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Epilogue e 

T-celll subsets in HIV-negative Ethiopians 

Thee cellular immune response mediated by a variety of cells plays a 
fundamentall role in the body's defence against intracellular pathogens such as 
viruses.. Several T-cell subsets involved in this response can be distinguished 
basedd on the expression of different surface antigens. The advent of three-color 
flowcytometryy has given the opportunity for further characterization of CD4 and 
CD88 T cells. Hamann et at. have described naive, memory and effector T cells 
usingg combinations of CD45RA and CD27 stainings1. 

Studiess on the representation of naive and memory as well as effector 
subsetss in addition to total CD4 and CD8 populations in HIV-negative healthy 
Ethiopianss compared to HIV- negative Dutch subjects are shown in Chapters 2 
andd 3 of this thesis. The proportions as well as the numbers of several CD4 
andd CD8 subsets were found to be different for HIV-negative Ethiopians and 
Dutchh subjects. The proportion and number of CD4+ T cells were markedly 
reducedd in Ethiopians, whereas those of CD8+ T cells were increased in HIV-
negativee Ethiopians compared to Dutch subjects. When we looked further into 
thee subsets, naive CD4+ and CD8+ T cells were found to be significantly 
reducedd in healthy HIV-negative Ethiopians. On the other hand, numbers and 
proportionss of CD8 cells, which previously have been shown to exhibit memory 
andd effector properties1, were increased in Ethiopians. These findings are in 
agreementt with a study by Worku et at. comparing Ethiopian and Swedish 
healthyy subjects2. In addition, cells which have lost their CD45RA and CD27 
expressionn as a result of persistent antigenic stimulation1,3,4 were found to be 
increasedd in Ethiopians. The CD45RACD27" cells produce low levels of IL-2 
andd high levels of IL-45,6. Furthermore, the proportion of cells expressing the 
co-stimulatoryy molecule, CD28, was markedly reduced in Ethiopians. The 
CD28-negativee CD8+ T-cell subsets are thought to appear due to chronic 
antigenicc stimu-lation7"10. Consistent with this, telomere lengths of CD8+CD28" 
TT cells are generally shorter than that of their CD8+CD28+ counterparts, 
indicatingg that the CD8+CD28* cells have undergone many rounds of 
replication11,12.. In addition, increased fraction of Ki-67+-expressing cells and 
lowerr content of T-cell Receptor Excision Circles (TRECs) were observed in 
HIV"" Ethiopians compared to HIV" Dutch subjects (Hazenberg et a/., submitted). 
 Taken together, our study points toward a chronically activated immune 

systemm in HIV-negative Ethiopians. Nutritional factors and persistent exposure 
too environmental pathogens have been implicated in this chronic activation of 
thee immune system13"1 . Although chronic immune activation is likely to be 
inducedd environmentally, genetic differences cannot be excluded. The role of 
geneticc or environmental factors could be revealed by studying these subsets 
cross-sectionallyy in healthy Ethiopian children of different ages from different 
partss of the country or in Ethiopians who lived in a different environment for a 
longg time. 
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Whatt are the possible implications of an activated immune 
systemm on HIV-1 infection susceptibility and disease 
progression? ? 

AA balanced representation of several T-cell subsets of the immune 
systemm is thought to be necessary for an efficient immune response to infection 
byy any pathogen. The reduced proportions of naive cells in Ethiopians may 
implicatee reduced ability to mount an effective immune response to new 
pathogens.. Naive cells become memory cells when they encounter an antigen. 
Normallyy one would expect this loss of naive cells to be compensated for by the 
influxx of recent thymic immigrants. However, this seems not to be the case in 
healthyy adults facing chronic immune activation. Obviously, the adult thymic 
outputt is not sufficient to keep up with the increased loss of naive cells in a 
chronicallyy activated immune system. Indeed thymic output has been found to 
bee limited in adults undergoing ablative chemotherapy17"19. Further 
investigationn is required to elucidate this phenomenon. 

Althoughh the presence of an activated immune system may be 
importantt for survival in an environment where pathogens are repeatedly 
encountered,, several in-vitro findings suggest that activation of the cellular 
immunee system plays a central role in promoting HIV-1 infection and disease 
progression20,21.. The HIV-1 co-receptor CCR5 is mainly expressed on memory 
TT cells than on naive cells22. Furthermore, it is shown that HIV preferentially 
infectt memory cells which is also evidenced by the loss of response to recall 
antigenss early at infection23"25. Thus, it could be speculated that the increased 
proportionss of memory cells would render the host more susceptible to HIV. 
Furthermore,, the expression of HLA-DR and CD38 increase significantly with 
diseasee progression and this expression was found to be exclusively confined 
too the memory subsets26. The selective infection of memory cells by HIV on the 
onee hand and the increased expression of activation markers on the other hand 
indicatee that activation of the immune system amplifies HIV replication in an 
infectedd host by providing increased numbers of cells susceptible to productive 
virall infection, thereby contributing to the rapid deterioration of the immune 
system.. In addition, the slower decline of CD4+ T-cell numbers in HIV--
infectedd compared to HIV-1-infected individuals was found to be associated with 
lowerr levels of immune activation267. Another study in chimpanzees has also 
shownn that the resistance to disease progression in HlV-1-infected 
chimpanzeess is related to absence of chronic immune activation27. 

