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Modulation of HIV-1 Transcription by Cytokines and Chemokines

K.F.T. Copeland*

Molecular Medicine Program, Ottawa Health Research Institute, Ottawa, ON, Canada

Abstract: Infection with HIV results in the modulation of circulating levels of many host factors. Several host
proteins that are up-regulated in HIV infection have the potential to influence virus replication. More
specifically, the transcription of HIV-1 can be modulated in vivo by host proteins, including cytokines and
chemokines. Cytokines modulate transcription mediated by the HIV-1 long terminal repeat (LTR) via multiple
signal transduction pathways with resulting recruitment of numerous transcription factors, including NFκB,
C/EBP, AP-1, TCF-1α, NF-IL-6 and ISGF-3. The effects on transcription may vary depending upon the cell
type studied and upon the timing of the exposure of infected or transfected cells to cytokines. Furthermore,
studies of cytokine mediated activation or inhibition of LTR mediated transcription may also be affected by the
presence of the HIV-1 trans-activating protein, Tat, which has significant impact upon the redox state of the
cell. This review will examine the complexities of the positive and negative control of HIV transcription by
cytokines and chemokines.
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INTRODUCTION elements [3], c) upstream of the NFκB sites are elements
which may further modulate transcription including AP-1,
NFAT-1, C/EBP and TCF-1α binding sites [4]. The
structure of the HIV-1 LTR is outlined in Fig. (1).

Cytokines are low molecular weight proteins that
participate in the regulation of immune responses. Cytokines
bind to specific cell membrane receptors resulting in the
modulation of gene transcription via the activation of signal
transduction pathways. Therefore cytokines exert a variety of
effects on cellular function, activation state, proliferation,
viability, differentiation and the production of host proteins
(including other cytokines). Chemoattractant cytokines
(chemokines) bind to cell surface G protein-coupled receptors
resulting in the attraction of specific cell types to sites of
injury and inflammation in the body. Both cytokines and
chemokines may be dysregulated in HIV infection, as
demonstrated by the shift from a Th1 to a Th2 phenotype of
CD4+ T cells with progression to disease [1]. Cytokines
and chemokines may also target other points in the virus
life-cycle, including cellular entry, replication and protein
maturation. This review will focus on HIV transcription (the
effects of cytokines on HIV-1 transcription are summarized in
Table 1). The significance of cytokines and chemokines in
HIV infection in vivo will also be addressed.

Retroviral transcription can be modulated by viral
proteins, by numerous cellular factors induced during
activation and differentiation, and by cytokines and
chemokines up-regulated in response to viral infection. The
activation of cellular gene expression by cytokines results in
the modulation of transcription factors which have diverse
effects upon cellular promoters. The HIV LTR contains
transcription factor binding sites which are similar to those
found in cellular gene promoters and thus LTR-mediated
transcription is similarly modulated by cytokines and
chemokines. The ability of cytokines to affect HIV
transcription may also be cell type-specific and dependant on
levels of other cytokines present.

MODULATION OF HIV-1 TRANSCRIPTION BY
CYTOKINES

CONTROL OF HIV-1 LTR-MEDIATED
TRANSCRIPTION

I. Pro-Inflammatory Cytokines

Several inflammatory cytokines are elevated in patients
with AIDS, including IL-1, TNFα, TGFβ and IL-6 [5, 6].
TNFα is a pro-inflammatory cytokine which is associated
with numerous infectious diseases, including HIV infection,
and is associated with AIDS progression. Furthermore,
TNFα has been shown to activate virus replication in both
chronically infected cell lines and in peripheral blood
mononuclear cells (PBMC) derived from HIV-1 infected
subjects [7-9]. TNFα has also been shown to increase HIV
transcription in ACH-2 T cells [10]. This was further
demonstrated by the ability of antibodies to TNFα to
inhibit LTR-mediated transcription in primary T cells [11].
Recombinant soluble TNF receptors also cause an inhibition
of TNFα-mediated activation of the LTR [12]. Deletion of
the NFκB sites in the LTR abolished this enhancement
[10], indicating the importance of these sites for TNFα-
mediated enhancement of HIV-1 transcription. Therefore,

