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Abstract
Immunosenescence is the term commonly used to describe age-related changes in immune responses with aging. It renders older adults
more prone to infectious diseases and age-related diseases like cancer, Alzheimer’s, osteoporosis, and autoimmunity. This commentary
describes molecular signals that promote imbalance in the ratio of naïve and memory T cells and key findings regarding age-related
defects in the function of T cells, and how the functional defect can be compensated in vaccine design.
Keywords: Immunosenescence; Memory T inflation; Aging; Immune Responses, T Cell Immunity

Introduction
The immune system is profoundly affected by aging resulting in a condition called immunosenescence in elderly individuals
(>65 years old). Immunosenescence results in increased susceptibility to infections, poor response to treatments and vaccination,
increased prevalence of cancer, and also autoimmunity leading to diseases such as atherosclerosis and diabetes mellitus [1,2].
Antibody responses generated early in life, before the onset of immunosenescence, persist well into later life [3]. Similarly, T-cell
memory generated during youth functions well into old age, whereas immune memory produced later in life (i.e., elderly) functions
poorly [4]. Due to the accumulation of age-related defects, T-cell functions in the elderly decrease thus limiting effective immune
responses against pathogens [3,5]. The general opinion is that naïve T cells become progressively dysfunctional with aging, but
the memory T cells remain functionally intact [6-8]. Studies have suggested that naïve T cell dysfunction in elderly occurs due to
the defects in the formation of T cell immunological synapses and early T cell receptor (TCR) signaling events [9]. Furthermore,
naïve T cells from aged individuals exhibit numerous functional defects, including shorter telomeres, a restricted TCR repertoire,
reduced cytokine production, and impaired expansion and differentiation into effector cells following antigen stimulation [10,11].
Two major age-related changes have been noticed in cell-mediated immunity: the reduction in thymic output (i.e., reduction in
naïve T cells) and increase in the number of antigens experienced memory cells, particularly senescent cells [11]. It was reported
that thymic involution, which is characterized by progressive thymic atrophy and reduced thymopoiesis, results into a decreased
output of regulatory T (Tregs) cells as well, and thus might be a contributing factor to old-age related autoimmunity [11,12]. The
upregulation of thymosupressive cytokines (i.e., interleukin-6 (IL-6), leukemia inhibitory factor (LIF); and oncostatin M (OSM) in
aged humans and mice have been linked to thymic atrophy [13]. Reduction of IL-7 production by stromal cells is also found to be
one of the causes of thymic atrophy [14,15] because IL-7 is necessary for thymopoiesis that promotes cell survival by maintaining
the anti-apoptotic protein Bcl-2 and inducing VDJ recombination [16]. Due to decreased thymic output, the number of circulating
naïve T cells (i.e. CD45R+ CD28+ CD62+) decrease in the bloodstream and lymph nodes [13,17]. The decrease in thymopoiesis
with advancing age causes a shift in the ratio of naïve to memory T cells [18]. Studies have demonstrated that repetitively antigen
exposure (chronic infection) in elders is a major factor that is involved in the generation and maintenance of memory T cell
inflation [19, 20]. Firstly, it was found inflationary memory T cells show phenotypical signs of activation such as low expression of
CD62L, CD127, CD27, and CD28 [21,22]. In another set of experiments, authors found that the adoptive transfer of inflationary
T cells into naïve recipients results in a failure to divide and survive, whereas the same cells are maintained when transferred into
chronically infected mice [23]. Also, when an epitope that, in the context of murine cytomegalovirus (MCMV) or herpes simplex
virus-1 (HSV-1) infection, induces T cell inflation is expressed in a recombinant vaccinia virus, memory inflation is not elicited
[21]. Furthermore, it was demonstrated that once an infection is established, systemic viral production is not a prerequisite and
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merely the presence of the virus in a latent state is sufficient to drive memory T cell inflation [24]. Molecular signals as induced by
cytokine (IL-2) and co-stimulatory molecules such as 4-1BB and OX40 also contribute to the development of inflationary MCMVspecific T cell responses because interference with such triggering has a major impact on inflation [25-28].
CD4+ T cells are vital for the development of memory CD8+ T (CD8+ mT) cell responses and even more so for inflationary
responses [29,30]. In cellular immunity, CD8+ T-cell responses include CD4+ T-cell-independent and CD4+ T-cell-dependent ones
[31]. In case of CD4+ T-cell help dependent response, CD40L signaling derived from CD4+ T-helper (Th) cells need to license
antigen-presenting cells before generating measurable CD8+ T-cell responses to noninflammatory antigens. While in case of CD4+
T-cell help independent response, antigen-presenting cells mature via triggering Toll-like receptors (TLRs) by pathogen-associated
molecular patterns of inflammatory antigens, leading to direct stimulation of CD8+ T-cell responses. Vezys, et al. investigated
whether CD8+ mT-cell inflation affects late CD4+ T-cell-independent CD8+ T-cell responses using a heterologous prime-boost
virus-based vaccination regimen eliciting functional mT-cell inflation [32]. Authors found that CD8+ mT-cell inflation derived
from the late vesicular stomatitis virus (VSV) challenge did not affect functional CD8+ cytotoxic T cells (CTLs) primarily stimulated
by lymphocytic choriomeningitis virus (LCMV) [32]. Similarly, LCMV-induced CD8+ mT-cell inflation had no impact on the
late CD4+ T cell-independent CTL immunity derived from VSV immunization [32]. To address whether CD8+ mT-cell inflation
influences late CD4+ T-cell-dependent CD8+ T-cell responses, we used an animal model of functional CD8+ mT-cell inflation
previously established by our lab [33].
We found that CD8+ mT-cell inflation renders compromised CD4+ T-cell-dependent CD8+ T-cell immunity and identified the
existence of T-cell anergy in naïve compartments [34]. This ovalbumin (OVA)-specific mT-cell inflation animal model was
developed by transferring concanavalin-A (ConA)-stimulated monoclonal CD8+ T cells derived from OVA-specific T-cellreceptor (TCR) transgenic OTI mice into irradiation-induced lymphopenic C57BL/6 (B6) mice [33,34]. For this study, we also
generated another two animal models with CD8+ mT-cell inflation. These included transferring, 1) ConA-stimulated monoclonal
CD8+ T cells derived from LCMV glycoprotein (Gp)-specific TCR transgenic P14 mice, and 2) ConA-stimulated polyclonal CD8+
T cells derived from B6.1 (CD45.1 congenic) mice into irradiation-induced lymphopenic B6 mice to form a Gp-specific and a
CD45.1-specific mT-cell inflation model, respectively. By using the Gp- and CD45.1-specific mT-cell inflation models, we assessed
whether mT-cell inflation affects OVA-pulsed dendritic cells (DCOVA)-triggered CD4+ T-cell-dependent and recombinant OVAexpressing Listeria monocytogenes (rLmOVA)-induced CD4+ T-cell-independent CD8+ T-cell immunity. We found that CD8+
mT-cell inflation does not affect CD4+ T-cell-independent priming of CD8+ T-cell responses derived from rLmOVA infection
but does reduce DCOVA-induced CD4+ T-cell-dependent priming of CD8+ T-cell responses [34]. We found that CD8+ mT-cell
recall responses were not affected by CD8+ mT-cell inflation. However, we found that naïve CD8+ T cells isolated from the spleen
of mice with CD8+ mT-cell inflation had a defect in cell proliferation capacity upon stimulation in vitro and in vivo. Furthermore,
flow cytometric characterization of CD8+ T cells in the naïve compartment (CD44 low) revealed an upregulation of T-cell anergyassociated gene-encoding E3 ubiquitin ligase (Itch) and gene related to anergy in lymphocytes (GRAIL), which are well-known
for rendering T cell defect [34]. Our finding is also supported by our another recent study that reported the expression of T
cell inhibitory receptor, programmed cell death protein-1 (PD-1) in chronic infection and demonstrat6ed that CD40L signaling
could overcome T cell exhaustion [35]. Therefore, our finding that CD8+ mT-cell inflation rendered compromised CD4+ T-celldependent CD8+ T-cell immunity via naïve T cell anergy may partly explain the susceptibility of the elderly to pathogens and may
also suggest that costimulation and TLR signaling can be a potent strategy for rescuing of T cell anergy in elderly (Figure 1).

