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Oxaliplatin resistance is a major issue in the treatment of p53 mutant colorectal cancer (CRC). Finding the specific biomarkers
would improve therapeutic efficacy of patients with CRC. In order to figure out the biomarker for CRC patients with mutant
p53 access oxaliplatin, a Gene Expression Omnibus dataset (GSE42387) was used to determine differentially expressed genes
(DEGs). The Search Tool for the Retrieval of Interacting Genes (STRING) and Cytoscape software were used to predict
protein-protein interactions. The Database for Annotation, Visualization, and Integrated Discovery online tool was used to
group the DEGs into their common pathways. 138 DEGs were identified with 46 upregulated and 92 downregulated. In the
PPI networks, 7 of the upregulated genes and 13 of the downregulated genes were identified as hub genes (high degrees). Four
hub genes, aldehyde dehydrogenase 2 family member (ALDH2), aldo-keto reductase family 1 member B1 (AKR1B1), aldo-keto
reductase family 1 member B10 (AKR1B10), and monoglyceride lipase (MGLL) were enriched in the most significant pathway,
glycerolipid metabolism. Further, we found that low expression of ALDH2 is correlated with poor overall survival and
oxaliplatin resistance. Finally, we found that combined treatment with ALDH2 inhibitor and oxaliplatin will reduce the
sensitivity to oxaliplatin in p53 mutant HT29 cells. In conclusion, we demonstrate that ALDH2 may be a biomarker for
oxaliplatin resistance status in CRC patients and bring new insight into treatment strategy for p53 mutant CRC patients.

Hindawi
BioMed Research International
Volume 2022, Article ID 1322788, 12 pages
https://doi.org/10.1155/2022/1322788

https://orcid.org/0000-0003-3694-7688
https://orcid.org/0000-0001-8565-4713
https://orcid.org/0000-0002-9515-2036
https://orcid.org/0000-0002-7275-2661
https://orcid.org/0000-0002-5643-1227
https://orcid.org/0000-0003-3978-3244
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/1322788


1. Introduction

Colorectal cancer (CRC) is the most common cancer world-
wide [1, 2]. Surgery followed by adjuvant chemotherapy
with 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX)
is the treatment of choice for nonmetastatic CRC [3, 4].
Oxaliplatin is the third-generation platinum-based antineo-
plastic agent [5], and approximately half of the oxaliplatin-
treated patients develop oxaliplatin drug resistance [6, 7].
The underlying mechanisms of oxaliplatin resistance are
multifactorial and poorly understood [8]. Decreased drug
accumulation, enhanced tolerance to damage, elevated
detoxification, alterations of pathways involved in cell cycle
kinetics, and apoptosis inactivation are some of the pro-
posed factors [8, 9].

p53 is the common tumor suppressor gene involved in
cell cycle arrest, DNA repair, and apoptosis in cellular stress
[10, 11]. p53 mutation is related to many types of cancer,
and about 40 to 50% of sporadic CRC has p53 mutation
which is involved in cell proliferation, migration, invasion,
angiogenesis, and drug resistance of cancer [12, 13]. CRC
with mutant p53 has been reported to be associated with
oxaliplatin, irinotecan, 5-FU, and doxorubicin [14–16]. Oxa-
liplatin inhibits CRC cells by increasing and activating p53,
whereas silencing p53 decreases the oxaliplatin effect by
inducing drug efflux, disrupting cell cycle regulation, and
evasion of apoptosis [17–19]. However, finding the specific
target for oxaliplatin resistance in p53 mutant CRC patients
needs to be studied.

Discovering a new target for oxaliplatin resistance in p53
CRC patients is of paramount importance in fighting against
resistance. The emergence of DNA microarray technology in
the past decade allows the concurrent assessment of thousands
of genes [8, 20]. Gene expression profiling of human cancers
has provided important insights into mechanisms and targets
implicated in oncogenesis in several cancers [20, 21]. Chronic
exposure to oxaliplatin induces different gene expression pat-
terns in several CRC cells [22]. Although the response to oxa-
liplatin treatment is heterogeneous, studies of induced
signaling pathways by prolonged oxaliplatin exposure
in vitro revealed novel molecular targets for therapeutic inter-
ventions [22, 23]. Therefore, in our study, we used HT29 cells
which carried mutated p53 and predicted possible target genes
in oxaliplatin resistance by bioinformatics approaches, includ-
ing constructing a protein-protein interaction network, pre-
dicting hub genes and pathways, and identifying gene
expressions in tumor and normal tissues and overall survival.
The findings may provide new insights into oxaliplatin resis-
tance on CRC patients carried with mutant p53.

2. Materials and Methods

2.1. Microarray Data. The Gene Expression Omnibus
(GEO) dataset GSE42387 (http://www.ncbi.nlm.nih.gov/
geo/) generated by Jensen et al. was used [24]. The dataset
was sequenced on the GPL16297 Agilent-014850 Whole
Human Genome Microarray 4x44K G4112F (Agilent Sys-
tematic Name, collapsed probe version) platform. It com-
prises three parental human colon cancer cell lines of

HCT116 (MSI, TP53 proficient, and K-Ras mutated),
HT29 (MSS, p53 mutated, and K-Ras wild type), and LoVo
(derived from a metastatic site; MSI, p53 proficient, and K-
Ras mutated), of which the chemotherapy-resistant subsets
are generated after 9 months of gradual exposure to increase
concentrations of oxaliplatin or irinotecan. Gene expression
profiles of parental and resistant cell lines cultured in a drug-
free medium for 2~3 weeks were obtained and compared to
identify gene expression changes associated with chemother-
apy resistance. Differentially expressed genes between paren-
tal and resistant cell lines were recalculated with GEO2R
online tool [25, 26]. The HT29 (MSS, p53 mutated, and K-
Ras wild type) parental and oxaliplatin-resistant cell lines
were selected because the HT29 cell line has p53 mutation
and other two cell lines have proficient p53 [24]. The p
values of the genes were calculated with the t-test method,
and the Benjamini and Hochberg method was used to calcu-
late adjusted p values (false discovery rate (FDR)) [27].
Genes with a log-fold change (FC) of 2 or -2, a p value of
<0.05, and FDR < 0:05 were deemed to be DEGs. DEGs were
plotted on a bidirectional hierarchical clustering heat map
constructed using https://heatmapper.caand R package [27,
28].

2.2. Construction of the PPI Network. The STRING web tool
(vers. 10.0, http://www.string-db.org/) was used to create the
PPI networks [29]. The cutoff criterion is equal to 0.7 and
greater than 0.7 score (high confidence). PPI pairs were
input into Cytoscape software (vers. 3.7.0, http://www
.cytoscape.org) and analyzed with the CytoNCA app for
Cytoscape [30, 31]. Hub genes (highly connected genes)
were determined by calculating the degree value (number
of lines connecting the genes) with a cutoff of ≥2. The PPI
network was created by using Cytoscape software and this
online tool (http://genemania.org/).

