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Abstract
Background Despite the rapid advances in modern medical technology, kidney renal clear cell carcinoma (KIRC) 
remains a challenging clinical problem in urology. Researchers urgently search for useful markers to break through the 
therapeutic conundrum due to its high lethality. Therefore, the study explores the value of ADH5 on overall survival 
(OS) and the immunology of KIRC.

Methods The gene expression matrix and clinical information on ADH5 in the TCGA database were validated 
using external databases and qRT-PCR. To confirm the correlation between ADH5 and KIRC prognosis, univariate/
multivariate Cox regression analysis was used. We also explored the signaling pathways associated with ADH5 in KIRC 
and investigated its association with immunity.

Results The mRNA and protein levels showed an apparent downregulation of ADH5 in KIRC. Correlation analysis 
revealed that ADH5 was directly related to histological grade, clinical stage, and TMN stage (p < 0.05). Univariate 
and multivariate Cox regression analysis identified ADH5 as an independent factor affecting the prognosis of KIRC. 
Enrichment analysis looked into five ADH5-related signaling pathways. The results showed no correlation between 
ADH5 and TMB, TNB, and MSI. From an immunological perspective, ADH5 was found to be associated with the tumor 
microenvironment, immune cell infiltration, and immune checkpoints. Lower ADH5 expression was associated with 
greater responsiveness to immunotherapy. Single-cell sequencing revealed that ADH5 is highly expressed in immune 
cells.

Conclusion ADH5 could be a promising prognostic biomarker and a potential therapeutic target for KIRC. Besides, it 
was found that KIRC patients with low ADH5 expression were more sensitive to immunotherapy.
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Introduction
The incidence of urinary tract malignant tumors 
increases with age [1]. Renal cell carcinoma (RCC) is 
one of the most lethal malignant tumors in the urinary 
system, and 75–80% of the pathological types are kid-
ney renal clear cell carcinoma (KIRC) [2]. It has been 
reported that about 30% of patients with KIRC develop 
metastasis at the time of initial diagnosis [3]. Despite the 
rapid development of new methods to combat KIRC, it 
is not sensitive to radiotherapy and chemotherapy, and 
most patients will eventually develop drug resistance 
and relapse [4]. Due to the high morbidity and mortality 
rates of KIRC patients [5], it is imperative to identify new 
prognostic biomarkers and therapeutic targets. This will 
help to improve the prognosis and personalize the treat-
ment of KIRC patients.

As a member of the alcohol dehydrogenase (ADH) 
family, ADH5 is a relevant player in inflammation, 
immune regulation, and cancer progression, as well as 
many other processes, and its dysregulation can upset 
cellular homeostasis and cause disease [6, 7]. Research 
has demonstrated that the downregulation of ADH5 is 
a feature of primary hepatocellular carcinoma, and its 
pharmacological inhibition by inducible nitric oxide syn-
thase (iNOS) presents a promising treatment option for 
individuals with primary hepatocellular carcinoma [8, 9]. 
In addition to this, researchers have found that ADH5 
acts as a player in cancers such as breast [10], ovarian 
[11], and prostate cancers [12].

With the rapid development of bioinformatics, it is 
possible to identify key genes associated with tumor 
prognosis and progression with bioinformatics analy-
sis. Several potential KIRC biomarkers have now been 
obtained through TCGA data mining. These biomarkers 
were then further validated against other datasets, cul-
minating in the discovery of the gene ADH5, which has 
not been studied in relation to KIRC before. Therefore, 
this paper focused on the effect of ADH5 on the prog-
nosis of KIRC and discussed even further the connection 
between ADH5 and immunization and immunotherapy. 
It is hoped that our findings will hopefully provide prom-
ising therapeutic candidates for KIRC for future targeted 
therapies and improve patient prognosis.

Materials and methods
Data collection and processing
Gene expression matrices associated with ADH5 and 
clinical data from KIRC patients were extracted from The 
Cancer Genome Atlas (TCGA; http://cancergenome.nih.
gov/) database, including 539 KIRC tumor samples and 
72 non-malignant tumor tissue samples. Genetic profiles 
and clinical information were then extracted for further 
analysis. Cases were finally excluded if there were incom-
plete or missing data, such as age or overall survival (OS). 

