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The Role of MicroRNAs in Myeloid Cells during Graft-versus-Host Disease
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The successful treatment of various hematologic diseases with allogeneic hematopoietic cell transplantation is often limited by the occurrence of graft-versus-host disease (GvHD). Several microRNAs (miRs) have recently been shown to impact the biology of GvHD by regulating pro- as well as anti-inflammatory target genes. There is increasing evidence that a single miR can have different effects by preferentially targeting certain genes depending on the cell type that the miR is analyzed in. This review will focus on the role of miRs in myeloid cells during the development of acute and chronic GvHD and autoimmune diseases. Because miRs act on the expression of multiple target genes and may thereby influence the immune system at different functional levels, they are potentially attractive targets for the modification of allogeneic immune responses using miR mimics and inhibitors.
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MICRORNAs (miRs)

MicroRNAs are a class of single-stranded, non-coding RNA molecules about 22 nucleotides in length that control gene expression at the post-transcriptional level (1). Initially discovered in 1993, they turned out to be important evolutionarily conserved endogenous molecules causing RNA silencing in a sequence-specific manner (2). The biogenesis of miRs is under tight temporal and spatial control and its dysregulation is associated with various diseases (2).

THE ROLE OF miRs IN MYELOID CELLS DURING INFLAMMATION AND AUTOIMMUNITY

MicroRNAs are known to play a pivotal role in immunity, for example, by regulating toll-like receptor (TLR) signaling pathways (3). They can target multiple molecules, including TLRs themselves, their associated signaling proteins, transcription factors, and functional cytokines (3). While being crucial for physiological processes, several miRs exhibit altered expression under conditions of inflammation and autoimmune diseases.

Consistent with the fact that miR-146a controls innate immune cell and T cell responses, miR-146a was observed to be overexpressed in the peripheral blood mononuclear cells of patients with rheumatoid arthritis (4), Sjögren’s syndrome (5), and myasthenia gravis (6). Furthermore, the miR-146a single-nucleotide polymorphism (SNP) rs2910164 was linked to the development of childhood-onset asthma in Mexican patients (7), rheumatoid arthritis (8), and psoriasis (9). In addition to these descriptive findings in humans, miR-146a was also shown to function as an anti-inflammatory regulator in different cell subsets in mice (10). In dendritic cells (DCs), silencing of miR-146a and miR-146b expression was observed to enhance the production of IL-12p70, IL-6, TNF-α, and IFN-γ (11). Conversely, miR-146a overexpression in DCs was found to reduce cytokine production (11).

Another important regulatory miR in the context of immunity and inflammation is miR-155. A study reported miR-155 exerting pro-inflammatory effects in clinical and experimental arthritis, based on the observation that miR-155 was upregulated in synovial membrane and synovial fluid macrophages from rheumatoid arthritis patients (12). Mechanistically, increased expression of miR-155 in CD14+ monocytes was connected to reduced expression of the miR-155 target Src homology 2-containing inositol phosphatase-1 (SHIP-1) (12). Expression of SHIP-1, which is known to act as an inhibitor of inflammation, was also observed to be decreased in CD68+ cells in the synovial lining layer of rheumatoid arthritis patients compared to osteoarthritis patients (12). SHIP downregulation by miR-155 in myeloid cells was found in other models of inflammation as well, e.g., after infection with Francisella tularensis novicida (13).

THE ROLE OF miRs IN MYELOID CELLS DURING GRAFT-VERSUS-HOST DISEASE (GvHD)

In mouse models, GvHD biology was functionally linked to several miRs, e.g., miR-155 (14, 15), miR-100 (16), miR-146a (17, 18), miR-142 (19), miR-17-92 (20), miR-153-3p (21), and miR-29a (22).