2.3. Pathway Enrichment Analysis of DEGs. The DAVID web
tool (https://david.ncifcrf.gov) was used to group hub genes
from PPIs by their common pathways with reference to the
Kyoto Encyclopedia of Genes and Genomes (KEGG, http://
www.genome.jp/kegg/) database website with a Benjamini-
Hochberg FDR value of <0.25 as a cutoff point [32]. Genes
enriched in the pathways were plotted on a bidirectional
hierarchical clustering heat map constructed using R pack-
age [19].

2.4. Clinical Validation of DEGs. DEGs involved in the path-
ways were clinically validated using UALCAN (TCGA data-
base) and GENT2 (GSE database). Average expression levels
of all of the target genes in normal vs. tumor tissues were
represented by the UALCAN web tool. Expression levels of
these genes were independently compared to the overall sur-
vival (OS) in months by the GENT2 web tool by plotting
Kaplan-Meier survival curves. Hazard ratios (HRs) with
95% confidence intervals (CIs) and log rank p values less
than 0.05 as the significance value were calculated.

2.5. Drug-Gene Interaction. The drug-gene interaction data-
base (DGIdb) (https://dgidb.org/) was used to find the
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related drugs for the significantly enriched genes in the gly-
cerolipid metabolism pathway.

2.6. Sulforhodamine B (SRB) Colorimetric Assay for
Screening ALDH2 Inhibitor with Oxaliplatin Anticancer
Effect in CRC Cells. The CRC cell lines, HT29, HCT116,
and DLD-1, were purchased from American Type Culture
Collection (ATCC) (Manassas, VA, USA). The cells were
cultured in RPMI-1640 containing 10% fetal bovine serum
(Gibco Life Technologies) and 1% penicillin–streptomycin
(10,000U/mL penicillin and 10mg/mL streptomycin) at
37°C in 5% CO2 in a humidified incubator. Initially, 7 ×
103 cells (HT29 and HCT116) were seeded in each well of
96-well plates. After overnight incubation in the CO2 incu-
bator, different doses of oxaliplatin (0~2.5μM) or vehicle
with or without daidzein (0-100μM) were added into the
wells and left for 48h. Next, the treated cells were fixed with
10% trichloroacetic acid (Santa Cruz Biotechnology, CA,
USA) overnight and then stained with protein-bound SRB
for 30min. After staining, cells were washed twice with 1%
acetic acid to remove excess dye. A 10mM Tris base solution
was used to dissolve the protein-bound dye. The optical den-
sity was measured with a microplate reader at 515nm (Bio-
Rad Laboratories, Hercules, CA, USA).

3. Results

3.1. DEGs and PPI Networks. In order to figure out the spe-
cific target for oxaliplatin resistance in p53 mutant CRC
patients, the HT29 parental and oxaliplatin-resistant data
(GSE42387 dataset) which consisted of 32,701 probe sets
were applied for our study. 138 DEGs associated with
HT29 parental and oxaliplatin-resistant cells were identified,
and of which, 46 were upregulated and 92 were downregu-
lated after GEO2R analysis. In order to investigate the bio-
logical significance of DEGs, the DEGs were screened and
then loaded into the STRING database to get PPI pairs.
These pairs were imported into Cytoscape software, and
CytoNCA app was used to construct the PPI network and
to identify the corresponding hub genes. The upregulated
DEG network contained 41 nodes and 10 edges; and the
degree ranged from 2 to 5 DEGs, including
chondrosarcoma-associated gene 1 (CSAG1), collagen type
IX alpha 3 (COL9A3), collagen type VIII alpha 1 (COL8A1),
prolyl 3-hydroxylase 2 (LEPREL2), small proline-rich pro-
tein 1B (SPRR1B), small proline-rich protein 1A (SPRR1A),
and small proline-rich protein 3 (SPRR3) that were identi-
fied as hub genes (Figures 1(a) and 1(c), Table 1). The down-
regulated network contained 86 nodes and 19 edges, and the
degree ranged from 2 to 5.13 DEGs, including collagen type
XXVII alpha 1 chain (COL27A1), hexokinase domain-
containing protein 1 (HKDC1), aldo-keto reductase family
1 member C3, EC 1.(AKR1C3), cystic fibrosis transmem-
brane conductance regulator (CFTR), fibroblast growth fac-
tor 9 (FGF9), fibroblast growth factor receptor 2 (FGFR2),
fibroblast growth factor receptor 3 (FGFR3), trefoil factor 1
(TFF1), coagulation factor 5 (F5), aldo-keto reductase family
1 member B1 (aldose reductase) (AKR1B1), aldo-keto
reductase family 1 member B10 (AKR1B10), aldehyde dehy-

drogenase, mitochondrial, EC 1.2.1.3 (ALDH2), and mono-
acylglycerol lipase (MGLL) that were identified as hub
genes (Figures 1(b) and 1(c), Table 1).

3.2. KEGG Pathway Analysis. The DAVID online tool was
used to assort the gene functions of the 20 hub genes from
the PPI networks using the KEGG reference. The genes
including AKR1B1, AKR1B10, HKDC1, ALDH2, and MGLL
were enriched in the glycerolipid, galactose, fructose, and
mannose metabolism pathways. The KEGG pathway analysis
indicated that one pathway, the glycerolipid metabolism path-
way, reached statistical significance (p < 0:05, FDR ðfalse
discovery rateÞ < 0:25) for the downregulated group. The
downregulated genes, AKR1B1 AKR1B10, ALDH2, and
MGLL, were enriched in the glycerolipid metabolism pathway
which is critical for the balance of lipid storage and construc-
tion of the membrane of cells (Table 2). The hub genes
enriched in the glycerolipid metabolism pathway by a bidirec-
tional hierarchical clustering analysis were listed, and the
expression of DEGs was presented (Figures 2(a) and 2(b)).

3.3. Clinical Validation of DEGs. To further check the clinical
roles of the DEGs enriched in the KEGG pathways, their asso-
ciations with CRC patient survival were assessed. The UAL-
CAN web tools were used to analyze the AKR1B10,
AKR1B1, MGLL, and ALDH2 genes in the COAD and CRC
dataset. The UALCAN database showed that the genes were
significantly downregulated in COAD (colon adenocarci-
noma) tissue compared to the normal tissue using 41 normal
tissues and 286 tumor tissues (p < 0:001) (Figure 3). Expres-
sion of genes in different stages was determined by GEPIA
online tool. The expression of ALDH2 was significantly
decreased when the stages get higher (Figure 4). The correla-
tion of significant genes to survival curves was plotted using
the GENT2 online tool. The results are presented visually by
Kaplan-Meier survival plots. p < 0:05 was considered statisti-
cally significant. GENT2 online tools also showed that the
low expression of AKR1B1 is associated with good overall sur-
vival (OS) (p = 0:001), while the low expression of ALDH2
was related to poor overall survival using a total of 1003
patients (p = 0:007). However, the expression of AKR1B10
(p = 0:204) and MGLL (p = 0:397) is not related to the overall
survival of CRC patients (Figure 5).

