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Background: As a novel cancer stem cell marker, the biological functions of aldehyde dehydrogenases
(ALDH enzymes) are a hot topic in current cancer research. However, there is a lack of systematic
understanding of ALDH enzymes, which has hindered the translation of targeted therapies from bench work
into the clinic.

Methods: Based on transcriptome data from 999 glioma patients, functional clustering analysis was
performed to reveal the functional phenotypes of ALDH isoforms. Subsequently, ALDH subgroups closely
related to gliomas were identified by Cox survival analysis. Finally, gene set variation analysis (GSVA) and
Pearson correlation analysis were used to explore the biological functions of ALDH enzymes.

Results: Our study found that ALDH enzymes could be classified into 5 subgroups, among which 3 groups
were closely related to malignant progression and the prognosis of gliomas. We found that ALDH enzymes
were closely related to gene mutations, which were most likely caused by changes in DNA repair functions.
Further studies revealed that ALDH enzymes affect tumor immune functions, especially the expression
of immune checkpoints. The effectiveness of immune checkpoint inhibitors in treating glioma might be
improved by altering the expression of ALDH enzymes in specific subgroups.

Conclusions: This study comprehensively revealed the biological functions of ALDH enzymes in glioma
and provided details about the potential clinical application of targeted therapy for ALDH enzymes.
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Introduction

Gliomas are one of the most aggressive and infiltrative
tumors in the central nervous system (CNS). The 5-year
survival rate of patients with glioblastoma multiforme
(GBM), which is classified as a grade IV glioma by the
World Health Organization (WHO), is less than 5% (1).
Therefore, new effective therapeutic methods for
gliomas are an expanding focus of research, including
immunotherapy and small molecule inhibitors therapy (2,3).
Isocitrate dehydrogenase (IDH) mutation, which involves
the metabolism of cancer cells, is one of the most important
mutations of gliomas (4). Clinical and basic research about
IDH mutation has made encouraging progress, such
as identification of the inhibitor of IDH (5). Emerging
evidence has shown that 2-hydroxyglutarate (2-HG), a
metabolite of mutated IDH, contributes to the inhibitory
immune microenvironment in glioblastoma (6). Research
has implied that distinct subtypes of metabolic enzymes
may have crucial roles in the crosstalk between tumors
and their immune microenvironments, rather than acting
independently within the tumor.

Aldehyde dehydrogenases (ALDH enzymes), as
oxidizing enzymes which are composed of 19 isoforms,
play a crucial part in cell proliferation, differentiation,
metabolism, and other functions, and recent evidence
has suggested that a high expression of ALDH is related
to cancer malignancy (7). Moreover, mounting evidence
shows that ALDH, particularly ALDH1A3, has close
ties to tumorigenesis and tumor progression (8-10).
Interrupting the ALDH metabolic pathway has become
a promising therapeutic strategy. However, side effects
induced by the inhibition of ALDH enzymes remain
unclear. We hypothesized that a target specific ALDH
isozyme would cause an increased expression of one or
several ALDH isozymes for functional compensation. At
present, classification of ALDH enzymes is mainly based
on the molecular structure of the enzymes, but this has
not been confirmed in clinical application (11). Therefore,
reclassification of ALDH isoforms based on their functions
is urgently needed.

In this study, we developed a new approach for the
reclassification of ALDH enzymes. We divided ALDH
enzymes into 5 subgroups based on their functional
evaluation across 2 databases, the Chinese Glioma Genome
Atlas (CGGA) and The Cancer Genome Atlas (TCGA).
These 5 subgroups had different characteristics, and
all ALDH enzymes in the same subgroup had similar
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functions. Importantly, we identified 3 subgroups of ALDH
enzymes that relate to tumor immune functions. This
new classification displayed the biological functions of
different ALDH enzymes and could improve the clinical
application of ALDH inhibitors in glioma treatment. This
reclassification process enabled us to better understand
the functions and characteristics of ALDH enzymes in
gliomas. Furthermore, our study provided a theoretical
basis for ALDH functional research and ALDH targeted
immunotherapy of glioma patients. We present the
following article in accordance with the Materials Design
Analysis Reporting (MDAR) checklist (available at https://
dx.doi.org/10.21037/tcr-21-1160).