The long terminal repeat (LTR) of HIV-1 drives the
expression of viral genes. The LTR is activated by virally
encoded proteins and factors required for cellular
transcription. Transcription factors induced by cellular or
viral signals bind to regions of the LTR and exert positive
and negative effects on HIV transcription. The HIV-1 LTR
can be segmented into 3 regions: a) a transcribed LTR
region provides an RNA sequence (TAR) which may
respond to the viral trans-activating protein Tat [2]; b)
within the core region flanking the transcriptional start site
are the TATA box, Sp-1 sites and two NFκB enhancer

*Address correspondence to this author at the Ottawa Health Research
Institute, 501 Smyth Rd., Ottawa, Ontario, K1H 8L6, CANADA; Tel: (613)
737-8775; Fax: (613) 737-8803; E-mail: kcopeland@ohri.ca

1389-5575/05 $50.00+.00 © 2005 Bentham Science Publishers Ltd.



1094    Mini-Reviews in Medicinal Chemistry, 2005, Vol. 5, No. 12 K.F.T. Copeland

Table 1. Summary of the Effects of Cytokines on HIV-1 Transcription

Combined effects

Cytokine T cell Macrophage T cell Macrophage Reference

Pro-inflammatory

IL-1 ↑ (IL-6, GM-CSF)* [14, 20]

IL-6 ↑ (TNFα, IL-1) [32]

IL-16 ↓ ↓ [38-42]

IL-18 ↑ ↑ [48-50]

TNFα ↑ ↑ ↓ (IFNγ) ↑(IL-4, IL-10, IL-1, IFNγ) [10-13]

TGFβ ↑↓ ↓ (IL-6) [24, 25]

IFNγ ↑↓ ↓ ↑ (IL-6, TNFα) [29-32]

GM-CSF ↑↓ ↑ (IL-6) [52-63]

Anti-inflammatory

IL-4 ↑ ↑ ↑↓ (IL-13) [92-94]

IL-10 ↓ ↑ (TNFα) [82-84]

IFNα ↓ ↓ (TNFα) [56, 66]

IFNβ ↓ ↓ (TNFα) [56, 66]

* Cytokines in brackets indicate those that produce an effect in combination with the defined cytokine.
↓ increased transcription
↑ decreased transcription
↑↓ both increased and decreased transcription

TNFα can control HIV-1 replication in primary T cells in
an autocrine manner by the regulation of NFκB [11]. In a
test of numerous cytokines on different cells of nervous
system origin, Swingler et al. reported that TNFα activated
LTR-mediated transcription in neural cell lines and in
primary murine astrocytes [13]. IL-1β activated the promoter
in glioblastoma, astrocytoma and astrocyte cells [13].

required for the support of high replication of HIV in
thymocytes. Furthermore, IL-7 secreted by TEC was an
important co-factor for NFκB activation by TNFα and IL-1
[14]. IL-7 is a cytokine important in enhancing the survival
of mature T cells [15-17]. This is one of many examples of
cytokines that rely on another secreted cytokine for efficient
function. Westendorp et al. have reported that the HIV Tat
protein can amplify both the cytotoxic and NFκB activating
pathways of TNFα [18]. This is the result of the ability of
Tat to decrease the levels of glutathione, thus affecting the
redox state of the cells [18]. Glutathione augments IL-2
production and thus the inhibition of glutathione by Tat

In co-cultures of thymocytes and thymic epithelial cells
(TEC), cytokines secreted in the culture medium include
TNFα and IL-1 [14]. Both cytokines induced NFκB
activity which upregulated HIV LTR-mediated gene
expression. Co-culture of the thymocytes with TEC was

