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Abstract 

 This essay draws on recent evidences from SIV vaccination studies in rhesus macaques to argue for the 

potential importance of HIV-1-specific CD8+ T cells restricted by the non-classical major histocompatibility 

complex, HLA-E, in controlling HIV-1 replication. It then seeks to present a possible method of inducing such 

responses through the procedure of T cell vaccination using activated autoimmune CD4+ T lymphocytes 

‘infected’ with inactivated replication-incompetent structurally intact HIV-1 particles. It is hoped that the 

argument presented here will interest many of those involved in HIV/AIDS research and others in the general 

scientific community. 
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Introduction 

 Recent advances in the field of SIV vaccinology 

have highlighted the role of MHC-1b/E-restricted CD8+ 

T cell responses in controlling SIV infection in rhesus 

macaques [1 – 4], thereby raising the potential role of 

their human counterparts, HLA-E-restricted CD8+ T 

cells, in controlling HIV-1 infection. This is significant in 

light of the difficulty so far in  controlling HIV-1 infection 

effectively through vaccines that attempt to induce 

broadly-neutralizing antibodies and/or classical              

MHC-1a-restricted CD8+ T lymphocytes [5]. Given the 

genetic lability of HIV-1 and its extremely rapid rate of 

replication, no effort should be spared on broadening 

the scope for its recognition by as many potentially 

useful cells of the immune system as possible. 

 HLA-E is a non-classical MHC class 1b                

antigen-presenting molecule with two predominant 

functional variants across the human population, 

differing only by the amino acid at position 107  of the 

α2 domain of the heavy chain (Arg/Gly), distinguishing 

it from its highly polymorphic classical MHC class 1a 

counterparts [6, 7]. It binds naturally to self-peptides 

derived mainly from the signal sequences of MHC-1a 

molecules, but in times of cellular stress, may also bind 

to a much wider array of peptides, self or foreign in 

origin, including those from infecting agents [6 – 9]. 

These HLA-E-peptide complexes can subsequently bind 

to their cognate CD94/NKG2 receptors and/or HLA-E-

restricted CD8+ T cell receptors and trigger downstream 

responses                  [6 – 8].  

 Several features of HLA-E make it an interesting 

antigen-presenting receptor to focus on. Firstly, it is 

expressed on most cells and tissues albeit at lower 

levels compared to MHC-1a molecules, and can present 

a diverse array of epitopes to HLA-E-restricted CD8+ T 

lymphocytes including those derived from                         

HIV-1 [1, 6 – 11, 14]. The lower expression levels of 

HLA-E is countered by the consideration that, while          

HIV-1 Nef downregulates the expression of HLA-A                  

and -B on infected cells, it does not do so for HLA-E [12, 

13]. On the contrary, HIV-1 infection may lead to 

upregulation of HLA-E receptors on cell surfaces [14]. 

Additionally, HLA-E variants were found to be associated 

with susceptibility to HIV-1 acquisition [13]. 

 HLA-E is known for its inhibitory effect on the 

innate immune system by binding to CD94/NKG2A 

receptors on NK cells, but the activating receptor CD94/

NKG2C is also a ligand, so the outcome of HLA-E 

binding to an NK cell is a function of that cell’s total 

number of activating and inhibitory receptors bound to 

HLA-E complexes [7, 8]. Yet antigen-specific                  

HLA-E-restricted CD8+ T lymphocytes do exist and 

serve to eradicate intracellular pathogens such as 

Mycobacterium tuberculosis, Salmonella enterica and 

human cytomegalovirus  [6 – 8, 15 – 17];  their 

importance in controlling SIV infection in rhesus 

macaques was highlighted in recent studies by Picker et 

al [1, 2] and Andrieu and Lu et al [3, 4]. Further 

support for the importance of HLA-E in SIV/HIV-1 

infection comes from another study showing that CD8+ 

follicular regulatory lymphocytes, the predominant 

CD8+ T cells in human secondary lymphoid follicles, one 

of the reservoirs of HIV-1 in chronic infection, induce 

apoptosis of CD4+ follicular helper cells (key targets of 

HIV-1 infection in these sites) via HLA-E and reduce   

HIV-1 replication in tonsil cell cultures infected ex           

vivo [18].  