The ADH5 gene matrix was further analyzed, as was the 
corresponding clinical information. R software (https://
www.r-project.org/) was used for all data processing. 
Calculation of the different expression levels of ADH5 
mRNA used by the “Limma” package in the R pack-
age. |log2 fold change (FC)|≥1 and an adjusted P value 
(FDR) < 0.05 were defined as truncation criteria.

Identify differentially expressed associated genes and 
perform gene set enrichment analysis (GSEA)
To identify differentially expressed genes (DEGs), we ana-
lyzed the differential expression data for the ADH5 gene 
in tumors, and quasi-tumor non-tissues were analyzed 
using the ‘Limma’ package. In addition, we performed a 
gene set enrichment analysis (GSEA) to investigate the 
biological functions and signaling pathways associated 
with ADH5 [13].

Validation of ADH5 protein expression in tissues
The UALCAN website (http://ualcan.path.uab.edu/anal-
ysis-prot.html) was used to analyze the CPTAC dataset 
and determine ADH5 expression in primary KIRC tis-
sue and normal tissue. The expression of ADH5 protein 
in KIRC was validated immunohistochemically using the 
HPA online database (http://www.proteinatlas.org/).

Quantitative real-time PCR (qRT-PCR)
ADH5 mRNA expression was detected in four KIRC 
cells and normal renal tubular epithelial cells. The reac-
tion system consisted of 10µL of SYBR QPCR Master 
Mix (High Rox premix), 0.4µL of forward primer, 0.4µL 
of reverse primer, 4.2µL of ddH2 O, and 5µL of cDNA. 
Glycerol 3-phosphate Hyde Dehydrogenase (GAPDH) 
was employed for internal reference. The sequence of 
primers is as follows: ADH5: F: 5’- T G C T G C T G T G A A C 
A C T G C C A A G-3’ and R: 5’- C C A T G A T A A C T G C C A A T 
C C G A C T C C-3’; GAPDH: F: 5’- C A G G A G G C A T T G C T 
G A T G A T-3’; R: 5’- G A A G G C T G G G G C T C A T T T-3’. All 
data are expressed as mean ± standard deviation accord-
ing to the 2−ΔΔCt method. The software used for statisti-
cal analysis and plotting is GraphPad Prism 8 (GraphPad 
Software, San Diego, CA, USA). P < 0.05 suggests that the 
differences are statistically significant.

Correlation of the prognosis of ADH5 and KIRC patients
Univariate/multifactorial Cox risk regression analy-
sis was performed to investigate whether ADH5 was an 
independent influence on OS in KIRC cases based on a 
total of eight clinical factors (race, gender, age, grade, T, 
M, N, stage) and the corresponding KIRC patients in the 
TCGA database.

http://cancergenome.nih.gov/
http://cancergenome.nih.gov/
https://www.r-project.org/
https://www.r-project.org/
http://ualcan.path.uab.edu/analysis-prot.html
http://ualcan.path.uab.edu/analysis-prot.html
http://www.proteinatlas.org/
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An analysis of the correlation between ADH5 and 
microsatellite instability (MSI), tumor mutational load 
(TMB), tumor neoantigen load (TNB), and immunological 
evaluation
The results of this part of the analysis are visualized on 
the Sangerbox website (http://www.sangerbox.com/tool). 
In the single gene pan-cancer analysis module available 
on this website, the Pearson method was used for corre-
lation analysis. The aim was to investigate the association 
between ADH5 expression and MSI, TMB, and TNB, 
with a threshold set at less than 0.05 [14, 15].

Correlation of ADH5 in the immune infiltration and tumor 
microenvironment
The relevance between ADH5 and immune cell infiltra-
tion in KIRC was investigated by the TIMER analysis tool 
(https://cistrome.shinyapps.io/timer/). The ESTIMATE 
method utilizes existing gene expression profiles to esti-
mate the degree of infiltration of stromal or immune 
cells into the tumor [16]. So, based on the ADH5 expres-
sion matrix, we executed the ESTIMATE algorithm to 
calculate the immune, stromal, and ESTIMATE scores. 
Sangerbox was also used to investigate the relationship 
between ADH5 and immune checkpoints and immune 
cells.

Prediction of ADH5 for responsiveness to immunotherapy
The Tumor Immune Dysfunction and Exclusion Data-
base (http://tide.dfci.harvard.edu) is used to infer the 
function of genes that regulate tumor immunity. It takes 
advantage of T-cell dysfunction and rejection to model 
immune escape from tumors and thus effectively fore-
cast the effectiveness of immune checkpoint suppression 
therapy [17]. The TIDE algorithm was used to determine 
the potential of ADH5 to predict KIRC immunotherapy.

