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Since 2019, the coronavirus disease (COVID-19) has caused 6,319,395 deaths worldwide. Although the COVID-19 vaccine is currently available, the latest variant of the virus, Omicron, spreads more easily than earlier strains, and its mortality rate is still high in patients with chronic diseases, especially cancer patients. So, identifying a novel compound for COVID-19 treatment could help reduce the lethal rate of the viral infection in patients with cancer. This study applied network pharmacology and systematic bioinformatics analysis to determine the possible use of curcumol for treating colon adenocarcinoma (COAD) in patients infected with COVID-19. Our results showed that COVID-19 and COAD in patients shared a cluster of genes commonly deregulated by curcumol. The clinical pathological analyses demonstrated that the expression of gamma-aminobutyric acid receptor subunit delta (GABRD) was associated with the patients' hazard ratio. More importantly, the high expression of GABRD was associated with poor survival rates and the late stages of COAD in patients. The network pharmacology result identified seven-core targets, including solute carrier family 6 member 3, gamma-aminobutyric acid receptor subunit pi, butyrylcholinesterase, cytochrome P450 3A4, 17-beta-hydroxysteroid dehydrogenase type 2, progesterone receptor, and GABRD of curcumol for treating patients with COVID-19 and COAD. The bioinformatic analysis further highlighted their importance in the biological processes and molecular functions in gland development, inflammation, retinol, and steroid metabolism. The findings of this study suggest that curcumol could be an alternative compound for treating patients with COVID-19 and COAD.
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Introduction

Since 2019, 537,591,764 confirmed coronavirus disease (COVID-19) cases, leading to 6,319,395 deaths worldwide, have been reported by WHO as of June 20, 2022 (https://covid19.who.int). Chronic health conditions were associated with the risk of COVID-19-related hospitalization and mortality (1). Patients with cancer are highly susceptible to severe symptoms (2). A systematic review of 52 pooled studies showed that patients with cancer and infected with COVID-19 exhibited a higher death risk (3). Similarly, Ahmadi's group showed that COVID-19 brings unfavorable survival outcomes for patients with colon cancer via the alteration of the immune cell infiltration-linked process (4), and the COVID-19 pandemic led to widespread disruption of colorectal cancer services (5). So, there is a need to identify alternative therapeutic compounds to reduce the severity and mortality rate of COVID-19 in patients with cancer. Colon adenocarcinoma (COAD), the most frequently diagnosed histological subtype of colorectal cancer, is one of the most prevalent malignant tumors in the gastrointestinal system worldwide (6, 7). The 5-year survival rate of patients with advanced COAD is <10% (8). Cumulating evidence has suggested the effectiveness of Traditional Chinese Medicines (TCMs) in cancer treatment (9, 10). One of the possible mechanisms is immune system regulation in patients with cancer (11). In addition, TCMs modulate the gut microbiota, which is considered a pathogenic factor of COAD (12). Besides the antitumor role, TCMs have also been reported to be effective in treating COVID-19 via their antiviral and anti-inflammatory activities (13, 14). Curcumol, a common TCM, is isolated from Rhizoma curcumae. The antitumor and antiviral effects of curcumol are well-documented (15, 16). Curcumol, in particular, has been shown to induce cell cycle arrest and increase the sensitivity of colon cancer to chemotherapy (17, 18). This study aimed to determine the pharmacological targets and the molecular mechanisms controlled by curcumol using network pharmacology and an in vitro COAD model. The results of this study will provide novel insight into the possible use of curcumol for treating patients with COAD and COVID-19.