3.4. Drug-Gene Interaction. Interaction of ALDH2, AKR1B1,
AKR1B10, and MGLL genes with drugs was determined by
the drug-gene interaction database (DGIdb). We found pru-
netin, guanidine, and disulfiram as inhibitors for ALDH2.
Disulfiram is an inhibitor of ALDH2 with an interaction
score of 0.94. Disulfiram is an approved drug for the first-
line therapy to treat alcoholism [33]. Guanidine is a small
molecule that functions as an acetylcholine-releasing agent
and is an FDA-approved drug for reducing symptoms of
muscle weakness and easy fatigability caused by myasthenic
syndrome of Eaton-Lambert [33, 34]. However, DGIdb did
not show that guanidine’s information about direct interac-
tion with ALDH2 was not available and its interaction score
was 7.65. We found several inhibitors, lidorestat, fidarestat,
zopolrestat, tolrestat, zenarestat, sorbinil, exisulind, and
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sulindac, for AKR1B1 while fidarestat, exisulind, and sulindac
for AKR1B10. Among them, sulindac is an FDA-approved
nonsteroidal anti-inflammatory drug (NSAID) for inhibiting
COX enzyme, with an interaction score of 0.79. For the MGLL
gene, DGIdb did not show any interacted drugs (Table 3).

3.5. ALDH2 Inhibitor Increases the Resistance to Oxaliplatin
Treatment. To confirm the role of ALDH2 in oxaliplatin
therapeutic efficacy in CRC, we cotreated with ALDH2
inhibitor (daidzein) with oxaliplatin in HT29 and HCT116
cells. As shown in Figure 6, HT29 and HCT116 were incu-
bated with different doses of (0-2.5μM) oxaliplatin, and
the cell viability was determined by SRB. The cell viability

was negatively correlated to the amount of oxaliplatin.
HT29 is more resistant to oxaliplatin than HCT116. Further,
cotreated with different doses of daidzein (ALDH2 inhibi-
tor) in HT29 and HCT116 cells, we found that cotreatment
with daidzein increases significantly cell viability in HT29,
but there is no influence in HCT-116 cells. Those results
indicate that suppression of ALDH2 activity will influence
the oxaliplatin sensitivity in p53 mutant HT29 cells.

4. Discussion

The HT29 cell line is the p53 mutant CRC cell line, and it is
known that resistance to oxaliplatin treatment is associated

(a) (b)

(c)

Figure 1: Protein-protein interaction (PPI) network of differentially expressed genes (DEGs). (a) Upregulated genes network and (b)
downregulated genes network. PPI pairs constructed in STRING were imported into Cytoscape software as described in Methods and
Materials. Red represents the upregulated network, while green represents the downregulated network. (c) The hub genes from
Cytoscape software. The lines represent interaction relationships between nodes. The highlighted DEGs represent hub genes (degree ≥ 2).
Cutoff for selecting hub genes is greater than or equal to 2 degrees.
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with p53 mutant or loss of p53 [14–19]. Finding the poten-
tial target genes in p53 mutant patients with oxaliplatin
resistance is important in the clinical practice. The combina-
torial usage of the cytotoxic drug, oxaliplatin, with 5-
fluorouracil plus leucovorin (FOLFOX) with/without biolog-
ical agents as first-line therapy for metastatic CRC, has been
proven to have a response rate of >50% and has prolonged
overall survival [35]. Despite improvements in treatments
for metastatic CRC, both inherited and acquired resistance
to oxaliplatin is still a major cause for therapeutic failure.
Resistance to oxaliplatin in CRC contributes to low OS rates
despite recent advances in medical and surgical therapies [5,
32]. Identifying molecular targets which can predict disease
progression and therapeutic responses will help in improv-
ing survival times and the quality of life of CRC patients
[5]. In our study, DEGs regarding oxaliplatin resistance were
obtained from GEO2R analysis, and after KEGG analysis, 4
of the downregulated hub genes were found to be enriched
in glycerolipid metabolism with degree ≥ 2. Cancer cells reg-
ulate the activation of lipid anabolic metabolism, which

involves the process of lipid synthesis, storage, and degrada-
tion; related signaling networks for membrane formation
and energy storage; and production of signaling molecules
and works as a vital energy source to generate ATP via fatty
acid oxidation (FAO) under conditions with low energy [34].

ALDH2 is a gene that plays an essential regulatory role
in alcohol metabolism and was also reported important in
initiation of cancer progression of CRC and pancreatic can-
cer [33, 36–38]. ALDH2’s polymorphism was associated
with risk of CRC [33, 36–38]. More studies reported that dif-
ferent polymorphisms of ALDH2 in various populations are
associated with the risk of CRC and rs1329149 T/T geno-
types were associated with increased risk of getting CRC in
southwestern Chinese population [39–43]. In addition,
ALDH2 is required for the conversion of retinol (vitamin
A) to retinoic acids [44]. The chemopreventive and thera-
peutic characteristics of natural retinoids including ATRA,
9-cisRA, and 13-cisRA, against colorectal cancer, have been
investigated [45]. It was reported that ATRA repressed

Table 1: Hub genes in the upregulated or downregulated PPI network.

Gene ID Gene name Degree

Hub genes in the upregulated PPI network

SPRR1B Small proline-rich protein 1B 3.0

SPRR1A Small proline-rich protein 1A 2.0

SPRR3 Small proline-rich protein 3 2.0

COL8A1 Collagen type VIII alpha 1 2.0

LEPREL2 Prolyl 3-hydroxylase 2 2.0

COL9A3 Collagen type IX alpha 3 2.0

CSAG1 Chondrosarcoma-associated gene 1 2.0

Hub genes in the downregulated PPI network

AKR1B1 Aldo-keto reductase family 1 member B1 (aldose reductase) 5.0

AKR1B10 Aldo-keto reductase family 1 member B10 (aldose reductase) 5.0

AKR1C3 Aldo-keto reductase family 1 member C3, EC 1. 3.0

HKDC1 Hexokinase domain-containing protein 1 3.0

COL27A1 Collagen type XXVII alpha 1 chain 3.0

ALDH2 Aldehyde dehydrogenase, mitochondrial, EC 1.2.1.3 2.0

MGLL Monoacylglycerol lipase 2.0

FGFR3 Fibroblast growth factor receptor 3 2.0

FGF9 Fibroblast growth factor 9 2.0

FGFR2 Fibroblast growth factor receptor 2 2.0

TFF1 Trefoil factor 1 2.0

F5 Coagulation factor 5 2.0

CFTR Cystic fibrosis transmembrane conductance regulator 2.0

Table 2: Enriched KEGG pathways.

