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Abstract

Background: Excessive alcohol consumption has been documented to
increase the risk of liver hepatocellular carcinoma (HCC) development.
Accordingly, a broad interest pointed to alcohol dehydrogenases (ADHs),
which display essential roles in alcohol metabolism. Despite the relevance
of ADHs expression and the prognosis of HCC has been estimated, so far,
limited research concerning the factors that are responsible for the regula-
tion of ADHs expression has been reported.

Methods: In this study, using The Cancer Genome Atlas (TCGA) and
RegNetwork database, we predicted potential factors consisting of DNA
methylation, gene copy number variations, and transcription factors (TFs)
and microRNAs (miRNAs) that might impact ADHs gene expression in
HCC.

Results: We found that DNA methylation induced the down regulated
expression of ADHIB. Of note, our results implicated that gene copy
number variation might not have effects on ADHs expression. Regarding
TFs, we speculated that NFYA modulated ADHIC, E2F1 and TFAP2A
regulated ADH6 expression based on their expression and prognostic val-
ue. Moreover, miR-185 and miR-561 might elicit the repression of ADH4,
and miR-105 might impair ADH6 expression.

Conclusion: This study revealed that multiple factors, including DNA
methylation, TFs and microRNAs, affect the expression of ADH fami-
ly members, which provided new insights into discovering promising
HCC-suppressive targets.

Keywords: Hepatocellular carcinoma; Alcohol dehydrogenases; DNA
methylation; Gene copy number variations; Transcription factors; Mi-

croRNAs
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Introduction

Hepatocellular carcinoma (HCC), which frequently occurs
in the patients with chronic liver inflammation, has been
detected in approximately 90% of primary liver cancer [1].
HCC is well acknowledged as a lethal disease due to its
high yearly mortality, leading to 830,000 deaths worldwide
in 2020 [2]. Currently, the scientific community effort to
develop a considerable number of diagnostic biomarkers
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has raised hope for timely diagnosis of HCC [3]. However,
the majority of HCC patients are still detected in advanced
stages, and thus are ineligible for receiving effective treat-
ment [4]. Therefore, the request of elucidating the molecu-
lar mechanisms underpinning HCC onset and progression
remains open.

Excessive alcohol consumption, one of the most common
causes of liver cirrhosis, has been demonstrated to con-
tribute to HCC development [5]. Previous study showed
that genetic variation of alcohol dehydrogenases (ADHs)
in advanced stage of alcoholic liver disease suppressed
the activity of the enzymes, thus enhancing the amount of
acetaldehyde [6]. Alcohol dehydrogenases (ADHs), con-
sisting of class I (ADH1A, ADH1B and ADHI1C), class 11
(ADH4), class III (ADHS), class IV (ADH6), and class V
(ADH7), are a family of enzymes that play critical roles
in alcohol metabolism by catalyzing the reversible oxi-
dation of alcohol to acetaldehyde [7]. ADHs are encoded
by seven ADH genes that locate in a segment of ~370 kb
on chromosome 4 (4q21) and are transcribed in the order
of ADH7, ADH1C, ADHI1B, ADHIA, ADH6, ADH4 and
ADHS5 [8, 9]. Of note, the gene expression of ADHIA,
ADHI1B, ADHI1C, ADH4, and ADH6 has been identified
to be strongly decreased in HCC patients, revealing the
importance of ADH expression in association with the in-
creased risk of liver cancer [10]. Nevertheless, the mech-
anisms responsible for the modulated level of ADH gene
expression remains elusive.

In this study, we aimed to identify potential factors that
exert profound influence on mediating ADH gene expres-
sion during HCC progression, which might provide nov-
el therapeutic targets and prognostic factors for HCC. To
this aim, we downloaded the expression, DNA methylation
and copy number variation data from TCGA database and
we analyzed the expression level of ADH members in tu-
mor and normal samples. The correlation between DNA
methylation and gene expression and the relationship be-
tween copy number variation and expression levels were
performed as well. Also, we searched the TFs and miRNAs
that regulated ADH members directly from RegNetwork
database and depicted the effects to expression level of
ADHs.