Single-cell sequencing data sources and analysis
From the GEO database, we downloaded three datasets: 
GSE111360, GSE159115, and GSE139555. Both renal 
tumor and normal kidney tissue sequencing data are 
included in these datasets. From the GSE121636 dataset, 
single-cell sequencing of peripheral blood from tumor 
patients has been downloaded. We set the criteria for 
high-quality cells as > 500 genes/cell and < 15% mito-
chondrial genes. Principal Component Analysis (PCA) 
within the Seurat package in the R language is used to 
reduce dimensionality, followed by visualization via Uni-
fied Streaming Approximation and Projection (UMAP). 
The FindClusters function was used to identify major cell 
clusters and was annotated with a resolution value of 0.5. 
The above results are presented in the form of UMAP 
plots, speckle plots, and violin plots.

Results
Expression levels of ADH5 in KIRC
To investigate the differential expression of ADH5 in 
tumor and normal tissues, the mRNA expression levels of 
ADH5 in TCGA-PAN-cancer tissues were analyzed, and 
results were obtained as follows (Fig. 1A). Concurrently, 
the expression of ADH5 in tumor tissue was significantly 
lower compared to the adjacent normal tissue (P < 0.001, 
Fig.  1B). The same result was found by comparing the 
profiles (P < 0.001, Fig.  1C). KM survival curves dem-
onstrated greater survival over time in KIRC patients 
with high ADH5 expression compared to those with 
low expression (Fig.  1D). Immunohistochemical stain-
ing from different patients in the HPA database (http://
www.proteinstallas.org/) showed that ADH5 expression 
in tumor tissues of KIRC patients was significantly lower 
than that in normal renal tissues (Fig. 1E and F). Further 
PCR results suggested that ADH5 was down-regulated in 
ACHN and 786-O, two KIRC cells, compared to human 
normal renal tubular epithelial cells (HK-2). In addition, 
ADH5 showed upregulation in CAKI cells (Fig.  1G). In 
conclusion, combined with the above results, ADH5 may 
be an anti-oncogene with low expression in KIRC, and 
the increase of ADH5 indicates a better prognosis.

Expression of total protein or phosphorylated protein 
expression levels of ADH5 in KIRC
The results of the CPTAC study of total ADH5 protein 
and phosphoprotein expression in KIRC via the UAL-
CAN website showed that the expression of total ADH5 
protein was lower in primary KIRC tumors than in nor-
mal kidney tissue (P < 0.001). ADH5 was expressed at 
the S351 phosphorylation site in tumor tissues with an 
altered mTOR pathway. The ADH5 phosphoprotein 
exhibited expression at the S351 phosphorylation site in 
both primary KIRC and tumors with dysregulated mTOR 
pathways, demonstrating significantly reduced levels 
compared to normal renal tissues. Additionally, the dis-
tribution of ADH5 protein expression at various grades 
or stages is clearly presented (Fig. 2A-H).

ADH5 mRNA expression levels correlate with 
clinicopathological parameters
Logistic regression analysis was performed on six clinical 
characteristics: gender, grade, stage, T, M, and N, in the 
clinical data of KIRC patients in the TCGA. The results 
showed a significant association between ADH5 expres-
sion and gender (P = 0.018), grade (P = 5.1E-08), stage 
(P = 1E-11), T stage (P = 1.1E-09), and M stage (P = 2.3E-
05), as well as a significant correlation with N stage 
(P = 0.0029) (Fig. 3). From these results, we conclude that 
reduced ADH5 expression in KIRC patients correlates 
with tumor progression.

http://www.sangerbox.com/tool
https://cistrome.shinyapps.io/timer/
http://tide.dfci.harvard.edu
http://www.proteinstallas.org/
http://www.proteinstallas.org/
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The relationship between ADH5 and KIRC prognosis
The univariate Cox regression analysis demonstrated that 
age, grade, stage, T-stage, M-stage, and ADH5 expression 
were significantly correlated with OS (all P < 0.05; Fig. 4A; 
Table  1). The results of the multifactorial Cox regres-
sion analysis showed significant correlations between 
age, grade, stage, N stage, and ADH5 expression with 

OS in KIRC (all P < 0.05; Fig. 4B; Table 1). Based on these 
results, we concluded that ADH5 expression, age, stage, 
and grade may have an independent effect on the OS in 
KIRC patients.

