
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Influence of CD4+ cell types on HIV-1 infection

Heeregrave, E.J.

Publication date
2010

Link to publication

Citation for published version (APA):
Heeregrave, E. J. (2010). Influence of CD4+ cell types on HIV-1 infection. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/influence-of-cd4-cell-types-on-hiv1-infection(9563e203-4c91-427e-b96a-5d4fde5879b9).html


7

GEnEral DIsCussIon



7 

C h a p t e r  7

1 .  C E l l  t y P E  &  H I V - 1  I n f E C t I o n

HIV-1 infects many different cell types of the immune system with infection levels 
that differ among the populations (Chapter 1). It has been shown that CD4+ T cells 
are infected to a higher extent than cells of monocyte/macrophage lineage1. HIV-1 
can also infect CD8+ T cells and dendritic cells but only to low levels and with limited 
virus production. The level of virus infection does not always correspond with virus 
production. For example, Th1 cells may be infected to a higher extent than Th2 cells 
but the latter cell type on average produces more virus than Th1 cells2-4. This, in part, 
may well be ascribed to higher expression levels of CC-chemokines that compete with 
HIV-1 for binding to the CCR5 coreceptor when secreted from the cell. Th1 cells have 
also been described to possess higher mRNA expression levels of APOBEC3G than 
Th2 cells, which may also influence the infectivity of the produced virions5.

A recent study has described the preferential infection of CCR4+CCR6+ and 
CXCR3+CCR6+ CD4+ T cell subsets homing to gut associated lymphoid tissue (GALT)6. 
These cells with a Th17 phenotype were described to be more permissive for HIV-1 
replication than Th1 and Th2 populations. Virus production by Th2 cells, characterized 
by a CCR4+CCR6- phenotype with very low CCR5 expression, was virtually absent. 
This contrasts with other studies that report on productive infection of this subset. The 
aforementioned study characterized Th2 cells by expression of CCR4 and lack of CCR6, 
a population that predominantly migrates to non-gut associated lymphoid tissues. One 
caveat of this study is that the sorting strategy differs from most other studies that sort 
on the basis of functional markers such as positive for IL-4 and negative for IFN-γ 
production. Since not all Th2 cells express CCR4 it is possible that sorting on CCR4 
under-represents the complete Th2 population7. Sorting on functional markers may 
include more cells that are capable of homing to the GALT, a predominant site of HIV-1 
replication. It has been shown that this molecule is not present on memory subsets in 
the thymus and blood8 and CCR4 has also been associated with a Th1 phenotype9-11. It 
therefore seems that using this marker for Th2 cells is debatable and may explain the 
observed results.

We and others have observed that macrophages demonstrate a delayed pattern 
of virus replication when compared with CD4+ T cells, but they maintain virus 
production over an extended period1,12,13 (E.J. Heeregrave, unpublished results). 
This is likely due to their reduced sensitivity to virus-induced apoptosis which 
enables them to live longer14. Just like macrophages, naïve CD4+ T cells are a low-
proliferating cell type. It has been shown that HIV-1 entry into low-proliferating or 
resting cells severely impairs virus production with a reduction or block at the level 
of reverse transcription15-18. The rate of reverse transcription can be increased by 
addition of deoxynucleotide triphosphates (dNTPs), indicating that limiting pools 
of dNTPs or nucleotide precursors slow the rate of reverse transcription19,20. Some 
publications report on completion of reverse transcription and nuclear import of 
the viral pre-integration complex in non-proliferating cells21,22. In support of these 
observations, multiple studies have described productive HIV-1 infection of resting 
cells, such as naïve CD4+ T cells23-25. This can be achieved by the lymphoid tissue 
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micro-environment, which may provide the necessary signals to proceed in the cell 
cycle and facilitate productive infection24-26. Transition into the G1b phase of the cell 
cycle results in completion of HIV-1 reverse transcription in quiescent CD4+ T cells 
and also in macrophages27-29. During this cell cycle phase sufficient pools of dNTPs 
are present that facilitate reverse transcription and integration, ultimately resulting 
in productive infection30. That in vitro activation of HIV-1 infected resting cells does 
not often result in productive infection indicates that additional cellular factors and 
signals are required31-36. In addition, the nature and duration of stimuli determines 
HIV-1 infection kinetics37-39. Most of these studies were performed in vitro, while 
productive infection of resting CD4+ T cells was detected in vivo. This indicates that 
proper cell stimulation to achieve productive infection is multi-factorial and may 
include cell-to-cell contact, with stimuli from other cell types and production of 
multiple cytokines. Most of the central memory cells have likely reached the G1b 
phase of the cell cycle, while for other subsets the percentage of cells residing in this 
phase may be much smaller. This relates to differences in thresholds for activation 
between different cell types, which likely influences the percentage of proliferating 
cells and may therefore explain the observed disparity in infection levels40-44. Other 
factors that can contribute to differences in HIV-1 infection levels are incorporation 
of intercellular adhesion molecule 1 (ICAM-1) into viral particles45 and levels of CC-
chemokine production that differ between the CD4+ T cell memory subsets43,46.

