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A Possible Role for Idiotype/Anti-idiotype B–T Cell Interactions in Maintaining Immune Memory
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Variable regions of both B-cell receptors (BCRs) and T-cell receptors (TCRs) are completely formed in the postnatal period, and, consequently, no innate immune tolerance against these structures exists in adulthood. Indeed, antibodies (Abs) specific to TCRs have been found in both animals and humans. These facts clearly indicate the existence of B cells able to directly interact with T cells through binding of BCRs to TCRs without implicating major histocompatibility complex molecules. A novel paradigm is proposed in that the immune memory is based on idiotype/anti-idiotype interactions occurring between BCRs and TCRs following clearance of the antigen that elicited immune responses. It is envisaged that direct contact between memory T and B cells could provide co-stimulatory signals needed to sustain viability, growth, and differentiation of the interacting immune cells. In contrast, plasma cells originating from memory B-cells could produce anti-TCR Abs that inhibit direct BCR-to-TCR interactions, thereby downregulating the B- to T-cell contact-based immune memory via a negative feedback mechanism.
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INTRODUCTION

Acquired immunity is well known to facilitate the recognition of target antigens (Ags) and the development of more rapid and effective immune responses upon secondary Ag exposure. Mature T and B lymphocytes are central cellular mediators of specific immunity. Upon infection or vaccination, T-cell receptors (TCRs) recognize antigenic peptides bound to major histocompatibility complex (MHC) molecules on the surface of antigen-presenting cells. TCR signals cooperate with cytokine, co-stimulatory, chemokine, integrin, and metabolic signals to stimulate generation of memory T cells of different phenotypes (1, 2). Unlike TCRs, B-cell receptors (BCRs) recognize intact Ags not requiring Ag processing and implication of MHC molecules for Ag presentation. However, B-cell differentiation and generation of memory B cells require continuous co-stimulatory molecule-dependent and cytokine-dependent help from Ag-reactive T cells (3). Several lines of evidence have shown that memory T and B cells are major components of long-lasting anti-infectious immune protection status (2, 4, 5). The persistence of immune memory is arguably best exemplified by the finding that Ag-specific T cell responses can still be identified 60 years following vaccination against smallpox when antigenic re-encounter was completely excluded (2, 6). Immune responses to yellow fever vaccine provide further evidence that immune memory is long-lasting; indeed, immunity to this vaccine was shown to last for up to 35 years (2, 7, 8).

However, it still remains unclear how and why memory T and B cells survive for a long period of time in the absence of the cognate antigenic stimulus. The published data suggest a role for homeostatic cytokines, such as IL-7 and IL-15, in memory T and B cell survival (9). However, the absence of IL-7 or/and IL-15 only reduces, but not abrogates completely, the generation of the immune memory in different experimental models (9–11). From this, it appears that some memory cells can be generated and maintained in the absence of homeostatic cytokines.

Since variable BCR and TCR regions are extremely diversified, we propose that TCRs could elaborate three-dimensional antigenic images for BCRs and vice versa and that direct interactions between TCRs and BCRs could underlie long-term maintenance of the immune memory.

PARADIGM FOR B–T CELL INTERACTION IN MAINTAINING IMMUNE MEMORY

Mature lymphocytes express unique antigenic receptors, the functional form of which results from the random rearrangement of mini-gene segments, imprecise joining of nucleotide sequences, and random combinations of peptide chains. Although the human genome contains <25,000 genes, this developmental process can produce well over 100 million different Ag-binding specificities (12). Variable regions of BCRs and TCRs carry unique antigenic determinants that are called idiotypes (Ids). Since variable regions of Ag receptors are completely formed in the postnatal period, there is no innate immune tolerance against these molecules in adulthood. Indeed, Id determinants have been shown to be immunogenic and capable of eliciting anti-idiotype (anti-Id) immune responses (13–15). Variable regions of Ag receptors of Id-reactive lymphocytes are called anti-Id. Jerne’s network theory postulates that immune system functions as a regulatory network, which is based on Id/anti-Id interactions occurring between lymphocytes. The original network theory dealt only with immunoglobulins (Igs) with little reference to T cells (13). However, thymectomized (16) and nude (17) mice failed to produce anti-Id antibodies (Abs) in response to immunization with Id + Igs suggesting that Ig molecules are in fact T-cell dependent Ags. Indeed, in addition to inducing Abs, Ids/anti-Ids interactions also induce T cell responses. Such studies suggest that T cells need to be integrated into Id/anti-Id regulation network as well (18). In this context, it is tempting to rationalize that B cells present Id-derived peptides to Id-specific T cells in an MHC-restricted manner. Accordingly, Id-specific T cell clones have been shown to be capable of recognizing Id determinants in complexes with MHC class II molecules on the surface of B cells. Importantly, activation of B cells per se enables Ag presentation of both exogenous Ags and BCR-derived Id determinants to T cells (19, 20). In this case, B-cell induced TCR-mediated T-cell activation could promote generation of memory T cells, but not memory B-cells as membrane-associated BCRs remain uninvolved in Id/anti-Id immunoregulation.