Fig. 1 Expression of ADH5 in KIRC. (A) The expression of ADH5 in various cancers in the TCGA database; (B) ADH5 expression plots in normal kidney 
tissues and KIRC tissues; (C) ADH5 paired plots in normal kidney tissues and KIRC tissues; (D) Kaplan-Meier curves suggest an association between ADH5 
expression and OS; (E-F) Immunohistochemical staining of ADH5 in the HPA database; (G) Expression levels of ADH5 in four types of renal cancer cells. 
*P < 0.05, **P < 0.01, ***P < 0.001
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Identification of ADH5-related signaling pathways based 
on GSEA
We used GSEA assays to identify signaling pathways 
associated with ADH5 between high ADH5 and low 
ADH5 expression matrices and determined five signaling 
pathways, including ErbB, Insulin, mTOR, and PPAR, in 

addition to TGF-β, by setting P values less than 0.05 and 
normalized enrichment scores greater than 1.5 (Fig.  5; 
Table 2). These results assist in further investigating the 
pathogenesis of KIRC.

Fig. 3 The relationship between ADH5 and (A) gender, (B) grade, (C) M, (D) N, (E) T, and (F) stage

 

Fig. 2 The expression and distribution of ADH5 protein in the CPTAC database. (A) Protein expression of ADH5 in natural kidney tissues and KIRC primary 
tumor tissues; (B) Protein expression of ADH5 in the normal group, mTOR pathway altered group, and other groups; (C) ADH5 protein expression in dif-
ferent stages; (D) ADH5 protein expression in different grades. (E) ADH5 phosphoprotein expression at the S351 locus in normal kidney tissues and KIRC 
primary tumor tissues; (F) ADH5 phosphoprotein expression at the S351 locus in the normal group, mTOR pathway altered group, and other groups; (G) 
Protein expression at the ADH5 phosphoprotein at the S351 locus in different stages; (H) Protein expression at the ADH5 phosphoprotein at the S351 
locus in different grades. *P < 0.05, **P < 0.01, ***P < 0.001
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Relationship between ADH5 and PPI, MSI, TMB, TNB in KIRC
We constructed possible relationships between ADH5 
and other KIRC genes, including those in 11 genes, by 
searching the online STRING database (https://string-
db.org/) to explore potential functional interactions of 
ADH5 (RETSAT, BCO1, LRAT, CYP26A1, ADH5, AOX1 
ADHFE1, GSTP1, CYP2E1, ALDH2, ESD, Fig. 6A) [18]. 
In parallel, we assessed the relationship of ADH5 expres-
sion with MSI, TMB, and TNB by Pearson’s method 
through the Sangerbox website, with the threshold set 
at P < 0.05. The results showed no significant correlation 
between ADH5 and KIRC-associated MSI, TMB, and 
TNB (Fig. 6B-D).

Relationship of ADH5 to the KIRC tumor 
microenvironment, tumor immune infiltration, immune 
cell pathways, and immune checkpoint molecules
In exploring the immune relevance of ADH5, it was dis-
covered that ADH5 has a significant correlation with the 
immune score (P = 0.003, Fig.  7A), but it does not cor-
relate with ESTIMATE and stromal scores. In terms of 
tumor immune cell infiltration, ADH5 was significantly 
associated with B-cell, CD8 + T-cell, and macrophage 
infiltration (all P < 0.001, Fig.  7B). Moreover, based on 
data from TCGA, we discovered that ADH5 is associ-
ated with immune checkpoint molecules, including 