Materials and methods


Identification of curcumol's targets against COAD and COVID-19

The transcriptome data from patients with COAD were obtained from The Cancer Genome Atlas (TCGA) database (https://portal.gdc.cancer.gov/) to identify COAD-associated genes. Using the DEseq2 package of R&Bioconductor, genes with a false discovery rate of <0.05 and a |logfold change| of >1 were considered differentially expressed genes (19). For the COVID-19-associated genes, keywords such as “coronavirus COVID-19,” “coronavirus disease 2019,” “severe acute respiratory syndrome coronavirus 2,” and “COVID-19” were subjected to databases search, including the Genecards Database, Online Mendelian Inheritance in Man Database (https://omim.org/), Therapeutic Target Database (20), Comparative Toxicogenomics Database (21), and National Center for Biotechnology Information (https://www.ncbi.nlm.nih.gov/). The pharmacological targets of curcumol were determined using various online tools and databases, including Swiss Target Prediction and Bioinformatics Analysis Tool for Molecular Mechanisms of Traditional Chinese Medicine (Batman-TCM) (22, 23). The target genes were subjected to UniProt for human database correction (24). The COVID-19-, COAD-, and curcumol-associated genes were compared and overlapped to obtain the potential curcumol's targets for treating COVID-19 and COAD.



Clinicopathological analysis and functional characterization of curcumol's targets against COAD and COVID-19

To determine the pathological roles of the curcumol's targets in COAD, Cox proportional hazards models were applied in univariate survival analysis as a function of clinical variables and gene expression. The interaction of the identified curcumol's targets was analyzed using the STRING database (version 11.0) and Cytoscape (version 3.6.1) (25, 26). The functions and signaling pathways of curcumol's targets against COAD and COVID-19 were determined using Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses.


Cell culture study

The human lung adenocarcinoma cell line, A549, was incubated with high glucose Dulbecco's Modified Eagle Medium (DMEM, Solarbio, Beijing), 0.5% penicillin-streptomycin (Solarbio, Beijing), and 5% fetal bovine serum (Solarbio, Beijing) in 5% CO2 at 37°C.



Cell proliferation analysis

The cells were cultured in a 96-well plate at a cell density of 2 × 104 cells/well and treated with different doses of curcumol (5, 25, and 75 μM) for 48 h. Following the co-incubation, cell proliferation was calculated using the cell-counting-kit-8 method (Beyotime Biotechnology, China), as reported previously (27).



Immunostaining procedures

After the curcumol treatment, A549 cells were fixed with a freshly prepared paraformaldehyde solution (4%, v/v) for 30 min at room temperature, followed by blocking with bovine serum albumin solution (5%, v/v) for 1 h at room temperature. The cells were then incubated at 4°C overnight with primary antibodies against BCHE or CYP3A4 (1:200, Bioss, Beijing, China). The secondary antibody with a fluorescent dye (Beyotime Biotechnology, China) was applied to bind the antigen–antibody complex. The cell nuclei were stained using 4', 6-diamidino-2-phenylindole dihydrochloride dye (Abcam, United States). The fluorescence-labeled positive cells were counted under the fluorescence microscropy system.




Statistical analysis

The statistical data were expressed as the mean ± standard deviation. Comparisons between control and treatment groups were determined using the Statistical Product and Service Solutions (SPSS, 19.0 version) software (Chicago, IL, United States), followed by a one-way analysis of variance (ANOVA) using Tukey's post-hoc test. The statistical significance was identified as p < 0.05.




Results


Identification of pharmacological targets of curcumol for treating COVID-19 and COAD

We searched the available online databases and identified 8,339 genes associated with COVID-19 (Figure 1A). To identify COAD-associated genes, we analyzed the transcriptome data of patients with COAD and obtained 6,456 differentially expressed genes (Figure 1A). When the COVID-19- and COAD-associated genes were compared, 803 shared genes were found (Figure 1B), of which 414 downregulated and 389 upregulated genes were identified in patients with COAD (Figure 1B). In addition, we identified 151 curcumol-associated genes from different databases (Figure 1A). Then, we compared the curcumol-associated genes with COVID-19/COAD-associated genes to determine the pharmacological targets of curcumol in COVID-19 and COAD. We found 18 target genes shared by curcumol, COVID-19, and COAD (Figure 1A). The molecular network analysis using Cytoscape further highlighted the protein–protein interaction of the 7 core targets, including solute carrier family 6 member 3 (SLC6A3), gamma-aminobutyric acid receptor subunit pi (GABRP), butyrylcholinesterase (BCHE), cytochrome P450 3A4 (CYP3A4), 17-beta-hydroxysteroid dehydrogenase type 2 (HSD17B2), progesterone receptor (PGR), and gamma-aminobutyric acid receptor subunit delta (GABRD) of curcumol against COVID-19 and COAD (Figure 1C; Supplementary Table 1).
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FIGURE 1
 Network pharmacology identified the targets of curcumol against COVID-19 and colon adenocarcinoma. (A) Right panel: venn diagram shows the number of common targets of curcumol, COVID-19, and colon adenocarcinoma. Left panel: protein–protein interaction of curcumol's target against COVID-19 and colon adenocarcinoma. (B) Volcano plot shows the differentially expressed genes in colon adenocarcinoma targeted by curcumol. The blue dots represent the downregulated genes; the red dots represent the upregulated genes. (C) Cytoscape analysis highlights the protein–protein interaction of curcumol's core targets against COVID-19 and colon adenocarcinoma.