Methods

This study included messenger RNA (mRNA) sequencing
data from 999 patients with gliomas of all grades. The
sequencing data of the test group were from the CGGA.
The sequencing was performed with the Illumina Hiseq
2000 platform (Illumina, San Diego, CA, USA). Only
samples that consisted of more than 80% of tumor cells
were used. Overall survival (OS) was calculated from
the date of diagnosis to death or the last follow-up.
Transcriptome sequencing data and patient information
can be freely downloaded from the CGGA portal (http://
www.cgga.org.cn). The sequencing data of the validation
group were from TCGA mRNA-seq database downloaded
from public databases (https://cancergenome.nih.gov). The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
the Ethics Committee of Beijing Tiantan Hospital, Capital
Medical University (KY2020-093-02). The institutional
review board decided that informed consent was not
required.

Functional clustering analysis

The biological function and signal pathway activation
scores of each participant were calculated by gene set
variation analysis (GSVA). The calculation process selected
default settings. The Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) gene
sets were downloaded from gene set enrichment analysis
(GSEA) web portals (http://software.broadinstitute.org/
gsea/index.jsp). Subsequently, the correlation between
biological function scores and gene expressions was
calculated using Pearson correlation analysis. A matrix of
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correlation coefficients of all patients with 4,653 GO terms
and 186 KEGG terms was obtained. Finally, functional
clustering results were acquired using unsupervised cluster
analysis based on the data above. The integrated clustering
analysis was performed by Cluster-of-Cluster Assignments
analysis as previously described (12). All statistical
computations and figure drawing were performed with the
statistical software environment R version 3.5.0 (http://
www.r-project.org/).

Chromosome stability and DNA repair functions

The chromosome stability was evaluated by aneuploidy
scores, which reflect the alterations of chromosome arm-
level copy-numbers in a sample (13). This score can be
further divided into chromosome arm-level loss and gain
scores. The GSVA scores of DNA repair gene set evaluated
DNA repair functions. The relationship between ALDH
enzymes and the above functions was analyzed using
Pearson correlation analysis. Furthermore, the correlation
analyses between ALDH enzymes and leukocyte, tumor
purity, mutation number, and stemness index were also
performed with the same method.

Immune functions analysis

The relationship between ALDH enzymes and immune
functions was evaluated using the Pearson correlation
analysis of ALDH enzymes’ mRINA expression and immune
function scores. Immune function scores were calculated
using GSVA analysis, and the immune function gene set
was downloaded from AmiGO 2 web portals (http://amigo.
geneontology.org/amigo/landing). The classification of
immune functions was based on the classification in the

AmiGO2 website.

Prognostic analysis

The prognostic value of ALDH enzymes or ALDH groups
was estimated by Kaplan-Meier analysis or Cox analysis.
Kaplan-Meier analysis was performed with the statistical
software environment R version 3.5.0, and Cox analysis
was performed with the statistical software SPSS 25.0 (IBM
Corp., Armonk, NY, USA). The median was used as the
cutoff of each group in all prognostic analyses. When more
than 2 genes were involved in the grouping, each gene
group’s intersection was used as a grouping standard.
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Statistical analysis

All statistical computations and figure drawing were
performed with R packages (ggplot, pheatmap, and
survival), GraphPad Prism 7.0 (GraphPad Software, La
Jolla, CA, USA), and Microsoft Office 2016 pro (Microsoft,
Redmond, WA, USA). Statistical differences between 2
populations were calculated by #-test. The log-rank test was
used to assess the statistical significance of stratified survival
groups. For all statistical methods, P<0.05 was considered a
significant difference.

Results

A new classification of ALDH enzymes based on their
biological functions and signaling activation

To reclassify ALDH isoforms based on genome, we
performed unsupervised cluster analysis on their mRNA
expression level and gene methylation level in the
CGGA database (Figure 14,1B). However, no significant
classification trend was observed. A similar situation was
seen in TCGA database (Figure SIA,S1B). Therefore, we
developed a new approach to reclassifty ALDH enzymes
based on their functions. When using the new functional
clustering method (details in methods), the isoforms of
ALDH enzymes could be divided into 5 groups according
to their biological functions (GO groups 1-5) and signal
pathway activations (KEGG groups 1-5), respectively
(Figure 1C,1D; https://cdn.amegroups.cn/static/public/
ter-21-1160-1.xlsx). Subsequently, we saw similar results
in the integrated cluster analysis (Figure 1E). As expected,
functional clustering analysis also worked well in TCGA
database (Figure S1C-S1E). Notably, the classification
results were highly consistent in both databases.

