or IL1RN suppression induced glioma cell proliferation

Fig. 3. IL1RN expression is sensitive to methionine deprivation in vivo. (A–E) Tumor pictures, wet weight of tumor (g), wet weight of tumor/mouse weight and
the relative expression of IL1RN mRNA and protein after divided into standard diet group and methionine free diet group for 3 days. (F–J) Tumor pictures, wet
weight of tumor (g), wet weight of tumor/mouse weight and the relative expression of IL1RN mRNA and protein after divided into standard diet group and
methionine free diet group for 15 days. Data are represented as the mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001.
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Fig. 4. IL1RN knockdown inhibits glioma cell prolifera-
tion in vitro and in vivo. (A) Relative IL1RN mRNA ex-
pression after transfection of IL1RN-siRNA for 48 h, cells
were cultured with methionine. (B) Relative IL1RN protein
expression after transfection of IL1RN-siRNA for 48 h. (C)
Cell viability of LN229 and A172 cell line after transfection of
IL1RN siRNA for 48 h, cells were cultured with methionine.
(D) Ki67 protein expression in LN229 and A172 cell lines
after transfection of IL1RN siRNA for 48 h, bar: 100 μm. (E)
Representative images of H&E-stained mouse brain sections
after intracranial transplantation of glioma cells, and re-
presentative images of IHC-stained mouse brain sections for
Ki67, CDK4 and Cyclin D1, bar: 100 μm. LV- shNC: Negative
control lentivirus, LV- shIL1RN: IL1RN knockdown lenti-
virus. All data are represented as the mean ± SEM,
*P < 0.05, **P < 0.01, ***P < 0.001.
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inhibition via G1/S phase cell cycle arresting in vivo and in vitro.

3.7. IL1RN is upregulated in human glioma tissues and correlated with the
prognosis of glioma patients

All above, the results demonstrated that methionine deprivation
inhibited glioma cell proliferation by suppressing IL1RN expression.
However, the role of IL1RN play in glioma patients is remain unclear.
Therefore, we caught glioma clinical data to draw survival curve of
glioma patients, the disease free survival curve indicated that IL1RN
expression was negatively correlated with the survival time of glioma
patients (Fig. 2C), the hazard ratios (High/Low) were 1.517 (LGG) and
1.964 (GBM), the 95% confidence interval were 1.033–2.227 (LGG) and
1.125 to 3.428 (GBM), the statistical significance were 0.0157 (LGG)

and 0.0027 (GBM) (Fig. 7A). The IL1RN expression data in TCGA da-
tabase, it shown that IL1RN expression were upregulated in GBM than
that in LGG (Fig. 7B). We also collected nontumor tissues and primary
glioma tissues for detecting IL1RN mRNA expression, the data de-
monstrated that IL1RN mRNA expression were upregulated in glioma
tissues compared to that in nontumor tissues, which was consistent with
TCGA data (Fig. 7C). Moreover, the IL1RN protein expression in the
human glioma tissues were also upregulated compared to nontumor
brain tissues (Fig. 7D and E). Collectively, these results demonstrated
that IL1RN expression is upregulated in human glioma tissues and high
IL1RN expression predicted a poor prognosis in glioma patients.

Fig. 5. Methionine deprivation inhibits glioma cell pro-
liferation by suppressing IL1RN expression. (A and B)
IL1RN protein expression in LN229 and A172 cell line after
transfection of IL1RN siRNA for 48 h. (C) Cell viability of
LN229 and A172 cell line after transfection of IL1RN siRNA
for 48 h. NS: no significance. (D and E) IL1RN protein ex-
pression in LN229 and A172 cell lines after transfection of
IL1RN overexpression plasmid for 48 h. (F) Cell viability of
LN229 and A172 cell line after transfection of IL1RN over-
expression plasmid for 48 h. Vector: Negative control
plasmid, IL1RN: IL1RN overexpression plasmid. Cells were
cultured as indicated. Data are represented as the
mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001.
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4. Discussion

Although many efforts have been made for the treatment of glioma,
its prognosis remains extremely dismal [26,27]. Unbridled proliferation
is the major characteristic of glioma and main reason for its poor out-
come, therefore, maximal restriction of cell proliferation is vital for

glioma therapy [28,29]. An increasing number of studies have con-
firmed that substance metabolism, including protein, glucose and lipid
metabolism, plays a critical role in tumor proliferation [30–33], thus,
metabolic reprogramming is a potential breakthrough approach for
glioma treatment.