Bothh memory and effector CD8 populations, which were increased in 
thee Ethiopians, were previously shown to produce increased levels of TNF-a1. 
Severall in-vitro findings support that TNF-a induces HIV expression and 
activatess HIV replication in various cell systems. TNF-a plays this negative role 
throughh activation of nuclear factor-KB (NF-KB)

 28~30. 
Altogether,, our results and the assumptions presented here are 

compatiblee with and could explain previous suggestions of high susceptibility to 
HIVV infection and faster HIV disease progression in Africans13,14,31. 
Furthermore,, the memory and effector T cells as well as the CD28-negative 
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cellss which are increased in healthy Ethiopians, previously were shown to 
respondd poorly to most stimuli in vitro1,6,9. Therefore, it may also be important 
thatt these adaptation changes of the immune system and their potential 
influenceinfluence on subsequent stimulation should be considered during vaccine or 
therapeuticc designs. 

Viro-immunolgicall markers in HIV-1-infected Ethiopians 

Thee period between HIV-1 infection and development of AIDS varies 
greatly32,33.. This variation urged the need for identification of predictive markers 
off disease progression, which can be useful for appropriate and timely medical 
interventions.. Several markers of disease progression have been proposed as 
potentiall surrogates for clinical outcome . Some of these factors are 
involvedd in HIV pathogenesis and are shown to be responsive for therapy39,40. 
Inn general, HIV disease progression is believed to be accelerated in HIV-
infectedd Africans312. However, there are few reports to describe the viro-
immunolgicall correlates of this rapid disease progression in Africans. In 
Chapterss 3 and 4 of this thesis several virological and immunological markers 
havee been studied in Ethiopians . 

HIV-associatedHIV-associated changes in T cells subsets 

Wee studied the HIV-1-associated changes in several T-cell subsets of 
thee immune system by comparing the HIV-negative Ethiopians with HIV-positive 
Ethiopianss with and without AIDS. The fact that HIV infects only CD4-bearing 
cells41,422 and these cells decline with disease progression has made them 
relevantt markers for HIV-1 disease progression3 . In Ethiopians CD4 counts 
alsoo decreased with HIV infection. CD8 T cells, while not infectable with HIV, 
showw dramatic alterations34. During the asymptomatic infection, an increase in 
CD88 cells T-cell numbers, mainly due to the expansion of the memory subsets, 
iss observed44^5. Also in Ethio-pians these subsets increases with HIV infection 
butt are reduced in the individual with AIDS. CD4 and CD8 cells are not the only 
TT cells that are affected by HIV infection. Changes in other subsets of T cells 
aree also reported44"46. The proportion and number of naive cells which was 
alreadyy low in HIV' Ethiopians did not decrease further with HIV infection. 
Markedly,, reduced proportions of CD8 naive T cells were observed only in 
Ethiopianss who already developed AIDS. Cytotoxic effector CD8 subsets were 
alsoo significantly decreased in Ethiopians with AIDS. Although we do not know 
iff these subsets are HIV-specific effectors, it may be in agreement with 
previouss studies which demonstrated disappearance of HIV-specific CTL in 
laterr stages of HIV infection47,48. Furthermore, CD4 and CD8 cells which 
expresss activation antigens HLA-DR and CD38 are observed to progressively 
increasee when moving from HIV- negative to the AIDS group, implicating the 
rolee of immune activation to immune deterioration and ultimate development of 
AIDS. . 



988 Chapter 7 

SolubleSoluble viro-immunological markers in Ethiopians 

Chapterr 4 of this thesis shows a study on plasma levels of soluble 
immunee markers in HIV-infected and -non-infected Ethiopians and their 
associationn with proportions of various T- cell populations. We have shown that 
thee levels of soluble CD27, p2-microglobulin and IL-12 progressively increases 
withh HIV status. The increase of sCD27 levels in plasma has been reported in 
otherr disease conditions and was indicated as potential progression marker of 
certainn diseases49. Similarly, our observation of an independent strong 
associationn of sCD27 levels with CD4 decline could be indicative of the potential 
usee of this marker for HIV disease progression, [^-microglobulin was also 
shownn to be a useful prognostic marker and our observation is in agreement 
withh previous reports50'51. The progressive increase of IL-12 with HIV infection 
mayy be in support of a report which indicated the lack of in-vivo Th1 to Th2 shift 
duringg HIV infection and disease progression52'53. Although not progressive we 
alsoo observed increases in the levels of plasma IgE and IgA in the HIV-infected 
group,, which may be reflecting HIV-associated polyclonal B-cell activation53, 
whereass soluble TNF-a receptor was increased only in the individuals with 
AIDS.. Several studies from Europe and North America have presented 
evidencee that HIV replication as measured by plasma viral load plays a central 
rolee in HIV pathogenesis54'55 and has a significant predictive value of HIV 
diseasee progression56,57. It was even suggested that plasma HlV-1 RNA levels 
havee a greater predictive power than CD4 counts for the ultimate immunologic 
deterioration55 . In our study, plasma viral load was significantly higher in the 
Ethiopianss with AIDS compared to the HIV-1-infected asymptomatic group. 
However,, viral toad did not correlate well as expected with soluble and cellular 
markers.. This may be in agreement with a study which compared Africans and 
Europeann HIV-1-infected individuals and which indicated that viral load is 
generallyy low in the Africans, suggesting that it actually contributes less to the 
immunologicall deterioration and disease progression59. 

Too summarize the pattern of changes in the viro-immunological 
markers,, with exception of plasma viral load, during HIV infection is not different 
inn Ethiopians compared to what has been reported for other populations. Our 
studyy also indicates that measurement of soluble immune markers in fresh or 
storedd plasma samples could be a good alternative to the quantification of T 
cellss in places where there is no facility for flowcytometric measurements. 
Althoughh our study is cross-sectional and needs to be confirmed by prospective 
studies,, these cellular and soluble markers may have predictive value for HIV-1 
infectionn progression in Ethiopians. 
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