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Abstract: Glioma is the most common form of primary brain tumor. Increasing evidence show that IDH1 gene muta-
tion is implicated in glioma. However, the mechanism involved in the progression of glioma remains unclear until
now. In the study reported here, we used gene chip to identifying the genes regulated with IDH mutanted at R132.
The results showed that IDH1-mutant leads to 1255 up-regulated genes and 1862 down-regulated genes in U87
cell lines. Meanwhile, GO and gene-network was performed and shown IDH1-mutant mainly affect small molecule
metabolic process, mitotic cell cycle and apoptosis. This result will lay a foundation for further study of IDH1 gene

function in the future.
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Introduction

Glioma is the most common form of primary
brain tumor, accounting for ~7% of the years of
life lost caused by cancer [1, 2]. Glioma tumors
are histologically divided into Grade | through IV
according to the WHO (World Health Organi-
zation) criteria. The median survival after diag-
nosis of patients with the most common glio-
ma-glioblastoma is 14 months [3]. Glioma
exhibits a relentless malignant progression
characterized by widespread invasion through-
out the brain, resistance to all therapeutic
approaches, destruction of normal brain tissue
and ultimately leads to the patient’s death [3].
Despite significant improvements in treatments
for glioma patients, the median survival
remains poor. Patients with newly diagnosed
GBM exhibit a median survival of approximately
12 months, with generally poor responses to all
therapeutic approaches [3, 4]. Thus, the funda-
mental research on the pathogenesis of glioma
remains necessary at the present stage.

IDH1 gene encodes isocitrate dehydrogenase
1, which catalyzes the oxidative carboxylation
of isocitrate to a-ketoglutarate, resulting in the
production of nicotinamide adenine dinucleo-
tide phosphate [5]. The IDH1 protein forms an

asymmetric homodimer and is thought to play a
substantial role in cellular control of oxidative
damage through generation of NADPH [6, 7].
IDH1 with mutations were found in high fre-
quency in glioma [8-13]. IDH1 protein exists in
the cytoplasm and peroxisome whereas IDH2
protein resides in the mitochondria. The IDH1
R132 mutations were found to occur frequently
in gliomas in a whole-genome exon-sequencing
analysis [7], and a high frequency of the same
mutations were later discovered in AML [14].
This genetic evidence led to early speculation
that the IDH mutations confer the enzymes with
an oncogenic gain of function.

In the present study, we used gene over-expres-
sion and gene-chip techniques to identify the
IDH1 mutant type related genes, which be regu-
lated directly/indirectly by IDH1 mutant in U87
cell lines. This result will lay a foundation for
further study of IDH1 gene function in the
future.

Materials and methods
Cell culture

The human glioblastoma cell line U87 was
obtained from the Cell Bank in the Type Culture
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Table 1. Top 10 genes in all of up-regulated genes

Gene symbol Chr Fold change Style p-value Gene Description

CPA4 Chr7 7.21 up < le-07 carboxypeptidase A4

NDRG1 Chr8 6.61 up < le-07 N-myc downstream regulated 1

PI3 Chr20 5.83 up < 1e-07 peptidase inhibitor 3

DHCR24 Chrl 5.74 up < 1e-07 24-dehydrocholesterol reductase
SLC2A1 Chri 5.41 up < 1le-07 solute carrier family 2

FAM111B Chr11 4.45 up < 1le-07 family with sequence similarity 111
METTL7B Chr12 3.62 up 9.0E-07 methyltransferase like 7B

NEK10 Chr3 3.56 up < le-07 NIMA-related kinase 10
LOC654433 Chr2 5.53 up < 1e-07 LOC654433

ANGPTL4 Chr19 3.48 up 3.0E-07 angiopoietin-like 4

A BamH| IDH 1 (mutant or wild) Asc | 37°C in a humidified-air atmo-

pLenti6.3 Vector

Figure 1. Transfection of U87 cell lines with lentivirus of pLenti-IDH1-
IRES-eGFP. A. Schematic diagram of IRES-based and dual promoter lenti-
viral vectors, the schematic map of the pLenti-IDH1-IRES-eGFP plasmids;
B, C. U87 cell lines infected with pLenti6.3-IHD1-mutant were detected
by fluorescence microscopy and visible spectrum, respectively; D, E. U87
cell lines infected with pLenti-IDH1-wild were detected by fluorescence
microscopy and visible spectrum, respectively.

sphere incubator containing 5%
CO,,.