Clinicopathological analysis of curcumol's target genes for treating COVID-19 and COAD

Cox proportional hazards models were applied in univariate analysis of overall survival (OS) as a function of clinical variables and gene expression of the 7 core targets. Our results showed that the expression of GABRD was significantly associated with the hazard ratio of COAD (Supplementary Table 2). Survival analysis using the Kaplan–Meier estimator further highlighted that the COAD patients with higher expression of GABRD had a poorer OS rate (Figure 2A). In addition, the higher expression of GABRD was correlated with the later stage (Figure 2B), metastatic tumor (Figure 2C), and a higher number of tumors spread to the lymph nodes (Figure 2D) in COAD.
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FIGURE 2
 Clinicopathological analysis of curcumol's targets against COVID-19 and colon adenocarcinoma. (A) Survival analysis using the Kaplan–Meier estimator showed that the colon adenocarcinoma patients with higher expression of GABRD had poorer overall survival rates. Higher expressions of GABRD in colon adenocarcinoma patients are associated with (B) advanced stages, (C) metastatic tumors, and (D) a higher number of tumors spread to the lymph nodes. M0 means cancer has not spread to distant organs. M1 means cancer has spread to distant organs. N represents the number of lymph nodes containing the tumor.




Functional characterization of curcumol for treating COVID-19 and COAD

The core targets of curcumol were subjected to GO and KEGG enrichment analyses to determine their functional role in treating COVID-19 and COAD. In the GO analysis, our results highlighted the biological processes related to metabolism and biosynthesis, especially fat metabolism and biosynthesis, such as long-chain fatty acid biosynthetic and metabolic processes and fat-soluble vitamin metabolic processes (Figure 3A). In addition, steroid hormone biosynthesis and steroid hormone-mediated signaling pathways were found to be controlled by curcumol's targets (Figure 3A). More importantly, we found curcumol's targets' contributions to the biological processes related to growth and development, especially gland development (Figure 3B). In terms of molecular function, our results highlighted the steroid binding and activities such as steroid hormone receptor, steroid dehydrogenase, and steroid hydroxylase activities (Figure 3C).
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FIGURE 3
 Functional characterization of curcumol's targets against COVID-19 and colon adenocarcinoma. The bubble plot highlights the involvement of curcumol's targets in biological processes related to (A) fat and steroid hormone biosynthesis, (B) gland development, and (C) steroid binding and ion channel activity. (D) Gene ontology showed the occurred cell components. (E) KEGG enrichment analysis showed the contribution of curcumol's targets in cell signaling pathways of carcinogenesis. The size of the bubble represents the number of genes. The color of the bubble represents the significance of the terms.


Moreover, many molecular functions related to ion channels, such as ion channel, anion transmembrane transporter, sodium symporter, chloride symporter, and extracellular ligand-gated ion channel activities, were observed (Figure 3C). The observed biological processes and molecular functions occurred in the chloride channel complex, nuclear envelope lumen, ion channel complex, transmembrane transporter complex, transporter complex, organelle envelope lumen, and plasma membrane raft (Figure 3D). Finally, the KEGG pathway enrichment further highlighted the involvement of curcumol's targets in steroid hormone biosynthesis, retrograde endocannabinoid signaling, chemical carcinogenesis through receptor activation, and DNA adducts linoleic acid and retinol metabolism (Figure 3E).