We speculate that plasticity of BCR and TCR repertoires and structural similarities of Ag receptors in B and T cell compartments are important prerequisites that can facilitate contact and communications between B- and T-cells through direct Id/anti-Id BCR–TCR interactions. Furthermore, we hypothesize that some TCRs could form three-dimensional antigenic images recognizable by BCRs, while some BCRs with certain Id/anti-Id specificities could directly activate specific T cells. Thus, the nature of Id/anti-Id T- to B-cell collaboration could be bidirectional. We propose that upon TCR-induced BCR-mediated activation, B cells could upregulate the expression of co-stimulatory molecules, such as CD40, CD80, and CD86, thereby gaining strong T cell activation potential (21, 22). On the other hand, upon BCR-induced TCR-mediated activation, T-cells could upregulate the expression of CD40L and CD28 and provide cytokine-mediated, short distance co-stimulatory signals to B-cells. For example, such processes occur in T-cells under influence of cross-linking TCRs by particle-conjugated anti-CD3 Ab (23). As illustrated in Figure 1, contact-dependent bidirectional signaling could provide survival benefits for contacting lymphocytes in the absence of inflammation or lymphopenia when significant levels of any soluble viability factors including homeostatic cytokines are lacking in lymphocyte microenvironment. On the other hand, the functionality of a cluster consisting of interacting Id+- and anti-Id+-lymphocytes should be very plastic and extremely sensitive to the particular Ag that induced cluster formation in the first place.
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FIGURE 1 | A schematic representation of a T–B cell cluster responsible for the immune memory. Direct idiotype (Id)–anti-idiotype (anti-Id) interactions between T- and B-cells, as well as between B- and B-cells, favor membrane and cytokine co-stimulations of both Id+- and anti-Id+ immune cells, thereby maintaining the viability of each other in the absence of antigenic stimulation.



According to our novel paradigm for B–T cell interaction, upon clearance of the exogenous Ag from the body the survival of Ag-specific Id-bearing memory T and B cells would depend on the presence of anti-Id B- and T-cells, respectively. In this model, direct BCR–TCR interactions leading to their cross-linking, together with co-stimulatory signals, could provide both growth and differentiation stimuli for individual B- and T-cells. As a result, new memory B- and T-cells, as well as new effector T-cells and plasma cells could be generated and further implicated in Id/anti-Id immunoregulation network. As illustrated in Figure 2, by shielding TCRs and preventing their cross-linking with BCRs, plasma cell-derived TCR-specific Abs could downregulate memory cell expansion. In addition, TCR-specific Abs present at high concentrations could also induce apoptosis in target T cells or kill them via complement- and/or FcR-dependent mechanisms. Consistent with this scenario, there are published data to suggest that anti-Id TCR-specific Ab responses can be induced by T cell vaccination in multiple sclerosis patients (24) and that these responses are likely to contribute to the suppression of myelin basic protein-reactive T cells in vaccinated patients (25). Moreover anti-TCR Abs have been proposed to prevent miscarriages and/or preterm births by downregulating maternal T-cells directed against HLA-DR molecules of the fetus (26).
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FIGURE 2 | A role for IgG antibodies (Abs) in downregulating immune memory. Direct BCR-to-TCR interactions lead to growth and differentiation of memory B and T cells. Subsequently, plasma cells originated from memory B cells produce IgG Abs, which shield TCRs, thereby inhibiting not only growth and differentiation activity of memory B and T cells but also the functionality of effector T cells, including helper T cells.



The proposed paradigm for B–T cell interaction can be further developed to include other cellular mechanisms involved in controlling memory cell compartment, such as CD8+ effector cells capable of destroying B-cells through TCR-to-BCR interactions, which could be implicated in the downregulation of immune responses. Moreover, anti-Id Abs could have a significant effect on Id+ B-cell-mediated responses. Thus, the immune memory could be regulated by continuously working feedback mechanisms. We hypothesize that reduction in growth and differentiation activity of memory cells would lead to a decrease in plasma cells producing TCR-binding Abs, with the subsequent strengthening of BCR–TCR interactions and enhancement of growth and differentiation activity of immune cells responsible for the immune memory. Re-entry of Ag into the body should also upregulate the immune memory both by direct stimulation of memory B cells and reduction in Ag/TCR-specific Ab levels.

