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Editorial on the Research Topic 
The role of minerals and trace elements in chronic diseases


Several disease conditions that collectively can be described as chronic and long-latency are becoming major public health issues in Western society. Certain cancers, heart and cardiovascular diseases, metabolic diseases (e.g., type II diabetes and fatty liver disease), progressive bone loss and even certain neurodegenerative diseases have always been associated with the aging process. These chronic diseases are increasing as a result of the population aging. More problematic, these same conditions (metabolic disorders and cancers) are showing up in younger individuals. What is triggering this trend? Efforts to mitigate diseases that are chronic, and long-latency focus largely on managing symptoms rather than cure.
It has long been known that dietary micronutrients–especially inorganic minerals and the vitamins and hormones needed for their effective utilization–are critical to staving off the consequences of common chronic ailments. We are well aware, of course, that an adequate calcium intake is critical to all aspects of health and well-being (Peterlik and Cross, 2009). Calcium as a colon cancer chemopreventive is accepted (Keum et al., 2014) and we have mechanistic insight as to the many ways that calcium might function to reduce colon polyp formation (Aslam et al., 2012; Singh et al., 2015; Swaminath et al., 2019). The importance of minerals such as magnesium, iron, copper and zinc is known because deficiencies in intake do exist and are associated with susceptibility to specific ailments (Hans and Jana, 2018; Lennie et al., 2018). Beyond this, however, our understanding of how most trace elements participate in disease prevention is limited. Trace element participation in specific biochemical processes may be known, but how these processes—individually or collectively—affect overall health is unclear. What constitutes optimal (or even minimally required) levels of such trace elements is not known. It is also important to note that many trace elements can be toxic if the level of intake is too high. Equally important to note is that trace elements can overlap in how they affect critical biological processes. For example, calcium-binding sites on critical regulatory proteins are, in fact, cationic metal binding sites (Huang et al., 2009; Carrillo-Lopez et al., 2010). Thus, relative amounts of the potentially competitive elements present in the milieu and their relative affinities for specific binding sites have an impact on protein function and, ultimately, determine biological activity. Effects on overall health and chronic disease prevention is the result.
Impactful research into the mechanisms by which trace elements promote or inhibit chronic disease prevention is challenging. In addition to the issues cited above, chronic disease prevention is difficult because it requires precise cellular and molecular investigation in conjunction with the use of sophisticated animal and/or human tissue models that can (hopefully) act as surrogates for the chronic diseases we are trying to prevent. More research is needed!
This Research Topic of Frontiers in Cell and Developmental Biology (Molecular and Cellular Pathology section) hopes to encourage such research. The following published studies under this topic have discussed issues related to mineral overload or under-use of some of these minerals individually or in combination.
Iron overload is a condition associated with an increased prevalence of osteoarthritis (OA) in the elderly population, but the exact role of iron in OA development is not yet established. Jing et al. aimed to explore the connection between iron overload and OA. The results showed that iron-overloaded mice had increased iron accumulation, dysregulated iron transport and greater cartilage destruction. Inhibition of divalent metal transporter-1 (DMT1), a pivotal iron transporter, suppressed the inflammatory response and extracellular matrix (ECM) degradation, suggesting that it could be an attractive new target for OA treatment.
Cai et al. reviewed the findings and observations in the field of iron overload-related OA. The cellular and molecular mechanisms associated with iron overload and the negative influence that iron overload has on joint homeostasis were elucidated. Interrupting the pathologic effects of iron overload is discussed as a promising path for the development of improved therapeutics in the field of OA.
Boneski et al. investigated age-dependent changes in the vertebral bone and intervertebral disc using the Abcc6−/− mouse model of pseudoxanthoma elasticum (PXE), a progressive human metabolic disorder characterized by mineralization of the skin and elastic tissues. The results showed that loss of ATP-binding cassette sub-family C member 6 (ABCC6) compromises vertebral bone quality and dysregulates osteoblast-osteoclast coupling, while the treatment with oral potassium citrate inhibited the osteoclastic response and improved mechanical properties of the bone.