 In the study by Picker et al, SIV-specific              

MHC-1b/E-restricted CD8+ T cells were induced by live 

recombinant rhesus cytomegalovirus (RhCMV)-vectored 

vaccines containing SIV Env, Gag, Pol and Rev/Nef/Tat 

gene inserts [19, 20], while Andrieu and Lu et al 

managed to induce such cells through the as-yet 

undefined effects of live bacterial adjuvants in              

Chinese-origin rhesus macaques [3, 4]. The former 

study was motivated by the hypothesis that an effective 

SIV vaccine should generate large populations of 

persistent SIV-specific CD8+ effector memory T cells 

(TEM) at the mucosal sites of infection which are able to 

react to the presence of SIV there immediately, without 

requiring anamnestic immune responses [19 – 21]. The 

latter study was based on the different hypothesis that, 

since the principal cells supporting active SIV/HIV-1 

replication are activated CD4+ T lymphocytes, any 

treatment which suppresses the activation of such cells 

should therefore reduce the degree of virus replication. 

Bacterial adjuvants were selected for use in the vaccine 
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based on their immune tolerogenic properties [3, 4]. 

 Notwithstanding the possibility of inducing               

HIV-1-specific HLA-E-restricted CD8+ T cells by 

translating the above two methodologies to humans, this 

essay aims to propose a third method based on the 

technique of T cell vaccination (TCV) originally 

developed in the 1980s by Cohen et al [22]. While the 

former two methods can induce MHC-1b/E-restricted 

CD8+ T cell responses under their specific experimental 

conditions, they each have their own constraints and 

limitations. Firstly, live RhCMV do not seem to favor the 

induction of central memory T (TCM) cells capable of 

anamnestic expansion [19], and in addition,                        

administering live recombinant cytomegaloviruses that 

can persist and replicate indefinitely raises safety 

concerns especially in immunocompromized individuals 

[23]. Secondly, the method of bacterial adjuvants could 

not be replicated in other subspecies of rhesus 

macaques except those of Chinese-origin [24], so there 

is no guarantee that it will work in humans. By contrast, 

TCV has already been tested in clinical trials and was 

shown to be safe and effective [25]. 

 TCV as originally conceived was meant as a 

treatment for autoimmunity, by vaccinating individuals 

with autologous  pathogenic autoimmune-causing T cells 

in the hope that their  immune systems  will be primed 

to recognize and respond to autoimmune T cell receptor 

(TCR) epitopes presented on HLA molecules [26]. The 

vaccine T cells have  to be activated beforehand to 

provide necessary accessory signals to the immune 

system, and in cases where the vaccinating dose 

exceeds that required to adoptively transfer      

autoimmunity, the cells must be attenuated first by 

irradiation or hydrostatic pressure [26]. Other work 

revealed that TCV raises CD8+ T cells which recognize 

the TCR Vβ fragments of autoimmune cells in a                  

Qa-1-restricted fashion [27]. That line of work eventually 

led Panoutsakopoulou et al to suggest that it might be 

possible to use ‘“universal” HLA-E+ cell lines pulsed with 

target peptides as a potentially convenient and effective 

approach to immunosuppressive cellular therapy’ [28]. 

Given that HIV-1-derived peptides bearing                          

HLA-E-binding motifs have been discovered [11, 14], it 

might already be possible to do just that. 

 However I would like to propose a variant 

method that bypasses the need to identify and select 

the exact peptides to pulse CD4+ T cells with. 

