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Abstract

Interleukin 27 (IL-27) is an immunomodulatory cytokine with important roles in both the innate
and adaptive immune systems. In the last five years, the addition of exogenous IL-27 to primary
cell cultures has been demonstrated to decrease HIV-1 replication in a number of cell types
including peripheral blood mononuclear cells (PBMCs), CD4+ T cells, macrophages and dendritic
cells. These in-vitro findings suggest that IL-27 may have therapeutic value in the setting of
HIV-1 infection. In this review, we describe the current knowledge of the biology of IL-27, its
effects primarily on HIV-1 replication but also in other viral infections and explore its potential
role as a therapeutic cytokine for the treatment of patients with HIV-1 infection.
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1. Introduction

Interleukin 27 (IL-27), a member of the 1L-12 family of cytokines, is an immunomodulatory
cytokine with important roles in both the innate and adaptive immune systems. Initially
typecast as a pro-inflammatory cytokine due to its effect on supporting the differentiation of
naive CD4+ T cells into T helper 1 (Tp1) cells, it is now appreciated that it also has
important roles to play in inducing the expression of the anti-inflammatory cytokine, IL-10
and the common v chain cytokine IL-21. In the last five years, 1L-27 has been demonstrated
to decrease HIV-1 replication in peripheral blood mononuclear cells (PBMCs), CD4+ T
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cells, macrophages and dendritic cells. These in-vitro findings suggest that IL-27 may have
therapeutic value in the setting of HIV-1 infection. In this review, we describe the current
knowledge of the biology of IL-27, its effects primarily on HIV-1 replication and explore its
potential as a therapeutic cytokine for the treatment of patients with HIV-1 infection.

2. Structure of IL-27 and its receptor

IL-27 belongs to the 1L-12 family of cytokines and thus shares some properties with the
other members of the group (IL-12, IL-23 and IL-35) [1]. The cytokines from the I1L-12
family are made of various combinations of shared a-chains and B-chains [2]. IL-27 is
composed of the IL-27p28 subunit (also known as IL-30) and an Epstein-Barr virus induced
gene 3 (EBI3) subunit [3] (see Figure 1). These subunits are coordinately expressed in
antigen presenting cells (mostly in dendritic cells and macrophages) [3, 4], following
exposure to inflammatory mediators (such as CD40L or IL-1f) or by triggering of Toll like
receptors (TLRs) with microbial products such as lipopolysaccharide (LPS) [5]. Unlike
IL-12 and IL-23, the heterodimers of IL-27 and IL-35 are not linked by disulfide bonds [6].
The disulfide bond linkage aids in secretion efficiency and may account for the lesser
stability of IL-27 and I1L-35 in comparison to IL-12 and I1L-23 [7, 8].

Interestingly, the p28 subunit alone (IL-30), has been reported to bind to the receptors of
IL-6 and IL-27 without inducing the same signaling cascades [9]. A recent paper has
suggested that IL-30 may mediate trans signaling via the soluble I1L-6 receptor by binding to
soluble glycoprotein 130 (also known as gp130, IL6ST, IL6-beta or CD130) [10, 11].

IL-27 binds to the IL-27 receptor which is comprised of a heterodimer of IL-27Ra (WSX-1)
and gp130 (Figure 1). The gp130 subunit also participates as a subunit for other type 1
cytokine receptors (often referred to as the common gp130 subunit) belonging to the IL-6
receptor family, including IL-6, IL-11, cardiotrophin-like cytokine (CLC), ciliary
neurotrophic factor (CNTF), cadiotrophin-1 (CT-1), leukemia inhibitory factor (LIF) and
oncostatin M (OSM) [6]. IL-27 directly binds to the WSX -1 component of the IL-27
receptor. Down-stream signaling occurs via gp130. In terms of receptor expression, although
gp130 is ubiquitously expressed on many different cell types, IL-27Ra expression is limited
to T cells, B cells, monocytes, neutrophils, natural killer (NK) cells, mast cells, and lower
levels of expression are seen in macrophages and hepatocytes.