CD200, CD40, HAVCR2, and HHLA2 in KIRC (all 
P < 0.05; Fig.  7C). Co-expression analysis of ADH5 and 
immune cell pathways showed that ADH5 was associ-
ated with activated B cell pathway, activated CD4 T cell 
pathway, activated CD8 T cell pathway, activated den-
dritic cell pathway, CD56dim natural killer cell pathway, 
central memory CD4 T cell pathway, macrophage path-
way, MDSC pathway, Type 1 helper T cell pathway and 
Type 17 helper T cell pathway was negatively correlated. 
ADH5 was positively correlated with the immature den-
dritic cell pathway, Mast cell pathway, memory B cell 
pathway, and neutrophil pathway (all P < 0.05; Fig.  7D). 
In addition, Fig.  7A uses the ESTIMATE algorithm, a 
computerized algorithm that can be used to infer the 
level of stromal and immune-cell infiltration in tumor 
tissue based on expression profiling. The TIMER algo-
rithm is used in Fig. 7B (the TIMER web server is a com-
prehensive resource for systematic analysis of immune 
infiltration in different cancer types. The abundance of 
multiple immune infiltrating cells was determined using 
the TIMER algorithm). The ssGSEA algorithm is used in 
Fig. 7D (the ssGSEA method is a recently proposed algo-
rithm for counting immune cell subsets using RNA sam-
ples from various tissue types, including solid tumors). 
Differences in the different algorithms between them 
may lead to different correlations between ADH5 and 

Table 1 Univariate and multivariate analyses of ADH5 and clinicopathologic factors of overall survival in ccRCC
Factors Univariate analysis Multivariate analysis

HR HR.95 L HR.95 H p value HR HR.95 L HR.95 H p value
age 1.033274 1.019678 1.047052 1.28E-06 1.035733 1.020882 1.050801 1.89E-06
gender 0.933298 0.679692 1.28153 0.669603 0.924393 0.665222 1.284538 0.63955
race 1.193075 0.71596 1.988138 0.498059 1.115822 0.649279 1.917602 0.691606
grade 1.966884 1.638836 2.360598 3.70E-13 1.303948 1.038568 1.63714 0.02226
stage 1.855626 1.643637 2.094956 1.71E-23 1.818668 1.302577 2.539238 0.000444
T 1.997582 1.689052 2.362469 6.29E-16 1.013337 0.772911 1.328553 0.923616
M 2.099647 1.660681 2.654644 5.70E-10 0.797177 0.434168 1.4637 0.464686
N 0.862971 0.73887 1.007916 0.062826 0.839073 0.713649 0.986541 0.03367
ADH5 0.943382 0.927019 0.960033 6.63E-11 0.956608 0.938989 0.974557 2.91E-06
Bold values means P < 0.05

Fig. 4 To verify whether ADH5 is an independent factor influencing the prognosis of KIRC. (A) univariate Cox regression analysis; (B) multivariate Cox 
regression analysis

 

https://string-db.org/
https://string-db.org/
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different immune cells. Despite the differences in these 
algorithms, they all found a correlation between ADH5 
and immunity.

Immunotherapy reactivity associated with ADH5
Our analysis of the TIDE database indicates that KIRC 
patients with high ADH5 expression have higher tumor 
immune dysfunction scores. This suggests that these 
KIRC patients with high ADH5 expression may not 
respond as well to immunotherapy as those with low 
ADH5 expression and may have a less favorable progno-
sis (Fig. 8).

Single-cell analysis reveals ADH5 expression in immune 
cells
The UMAP plots for each cluster of the four datasets 
(GSE111360, GSE159115, GSE121636, and GSE139555) 
were visualized and labeled according to cell type. Dif-
ferent colors were used to represent different clusters of 
cells (Fig. S1 A-D). The speckle plots show the expression 
of ADH5 in each cell cluster, with darker colors mean-
ing that the gene is more highly expressed in the cells. 
As displayed in Fig. 9A-D, ADH5 is expressed in tumor 
tissues and immune cells. The violin plot more visually 
demonstrates the expression of ADH5 in each cell clus-
ter (Fig.  9E-H). Combined with the data of four groups 
of immune cells, we found that ADH5 was expressed in 
immune cells, and it may exert its immune effect through 
immune cells. These results partially explain the signifi-
cant correlation between ADH5 and immunity at the 
single-cell level.

