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Mutations in the isocitrate dehydrogenase gene (IDH1) are involved in the progression of tumors. Although IDH1 has a role in
various tumors, its clinical relevance and its expression in response to the immune response have not been investigated in prostate
adenocarcinoma (PRAD). In the present study, we investigated the utility of IDH1 as a prognostic biomarker for PRAD by analyzing
IDH1 mRNA expression and its association with patient survival and immune cell infiltration. IDH1 mRNA expression was
significantly higher in PRAD tissue than in normal tissue, and Kaplan–Meier survival analysis showed that IDH1 expression was
significantly associated with poor prognosis in PRAD patients. To elucidate the mechanisms involved, the correlation between IDH1
expression and the level of immune cell infiltration, in particular of immunosuppressive cells such as CD8+ T-cells, CD4+ T-cells, and
macrophages, was further analyzed by single-cell RNA sequencing. We also screened a pharmacogenetic database for IDH1-specific
drugs that inhibited high expression in PRAD. In the present study, we used a combination of databases to identify a significant
correlation between IDH1 expression and cellular infiltration and to explain themechanism bywhich IDH1 confers poor prognosis in
PRAD, thus demonstrating the relevance of IDH1 expression as a prognostic biomarker with clinical utility in PRAD patients.

1. Introduction

Prostate adenocarcinoma (PRAD) is the most common
cancer in men, and approximately 250,000 new cases of
PRAD are diagnosed each year in America. PRAD is
characterized by a high mortality rate and was the second
leading cause of cancer-related deaths among men in 2021
[1]. Although PRAD is highly prevalent, relatively little is
known about its etiology. -e possible risk factors of PRAD
include endogenous elements, such as heredity, race, and

hormone levels, and exogenous elements, such as diet,
environment, and occupation [2, 3]. Determination of the
genetic basis of PRAD has been challenging, and the
identification of novel molecular biomarkers that could
predict disease prognosis has been a research focus. -e
identification of such biomarkers will also contribute to
understanding of PRAD pathogenesis and provide precision
management for patients with PRAD.

Cytosolic isocitrate dehydrogenase 1 (IDH1) is an
NADP+ -dependent enzyme that metabolizes isocitrate to
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α-ketoglutarate (KG). IDH1 mutations have recently been
discovered in nearly 80% of gliomas or glioblastomas and
nearly 20% of acute myeloid leukemias, eliciting new interest
in defining IDH1 functions in vivo [4–6]. IDH1 mutations
are an important factor in early carcinogenesis. -e R132
zone of IDH1 has neomorphic enzymatic activity, catalyzing
the NADPH-dependent reduction of α-KG to R(-) 2-hy-
droxyglutarate (HG) [7, 8]. Although the role of IDH1 in
several tumors has been identified, the expression patterns of
IDH1 and its relationship with clinicopathological charac-
teristics and prognosis have not been fully reported in
PRAD. To understand the mechanisms of IDH1 and im-
mune cell interactions in PRAD, in the present study, we
analyzed a PRAD cohort from a multiomics database.

With the rapid development of precision medicine
techniques and the establishment of various public data-
bases, a comprehensive analysis of IDH1 has become pos-
sible [9]. A small proportion of PRAD patients respond to
immunotherapy, meriting further investigation [10]. In the
present study, we performed a comprehensive bio-
informatics analysis of IDH1 expression in PRAD patients
and evaluated its potential value as a prognostic factor for
PRAD. Our results provide new directions for improving
prognostic accuracy for PRAD and highlight the relevance of
IDH1 in PRAD. We identified new immune pathways that
could be used to stratify PRAD patients into favorable and
unfavorable risk groups for responding to current immu-
notherapy strategies. We further explored the relationship
between metabolic alterations, immune cell tumor infiltra-
tion, immunotherapy candidates, and precision therapy.