Different ALDH enzymes in the same subgroup most
likely play similar biological roles in glioma

The landscape of the biological functions of ALDH
enzymes revealed that each group has its specific functional
spectrum in CGGA (Figure 2; https://cdn.amegroups.cn/
static/public/ter-21-1160-2.xIsx) and TCGA databases
(Figure S2; https://cdn.amegroups.cn/static/public/ter-
21-1160-3 xlsx). In Group I, all 3 isoforms were positively
correlated with most GO terms (>50%) related to behavior
and transportation. Meanwhile, they were significantly
negatively correlated with most immune system processes,
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Figure 1 Multi-platform cluster analysis of ALDH in CGGA database. (A) Unsupervised clustering of all ALDH isoforms by gene mRNA
expression in the CGGA database. (B) Unsupervised clustering of all ALDH isoforms by gene methylation level in the CGGA database. (C)
Unsupervised clustering of all ALDH isoforms by the correlation coefficient between gene mRINA expression and 4,653 biological function
scores. ALDH isoforms can be classified into 5 groups according to their biological functions. (D) Unsupervised clustering of all ALDH
isoforms by the correlation coefficient between gene mRINA expression and 171 signal pathway activation scores. ALDH isoforms can be
classified into 5 groups according to their signal pathway activations. (E) Integrated Cluster-Of-Cluster Assignments analysis of all ALDH
isoforms reveals that ALDH isoforms can be classified into 5 groups according to their biological functions and signal pathway activations.
ALDH, aldehyde dehydrogenase; CGGA, Chinese Glioma Genome Atlas; mRINA, messenger RNA.
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proliferation, and cell cycle, response to stimulus, and
transcription and translation GO terms. Like Group I,
ALDH enzymes in Group II were also negatively related to
the majority of death and apoptosis, proliferation and cell
cycle, response to stimulus and transcription, and translation

GO terms, but did not show a positive relationship with any
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biological function category. Group III and ALDH enzymes
were highly positively correlated with modification,
transcription, and translation, and negatively correlated
with the immune system process. Unlike other groups,
ALDH enzymes in Group IV were positively correlated

with most immune system processes, signaling, and
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response to stimulus GO terms. Nevertheless, for Group V,
the situation was different; ALDH enzymes showed almost
no specific functions.

ALDH functional subgroups are related to clinical
characteristics in glioma patients

To explore the relationship between clinical features and
our new classification, we analyzed the ALDH expression of
each isoform in different pathological grades based on the
2021 WHO Classification of Tumors of the Central Nervous
System. Compared to WHO 11 grade gliomas, the expression
of ALDH enzymes in Group I and Group II was significantly
lower than the expression in WHO 111, but all ALDH
enzymes in Group IV showed the opposite trend. Moreover,
a similar situation was observed in Group I and Group IV
between WHO II and WHO 1V, while ALDH enzymes in
other Groups showed no apparent difference (Figure 34-3E;
Figure S3). Univariate Cox analysis was performed to further
explore the prognostic values of ALDH enzymes in glioma.
Consistent with the above clinical results, high expression
of ALDH isoforms in Group I and Group II was a more
effective prognostic indicator, and high expression in Group
IV was a less favorable prognostic indicator (Figure 3F). In
summary, we found that ALDH enzymes, especially those in
Group I, Group II, and Group IV, were closely related to the
clinical phenotype in glioma patients.

ALDH functional subgroups are related to chromosome
stability and DNA repair function

Gene mutation and stability of chromosomes are vital
factors that affect patient prognosis. Further studies
were performed to verify whether ALDH enzymes in
each group were associated with gene mutations (https://
cdn.amegroups.cn/static/public/ter-21-1160-4.xlsx).
The results showed that total mutation counts were
significantly lower in the higher expression isoforms
of Group I and Group II and significantly higher in
the higher expression isoforms of Group IV. No such
difference was observed in Groups III and V (Figure 4A).
As for the chromosome stability, the trends of differences
were consistent with total mutations, whether for
chromosome amplification or deletion (Figure 4B,4C). To
further explore the causes of DNA mutation, we measured
the relationship between all ALDH enzymes and the DNA
repair function scores through the correlation coefficient.
We found that 2 kinds of DNA repair functions were most
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positively related to the expression of ALDH enzymes
in Group I and Group II and negatively related to the
expression of ALDH enzymes in Group IV.