Fig. (1). Structure of the HIV-1 long terminal repeat. Transcription factor binding sites present within modulatory, core and TAR
regions are shown.
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leads to the promotion of a Th2 response. In the
promonocytic cell line U937, TNFα independently
stimulated the LTR and this was augmented further by GM-
CSF [19]. Similarly, in U1 cells GM-CSF significantly
enhanced HIV transcription induced by LPS. This
enhancement was blocked by an IL-1 receptor antagonist
suggesting that IL-1 mediated the response to LPS and GM-
CSF treatment [20].

has been shown to strongly suppress HIV-1 LTR-mediated
transcription in T cells [38, 39], monocytic cells and
dendritic cells [40]. CD4+ T cells do not secrete cytokines
in response to IL-16 treatment [41]. In contrast, monocytes
and maturing macrophages secrete TNFα, IL-1β, IL-6 and
IL-15 in response to IL-16 [41]. IL-16 treatment of
macrophages has also been reported to result in the
activation of the SAPK signaling pathway [42].

TGFβ has a wide array of functions, which may vary
depending upon cell type and the state of differentiation of
the cell. The cytokine is produced by platelets and bone
marrow stromal cells [21]. Li et al. have reported that TGFβ
enhanced HIV-1 mediated transcription in human T cells and
B cells via increased NFκB binding to the promoter [22].
The association of the TGFβ signaling protein SMAD3 with
CCAAT/enhancer binding protein (C/EBP) was also
associated with increased HIV transcription [23]. In contrast,
the association of SMAD4 and C/EBP resulted in decreased
transcription in astrocytes [23]. Poli et al. also reported that
TGFβ suppressed virus replication in IL-6 treated U1 cells at
the level of transcription, similarly to retinoic acid [24]. In
another study, TGFβ potently suppressed PMA induced
HIV transcription in U1 cells [25]. In contrast, TGFβ did
not alter HIV transcription induced by TNFα. These effects
were not observed in T cells and were independent of the
induction of IFNα [25]. The contrasting results likely reflect
differences in cell type and the mode of stimulation used in
each study.

IL-18 belongs to the Th1 family of cytokines [43-45].
This cytokine is produced primarily by monocytes and
macrophages and contributes to immune function by
enhancing T cell responses, interferon production and Th1
cell development [46]. Raised serum levels of IL-18 are
associated with disease progression in HIV-1-infected
patients [47]. IL-18 has been found to inhibit HIV-1
replication in PBMC [48]. In contrast, other reports have
indicated that IL-18 enhances HIV-1 replication in both
monocytic cells and T cell lines [49, 50]. IL-18 has been
shown to enhance HIV transcription in monocytic cells in a
TNF dependent manner [50]. The enhancement was also
found to depend upon p38 MAPK and resulted from
increased binding of NFκB to the HIV promoter [50].

Granulocyte macrophage-colony stimulating factor (GM-
CSF), macrophage-colony stimulating factor (M-CSF) and
IL-3 are produced by T cells, macrophages, B cells and
endothelial cells [51]. All three cytokines are required for the
growth of haematopoietic precursors in bone marrow. In
addition, these cytokines have been shown to enhance HIV-1
replication in cells of the monocyte/macrophage lineage,
bone marrow stem cells and microglia [52-60]. Further,
antagonists to M-CSF were reported to inhibit replication of
HIV-1 in human macrophages [61]. In contrast, in
macrophages differentiated from monocytes, M-CSF and
GM-CSF were found to inhibit HIV-1 replication [62, 63].
Fewer studies have been performed examining the effects of
these cytokines on HIV-1 transcription. Watanabe et al. have
shown that GM-CSF enhanced HIV-1 LTR-mediated
transcription in the IL-3-dependent mouse cell line, BaF3
[64]. Stimulation of the human erythroleukemia cell line,
TF-1, with GM-CSF was found to be associated with
increased HIV transcription and increased levels of Bcl-3
[65]. GM-CSF was also shown to induce Bcl-3 resulting in
increased nuclear translocation of NFκB [65].