Examining the data of [3] closely, in particular Figure 2C 

of that article , one cannot escape the conclusion that 

isolated CD4+ T cells ‘infected’ with                        

replication-incompetent aldrithiol-2 (AT-2) inactivated 

SIV particles, and subsequently activated by               

staphylococcal enterotoxin B and CD3/CD28 antibodies, 

do express SIV epitopes on MHC-1b/E receptors 

upregulated by the activation process. This conclusion is 

in line with studies showing that such receptors are 

optimally upregulated in the period immediately 

following lymphocyte activation [29], which eventually 

get loaded with intracellular SIV epitopes on their 

journey to the cell surface. Clearly, the cell’s                  

antigen-processing machinery is able to degrade 

incoming viral particles and present the resulting 

epitopes on HLA class I molecules, as described by [30], 

including HLA-E when it is upregulated during 

lymphocyte activation. In the same way, I propose that 

during TCV with CD4+ T lymphocytes ‘infected’ with            

AT-2-inactivated HIV-1 particles (or HIV-1 particles with 

intact structure rendered inactive by any other method, 

such as genetic engineering, for example in [31]), and 

subsequently activated by mitogenic signals, a 

proportion of the HLA-E receptors upregulated on the 

lymphocytes’ surfaces will contain HIV-1 epitopes and 

may thus be capable of inducing the expansion of HIV-1

-specific HLA-E-restricted CD8+ T lymphocytes. There is 

no need to identify the exact motifs of the HIV-1-derived 

peptides; such an infected-cell vaccine may even 

present a greater variety of HIV-1 epitopes on HLA-E 

exceeding that of a pulsed-cell vaccine from practical 

considerations. In this regard, it was recently discovered 

that MHC-1b/E bind to peptides that do not possess the 

expected MHC-1b/E-binding motifs, suggesting that the 

receptor may bind to a wider array of peptides than 

those predicted through bioinformatic sequences [1]. 

Furthermore, the HLA-E receptors on CD4+ T 

lymphocytes in an infected-cell vaccine will present viral 

epitopes derived naturally from antigen-processing and 

not artificially by ex vivo manipulation, which may better 

reflect the natural repertoire of viral epitopes presented 

by infected CD4+ T cells in vivo. While the efficiency of 
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inactivated-SIV ‘infection’ of quiescent CD4+ T cells was 

low, about 5% in [3], it can be increased through 

techniques like spinoculation [32]. This method of 

‘infecting’ quiescent CD4+ T cells with free virus 

particles do not lead to infected-cell pyroptosis [33]. 

 Elevating the population of HLA-E-restricted 

CD8+ T lymphocytes may enhance the overall capacity 

of the immune system to control HIV-1. Yet                   

HLA-E-restricted CD8+ T lymphocytes do have 

advantages over those restricted by classical HLA class 

1a receptors. By targeting HIV-1-infected CD4+ T 

lymphocytes at the initial moments after activation, they 

would prevent the efficient virus replication that occurs 

once those cells become fully activated and become the 

‘killing units’ of uninfected CD4+ T cells [33]. Most    

HIV-1-specific CD8+ T lymphocytes restricted by HLA 

class 1a receptors recognize infected cells after provirus 

integration has occurred and intracellular virus 

replication has begun [30]. In contrast, loading of HIV-1 

epitopes onto HLA-E in activated CD4+ T lymphocytes 

can occur immediately after viral entry before provirus 

integration, inferred from [3], and may thus induce              

HLA-E-restricted immune responses through TCV , a trait 

that is shared with (at least some) Gag-specific                  

MHC-1a-restricted CD8+ T lymphocytes, which could 

explain the latter’s prominence in numerous HIV-1 

controllers [30, 34]. 

 Naturally, the possibility exists that not all HLA-E 

receptors on the surfaces of activated CD4+ T 

lymphocytes will contain HIV-1 epitopes. Some may 

contain peptides derived from CD4+ TCRs or other self-

molecules such as heat shock proteins (Hsp) [8]. To 

mitigate the risk of generating autoimmune responses 

against CD4+ TCRs, only autoimmune CD4+ T cells 

should be used in the vaccine, as per the original intent 

of TCV [26 ]. In this regard, Abulafia-Lapid et al had 

already demonstrated the feasibility of performing TCV 

on HIV-1-infected individuals using autologous  anti-CD4 

autoimmune T cells (both CD8+ and CD4+) , in an 

attempt to reduce the degree of anti-CD4 autoimmunity 

in such individuals [35, 36]. For the proposal suggested 

in this paper, one can envision following their protocol 

with some adjustments: (a) select only autologous 

autoimmune CD4+ T cells for use in the TCV; (b) ‘infect’ 

those CD4+ T cells with structurally-intact replication-

incompetent HIV-1 particles, before activating the cells 

in vitro to express HLA-E receptors and fixing them 

subsequently. 

 This protocol may be administered to                     

HIV-1-infected individuals in a therapeutic manner, 

hoping that the HLA-E-restricted immune responses 

generated would be effective in lowering the viral load 

set-point significantly. There is no need for them to 

disrupt their antiretroviral schedules for the vaccination. 

Moreover, by targeting infected CD4+ T cells at the 

moment of activation, the induced HLA-E-restricted 

CD8+ T cells would also be targeting cells that have just 

become reactivated from latency. Given that continuous 

immune pressure on HIV-1 will inevitably cause viral 

immune escape, it might be necessary to repeatedly 

vaccinate infected individuals periodically using viruses 

with optimal matching sequences to the latest in vivo 

virus population, although conserved HLA-E-restricted 

HIV-1 epitopes do exist [11]. TCV can also be used in 

conjunction with other strategies that boost humoral and 

classically-restricted T cell immunity, or in conjunction 

with live attenuated CMV-vectored HIV-1 vaccines, if and 

when they progress to the stage of being safe for 

human administration, to boost the level of virus-specific 

TEM cells. 