2. Results

2.1. Characteristics, Mutations, and Copy Number Changes in
PRAD. -e TCGA database of prostate cancer patients
(n � 9329) was analyzed to identify changes in prostate
cancer genes and to screen for potential biomarkers. -e
majority of prostate cancer malignancies in the database
are attributed to prostate cancer (82.3%) and prostate
adenocarcinoma (14.2%) (Figure 1(a)). -e motif en-
richment map uses red dots to mark the motifs on each
chromosome. Each red dot represents a gene and its as-
sociated position on the chromosome, and the value
represents the correlation between RNA expression and
copy number variation (CNV) (Figure 1(b)). We next
analyzed the relationship between the top 30 mutation-
driven genes and PRAD (Figure 1(c)). IDH1, which is
involved in metabolic regulation, has a 2% mutation rate
in PRAD patients in the database. -erefore, we further
analyzed IDH1 mutations using the TCGA database to
determine how these mutations may regulate gene ex-
pression and generated volcano plots and scatter plots to
illustrate this (Figures 1(d) and 1(e)). We listed several of
the most frequently altered genes in the data set, and the
frequency of IDH1 gene mutations was high in PRAD
patients Figure 1(f )), while the survival rate of patients
with IDH1 mutations was low. However, based on the
CNV ratio distribution and box plots, IDH1 alterations
are not significant for gain or loss of function.

2.2. Mutational Load and Gene Expression of IDH Family
Genes. -e cBioPortal tool was applied to explore genetic
alterations in IDH1-containing genes and their correlation
with overall survival (OS) in PRAD patients.We investigated
whether genes with a >6.6% or higher mutation frequency in
PRAD patients were similarly altered in IDH family genes,
or were altered in a more general way in other cancer types
(Figure 2(a)). -e TCGA and GEPIA2 data sets were used to
compare IDH family gene expression and prognosis in
patients with different reproductive tumor types. IDH1 is
highly expressed in PRAD patients in the reproductive
system (Figure 2(b)) and is associated with decreased sur-
vival (Figure 2(c)). Among 492 PRAD patients, only IDH1
transcript levels were higher in the tumor tissue than in the
nontumor tissue (Figure 2(d)). Similarly, IDH1 gene ex-
pression was also higher in tumors than in matched non-
tumor tissue (Figure 2(e)). Overall, the analysis of this data
set revealed that IDH1 upregulation is associated with
prostate cancer and plays an important role in tumor
progression (Figure 2(f )). We also found a significant en-
richment of IDH1 dependence in prostate cancer cell lines in
the CRISPR-Cas9 data set. Specifically, among prostate
cancer cell lines, six out of eight (75%) prostate cancer cell
lines were dependent on IDH1 (Figure 3(a)). We confirmed
that IDH1 mRNA levels were significantly higher in prostate
cancer cell lines, in accordance with the other data sets
(Figure 3(b)). In addition, immunohistochemistry of
pathological sections from the Human Protein Atlas (HPA)
revealed that the protein expression of IDH1 was elevated in
the TMA of PRAD patients (Figure 3(c)).

2.3. Functional EnrichmentAnalysis of IDH1andCoexpressed
Genes in PRAD. To further explore the potential functions
andmolecular pathways of IDH1-associated genes in PRAD,
we identified IDH1 coexpressed genes in 497 patients from
the TCGA data set using the LinkedOmics database. A total
of 20051 IDH1-associated genes were dysregulated,
reflecting the important impact of the core gene IDH1 on the
pathogenesis of PRAD. -ese clusters of genes positively
associated with IDH1 are shown as red dots, while clusters of
genes negatively associated with IDH1 are indicated by
green dots in the volcano plot (p< 0.01, FDR <0.01,
Figure 4(a)). Figure 4(b) shows the top 50 genes that are
significantly positively associated with IDH1 (Figure 4(c)).
-ese IDH1-associated coexpressed genes are mainly in-
volved in interleukin-6, muscle cell differentiation, negative
regulation of cell cycle processes, endoderm development,
positive regulation of cell motility, locomotory behavior,
translational initiation, establishment of organelle localiza-
tion, interleukin-2 production, exocrine system develop-
ment, negative regulation of cellular component movement,
regulation of leukocyte activation, and small-molecule
catabolic processes (Figure 4(d)).