Because miR-155 is known to regulate multiple steps in the activation of the innate immune system, a study addressed its role in DCs during GvHD in a murine model (15). By using miR-155−/− bone marrow chimeric mice receiving allogeneic hematopoietic cell transplantation (allo-HCT) and miR-155−/− recipient-type DCs, miR-155 deficiency in the latter cell subset was shown to cause protection from GvHD (15). Mechanistically, miR-155 deficiency led to dysregulation of the mitogen-activated protein kinase pathway and impaired DC migration toward adenosine triphosphate in vitro (15). In addition, activated miR-155−/− DCs displayed reduced expression of different purinergic receptors and other inflammasome-associated genes (15). Functionally, caspase-1 cleavage and IL-1β production were found to be reduced in miR-155−/− DCs upon activation. Consistent with the in vitro data, Nlrp3/miR-155 double knockout allo-HCT recipient mice displayed no increased protection from GvHD compared to Nlrp3−/− recipients, indicating a functional connection between miR-155 and the Nlrp3 inflammasome (15).

While playing a crucial role in immune responses, miR-146a was also found to act as an important regulator of recipient-type DC activation during GvHD. In a murine model, miR-146a deficiency of the hematopoietic system or injection of recipient-type miR-146a−/− DCs during allo-HCT was shown to cause GvHD exacerbation (18). Conversely, transfer of DCs transfected with miR-146a mimic was observed to reduce disease severity (18). Regarding the mechanism of action, absence of miR-146a in DCs increased activity of the JAK2/STAT1 pathway, leading to higher expression of class II transactivator (CIITA) and thereby causing elevated MHCII levels on the cell surface (18). Consistent with these findings, inhibition of JAK1/2 or CIITA knockdown in DCs was shown to prevent GvHD exacerbation induced by miR-146a−/− DCs. At the same time, the G/C polymorphism rs2910164 within the miR-146a gene of human allo-HCT recipients, causing reduced miR-146a levels, was found to be connected to a higher risk of developing severe acute GvHD (18). The patients with said SNP in hematopoietic cells exhibited higher MHCII levels on monocytes, which could be targeted by JAK1/2 inhibition (18).

There is increasing evidence that serum or plasma miRs could be used as biomarkers and predict acute GvHD onset (23). A study suggested miR-153-3p as a potential biomarker for GvHD because miR-153-3p plasma levels were elevated on day seven after allo-HCT in the GvHD group compared to the control group even though GvHD had not occurred yet (21). Through bioinformatics analysis, indoleamine 2,3-dioxygenase (IDO) was found to be a potential target protein of miR-153-3p (21). The authors hypothesized that IDO might inhibit the development of acute GvHD through various cell types in addition to lymphocytes, such as DCs and myeloid-derived suppressor cells (21). In a previous study, IDO expression in donor precursors of plasmacytoid DCs had been shown to suppress GvHD activity of donor T cells and to influence their polarization in a murine model (24). A well-characterized subset of human myeloid-derived suppressor cells consisting of CD14+HLA-DRlow/neg cells was found to suppress T cell responses via IDO in patients with GvHD (25).

A recent study showed that miR-29a expression was significantly upregulated in the serum of patients at acute GvHD onset compared to patients without GvHD after allo-HCT (22). Serum miR-29a was also elevated as early as 2 weeks before time of diagnosis of acute GvHD compared to time-matched control subjects (22). In a murine model of acute GvHD, treatment with locked nucleic acid anti-miR-29a reduced mortality while retaining graft-versus-leukemia effect (22). Functionally, miR-29a was shown to activate DCs via TLR7 and TLR8 activation with consecutive NF-κB pathway activity and secretion of the pro-inflammatory cytokines TNF-α and IL-6 (22). Based on these different studies on miRs in GVHD this type of molecule could become a potential target for the modification of the allogeneic immune response using miR mimics and antagomirs.

Different miRs that were studied in the setting of GvHD are listed in Table 1.

TABLE 1 | MicroRNAs (miRs) with a reported function in myeloid cells during graft-versus-host disease (GvHD).

[image: image1]

AUTHOR CONTRIBUTIONS

SC and RZ contributed equally to the writing of this mini review.

FUNDING

This work was supported by an ERC Consolidator grant (681012 GVHDCure to RZ) and DFG (SFB1160 project P14 to RZ).