Construction of recombinant ex-
pression lentiviruses

A recombinant pLenti6.3_MCS_
IRES2-EGFP expression vector
containing the human IDH1 wild
type/mutant type cDNA was con-
structed. The expression vectors
and the Packaging Mix were co-
transfected into the 293FT cell
line to generate lentiviral stocks,
which were used to infect with
the mammalian U87 cell line. The
expression of wild/mutant type
IDH1 was further confirmed by
real time PCR and standard
Western blot analysis. The cell
line transfected with pLenti-IDH1-
IRES-eGFP and the cell line ex-
pressing the negative plLenti6.3-
MIG were referred to as U87-
IDH1-mutant, and U87-IDH-wild,
respectively. The U87 cell lines
and transfected derivatives were
maintained in DMEM supple-
mented with 2% fetal bovine
serum and 8 ug/mL polybrene.

Real time PCR
Collection of Chinese Academy of Sciences The mRNA level of IDH1 was determined by
(Shanghai, China) and cultured in Dulbecco’s real-time PCR. Total RNA was extracted from
modified Eagle’s medium (Gibco, Grand Island, the cultured cells with Trizol (Invitrogen). The
New York, USA), supplemented with 10% fetal specific primers were synthesized by Sangon
bovine serum (FBS). The cells were grown at Biotechnology (Shanghai, China) and were pre-
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Figure 2. mRNA expression and protein expression of IDH1 in U87 cell lines and analysis of expression profile by
gene-chip. A. Real-time PCR quantification of IDH1 in U87 cells transfected with virus (empty vector, IDH1-mutant
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and IDH1-wild); B. Western blot of IDH1 expression extracted from U87 cells transfected with virus (1 = IDH1-mutant,
2 = IDH1-wild and 3 = empty vector); C. Genes up- and down-regulated in U87-IDH1-mutant cells compared with
U87-IDH1-wild cells as identified by microarray hybridization analysis. Each column represented a single sample,
whereas each row represented a single probe set. The coloured scales represent the expression ratios of different
genes. Green squares indicate transcript levels below the mean value; Black squares show transcript levels equal
to the median normal value; Red squares exhibit transcript levels higher than the mean value.

Table 2. Top 10 genes in all of down-regulated genes

Gene symbol Chr Fold change Style p-value Gene Description

IL1A Chr2 0.037 Down < 1e-07 interleukin 1

IL6 Chr7 0.065 Down < 1e-07 interleukin 6

SLC7A11 Chr4d 0.066 Down < 1e-07 solute carrier family 7
CLDN1 Chr3 0.067 Down < 1e-07 claudin 1

CTH Chrl 0.097 Down < 1e-07 cystathionase

ASNS Chr7 0.100 Down < 1le-07 asparagine synthetase
CHAC1 Chr15 0.100 Down < 1e-07 cation transport regulator homolog 1
SPRR2D Chrl 0.110 Down 6.00E-07 small proline-rich protein 2D
CXCL2 Chr4 0.110 Down 1.00E-07 chemokine ligand 2

CXCL1 Chr4 0.110 Down < 1e-07 chemokine ligand 1

sented in Table 1. The real-time PCR experi-
ments were performed on an ABI 7500 Fast
Real-Time PCR system (ABI, Foster City, CA).
The first reaction mixtures included diluted
cDNA, 50 uM of each gene-specific primer, 10
mM dNTP, and DEPC-treated water to a volume
of 10 uL, which was mixed with the second
reaction mixtures containing 10xRT butter, 25
mM Mg?*, 0.1 M dTT, 40 U/uL RNaseout, and
200 U/uL SuperScrip Il RT to a final volume of
20 L. In addition, the glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) gene was used
to calculate the delta CT as the control, Primer
sequences were as follows: human IDH1: (F)
5-AGGCTCATCGACGACATGGT-3’, (R) 5-TGGTA-
CATGCGGTAGTGACG-3’; GAPDH: (F) 5-GAAGGT-
CGGAGTCAACGGATT-3’, (R) 5’-CGCTCCTGGAAG-
ATGGTGAT-3'. All the samples were performed
in triplicate.

Western blotting

The cultured cells (1 x 10°) were lysed with 100
pL mixtures containing 10 yL PMSF (17.4 mg/
mL) and 20 uL Protease Inhibitor cocktail (0.89
mg/mL) under ice-bath for 30 min. after cen-
trifugation at 12,000 rpm for 3 min, the super-
natant was obtained. The amount of total pro-
tein content was determined by a BCA protein
assay kit (Pierce, Rockford, IL, USA). The sam-
ple (180 pg/lane) was separated by 8% SDS-
polyacrylamide gel electrophoresis. Then a
polyvinylidene difluoride membrane was used
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to electro-transfer. The membrane was blocked
with TBST solution containing 5% nonfat milk at
room temperature for 1 h and incubated over-
night at 4°C with primary antibodies. In addi-
tion, the glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was taken as the loading con-
trol. All the blotted protein bands were exposed
to X-ray film. All experiments were repeated in
triplicate.