2.4. Correlation between IDH1 Expression and Infiltrating
Immune Cells. -e single-cell RNA sequencing data set was
based on a meta-analysis of single-cell RNA sequencing
literature and a single-cell databases including healthy
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Figure 1: Continued.
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Figure 1: Comprehensive gene expression analysis associatedwith IDH1mutations in PRAD. (a) Percentage of prostate cancer types in cBioPortal
data set of 9329 patients. (b)-e locus enrichment map uses red dots to mark the motifs on each chromosome in PRAD. (c) Waterfall plot of the
top 30 mutated genes in PRAD, with bars indicating the proportion of mutations per patient. (d and e) Volcano and scatter plots showing the
frequency of mutation-associated gene changes in IDH1 in PRAD. (f) IDH1 protein structure showing the location of specific mutations. (g) Box
marks of the most frequently altered genes in PRAD. (h) Association between IDH1 mutations and survival in PRAD. (i) Distribution and
correlation of CNV in prostate cancer are marked in three color to visualize the distribution of CNV ratios.
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Figure 2: Continued.
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Figure 2: Levels of IDH family genes in PRAD. (a) Distribution and proportion of mutations in IDH family genes in the cBioportal
database. (b) Heat map of the survival rate of IDH family genes in the human reproductive system. (c) Expression and survival of IDH family
genes in PRAD. (d) Transcriptional levels of IDH family genes in PRAD. (e) Violin plots showing the mRNA expression levels of IDH family
genes in PRAD. (f) Box and whiskers plots of oncomine data on IDH1. ∗p< 0.05.
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human tissue. We used this database (10x Genomics) to
analyze the potential associations between IDH1 and the
tumor microenvironment in prostate cancer. -is single-cell
RNA sequencing data set included studies with >4,000 cells
and 20 million reads and included a data set whose pseudo-
batch transcriptome expression profiles were highly corre-
lated with the transcriptome expression profiles of HPA
tissue batch samples. We extracted transcriptomes from
35,862 single cells and 16 cell type clusters as UMAP plots
and bar charts (Figure 5(a)). -ese cells were analyzed for
IDH1 specificity and distribution to determine the differ-
ences in the number of genes in these single-cell types and
the number of genes detected in all cell types. -e heat map
in Figure 5(b) shows the expression of IDH1 and previously
characterized cell-type markers in the different single-cell

type clusters. We found a correlation between IDH1 and
immune cells based on single-cell sequencing results
(Figure 5(c)). -erefore, we further analyzed the genes that
were associated with IDH1 immunity in the available data
sets.

We further evaluated the relationship between IDH1 and
various tumor-infiltrating immune cells. -e TIMER data
showed that IDH1 was positively associated with CD163,
CD68, MRC1, MSR1, and CD4. We hypothesized that IDH1
could regulate the immune response, and we therefore
further extended our analysis to analyze the correlation
between IDH1 and the level of infiltration of different im-
mune cells (Figure 6(a)). Notably, there was a high positive
correlation between IDH1 expression and the level of CD8+
and CD4+ T cell infiltration. We comprehensively screened

Positively correlated genes Negatively correlated genes

OS vs. SCNA 

p <0.01

ID-94424-Data
[3] Overlap [1]

ID-94423-Data
[23]

ID-94424-Data
[2] Overlap [2]

ID-94423-Data
[24]

OS vs. Proteomics 

(a)

Pearson correlation coefficient

-lo
g1

0

40

30

20

10

0

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

(b)

IDH1
PAFAH2
GFPT1
PIKFYVE
TMEM87B
HMGCS1
CHP
PEX13
SLC25A16
ACLY
CTAGE5
SOAT1
SYAP1
ACOX1
IDI1
PDIA3P
MAGT1
LAMP2
SCP2
C1 or f116
AK3L1
DNAJC3
STAMBP
SLC31A1
MGAT2
G3BP2
CDS1
PIP4K2C
SLC39A10
ACADSB
TMBIM6
AP1G1
INSIG1
TPMT
HSDL2
RBM47
HMGCR
PDIA5
SAR1B
PCYOX1
MY05C
SEC23B
ENPP5
TMED10
SRBD1
SREBF2
TMEM87A
COPB2
CDH1
SRPR

Z-Score Group
>3
1

-1
<–3

0

4
2

-2
-4

0

(c)

response to interleukin-6

muscle cell differentiation

negative regulation of cell cycle process

endoderm development

positive regulation of cell motility

locomotory behavior

translational initiation

establishment of organelle localization

interleukin-2 production

exocrine system development

negative regulation of cellular component moven

regulation of leukocyte activation

small molecule catabolic process

-2.0 -1.5 -1.0 -0.5
Normalized Enrichment Score

0.0 0.5 1.0 1.5 2.0

FDR≤0.05
FDR≥0.05

(d)

Figure 4: Comparisons of gene expression profiles in IDH1 and enrichment pathway analysis. (a) -e Venn diagram analysis with
directional constraint identified three overlapping genes between the two platforms. (b) Analysis of differential gene expression associated
with IDH1 in PRAD using the Pearson test. (c) Heatmap showing the top 50 genes are each significantly positively associated with IDH1. (d)
Functional enrichment analysis of IDH1 in PRAD.

6 Journal of Oncology



GSE117403_Single cell-RNA seq.