Term FDR p value Genes
∗Glycerolipid metabolism 0.006285 0.0001 AKR1B10, AKR1B1, ALDH2, MGLL

Galactose metabolism 0.023746 0.0011 AKR1B10, AKR1B1,HKDC1

Fructose and mannose metabolism 0.023746 0.0013 AKR1B1, AKR1B10, HKDC1

KEGG: Kyoto Encyclopedia of Genes and Genome. ∗FDR ðfalse discovery rateÞ < 0:25.
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invasiveness of CRC cells by downregulating matrilysin [46].
Natural retinoids such as all-trans-retinoic acid inhibit colon
cancer HT29 cells by decreasing COX-2 and C/EBP expres-
sions [47]. Also, 9-cis-retinoic acid suppressed cancer cells in

CRC by increasing apoptosis and inhibiting COX-2 through
the activation of PPARγ [48], while retinal suppressed CRC
by inducing HOXA5 and repressing stem cell markers pro-
minin 1 and ALDH1 [49]. A previous study showed that
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Figure 2: Heat map showing differentially expressed genes (DEGs) and genes enriched in the KEGG pathway. (a) A bidirectional
hierarchical clustering heat map was constructed. Expression values are log-fold changes (>2 or <-2, with a false discovery rate of <0.05)
between the corresponding oxaliplatin-resistant and the parental HT29 cells. (b) Significantly expressed genes in the glycerolipid
metabolism pathway in oxaliplatin-resistant HT29 cells compared to parental HT29 cells. Black indicates no change in expression, green
indicates downregulation, and red indicates upregulation, respectively.
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Figure 3: Box plots show the expression of significant genes in normal and tumor samples. The TCGA database showed the expression level
of AKR1B1, AKR1B10, ALDH2, and MGLL in normal and tumor samples of colorectal cancer. Averages of specific differentially expressed
gene (DEG) expression levels were dichotomized by the median value. ∗∗∗p < 0:001 and ∗∗∗∗p < 0:0001.
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ADH2∗1∗2 and the p53 codon 72 Pro/Pro genotypes
increased the risk of esophageal SCC [50]. Thus, tumor with
low expression of ALDH2 cannot convert retinol to retinoic
acid, resulting tumor progression. Another study assessed
the several isoforms of the ALDH family such as ALDH1A3,
ALDH3B1, ALDH2, and ALDH7A1 to be related with sur-
vival in HPV16+/p53WT head neck squamous cell cancer.
They reported that rep53 functional states are associated
with distinct ALDH isoforms [51].

Also, it is known that there is an inhibitor of ALDH2,
disulfiram, which was used as the first-line therapy to treat
alcoholism [52]. Our result showed that the resistant cell line
of CRC has low expression of ALDH2, and low expression of
ALDH2 is also associated with poor overall survival of CRC.
Furthermore, cotreatment with daidzein (ALDH2 inhibitor)
caused an increase in cell viability in oxaliplatin-treated
HT29 cells, but there is no influence in HT116 cell
(Figure 6). Therefore, based on our findings, using an
ALDH2 inhibitor such as disulfiram in oxaliplatin-treated
CRC patients should be avoided to prevent unnecessary
drug resistance. HT29 is the p53 and APC mutant cell line.
APC mutation was not associated with the responses to
oxaliplatin-based and irinotecan-based chemotherapy [53].
However, APC mutation in the HT29 cell line may affect

the response for oxaliplatin treatment in some way. Chang
et al. reported that treating the patients with KRAS mutant
tumors with oxaliplatin had better overall survival than iri-
notecan even though it was not statistically significant [53].
Thus, a clinical study regarding this issue also needs to be
done in the future.

The aldo-keto reductases (AKRs), AKR1B1 and
AKR1B10, are involved in reductive metabolism of endoge-
nous signaling molecules and the detoxification of xenobi-
otics and are known oncogenes with different expression
levels in different tumors [54]. These genes are said to be
prognostic and potential drug targets [55]. AKR1B1 is an
aldo-keto reductase (AKR), which plays a role in cellular
defense and signaling, and is involved in complications of
diabetes and tumor progression in basal-like breast cancer
(BLBC), CRC, lung cancer, and pancreatic cancer [56–62].
AKR1B1 was also considered as target gene for vincristine
in CRC and a screening marker of CRC [58, 63]. The
FDA-approved drug sulindac which works as an inhibitor
of AKR1B1 was found by the drug-gene interaction data-
base. Sulindac is a NSAID which inhibits cyclooxygenase
(COX) enzyme and is reported to have chemoprevention
activity for adenomatous colorectal polyps and colon cancer
[64, 65]. Furthermore, usage of NSAIDs such as

Table 3: Interaction of significant genes with drugs by the drug-gene interaction database.

Drug name Prunetin Guanidine Disulfiram Lidorestat Zenarestat Zopolrestat Tolrestat Fidarestat Sorbinil Sulindac Exisulind

AKR1B1 IS:8.74 IS:4.37 IS:3.28 IS:2.91 IS:3.28 IS:2.19 IS:*0.79 IS:0.49

AKR1B10 IS:7.65 IS:0.7 IS: 1.7

ALDH2 IS:12.24 IS:∗7.65 IS:∗0.94

MGLL
∗FDA-approved drug clinically available. IS: interaction score.
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Figure 6: The effect of ALDH2 inhibitor in the sensitivity to oxaliplatin on CRC cells. HT29 (p53mutant) and HCT116 (p53 wild type) cells
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indomethacin inhibits the growth of colon tumor in vitro
and in vivo [66, 67]. Sulindac and its metabolites suppressed
the proliferation of RKO and SW480 colon cancer cells [68].
Therefore, using the NSAID might be related to oxaliplatin
resistance of colorectal cancer.

Our result showed that AKR1B1 was downregulated in
colon tumor and in oxaliplatin-resistant cell lines. How-
ever, the GENT2 database showed that its high expression
is related to poor overall survival. These conflicting results
may be because of different stages of CRC samples or lim-
ited number of samples. Therefore, further study is needed
for solving this issue. AKR1B10 is reported to be related
with chemoresistance of several cancers [69–71]. The
decreased level of AKR1B1 was reported to be involved
in small percent of colorectal cancer, whereas decreased
expression of AKR1B10 was found in most of colorectal
cancer samples [72]. It is known that AKR1B10 was
upregulated in wild-type p53 cancer cells, while it was
downregulated in mutant p53 cancer cells [73]. Our result
also showed that colon tumor has a low expression of
AKR1B10 and patients with higher expression of
AKR1B10 have better overall survival. So far, no drugs
for treating low expression of AKR1B10 have been found.
Therefore, investigations for AKR1B10 being a potential
target for CRC are in need.