Materials and Methods

Acquisition of mRNA, transcription factors (TFs) and
microRNAs (miRNAs) data

We downloaded liver hepatocellular carcinoma (HCC)
mRNA, TFs and miRNA data from the TCGA database in
December 2020, and obtained a total of 375 cancer tissues
and 50 para-cancerous tissues. To collect expression data
of TF and miRNA which regulated the ADH family mem-
bers, we first used in house Perl scripts to merge FPKM
matrix of all individuals, and then selected SRF, NFYA,
HNF4A, CEBPB, E2F1, NFIC, SP1, TFAP2A, as well as
hsa-mir-377, hsa-mir-181c, hsa-mir-185, hsa-mir-376c,
hsa-mir-384, hsa-mir-410, hsa-mir-561, hsa-mir-657, hsa-
mir-944, hsa-mir-105, hsa-mir-299-3p, hsa-mir-498 and

hsa-mir-522 from FPKM matrix by using Python script.
The expression of hsa-mir-384 is zero, so it was not con-
sidered in the subsequent analysis. In addition, GSE28619
dataset from GEO, including 20 liver cancer tissues and
12 adjacent tissues, was used for external validation of
ADHs expression. All of ADH members could be found in
GSE28619 except ADH7.

DNA methylation of ADH genes in HCC

We downloaded the methylation data of 430 HCC samples
from TCGA, and merged them into a matrix by using in
house Perl script. The correlation analysis and Pearson cor-
related analysis were performed by using in house R script.

Copy number variation analysis

We downloaded gene level focal segment copy number of
HCC samples form TCGA database, and selected the focal
score of ADH family members by using in house R script.
The boxplot of copy number variation and significance test
was analyzed by using ggplot2 packages and Wilcox test
respectively.

Prediction of TFs and miRNAs that regulate ADH fam-
ily members

Potential TFs and miRNAs that regulate ADH family mem-
bers were predicted based on the RegNetwork database
(http://www.regnetworkweb.org/), which comprises the
documented regulations among TFs, miRNAs and target
genes from multiple databases and the potential regulations
based on the TFs binding sites.

Identification of differentially expressed TFs and miR-
NAs

According to the TCGA nomenclature, the mRNA, TFs
and miRNA expression data of HCC was divided into two
groups including cancer tissues and adjacent non-tumor
tissues. We used ggplot2 package in R version 4.0.2 for an-
alyzing the difference between cancer tissues and adjacent
non-tumor tissues. Then the Wilcox test was employed for
significance test between tumor and non-tumor classes.

Prognostic values of TFs and miRNAs

We obtained vital status and overall survival (OS) infor-
mation from the clinical data, and merged them with TFs
and miRNAs expression data. We used survival package to
perform non-parametric log-rank test on the high and low
expression group of TFs and miRNAs. The significance of
the P value was annotated on the Kaplan-Meier survival
curve for OS. Multivariate Cox regression analysis was
performed to evaluate the impact of TFs on survival time.

Statistical analysis

All statistical analyses were processed with R 4.0.2 soft-
ware. The compare between two groups was performed by
using Wilcox test. P<0.05 was considered as statistically
significant. Pearson correlation coefficient was used to
measure the degree of correlation between DNA methyla-
tion and expression level.
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Results

ADH family members were down-regulated in human
HCC

Previous study assessed the gene expression of ADH fami-
ly members in TCGA data, and demonstrated that ADHI1A,
ADHI1B, ADHI1C, ADH4, and ADH6 expression were sig-
nificantly decreased in HCC tissues compared with normal

controls [10]. In the present study, we further analyzed the
transcriptome expression level of all ADH genes in 20 liver
cancer and 12 tumor adjacent normal tissues by employing
GEO dataset. Consistently, we observed a remarkable re-
duction in ADH1A, ADH1B, ADH4, and ADH6 expression
in HCC as compared to normal tissues (Figure 1). Of note,
there were no statistically significant differences in the ex-
pression of ADHIC and ADHS5 between the two groups

Figure 1: (A) ADH family members were down-regulated in human HCC. mRNA expression of six ADH members in normal tissues (n=12) and
HCC tissues (n=20) derived from GEO database. (B) The correlation analysis between gene expression and DNA methylation derived from TCGA
data. The X axis presented DNA methylation level of ADH1A, ADHIB, ADH1C, ADH4, ADH5 and ADH6, and the Y axis presented gene expres-

sion level that quantified as log (FPKM).
(Figure 1A).