Increased levels of IFNγ  are detected in the serum of
HIV-infected individuals [26]. IFNγ  has been shown to
decrease Tat mediated activation of the LTR in HeLa cells
expressing CD4 and to decrease HIV replication in H9 T
cells and U937 monocytic cells [27, 28]. In contrast, IFNγ
or TNFα had no effect alone on activation of the LTR in
mouse macrophages [29]. However, co-exposure of
macrophages to IFNγ  and either IL-6 or TNFα, led to
synergistically increased activation [29]. Indeed, a greater
effect was observed when IFNγ  was added prior to the
addition of IL-6 [29]. However, Poli et al. have also reported
that while IL-6 can synergize with TNFα in increasing HIV
transcription, up-regulation of HIV by IL-6 alone is not
controlled at the level of transcription [30]. Whether IL-6-
mediated synergism is dependant upon transcription factors
up-regulated by TNFα has not been determined. Therefore
IL-6 acts at both transcriptional and post-transcriptional
levels. Co-stimulation of U1 cells with TNFα and IFNγ
resulted in the synergistic induction of HIV RNA synthesis
[31]. The synergistic effects of this co-stimulation was further
documented by the demonstration that potent induction of
HIV RNA expression by IFNγ  in U1 cells occurred by a
pathway independent of TNFα [31]. This suggests that viral
load may be influenced during concurrent infections which
may enhance IFNγ  expression in the presence of cytokines
which are up-regulated in HIV infection. In monocytic cells,
IL-1 used in combination with IL-6 resulted in increased
binding at the NFκB sites of the LTR at a magnitude
similar to that induced by TNFα [32]. Both IL-1 and
TNFα are up-regulated in vivo in HIV infected individuals
[26, 33].

II. Anti-Inflammatory Cytokines

In response to viral infections, type 1 interferons (IFN)
are produced. IFNα is produced by leukocytes and IFNβ by
fibroblasts. Both IFNα and IFNβ inhibit HIV-1 transcription
when added to cultures of macrophages or monocytes
following infection [56, 66]. The inhibition resulted from a
decrease in LTR-mediated transcription and from degradation
of viral RNA [56]. In contrast, other reports have suggested
that IFNα and IFNβ do not act at the level of transcription,
but rather, inhibit at a posttranslational level [67-69]. Type I
interferons (IFNα and IFNβ) have been shown to inhibit
HIV-1 transcription through the induction of C/EBP in
macrophages [70]. This inhibition required intact C/EBP
sites in the LTR and the induction of the interferon-specific
transcription factor ISGF-3 [70]. IFNα was also found to
inhibit NFκB dependent transcription of HIV-1 induced by
TNFα in Jurkat T cells [71]. IFN-τ is a type 1 interferon,

IL-16 is a proinflammatory chemoattractant cytokine
produced by CD8+ T cells, bronchial epithelial cells from
asthma patients, mast cells and eosinophils [34-37]. IL-16
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which is expressed in ruminants, has antiviral and
antiproliferative properties and is less cytotoxic than IFNα
and IFNβ [72, 73]. IFN-τ inhibits HIV transcription more
strongly than IFNα in human macrophages [74]. In
addition, IFN-τ has inhibitory effects upon reverse
transcription [74]. Although IFN-τ is not expressed in
human cells, its antiviral activity and low toxicity may
identify it as a possible treatment for HIV infection.

and enhance replication of T cell tropic strains by
differentially regulating HIV-1 co-receptors [92, 95-98].
Contrasting reports on the effects of IL-4 on HIV
transcription, most notably in cells of the monocyte/macro-
phage lineage, likely reflect the differentiated state of the
different cell lines used. In addition, the state of differentia-
tion and activation may differ depending upon the method of
cell culture (ie. adherence to plastic versus teflon) and to the
presence of other cytokines or other stimulators [99].IL-10 has been shown to inhibit the production of