Deficiency of MGLL (monoacylglycerol lipase) is
involved in oral carcinoma, metastatic hepatocellular carci-
noma, breast cancer, and GIST [74]. In addition, the low
expression of MGLL is related with poor overall survival of
HCC [75] and considered a tumor suppressor in HCC
[54]. Deficiency of MGLL is also associated with colorectal
cancer progression along with other genes by regulating
ECM and metabolism [76–78]. MGLL is characterized as a
direct PRDM5 target in human colon cancer cells and in
Prdm5 mutant mouse intestines [79]. PRDM5 is a tumor
suppressor gene, and loss of this gene is related with colon
cancer tumorigenesis [80]. It is reported that glycerolipid
metabolism plays an essential role in colorectal polyp which
highly increases the risk of CRC [81].

The present study has some limitations, and further
studies using mouse models would be helpful. Oxaliplatin
resistance in CRC can also be affected by many factors in
addition to the abovementioned genes because of complexity
of tumor biology including tumor microenvironment, stem
cell niches, and microbiota. This study discovered that inter-
actions among multiple genes in different pathways were
responsible for oxaliplatin resistance for p53 mutant CRC
patients. We have demonstrated a possible target in CRC
that can improve the therapeutic index of oxaliplatin, sug-
gesting that unnecessary drugs should be avoided for
patients with oxaliplatin-resistant CRC. Therefore, the
detailed mechanism of ALDH2 in oxaliplatin resistance of
p53 mutant CRC needs to be investigated in further studies.

Data Availability

All the underlying data supporting the results of our study
are in the manuscript.

Conflicts of Interest

The authors declare that they have no conflict interests.

Authors’ Contributions

WL Wang, U Batzorig, PL Wei, YJ Chang, and CY Huang
conceptualized the study. WL Wang, U Batzorig, CS Hung,
PL Wei, YJ Chang, and CY Huang carried out the method-
ology. WL Wang U Batzorig, CS Hung, PL Wei, YJ Chang,
and CY Huang performed the investigation. WL Wang, U
Batzorig, PL Wei, YJ Chang, and CY Huang carried out
the resources. U Batzorig, CS Hung, PL Wei, YJ Chang,
and CY Huang carried out the data curation. U Batzorig,
PL Wei, YJ Chang, and CY Huang wrote the original draft
preparation. WL Wang, U Batzorig, PL Wei, YJ Chang,
and CY Huang wrote, reviewed, and edited the paper. U Bat-
zorig, CS Hung, YJ Chang, and CY Huang revised the man-
uscript. YJ Chang and CY Huang supervised the study. CY
Huang and YJ Chang carried out the project administration.
PL Wei, YJ Chang, and CY Huang are responsible for the
funding acquisition.

Acknowledgments

We acknowledge the grant support from the Ministry of Sci-
ence and Technology, Taiwan (106-2320-B-038-044-MY3
and 109-2320-B-038-056) and Taipei Medical University
Hospital (108TMU-TMUH-19).

References

[1] R. L. Siegel, K. D. Miller, and A. Jemal, “Cancer statistics,
2015,” CA: a Cancer Journal for Clinicians, vol. 65, no. 1,
pp. 5–29, 2015, PubMed PMID: 25559415.

[2] K. D. Miller, R. L. Siegel, C. C. Lin, A. B. Mariotto, J. L. Kramer,
and J. H. Rowland, “Cancer treatment and survivorship statis-
tics, 2016,” CA: a Cancer Journal for Clinicians, vol. 66, no. 4,
pp. 271–289, 2016.

[3] T. André, A. De Gramont, D. Vernerey et al., “Adjuvant fluo-
rouracil, leucovorin, and oxaliplatin in stage II to III colon can-
cer: updated 10-year survival and outcomes according to
BRAF mutation and mismatch repair status of the MOSAIC
study,” Journal of Clinical Oncology, vol. 33, no. 35,
pp. 4176–4187, 2015, PubMed PMID: 26527776.

[4] A. Grothey, D. Sargent, R. M. Goldberg, and H. J. Schmoll,
“Survival of patients with advanced colorectal cancer improves
with the availability of fluorouracil-leucovorin, irinotecan, and
oxaliplatin in the course of treatment,” Journal of clinical
oncology: official journal of the American Society of Clinical
Oncology, vol. 22, no. 7, pp. 1209–1214, 2004.

[5] B. Mohelnikova-Duchonova, B. Melichar, and P. Soucek,
“FOLFOX/FOLFIRI pharmacogenetics: the call for a personal-
ized approach in colorectal cancer therapy,” World journal of
gastroenterology, vol. 20, no. 30, pp. 10316–10330, 2014.

[6] Y. Becouarn and P. Rougier, “Clinical efficacy of oxaliplatin
monotherapy: phase II trials in advanced colorectal cancer,”
Seminars in oncology., vol. 25, 2 Suppl 5, pp. 23–31, 1998.

[7] R. M. Goldberg, D. J. Sargent, R. F. Morton et al., “A random-
ized controlled trial of fluorouracil plus leucovorin, irinotecan,
and oxaliplatin combinations in patients with previously

9BioMed Research International



untreated metastatic colorectal cancer,” Journal of clinical
oncology: official journal of the American Society of Clinical
Oncology, vol. 22, no. 1, pp. 23–30, 2004.

[8] G. Samimi, G. Manorek, R. Castel et al., “cDNA microarray-
based identification of genes and pathways associated with
oxaliplatin resistance,” Cancer chemotherapy and pharmacol-
ogy, vol. 55, no. 1, pp. 1–11, 2005.

[9] S. Hector, W. Bolanowska-Higdon, J. Zdanowicz, S. Hitt, and
L. Pendyala, “In vitro studies on the mechanisms of oxaliplatin
resistance,” Cancer chemotherapy and pharmacology, vol. 48,
no. 5, pp. 398–406, 2001.

[10] I. Goldstein, V. Marcel, M. Olivier, M. Oren, V. Rotter, and
P. Hainaut, “Understanding wild-type and mutant p53 activi-
ties in human cancer: new landmarks on the way to targeted
therapies,” Cancer Gene Ther, vol. 18, no. 1, pp. 2–11, 2011.

[11] F. Toledo and G. M. Wahl, “Regulating the p53 pathway:
in vitro hypotheses, in vivo veritas,” Nat Rev Cancer, vol. 6,
no. 12, pp. 909–923, 2006.

