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In response to a virus infection, CD8+T cells proliferate and differentiate into effector cells that eradicate the pathogen. The 
population of effector CD8+T cells generated during an immune response is heterogeneous; upon clearance of the viral antigen 
the majority of effector cells die, leaving behind a small [5-10% of the peak response] but stable population of memory CD8+T 
cells to provide protection to secondary challenge. The precise mechanisms, which govern effector-memory CD8+T differentiation, 
are beginning to be elucidated. 

IL-2, IL-7 and IL-15 belong to the common γ chain family of cytokines and are required at various stages for an optimal T cell 
immune response. IL-7 and IL-15 are known to mediate survival and self-renewal of memory CD8+T cell population [1, 2]. CD8+T 
cells expressing IL-7Rα preferentially give rise to memory CD8+T cells [3]. Surface expression of IL-7Rα along with KLRG-1 [inhibitory 
receptor found on T and NK cells] has been used to identify cells which will preferentially make it into memory [Memory Precursor 
effector cells: IL-7Rhi KLRG-1lo] or die during contraction of the immune response [Short-Lived effector cells: IL-7Rlo KLRG-1hi] 
[4]. IL-2 is a T cell growth factor and plays an important role in regulating CD8+ T cell responses during the different stages of viral 
infection [5]. In vivo IL-2 therapy during the contraction and memory stages of the immune response promotes CD8+T cell survival 
[6]. Moreover, IL-2-producing CD8+T cells are more likely to become memory cells than those that do not make IL-2 [7].

Apart from cytokine receptors, various co-stimulatory and chemokine receptors have been shown to be important in 
generation of memory CD8+T cells. CD27 is a co-stimulatory receptor of the TNFR family and has also been used as a marker 
to identify memory precursor CD8+T cells [8]. Expression of CD27 on virus-specific CD8+T cells promotes survival, induces IL-7R 
expression, and protects against Fas-dependent apoptosis [9-12]. Activated T cells may express CXCR3, a chemokine receptor 
required for T cell chemotaxis to the site of antigen [13, 14]. Moreover, expression of IL-7R, CD27 and CXCR3 has been used to 
identify memory CD8+T cell populations with an efficient recall response [15].

Transcriptional regulation of effector and memory CD8+T cell differentiation is beginning to be elucidated.  Blimp-1 [B 
lymphocyte induced maturation protein-1, encoded by Prdm1] is a transcription factor important for regulating differentiation of 
various cell types [16]. Blimp-1 suppresses memory generation and Blimp-1-deficient CD8+T cells are better at producing IL-2 and 
develop into memory precursor CD8+T cells [17, 18]. We have recently shown that Blimp-1 suppresses CD25 [IL-2Ra] and CD27 
expression by inducing histone modifications to negatively regulate CD8+T cell differentiation [19] .Bcl-6 is a transcription factor 
expressed in memory T cells and is an antagonist of Blimp-1 activity [17, 20]. Bcl-6 has been shown to be important for generation and 
maintenance of memory CD8+T cells [21, 22]. T cell factor-1 [TCF-1, encoded by Tcf7] is a transcription factors acting downstream 
in the Wnt signaling pathway [23]. TCF-1 was shown to be important for generation and maintenance of memory CD8+T cells [24, 25], 
and TCF-1 deficient CD8+T cells had impaired expansion after a secondary antigen challenge [24-26]. T-bet and EOMES are T-box 
transcription factors, and co-operate to induce CD122 [IL-2Rβ] expression and IL-15 responsiveness in CD8+T cells [27]. However, 
T-bet promotes the generation of terminally differentiated effector cells [27, 28], whereas EOMES expression promotes generation 
of memory precursor effector CD8+T cells [29]. The forkhead box (Fox) family of transcription factors have been show to play a role 
regulating T cell homeostasis and tolerance [30]. FoxO1 has been shown to be important for generation of competent memory T 
cells and in it’s absence memory T cells were lost over time primarily due to decreased TCF-1 and CCR7 expression [31, 32]. FoxO3a 

REGULATION OF MEMORY CD8+T CELL DIFFERENTIATION DURING 
ACUTE VIRAL INFECTIONS

VARUN N KAPOOR
Department of Cancer Immunology, Genentech, CA, USA.

Editorial

Received date: 02/11/2015
Accepted date: 04/11/2015
Published date: 06/11/2015

*For Correspondence

Varun N. Kapoor, Department of Cancer Immunology, Genentech Inc, 
South San francisco, USA, Tel:7749227786

E-mail: varunkapoor81@gmail.com



19RRJOB | Volume 3 | Issue 4 | October-December, 2015

    e-ISSN:2322-0066

also belongs to the Fox family of transcription factors and was shown to negatively impact CD8+T cell memory formation by 
promoting contraction of CD8+T cells during resolution of immune response to Listeria infection [33].

