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Dear Editor,



We applaud the innovative work by Casati et al., which explored the effects of delta-tocotrienol (δ-TT) in promoting osteoblast migration [1]. Vitamin E is reported as a nutrient important for maintaining bone health in epidemiological studies [2]. However, the statement “osteoporosis has been correlated with low intake, and serum levels of TTs” is inaccurate because dietary tocotrienol level has not been shown to correlate with bone health, probably due to the absence of a reliable dietary questionnaire that could assess the tocotrienol intake. Nevertheless, there is an abundance of preclinical evidence on the beneficial skeletal effects of tocotrienol. Most in vitro studies focus on the differentiation of osteoblasts, while the animal studies used bone cellular histomorphometry to quantify the bone cells in osteopenic rats treated with tocotrienol [3,4]. The work by Casati et al. is the first that focuses on the influence of tocotrienol on osteoblast migration, which plays an essential role in fracture healing. More accurately, mesenchymal stem cells migrated to the fracture site during fibrovascular phase and callus formation will differentiate into osteoblasts and perform bone formation [5]. A previous study also showed that particles incorporated with annatto tocotrienol rich in δ-TT could enhance callus strength of male rats with long bone fracture fixed with plate and screws [6]. The finding of δ-TT enhances the transcriptional activities of β-catenin also echoes our previous study, which demonstrated that annatto tocotrienol supplementation (60 mg/kg/day for 2 months) increased beta-catenin gene expression in the bone of orchidectomized rats [7].



We would like to put forward a few recommendations regarding experiments. Casati et al. used LY294002 to prove the involvement of PI3K in mediating the pro-migratory effects of δ-TT on osteoblasts. LY294002 is a prototype PI3K inhibitor which possesses significant off-target effects by inhibiting several other proteins/enzymes in its working concentration (reviewed in [8,9]). We also wonder why assessment of the efficiency of LY294002 in reducing phospho-Akt level, with or without the δ-TT treatment, was not performed. A similar study treating MC3T3-E1 cells with LY294002 showed that at 20 µM, it suppressed the baseline phospho-Akt level by 50% [10]. In the same study, LY294002 also significantly downregulated the β-catenin expression by 70% in the cells [10], suggesting the involvement of other pathways other than PI3k signalling in suppressing β-catenin. We also noted increased cellular debris in the group treated with LY294002 (Figure 5C). LY294002 is known to induce cell death at the concentration of 5–25 µM [11,12] which might interfere with the MC3T3-E1 cell migration. Therefore, specific and potent PI3k inhibitors like pictilisib or dactolisib may be more suitable in this study.



On the other hand, procaine is a common local anaesthetic agent that block voltage-gated sodium channel (reviewed in [13]). At 1 µM, it inhibits osteo/odontogenesis of mesenchymal stem cells by suppressing nuclear translocation of β-catenin and upregulating glycogen synthase kinase-3β [14]. It also reactivates the expression of Wnt inhibitory factor-1 and reduces β-catenin levels in lung cancer cells at higher concentration (0.2–0.5 mM) [15]. It could inhibit DNA-methyltransferases in colon cancer cells at 0.5 mM [16]. Yet, it is not an established Wnt/β-catenin pathway inhibitor due to its broad spectrum of action. We recommend the authors to assess the effects of procaine on glycogen synthase kinase-3β expression and/or β-catenin phosphorylation or nuclear translocation, with or without the δ-TT. An established Wnt/β-catenin inhibitor (reviewed in [17]) or gene silencing [18] would be more conclusive approaches in determining the role of Wnt/β-catenin in mediating the δ-TT on MC3T3 cells.