[12] T. Takayama, K. Miyanishi, T. Hayashi, Y. Sato, and Y. Niitsu,
“Colorectal cancer: genetics of development and metastasis,” J
Gastroenterol, vol. 41, no. 3, pp. 185–192, 2006.

[13] P. A. Muller and K. H. Vousden, “p53 mutations in cancer,”
Nat Cell Biol, vol. 15, no. 1, pp. 2–8, 2013.

[14] D. A. Dart, S. M. Picksley, P. A. Cooper, J. A. Double, and
M. C. Bibby, “The role of p53 in the chemotherapeutic
responses to cisplatin, doxorubicin and 5-fluorouracil treat-
ment,” International Journal of Oncology, vol. 24, no. 1,
pp. 115–125, 2004.

[15] R. Ravi, A. J. Jain, R. D. Schulick et al., “Elimination of hepatic
metastases of colon cancer cells via p53-independent cross-
talk between irinotecan and Apo2 ligand/TRAIL,” Cancer
Res, vol. 64, no. 24, pp. 9105–9114, 2004.

[16] D. Arango, A. J. Wilson, Q. Shi et al., “Molecular mechanisms
of action and prediction of response to oxaliplatin in colorectal
cancer cells,” Br J Cancer, vol. 91, no. 11, pp. 1931–1946, 2004.

[17] K. Qu, X. Xu, C. Liu et al., “Negative regulation of transcription
factor FoxM1 by p53 enhances oxaliplatin- induced senes-
cence in hepatocellular carcinoma,” Cancer Lett, vol. 331,
no. 1, pp. 105–114, 2013.

[18] R. V. Sionov and Y. Haupt, “The cellular response to p53: the
decision between life and death,” Oncogene, vol. 18, no. 45,
pp. 6145–6157, 1999.

[19] C. He, L. Li, X. Guan, L. Xiong, and X. Miao, “Mutant p53 gain
of function and chemoresistance: the role of mutant p53 in
response to clinical chemotherapy,” Chemotherapy, vol. 62,
no. 1, pp. 43–53, 2017.

[20] L. J. van 't Veer, H. Dai, M. J. van de Vijver et al., “Gene expres-
sion profiling predicts clinical outcome of breast cancer,”
Nature, vol. 415, no. 6871, pp. 530–536, 2002.

[21] A. Ruzzo, F. Graziano, F. Loupakis et al., “Pharmacogenetic
profiling in patients with advanced colorectal cancer treated
with first-line FOLFOX-4 chemotherapy,” Journal of clinical
oncology: official journal of the American Society of Clinical
Oncology, vol. 25, no. 10, pp. 1247–1254, 2007.

[22] A. Martinez-Cardús, E. Martinez-Balibrea, E. Bandrés et al.,
“Pharmacogenomic approach for the identification of novel
determinants of acquired resistance to oxaliplatin in colorectal
cancer,” Molecular cancer therapeutics, vol. 8, no. 1, pp. 194–
202, 2009.

[23] P. Virag, E. Fischer-Fodor, M. Perde-Schrepler et al., “Oxali-
platin induces different cellular and molecular chemoresis-

tance patterns in colorectal cancer cell lines of identical
origins,” BMC genomics, vol. 14, no. 1, p. 480, 2013.

[24] N. F. Jensen, J. Stenvang, M. K. Beck et al., “Establishment and
characterization of models of chemotherapy resistance in colo-
rectal cancer: towards a predictive signature of chemoresis-
tance,” Molecular oncology, vol. 9, no. 6, pp. 1169–1185, 2015.

[25] T. Barrett, S. E. Wilhite, P. Ledoux et al., “NCBI GEO: archive
for functional genomics data sets–update,” Nucleic acids
research, vol. 41, no. Database issue, pp. D991–D995, 2013.

[26] T. Barrett, D. B. Troup, S. E. Wilhite et al., “NCBI GEO: min-
ing tens of millions of expression profiles–database and tools
update,” Nucleic acids research, vol. 35, no. Database,
pp. D760–D765, 2007.

[27] A. I. Saeed, N. K. Bhagabati, J. C. Braisted et al., “[9] TM4
Microarray Software Suite,” Methods in enzymology, vol. 411,
pp. 134–193, 2006.

[28] T. Galili, A. O'Callaghan, J. Sidi, and C. Sievert, “heatmaply: an
R package for creating interactive cluster heatmaps for online
publishing,” Bioinformatics, vol. 34, no. 9, pp. 1600–1602,
2018.

[29] D. Szklarczyk, A. Franceschini, S. Wyder et al., “STRING v10:
protein-protein interaction networks, integrated over the tree
of life,” Nucleic acids research, vol. 43, no. D1, pp. D447–
D452, 2015.

[30] P. Shannon, A. Markiel, O. Ozier et al., “Cytoscape: a software
environment for integrated models of biomolecular interac-
tion networks,” Genome research, vol. 13, no. 11, pp. 2498–
2504, 2003.

[31] R. Saito, M. E. Smoot, K. Ono et al., “A travel guide to Cytos-
cape plugins,” Nature methods, vol. 9, no. 11, pp. 1069–1076,
2012.

[32] F. El Khoury, L. Corcos, S. Durand, B. Simon, and C. Le Jossic-
Corcos, “Acquisition of anticancer drug resistance is partially
associated with cancer stemness in human colon cancer cells,”
International journal of oncology., vol. 49, no. 6, pp. 2558–
2568, 2016.

[33] X. F. Guo, J. Wang, S. J. Yu et al., “Meta-analysis of the ADH1B
and ALDH2 polymorphisms and the risk of colorectal cancer
in East Asians,” Intern Med, vol. 52, no. 24, pp. 2693–2699,
2013.

[34] X. Luo, C. Cheng, Z. Tan et al., “Emerging roles of lipid metab-
olism in cancer metastasis,” Mol Cancer, vol. 16, no. 1, p. 76,
2017.

[35] A. de Gramont, A. Figer, M. Seymour et al., “Leucovorin and
fluorouracil with or without oxaliplatin as first-line treatment
in advanced colorectal cancer,” J Clin Oncol, vol. 18, no. 16,
pp. 2938–2947, 2000.

[36] A. Dasgupta, “Chapter 1- alcohol: pharmacokinetics, health
benefits with moderate consumption and toxicity,” in Critical
Issues in Alcohol and Drugs of Abuse Testing (Second Edition),
A. Dasgupta, Ed., pp. 1–16, Academic Press, 2019.

[37] S. Singh, J. Arcaroli, D. C. Thompson, W. Messersmith, and
V. Vasiliou, “Acetaldehyde and retinaldehyde-metabolizing
enzymes in colon and pancreatic cancers,” Adv Exp Med Biol,
vol. 815, pp. 281–294, 2015.