Transcription factors of the JAK [Janus kinases] - STAT [Signal transducers and activators of transcription] family of 
transcription factors transmit signals from cell surface receptors to in response to a large number of growth factors and cytokines 
[34]. STAT proteins are known to play a key role in CD8+T cell differentiation in response to extracellular cytokine signals [35]. STAT5 
can be induced downstream of γ chain family of cytokines such as IL-2, IL-7 and IL-15 [34]. STAT5 was shown to promote effector 
and memory T cell survival via up regulation of Bcl-2 during acute LCMV infection [36, 37]. STAT3 can be induced downstream of IL-
10 and IL-21 and STAT-3 deficient CD8+T cells were defective in generating a memory cell pool [20]. In the same study STAT-3 was 
shown to be important for maintenance of EOMES and Bcl-6 expression, which are transcription factors associated with memory 
development. Overall these studies show that signals induced by cytokines can provide cues to the cells to regulate the generation 
of effector and memory CD8+T cells.

Recent studies have identified that strength of TCR signals can in script a transcriptional program in effector CD8+T cells 
governing their fate. In this regard IRF4 [Interferon regulatory factor 4] has been shown to play a critical role in orchestrating 
expansion and effector differentiation of CD8+T cells in response to TCR signals [38-40]. 

The studies mentioned above show that strength and duration of TCR signals, exposure to inflammatory cytokines and co-
stimulatory molecules instruct a transcriptional program within the T cells governing their fate conversion to memory. With the 
advent of technologies for high throughput screening of transcriptional profiles and the availability of vast array of gene expression 
data it has now become possible to define transcriptional networks which regulate T cell differentiation during various stages of 
the immune response. Knowledge of this will help us better understand T cell immunity after infections and will eventually help 
develop better vaccines. 

REFERENCES
1. Schluns K S and L Lefrançois. Cytokine control of memory T-cell development and survival. Nat Rev Immunol. 2003;3:269–

279.

2. Harty J T and V P Badovinac. Shaping and reshaping CD8+ T-cell memory. Nat Rev Immunol. 2008;8:107–119.

3. Kaech S M et al. Selective expression of the interleukin 7 receptor identifies effector CD8 T cells that give rise to long-lived 
memory cells. Nat Immunol. 2003;4:1191–1198.

4. Sarkar S et al. Functional and genomic profiling of effector CD8 T cell subsets with distinct memory fates. Journal of 
Experimental Medicine. 2008;205:625–640.

5. Boyman O and J Sprent. The role of interleukin-2 during homeostasis and activation of the immune system. Nature 
Publishing Group. 2012;12:180–190.

6. Blattman J N et al. Therapeutic use of IL-2 to enhance antiviral T-cell responses in vivo. Nat Med. 2003;9:540–547.

7. Kristensen N N, J P Christensen and A R Thomsen. High numbers of IL-2-producing CD8+ T cells during viral infection 
correlation with stable memory development. J Gen Virol. 2002;83: 2123–2133.

8. Joshi N S and S M Kaech. Effector CD8 T cell development: a balancing act between memory cell potential and terminal 
differentiation. J Immunol. 2008;180:1309–1315.

9. Dong H et al. CD27 Stimulation Promotes the Frequency of IL-7 Receptor-Expressing Memory Precursors and Prevents IL-
12-Mediated Loss of CD8+ T Cell Memory in the Absence of CD4+ T Cell Help. J Immunol. 2012;188:3829–3838.

10. Dolfi D V et al. Late signals from CD27 prevent Fas-dependent apoptosis of primary CD8+ T cells. J Immunol. 2008;180:2912–
2921.

11. Ochsenbein A F et al. CD27 expression promotes long-term survival of functional effector-memory CD8+ cytotoxic T 
lymphocytes in HIV-infected patients. Journal of Experimental Medicine. 2004;200:1407–1417.

12. Kapoor V N et al. Regulation of tissue-dependent differences in CD8+ T cell apoptosis during viral infection. Journal of 
Virology. 2014;88:9490–9503.

13. Groom J R and A D Luster. CXCR3 in T cell function. Experimental Cell Research. 2011;317: 620–631.

14. Hu J K et al. Expression of chemokine receptor CXCR3 on T cells affects the balance between effector and memory CD8 
T-cell generation. Proc Natl  Acad Sci. 2011;108:E118–127.

15. Hikono H et al. Activation phenotype rather than central- or effector-memory phenotype predicts the recall efficacy of 
memory CD8+ T cells. Journal of Experimental Medicine. 2007; 204:1625–1636.

16. Martins G and K Calame. Regulation and Functions of Blimp-1 in T and B Lymphocytes. Annu Rev Immunol. 2008;26:133–169.