Figure 1: Naïve CD8+ T cells become progressively dysfunctional with aging. (A) A normal proliferation of T cells in young, (B) Elderly often with CD8+
mT inflation shows defective CD4+ T cell-dependent CD8+ T cell proliferation. (C) TLRs signaling and CD40L costimulation during immune responses can
compensate the T cell proliferation defect
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The immune system is involved not only in controlling malignancies and infections but also play an essential role in tissue
homeostasis and repair [36]. Given that elderly have progressively decreased general immunity and immune responses to
vaccination [37], and thus the prevention or compensation for age-related immunological defects is highly imperative for a healthy
aging. The use of adjuvants in the elderly with CD8+ mT-cell inflation and compromised immunity could be one of the strategies to
improve vaccine efficacy and overall immunity [38]. TLR ligands have been found to induce DC maturation and licensing, leading
to CD4+ Th1 and effective CTL responses and are potent vaccine-adjuvant candidates for improvement of vaccine immunogenicity
[39,40]. A cationic lipid–DNA complex (in Fluzone vaccine) has been shown to improve protection efficacy considerably in
nonhuman primates against human seasonal influenza virus isolate [41]. A synthetic TLR4 agonist glucopyranosyl lipid adjuvantstable emulsion combined with split-virus vaccine has also been found to boost T-cell responses to influenza vaccination, leading
to improvement in vaccine-mediated protection against influenza in the elderly [42]. Our data demonstrated that recombinant
bacteria (rLmOVA), which is known to induce TLR signaling, was able to elicit primary CD8+ T-cell responses under mT-cell
inflation. Our data suggested that TLR signaling can break naïve T-cell anergy under mT-cell inflation, which greatly supports
the use of TLR ligands as adjuvants to enhance the vaccine efficiency in the elderly. Overall, our data revealed that CD8+ mT-cell
inflation rendered compromised CD4+ T-cell-dependent CD8+ T cell immunity via naïve T-cell anergy, and thus show promise for
the design of efficient vaccines for the elderly, who often show CD8+ mT-cell inflation.