[38] H. Zhao, K. J. Liu, Z. D. Lei, S. L. Lei, and Y. Q. Tian, “Meta-
analysis of the aldehyde dehydrogenases-2 (ALDH2)
Glu487Lys polymorphism and colorectal cancer risk,” PloS
one, vol. 9, no. 2, p. e88656, 2014.

[39] P. Ferrari, J. D. McKay, M. Jenab et al., “Alcohol dehydroge-
nase and aldehyde dehydrogenase gene polymorphisms,

10 BioMed Research International



alcohol intake and the risk of colorectal cancer in the European
Prospective Investigation into Cancer and Nutrition study,”
Eur J Clin Nutr, vol. 66, no. 12, pp. 1303–1308, 2012.

[40] H. Yang, Y. Zhou, Z. Zhou et al., “A novel polymorphism
rs1329149 of CYP2E1 and a known polymorphism rs671 of
ALDH2 of alcohol metabolizing enzymes are associated with
colorectal cancer in a southwestern Chinese population,” Can-
cer Epidemiology Biomarkers & Prevention, vol. 18, no. 9,
pp. 2522–2527, 2009.

[41] K. Miyasaka, H. Hosoya, Y. Tanaka et al., “Association of alde-
hyde dehydrogenase 2 gene polymorphism with pancreatic
cancer but not colon cancer,” Geriatr Gerontol Int, vol. 10,
Suppl 1, pp. S120–S126, 2010.

[42] H. K. Seitz and F. Stickel, “Acetaldehyde as an underestimated
risk factor for cancer development: role of genetics in ethanol
metabolism,” Genes Nutr, vol. 5, no. 2, pp. 121–128, 2010.

[43] M. Murata, M. Tagawa, S. Watanabe, H. Kimura, T. Takeshita,
and K. Morimoto, “Genotype difference of aldehyde dehydro-
genase 2 gene in alcohol drinkers influences the incidence of
Japanese colorectal cancer patients,” Jpn J Cancer Res,
vol. 90, no. 7, pp. 711–719, 1999.

[44] J. P. Chute, G. G. Muramoto, J. Whitesides et al., “Inhibition of
aldehyde dehydrogenase and retinoid signaling induces the
expansion of human hematopoietic stem cells,” Proc Natl Acad
Sci U S A, vol. 103, no. 31, pp. 11707–11712, 2006.

[45] R. Abdel-Samad, P. Aouad, and N. Darwiche, “Natural and
synthetic retinoids in preclinical colorectal cancer models,”
Anticancer Drugs, vol. 30, no. 7, p. e0802, 2019.

[46] Y. Adachi, F. Itoh, H. Yamamoto et al., “Retinoic acids reduce
matrilysin (matrix metalloproteinase 7) and inhibit tumor cell
invasion in human colon cancer,” Tumor Biology, vol. 22,
no. 4, pp. 247–253, 2001.

[47] A. L. Eisinger, L. D. Nadauld, D. N. Shelton et al., “The Adeno-
matous Polyposis Coli Tumor Suppressor Gene Regulates
Expression of Cyclooxygenase-2 by a Mechanism That
Involves Retinoic Acid,” J Biol Chem, vol. 281, no. 29,
pp. 20474–20482, 2006.

[48] W. L. Yang and H. Frucht, “Activation of the PPAR pathway
induces apoptosis and COX-2 inhibition in HT-29 human colon
cancer cells,” Carcinogenesis, vol. 22, no. 9, pp. 1379–1383, 2001.

[49] P. Ordóñez-Morán, C. Dafflon, M. Imajo, E. Nishida, and
J. Huelsken, “HOXA5 counteracts stem cell traits by inhibiting
Wnt signaling in colorectal cancer,” Cancer Cell, vol. 28, no. 6,
pp. 815–829, 2015.

[50] T. Hiyama, M. Yoshihara, S. Tanaka, and K. Chayama,
“Genetic polymorphisms and esophageal cancer risk,” Int J
Cancer, vol. 121, no. 8, pp. 1643–1658, 2007.

[51] S. Gui, X. Xie, W. Q. O’Neill et al., “p53 functional states are
associated with distinct aldehyde dehydrogenase transcripto-
mic signatures,” Scientific Reports, vol. 10, no. 1, p. 1097, 2020.

[52] M. A. Farooq, M. Aquib, D. H. Khan et al., “Recent advances in
the delivery of disulfiram: a critical analysis of promising
approaches to improve its pharmacokinetic profile and anti-
cancer efficacy,” Daru, vol. 27, no. 2, pp. 853–862, 2019.

[53] C. C. Chang, J. K. Lin, T. C. Lin et al., “Analysis of mutational
spectra in metastatic colorectal Carcinoma:KRASas an indica-
tor of oxaliplatin-based chemotherapy,” International Surgery,
vol. 103, no. 1-2, pp. 27–35, 2018.

[54] R. Tammali, S. K. Srivastava, and K. V. Ramana, “Targeting
aldose reductase for the treatment of cancer,” Current cancer
drug targets, vol. 11, no. 5, pp. 560–571, 2011.

[55] B. Laffin and J. M. Petrash, “Expression of the aldo-
ketoreductases AKR1B1 and AKR1B10 in human cancers,”
Frontiers in pharmacology, vol. 3, p. 104, 2012.

[56] Y. Jin and T. M. Penning, “Aldo-keto reductases and bioactiva-
tion/detoxication,” Annual Review of Pharmacology and Toxi-
cology., vol. 47, no. 1, pp. 263–292, 2007, PubMed PMID:
16970545.

[57] O. A. Barski, S. M. Tipparaju, and A. Bhatnagar, “The aldo-
keto reductase superfamily and its role in drug metabolism
and detoxification,” Drug Metabolism Reviews., vol. 40, no. 4,
pp. 553–624, 2008.

[58] J. W. Moon, S. K. Lee, J. O. Lee et al., “Identification of novel
hypermethylated genes and demethylating effect of vincristine
in colorectal cancer,” J Exp Clin Cancer Res, vol. 33, no. 1, p. 4,
2014.

[59] F. X. Ruiz, S. Porté, X. Parés, and J. Farrés, “Biological role of
aldo–keto reductases in retinoic acid biosynthesis and signal-
ing,” Frontiers in Pharmacology., vol. 3, no. 58, 2012.

[60] J. O. Peter, “Aldose reductase, still a compelling target for dia-
betic neuropathy,” Current Drug Targets., vol. 9, no. 1, pp. 14–
36, 2008.

[61] A. Schwab, A. Siddiqui, M. E. Vazakidou et al., “Polyol path-
way links glucose metabolism to the aggressiveness of cancer
cells,” Cancer Res, vol. 78, no. 7, pp. 1604–1618, 2018.