cytokines by T cells, macrophages and natural killer cells
[75, 76]. This anti-inflammatory cytokine is up-regulated in
HIV infection and acts to down-regulate cellular immune
responses to HIV [5]. IL-10 is produced by cells of the
monocyte/macrophage lineage, B cells and CD4+ and CD8+
T cells [76-78]. The production of IL-1, TNFα, IL-8 and
IL-6 are suppressed by IL-10 through the inhibition of
NFκB [79-81]. In addition to this role, IL-10 also
modulates HIV-1 transcription. IL-10 enhances TNFα
activation of the HIV LTR in latently infected T cells and in
cells of the monocyte/macrophage lineage [82, 83]. This
increase in activation of the LTR was also associated with an
elevation in endogenous TNFα in both cell types [83]. In
another study it was demonstrated that IL-10 and TNFα
enhanced the binding of AP-1 and NFκB to the LTR. In the
absence of TNFα however, IL-10 has no effect upon HIV
replication in monocytic cells and inhibits replication in T
cells [82, 83]. In contrast, Kootstra et al. reported that IL-10
on its own inhibited HIV replication in primary
macrophages but not T cells [84]. The inhibition was not
found to be at the level of transcription, but possibly at the
level of protein processing [84]. Therefore this provides
another example of how the cytokine milieu in vivo may
markedly change the transcription of HIV-1. The ability of
IL-10 to modulate transcription in monocytic cells is also
dependent upon the state of differentiation of the cell. IL-10
pre-treatment followed by infection with HIVBal, inhibited
HIV-1 RNA expression in monocytes [85]. However, the
inhibition waned as the cells matured into macrophages. In
contrast, the inhibition of transcription was not observed in
the monocytic cell line THP-1α [85]. It is also important to
note that the up-regulation of IL-10 in HIV infection may be
a direct result of viral infection as the HIV Tat protein has
been reported to induce IL-10 production by monocytes [86].
The Vpr protein of HIV-1 also up-regulates IL-10 in addition
to IL-6 and the chemokine IL-8. These effects are due to the
activation of NFκB and NF-IL-6 transcription factors, which
also results in the increased replication of HIV-1 in
monocytic cells [87].

III. Chemokines

In HIV infection, specific chemokines may block the
entry of HIV-1 into the cell by binding to their natural
receptors. Cellular entry of T-cell tropic isolates of HIV-1
may be blocked by the ligand for CXCR4, stromal cell-
derived factor-1α (SDF-1α), a member of the α-chemokine
family. SDF-1α may block T cell tropic HIV-1 entry by
binding to the CXCR4 receptor [100, 101]. The β-
chemokine receptors CCR5 [102-104], CCR3 [105, 106]
and CCR2b [105] were identified as co-receptors used by
macrophage tropic isolates for entry into CD4+ T cells. The
natural ligands for CCR5, macrophage inhibitory protein-1α
(MIP-1α), MIP-1β and regulated on activation normal T cell
expressed and secreted (RANTES), block entry of
macrophage tropic HIV-1 [102, 103]. It was later established
that individuals carrying a homozygous deletion of 32 base
pairs in the co-receptor CCR5 were resistant to HIV-1
infection [107, 108]. Those individuals heterozygous for the
deletion are susceptible to infection but demonstrate a slower
rate of disease progression [107, 109]. In some cohorts of
infected subjects, mutation of a CCR2 allele (64I) has been
associated with slower progression to disease [110-114] as
has a mutation in the 3' untranslated region of the SDF-1
gene [115]. Several other co-receptors have been identified
including CCR8 [116], CXC3R1 [117], STRL33/Bonzo
and GPR15/BOB which mediate entry of HIV-2, SIV and
dual tropic strains of HIV [52, 118-120].

In addition to the role played by chemokines in blocking
viral entry, the effects of chemokines on LTR-driven
transcription have also been previously studied. The
chemokine RANTES did not alter HIV-1 LTR-mediated
transcription in CD4+ T cell lines [121]. Reports have
indicated that the β-chemokines, MIP-1α, MIP-1β and
RANTES, have no effect [122] or stimulate [123] HIV-1
replication in macrophages. It has been reported that HIV-1
infection enhanced the production of MIP-1α and MIP-1β by
monocytes and that the ability of these chemokines to
inhibit or stimulate HIV replication was cell-type dependent
[123, 124]. Only one study has demonstrated the
suppression of LTR-mediated transcription by entry
blocking chemokines. This study reported the suppression of
LTR-mediated transcription by the combined action of MIP-
1α, MIP-1β and RANTES in Jurkat T cells [125]. This
study also demonstrated that the inhibition was not
mediated by the NFAT-1 element. However, another study
demonstrated that exposure of cells infected with T cell
tropic HIV-1 to SDF-1α led to increased replication [126].
In Jurkat T cells SDF-1α activated ERK-1 and ERK-2 while
in HeLa cells SDF-1α activated only ERK-2. SDF-1α-
dependent HIV-1 expression was sensitive to blocking of
ERK activation by pertussis toxin or the MEK inhibitor
U0126 [126]. In a separate study, SDF-1α was shown to