17. Rutishauser R L et al. Transcriptional Repressor Blimp-1 Promotes CD8+ T Cell Terminal Differentiation and Represses the 
Acquisition of Central Memory T Cell Properties. Immunity. 2009;31:296–308.

http://www.ncbi.nlm.nih.gov/pubmed/12669018
http://www.ncbi.nlm.nih.gov/pubmed/12669018
http://www.ncbi.nlm.nih.gov/pubmed/18219309
http://www.ncbi.nlm.nih.gov/pubmed/14625547
http://www.ncbi.nlm.nih.gov/pubmed/14625547
http://www.ncbi.nlm.nih.gov/pubmed/18316415
http://www.ncbi.nlm.nih.gov/pubmed/18316415
http://www.ncbi.nlm.nih.gov/pubmed/22343569
http://www.ncbi.nlm.nih.gov/pubmed/22343569
http://www.ncbi.nlm.nih.gov/pubmed/12692546
http://www.ncbi.nlm.nih.gov/pubmed/12185265
http://www.ncbi.nlm.nih.gov/pubmed/12185265
http://www.ncbi.nlm.nih.gov/pubmed/18209024
http://www.ncbi.nlm.nih.gov/pubmed/18209024
http://www.ncbi.nlm.nih.gov/pubmed/22422886
http://www.ncbi.nlm.nih.gov/pubmed/22422886
http://www.ncbi.nlm.nih.gov/pubmed/18292513
http://www.ncbi.nlm.nih.gov/pubmed/18292513
http://www.ncbi.nlm.nih.gov/pubmed/15583014
http://www.ncbi.nlm.nih.gov/pubmed/15583014
http://www.ncbi.nlm.nih.gov/pubmed/24942579
http://www.ncbi.nlm.nih.gov/pubmed/24942579
http://www.ncbi.nlm.nih.gov/pubmed/21376175
http://www.ncbi.nlm.nih.gov/pubmed/21518913
http://www.ncbi.nlm.nih.gov/pubmed/21518913
http://www.ncbi.nlm.nih.gov/pubmed/17606632
http://www.ncbi.nlm.nih.gov/pubmed/17606632
http://www.annualreviews.org/doi/abs/10.1146/annurev.immunol.26.021607.090241
http://www.ncbi.nlm.nih.gov/pubmed/19664941
http://www.ncbi.nlm.nih.gov/pubmed/19664941


20RRJOB | Volume 3 | Issue 4 | October-December, 2015

    e-ISSN:2322-0066

18. Kallies A et al. Blimp-1 Transcription Factor Is Required for the Differentiation of Effector CD8+ T Cells and Memory 
Responses. Immunity. 2009;31:283–295.

19. Shin H M et al. Epigenetic Modifications Induced by Blimp-1 Regulate CD8+ T Cell Memory Progression during Acute Virus 
Infection. Immunity. 2013;39:661–675.

20. Cui W et al. An Interleukin-21- Interleukin-10-STAT3 Pathway Is Critical for Functional Maturation of Memory CD8+ T Cells. 
Immunity. 2011;35:792–805.

21. Ichii H et al. Role for Bcl-6 in the generation and maintenance of memory CD8+ T cells. Nat Immunol. 2002;3:558–563.

22. Ichii H et al. Bcl6 acts as an amplifier for the generation and proliferative capacity of central memory CD8+ T cells. The 
Journal of Immunology. 2004;173:883–891.

23. Xue H H and D M Zhao. Regulation of mature T cell responses by the Wnt signaling pathway. Annals of the New York 
Academy of Sciences. 2012;1247:16–33.

24. Zhou X and H H Xue. Cutting Edge Generation of Memory Precursors and Functional Memory CD8+ T Cells Depends on T 
Cell Factor-1 and Lymphoid Enhancer-Binding Factor-1. J Immunol. 2012;189:2722–2726.

25. Zhou X et al. Differentiation and Persistence of Memory CD8+ T Cells Depend on T Cell Factor 1. Immunity. 2010;33:229–
240.

26. Jeannet G et al. Essential role of the Wnt pathway effector Tcf-1 for the establishment of functional CD8 T cell memory. Proc 
Natl Acad Sci. 2010;107:9777–9782.

27. Intlekofer A M et al. Effector and memory CD8+ T cell fate coupled by T-bet and eomesodermin. Nat Immunol. 2005;6:1236–
1244.

28. Joshi N S et al. Inflammation Directs Memory Precursor and Short-Lived Effector CD8+ T Cell Fates via the Graded Expression 
of T-bet Transcription Factor. Immunity. 2007;27:281–295.

29. Banerjee A et al. Cutting Edge The Transcription Factor Eomesodermin Enables CD8+ T Cells To Compete for the Memory 
Cell Niche. J Immunol. 2010;185:4988–4992.