 As mentioned, TCV may also induce immune 

responses towards self-peptides such as Hsp, which may 

be restricted by HLA-E and/or other HLA receptors of 

classes I and II [8, 37]. These responses fall within the 

categories of anti-ergotypic and anti-‘cell stress’ 

immunity [9, 37]. While not specific towards HIV-1 

epitopes per se, they are interesting in my opinion 

because activated CD4+ T lymphocytes are the main cell 

type supporting productive HIV-1 replication in vivo, 

especially during the chronic phase of infection [33, 38], 

and all infected cells do upregulate ‘stress molecules’ 

complexed to HLA-E on their surfaces [9]. Targeting 

CD4+ T lymphocytes which are activated and/or 

‘stressed’ in general may thus help contribute towards 

suppressing HIV-1 replication in vivo. 

 To conclude, this essay outlines a proposed 

method of inducing HIV-1-specific HLA-E-restricted 

CD8+ T cells through a variant of the TCV method which 
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has been tried and tested in humans. Considering that 

its gist lies in the fact that intracellular HLA-E-binding 

peptides can be presented on HLA-E receptors when 

CD4+ T lymphocytes become activated, one can 

envision its extension to inducing similar lymphocytes 

specific for other pathogens that infect CD4+ T cells. 

Acknowledgement 

 The author wishes to thank the anonymous 

reviewers for their valuable comments.   

References 

1. Hansen SG, Wu HL, Burwitz BJ, et al. Broadly 

targeted CD8+ T cell responses restricted by major 

histocompatibility complex E. Science. 2016; 351

(6274): 714 – 20. doi: 10.1126/science.aac9475. 

2. Hansen SG, Sacha JB, Hughes CM, et al. 

Cytomegalovirus vectors violate CD8+ T cell epitope 

recognition paradigms. Science. 2013; 340(6135): 

1237874. doi: 10.1126/science.1237874. 

3. Lu W, Chen S, Lai C, et al. Induction of CD8+ 

regulatory T cells protects macaques against SIV 

challenge. Cell Rep. 2012; 2(6): 1736 – 46. doi: 

10.1016/j.celrep.2012.11.016. 

4. Andrieu JM, Chen S, Lai C, et al. Mucosal SIV 

vaccines comprising inactivated virus particles and 

bacterial adjuvants induce CD8+ T-regulatory cells 

that suppress SIV-positive CD4+ T-cell activation 

and prevent SIV infection in the macaque model. 

Front Immunol. 2014; 5:297. doi: 10.3389/

fimmu.2014.00297. eCollection 2014. 

5. Esparza J. A brief history of the global effort to 

develop a preventive HIV vaccine. Vaccine. 2013; 31

(35): 3502 – 18. doi: 10.1016/

j.vaccine.2013.05.018. 

6. Kraemer T, Blasczyk R, Bade-Doeding C. HLA-E: a 

novel player for histocompatibility. J Immunol Res. 

2014; 2014:352160. doi: 10.1155/2014/352160. 

7. Wieten L, Mahaweni NM, Voorter CE, et al. Clinical 

and immunological significance of HLA-E in stem cell 

transplantation and cancer. Tissue Antigens. 2014; 

84(6): 523 – 35. doi: 10.1111/tan.12478. 

8. van Hall T, Oliveira CC, Joosten SA, Ottenhoff TH. 

The other Janus face of Qa-1 and HLA-E: diverse 

peptide repertoires in times of stress. Microbes 

Infect. 2010; 12(12-13): 910 – 8. doi: 10.1016/

j.micinf.2010.07.011. 

9. Gleimer M, Parham P. Stress management: MHC 

class 1 and class 1-like molecules as reporters of 

cellular stress. Immunity. 2003; 19(4): 469 – 77. 

10. Oliveira CC, van Veelen PA, Querido B, et al. The 

nonpolymorphic MHC Qa-1b mediates CD8+ T cell 

surveillance of antigen-processing defects. J Exp 

Med. 2010; 207(1): 207 – 21. doi: 10.1084/

jem.20091429. 