Discussion
The incidence of renal cell carcinoma has been increasing 
over the past several decades, and its most common his-
tologic subtype is clear cell carcinoma [19]. Finding new 
useful biomarkers to direct individualized treatment of 
KIRC and predict patient prognosis is crucial due to the 

Table 2 Gene set enrichment analysis (GSEA) of ADH5 in ccRCC
GeneSet name NES Nominal 

p-value
FDR 
q-value

ERBB SIGNALING PATHWAY 2.016981 0.001904762 0.015454717
INSULIN SIGNALING 
PATHWAY

2.0507483 0.001949318 0.013348792

MTOR SIGNALING PATHWAY 1.9145837 0.007575758 0.022305226
PPAR SIGNALING PATHWAY 2.1627238 0.002040816 0.00683311
TGF BETA SIGNALING 
PATHWAY

1.8403625 0.023904383 0.032773167

Fig. 5 Gene set enrichment analysis (GSEA) enrichment map. (A) ERBB SIGNALING PATHWAY; (B) INSULIN SIGNALING PATHWAY; (C) MTOR SIGNALING 
PATHWAY; (D) PPAR SIGNALING PATHWAY; (E) TGF BETA SIGNALING PATHWAY
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high mortality rate that KIRC exhibits. Previous studies 
have shown that ADH5 is highly expressed in the liver, 
upper gastrointestinal tract, and kidney, and it is pri-
marily involved in the metabolism of alcohols and alde-
hydes in humans [20]. Currently, in the field of oncology, 
there are also numerous studies showing a close asso-
ciation between ADH5 and cancer. Cañas et al. showed 
that increased ADH5 expression in HER2 breast cancer 
is associated with higher patient survival [21]. Besides, 
Chiang et al. found that dysregulation of ADH may exert 
a pathological contribution to the pathogenesis of rectal 
cancer [22]. However, to the best of our knowledge, none 
of the researchers have carried out an in-depth study 
on the role of ADH5 in clear cell renal cell carcinoma. 
Therefore, we have used bioinformatics to investigate the 
function of ADH5 in KIRC.

The study found that ADH5 was under-expressed in 
various tumors, including renal clear cell carcinoma, 

through pan-cancer profiling. Immunohistochemical 
results from the HPA database on ADH5 expression in 
KIRC and the CPTAC dataset on ADH5 expression in 
normal and KIRC tumor tissues were consistent with 
these results. This suggests that ADH5 may be an anti-
oncogene. We further performed PCR to verify that 
ADH5 was also lowly expressed at the mRNA level in 
some KIRC cell types. Survival analysis showed that 
lower levels of ADH5 expression implied shorter survival 
times compared to the high-expression group. The cor-
relation with clinicopathological analysis revealed that 
there was a positive correlation between ADH5 expres-
sion and the histological grade, clinical stage, and TMN 
stage of the patients (p < 0.05). In addition, ADH5 was 
identified as a separate factor influencing the prognosis 
of KIRC patients by univariate and multifactorial Cox 
regression.

Fig. 6 ADH5 about (A) PPI; (B) TMB; (C) MSI; (D) TNB
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Immediately afterward, we applied GSEA to identify 
the signaling pathways associated with ADH5. The results 
showed that ADH5 is mainly involved in a variety of sub-
strate metabolism processes, in cell growth processes, 
and in the composition of the immune microenviron-
ment. The increased incidence of human hepatocellular 
carcinoma (HCC) was demonstrated by Tang et al. to be 
related to reduced activity of the ADH5-mediated DNA 
repair protein O6-alkylguanine-DNA alkyltransferase 
[23]. Among the five signaling pathways obtained, the 
mTOR signaling pathway is frequently activated, and 
regulation of mTOR activity is frequently lost in various 

human cancers, such as breast, prostate, lung, liver, and 
kidney cancers [24]. The most classical of these signaling 
pathways belongs to the TGF-β signaling pathway. The 
pathogenesis of fibrosis and cancer is underpinned by 
defects in the TGF-β signaling pathway [25]. In the early 
stages of cancer, TGF-β inhibits tumor growth by sup-
pressing cell cycle progression and promoting apoptosis, 
resulting in cell cycle arrest and apoptosis. However, in 
advanced stages, TGF-β has a tumor-promoting effect, 
increasing tumor aggressiveness and metastasis [26].

We constructed a PPI network and performed asso-
ciation screens for a total of 10 genes to understand the 

Fig. 7 ADH5 about (A) tumor microenvironment; (B) immune infiltration; (C) immune checkpoint molecules; (D) immune cells. *P < 0.05, **P < 0.01, 
***P < 0.001
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potential interactions of ADH5 with other genes. In addi-
tion, we carried out a correlation analysis to explore the 
possibility of ADH5 in KIRC immunotherapy, which 
found no clear association between ADH5 and MSI, 
TMB, and TNB.