Basal glandular cells (n=5047) 

Basal glandular cells (n=2020) 
Glandular cells (n=1003) 

Basal glandular cells (n=5292) 

T-cells (n=137) 

Macrophages
(n=322) 

Basal glandular cells
(n=1256) 

Basal glandular cells (n=2457) 

Basal glandular cells
(n=3686) 

Glandular cells (n=911) 
Glandular cells (n=1820) 

Urothelial cells (n=1684) 

Glandular cells (n=4760) 

Endothelial cells (n=1713) 
Fibroblasts (n=1375) 

Smooth muscle cells (n=1127) 

Urothelial cells (n=1252) 

Tr
an

sc
rip

ts 
pe

r m
ill

io
n 

(T
PM

)

Basal glandular
cells 

Glandular
cells

Urothelial
cells 

c-
0

c-
1

c-
10 c-

3

c-
4

c-
7

c-
9

c-
13

c-
14 c-

2

c-
6

c-
15

c-
12

c-
16

c-
11 c-

5

c-
8

200

150

100

50

0

En
do

th
el

ia
l c

el
ls

Fi
br

ob
la

sts

M
ac

ro
ph

ag
es

 ce
lls

Sm
oo

th
 m

us
cl

e c
el

ls

T-
ce

lls

(a)

420-2-4

IDH1Current gene

Intestinal endocrine cells

Basal glandular cells

Glandular cells

Urothelial cells

B-cells

Dendritic cells

Granulocytes

Macrophages

Monocytes
NK-cells

T-cells

Intestinal endocrine cells

Fibroblasts

Smooth muscle cells

Endothelial cells

CCK
NPY

KRT14
KRT5

NGFR
ACPP
KLK2
KLK3

MSMB
UPK1A
UPK1B
UPK3B

CD19
CR2

MS4A1
GZMB
IL3RA

CEBPE
HDC

MS4A2
CD163

CD68
MARCO

MRC1
MSR1

FCGR3A
KIR2DL4

CD3E
CD4

CD8A
CHGA
CHGB
SCG5

COL3A1
FBN1
LUM

ACTA2
ACTG2
MYH11

CD34
SELE
VWF

Ba
sa

l g
la

nd
ul

ar
 ce

lls
 c-

0
Ba

sa
l g

la
nd

ul
ar

 ce
lls

 c-
1

Ba
sa

l g
la

nd
ul

ar
 ce

lls
 c-

3
Ba

sa
l g

la
nd

ul
ar

 ce
lls

 c-
4

G
la

nd
ul

ar
 ce

lls
 c-

2

G
la

nd
ul

ar
 ce

lls
 c-

6

G
la

nd
ul

ar
 ce

lls
 c-

13
G

la
nd

ul
ar

 ce
lls

 c-
14

M
ac

ro
pa

ge
s c

-1
5

T-
ce

lls
 c-

16

En
do

th
el

ia
l c

el
ls 

c-
7

U
ro

th
el

ia
l c

el
ls 

c-
5

U
ro

th
el

ia
l c

el
ls 

c-
8

U
ro

th
el

ia
l c

el
ls 

c-
11

Sm
oo

th
 m

us
cle

 ce
lls

 c-
12

Fi
br

ob
la

sts
 c-

9
Ba

sa
l g

la
nd

ul
ar

 ce
lls

 c-
10

(b)
CD163 CD68 MARCO MRC1 MSR1

CD4 CD8A MS4A1 MS4A2

FCGR3A

Expression Level (log2 TPM)

Ex
pr

es
sio

n 
Le

ve
l (

lo
g2

 T
PM

)

CD3E KIR2DL4

1 2 3 4 5 1 2 3 4 5 2 4 60 1 2 3 4 0 1 2 34 6 8

2 4 6 0 2 4 6 0.0 0.5 1.51.00 2 4 6 0 1 2 3 40 2 4

(c)

Figure 5: -e correlation between IDH1 and immunization. (a) Single-cell-RNA sequencing in identified single-cell-type clusters in
prostate cells as shown by UMAP plots and bar graphs. (b) Heat map showing the expression of IDH1 gene and well-known cell-type
markers in different single-cell-type clusters of the tissue. -e left panel shows which cell type each marker is associated with. (c) Re-
lationship between immune cell infiltration and IDH1 expression from the timer database.