Curcumol treatment suppressed cell proliferation and altered the expression of BCHE and CYP3A4 in the COAD cell line

Cell proliferation was determined using the MTT assay to assess the pharmacological action of curcumol on lung cancer cells, A549. Our data indicated that the treatments with curcumol caused a significant dose-dependent inhibition of cell proliferation in lung adenocarcinoma cells (Figure 4A). In addition, immunofluorescence staining analysis showed that curcumol treatment resulted in increased expression of BCHE and reduced expression of CYP3A4 in A549 cells, as compared to the control group (Figure 4B).
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FIGURE 4
 Curcumol treatment inhibited cell proliferation of colon adenocarcinoma and altered the expression of BCHE and CYP3A4. (A) MTT assay showed significant dose-dependent inhibition of cell proliferation in lung adenocarcinoma cell A594 caused by curcumol treatments (0–75 μM). (B) Immunofluorescence staining showed that the treatment of curcumol induced the expression of BCHE and reduced the expression of CYP3A4 in COAD cell, as compared to the control group. *p < 0.05.





Discussion

This study aimed to investigate the possible use of curcumol therapy for COVID-19 and COAD comorbidity. Using network pharmacology, we identified 7 core targets of curcumol against COVID-19 and COAD, including GABRD, GABRP, BCHE, CYP3A4, PGR, HSD17B2, and SLC6A3. Our clinicopathological analysis further suggested the prognostic value of GABRD in patients with COAD. GABRD, a subunit of GABAA receptor subtypes, has been reported to be associated with the development of many cancers (28). A clinical study suggested that GABRD promoted progression and predicted poor prognosis in colorectal cancer (29). In addition, gene set enrichment analysis further showed that the enhanced expression of GABRD predicted poor prognosis in patients with COAD (30). In our results, another GABA subunit, GABRP, was also found to be targeted by curcumol. It was reported that GABRP regulated macrophage recruitment and tumor progression in pancreatic cancer (31). In breast cancer, GABRP was found to control the stemness of triple-negative breast cancer cells through epidermal growth factor receptor signaling (32).

A study of the bronchial asthma mice model showed that the inhibition of GABRP could reduce the differentiation of airway epithelial progenitor cells into goblet cells, leading to reduced inflammation (33). So, the GABAA receptor subtypes GABRD and GABRP might be the promising targets of curcumol for treating COAD and COVID-19. BCHE, an α-glycoprotein synthesized in the liver, is abundant in the intestine and lung (34). The serum level of BCHE was reported to be decreased in many clinical conditions such as inflammation and infections (35). BCHE's low expression level has been documented in colorectal cancer (36), and its activities were found to be decreased in COAD patients (37). In addition, inhibition of BCHE is considered to reduce immunity through the cholinergic anti-inflammatory pathway, although its role in lung inflammation is still unknown (38). A rat study of sepsis suggested that BCHE can function as an inflammatory marker in sepsis (39), further supporting its role in inflammation. The other target of curcumol, CYP3A4, is a member of the cytochrome P450 superfamily of enzymes. Many clinical trials suggested the importance of the cytochrome P450 system in the drug discovery of COVID-19 (40–42) because CYP3A metabolism is altered in patients with COVID-19 having increased cytokine release. In addition, an in vitro study of colon cancer stem cells demonstrated the contribution of CYP3A4 in the chemoresistance of colon cancer and its negative impact on disease-free survival in the patients (43). So, targeting these genes with curcumol might provide an alternative approach for treating COVID-19 and COAD.

In the second part of our study, we focused on the functional roles of the curcumol targets. Our results highlighted the regulation of fat metabolism and biosynthesis by curcumol. Fat metabolism and excess visceral fat were reported to be closely associated with the severity of clinical outcomes in patients with COVID-19 (44, 45). It was further supported by an observational study and Mendelian randomization analysis that central fat distribution and metabolic consequences of excess weight are strongly associated with the severe COVID-19 outcomes (46). Furthermore, dietary fat and metabolism were reported to affect colonic tumorigenesis (47). A mice study showed that obesity is linked to altered metabolism in colon carcinogenesis through the JNK/STAT3-signaling pathway (48). Alex's group demonstrated that short-chain fatty acids stimulate tumor promoter angiopoietin-like 4 synthesis in human COAD cells (49).