Central memory CD4+ T cells express predominantly IL-2, whilst cells that 
express effector molecules such as MIP-1β and IFN-γ are more of the effector 
memory phenotype43. Cells expressing IL-2 have been shown to contain more HIV-1 
DNA than those expressing MIP-1β (Chapter 5). This corresponds with our findings 
in Chapter 2 that central memory cells contain more viral DNA than effector 
memory cell types. This was already known for HIV-1 specific cells47 and here we 
have demonstrated that this is also the case for Mycobacterium tuberculosis (MTB)-
specific CD4+ T cells (Chapter 5).

Our findings in Chapter 5 led us to speculate that predominant infection of a 
specific CD4+ T cell subset in HIV-1/MTB co-infected persons may influence HIV-1 
disease progression. Infection of the IL-2+ CD4+ cell subset was associated with its 
depletion and thereby may contribute to CD4+ T cell loss in co-infected individuals. 
The patients described in Chapter 2 vary widely with respect to their HIV-1 infection 
levels amongst the variant CD4+ T cell populations. Persistent and predominant viral 
replication in naïve or central memory CD4+ T cells may impair differentiation into 
effector memory cells. This can compromise the number of effector memory cells 
in non-lymphoid tissues such as the lung or gut, where numerous pathogens are 
encountered. Impaired immunity at these sites may eventually facilitate infection with 
opportunistic infections.

We found that infection levels of naïve and central memory CD4+ T cells correlated 
with CD4 count and viral load (Chapter 2), but the correlation between naïve 
infection level and viral load has not been confirmed by others48,49. The role of central 
memory CD4+ T cells has become more apparent with multiple studies on pathogenic 
SIV infection. Specific loss of this cell population and not naïve CD4+ T cells, is 
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characteristic of rapid SIV progression49-51. This occurs in the absence of memory cell 
proliferation resulting in failure of prolonged production of effector memory CD4+ 
T cells52. In normal HIV-1/SIV progression both naïve and central memory CD4+ T 
cell numbers decline and effector memory cell numbers increase, likely explained 
by increased memory cell proliferation50,53,54. Loss of central memory CD4+ T cells is 
detrimental to HIV-1 infected patients and SIV-infected monkeys and correlates with 
disease progression, while preservation of this cell type is associated with survival and 
control of viremia49,50,52,53,55.

The role of naïve CD4+ T cells in the process of systemic immune activation or the 
development of AIDS remains unclear. In a previous study no correlation between 
CD4+ naïve cell numbers and the development of AIDS was found53. While high 
baseline cell numbers increase the chance of CD4+ T cell recovery during therapy56, a 
different study found no association between naïve cell numbers and the homeostasis 
of the central memory CD4+ T cell population53. Central memory cells may depend 
more on cytokine-driven homeostatic proliferation or presentation of antigen by 
MHC-encoded molecules than on differentiation of naïve CD4+ T cells42,57,58.

Our results from Chapter 5 provide some indication to the CD4+ cellular phenotypes 
that should be induced by HIV-1 vaccines. Such cells should be more of an effector memory 
phenotype with high CC-chemokine levels, akin to terminally differentiated effector 
memory cells. These cells have been shown to be relatively resistant to HIV-1 infection at 
a viral life-cycle stage prior to reverse transcription59. This subset differs from the effector 
memory CD4+ T cells in our study by the notable absence of CCR7 and CD45RO and the 
presence of CD45RA expression, therefore representing a more terminally differentiated 
cell type. More in-depth analysis of the HIV-1 resistant CCR4+CCR6- cell population6 
will likely provide a better understanding of host factors that can limit HIV-1 infection. 
This knowledge will aid in the design of vaccines, inducing cellular phenotypes that are 
more likely to be preserved in the context of HIV-1 infection. To provide long-lasting 
immunity, it is of importance that such cells possess the self-renewing capacities of 
central memory cells or are induced by these cells.