Journal of Oncology 7



ID
H

1 
ex

pr
es

sio
n

le
ve

l (
lo

g2
 T

PM
) 

Infiltration level

B Cell CD8 + T Cell CD4 + T Cell Macrophage Neutrophil Dendritic Cell

0.
0

0.
1

0.
2

0.
3

0.
4

0.
0

0.
1

0.
2

0.
3

0.
4

0.
0

0.
1

0.
2

0.
3

0.
1

0.
6

0.
2

0.
3

0.
9

0.
3

0.
4

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

(a)

p ≤ 0.05 

p > 0.05 

ACC (n=79)

T 
ce

ll 
CD

8+
_T

IM
ER

T 
ce

ll 
CD

8+
_E

PI
C

T 
ce

ll 
CD

8+
_M

CP
CO

U
N

TE
R

T 
ce

ll 
CD

8+
_C

IB
ER

SO
RT

T 
ce

ll 
CD

8+
_C

IB
ER

SO
RT

–A
BS

T 
ce

ll 
CD

8+
_Q

UA
N

TI
SE

Q
T 

ce
ll 

CD
8+

_X
CE

LL
T 

ce
ll 

CD
8+

 n
at

iv
e_

XC
EL

L
T 

ce
ll 

CD
8+

 ce
nt

ra
l m

em
or

y_
XC

EL
L

T 
ce

ll 
CD

8+
 eff

ec
to

r m
em

or
y_

XC
EL

L

BLCA (n=408)
BRCA (n=1100)

BRCA–Basal (n=191)
BRCA–Her2 (n=82)

BRCA–LumA (n=568)
BRCA–LumB (n=219)

CESC (n=306)
CHOL (n=36)

COAD (n=458)
DLBC (n=48)

ESCA (n=185)
GBM (n=153)

HNSC (n=522)
HNSC–HPV– (n=422)
HNSC–HPV+ (n=98)

KICH (n=66)
KIRC (n=533)
KIRP (n=290)
LGG (n=516)

LIHC (n=371)
LUAD (n=515)
LUSC (n=501)
MESO (n=87)

OV (n=303)
PAAD (n=179)
PCPG (n=181)
PRAD (n=498)
READ (n=166)
SARC (n=260)
SKCM (n=471)

SKCM–Metastasis (n=368)
SKCM–Primary (n=103)

STAD (n=415)
TGCT (n=150)
THCA (n=509)
THYM (n=120)
UCEC (n=545)

UCS (n=57)
UVM (n=80)

Zscore
5.0

0.0

–4.3

(b)

ACC (n=79)
BLCA (n=408)

BRCA (n=1100)
BRCA–Basal (n=191)

BRCA–Her2 (n=82)
BRCA–LumA (n=568)
BRCA–LumB (n=219)

CESC (n=306)
CHOL (n=36)

COAD (n=458)
DLBC (n=48)

ESCA (n=185)
GBM (n=153)

HNSC (n=522)
HNSC–HPV– (n=422)
HNSC–HPV+ (n=98)

KICH (n=66)
KIRC (n=533)
KIRP (n=290)
LGG (n=516)

LIHC (n=371)
LUAD (n=515)
LUSC (n=501)
MESO (n=87)

OV (n=303)
PAAD (n=179)
PCPG (n=181)
PRAD (n=498)

READ (n=1 66)
SARC (n=260)
SKCM (n=471)

SKCM–Metastasis (n=368)
SKCM–Primary (n=103)

STAD (n=415)
TGCT (n=150)
THCA (n=509)
THYM (n=120)
UCEC (n=545)

UCS (n=57)
UVM (n=80)

T 
ce

ll 
CD

4+
_T

IM
ER

T 
ce

ll 
CD

4+
 (n

on
–r

eg
ul

at
or

y)
_Q

U
N

AT
IS

EQ
T 

ce
ll 

CD
4+

 (n
on

–r
eg

ul
at

or
y)

_X
CE

LL

T 
ce

ll 
CD

4+
_E

PI
C

T 
ce

ll 
CD

4+
 n

ai
ve

_C
IB

ER
SO

RT
T 

ce
ll 

CD
4+

 n
ai

ve
_C

IB
ER

SO
RT

–A
BS

T 
ce

ll 
CD

4+
 n

ai
ve

_X
CE

LL
T 

ce
ll 

CD
4+

 m
em

or
y_

XC
EL

L

T 
ce

ll 
CD

4+
 T

h1
_X

CE
LL

T 
ce

ll 
CD

4+
 T

h2
_X

CE
LL

T 
ce

ll 
CD

4+
 ce

nt
ra

l m
em

or
y_

XC
EL

L
T 

ce
ll 

CD
4+

 ef
fe

ct
or

 m
em

or
y_

XC
EL

L
T 

ce
ll 

CD
4+

 m
em

or
y 

ac
tiv

at
ed

_C
IB

ER
SO

RT
T 

ce
ll 

CD
4+

 m
em

or
y 

ac
tiv

at
ed

_C
IB

ER
SO

RT
–A

BS
T 

ce
ll 

CD
4+

 m
em

or
y 

re
sti

ng
_C

IB
ER

SO
RT

T 
ce

ll 
CD

4+
 m

em
or

y 
re

sti
ng

_C
IB

ER
SO

RT
–A

BS

(c)