The tumor immune microenvironment plays an impor-
tant role in tumor diagnosis, prevention, treatment, and 
prognosis [27]. Immune cells infiltrating tumors are an 
essential component of the tumor microenvironment, 
which is intimately linked to tumor cell proliferation, 
treatment response, and prognosis [28]. Whereas RCC 
has always been a cancer with high levels of immune cell 
infiltration [29]. The analysis of KIRC immune infiltration 
in this study revealed a significant association between 
ADH5 and B-cell, CD8 + T-cell, and macrophage infiltra-
tion. B-cell infiltration has been reported to prolong can-
cer-specific survival [30]. As the effector cells of tumor 
immunotherapy, CD8 + T cells help renal cell carcinoma 
spread by blocking the DAB2IP signaling pathway, which 
is a tumor suppressor gene [31]. The mechanism may be 
through increasing the expression of estrogen receptor β 
(ERβ) in renal cell carcinoma, and the expression of ERβ 
is closely related to the clinical prognosis and immuno-
therapy response of renal cell carcinoma [32]. In addition, 
according to Chuanjie Zhang et al., macrophage levels 
were negatively correlated with KIRC prognosis [33].

Based on data from TCGA, we discovered a corre-
lation between ADH5 and immune checkpoint mol-
ecules, including CD200, CD40, HAVCR2, and HHLA2 
in KIRC. Immune checkpoint molecules are distinct 
surface proteins that activated lymphocytes express to 
control the immune response [34]. They control the 
immune response and keep things in balance by interact-
ing with ligands and receptors [35]. However, if tumor 
cells express tumor antigens capable of evading the 
immune system, the balance is altered, and cancer pro-
gression becomes apparent due to dynamic and uncon-
trolled cell growth [36, 37]. The composition of the tumor 

microenvironment (TME) has proven to impact the 
effect of the immune checkpoint blockade (ICB) response 
on tumors [38].

This study used the Tumor Immune Dysfunction and 
Exclusion (TIDE) algorithm to predict clinical response 
to immune checkpoint inhibitors. The TIDE algorithm 
is a computational method that models the two main 
mechanisms of tumor immune escape, with higher tumor 
TIDE prediction scores indicating poorer treatment effi-
cacy with immune checkpoint inhibitors [39]. As a result, 
the group with low expression of ADH5 demonstrated 
a greater response to immunotherapy. Finally, advances 
in single-cell RNA sequencing (scRNA-seq) enable us 
to analyze immune system patterns and study mecha-
nisms of tumor progression to some extent [40]. Single-
cell analysis downloaded from the GEO database and 
analyzed showed that the ADH5 gene can be expressed 
in immune cells, suggesting that it can act by regulating 
immune cells. This finding partially supports the possibil-
ity that ADH5 can predict immune responses.

Overall, this study has several implications. Our results 
suggest that ADH5 is an anti-oncogene. It is a biomarker 
of response prognosis and a potential therapeutic target 
for KIRC patients. In addition, ADH5 may be a predic-
tor of response to immunotherapy and is therefore wor-
thy of further investigation. However, there are still some 
shortcomings in this paper. On the one hand, we did 
not experimentally validate ADH5 expression in terms 
of protein level; therefore, its expression still lacks valid 
and accurate verification. On the other hand, the specific 
mechanisms associated with ADH5 affecting KIRC in 
this paper still need further investigation.

Conclusion
In conclusion, this paper has validated the differences in 
ADH5 expression between KIRC tissues and normal tis-
sues by means of bioinformatic analysis and has demon-
strated its potential as a prognostic biomarker and as a 

Fig. 8 Forecasting the immune response to immunotherapy associated with ADH5

 



Page 11 of 13Sun et al. BMC Urology           (2024) 24:84 

Fig. 9 Single-cell analysis results. (A-D) Speckle plots showing ADH5 expression in each cell cluster in the four datasets, where the color depth is propor-
tional to the expression level of the gene within the cell. (E-H) Violin plots showing the expression of ADH5 in different cell clusters in the four datasets
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therapeutic target for KIRC. Furthermore, the expression 
of ADH5 in KIRC was found to correlate with the level of 
immune cell infiltration, suggesting that ADH5 is prob-
ably important for the regulation of the immune micro-
environment in KIRC. The TIDE algorithm also showed 
that patients who have low ADH5 expression respond 
better to immunotherapy. However, we still need more 
research to support our findings.
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