Correlation between ADHs gene expression and meth-
ylation

In attempt to elucidate the mechanism underlying the mod-
ulated expression of different ADH genes in HCC, we first
evaluated DNA methylation level of all ADH genes from
41 normal and 374 HCC in TCGA. As shown in Figure 2,
the methylation level of ADH1A, ADH1B, ADH1C, ADH4
and ADH6 were negatively correlated with their gene ex-

pression. Moreover, no significant association between
ADHS expression and methylation was detected (Figure
1B). It has been illustrated that multiple methylated CpG
sites located in promoter region could induce transcription-
al silencing of genes [11]. We found that cg24368912 with-
in the sequence of ADHIB promoter, and cg09112717,
cgl13256891, cg15443145, cg21548116 and cg25073725 in
ADHS promoter had significantly higher methylated levels
in HCC than normal controls (Figure 2). Conversely, DNA
methylation levels at cg03806087, cg23949936 in ADHIA



Journal of Drug and Alcohol Research

promoter, cg00689360 in ADHI1C promoter, cg12011299

in ADH4 promoter, and c¢g00268009 in ADHS promoter

Figure 2: The methylation levels of CpG sites within the promoter region of ADH genes between normal hepatocytes and HCC samples.

were evidently reduced in HCC as compared with healthy
samples (Figure 2).

Correlation between ADHs gene expression and gene
copy number

Being one of the predominant forms of genetic alterations,
copy number variation has been documented to play a vital
role in regulating gene expression during tumor progres-

sion [12]. Accordingly, we further performed an analysis
of the gene level focal segment copy number derived from
190 HCC cases in TCGA data. However, we did not ob-
serve significant alterations of gene copy number for the
gene expression of ADH1A, ADH1B, ADH1C, ADH4, and
ADH6 in HCC (Figure 3). In contrast, ADHS expression
was markedly downregulated with a reduced gene copy
number (Figure 3). Thus, our data implicated that copy

Figure 3: The correlation analysis between ADH gene expression and gene copy number derived from TCGA data. The X axis presented gene copy
number of ADH1A, ADHIB, ADH1C, ADH4, ADHS5 and ADH6, and the Y axis presented gene expression level quantified as log (FPKM).
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number variation might not apparently affect the gene ex-
pression level of ADH genes in HCC subjects.

Identification of the potential TFs that regulate ADH
gene expression

To better clarify other regulatory factors for ADH gene
expression, we conducted the prediction of potential TFs,
which are proteins that participate in transcriptional regula-
tion of genes through binding specific DNA sequences [13].
From RegNetwork database, SRF, NFYA and HNF4A were
identified as TFs that target ADH1B, ADH1C and ADH4

respectively (Figure 4A). Interestingly, five TFs (TFAP2A,
CEBPB, E2F1, SP1 and NFIC) were all recognized as reg-
ulators of ADH6 gene expression (Figure 5A). Next, we
ascertained the gene expression levels of these predictive
TFs in HCC tissues in contrast with normal tissues. Re-
markably, all the predictive TFs were up regulated in HCC
except CEBPB (Figure 4B). Furthermore, we examined
the correlation between above TFs and overall survival.
The results of Kaplan-Meier analysis revealed that HCC
patients with high expression levels of NFYA, E2F1 and
TFAP2A were strongly associated with shortened overall

Figure 4: Identification of the potential TFs that regulate ADH gene expression. (A) Potential TFs that regulate ADH family members were predicted by
utilizing RegNetwork database. (B) The gene expression levels of TFs in normal hepatocytes and HCC samples derived from TCGA data.
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Figure 5: Kaplan-Meier overall survival curve was shown according to high and low expression of TFs in HCC patients derived from TCGA data.

(log-rank<0.05).

survival (Figure 5).

Identification of the potential miRNAs that regulate
ADH gene expression

As small non-coding RNA molecules, miRNAs post-tran-
scriptionally modulate gene expression [14]. Thus, we also
predicted the potential miRNAs that were involved in ADH
gene regulation by employing RegNetwork database. miR-
377 and miR-944 were discovered to respectively impact
ADHIB and ADHS expression (Figure 6A). Notably, we
found that ADH4 was mediated by 7 miRNAs, including
miR-181c, miR-185, miR-376¢, miR-410, miR-561, miR-