Among numerous substances, methionine has captured a large

Fig. 6. Methionine deprivation/IL1RN downregulation induces glioma cell G1/S phase arrest. (A and B) Cell cycle distribution after transfection of IL1RN
overexpression plasmid for 48 h, cells were cultured as indicated. (C) Expression of cell cycle associated proteins in LN229 cell line after transfection of IL1RN
overexpression plasmid for 48 h. (D) Expression of cell cycle associated proteins in A172 cell line after transfection of IL1RN overexpression plasmid for 48 h. Data are
represented as the mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001.
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number attentions due to its important role in protein synthesis, DNA
methylation and polyamine synthesis. Many studies have demonstrated
that methionine deprivation could suppress tumor proliferation
[9,10,34], however, the underlying molecular mechanism remains
unclear. In this study, we demonstrated that glioma proliferation is
methionine-dependent, which suggests that restricting the methionine
supply could inhibit glioma cell proliferation. Upon screening differ-
entially expression genes, we first found that IL1RN was obviously
downregulated in vitro and in vivo when methionine were deprived.
Furthermore, our results demonstrated that upregulating IL1RN could
reverse the inhibitory effect of methionine deprivation on glioma. Al-
together, IL1RN plays an important role in glioma cell metabolic re-
programming which induced by methionine deprivation.

Although we haven't figure out how methionine deprivation reg-
ulates those differentially expression genes including IL1RN, we found
the expression of transcription factor TGF-β and NF-κB were changed
under those stress, this maybe a reason why genes expression was
changed. In addition, methionine can provide methyl for lots of biology
progresses including DNA and histone methylation [9,10], and genes
expression could be regulated by DNA or/and histone methylation/
demethylation. Moreover, as an essential amino acid methionine is
material for protein synthesis, these proteins maybe participate in
modification change of chromatin [12]. All above maybe potential
mechanism of methionine deprivation regulates gene expression, and
we will explore the mechanism in future work.

Inflammation and immune disorder are the hallmarks of cancer and
are vital for cancer cell progress [35]. IL1RN is an immune and in-
flammatory cytokine and now is well known as a proinflammatory
cytokine [36]. Several researchers proved that IL1RN is associated with
tumor progression and exerts diverse effects on different tumor types,
for example, high expression of IL1RN increased the risk of bladder
cancer and gastric carcinoma but decreased the risk of lung cancer

[19–21]. Our team was tremendously fascinated by the contradictory
results and drove us to explore the function of IL1RN in glioma. In this
assay we demonstrated that IL1RN is upregulated in glioma tissues,
which is in accordance with the TCGA data, and IL1RN knockdown
suppressed glioma cell viability in vitro and in vivo. In all, these results
suggest that IL1RN is vital for glioma survival.

Tada et al. suggest a potential role of IL1RN in regulation of the IL-1
autocrine loop in glioblastomas [37], it means that IL1RN also play a
vital role in IL1 mediate inflammation/immunity pathway beside in
metabolic reprogramming, therefore these results highlight that IL1RN
may be a potential hub between IL-1 mediate inflammation/immunity
pathway and methionine deprivation induced metabolic reprogram-
ming pathway in glioma. Although we screened IL1RN from in-
flammation/immunity gene by KEGG enrichment and GO analysis, it is
unclear whether IL1RN is fully function as an IL1 receptor blocker or
not in glioma metabolic reprogramming [38,39], therefore, our future
studies will explore the functional mechanism of IL1RN in glioma.
However, our study provides a potential key to regulate both IL1
mediate inflammation/immunity pathway and methionine deprivation
induced metabolic reprogramming pathway in glioma, it means IL1RN
will be a potential breakthrough point in glioma therapy. Meanwhile
we also proved that inhibiting IL1RN expression induced glioma cell
cycle arrest, in further study we will explore the underlying mechanism
including of its interactions with cell cycle protein. At the same time,
we also found downregulating IL1RN inhibited glioma migration, it is
also an important work to explore the molecular mechanism.

Clinically, high IL1RN expression predicted poor prognosis in LGG
and GBM, but its use as a biomarker for glioma still requires verifica-
tion, further more we will collect serum and/or cerebrospinal fluid from
glioma patient to detect the IL1RN mRNA/protein level [40]. As ap-
proved by Food and Drug Administration (FDA, USA), adeno-associated
virus (AAVs) show great potential in clinical application [41,42], we

Fig. 7. IL1RN is upregulated in human glioma tissues and
correlated with prognosis of glioma patients. (A)
Statistics of glioma patients' diseases free curve. (B) Relative
IL1RN mRNA expression in TCGA glioma patients' tissues.
(C) Relative IL1RN mRNA expression in normal human tis-
sues and WHO Grade I – IV glioma tissues. (D)
Representative IHC images of IL1RN protein in different
grade human glioma tissues and normal brain tissues, bar:
50 μm. (E) IL1RN protein expression in normal brain tissues
and different grade human glioma tissues. Normal tissues
n = 2, glioma WHO I - IV n = 3. Data are represented as the
mean ± SD, *P < 0.05, **P < 0.01, ***P < 0.001.

K. Wang, et al. Cancer Letters 454 (2019) 146–157

155



will deliver IL1RN related shRNA to animal and clinical trial glioma
patients by adeno-associated virus. In conclusion, our results prove that
IL1RN could be a rational hub between IL1 mediate inflammation/
immunity pathway and methionine deprivation induced metabolic re-
programming pathway in glioma, and demonstrate a strong rationale
insight that targeting amino acid metabolism such as methionine de-
privation/IL1RN related gene therapy may offer novel direction for
glioma treatment.
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