References
1. Targonski PV, Jacobson RM, Poland GA (2007) Immunosenescence: role and measurement in influenza vaccine response among the elderly. Vaccine 25: 3066-9
2. Castelo-Branco C, Soveral I (2014) The immune system and aging: a review. Gynecol Endocrinol .30:16-22
3. Yu X, Tsibane T, Mcgraw PA, Frances S. House, et al. (2008) Neutralizing antibodies derived from the B cells of 1918 influenza pandemic survivors. Nature 455:
532-6
4. Haynes L, Eaton SM (2005) The effect of age on the cognate function of CD4+ T cells. Immunol Rev 205: 220-8
5. Linton PJ, Li SP, Zhang Y, Bautista B, Huynh Q, et al. (2005) Intrinsic versus environmental influences on T-cell responses in aging. Immunol Rev 205: 207-19
6. Haynes L, Lefebvre JS (2011) Age-related Deficiencies in Antigen-Specific CD4 T cell Responses: Lessons from Mouse Models. Aging Dis 2: 374-81
7. Maue AC, Yager EJ, Swain SL, Woodland DL, Blackman MA, et al. (2009) T-cell immunosenescence: lessons learned from mouse models of aging. Trends
Immunol 30: 301-5
8. Lang A, Nikolich-Zugich J (2011) Functional CD8 T cell memory responding to persistent latent infection is maintained for life. J Immunol 187: 3759-68
9. Sadighi Akha AA, Miller RA (2005) Signal transduction in the aging immune system. Curr Opin Immunol 17:486-491
10. Ferrando-Martinez S, Ruiz-Mateos E, Hernandez A, Gutiérrez E, Rodríguez-Méndez M del M, et al. (2011) Age-related deregulation of naive T cell homeostasis
in elderly humans. Age 33:197-207
11. Weiskopf D, Weinberger B, Grubeck-Loebenstein B (2009) The aging of the immune system. Transpl Int 22: 1041-50
12. Franceschi C, Capri M, Monti D, Olivieri F, Sevini F et al. (2007) Inflammaging and anti-inflammaging: a systemic perspective on aging and longevity emerged
from studies in humans. Mech Ageing Dev 128: 92-105
13. Ongradi J, Kovesdi V (2010) Factors that may impact on immunosenescence: an appraisal. Immun Ageing 7: 7
14. Ortman CL, Dittmar KA, Witte PL, Le PT (2002) Molecular characterization of the mouse involuted thymus: aberrations in expression of transcription
regulators in thymocyte and epithelial compartments. Int Immunol 14: 813-22.
15. Andrew D, Aspinall R (2002) Age-associated thymic atrophy is linked to a decline in IL-7 production. Exp Gerontol 37: 455-63.
16. Jiang Q, Li WQ, Aiello FB, Mazzucchelli R, Asefa B, et al. (2005) Cell biology of IL-7, a key lymphotrophin. Cytokine Growth Factor Rev 16: 513-33.
17. Aspinall R, Pitts D, Lapenna A, Mitchell W (2010) Immunity in the elderly: the role of the thymus. J Comp Pathol 142 Suppl 1 S111-5.
18. Nikolich-Zugich J (2014) Aging of the T cell compartment in mice and humans: from no naive expectations to foggy memories. J Immunol 193: 2622-9.
19. Lang A, Brien JD, Nikolich-Zugich J (2009) Inflation and long-term maintenance of CD8 T cells responding to a latent herpesvirus depend upon establishment
of latency and presence of viral antigens. J Immunol 183: 8077-87.
20. Klenerman P, Hill A (2005) T cells and viral persistence: lessons from diverse infections. Nat Immunol 6: 873-9.
21. Karrer U, Sierro S, Wagner M, Oxenius A, Hengel H, et al. (2003) Memory inflation: continuous accumulation of antiviral CD8+ T cells over time. J Immunol
170: 2022-9.
22.Munks MW, Cho KS, Pinto AK, Sierro S, Klenerman P, et al. (2006) Four distinct patterns of memory CD8 T cell responses to chronic murine cytomegalovirus
infection. J Immunol 177: 450-8.
23. Snyder CM, Cho KS, Bonnett EL, Van Dommelen S, Shellam GR, et al. (2008) Memory inflation during chronic viral infection is maintained by continuous
production of short-lived, functional T cells. Immunity 29: 650-9.
24. Snyder CM, Cho KS, Bonnett EL, Allan JE, Hill AB (2011) Sustained CD8+ T cell memory inflation after infection with a single-cycle cytomegalovirus. PLoS
pathogens7 : e1002295.
25. Bachmann MF, Wolint P, Walton S, Schwarz K, Oxenius A (2007) Differential role of IL-2R signaling for CD8+ T cell responses in acute and chronic viral
infections. Eur J Immunol 37: 1502-12.
26. O’hara GA, Welten SP, Klenerman P, Arens R (2012) Memory T cell inflation: understanding cause and effect. Trends Immunol 33: 84-90.
27. Humphreys IR, Loewendorf A, de Trez C, Schneider K, Benedict CA et al. (2007) OX40 costimulation promotes persistence of cytomegalovirus-specific CD8
T Cells: A CD4-dependent mechanism. J Immunol 179: 2195-202.
28. Humphreys IR, Lee SW, Jones M , Loewendorf A, Gostick E et al. (2010) Biphasic role of 4-1BB in the regulation of mouse cytomegalovirus-specific CD8(+) T
cells. Eur J Immunol 40: 2762-8.