Conversely, a DNA repair function was negatively related
to ALDH isoforms in Group I or Group II and positively
related to the expression of ALDH isoforms in Group IV
(Figure 4D; Figure S4A). Altogether, we demonstrated that
ALDH enzymes, particularly those in Group I, II, and IV,
were closely related to gene mutation. The critical factor in
this process may be DNA repair functions.

ALDH functional subgroups are closely related to the
tumoy immune Mmicroenvironment

The function of DNA repair is likely to be a crucial reason
for the malignant process of glioma, but how it influences
the biological function is still unknown. To investigate this,
we assessed the correlation between DNA-repair functions
and GO terms in CGGA and TCGA databases (Figure 5A;
Figure S4B). We found that more than 95% of DNA repair
functions had a strong connection with the immune system
processes, much more than any other kind of GO term.
To understand the differences in immune status between
different groups, we performed a correlation coefficient
analysis in CGGA and TCGA databases (Figure 54;
Figure S4C). We observed that most immune functions,
except for the T cell-mediated immune response to tumor
cell (T cell response), were negatively correlated with
most ALDH isoforms in Group I, II, and III (Figure 5B).
However, the situation in Group IV was different. Most
of the immune functions except for T cell response had
a positive correlation with ALDHIA3 and ALDHI16AL.
This abnormal phenomenon made us think of the immune
depletion in tumors caused by immune checkpoints. We
investigated the correlation between all ALDH enzymes
and immune checkpoints in CGGA and TCGA databases
(Figure 5C-5H). The results showed that ALDH enzymes
in the same group always had a highly similar immune
checkpoint expression status. This suggested that immune
functions, particularly checkpoints, may have significant
influence over the classification of ALDH function. To
explore which cell-types express different subtypes of
ALDH enzymes. We analysed different sub-classify ALDH
enzyme in distinct cell types based on a public scRNA-
seq dataset from 28 patients with GBM (GSE131928).
These 24,131 single cells were divided into four cell types
including macrophages, malignant cells, oligodendrocytes

and T cells. The dot plot showed that a majority of ALDH
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V. The expression of ALDH isoforms in group V does not share the same changing trend with the increase of WHO grade. ns, P>0.05. (F)
Univariate Cox analysis of ALDH isoforms in each group in both CGGA and TCGA databases. ALDH, aldehyde dehydrogenase; WHO,
World Health Organization; CGGA, Chinese Glioma Genome Atlas.

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2021;10(12):5052-5064 | https://dx.doi.org/10.21037/tcr-21-1160



Translational Cancer Research, Vol 10, No 12 December 2021 5059

A Total Mutation (TCGA)
Group | Group Il Group Il Group IV Group V
40 40 40+ 40 - 401
354 354 354 354 354
_030- _030- _030- _030- _030-
= = = = =
= 254 = 254 = 254 c 254 e c 254
i} o kel i} . i}
kS k5 k] ® ®
£ 20 £ 20 £ 204 £ 20 £ 20
= = = = =
© © 15 © 15 s 15 s 15
° G 5 o 5 ns ° 5 ° 5
S = ] = =] =l R
34 34 34 34 A
2 2 24 24 I
14 1 11 == 11 —%—
0 0 0 — 0 T T
s S
Stability of chromosome Stability of chromosome
(TCGA) (TCGA)
0.5 0.5
0.4 0.4
0.3 0.3
0.2 0.2
0.1 0.1
0 0 A
L6 AR LIRS 23 %z
-0.1 = X = O ~ - @8 8 ® -0.1 = = © ~ PR R )
I I - I = I I I I I I I I = IIIITZITCT
02 S N E s S IOMs A AR A 02 5Yi3:i@W3is3333
) T TI I g : < < Z < < << < <<
03 | o m VIV IV V vV (VARV} 03 | nn n vV V.V Vv v vV V. Vv
-0.4 -0.4
-0.5 -0.5
-0.6 WAS_del BAS_amp
D DNA repair functions (CGGA)
Group Vv
Subtype ALDH1AZ | ALDHILT | ALDHBAT | ALDH3AZ | ALOH3B1 | ALDHAAT | ALDH7AT | ALOHBAT
Poly(ADP-ribose) polymerase (PARP) enzymes that bind to DNA -0.087 -0.104 0.002 0.082 -0.020
NER related 0016 0085 | 00s2 | 0067 | -0028 | oot
Modulaton of nuckeotide pools 0051 | 0003
Nucleotide excision repair (NER) /(XP = xeroderma pigmentosum) 002 | 0001
TFIIH Catalyzes unwincing i preincsion complex 0000 | 0072
Homologous recombination 0074 | 0047
repair of DN/ links and other adducts in DNA -0.091 0.060
Other BER 0.052 -0.023
‘Ghromatin Sructure and Modifcation 0100 | 0042