ACC (n=79)
BLCA (n=408)

BRCA (n=1100)
BRCA–Basal (n=191)

BRCA–Her2 (n=82)
BRCA–LumA (n=568)
BRCA–LumB (n=219)

CESC (n=306)
CHOL (n=36)

COAD (n=458)
DLBC (n=48)

ESCA (n=185)
GBM (n=153)

HNSC (n=522)
HNSC–HPV– (n=422)
HNSC–HPV+ (n=98)

KICH (n=66)
KIRC (n=533)
KIRP (n=290)
LGG (n=516)

LIHC (n=371)
LUAD (n=515)
LUSC (n=501)
MESO (n=87)

OV (n=303)
PAAD (n=179)
PCPG (n=181)
PRAD (n=498)

READ (n=1 66)
SARC (n=260)
SKCM (n=471)

SKCM–Metastasis (n=368)
SKCM–Primary (n=103)

STAD (n=415)
TGCT (n=150)
THCA (n=509)
THYM (n=120)
UCEC (n=545)

UCS (n=57)
UVM (n=80)

M
ac

ro
ph

ag
e/

M
on

oc
yt

e_
M

CP
CO

U
N

TE
R

N
eu

tro
ph

il_
TI

M
ER

N
eu

tro
ph

il_
CI

BE
RS

O
RT

N
eu

tro
ph

il_
CI

BE
RS

O
RT

–A
BS

N
eu

tro
ph

il_
Q

UA
N

TI
SE

Q
N

eu
tro

ph
il_

M
CP

CO
U

N
TE

R

N
eu

tro
ph

il_
XC

EL
L

M
on

oc
yt

e_
CI

BE
RS

O
RT

M
on

oc
yt

e_
CI

BE
RS

O
RT

–A
BS

M
on

oc
yt

e_
Q

UA
N

TI
SE

Q
M

on
oc

yt
e_

M
CP

CO
U

N
TE

R

M
on

oc
yt

e_
XC

EL
L

(d)

Figure 6: Continued.
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IDH1 profiles for all tumors and used seven algorithms to
analyze the expression in each cancer type and correlated
this with IDH1 expression levels (Figures 6(b)−6(d)). IDH1
is highly correlated with CD8+ T cells (rho� 0.418), CD4+
T cells (rho� 0.44), and neutrophils (rho� 0.474), while
macrophages/monocytes (rho� 0.119)) were not correlated
(Figure 6(e)).

2.5. Screening for Drugs :at Potentially Inhibit IDH1 by
Pharmacogenomics. CMap analysis was performed to
identify potential drugs that inhibit IDH1. -e CMap da-
tabase provides gene signatures and screens for associations
between specificity and drug-driven gene expression [11].
Figure 6(a) shows the top 10 perturbagens that mimic IDH1-
driven gene signatures, including an EGFR inhibitor with a
score of 90.09, which also inhibits IDH1 overexpression. In
comparison, CAY-40145 had a score of −8.9 (Figure 7(a)).
We further retrieved the IDH1 gene library from the
pharmacogenomic database to search for potential drugs for
the treatment of PRAD. As shown in Figure 7(b), we found
that the scores of oxalomalic acid and IDH11 knockdown
against prostate cancer cells (PC3) were 0.36 and 0.15, re-
spectively, indicating a positive correlation between the
average transcriptional impact of IDH1 expression and
oxalomalic acid drug activity. -ese results suggest that
oxalomalic acid may ameliorate the IDH1-related cancer
signature.