In conclusion, the variant CD4+ T cell subsets differ with respect to their HIV-1 
infection levels that not always correlate with virus production. For virus production, 
the life-cycle stage of the infected cell as well as cellular restriction factors are of 
influence and ultimately the lifespan of the cell.

2 .  C E l l  t y P E  &  H I V - 1  E V o l u t I o n

Studying HIV-1 diversity provides insights concerning intrapatient viral evolution 
and may identify factors that influence virus phenotype. Diversity correlates with 
viral load and fitness and when studied longitudinally, can point to what drives 
disease progression60-62. Both diversity and divergence increase during the initial years 
of infection and stabilize or decline later in infection. These changes correlate with 
failure of T cell homeostasis and emergence of CXCR4 using variants, implicating their 
importance in pathogenesis.
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The cell type of HIV-1 infected cells can influence the genetic make-up or diversity 
of the virus population, leading to differences in viral phenotype such as cell entry. 
This can have clinical implications as has been shown for macrophage-associated 
changes in the viral envelope that were related to HIV-associated dementia1,63-65. 
Macrophage-produced viruses demonstrate a different use of the CCR5 coreceptor and 
increased fusogenicity in comparison with CD4+ T cell-produced viruses66-68. Within 
the CD4+ cell population viral compartmentalization can occur and has been observed 
under antiviral pressure1,69. Within the CD4+ T cell compartment we did not detect 
in vivo compartmentalization in patients off-therapy, nor in a patient who switched 
from CCR5 to CXCR4 usage (Chapter 2). Predominant infection of one CD4+ subset 
did not result in viral compartmentalization or reduced diversity in another subset, 
indicating that relative virus infection levels are not necessarily linked to changes in 
virus diversity (Chapter 2). In patients whose naïve CD4+ T cells only harbored a few 
percent of viral copies within the CD4+ T cell population, virus residing in these cells 
could not be distinguished from memory cell-derived virus or from cell-free virus in 
serum, indicating their importance as a HIV-1 producer cell. 

HIV-1 compartmentalization was identified in the effector memory CD4+ T cell 
subset of an individual who was infected with two different strains (HIV-1 dual 
infection). Upon therapy we observed complete replenishment of this subset by a 
different virus strain, as presented in Chapter 3. Additional factors such as high turnover 
of this cell subset, the host immune pressure and viral fitness may also have played a 
role. In HIV-1 dual-infected individuals, one strain usually prevails and is fitter than 
the other strain. In a different situation, such as an altered cellular environment or 
under antiretroviral therapy, the repressed virus can become the fittest strain (Chapter 
3 & 4). This highlights that viral fitness is determined by the environment in which the 
virus replicates70.

Antiretroviral therapy reduced viral load in CD4+ naïve and memory T cell subsets 
to the same extent, except for a rise in load in the effector memory subset of one patient. 
This confirms that the naïve subset is productively infected and does not predominantly 
consist of latent HIV-1 variants. One month of therapy had no apparent effect on the 
virus residing in the naïve and central memory subsets, but did influence the effector 
memory HIV-1 quasispecies in some patients. The changes in viral diversity and the 
observed increase in V3 charge indicate that virus in the effector memory subset is 
more sensitive to therapy compared to the other cell subsets. This likely reflects the 
short half-life of these cells through which viral changes become more apparent than in 
the other cell compartments. It will be interesting to determine whether this cell subset 
preferentially facilitates emergence of drug resistance effected by the higher turnover 
of virus in this cell population.