Repair of DNA-topoisomerase crossiinks

'DNA polymerases (catalytc subunits)

Base excision repai glycosylases: major

Mismatch excision repair (MMR)

Direct reversal of damage

Non-homologous end-oining

y

Other conserved DNA damage response genes

Editing and processing nucleases.

Ubiguitination and modification

0065 | 0004 | -0045 | 0049 |-o4oaz 0052

0067 I 0039 |-ooeo - 0008 | -0.003

known function
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Figure 6 Prediction of the therapeutic effect of immunological and enzymatic combined therapy. Kaplan-Meier survival curves reveal the

therapeutic effect of immunological and enzymatic combined therapy. A red frame means that elevating the expression of ALDH isoforms

in the corresponding group can improve the prognosis of patients. A blue frame means knocking down the expression of ALDH isoforms

in the corresponding group can improve the prognosis of patients. A grey frame means changes in ALDH isoforms expression in the

corresponding group do not affect patient prognosis. ALDH, aldehyde dehydrogenase.

isoforms, including ALDHI16A1, ALDHI18A1, ALDHIBI,
ALDHIL1/2, ALDH3A2, ALDH4A1l, ALDHS5AI,
ALDH6AL1, ALDH7A1, ALDH8A1 and ALDH9%A1
were enriched in malignant cells, while ALDHI16A1,
ALDH2, ALDH3BI tended to enrich in tumor infiltrating
macrophages. ALDH3A2 and ALDHOG6A1 were enriched in
oligodendrocytes. Interestingly, all of the ALDH isoforms
expression in tumor infiltrating T cells were lower than

those in malignant cells (Figure S5).

ALDH functional classification can be used to improve the

efficacy of tumor immunotherapy

As a new star in tumor immunotherapy, immune checkpoint

© Translational Cancer Research. All rights reserved.

inhibitors have entered clinical practice and shown good
clinical benefits in several solid tumors. However, they have
not shown an excellent therapeutic effect in the treatment of
gliomas. Based on the above results, we wondered if ALDH
functional subgroups can improve the immunotherapy
effects for glioma treatment. As shown in Figure 6 and
Figure S6, in patients with high immune checkpoint gene
expression and high expression of ALDH enzymes in
Groups I and II, their prognosis was not worse than that
of patients with low immune checkpoint gene expression.
Furthermore, patients with high immune checkpoint
gene expression and low expression of ALDH enzymes
in Group IV also had a worse survival rate. This result
provided a theoretical basis for the clinical application of
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specific inhibitors or activators of the corresponding ALDH
subgroups, rather than pan-ALDH activity activators or
inhibitors.