Conclusion

This study predicts the pharmacological targets of curcumol for treating COVID-19 and COAD. Additionally, the predicted targets involved in the biological and molecular functions related to fat metabolism and gland development are reported to be associated with the pathogenesis and severity of COVID-19 and COAD, suggesting the possible use of curcumol as a therapeutic compound for these diseases. The findings of this study need further validation by additional animal and preclinical studies before clinical use.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

KL contributed to the conception, design of the manuscript, drafted this manuscript, and revised this manuscript. JL and PP contributed to the acquisition, analysis, and interpretation of data in this manuscript. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.961697/full#supplementary-material



Abbreviations

COAD, colon adenocarcinoma; COVID-19, coronavirus disease 2019; TCGA, The Cancer Genome Atlas; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; TCMSP, Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform; OS, overall survival; TCMs, Traditional Chinese Medicines; SLC6A3, solute carrier family 6 member 3; GABRP, gamma-aminobutyric acid receptor subunit pi; BCHE, butyrylcholinesterase; CYP3A4, cytochrome P450 3A4; HSD17B2, 17-beta-hydroxysteroid dehydrogenase type 2; PGR, progesterone receptor; GABRD, gamma-aminobutyric acid receptor subunit delta.



References

 1. Semenzato L, Botton J, Drouin J, Cuenot F, Dray-Spira R, Weill A, et al. Chronic diseases, health conditions and risk of COVID-19-related hospitalization and in-hospital mortality during the first wave of the epidemic in France: a cohort study of 66 million people. Lancet Reg Health Eur. (2021) 8:100158. doi: 10.1016/j.lanepe.2021.100158

 2. Sinha S, Kundu CN. Cancer and COVID-19: why are cancer patients more susceptible to COVID-19? Med Oncol. (2021) 38:101. doi: 10.1007/s12032-021-01553-3

 3. Saini KS, Tagliamento M, Lambertini M, McNally R, Romano M, Leone M, et al. Mortality in patients with cancer and coronavirus disease 2019: a systematic review and pooled analysis of 52 studies. Eur J Cancer. (2020) 139:43–50. doi: 10.1016/j.ejca.2020.08.011

 4. Ahmadi M, Pashangzadeh S, Mousavi P, Saffarzadeh N, Amin Habibi M, Hajiesmaeili F, et al. ACE2 correlates with immune infiltrates in colon adenocarcinoma: implication for COVID-19. Int Immunopharmacol. (2021) 95:107568. doi: 10.1016/j.intimp.2021.107568

 5. Shinkwin M, Silva L, Vogel I, Reeves N, Cornish J, Horwood J, et al. COVID-19 and the emergency presentation of colorectal cancer. Colorectal Dis. (2021) 23:2014–9. doi: 10.1111/codi.15662

 6. Miao Y, Wang J, Ma X, Yang Y, Mi D. Identification prognosis-associated immune genes in colon adenocarcinoma. Biosci Rep. (2020) 40:BSR20201734. doi: 10.1042/BSR20201734

 7. Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC. Colorectal cancer statistics, 2020. CA Cancer J Clin. (2020) 70:145–64. doi: 10.3322/caac.21601

 8. Ting WC, Chen LM, Pao JB, Yang YP, You BJ, Chang TY, et al. Common genetic variants in Wnt signaling pathway genes as potential prognostic biomarkers for colorectal cancer. PLoS ONE. (2013) 8:e56196. doi: 10.1371/journal.pone.0056196

 9. Xiang Y, Guo Z, Zhu P, Chen J, Huang Y. Traditional Chinese medicine as a cancer treatment: modern perspectives of ancient but advanced science. Cancer Med. (2019) 8:1958–75. doi: 10.1002/cam4.2108

 10. So TH, Chan SK, Lee VH, Chen BZ, Kong FM, Lao LX. Chinese medicine in cancer treatment - how is it practised in the East and the West? Clin Oncol (R Coll Radiol). (2019) 31:578–88. doi: 10.1016/j.clon.2019.05.016