11. Davis ZB, Cogswell A, Scott H, et al. A conserved 

HIV-1-derived peptide presented by HLA-E renders 

infected T-cells highly susceptible to attack by 

NKG2A/CD94-bearing natural killer cells. PLoS 

Pathog. 2016; 12(2): e1005421. doi: 10.1371/

journal.ppat.1005421. 

12. Cohen GB, Gandhi RT, Davis DM, et al. The selective 

downregulation of Class I major histocompatibility 

complex proteins by HIV-1 protects HIV-infected 

cells from NK cells. Immunity. 1999; 10(6):           

661 – 71. 

13. Lajoie J, Hargrove J, Zijenah LS, et al. Genetic 

variants in nonclassical major histocompatibility 

complex class 1 human leukocyte antigen (HLA)-E 

and HLA-G molecules are associated with 

susceptibility to heterosexual acquisition of HIV-1. J 

Infect Dis. 2006; 193(2): 298 – 301. 

14. Nattermann J, Nischalke HD, Hofmeister V, et al. 

HIV-1 infection leads to increased HLA-E expression 

resulting in impaired function of natural killer cells. 

Antivir Ther. 2005; 10(1): 95 – 107. 

15. Heinzel AS, Grotzke JE, Lines RA, et al.                   

HLA-E-dependent presentation of Mtb-derived 

antigen to human CD8+ T cells. J Exp Med. 2002; 

196(11): 1473 – 81. 

16. Salerno-Gonçalves R, Fernandez-Viña M, Lewinsohn 

DM, Sztein MB. Identification of a human                

HLA-E-restricted CD8+ T cell subset in volunteers 

immunized with Salmonella enterica serovar Typhi 

strain Ty21a typhoid vaccine. J Immunol. 2004; 173

(9): 5852 – 62. 

17. Caccamo N, Pietra G, Sullivan LC, et al. Human CD8 

T lymphocytes recognize Mycobacterium 

http://www.openaccesspub.org/
http://openaccesspub.org/
http://oap-journals.org/journal/ijcm
https://openaccesspub.org/journal/ijcm/copyright-license
https://doi.org/10.14302/issn.2690-4721.ijcm-17-1533


 

Freely Available Online 

www.openaccesspub.org  |  IJCM    CC-license              DOI : 10.14302/issn.2690-4721.ijcm-17-1533             Vol-1 Issue 1 Pg. no.-  6 

tuberculosis antigens presented by HLA-E during 

active tuberculosis and express type 2 cytokines. Eur 

J Immunol. 2015; 45(4): 1069 – 81. doi: 10.1002/

eji.201445193. 

18. Miles B, Miller SM, Folkvord JM, et al. Follicular 

regulatory CD8 T cells impair the germinal center 

response in SIV and ex vivo HIV infection. PLoS 

Pathog. 2016; 12(10):e1005924. doi: 10.1371/

journal.ppat.1005924. eCollection 2016 Oct. 

19. Hansen SG, Ford JC, Lewis MS, et al. Profound early 

control of highly pathogenic SIV by an effector 

memory T-cell vaccine. Nature. 2011; 473(7348): 

523 – 7. doi: 10.1038/nature10003. 

20. Hansen SG, Piatak M Jr, Ventura AB, et al. Immune 

clearance of highly pathogenic SIV infection. Nature. 

2013; 502(7469): 100 – 4. doi: 10.1038/

nature12519. 

21. Picker LJ, Hansen SG, Lifson JD. New paradigms for 

HIV/AIDS vaccine development. Annu Rev Med. 

2012; 63: 95 – 111. doi: 10.1146/annurev-med-

042010-085643. 

22. Ben-Nun A, Wekerle H, Cohen IR. The rapid isolation 

of clonable antigen-specific T lymphocyte lines 

capable of mediating autoimmune              

encephalomyelitis. Eur J Immunol. 1981;                 

11(3): 195 – 9. 

23. Skenderi F, Jonjić S. Viral vaccines and                 

vectors – some lessons from cytomegaloviruses. 

Periodicum Biologorum. 2012; 114(2): 201 – 10. 

24. Lu W, Chen S, Lai C, et al. Suppression of HIV 

replication by CD8+ regulatory T-cells in elite 

controllers. Front Immunol. 2016; 7: 134. doi: 

10.3389/fimmu.2016.00134. 