3 .  C E l l  t y P E  &  H I V - 1  P H E n o t y P E

Another feature of host cell influence on HIV-1 infection is that virus produced by 
different cell types may possess variant biological phenotypes, such as infectivity, 
sensitivity to chemokine receptor blocking and antibody neutralization. We have 
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generated identical virus stocks produced by macrophages, CD4+ lymphocytes, T 
helper 1 (Th1) and T helper 2 (Th2) CD4+ cells to determine the sole effect of host 
cells on some of these aspects (Chapter 6). We observed minor to no differences in 
viral phenotype between the two T helper populations studied. Differences between 
macrophages and CD4+ T cells were larger, which may be explained by the fact that these 
cell types are more divergent than T helper subsets. Incorporation of host molecules 
into the viral membrane can increase viral infectivity and also results in other effects 
such as T cell activation and cell signaling71-73 (http://web.ncifcrf.gov/research/avp/). It 
has been shown that ICAM-1 incorporation into viral particles can lead to preferential 
infection of memory over naïve CD4+ T cells and increases virus infectivity45,74. This 
likely occurs through binding of ICAM-1 to LFA-1, which is expressed higher and 
more in clusters on memory cells compared with naïve cells thereby strengthening 
the interaction with ICAM-1. Incorporation of HLA-II and co-stimulatory molecules 
such as CD80 and CD86 also increases viral infectivity71,75. Incorporated HLA-II (and 
CD86) produces a signal to T lymphocytes through antigen presentation, but without 
proper costimulation this results in T cell anergy76-78. Virus produced by macrophages 
harbor numerous host cell-derived molecules on their cell surface79. While a direct 
comparison with CD4+ T cells is lacking, differences likely exist between these two 
different cell types. Whether viruses produced by naïve and memory CD4+ T cells differ 
in host molecule incorporation remains to be determined. Since naïve CD4+ T cells 
are not antigenically stimulated, the profile of co-stimulatory molecules likely differs 
from memory CD4+ T cells. Differential incorporation of such proteins may result in 
produced viruses with variant infectivity or signaling potential.

We observed that some macrophage-produced HIV-1 variants were preferentially 
transmitted via DC-SIGN to CD4+ T cells as well as being more resistant to antibody 
neutralization (Chapter 6). A similar increased resistance to neutralization was 
observed for macrophage- versus CD4+ T cell-produced viruses when neutralized 
by chimpanzee serum and soluble CD480,81. Differential glycosylation among virions 
derived from both cell types likely plays a role herein. These findings again indicate that 
virus produced by macrophages have a pronounced influence on HIV-1 pathogenesis 
compared with virus produced by CD4+ lymphocytes.

4 .  P E r s P E C t I V E :  r o l E  o f  V a r I o u s  t  C E l l 
P o P u l at I o n s  I n  H I V - 1  I n f E C t I o n

Over the last years the knowledge regarding the repertoire of cell types involved 
in HIV-1 infection has expanded. Among these are Th17 cells that can play both a 
direct as well as indirect role in HIV-1 and SIV pathogenesis by their involvement in 
maintaining mucosal integrity82-84. These cells produce IL-17 and IL-22 that induce 
enterocytes, cells that form the epithelial layer, to initiate an immune response85,86. This 
response in part consists of production of multiple chemokines and other molecules to 
attract neutrophil granulocytes to mucosal sites. IL-22 production also helps to repair 
the damaged epithelium. HIV-1 infection results in infection and loss of Th17 cells 
in the gastro-intestinal tract84. The immune response is thereby skewed away from a 
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Th17 towards an (impaired) Th1 response. Reduced cytokine production by Th17 cells 
impairs a proper response in the GALT and also affects permeability of the epithelial 
barrier, likely resulting in microbial translocation and systemic immune activation.

Another cell type that may be involved in HIV-1 infection is the multipotent 
CD34+ progenitor cell from the bone marrow. HIV-1 infects this cell type which can 
potentially serve as a latent reservoir87. Since there are no other publications in support 
of this finding, future studies are required to confirm and better define the role of these 
cells in HIV-1 infection.

In recent years, IL-9 and IL-22 producing T cells have been designated as separate 
CD4+ T helper populations88. Murine Th9 cells arise in vitro during culture with IL-4 
and TGF-β and these cells are characterized by expression of IL-9 and IL-1089. They are 
distinct from Th2 cells by the absence of IL-4, IL-5 and IL-13. IL-9 is a cytokine, which 
is also produced by Th2 and Th17 cells90,91. In recombination-activated gene 1-deficient 
mice, these cells induced colitis and peripheral neuritis. IL-9 production is further 
associated with an impaired Th1 response in persons with tuberculosis92. In light of 
these findings, Th9 cells may facilitate infection with MTB or alternatively, presence of 
these cells in HIV-1/MTB co-infected persons may impede an efficient Th1 or antiviral 
response. Their role in tissue inflammation may enhance the level of systemic immune 
activation during HIV-1 infection.