Previously, Casati et al. demonstrated that δ-TT induced MC3T3-E1 cell proliferation upon 2 h of treatment [19]. However, in the current study, a 24 h 10 µg/mL of δ-TT inhibited the MC3T3-E1 cell proliferation by causing G1 arrest (Figure 1). The procedure of cell cycle analysis by employing 0.1% Nonidet (assuming it is nonident P-40 detergent) in permeabilization of live cells is not common compared to 70% ethanol fixation. Treatment of live cells with detergents ruptures the cell membrane and allows the entry of fluorochromes like PI to DNA [20]. We suspect the number of mitotic cells was underestimated because mitotic cells lack nuclear membrane, therefore chromosomes and DNAs could leak out from cells during pipetting or mixing [20]. A higher number of mitotic cells (M phase) might form upon δ-TT treatment, but the chromosomes and DNAs of these cells were lost during the pipetting/transferring. Besides, from our experience, a ModFit LTTM software estimates cell cycle phases better via Gaussian curves modelling estimation, in contrast to typical population gating via Cell Quest software. The coefficient of variation (CV) value also could be calculated via the ModFit LT software to ensure optimal consistency (CV < 6%, better if < 3%) [20].



Nevertheless, the findings of Casati et al. are eye-opening and call for testing of other individual vitamin E isomers (including alpha-tocopherol, which is the most ubiquitous in our body) and mixture (mimicking common tocotrienol supplements in the market) in the migration of osteoblasts.






Funding


Universiti Kebangsaan Malaysia funds the researchers through Fundamental Research Grant (FF-2018-405).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Casati, L.; Pagani, F.; Maggi, R.; Ferrucci, F.; Sibilia, V. Food for Bone: Evidence for a Role for Delta-Tocotrienol in the Physiological Control of Osteoblast Migration. Int. J. Mol. Sci. 2020, 21, 4661. [Google Scholar] [CrossRef] [PubMed]

	



Chin, K.Y.; Ima-Nirwana, S. The effects of alpha-tocopherol on bone: A double-edged sword? Nutrients 2014, 6, 1424. [Google Scholar] [CrossRef] [PubMed]

	



Chin, K.Y.; Ima-Nirwana, S. The biological effects of tocotrienol on bone: A review on evidence from rodent models. Drug Des. Devel. 2015, 9, 2049–2061. [Google Scholar] [CrossRef] [PubMed]

	



Wong, S.K.; Mohamad, N.-V.; Ibrahim, N.I.; Chin, K.-Y.; Shuid, A.N.; Ima-Nirwana, S. The Molecular Mechanism of Vitamin E as a Bone-Protecting Agent: A Review on Current Evidence. Int. J. Mol. Sci. 2019, 20, 1453. [Google Scholar] [CrossRef] [PubMed]

	



Bahney, C.S.; Zondervan, R.L.; Allison, P.; Theologis, A.; Ashley, J.W.; Ahn, J.; Miclau, T.; Marcucio, R.S.; Hankenson, K.D. Cellular biology of fracture healing. J. Orthop. Res. 2019, 37, 35–50. [Google Scholar] [CrossRef] [PubMed]

	



Ibrahim, N.; Khamis, M.F.; Mod Yunoh, M.F.; Abdullah, S.; Mohamed, N.; Shuid, A.N. Targeted delivery of lovastatin and tocotrienol to fracture site promotes fracture healing in osteoporosis model: Micro-computed tomography and biomechanical evaluation. PLoS ONE 2014, 9, e115595. [Google Scholar] [CrossRef] [PubMed]

	



Chin, K.Y.; Ima-Nirwana, S. Effects of annatto-derived tocotrienol supplementation on osteoporosis induced by testosterone deficiency in rats. Clin. Interv. Aging 2014, 9, 1247–1259. [Google Scholar] [CrossRef] [PubMed]

	



Arrowsmith, C.H.; Audia, J.E.; Austin, C.; Baell, J.; Bennett, J.; Blagg, J.; Bountra, C.; Brennan, P.E.; Brown, P.J.; Bunnage, M.E.; et al. The promise and peril of chemical probes. Nat. Chem. Biol. 2015, 11, 536–541. [Google Scholar] [CrossRef] [PubMed]

	



Workman, P.; Clarke, P.A.; Raynaud, F.I.; van Montfort, R.L. Drugging the PI3 kinome: From chemical tools to drugs in the clinic. Cancer Res. 2010, 70, 2146–2157. [Google Scholar] [CrossRef] [PubMed]