 11. Wang S, Long S, Deng Z, Wu W. Positive role of Chinese herbal medicine in cancer immune regulation. Am J Chin Med. (2020) 48:1577–92. doi: 10.1142/S0192415X20500780

 12. Zhao H, He M, Zhang M, Sun Q, Zeng S, Chen L, et al. Colorectal cancer, gut microbiota and traditional Chinese medicine: a systematic review. Am J Chin Med. (2021) 49:805–28. doi: 10.1142/S0192415X21500385

 13. Guan W, Lan W, Zhang J, Zhao S, Ou J, Wu X, et al. COVID-19: antiviral agents, antibody development and traditional Chinese medicine. Virol Sin. (2020) 35:685–98. doi: 10.1007/s12250-020-00297-0

 14. Lyu M, Fan G, Xiao G, Wang T, Xu D, Gao J, et al. Traditional Chinese medicine in COVID-19. Acta Pharm Sin B. (2021) 11:3337–63. doi: 10.1016/j.apsb.2021.09.008

 15. Jennings MR, Parks RJ. Curcumin as an antiviral agent. Viruses. (2020) 12:1242. doi: 10.3390/v12111242

 16. Liu F, Gao S, Yang Y, Zhao X, Fan Y, Ma W, et al. Antitumor activity of curcumin by modulation of apoptosis and autophagy in human lung cancer A549 cells through inhibiting PI3K/Akt/mTOR pathway. Oncol Rep. (2018) 39:1523–31. doi: 10.3892/or.2018.6188

 17. Gao J, Hou D, Hu P, Mao G. Curcumol increases the sensitivity of colon cancer to 5-FU by regulating Wnt/β-catenin signaling. Transl Cancer Res. (2021) 10:2437–50. doi: 10.21037/tcr-21-689

 18. Wang J, Li XM, Bai Z, Chi BX, Wei Y, Chen X. Curcumol induces cell cycle arrest in colon cancer cells via reactive oxygen species and Akt/ GSK3β/cyclin D1 pathway. J Ethnopharmacol. (2018) 210:1–9. doi: 10.1016/j.jep.2017.06.037

 19. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. Limma powers differential expression analyses for RNA-sequencing and microarray studies. Nucleic Acids Res. (2015) 43:e47. doi: 10.1093/nar/gkv007

 20. Wang Y, Zhang S, Li F, Zhou Y, Zhang Y, Wang Z, et al. Therapeutic target database 2020: enriched resource for facilitating research and early development of targeted therapeutics. Nucleic Acids Res. (2020) 48:1031–41. doi: 10.1093/nar/gkz981

 21. Davis AP, Grondin CJ, Johnson RJ, Sciaky D, McMorran R, Wiegers J, et al. The Comparative toxicogenomics database: update 2019. Nucleic Acids Res. (2019) 47:948–54. doi: 10.1093/nar/gky868

 22. Gfeller D, Grosdidier A, Wirth M, Daina A, Michielin O, Zoete V. SwissTargetPrediction: a web server for target prediction of bioactive small molecules. Nucleic Acids Res. (2014) 42:W32–8. doi: 10.1093/nar/gku293

 23. Liu Z, Guo F, Wang Y, Li C, Zhang X, Li H, et al. BATMAN-TCM: a bioinformatics analysis tool for molecular mechANism of traditional Chinese medicine. Sci Rep. (2016) 6:21146. doi: 10.1038/srep21146

 24. UniProt Consortium. UniProt: the universal protein knowledgebase in 2021. Nucleic Acids Res. (2021) 49:D480–9.

 25. Szklarczyk D, Gable AL, Nastou KC, et al. The STRING database in 2021: customizable protein–protein networks, and functional characterization of user-uploaded gene/measurement sets. Nucleic Acids Res. (2021) 49:D605–12. doi: 10.1093/nar/gkaa1074

 26. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, et al. Cytoscape: a software environment for integrated models of biomolecular interaction networks. Genome Res. (2003) 13:2498–504. doi: 10.1101/gr.1239303