ScholArena | www.scholarena.com

Volume 1 | Issue 2

4

J Infect Dis Pathog

29. Snyder CM, Loewendorf A, Bonnett EL, Croft M, Benedict CA, et al. (2009) CD4+ T cell help has an epitope-dependent impact on CD8+ T cell memory
inflation during murine cytomegalovirus infection. J Immunol 183: 3932-41.
30. Walton SM, Torti N, Mandaric S, Oxenius A (2011) T-cell help permits memory CD8(+) T-cell inflation during cytomegalovirus latency. Eur J Immunol 41:
2248-59.
31. Bevan MJ (2004) Helping the CD8(+) T-cell response. Nat Rev Immunol 4: 595-602.
32. Vezys V, Yates A, Casey KA, Lanier G, Ahmed R, et al. (2009) Memory CD8 T-cell compartment grows in size with immunological experience. Nature 457:
196-9.
33. Xu A, Bhanumathy KK, Wu J, Ye Z, Freywald A, et al. (2016) IL-15 signaling promotes adoptive effector T-cell survival and memory formation in irradiationinduced lymphopenia. Cell Biosci 6: 30.
34. Xu A, Freywald A, Xie Y, Li Z, Xiang J. (2017) CD8(+) memory T-cell inflation renders compromised CD4(+) T-cell-dependent CD8(+) T-cell immunity via
naive T-cell anergy. Immunotargets Ther 6: 39-49.
35. Wang R, Xu A, Zhang X, Wu J, Freywald A, et al. (2017) Novel exosome-targeted T-cell-based vaccine counteracts T-cell anergy and converts CTL exhaustion
in chronic infection via CD40L signaling through the mTORC1 pathway. Cell Mol Immunol 14: 529-45.
36. Boraschi D, Del Giudice G, Dutel C, Ivanoff B, Rappuoli R (2010) Ageing and immunity: addressing immune senescence to ensure healthy ageing. Vaccine 28:
3627-31.
37. Haq K, Mcelhaney JE (2014) Immunosenescence: Influenza vaccination and the elderly. Curr Opin Immunol 29: 38-42.
38. Principi N, Esposito S (2012) Adjuvanted influenza vaccines. Hum Vaccin Immunother 8: 59-66.
39. Schreibelt G, Benitez-Ribas D, Schuurhuis D, Lambeck AJ, van Hout-Kuijer M, et al. (2010) Commonly used prophylactic vaccines as an alternative for
synthetically produced TLR ligands to mature monocyte-derived dendritic cells. Blood 116: 564-74.
40. Pulendran B (2004) Modulating vaccine responses with dendritic cells and Toll-like receptors. Immunol Rev 199: 227-50.
41. Carroll TD, Matzinger SR, Barry PA, Mcchesney MB, Fairman J, et al. (2014) Efficacy of influenza vaccination of elderly rhesus macaques is dramatically
improved by addition of a cationic lipid/DNA adjuvant. J Infect Dis 209: 24-33.
42. Behzad H, Huckriede AL, Haynes L, Gentleman B, Coyle K, et al. (2012) GLA-SE, a synthetic toll-like receptor 4 agonist, enhances T-cell responses to influenza
vaccine in older adults. J Infect Dis 205: 466-73.

ScholArena | www.scholarena.com

Volume 1 | Issue 2