	



Wu, X.; Li, S.; Xue, P.; Li, Y. Liraglutide Inhibits the Apoptosis of MC3T3-E1 Cells Induced by Serum Deprivation through cAMP/PKA/beta-Catenin and PI3K/AKT/GSK3beta Signaling Pathways. Mol. Cells 2018, 41, 234–243. [Google Scholar] [CrossRef] [PubMed]

	



Gong, C.; Liao, H.; Wang, J.; Lin, Y.; Qi, J.; Qin, L.; Tian, L.Q.; Guo, F.J. LY294002 induces G0/G1 cell cycle arrest and apoptosis of cancer stem-like cells from human osteosarcoma via down-regulation of PI3K activity. Asian Pac. J. Cancer Prev. 2012, 13, 3103–3107. [Google Scholar] [CrossRef] [PubMed]

	



Jiang, H.; Fan, D.; Zhou, G.; Li, X.; Deng, H. Phosphatidylinositol 3-kinase inhibitor(LY294002) induces apoptosis of human nasopharyngeal carcinoma in vitro and in vivo. J. Exp. Clin. Cancer Res. 2010, 29, 34. [Google Scholar] [CrossRef] [PubMed]

	



Reuter, U.R.M.; Oettmeier, R.; Nazlikul, H. Procaine and Procaine-Base-Infusion: A Review of the Safety and Fields of Application after Twenty Years of Use. Clin. Res. 2018, 4. [Google Scholar] [CrossRef]

	



Herencia, C.; Diaz-Tocados, J.M.; Jurado, L.; de Oca, M.A.; Rodriguez-Ortiz, M.E.; Martin-Alonso, C.; Martinez-Moreno, J.M.; Vergara, N.; Rodriguez, M.; Almaden, Y.; et al. Procaine Inhibits Osteo/Odontogenesis through Wnt/beta-Catenin Inactivation. PLoS ONE 2016, 11, e0156788. [Google Scholar] [CrossRef] [PubMed]

	



Gao, Z.; Xu, Z.; Hung, M.S.; Lin, Y.C.; Wang, T.; Gong, M.; Zhi, X.; Jablons, D.M.; You, L. Procaine and procainamide inhibit the Wnt canonical pathway by promoter demethylation of WIF-1 in lung cancer cells. Oncol. Rep. 2009, 22, 1479–1484. [Google Scholar] [CrossRef] [PubMed]

	



Villar-Garea, A.; Fraga, M.F.; Espada, J.; Esteller, M. Procaine is a DNA-demethylating agent with growth-inhibitory effects in human cancer cells. Cancer Res. 2003, 63, 4984–4989. [Google Scholar] [PubMed]

	



Kahn, M. Can we safely target the WNT pathway? Nat. Rev. Drug Discov. 2014, 13, 513–532. [Google Scholar] [CrossRef] [PubMed]

	



Ganesh, S.; Shui, X.; Craig, K.P.; Koser, M.L.; Chopda, G.R.; Cyr, W.A.; Lai, C.; Dudek, H.; Wang, W.; Brown, B.D.; et al. beta-Catenin mRNA Silencing and MEK Inhibition Display Synergistic Efficacy in Preclinical Tumor Models. Mol. Cancer 2018, 17, 544–553. [Google Scholar] [CrossRef] [PubMed]

	



Casati, L.; Pagani, F.; Limonta, P.; Vanetti, C.; Stancari, G.; Sibilia, V. Beneficial effects of delta-tocotrienol against oxidative stress in osteoblastic cells: Studies on the mechanisms of action. Eur. J. Nutr. 2020, 59, 1975–1987. [Google Scholar] [CrossRef] [PubMed]

	



Darzynkiewicz, Z. Critical aspects in analysis of cellular DNA content. Curr. Protoc. Cytom. 2010, 52, 7.2.1–7.2.8. [Google Scholar] [CrossRef] [PubMed]







© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijms-21-06674


  
    		
      ijms-21-06674
    


  




  





media/file0.png