In the last published study, our group Varani et al. assessed the effects of a red marine algae-derived multi-mineral intervention (known as Aquamin®) on protein expression patterns in human colon organoids (derived from healthy human colonic tissue). For this study, organoids were maintained under control conditions or treated with a combination of bacterial lipopolysaccharide and three pro-inflammatory cytokines to simulate inflammatory bowel disease in an ex vivo setting. The pro-inflammatory stimulus altered the expression of proteins that influence innate immunity and promote inflammation. Among these were multiple human leukocyte antigens (HLA) [e.g., HLA-DPA1, HLA-DPB1, HLA-DRA, HLA-DRB isoforms 1, 3, 4 and 5, HLA-B, HLA-E, HLA-F and HLA-DMB]. Additional upregulated proteins included membrane-associated phospholipase A2 (PLA2G2A), Indoleamine 2,3-dioxygenase (IDO1) and Tryptophan-tRNA ligase, cytoplasmic (WARS). When the mineral supplement was included along with the same pro-inflammatory stimulus, levels of these same proteins were reduced compared to levels obtained in the absence of the mineral supplement. Mineral supplementation also reduced the expression of other proteins (FGB, FGG and SPARC) that promote inflammation and increased expression levels of proteins (FBP2, SLC11A2, SIRT3, S100A7, PBLD, HPGD, GSTA1 and DCD) with anti-inflammatory and antioxidant properties. The same mineral product also upregulated proteins that contribute to gut barrier formation and tissue strength by improving cell-cell/cell-matrix adhesions. Among these were multiple keratins and mucins, filaggrin, tight junction protein-1 (TJP1), cadherins [CDH-1, -3 and -17], desmosomal and hemidesmosomal proteins [DSC2, DSG2, DSP, JUP], trefoil protein-2 (TFF2) and multiple CEACAMs. Improved barrier function assessed by transepithelial electrical resistance (TEER) and tissue cohesion was also observed with the same mineral supplement under both control conditions and in the presence of the pro-inflammatory stimulus. These data validated previous findings from human colon organoid studies and a biomarker trial in human subjects (Attili et al., 2019; Aslam et al., 2020; McClintock et al., 2020; Aslam et al., 2021). Overall, the data suggest that improving barrier structure and function may have implications regarding inflammatory bowel disease prevention. These in vitro studies were conducted in parallel with an ongoing trial (ClinicalTrials.gov ID - NCT03869905) interrogating the role of the same mineral combination (Aquamin®) in subjects with mild to moderate ulcerative colitis (UC). Given this data, we anticipate that the ongoing clinical trial will significantly contribute to confirming the potential benefits of this approach in patients with UC.
In conclusion, the studies presented in this special edition offer significant potential to interrupt the pathologic effects of mineral imbalance. These findings may lead to new therapeutic targets and, ultimately, improve ways to prevent chronic, long-latency diseases or mitigate their consequences.
AUTHOR CONTRIBUTIONS
MA: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Writing–original draft, Writing–review and editing. SH: Investigation, Methodology, Writing–original draft, Writing–review and editing. JV: Conceptualization, Investigation, Methodology, Resources, Writing–original draft, Writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article. This work was supported by the University of Michigan Pandemic Research Recovery (PRR) funding to MA.
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.