30. Hedrick S M et al. FOXO transcription factors throughout T cell biology. Nat Rev Immunol. 2012;12:649–661.

31. Kim M V et al.The Transcription Factor Foxo1 Controls Central-Memory CD8+ T Cell Responses to Infection. Immunity. 
2013;39:286–297.

32. Tejera M M et al. FoxO1 Controls Effector-to-Memory Transition and Maintenance of Functional CD8 T Cell Memory. The 
Journal of Immunology. 2013;191:187–199.

33. Tzelepis F et al. Intrinsic Role of FoxO3a in the Development of CD8+ T Cell Memory. The Journal of Immunology. 
2013;190:1066–1075.

34. O'Shea J J and R Plenge. JAK and STAT Signaling Molecules in Immunoregulation and Immune-Mediated Disease. Immunity. 
2012;36:542–550.

35. Kaech S M and W Cui. Transcriptional control of effector and memory CD8+ T cell differentiation. Nat Rev Immunol. 
2012;12:749–761.

36. Hand T W et al. Differential effects of STAT5 and PI3K/AKT signaling on effector and memory CD8 T-cell survival. Proc Natl 
Acad Sci. 2010;107:16601–16606.

37. Tripathi P et al. STAT5 Is Critical To Maintain Effector CD8+ T Cell Responses. J Immunol. 2010;185:2116–2124.

38. Yao S et al. Interferon regulatory factor 4 sustains CD8(+) T cell expansion and effector differentiation. Immunity. 
2013;39:833–845.

39. Man K et al. The transcription factor IRF4 is essential for TCR affinity-mediated metabolic programming and clonal expansion 
of T cells. Nat Immunol. 2013;14:1155–1165.

40. Raczkowski F et al. The transcription factor Interferon Regulatory Factor 4 is required for the generation of protective 
effector CD8+ T cells. Proc Natl Acad Sci. 2013;110:15019–15024.

http://www.ncbi.nlm.nih.gov/pubmed/19664942
http://www.ncbi.nlm.nih.gov/pubmed/19664942
http://www.sciencedirect.com/science/article/pii/S1074761313003841
http://www.sciencedirect.com/science/article/pii/S1074761313003841
http://www.ncbi.nlm.nih.gov/pubmed/22118527
http://www.ncbi.nlm.nih.gov/pubmed/22118527
http://www.nature.com/ni/journal/v3/n6/abs/ni802.html
http://www.ncbi.nlm.nih.gov/pubmed/15240675
http://www.ncbi.nlm.nih.gov/pubmed/15240675
http://www.ncbi.nlm.nih.gov/pubmed/22239649
http://www.ncbi.nlm.nih.gov/pubmed/22239649
http://www.ncbi.nlm.nih.gov/pubmed/22875805
http://www.ncbi.nlm.nih.gov/pubmed/22875805
http://www.ncbi.nlm.nih.gov/pubmed/20727791
http://www.ncbi.nlm.nih.gov/pubmed/20727791
http://www.ncbi.nlm.nih.gov/pubmed/20457902
http://www.ncbi.nlm.nih.gov/pubmed/20457902
http://www.ncbi.nlm.nih.gov/pubmed/16273099
http://www.ncbi.nlm.nih.gov/pubmed/16273099
http://www.sciencedirect.com/science/article/pii/S1074761307003718
http://www.sciencedirect.com/science/article/pii/S1074761307003718
http://www.ncbi.nlm.nih.gov/pubmed/20935204
http://www.ncbi.nlm.nih.gov/pubmed/20935204
http://www.ncbi.nlm.nih.gov/pubmed/22918467
http://www.ncbi.nlm.nih.gov/pubmed/23932570
http://www.ncbi.nlm.nih.gov/pubmed/23932570
http://www.ncbi.nlm.nih.gov/pubmed/23733882
http://www.ncbi.nlm.nih.gov/pubmed/23733882
http://www.ncbi.nlm.nih.gov/pubmed/23277488
http://www.ncbi.nlm.nih.gov/pubmed/23277488
http://www.ncbi.nlm.nih.gov/pubmed/22520847
http://www.ncbi.nlm.nih.gov/pubmed/22520847
http://www.ncbi.nlm.nih.gov/pubmed/23080391
http://www.ncbi.nlm.nih.gov/pubmed/23080391
http://www.ncbi.nlm.nih.gov/pubmed/20823247
http://www.ncbi.nlm.nih.gov/pubmed/20823247
http://www.ncbi.nlm.nih.gov/pubmed/20644163
http://www.ncbi.nlm.nih.gov/pubmed/24211184
http://www.ncbi.nlm.nih.gov/pubmed/24211184
http://www.ncbi.nlm.nih.gov/pubmed/24056747
http://www.ncbi.nlm.nih.gov/pubmed/24056747
http://www.ncbi.nlm.nih.gov/pubmed/23980171
http://www.ncbi.nlm.nih.gov/pubmed/23980171