The novel paradigm proposed here envisages that primary immune responses lead to attaining the particular quantitative levels of Ag-specific lymphocytes necessary and sufficient for the induction of Id-specific immune responses and subsequent generation of stable Id/anti-Id T–B interactions responsible for immune memory formation. In this model, potentially auto-aggressive lymphocytes are initially depleted or suppressed by immunoregulatory mechanisms. Consequently, under normal conditions, a self-reactive lymphocyte clone is unlikely to achieve the quantitative threshold level necessary to generate functionally significant Id/anti-Id T–B cell interactions. However, should this level be reached, this situation could generate the pathological immune memory leading to the development of autoimmune diseases. According to our concept, an immunetheraupeutic approach based on vaccination with self-reactive T-cells could focus on the stimulation of Id-specific Abs shielding self-reactive TCRs. In this context, we also propose an important role of “ natural” T-cell vaccination in preventing autoimmune diseases. Indeed, pronounced auto-aggressive lymphocyte expansion caused by a particular Ag stimulus could induce immune memory via a B- and T-cell contact mechanism and subsequently stimulate the production of a large amount of anti-TCR Abs blocking effectively the activity of immune memory-based, auto-aggressive mechanisms. To our opinion, a largely similar mechanism could also underlie high-dose Ag-specific tolerance.

We also hypothesize that the development of IgE-mediated allergies could be, at least in part, due to FcR-mediated, high affinity adsorption of IgE by cells, resulting in their negligible ability of inactivate the particular anti-Id TCRs involved in the upregulation of allergic responses. Should this be the case, conventional allergen-specific therapy could ameliorate allergic process through inducing production of allergen-specific IgG Abs capable of shielding effectively such TCRs.

CONCLUSION

The paradigm formulated in this paper suggests that the long-term maintenance of the immune memory occurring in the absence of the Ag that induced adaptive immunogenesis is based on the immunogenicity of BCRs and TCRs, as well as on the ability of memory B and T cells to support closely growth and differentiation activity of each other in a contact-dependent manner.

AUTHOR CONTRIBUTIONS

VS is responsible for the main idea and writing of the manuscript. GS is responsible for making the figures and reference list.

Abbreviations

Ab, antibody; Ag, antigen; anti-Id, anti-idiotype; BCR, B-cell receptor; Ig, immunoglobulin; MHC, major histocompatibility complex; TCR, T-cell receptor.

REFERENCES

1. Dutton RW, Bradley LM, Swain SL. T cell memory. Annu Rev Immunol (1998) 16:201–23. doi:10.1146/annurev.immunol.16.1.201

2. Tanel A, Fonseca SG, Yassine-Diab B, Bordi R, Zeidan J, Shi Y, et al. Cellular and molecular mechanisms of memory T-cell survival. Expert Rev Vaccines (2009) 8:299–312. doi:10.1586/14760584.8.3.299

3. Zhu J, Paul WE. Heterogeneity and plasticity of T helper cells. Cell Res (2010) 20:4–12. doi:10.1038/cr.2009.138

4. Sant AJ, Chaves FA, Krafcik FR, Lazarski CA, Menges P, Richards K, et al. Immunodominance in CD4 T-cell responses: implications for immune responses to influenza virus and for vaccine design. Expert Rev Vaccines (2007) 6:357–68. doi:10.1586/14760584.6.3.357

5. Wrammert J, Ahmed R. Maintenance of serological memory. Biol Chem (2008) 389:537–9. doi:10.1515/BC.2008.066

6. Combadiere B, Boissonnas A, Carcelain G, Lefranc E, Samri A, Bricaire F, et al. Distinct time effects of vaccination on long-term proliferative and IFN-gamma-producing T cell memory to smallpox in humans. J Exp Med (2004) 199:1585–93. doi:10.1084/jem.20032083

7. Coutois G. [Duration of immunity after yellow fever vaccination]. Ann Soc Belg Med Trop (1920) 1954(34):9–12.

8. Poland JD, Calisher CH, Monath TP, Downs WG, Murphy K. Persistence of neutralizing antibody 30-35 years after immunization with 17D yellow fever vaccine. Bull World Health Organ (1981) 59:895–900.