3. Discussion

PRAD is one of the most common tumors in older men. It is
characterized by low-grade malignancy, and most PRAD
tumors are located in the prostate and adjacent organs
[12, 13]. -e 10-year survival rate for patients with PRAD is
as high as 98%, with surgery or active surveillance being the
only options in most cases [14, 15]. Although most cases are
localized, the number of men who first present with or
progress to metastatic PRAD is now increasing. Advanced
PRAD can be divided into two groups: those who present
with de novo metastases and those who rapidly progress to

advanced disease after surgery [16]. Several studies have
illustrated that abnormal gene expression affects survival in
patients with advanced PRAD [17, 18]. However, few studies
have discussed the infiltration of immunosuppressive cells
and metabolic changes in advanced PRAD. In the present
study, we used bioinformatics analysis, PRAD tissue
microarray data, and multiple types of PRAD cell lines to
screen for mRNA expression that may be prognostically
relevant to PRAD patients, providing the basis for future
clinical and scientific research.

Several reports have suggested that IDH1 expression is
dysregulated in various cancers [19, 20]. However, relatively
few studies have discussed the relationship between IDH1
and PRAD. Hinsch et al. mentioned that only 0.3% of PRAD
patients have IDH1 mutations, and that their relevance to
immunity is unclear [21]. In the present study, by analyzing
multiple databases, we have provided more specific data on
IDH1 characterization, mutational load, gene expression,
immune cell infiltration, and pathway crosstalk in PRAD.
Our Kaplan–Meier analysis suggests that IDH1 and other
IDH family genes may be poor prognostic biomarkers for
PRAD. However, both the single-cell RNA sequencing and
immune response data suggest that IDH1 is important
during PRAD.

In the present study, we determined that IDH1 ex-
pression correlates with different levels of immune in-
filtration in PRAD. IDH1 mRNA expression levels were
positively correlated with the infiltration levels of CD8+
T cells, CD4+ T cells, macrophages, and neutrophils.
Furthermore, the correlation between IDH1 expression
and immune cell marker genes implies a role for IDH1 in
regulating PRAD tumor immunology. M2 macrophage
markers, such as CD163, CD68, MRC1, and MSR1, were
correlated with IDH1 expression. -ese results suggest a
potential role of IDH1 in regulating tumor-associated
macrophage (TAM) polarization. In addition, a correla-
tion was found between IDH1 expression and several
T cell markers, DCs, and neutrophils in PRAD. -ese
correlations suggest a potential mechanism for IDH1
regulation of immune cells in PRAD. Together, these
findings suggest that IDH1 plays an important role in the
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Figure 6: IDH1 is closely related to immunity in PRAD. (a) TIMER analysis of the correlation between IDH1 expression in PRAD and
purity correction among six immune cells. (b–d) Correlation analysis of IDH1 gene expression with T-cell CD8+, T-cell CD4+, macrophage,
and monocyte immune infiltration. (e) Positive correlation between IDH1 levels and infiltration levels of CD8+ T cells, CD4+ T cells,
macrophages, and neutrophils in PRAD from TIMER database.
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recruitment and regulation of immune infiltrating cells in
PRAD.

Oxalomalic acid mimics the effects of IDH1 inhibition
on prostate cancer cell lines and could ameliorate the pa-
thology of prostate cancer cells. Oxalomalic acid can
modulate the targeting of IDH1 because it is a competitive
inhibitor of IDH by a mechanism that regulates intracellular
reactive oxygen species through IDH inactivation, and thus
inhibits tumor cell migration by downregulating matrix

metalloproteinase-9 [22, 23]. Oxalomalic acid also down-
regulates iNOS expression [24]. -us, oxalomalic acid is a
potential therapeutic agent for treating PRAD progression
and metastasis via IDH1 inhibition.

One of the dilemmas of PRAD is the progression of
cancer to metastatic goitre-resistant prostate cancer
(mCRPC). Historically, the average overall survival of pa-
tients with untreated mCRPC has been less than 2 years,
based on metastatic disease and the presence of symptoms
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[11, 25]. With the advent of newer drugs, such as the novel
anti-androgen drug Sipuleucel-T, radiopharmaceuticals,
and PARP inhibitors, many studies have demonstrated an
increase in median overall survival with their use early in the
disease process. Due to the poor prognosis and identification
of potential drug resistance mechanisms, the selection of the
correct sequence and type of systemic therapy in mCRPC is
important. However, our study lacked a bioinformatics
analysis of mCRPC. In the future, we should focus on
mCRPC cases to collect more information.