Most CD4+ T cells express the αβ T cell receptor (TCR) and a minority population 
expresses the γδ TCR. This cell type is predominantly present in the gastro-intestinal 
mucosa and plays a role against viral, bacterial and fungal infections93-95. The Vδ1 
subset is expanded upon HIV-1/SIV infection due to recirculation96-98. γδ T cells can 
both kill infected cells and produce cytokines and chemokines to attract and induce 
other immune cells95,99. Both the Vδ1 and Vδ2 subset can produce IFN-γ and the 
mucosal resident γδ T cell population produces also IL-17100,101. Its presence correlates 
with CD4+ T cell activation and depletion. Although more research is required to 
elucidate how both γδ T cell subsets are involved in HIV-1 pathogenesis, recognition 
of microbial products may imply involvement of this cell type in systemic immune 
activation, an important aspect of HIV-1 pathogenesis.

5 .  a s s ay  D E V E l o P m E n t:  G E n E r at I o n  o f  H I V - 1 
P r I m a r y  I s o l at E s

In Chapter 4 we have presented an assay to generate HIV-1 primary isolates by 
cocultivating patient PBMC with the U87 cell line expressing CD4 and either of the 
HIV-1 coreceptors. The advantage of this assay is that virus replication can be predicted 
through monitoring for syncytia formation, which usually occurred within 14 days 
after culture initiation. We observed high levels of virus replication with CA-p24 levels 
reaching as high as 1 μg/ml. We were successful in generating virus stocks from 70% 
of the patients studied and the majority of analyzed patients harbored primary isolates 
that were representative of the plasma quasispecies. This assay is easy to use and allows 
for the generation of virus stocks at sites where CA-p24 ELISA and supply of donor 
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PBMC are not available. This can save substantially on costs since it also bypasses the 
use of expensive reagents such as CD44 microbeads, which are routinely used these 
days for virus isolation102-104. Our assay thereby contributes to more field research 
since it allows for using these primary isolates at the site of isolation for HIV-1 vaccine 
research or for studies on antiretroviral therapy.

Very few studies have been performed on generating virus stocks using cell lines. One 
such study utilized CEM.NKR cells for virus production and neutralization purposes105, 
but did not compare the produced isolates with the patients’ variants. Another study 
compared viral isolates of two patients grown on herpesvirus saimiri-immortalized T 
cells with variants isolated from plasma and PBMC106. One patient demonstrated no 
to minor selection compared to plasma-derived sequences, while substantial changes 
in the V2 and V3 region were observed for the other patient. Interestingly, the cell line 
derived isolates were very similar in sequence to isolates obtained by cocultivation 
with donor PBMC and also the neutralization capacities were very comparable. 
They, however, only sequenced a few virus clones from each compartment. Mild et 
al. presented an assay for the generation of HIV-1 clones using the U87 cell line and 
compared these clones to PBMC-derived primary isolates107. No comparison with 
virus directly obtained from the patient was performed. Although the generated clones 
accurately represent the isolates this assay is not suitable for experiments that require 
the broad spectrum of variants present in a patient. For instance, when searching for 
the presence of CXCR4 using variants or testing (novel) components of antiretroviral 
therapy, one would like to perform cultures or viral inhibitions using the whole of the 
patients’ viral quasispecies.

Selection is inherent to virus culture irrespective of the cell type used and the 
problem always remains as to how representative the grown isolates are. Most, but 
not all studies that compared isolates cultured on donor PBMC with variants directly 
isolated from patients, concluded that the cultured isolates do not accurately represent 
the patients’ plasma quasispecies108-113. The study by Voronin et al was largely based on 
length analysis of the V1V2 region and not by sequencing the entire V1V5 envelope, 
as we performed. They also show that parallel cultures using donor PBMC can vary 
in outcome. Since host immune pressure is absent in cell culture systems, primary 
isolates may consist of other predominant variants. Strains with increased sensitivity 
to a patients’ immune pressure may in vitro out-replicate the more immune-resistant 
strains that predominate in the patient114,115. Besides minority populations present in 
PBMC, patients may in addition harbor particular variants that reside in occluded 
locations such as in macrophages within the brain67,116-120. Some of these viruses will 
not be present in the circulation and will therefore not appear in virus cultures. These 
organ-specific variants can be transmitted to a new host, hinder antiretroviral therapy 
efficiency (caused by resistance mutations or limited penetration of antiretroviral 
drugs) or be involved in HIV-associated disease64,65,68,121-124. 
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6 .  H I V - 1  a n D  C o - I n f E C t I o n  w I t H  m y C o b a C t E r I u m 
t u b E r C u l o s I s