REFERENCES

1. Faraoni I, Antonetti FR, Cardone J, Bonmassar E. miR-155 gene: a typical multifunctional microRNA. Biochim Biophys Acta (2009) 1792:497–505. doi:10.1016/j.bbadis.2009.02.013

2. Ha M, Kim VN. Regulation of microRNA biogenesis. Nat Rev Mol Cell Biol (2014) 15:509–24. doi:10.1038/nrm3838

3. He X, Jing Z, Cheng G. MicroRNAs: new regulators of toll-like receptor signalling pathways. Biomed Res Int (2014) 2014:945169. doi:10.1155/2014/945169

4. Pauley KM, Satoh M, Chan AL, Bubb MR, Reeves WH, Chan EK. Upregulated miR-146a expression in peripheral blood mononuclear cells from rheumatoid arthritis patients. Arthritis Res Ther (2008) 4:101. doi:10.1186/ar2493

5. Zilahi E, Tarr T, Papp G, Griger Z, Sipka S, Zeher M. Increased microRNA-146a/b, TRAF6 gene and decreased IRAK1 gene expressions in the peripheral mononuclear cells of patients with Sjögren’s syndrome. Immunol Lett (2012) 141:165–8. doi:10.1016/j.imlet.2011.09.006

6. Lu J, Yan M, Wang Y, Zhang J, Yang H, Tian FF, et al. Altered expression of miR-146a in myasthenia gravis. Neurosci Lett (2013) 555:85–90. doi:10.1016/j.neulet.2013.09.014

7. Jiménez-Morales S, Gamboa-Becerra R, Baca V, Del Río-Navarro BE, López-Ley DY, Velázquez-Cruz R, et al. miR-146a polymorphism is associated with asthma but not with systemic lupus erythematosus and juvenile rheumatoid arthritis in Mexican patients. Tissue Antigens (2012) 80:317–21. doi:10.1111/j.1399-0039.2012.01929.x

8. Bogunia-Kubik K, Wysoczańska B, Piatek D, Iwaszko M, Ciechomska M, Świerkot J. Significance of polymorphism and expression of miR-146a and NFkB1 genetic variants in patients with rheumatoid arthritis. Arch Immunol Ther Exp (2017) 64:131–6. doi:10.1007/s00005-016-0443-5

9. Srivastava A, Nikamo P, Lohcharoenkal W, Li D, Meisgen F, Xu Landén N, et al. MicroRNA-146a suppresses IL-17-mediated skin inflammation and is genetically associated with psoriasis. J Allergy Clin Immunol (2017) 139:550–61. doi:10.1016/j.jaci.2016.07.025

10. Boldin MP, Taganov KD, Rao DS, Yang L, Zhao JL, Kalwani M, et al. miR-146a is a significant brake on autoimmunity, myeloproliferation, and cancer in mice. J Exp Med (2011) 208:1189–201. doi:10.1084/jem.20101823

11. Park H, Huang X, Lu C, Cairo MS, Zhou X. MicroRNA-146a and microRNA-146b regulate human dendritic cell apoptosis and cytokine production by targeting TRAF6 and IRAK1 proteins. J Biol Chem (2015) 290:2831–41. doi:10.1074/jbc.M114.591420

12. Kurowska-Stolarska M, Alivernini S, Ballantine LE, Asquith DL, Millar NL, Gilchrist DS, et al. MicroRNA-155 as a proinflammatory regulator in clinical and experimental arthritis. Proc Natl Acad Sci U S A (2011) 108:11193–8. doi:10.1073/pnas.1019536108

13. Cremer TJ, Ravneberg DH, Clay CD, Piper-Hunter MG, Marsh CB, Elton TS, et al. miR-155 Induction by F. novicida but not the virulent F. tularensis results in SHIP down-regulation and enhanced pro-inflammatory cytokine response. PLoS One (2009) 4:e8508. doi:10.1371/journal.pone.0008508

14. Ranganathan P, Heaphy CE, Costinean S, Stauffer N, Na C, Hamadani M, et al. Regulation of acute graft-versus-host disease by microRNA-155. Blood (2012) 119:4786–97. doi:10.1182/blood-2011-10-387522