 27. Yang L, Xiong H, Li X, Li Y, Zhou H, Lin X, et al. Network pharmacology and comparative transcriptome reveals biotargets and mechanisms of curcumol treating lung adenocarcinoma patients with COVID-19. Front Nutr. (2022) 9:870370. doi: 10.3389/fnut.2022.870370

 28. Gross AM, Kreisberg JF, Ideker T. Analysis of matched tumor and normal profiles reveals common transcriptional and epigenetic signals shared across cancer types. PLoS ONE. (2015) 10:e0142618. doi: 10.1371/journal.pone.0142618

 29. Niu G, Deng L, Zhang X, Hu Z, Han S, Xu K, et al. GABRD promotes progression and predicts poor prognosis in colorectal cancer. Open Med (Wars). (2020) 15:1172–83. doi: 10.1515/med-2020-0128

 30. Wu M, Kim KY, Park WC Ryu HS, Choi SC, Kim MS, et al. Enhanced expression of GABRD predicts poor prognosis in patients with colon adenocarcinoma. Transl Oncol. (2020) 13:100861. doi: 10.1016/j.tranon.2020.100861

 31. Jiang SH, Zhu LL, Zhang M, Li RK, Yang Q, Yan JY, et al. GABRP regulates chemokine signalling, macrophage recruitment and tumour progression in pancreatic cancer through tuning KCNN4-mediated Ca2+ signalling in a GABA-independent manner. Gut. (2019) 68:1994–2006. doi: 10.1136/gutjnl-2018-317479

 32. Li X, Wang H, Yang X, Wang X, Zhao L, Zou L, et al. GABRP sustains the stemness of triple-negative breast cancer cells through EGFR signaling. Cancer Lett. (2021) 514:90–102. doi: 10.1016/j.canlet.2021.04.028

 33. Wang A, Zhang Q, Wang Y, Li X, Li K, Li Y, et al. Inhibition of Gabrp reduces the differentiation of airway epithelial progenitor cells into goblet cells. Exp Ther Med. (2021) 22:720. doi: 10.3892/etm.2021.10152

 34. Dave KR, Syal AR, Katyare SS. Tissue cholinesterases. A comparative study of their kinetic properties. Z Naturforsch C J Biosci. (2000) 55:100–8. doi: 10.1515/znc-2000-1-219

 35. Santarpia L, Grandone I, Contaldo F, Pasanisi F. Butyrylcholinesterase as a prognostic marker: a review of the literature. J Cachexia Sarcopenia Muscle. (2013) 4:31–9. doi: 10.1007/s13539-012-0083-5

 36. Montenegro MF, Ruiz-Espejo F, Campoy FJ, Muñoz-Delgado E., de la Cadena MP, Rodríguez-Berrocal FJ, et al. Cholinesterases are down-expressed in human colorectal carcinoma. Cell Mol Life Sci. (2006) 63:2175–82. doi: 10.1007/s00018-006-6231-3

 37. Montenegro MF, Ruiz-Espejo F, Campoy FJ, Muñoz-Delgado E., de la Cadena MP, Cabezas-Herrera J, et al. Acetyl- and butyrylcholinesterase activities decrease in human colon adenocarcinoma. J Mol Neurosci. (2006) 30:51–4. doi: 10.1385/JMN:30:1:51

 38. Pohanka M. Inhibitors of acetylcholinesterase and butyrylcholinesterase meet immunity. Int J Mol Sci. (2014) 15:9809–25. doi: 10.3390/ijms15069809

 39. Bitzinger DI, Gruber M, Tümmler S, Malsy M, Seyfried T, Weber F, et al. In vivo effects of neostigmine and physostigmine on neutrophil functions and evaluation of acetylcholinesterase and butyrylcholinesterase as inflammatory markers during experimental sepsis in rats. Mediators Inflamm. (2019) 2019:8274903. doi: 10.1155/2019/8274903

 40. Biswas M, Roy DN. Potential clinically significant drug-drug interactions of hydroxychloroquine used in the treatment of COVID-19. Int J Clin Pract. (2021) 75:e14710. doi: 10.1111/ijcp.14710