Infection with MBT can impact HIV-1 replication and disease at various levels125 
(Chapter 1). We have observed that some subpopulations of MTB-specific CD4+ T 
cells are preferentially infected with HIV-1 over others (Chapter 5). Direct HIV-1 
infection of this IL-2+ subset may contribute to the rapid loss of MTB-specific cells 
upon HIV-1 infection and thereby impair immunity to MTB. An inverse correlation 
between the proportion MTB-specific IL-2+ CD4+ T cell number and plasma viral load 
indicates that co-infected individuals lose IL-2 secretion capacity during HIV-1 disease 
progression126. This may already occur early after HIV-1 infection, which facilitates TB 
reactivation and may contribute to a rapid disease course. Antiretroviral therapy restores 
MTB responses reiterating that HIV-1 replication can result in depletion of MTB-
specific cells127. Detection of these cells in HIV-1 positive persons with pulmonary TB 
suggests that renewed exposure or mycobacterial growth increases MTB-specific cell 
numbers128,129. In HIV-1 positive individuals, polyfunctional MTB-specific responses 
are maintained but with loss of IL-2 expression126. Subjects with a CD4 count below 
200 cells/μl increased their MTB response as opposed to individuals with higher CD4 
counts129. Whether this response is sufficient to contain the mycobacteria or indicates 
progressive TB disease remains to be determined. The antiviral response of individuals 
with low CD4 count was shown to be impaired.

In HIV-1 infected persons co-infected with MTB, differences in expression levels 
of HIV-1 coreceptors and CC-chemokines were observed when compared with HIV-1 
only infected individuals. Increased CXCR4 surface expression on alveolar macrophages 
combined with higher levels of CCR5-binding chemokines, but not CXCR4-binding 
stromal-derived factor-1α (SDF-1α) in broncho-alveolar lavage (BAL), may facilitate 
HIV-1 coreceptor switch from CCR5 to CXCR4 using130. In relation to these findings, 
they observed increased viral entry and reverse transcription in alveolar macrophages. 
Two studies observed elevated CCR5 expression levels, also on monocyte-derived 
macrophages (MDM) and alveolar macrophages, and one of these detected lower levels 
of CC-chemokine production in BAL facilitating HIV-1 infection and replication131,132. 
Yet another study found a lower number of CCR5 and CXCR4 expressing cells with 
no change in expression levels per cell and with slightly higher plasma CC-chemokine 
levels133. A minor increase in intracellular CC-chemokine levels was observed in 
another study134. Although most studies concluded that MTB infection seemed to 
facilitate HIV-1 replication, other conclusions are hard to draw since each study focused 
on a few selected parameters with little overlap. In addition, the different parameters 
were analyzed in various body compartments (plasma versus BAL) and CC-chemokine 
levels were measured both in secreted form as well as intracellular. Besides competing 
with HIV-1 for CCR5 binding, secreted CC-chemokines have the additional effect of 
attracting CD4+ target cells and thereby enhancing HIV-1 replication. Furthermore, 
they can also increase HIV-1 replication in monocytes and macrophages when these 
cells were exposed to these chemokines before HIV-1 infection135. 
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MTB infection has been shown to influence the genetic make-up of the HIV-1 
quasispecies seemingly by inducing replication of variants in the lung that contribute to 
systemic virus diversity136,137. In half of the study population, viral compartmentalization 
was observed between sequences isolated from pleural fluid versus plasma. The 
increased virus diversity has a positive impact on viral fitness, which may facilitate 
disease progression138.

The difference in immune profile of CD4+ T cells in CMV versus latent TB infection 
may explain the disparity in CD4 decline in co-infected persons (Chapter 5). Active 
TB patients have an intermediate immune profile and a poor prognosis indicating 
that other factors may play a role in disease outcome. When studying HIV-1/MTB co-
infection one must discern between systemic responses and those present in the pleura, 
since immune responses may well demonstrate compartmentalization139. It is also of 
importance to distinguish between the different forms of tuberculosis, since pleural TB 
induces a strong Th1 response whilst disseminated TB is more associated with a Th2 
response140. These different immune profiles will alter the cellular cytokine profile, levels 
of CC-chemokine production and presumably modulate HIV-1 infection. Although 
most studies focus on pulmonary TB, the most prevalent form, the differential effects 
of MTB co-infection on HIV-1 infection need to be seen in light of the various forms 
of TB and the locations within the patient where the infection resides.

With the increasing numbers of persons infected with HIV-1 and opportunistic 
infections such as with MTB, there is a challenge to unravel the mechanisms that 
determine immune activation and how these infections influence each other. The 
knowledge gathered from such studies will undoubtedly contribute to the development 
of strategies aimed at combating these infections.
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