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In the study of Chen et al. [1] the authors used 3-hydroxybutyric acid (3-OBA) as a specific GPR81 (hydroxycarboxylic acid receptor-1—HCA1) receptor antagonist. In their comment, Nezhady and Chemtob [2] comprehensively demonstrated that any direct evidence for a GPR81 receptor- (or signaling)-antagonizing action is lacking in the scientific literature. Instead, 3-OBA is an established ligand of the HCA2 receptor [3]. Since Chen et al. [1] built up their reasoning on experimental data solely obtained with the putative GPR81-inhibitor 3-OBA, part of their conclusions concerning the involvement of the GPR81 receptor or its downstream signaling may be in question. Nevertheless, we decided not to retract the study from publication for the following reasons.



Several studies (most of them quoted in the comment by Nezhady and Chemtob [2] to demonstrate the missing evidence for a GPR81 (HCA1) receptor-antagonizing action of 3-OBA) provide overwhelming evidence that 3-OBA antagonizes the cellular effects of extracellularly applied lactate or those of the established specific GPR81 agonist 3,5-dihydroxybenzoic acid (3,5-DHBA) [4] in various model systems. In particular, Khatib-Massalha et al. [5] have impressively demonstrated that 3-OBA mimics the effect of GPR81 knockout on lactate-induced upregulation of liver neutrophils and antagonizes lactate effects in vivo. Moreover, Shen et al. [6] have shown that 3-OBA blunts the hazardous effect of oxygen and glucose depletion on GPR81-transfected N2A cells, while lactate reverses this 3-OBA effect. Notably, a MEK inhibitor abolishes this protective 3-OBA action that might hint at an interference of 3-OBA with the MAP kinase pathway. As a matter of fact, lactate and the specific GPR81 agonist 3,5-DHBA reportedly increase myotube diameter in mouse C2C12 skeletal muscle cells in a MEK-inhibitor-sensitive manner [7]. In addition, 3-OBA has been proven to attenuate lactate-induced nuclear accumulation of β-arrestin2, p300 and CBP and to prevent lactate-induced phosphorylation of LATS1 and YAP, preserving YAP expression, to blunt lactate-promoted HMGB1 acetylation and to suppress lactate-increased exosomal HMGB1 levels in macrophages [8]. Furthermore, 3-OBA reportedly abolishes while the specific GPR81 agonist 3,5-DHBA mimics lactate effects in breast cancer cells [9], and finally, 3-OBA has been shown to abrogate lactate- and 3,5-DHBA-mediated processes in intestinal stem-cell-mediated epithelial development, mimicking effects of GPPR81 knockout [10].



Although proof of interference of 3-OBA with the HCA1 (GPR81) receptor directly or with its downstream signaling is missing, as legitimately criticized by Nezhady and Chemtob [2], this incomplete list of observations indicates that 3-OBA functionally blocks GPR81-triggered cellular effects. Most importantly, independently of the underlying mechanisms, the data in the study by Chen et al. [1] are clinically relevant, demonstrating the synergistic anti-tumor effect of 3-OBA, metformin and PD-1/PD-L1 blockade in vivo.



We want to thank Dr. Nezhady and Dr. Chemtob for bringing this issue to our attention.






Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Chen, S.; Zhou, X.; Yang, X.; Li, W.; Li, S.; Hu, Z.; Ling, C.; Shi, R.; Liu, J.; Chen, G.; et al. Dual Blockade of Lactate/GPR81 and PD-1/PD-L1 Pathways Enhances the Anti-Tumor Effects of Metformin. Biomolecules 2021, 11, 1373. [Google Scholar] [CrossRef] [PubMed]

	



Mohammad Nezhady, M.A.; Chemtob, S. 3-OBA Is Not an Antagonist of GPR81. Front. Pharmacol. 2021, 12, 803907. [Google Scholar] [CrossRef] [PubMed]

	



Taggart, A.K.; Kero, J.; Gan, X.; Cai, T.Q.; Cheng, K.; Ippolito, M.; Ren, N.; Kaplan, R.; Wu, K.; Wu, T.J.; et al. (D)-beta-Hydroxybutyrate inhibits adipocyte lipolysis via the nicotinic acid receptor PUMA-G. J. Biol. Chem. 2005, 280, 26649–26652. [Google Scholar] [CrossRef] [PubMed]

	



Liu, C.; Kuei, C.; Zhu, J.; Yu, J.; Zhang, L.; Shih, A.; Mirzadegan, T.; Shelton, J.; Sutton, S.; Connelly, M.A.; et al. 3,5-Dihydroxybenzoic acid, a specific agonist for hydroxycarboxylic acid 1, inhibits lipolysis in adipocytes. J. Pharmacol. Exp. Ther. 2012, 341, 794–801. [Google Scholar] [CrossRef]

	



Khatib-Massalha, E.; Bhattacharya, S.; Massalha, H.; Biram, A.; Golan, K.; Kollet, O.; Kumari, A.; Avemaria, F.; Petrovich-Kopitman, E.; Gur-Cohen, S.; et al. Lactate released by inflammatory bone marrow neutrophils induces their mobilization via endothelial GPR81 signaling. Nat. Commun. 2020, 11, 3547. [Google Scholar] [CrossRef]

	



Shen, Z.; Jiang, L.; Yuan, Y.; Deng, T.; Zheng, Y.R.; Zhao, Y.Y.; Li, W.L.; Wu, J.Y.; Gao, J.Q.; Hu, W.W.; et al. Inhibition of G protein-coupled receptor 81 (GPR81) protects against ischemic brain injury. CNS Neurosci. Ther. 2015, 21, 271–279. [Google Scholar] [CrossRef]

	



Ohno, Y.; Oyama, A.; Kaneko, H.; Egawa, T.; Yokoyama, S.; Sugiura, T.; Ohira, Y.; Yoshioka, T.; Goto, K. Lactate increases myotube diameter via activation of MEK/ERK pathway in C2C12 cells. Acta Physiol. 2018, 223, e13042. [Google Scholar] [CrossRef] [PubMed]

	



Yang, K.; Fan, M.; Wang, X.; Xu, J.; Wang, Y.; Tu, F.; Gill, P.S.; Ha, T.; Liu, L.; Williams, D.L.; et al. Lactate promotes macrophage HMGB1 lactylation, acetylation, and exosomal release in polymicrobial sepsis. Cell Death Differ. 2022, 29, 133–146. [Google Scholar] [CrossRef] [PubMed]

	



Longhitano, L.; Forte, S.; Orlando, L.; Grasso, S.; Barbato, A.; Vicario, N.; Parenti, R.; Fontana, P.; Amorini, A.M.; Lazzarino, G.; et al. The Crosstalk between GPR81/IGFBP6 Promotes Breast Cancer Progression by Modulating Lactate Metabolism and Oxidative Stress. Antioxidants 2022, 11, 275. [Google Scholar] [CrossRef] [PubMed]

	



Lee, Y.S.; Kim, T.Y.; Kim, Y.; Lee, S.H.; Kim, S.; Kang, S.W.; Yang, J.Y.; Baek, I.J.; Sung, Y.H.; Park, Y.Y.; et al. Microbiota-Derived Lactate Accelerates Intestinal Stem-Cell-Mediated Epithelial Development. Cell Host Microbe 2018, 24, 833–846.e836. [Google Scholar] [CrossRef] [PubMed]












	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 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 (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  biomolecules-12-00573


  
    		
      biomolecules-12-00573
    


  




  





media/file0.png