25. Huang X, Wu H, Lu Q. The mechanisms and 

applications of T cell vaccination for autoimmune 

diseases: a comprehensive review. Clin Rev Allergy 

Immunol. 2014; 47(2): 219 – 33. doi: 10.1007/

s12016-014-8439-6. 

26. Cohen IR. T-cell vaccination for autoimmune 

disease: a panorama. Vaccine. 2001; 20(5-6):            

706 – 10. 

27. Jiang H, Kashleva H, Xu LX, et al. T cell vaccination 

induces T cell receptor Vβ-specific Qa-1-restricted 

regulatory CD8+ T cells. Proc Natl Acad Sci USA. 

1998; 95(8): 4533 – 7. 

28. Panoutsakopoulou V, Huster KM, McCarty N, et al. 

Suppression of autoimmune disease after 

vaccination with autoreactive T cells that express Qa

-1 peptide complexes. J Clin Invest. 2004; 113(8): 

1218 – 24. 

29. Sarantopoulos S, Lu L, Cantor H. Qa-1 restriction of 

CD8+ suppressor T cells. J Clin Invest. 2004; 114

(9): 1218 – 21. 

30. Sacha JB, Chung C, Rakasz EG, et al. Gag-specific 

CD8+ T lymphocytes recognize infected cells before 

AIDS-virus integration and viral protein expression. J 

Immunol. 2007; 178(5): 2746 – 54. 

31. Choi E, Michalski CJ, Choo SH, et al. First phase 1 

human clinical trial of a killed whole-HIV-1 vaccine: 

demonstration of its safety and enhancement of  

anti-HIV antibody responses. Retrovirology. 2016; 

13(1):82. 

32. O’Doherty U, Swiggard WJ, Malim MH. Human 

immunodeficiency virus type 1 spinoculation 

enhances infection through virus binding. J Virol. 

2000; 74(21): 10074 – 80. 

33. Galloway NL, Doitsh G, Monroe KM, et al. Cell-to-cell 

transmission of HIV-1 is required to trigger 

pyroptotic death of lymphoid-tissue-derived CD4 T 

cells. Cell Rep. 2015; 12(10): 1555 – 63. doi: 

10.1016/j.celrep.2015.08.011. 

34. Pereyra F, Addo MM, Kaufmann DE, et al. Genetic 

and immunologic heterogeneity among persons who 

control HIV infection in the absence of therapy. J 

Infect Dis. 2008; 197(4): 563 – 71. doi: 

10.1086/526786. 

35. Abulafia-Lapid R, Bentwich Z, Keren-Zur Y, et al. T-

cell vaccination against anti-CD4 autoimmunity in 

HIV-1 infected patients. J Clin Virol. 2004; 31(Suppl 

1): S48 – 54. doi: 10.1016/j.jcv.2004.09.017. 

36. Abulafia-Lapid R, Mayan S, Bentwich Z, et al. T-cell 

vaccination against anti-CD4 autoimmunity in HIV-1 

subtypes B and C-infected patients – An extended 

open trial. Vaccine. 2005; 23(17 – 18): 2149 – 53. 

doi: 10.1016/j.vaccine.2005.01.054. 

http://www.openaccesspub.org/
http://openaccesspub.org/
http://oap-journals.org/journal/ijcm
https://openaccesspub.org/journal/ijcm/copyright-license
https://doi.org/10.14302/issn.2690-4721.ijcm-17-1533
https://doi.org/10.1016/j.jcv.2004.09.017
https://doi.org/10.1016/j.vaccine.2005.01.054


 

Freely Available Online 

www.openaccesspub.org  |  IJCM    CC-license              DOI : 10.14302/issn.2690-4721.ijcm-17-1533             Vol-1 Issue 1 Pg. no.-  7 

37. Cohen IR, Quintana FJ, Mimran A. Tregs in T cell 

vaccination: exploring the regulation of regulation. J 

Clin Invest. 2004; 114(9): 1227 – 32. 

38. Coffin J, Swanstrom R. HIV pathogenesis: dynamics 

and genetics of viral populations and infected cells. 

Cold Spring Harb Perspect Med. 2013; 3

(1):a012526. doi: 10.1101/cshperspect.a012526. 

 

http://www.openaccesspub.org/
http://openaccesspub.org/
http://oap-journals.org/journal/ijcm
https://openaccesspub.org/journal/ijcm/copyright-license
https://doi.org/10.14302/issn.2690-4721.ijcm-17-1533