The anti-inflammatory cytokine IL-4 is produced by Th2
cells [88]. These cells may be up-regulated in vivo in HIV
infection [89-91]. IL-4 was shown to stimulate transcription
of HIV-1 in PBMC [92]. IL-4 has also been shown to
increase HIV transcription 2-3 fold in monocytes cultured on
Teflon by stimulating the nuclear translocation of NFκB
[93]. Both IL-4 and IL-13 significantly enhanced
transcription in monocyte derived macrophages. However,
following 3-5 days adherence to plastic this effect was
reversed and HIV transcription was inhibited [93]. Similarly,
in chronically infected U1 cells, HIV transcription was
inhibited by IL-4 and this inhibition was dependent upon
the NFκB sites of the LTR [94]. However, IL-4 may also
inhibit the replication of macrophage tropic strains of HIV-1
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activate the JAK/STAT pathway in human T cell lines
[127]. In addition, Marechal et al. reported that SDF-1α
increased the ability of HIV-1 Tat to trans-activate the LTR
[128]. Nagira and colleagues have shown that secondary
lymphoid chemokine (SLC) [129], also known as 6Ckine
[130] or exodus-2 [131], which is expressed in the secondary
lymphoid tissues, can enhance HIV promoter activity in
HeLa cells [132]. The molecular mechanisms underlying the
enhancement have not been determined. Similarly, the
chemokine SDF-1α was shown to enhance LTR-mediated
transcription of CCR5-tropic HIV-1 in HeLa cells expressing
CD4, CCR5 and CXCR4 [128].

IMMUNE BASED THERAPY IN HIV INFECTION

In addition to the use of current antiretroviral drugs to
treat HIV-1 infection, several cytokines have been tested in
clinical trials to determine their effects on viral replication
and immune responses in vivo. In a trial of GM-CSF, a
statistically significant reduction in infection or death was
observed in patients receiving GM-CSF than in those
receiving placebo [161]. In addition, GM-CSF treatment
resulted in better control of virus replication and higher CD4
cell counts. In another clinical trial, GM-CSF was
administered to HIV-1 infected patients treated with
zidovudine and didanosine [162]. A statistically significant
greater decline in HIV-1 RNA levels was observed in
patients receiving GM-CSF as compared to patients
receiving placebo. In addition, 38% of patients treated with
GM-CSF had higher CD4 cell counts than those in the
placebo group. There was also a lower frequency of codon
mutations associated with zidovudine resistance in the GM-
CSF group. GM-CSF treatment was also used in a clinical
trial of patients receiving indinavir or ritonavir whose virus
replication was stably suppressed [163]. In patients treated
with GM-CSF a greater than 0.5 log10 decrease in viral load
and a greater than 30% increase in CD4 cell counts was
observed as compared to the placebo group.

Interferonγ -inducible protein-10 (IP-10) is produced by
monocytes, activated T cells, endothelial cells and
keratinocytes in response to IFNγ  treatment [133, 134],
resulting in the chemoattraction of PBMC and activated T
cells [135]. IP-10 has several functions in vivo including
antiviral activity, inhibition of angiogenesis and inhibition
of the growth of haematopoietic progenitor cells and tumor
cells [136-140]. Although IP-10 has antiviral activity [138],
it can increase HIV replication in Jurkat T cells, and this
enhancement does not occur at the level of transcription
[141]. Instead, IP-10 induces an increase in the accumulation
of viral DNA [141]. Macrophage derived chemokine (MDC)
is a chemoattractant for polarized type II CD4+ and CD8+ T
cells [142-144]. MDC inhibits HIV replication in
macrophages but not in T cells [145]. The inhibition of HIV
by MDC appears to occur at a post entry step which did not
involve reverse transcription [145]. The effects of MDC on
transcription have not been reported.