Statistical analysis

The results obtained in vitro were expressed as
mean + SEM. All statistical analyses were esti-
mated using post hoc tests after significant
ANOVA. It could be considered statistically sig-
nificant as the values of P < 0.05.

Results

Transfection efficiency of recombinant plas-
mids in U87 cell lines

The U87 cell lines were infected with plLenti-
IDH1-mutant. pLenti-IDH1-wild vector was used
as control. After 48 h infection, the cells were
observed under an inverted fluorescence mic-
roscope. As shown in Figure 1, EGFP expre-
ssed efficiently both in pLenti-IDH1-IRES-eGFP
and empty vector, which indicated that U87 cell
lines was infected by our prepared virus vector
and IDH1 may be mediated coming into U87
cell by lentiviral vector. However, we need to
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verify it by real time PCR and western blot in the
next experiment.

Expression analysis of IDH1 both in mRNA and
protein level in U87 cell lines treated with len-
tiviral vector

The relative expression level of IDH1 mRNA in
U8 cell lines infected with plasmids were rela-
tively 500 folds than the empty vector control
group. And a statistically significant difference
was observed in Figure 2A when compared
with the empty vector control groups. In addi-
tion, Figure 2B indicated the protein expression
of IDH1 after 48 h following infection demon-
strated a significant difference compared to
the control.

Difference of gene expression profile by gene-
chip

In order to explore the genes regulated directly
or indirectly by IDH1-mutant, difference of gene
expression profile between IDH1-mutantand
IDH1-wild was performed. As shown in Figure
2C, 6 samples (3 IDH1 wild groups and 3 IDH1
mutant groups) were detected and analysed.
Compared to control groups, 1255 up-regulat-
ed genes and 1862 down-regulated genes
were found (fold change > 1.2, P < 0.05). Mean-
while, top 10 genes were listed as Tables 1 and
2. All of these data indicated that these DEGs
may be implicated with the development and
progression of glioblastoma mediated by IDH1-
mutant. Among the significant upregulated
genes in the overexpression groups, CPA4 was
the top gene as shown in Figure 3, with a fold
change of 7.21.

Gene ontology analysis of DEGs

For further understanding the function of DEGs,
we performed GO analysis using all up- and
down-regulated genes. As shown in Figure 3A,
3B, up-regulated genes mainly participate in
small molecule metabolic process, mitotic cell
cycle, gene expression and S phase of mitotic
cell cycle. While, down-regulated gene mainly
implicated with small molecule metabolic pro-
cess, apoptotic process, positive regulation of
transcription from RNA polymerase Il promoter
and transcription, DNA-dependent. All data
indicated that IDH1-mutant gene may exert
function through these processes described
above.
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Gene-interaction network

Gene-interaction analysis showed that IDH1-
mutant gene can regulate directly MCM3/5/7,
IHD1 and TAF12, in which, MCM3, MCM5 and
MCM7 genes were up-regulated. IHD1 and
TAF12 were down-regulated. IHD1 and TAF12
can interact with transcriptional factor RNF9
and FAC1. DNA replication licensing factor
MCM is a class of proteins that in humans is
encoded by the MCM gene. MCM is one of the
highly conserved mini-chromosome mainte-
nance proteins (MCM) that are essential for the
initiation of eukaryotic genome replication.

Discussion

With the development bioinformatic, gene-chip
was diffusely applied in biological field to eluci-
date pathogenetic mechanism for a variety of
diseases, including glioma [15]. IDH1 is thought
to play a pivotal role in geneisis and develop-
ment of gliomas. In our study, we over-expre-
ssed IDH1-mutant and IDH1-wild in U87 cell
mediated by lentiviral vector, and then detect-
ed the gene expression profile using gene-Chip
to identify the IDH1-mutant related genes, aim-
ing to elucidate the function mechanism in-
volved in geneisis and development of glio-
mas.