15. Chen S, Smith BA, Iype J, Prestipino A, Pfeifer D, Grundmann S, et al. MicroRNA-155-deficient dendritic cells cause less severe GVHD through reduced migration and defective inflammasome activation. Blood (2015) 126:103–12. doi:10.1182/blood-2014-12-617258

16. Leonhardt F, Grundmann S, Behe M, Bluhm F, Dumont RA, Braun F, et al. Inflammatory neovascularization during graft-versus-host disease is regulated by αv integrin and miR-100. Blood (2013) 121:3307–18. doi:10.1182/blood-2012-07-442665

17. Stickel N, Prinz G, Pfeifer D, Hasselblatt P, Schmitt-Graeff A, Follo M, et al. miR-146a regulates the TRAF6/TNF-axis in donor T cells during GvHD. Blood (2014) 124:2586–95. doi:10.1182/blood-2014-04-569046

18. Stickel N, Hanke K, Marschner D, Prinz G, Köhler M, Melchinger W, et al. MicroRNA-146a reduces MHC-II expression via targeting JAK/STAT-signaling in dendritic cells after stem cell transplantation. Leukemia (2017) 31(12):2732–41. doi:10.1038/leu.2017.137

19. Sun Y, Oravecz-Wilson K, Mathewson N, Wang Y, McEachin R, Liu C, et al. Mature T cell responses are controlled by microRNA-142. J Clin Invest (2015) 125:2825–40. doi:10.1172/JCI78753

20. Wu Y, Heinrichs J, Bastian D, Fu J, Nguyen H, Schutt S, et al. MicroRNA-17-92 controls T-cell responses in graft-versus-host disease and leukemia relapse in mice. Blood (2015) 126:1314–23. doi:10.1182/blood-2015-02-627356

21. Zhao XS, Wang YN, Lv M, Kong Y, Luo HX, Ye XY, et al. miR-153-3p, a new bio-target, is involved in the pathogenesis of acute graft-versus-host disease via inhibition of indoleamine-2,3-dioxygenase. Oncotarget (2016) 7:48321–34. doi:10.18632/oncotarget.10220

22. Ranganathan P, Ngankeu A, Zitzer NC, Leoncini P, Yu X, Casadei L, et al. Serum miR-29a Is upregulated in acute graft-versus-host disease and activates dendritic cells through TLR binding. J Immunol (2017) 198:2500–12. doi:10.4049/jimmunol.1601778

23. Paczesny S, Raiker N, Brooks S, Mumaw C. Graft-versus-host disease biomarkers: omics and personalized medicine. Int J Hematol (2013) 93:275–92. doi:10.1007/s12185-013-1406-9

24. Lu Y, Giver CR, Sharma A, Li JM, Darlak KA, Owens LM, et al. IFN-γ and indoleamine 2,3-dioxygenase signaling between donor dendritic cells and T cells regulates graft versus host and graft versus leukemia activity. Blood (2012) 119:1075–85. doi:10.1182/blood-2010-12-322891

25. Mougiakakos D, Jitschin R, von Bahr L, Poschke I, Gary R, Sundberg B, et al. Immunosuppressive CD14+HLA-DRlow/neg IDO+ myeloid cells in patients following allogeneic hematopoietic stem cell transplantation. Leukemia (2013) 27:377–88. doi:10.1038/leu.2012.215

Conflict of Interest Statement: 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.

Copyright © 2018 Chen and Zeiser. 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) or licensor 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/cover.jpg
? frontiers

in Immunology

The Role of MicroRNASs in
Myeloid Cells during Graft-
versus-Host Disease





OPS/images/fimmu-09-00004-t001.jpg
miR

miR-29a (pro-infiammatory)
miR-146a (anti-inflammatory)
miR-153-3p (pro-infiammatory)
miR-155 (pro-inflammatory)

Functional role in myeloid cells during GYHD

‘miR-29a promotes inflammation through activation of DCs via TLR7 and TLR8
miR-146a dampens the pro-inflammatory JAK/STAT/CITA/MHCII axis in DCs

miR-153-3p might enhance GVHD development by inhibiting DO expression in different cell subsets.
miR-155 is required for DC migration and Nirp3 inflammasome activation in the GvHD context
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