9. Boyman O, Krieg C, Homann D, Sprent J. Homeostatic maintenance of T cells and natural killer cells. Cell Mol Life Sci (2012) 69:1597–608. doi:10.1007/s00018-012-0968-7

10. Bhadra R, Guan H, Khan IA. Absence of both IL-7 and IL-15 severely impairs the development of CD8 T cell response against Toxoplasma gondii. PLoS One (2010) 5:e10842. doi:10.1371/journal.pone.0010842

11. Li J, Valentin A, Ng S, Beach RK, Alicea C, Bergamaschi C, et al. Differential effects of IL-15 on the generation, maintenance and cytotoxic potential of adaptive cellular responses induced by DNA vaccination. Vaccine (2015) 33:1188–96. doi:10.1016/j.vaccine.2014.12.046

12. Paul WE, editor. Fundamental Immunology. 7th ed. Philadelphia: Lippincott Williams & Wilkins (2013). p. 1–1828.

13. Jerne NK. Towards a network theory of the immune system. Ann Immunol (Paris) (1974) 125C:373–89.

14. Seledtsov VI, Seledtsova GV. A pendular mechanism for maintenance of the immune memory. Med Hypotheses (2001) 56:160–2. doi:10.1054/mehy.2000.1132

15. Kieber-Emmons T, Monzavi-Karbassi B, Pashov A, Saha S, Murali R, Kohler H. The promise of the anti-idiotype concept. Front Oncol (2012) 2:196. doi:10.3389/fonc.2012.00196

16. Cosenza H, Augustin AA, Julius MH. Idiotypes and anti-idiotypes as probes in analysis of immunoregulation. Cold Spring Harb Symp Quant Biol (1977) 41(Pt 2):709–18. doi:10.1101/SQB.1977.041.01.081

17. Schrater AF, Goidl EA, Thorbecke GJ, Siskind GW. Production of auto-anti-idiotypic antibody during the normal immune response to TNP-ficoll. III. Absence in nu/nu mice: evidence for T-cell dependence of the anti-idiotypic-antibody response. J Exp Med (1979) 150:808–17. doi:10.1084/jem.150.1.138

18. Jacobsen JT, Lunde E, Sundvold-Gjerstad V, Munthe LA, Bogen B. The cellular mechanism by which complementary Id+ and anti-Id antibodies communicate: T cells integrated into idiotypic regulation. Immunol Cell Biol (2010) 88:515–22. doi:10.1038/icb.2009.118

19. Osterroth F, Garbe A, Fisch P, Veelken H. Stimulation of cytotoxic T cells against idiotype immunoglobulin of malignant lymphoma with protein-pulsed or idiotype-transduced dendritic cells. Blood (2000) 95:1342–9.

20. Wen YJ, Barlogie B, Yi Q. Idiotype-specific cytotoxic T lymphocytes in multiple myeloma: evidence for their capacity to lyse autologous primary tumor cells. Blood (2001) 97:1750–5. doi:10.1182/blood.V97.6.1750

21. Weber MS, Hemmer B. Cooperation of B cells and T cells in the pathogenesis of multiple sclerosis. Results Probl Cell Differ (2010) 51:115–26. doi:10.1007/400_2009_21

22. Seledtsov VI, Goncharov AG, Seledtsova GV. Clinically feasible approaches to potentiating cancer cell-based immunotherapies. Hum Vaccin Immunother (2015) 11:851–69. doi:10.1080/21645515.2015.1009814

23. Li Y, Kurlander RJ. Comparison of anti-CD3 and anti-CD28-coated beads with soluble anti-CD3 for expanding human T cells: differing impact on CD8 T cell phenotype and responsiveness to restimulation. J Transl Med (2010) 8:104. doi:10.1186/1479-5876-8-104

24. Zang YC, Hong J, Rivera VM, Killian J, Zhang JZ. Preferential recognition of TCR hypervariable regions by human anti-idiotypic T cells induced by T cell vaccination. J Immunol (2000) 164:4011–7. doi:10.4049/jimmunol.164.8.4011

25. Hong J, Zang YC, Tejada-Simon MV, Li S, Rivera VM, Killian J, et al. Reactivity and regulatory properties of human anti-idiotypic antibodies induced by T cell vaccination. J Immunol (2000) 165:6858–64. doi:10.4049/jimmunol.165.12.6858

26. Ito K, Tanaka T, Tsutsumi N, Obata F, Kashiwagi N. Possible mechanisms of immunotherapy for maintaining pregnancy in recurrent spontaneous aborters: analysis of anti-idiotypic antibodies directed against autologous T-cell receptors. Hum Reprod (1999) 14:650–5. doi:10.1093/humrep/14.3.650

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 © 2017 Seledtsov and Seledtsova. 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

A Possible Role for
Idiotype/Anti-idiotype B-T Cell
Interactions in Maintaining
Immune Memory





OPS/images/fimmu-08-00409-g001.jpg
Abbreviations:

, Id-anti-Id interactions;
, costimulatory interactions.





OPS/images/fimmu-08-00409-g002.jpg
Abbreviations: Bm, memory B cell; Tm, memory T cell; Tef, effector T cell; PC, plasmanc ce;
M BCR: E.TCR: Y . 15G antibody





OPS/images/logo.jpg
Ghesk for

i@