Mutations in IDH1 are also implicated in can-
cer. Originally, mutations in IDH1 were detected
in an integrated genomic analysis of human
glioblastoma multiforme [7]. For further explore
the function of IDH1 containing mutation, it is
necessary to reveal the molecular mechanism
of IDH1 gene. Our results show that IDH1-
mutant overexpression lead to 1255 up-regu-
lated genes and 1862 down-regulated genes in
U87 cell lines. This result suggested that IDH1-
mutant gene exerts its function through regu-
lating these genes directly or indirectly. Ton 10
of up-/down-regulated genes was listed in
Tables 1 and 2. In which the expression change
of CPA4 and IL1A is most significant. CPA4 is a
member of the carboxypeptidase A/B subfami-
ly, and it is located in a cluster with three other
family members on chromosome 7. Carboxy-
peptidases are zinc-containing exopeptidases
that catalyze the release of carboxy-terminal
amino acids, and are synthesized as zymogens
that are activated by proteolytic cleavage. This
gene could be involved in the histone hyper-
acetylation pathway. It is imprinted and may be
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Figure 3. Gene ontology analysis of DEGs. A. GO analysis for up-regulated genes. a: Small molecule metabolic process; b: Mitotic cell cycle; c: Gene expression;
d: S phase of mitotic cell cycle; e: Blood coagulation carbohydrate metabolic process; f: G1/S transition of mitotic cell cycle; g: DNA replication; h: Transcription,
DNA-dependent; i: Transforming growth factor beta receptor signaling pathway; j: Negative regulation of transcription from RNA polymerase Il promoter; k: Cell cycle
checkpoint; I: Positive regulation of transcription from RNA polymerase Il promoter; m: DNA strand elongation involved in DNA replication; n: Virus-host interaction;
o: Signal transduction; p: Apoptotic process; g: Negative regulation of cell proliferation; r: DNA replication initiation; s: Negative regulation of transforming growth
factor beta receptor signaling pathway. B. GO analysis for down-regulated genes. a: Small molecule metabolic process; b: Apoptotic process; c: Positive regulation of
transcription from RNA polymerase Il promoter; d: Transcription, DNA-dependent; e: Signal transduction; f: Endoplasmic reticulum unfolded protein response; g: Pro-
tein transport; h: Negative regulation of apoptotic process; i: Regulation of transcription, DNA-dependent; j: Cellular protein metabolic process; k: Transcription from
RNA polymerase Il promoter; I: tRNA aminoacylation for protein translation; m: Negative regulation of cell proliferation; n: Gene expression; o: Activation of signaling
protein activity involved in unfolded protein response; p: Cellular nitrogen compound metabolic process; g: Inflammatory response; r: Innate immune response.
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Figure 4. Gene-interaction network. Red: up-regulated gene. Violet: down-regulated gene. Green: transcriptional factor. a: activation; a(-p): activation (dephos-
phorylation); a(ind): activation (indirect effect); a(+p): activation (phosphorylation); a(u): activation (ubiquination); b: binding/association; c: compound; c(a): com-
pound (activation); disso: dissociation; ex: expression; ex(ind): expression (indirect effect); ind: indirect effect; inh: inhibition; inh(-p): inhibition (dephosphorylation);
inh(ind): inhibition (indirect effect); inh(+p): inhibition (phosphorylation); inh(u): inhibition (ubiquination); m: missing interaction; p: phosphorylation; u: ubiquination;
u(inh): ubiquination (inhibition).
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a strong candidate gene for prostate cancer
aggressiveness [16, 17]. Previous study shown
that CPA4 is associated with the risk of pros-
tate cancer [17]. Similarly, IL1A is also a cancer-
related gene in ovarian cancer, Charbonneau B,
et al found that a missense single-nucleotide
polymorphism (SNP) in the immune modulatory
gene IL1A has been associated with ovarian
cancer risk [18].

Meanwhile, the results from GO analysis shown
that difference expression genes mainly partici-
pate in small molecule metabolic process,
mitotic cell cycle, gene expression, apoptotic
process, transcription and so on. These biologi-
cal processes are thought to play vital roles in
homeostasis. Dysfunction will lead to tumor
formation or another disease. Finally, gene-
interaction network was performed. As shown
in Figure 4, IDH1-mutant gene can regulated
directly MCM3/5/7, IHD1 and TAF12, in which,
MCM3, MCM5 and MCM7 genes were up-regu-
lated. IHD1-mutant and TAF12 were down-regu-
lated. IHD1 and TAF12 can interact with tran-
scriptional factor RNF9 and FAC1. DNA replica-
tion licensing factor MCM is a class of proteins
that in humans is encoded by the MCM gene.
MCM is one of the highly conserved mini-chro-
mosome maintenance proteins (MCM) that are
essential for the initiation of eukaryotic genome
replication [19, 20].

In the present study, we used gene over-expres-
sion and gene-chip techniques to identify the
IDH1-mutantrelated genes, which be regulated
directly/indirectly by IDH1-mutant in U87 cell
lines, and results showed that IDH1-mutant
overexpression lead to 1255 up-regulated
genes and 1862 down-regulated genes in US7
cell lines. This result suggested that IDH1-
mutant gene exerts its function through regu-
lating these genes directly or indirectly. This
result will lay a foundation for further study of
IDH1 gene function in the future.
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