-ere were some limitations to the present study. First,
although the analysis of the available data sets suggests that
the profile of themolecular IDH family is a potential indicator
of PRAD, we do not have large sample sizes and animal
studies to support these results. -is can be addressed in
subsequent experiments. Second, the study did not conduct
some surveys on treatment outcomes in PRAD patients, and
further studies are needed to validate the importance of the
treatment effect of IDH1. -ird, because of the inconsistent
data sets in the database, some conflicting data need further
clarification. Finally, to improve the value of IDH1 as a
biomarker, it is important to explore its prognostic role in
PRAD patients. -e hypotheses generated in the present
study therefore support the expanded investigation of IDH1
as a prognostic biomarker for PRAD, particularly complex
PRADs like mCRPC, in a larger clinical cohort.

4. Materials and Methods

4.1. GEO Database. -e Gene Expression Omnibus (GEO)
database is maintained by the National Center for Bio-
technology Information (NCBI). In the present study, we
used the keywords “prostate cancer” and “metabolism” to
search the database, and the microarray data were extracted
from the whole-genome RNA for all samples.

4.2. cBioPortal. -e cBioPortal database (Memorial Sloan
Kettering Cancer Center) explores the genomic signature of
tumors at the DNA level, including mechanistic information
[26]. Differential gene expression, survival analysis, and
immune infiltration analysis can be performed at the phe-
notypic level. In the present study, we used this tool for
survival, mutation, copy number alteration, and overall
survival (OS) analysis for common DEGs.

4.3. GEPIA2. An updated version of the GEPIA (Gene
Expression Profiling Interaction Analysis) database,
GEPIA2, was used to aggregate and analyze RNA sequencing
expression data from the TCGA and GTEx projects, in-
cluding 9,736 tumor and 8,587 normal samples, using a
standard processing flow (14). GEPIA2 was used to examine
the mRNA expression of IDH1 in PRAD and its association
with survival outcomes, including disease-free survival
(DFS) and overall survival (OS) [27].

4.4. WebGestalt. -e WebGestalt database (Zhang labora-
tory) is a multispecies database containing 354 genetic

identifiers from various databases and technology platforms
and 321,251 functional categories from public databases and
computational analyses [28]. In the present study, we used
this tool to conduct an online gene functional enrichment
analysis and to perform GO analysis of key genes interacting
with IDH1 genes.

4.5. LinkedOmics. -e mRNA data sets of PRAD patients
were downloaded using LinkedOmics software [29], and a
total of 499 cases containing both IDH1 expression levels
and complete clinical data were screened. -e patients
ranked in the top 50% of IDH1 expression were assigned to
the ‘high expression’ group and the remaining patients were
assigned to the “low expression” group. A total of 549 RNA
gene microarrays containing IDH1 expression levels were
selected, and 20,051 genes were detected. -e Pearson
correlation between each gene expression level and the IDH1
expression level was performed using an online analysis tool,
and the 50 genes with a positive correlation to IDH1 ex-
pression and the highest correlation coefficient were selected
for gene heat map analysis.

4.6. TIMER. To systematically analyze the immune cell
infiltration in different cancer types, we used TIMER as a
comprehensive public database to systematically evaluate the
clinical impact of different immune cells on different cancer
types [30]. -is database was used to analyze the IDH1
involvement in immune infiltration in prostate cancer.

4.7. Connectivity Map. Based on the gene expression map,
we analyzed gene microarray chips for PRAD to obtain the
IDH1 performance profile of possible drugs and then further
screened the drugs with specificity and FDA approval
through integration with bioinformatics [31]. -e potential
drugs were then evaluated using a connectivity map based
on the genetic performance differences generated by dif-
ferent drug treatment of cell lines in the 6,100-slice Drug
Connectivity Map.

4.8. RNAExtraction andReal-TimePCR. RNA was extracted
using the EasyPrep Total RNA Kit (BIOTOOLS Co., Ltd.,
Taipei, Taiwan.) as previously described [18]. cDNA was
synthesized using a ToolScript MMLV RT kit (BIOTOOLS
Co., Ltd.). qPCR was carried out using a StepOnePlusTM
system (Applied Biosystems, CA, USA) with TOOLS 2X
SYBR qPCR Mix (BIOTOOLS Co., Ltd.).

5. Conclusions

In conclusion, significantly elevated IDH1 expression was
associated with the poor prognosis of PRAD. In addition,
IDH1 may affect the tumor microenvironment and immune
cell infiltration in PRAD. -erefore, IDH1 may serve as a
meaningful diagnostic and prognostic biomarker and im-
mune-related therapeutic target for PRAD. Further studies
are needed to confirm these findings and to explore the
mechanisms and immunomodulatory functions of IDH1 in
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PRAD. -e present study identified positive associations
between IDH1 and the immune response and provides a
novel direction for further investigations of PRAD etiology.
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