657 and miR384 (Figure 6A). In addition, ADH6 was ob-
served to be regulated by miR-105, miR-299-3p, miR-498
and miR-522 (Figure 6A). To understand the effects of the
predictive miRNAs exerted on HCC progression, we ini-
tially measured their expression levels. We noticed that the
expression of miR-377, miR-376¢, miR-410, miR-299-3p
were evidently suppressed in HCC subjects in comparison
with normal controls (Figure 6B). On the contrary, miR-
185 and miR-105 expression were significantly enhanced
in HCC (Figure 6B). Further analysis of the association be-
tween miRNAs expression and survival time indicated that
high expression of miR-561 and miR-498 were both pre-

Figure 6: Identification of the potential miRNAs that regulate ADH gene expression. (A) Potential miRNAs that regulate ADH family members were
predicted by utilizing the RegNetwork database. (B) The expression levels of miRNAs in normal hepatocytes and HCC samples derived from TCGA data.
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Figure 7: Kaplan-Meier overall survival curve was shown according to high and low expression of miRNAs in HCC patients derived from TCGA data.

(log-rank<0.05).
dictors of poor overall survival in HCC patients (Figure 7).
Discussion

The evidence that ADH1A-ADH6 are widely expressed
across human liver and related to liver cancer risk raised

interest in investigating the prognostic value of these genes
[10,15]. Recent results have implicated that ADHIA,
ADHI1C, ADH4 and ADH6 were positively correlated with
the prognosis of HCC patients, suggesting that these ADH
members might serve as novel diagnostic and prognos-
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tic markers for HCC [10,16]. Although the roles of ADH
genes involved in liver carcinogenesis have been explored,
little is known about the mechanisms underlying the mod-
ulated level of ADHs expression. Herein, for the first time,
we identified potential factors that affect ADHs expression
during HCC progression.

DNA methylation has been well characterized as a critical
regulatory mechanism for gene expression [17]. Indeed,
our data revealed that the gene expression of ADHs with-
out ADHS5 were all negatively associated with methylation
level. It has been demonstrated that upstream of ADHIA,
ADHI1B and ADHIC are methylated in the HCC cell line
HepG?2 [18]. Consistently, we found that CpG island in the
promoter region of ADH1B had markedly higher methyl-
ation level in HCC than normal hepatocytes samples, in-
dicating that DNA methylation might be responsible for
the down-regulated expression of ADHI1B. However, for
the repressed expression of ADH1A, ADH1C, ADH4 and
ADHG6 in HCC, DNA methylation might not be the major
mechanism.

In addition, we also examined the effects of gene copy
number variations, which include excess or deficiency of
sections of DNA sequence, on ADHs gene expression [19].
In our study, we demonstrated that only ADHS gene copy
number variations (deletions) were more frequent in HCC
patients. A recent study reported that no significant differ-
ence was detected for gene copy number variations of AD-
H1A, ADHIB and ADHI1C between alcohol related liver
cirrhosis patients and healthy samples [20]. In line with
the above findings, our results indicated that no statistical
significance in gene copy number variations of ADHIA,
ADHI1B, ADH1C, ADH4 and ADH6 in HCC, suggesting
that gene copy number variations might not profoundly in-
fluence ADHs expression.

TFs and miRNAs, as critical trans-regulators of gene ex-
pression, have been documented to function in the tran-
scriptional and post-transcriptional levels, respectively
[21]. In the context of carcinogenesis, TFs and miRNAs
might exert oncogenic or tumor-suppressive role in mod-
ulating tumor progression [22]. By assessing the expres-
sion and prognostic values of predicted TFs, we speculated
that NFYA, E2F1 and TFAP2A might act as regulators for
ADHIC and ADH6 expression respectively. Regarding
miRNAs, miR-185 and miR-561 might suppress ADH4
expression, and miR-105 might inhibit ADH6 expression.
Further research is necessary to verify these findings.

To the best of our knowledge, our study for the first time
identified the factors that mediate ADHs gene expres-
sion in the pathogenesis of HCC, which will be valuable
in more understanding the mechanisms underpinning
ADHs expression and could be applied to the prediction of
HCC-suppressive targets.

Conclusion

We found that ADH family members were infected by dis-
parate factors. ADH1B was down regulated by DNA meth-
ylation, while ADH1C and ADH4 was elicited by TFs and

miRNA respectively. The expression of ADH6 was modu-
lated by TFs and miRNA at the same time.
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