Several studies have been performed to examine the
effects of IFNα on HIV-1 infection. Early trials of IFNα did
not report clinical benefits or adverse effects for treatment
with this cytokine [164-168]. Treatment of HIV-1 infected
patients with an IFNα vaccine, however, did result in lower
rates of progression to disease, although these rate changes
were not statistically significant [169].

MODULATION OF HIV-1 TRANSCRIPTION BY
CD8+ T CELL-DERIVED FACTORS

IL-2 has also been used as a treatment for HIV-1
infection. Intermittent treatment of patients with CD4 cell
counts greater than 200/µl with recombinant IL-2 resulted in
increased CD4 cell counts [170]. Following dose escalation
in 10 patients, 6 achieved a 50% or greater increase in CD4
cell counts. However, IL-2 treatment was also associated
with toxicities in patients with CD4 cell counts of 200/µl or
less. A transient increase in viral load was also observed in
this patient group suggesting that IL-2 treatment in patients
with low CD4 cell counts could lead to increases in viral
burden. Another clinical trial demonstrated that long term
IL-2 treatment of patients with CD4 cell counts greater than
200/µl resulted in an approximate 2-fold increase in CD4
cell counts [171]. The increased CD4 cell counts were
maintained for greater than 2 years with continued IL-2
treatment. Similar effects of IL-2 on CD4 cell counts have
been observed in subsequent clinical trials [172-183]. Low
dose IL-2 treatment plus HAART resulted in increased NK
cell populations and CD4 cell counts compared to HAART
treatment alone [177]. The change in CD4 cell count
resulted from increased naïve CD4 cells. In another study of
IL-2 combined with antiretroviral treatment, in addition to
increased CD4 and NK cell numbers, reduced levels of
CD8+CD38+ and CD8+HLA-DR+ cells and increased
levels of CD8+CD25+ and CD8+CD122+ cells were
observed [184]. Therefore increases of cell sub-types, which
are associated with a lack of progression to disease, were
present and those associated with disease progression were
reduced. In an earlier study which examined adoptive therapy
of HIV-1 infected patients (with mild to severe disease) with

Pertinent to a discussion of the modulation of HIV-1
transcription by cytokines and chemokines is a description of
another activity produced by CD8+ T cells. CD8+ T cells
produce IFNγ  and IL-16, which inhibit HIV-1 transcription
in T cells [27, 28, 38, 39]. CD8+ T cells also produce an
antiviral factor (CAF) which was originally described by
Walker et al. in 1986 [146]. The production of CAF by
CD8+ T cells was shown to be associated with higher
CD4+ cell counts, improved clinical status [147, 148] and
long-term non-progression [149, 150]. CAF was later shown
not to share an identity with known cytokines or
chemokines. While CAF inhibits transcription primarily via
the NFκB and COUP elements in the LTR in T cells, in
monocytic cells CAF induces an increase in HIV-1
transcription via the same transcription factor binding sites
[151-153]. As shown in Table 1 there may be opposite
effects upon HIV-1 transcription by different combinations of
cytokines depending on cell type. CAF activity could be the
result of two cytokines working in concert to produce these
opposite effects on LTR-mediated transcription. Several
proteins have been suggested to represent CAF activity,
including the β-chemokines MIP-1α, MIP-1β and RANTES
[154], the α-defensins [155-157], and natural killer
enhancing factors (NKEF) A and B [158]. However, while
these factors may inhibit HIV-1 replication, the inhibition is
not mediated at the level of HIV-1 transcription [122, 155-
160].
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activated autologous CD8+ T cells and IL-2 infusion,
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was observed [185].
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