REFERENCES
 Aslam, M. N., Bergin, I., Naik, M., Paruchuri, T., Hampton, A., Rehman, M., et al. (2012). A multimineral natural product from red marine algae reduces colon polyp formation in C57BL/6 mice. Nutr. cancer 64 (7), 1020–1028. doi:10.1080/01635581.2012.713160
 Aslam, M. N., McClintock, S. D., Attili, D., Pandya, S., Rehman, H., Nadeem, D. M., et al. (2020). Ulcerative colitis-derived colonoid culture: a multi-mineral-approach to improve barrier protein expression. Front. Cell Dev. Biol. 8, 1342. doi:10.3389/fcell.2020.577221
 Aslam, M. N., McClintock, S. D., Jawad-Makki, M. A., Knuver, K., Ahmad, H. M., Basrur, V., et al. (2021). A multi-mineral intervention to modulate colonic mucosal protein profile: results from a 90-day trial in human subjects. Nutrients 13 (3), 939. doi:10.3390/nu13030939
 Attili, D., McClintock, S. D., Rizvi, A. H., Pandya, S., Rehman, H., Nadeem, D. M., et al. (2019). Calcium-induced differentiation in normal human colonoid cultures: cell-cell/cell-matrix adhesion, barrier formation and tissue integrity. PloS one 14 (4), e0215122. doi:10.1371/journal.pone.0215122
 Carrillo-Lopez, N., Fernandez-Martin, J. L., Alvarez-Harnandez, D., Gonzalez-Surez, I., Castro-Santos, P., Roman-Garcia, P., et al. (2010). Lanthanum activates calcium-sensing receptor and enhances sensitivity to calcium. Nephrol. Dial. Transpl. 25 (9), 2930–2937. doi:10.193/ndt/gfq124
 Hans, K. B., and Jana, T. (2018). Micronutrients in the life cycle: requirements and sufficient supply. NFS J. 11, 1–11. doi:10.1016/j.nfs.2018.03.001
 Huang, Y., Zhou, Y., Castiblanco, A., Yang, W., Brown, E. M., and Yang, J. J. (2009). Multiple Ca(2+)-binding sites in the extracellular domain of the Ca(2+)-sensing receptor corresponding to cooperative Ca(2+) response. Biochemistry 48, 388–398. doi:10.1021/bi8014604
 Keum, N., Aune, D., Greenwood, D. C., Ju, W., and Giovannucci, E. L. (2014). Calcium intake and colorectal cancer risk: dose-response meta-analysis of prospective observational studies. Int. J. Cancer 135 (8), 1940–1948. doi:10.1002/ijc.28840
 Lennie, T. A., Andreae, C., Rayens, M. K., Song, E. K., Dunbar, S. B., Pressler, S. J., et al. (2018). Micronutrient deficiency independently predicts time to event in patients with heart failure. J. Am. Heart Assoc. 7 (17), e007251. doi:10.1161/JAHA.117.007251
 McClintock, S. D., Attili, D., Dame, M. K., Richter, A., Silvestri, S. S., Berner, M. M., et al. (2020). Differentiation of human colon tissue in culture: effects of calcium on trans-epithelial electrical resistance and tissue cohesive properties. PLoS one 15 (3), e0222058. doi:10.1371/journal.pone.0222058
 Peterlik, M., and Cross, H. S. (2009). Vitamin D and calcium insufficiency-related chronic diseases: molecular and cellular pathophysiology. Eur. J. Clin. Nutr. 63 (12), 1377–1386. doi:10.1038/ejcn.2009.105
 Singh, N., Aslam, M. N., Varani, J., and Chakrabarty, S. (2015). Induction of calcium sensing receptor in human colon cancer cells by calcium, vitamin D and aquamin: promotion of a more differentiated, less malignant and indolent phenotype. Mol. Carcinog. 54 (7), 543–553. doi:10.1002/mc.22123
 Swaminath, S., Um, C. Y., Prizment, A. E., Lazovich, D., and Bostick, R. M. (2019). Combined mineral intakes and risk of colorectal cancer in postmenopausal women. Cancer Epidemiol. Biomarkers Prev. 28 (2), 392–399. doi:10.1158/1055-9965.EPI-18-0412
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.
The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.
Copyright © 2023 Aslam, Heffernan and Varani. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: The role of minerals and trace elements in chronic diseases		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Cell and Developmental Biology






OPS/images/logo.jpg
, frontiers ‘ Frontiers in Cell and Developmental Biology