[62] A. C. Uzozie, N. Selevsek, A. Wahlander et al., “Targeted Pro-
teomics for Multiplexed Verification of Markers of Colorectal
Tumorigenesis,” Mol Cell Proteomics, vol. 16, no. 3, pp. 407–
427, 2017.

[63] J. Wei, G. Li, S. Dang, Y. Zhou, K. Zeng, and M. Liu, “Discov-
ery and validation of hypermethylated markers for colorectal
cancer,” Dis Markers, vol. 2016, p. 2192853, 2016.

[64] J. J. Keller, G. J. Offerhaus, M. Polak et al., “Rectal epithelial
apoptosis in familial adenomatous polyposis patients treated
with sulindac,” Gut, vol. 45, no. 6, pp. 822–828, 1999.

[65] D. Labayle, D. Fischer, P. Vielh et al., “Sulindac causes regres-
sion of rectal polyps in familial adenomatous polyposis,” Gas-
troenterology, vol. 101, no. 3, pp. 635–639, 1991.

[66] S. J. Shiff, L. Qiao, L. L. Tsai, and B. Rigas, “Sulindac sulfide, an
aspirin-like compound, inhibits proliferation, causes cell cycle
quiescence, and induces apoptosis in HT-29 colon adenocarci-
noma cells,” J Clin Invest, vol. 96, no. 1, pp. 491–503, 1995.

[67] A. Seetha, H. Devaraj, and G. Sudhandiran, “Indomethacin
and juglone inhibit inflammatory molecules to induce apopto-
sis in colon cancer cells,” Journal of Biochemical andMolecular
Toxicology., vol. 34, no. 2, article e22433, 2020.

[68] X. Li, S. S. Pathi, and S. Safe, “Sulindac sulfide inhibits colon
cancer cell growth and downregulates specificity protein tran-
scription factors,” BMC Cancer, vol. 15, p. 974, 2015.

[69] B. CROSAS, D. J. HYNDMAN, O. GALLEGO et al., “Human
aldose reductase and human small intestine aldose reductase
are efficient retinal reductases: consequences for retinoid
metabolism,” Biochemical Journal., vol. 373, no. 3, pp. 973–
979, 2003.

[70] F. X. Ruiz, O. Gallego, A. Ardèvol et al., “Aldo-keto reductases
from the AKR1B subfamily: retinoid specificity and control of
cellular retinoic acid levels,” Chemico-Biological Interactions.,
vol. 178, no. 1-3, pp. 171–177, 2009.

[71] T. Matsunaga, Y. Wada, S. Endo, M. Soda, O. El-kabbani, and
A. Hara, “Aldo–keto reductase 1B10 and its role in prolifera-
tion capacity of drug-resistant cancers,” Frontiers in Pharma-
cology., vol. 3, no. 5, 2012.

11BioMed Research International



[72] E. S. Kropotova, R. A. Tychko, O. L. Zinov'Eva et al., “Down-
regulation of AKR1B10 gene expression in colorectal cancer,”
Molekuliarnaia Biologiia (Mosk), vol. 44, no. 2, pp. 243–250,
2010.

[73] O. L. Zinovieva, E. N. Grineva, G. S. Krasnov et al., “Treatment
of cancer cells with chemotherapeutic drugs results in pro-
found changes in expression of genes encoding aldehyde-
metabolizing enzymes,” J Cancer, vol. 10, no. 18, pp. 4256–
4263, 2019.

[74] M. Alhouayek, L. Boldrup, and C. J. Fowler, “Altered mRNA
expression of genes involved in endocannabinoid signalling
in squamous cell carcinoma of the oral tongue,” Cancer Invest,
vol. 37, no. 8, pp. 327–338, 2019.

[75] X. Yang, D. Zhang, S. Liu, X. Li, W. Hu, and C. Han, “KLF4
suppresses the migration of hepatocellular carcinoma by tran-
scriptionally upregulating monoglyceride lipase,” Am J Cancer
Res, vol. 8, no. 6, pp. 1019–1029, 2018.

[76] W. Xiang, R. Shi, X. Kang et al., “Monoacylglycerol lipase reg-
ulates cannabinoid receptor 2-dependent macrophage activa-
tion and cancer progression,” Nat Commun, vol. 9, no. 1,
p. 2574, 2018.

[77] X. Shen, M. Yue, F. Meng, J. Zhu, X. Zhu, and Y. Jiang, “Micro-
array analysis of differentially-expressed genes and linker
genes associated with the molecular mechanism of colorectal
cancer,” Oncol Lett, vol. 12, no. 5, pp. 3250–3258, 2016.

[78] C. F. Li, I. C. Chuang, T. T. Liu et al., “Transcriptomic reap-
praisal identifies MGLL overexpression as an unfavorable
prognosticator in primary gastrointestinal stromal tumors,”
Oncotarget, vol. 7, no. 31, pp. 49986–49997, 2016.

[79] G. G. Galli, H. A. Multhaupt, M. Carrara et al., “Prdm5 sup-
presses ApcMin-driven intestinal adenomas and regulates
monoacylglycerol lipase expression,” Oncogene, vol. 33,
no. 25, pp. 3342–3350, 2014.

[80] C. E. Bond, M. L. Bettington, S. A. Pearson, D. M. McKeone,
B. A. Leggett, and V. L. Whitehall, “Methylation and expres-
sion of the tumour suppressor, PRDM5, in colorectal cancer
and polyp subgroups,” BMC Cancer, vol. 15, p. 20, 2015.

[81] J. Gu, Y. Xiao, D. Shu et al., “Metabolomics analysis in serum
from patients with colorectal polyp and colorectal cancer by
(1) H-NMR spectrometry,” Dis Markers, vol. 2019,
p. 3491852, 2019.

12 BioMed Research International


	Aldehyde Dehydrogenase 2 Family Member (ALDH2) Is a Therapeutic Index for Oxaliplatin Response on Colorectal Cancer Therapy with Dysfunction p53
	1. Introduction
	2. Materials and Methods
	2.1. Microarray Data
	2.2. Construction of the PPI Network
	2.3. Pathway Enrichment Analysis of DEGs
	2.4. Clinical Validation of DEGs
	2.5. Drug-Gene Interaction
	2.6. Sulforhodamine B (SRB) Colorimetric Assay for Screening ALDH2 Inhibitor with Oxaliplatin Anticancer Effect in CRC Cells

	3. Results
	3.1. DEGs and PPI Networks
	3.2. KEGG Pathway Analysis
	3.3. Clinical Validation of DEGs
	3.4. Drug-Gene Interaction
	3.5. ALDH2 Inhibitor Increases the Resistance to Oxaliplatin Treatment

	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