 41. Lenoir C, Terrier J, Gloor Y, Curtin F, Rollason V, Desmeules JA, et al. Impact of SARS-CoV-2 infection (COVID-19) on cytochromes P450 activity assessed by the Geneva cocktail. Clin Pharmacol Ther. (2021) 110:1358–67. doi: 10.1002/cpt.2412

 42. Stader F, Battegay M, Sendi P, Marzolini C. Physiologically based pharmacokinetic modelling to investigate the impact of the Cytokine storm on CYP3A drug pharmacokinetics in COVID-19 patients. Clin Pharmacol Ther. (2022) 111:579–84. doi: 10.1002/cpt.2402

 43. Olszewski U, Liedauer R, Ausch C, Thalhammer T, Hamilton G. Overexpression of CYP3A4 in a COLO 205 colon cancer stem cell model in vitro. Cancers (Basel). (2011) 3:1467–79. doi: 10.3390/cancers3011467

 44. Cinti S, Graciotti L, Giordano A, Valerio A, Nisoli E. COVID-19 and fat embolism: a hypothesis to explain the severe clinical outcome in people with obesity. Int J Obes (Lond). (2020) 44:1800–2. doi: 10.1038/s41366-020-0624-5

 45. Favre G, Legueult K, Pradier C, Raffaelli C, Ichai C, Iannelli A, et al. Visceral fat is associated to the severity of COVID-19. Metabolism. (2021) 115:154440. doi: 10.1016/j.metabol.2020.154440

 46. Gao M, Wang Q, Piernas C, Astbury NM, Jebb SA, Holmes MV, et al. Associations between body composition, fat distribution and metabolic consequences of excess adiposity with severe COVID-19 outcomes: observational study and Mendelian randomisation analysis. Int J Obes (Lond). (2022) 14:1–8. doi: 10.1038/s41366-021-01054-3

 47. Ocvirk S, O'Keefe SJD. Dietary fat, bile acid metabolism and colorectal cancer. Semin Cancer Biol. (2021) 73:347–55. doi: 10.1016/j.semcancer.2020.10.003

 48. Nimri L, Saadi J, Peri I, Yehuda-Shnaidman E, Schwartz B. Mechanisms linking obesity to altered metabolism in mice colon carcinogenesis. Oncotarget. (2015) 6:38195–209. doi: 10.18632/oncotarget.5561

 49. Alex S, Lange K, Amolo T, Grinstead JS, Haakonsson AK, Szalowska E, et al. Short-chain fatty acids stimulate angiopoietin-like 4 synthesis in human colon adenocarcinoma cells by activating peroxisome proliferator-activated receptor γ. Mol Cell Biol. (2013) 33:1303–16. doi: 10.1128/MCB.00858-12



OPS/images/fnut-09-961697-g003.gif





OPS/images/fnut-09-961697-g004.gif
camu

e

s wa
Curcumal

z

2 g8 3 % 2 ° I EEREEEE]

(94)ouvauoyviafoud o> Supanos naaspysod





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Therapeutic targets and functions of curcumol against COVID-19 and colon adenocarcinoma



		Introduction



		Materials and methods



		Identification of curcumol's targets against COAD and COVID-19



		Clinicopathological analysis and functional characterization of curcumol's targets against COAD and COVID-19



		Cell culture study



		Cell proliferation analysis



		Immunostaining procedures









		Statistical analysis







		Results



		Identification of pharmacological targets of curcumol for treating COVID-19 and COAD



		Clinicopathological analysis of curcumol's target genes for treating COVID-19 and COAD



		Functional characterization of curcumol for treating COVID-19 and COAD



		Curcumol treatment suppressed cell proliferation and altered the expression of BCHE and CYP3A4 in the COAD cell line







		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher's not



		Supplementary material



		Abbreviations



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Therapeutic targets and
functions of curcumol against
COVID-19 and colon
adenocarcinoma





OPS/images/fnut-09-961697-g001.gif
3

N\
ovPame

z y
I






OPS/images/fnut-09-961697-g002.gif
vl
!

H

-
e g










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Nutrition