Discussion

The vital biochemical functions of ALDH in cancer has
become a focal point of cancer research. Recent studies
have also confirmed ALDH as a novel stem cell marker for
various solid tumors, such as glioma, lung cancer, breast
cancer, and cholangiocarcinoma (9,10,14-16). There are
also many targeted treatments for ALDH in cancers (17).
However, no efforts have yet to succeed in improving
patient outcomes in the clinic. There may be 2 reasons
for this lack of progress: (I) in cancer research, almost
all research has focused on enzyme activity or only one
specific ALDH isoform. As the ALDH enzyme contains 19
isoforms, some different isoforms are likely to have similar
biological functions in cancer. Therefore, it is not surprising
that treatments targeting a single isoform were unsuccessful.
(II) In the study of isoforms of enzymes, biochemists
have classified ALDH isoforms based on their protein
structure or substrates in normal cells (18). However, in the
unique metabolic environment of tumors, the isoforms of
ALDH are likely to exert completely different biological
functions to those of normal cells. Therefore, the functional
classification of ALDH isoforms in tumors is imperative.
Unlike the methods used by biochemists, we grouped
ALDH isoforms based on their biological functions and
signaling activations in glioma. This integrated clustering
result was mutually verifiable in a large cohort of 999
glioma patients from 2 independent databases. Traditional
clusters based on mRNA and methylation cannot be
repeated in 2 databases. Our analysis also found that
functional and pathway clustering analysis was inherently
flawed, which was different from that of traditional
clustering analysis. Isoforms in the same subgroup had
similar functional characteristics, which were different from
those of other subgroups. Although almost all previous
studies have shown that ALDH enzymes could promote
the malignant progression of tumors, our study surprisingly
found that isoforms in some subgroups may inhibit glioma
progression. Subsequently, the predictive analysis also
confirmed that higher expression of isoforms in subgroups
for which glioma was inhibited led to a better prognosis.
These results further supported the reliability of the results
from the functional analysis. Unsurprisingly, we found that
isoforms in different subgroups affected the prognosis of

© Translational Cancer Research. All rights reserved.
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glioma patients by regulating proliferation, transcription,
and apoptosis of tumor cells (8,19). Similar results can be
seen in previous ALDH related cancer research (16,20,21).

To investigate whether ALDH affected glioma
progression by another unexpected function, we explored
the relationship between ALDH subgroups and gene
mutation counts. Interestingly, we found a close relationship
between some subgroups of ALDH and genomic stability.
The further in-depth analysis showed that altered DNA
repair functions caused by some ALDH subgroups were
among the reasons for this phenomenon. However, only
a few existing studies have encompassed the relationship
between ALDH enzymes and DNA repair functions. One
study examined the DNA repair functions of ALDH in
alcoholic liver damage, and another analyzed the effects of
ALDHI1A1 on DNA repair functions in ovarian cancer stem
cells (22,23). Our study found a close relationship between
ALDH enzymes and DNA repair functions in gliomas
and revealed that this mechanism might be an essential
cause of the poor prognosis of patients with glioma. This
finding provides a new consideration for the use of ALDH
functional study in glioma treatment.

We also found that DNA repair functions most relevant
to ALDH subgroups were closely related to the immune
functions in glioma. Different subgroups had significantly
different immune statuses, one of the reasons for which
was that ALDH regulated the expression of immune
checkpoints. Although few reports have covered the
relationship between ALDH and immune functions in other
cancers, all studies have regarded ALDH as a stem marker for
targeted elimination (24,25). However, our study found that
a ALDH enzymes had a robust immune regulation function.
We also confirmed that only a small number of glioma
patients could benefit from pan-ALDH targeted therapy.
However, based on ALDH functional classification, almost
all glioma patients could benefit from immunotherapy. This
is another innovative discovery of this research.

"This study has provided a novel approach for functional
analysis of multi-subtype metabolic enzymes in diseases
and yielded supporting data for basic and clinical studies of
ALDH in glioma. Furthermore, we also revealed several
new potential functions and regulatory mechanisms of
ALDH in glioma, even providing a possible solution to
the dilemma of immunotherapy. However, this functional
analysis approach was based on mRNA sequencing data,
and more experimental data is needed to valid its accuracy.
The clinical application of this research depends on the
development of ALDH isoform-specific activators and

Transl Cancer Res 2021;10(12):5052-5064 | https://dx.doi.org/10.21037/tcr-21-1160



Translational Cancer Research, Vol 10, No 12 December 2021

inhibitors (26-29). Considering ALDH is an essential
metabolic enzyme, it also plays an essential role in the
average human brain. We were excited to find that different
ALDH isoforms have different levels of importance in the
metabolism of the average human brain and glioma cells.
Therefore, the application of a future ALDH drug cocktail
will have better efficacy and fewer side effects. Such an
application will enhance the meaningfulness and clinical
application of our research.

In conclusion, this study comprehensively provided a
novel approach to reveal different biological functions of
distinct subtypes of ALDH enzymes in glioma. Our data
showed a strong relationship between distinct subtypes
of ALDH enzymes, immune regulation functions, and
DNA repair function of glioma, which provided a basis for
developing relevant immunotherapy strategies.
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