Like many other cytokines, signaling occurs through a Janus kinase (JAK)/signal transducer
and activator of transcription (STAT) pathway [12]. In brief, activated JAK proteins
phosphorylate STAT transcription factors, which in turn dimerise, translocate to the nucleus
and increase transcription of various genes. The binding of IL-27 to its receptor leads to
phosphorylation of STATSs -1, -3, -4 and -5. The activation status of the CD4+ T cell appears
to play a role in which STAT proteins are activated following engagement of the IL27.
Naive T cells preferentially activate STAT1 upon exposure to IL-27. Early activated CD4+
T cells are more likely to activate STATs 1 and 3 in response to 1L-27 whereas fully
activated CD4+ T cells preferentially phosphorylate STAT3 [13]. In macrophages STATSs -1
and -3 are phosphorylated and activated following exposure to IL-27 [14] whereas in naive
B cells, STATSs -1 and -3 are strongly phosphorylated [15]. IL-27 also signals via STATS -1
and -3 in monocytes but also requires activation of NF-xB [16]. Recently data suggest that
IL-27 can also signal in a JAK/STAT independent manner via the TAK1/MAPK signaling
pathway in macrophages [17]. In dendritic cells (DCs), STATs 1,3 and 5 are rapidly
phosphorylated following treatment of cells with IL-27 [18].
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3. Role in immune function

Like other pleiotropic cytokines, IL-27 has both anti-inflammatory and pro-inflammatory
properties. The initial description of IL-27 focused on its role in promoting Ty responses
and hence it was initially described as a pro-inflammatory cytokine [3, 19]. However,
subsequent work has shown that IL-27 has a multifaceted role within the immune system
with both anti-inflammatory and immunoregulatory properties.

IL-27 has been demonstrated to play important roles in the development and function of a
number of different T cell subsets, including Tr1 cells, Tregs, T, cells and Thy7 cells [20].
Trl cells, a type of regulatory T cell, are important producers of the anti-inflammatory
cytokine, IL-10 [21]. IL-27 was originally characterized as a cytokine which synergizes with
IL-12 to trigger IFN-gamma production in naive T cells [3]. A further study described that
in the presence of 1L-27, Trl cells up-regulate the expression of the transcription factor c-
Maf which can directly activate the 1110 promoter and also increase I1L-21 production [22].
IL-27 signaling in Tr1 cells also leads to an increase in expression of the aryl hydrocarbon
receptor (AhR) which combines with c-Maf in stabilizing interactions with the IL-10 and
IL-21 promoters [23]. The combined production of IL-10 and IL-21 promotes the production
and survival of these cells. IL-27, derived from innate immune cells, can also work with
IL-2 from CD4+ T cells to promote IL-10 production in cytotoxic T cells in a Blimp-1
dependent manner [24].

Tregs are CD4+CD25+ regulatory T cells that are characterized by the expression of the
transcription factor FoxP3 [21]. They arise either from the thymus (natural Tregs) or are
generated in the periphery (inducible Tregs) [22]. Exposing inducible Tregs to IL-27 leads
to a reduction in FoxP3 expression [23]. Thus IL-27 may be an important regulator of both
Treg function and in homeostatic mechanisms controlling inflammation and self-tolerance.
T follicular helper cells (Ty,) are located within the lymphoid follicle and are critical
regulators of antibody class switching and high affinity antibody production in B cells [25].
IL-27 signaling in T4, cells increases transcription of 1L-21 [26].

Thy7 cells are characterized by the production of 1L-17 and are important in promoting
pathogen clearance but have also been linked to some autoimmune conditions, including
multiple sclerosis [27]. IL-27 induction of y-IFN and I1L-10 from Tr1 cells may suppress the
development of Thy cells. Mice lacking the IL-27Ra chain generated more IL-17 producing
T helper cells and were shown to be hyper-susceptible to experimental autoimmune
encephalomyelitis (an animal model of multiple sclerosis) [28]. IL-27, by affecting a
number of important T cell subsets, is increasingly becoming an important player in
understanding the pathogenesis of a number of conditions.

4. THE ROLE OF IL-27 IN HIV-1 INFECTION

4.1 IL-27 promotes IFN induced genes that may be protective in HIV-1 infection

The first indication that IL-27 had a protective effect against HIV-1 infection was observed
in a model system using non-infectious human papilloma virus like particles (VLPs) as a
cervical cancer vaccine [29]. The papilloma virus VLPs had previously been described to
bind to dendritic cells via Toll like receptor 4 (TLR4) [30] and induce expression of a
number of anti-viral cytokines including Type | interferons (IFN) [30-32]. To determine
whether or not VLPs would be safe to administer to HIV-1 positive patients [33],
phytohemagglutinin (PHA) stimulated PBMCs were infected with either a CXCR4 or CCR5
HIV-1 tropic virus and then cultured in the presence of VLPs. It was observed that,
regardless of tropism, HIV-1 was inhibited in a dose-dependent manner by the VLPs.
Culture supernatants from VLP-treated PBMCs or monocyte derived macrophages (MDMs)

Cytokine Growth Factor Rev. Author manuscript; available in PMC 2014 December 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Swaminathan et al.

Page 4

confirmed the anti-HIV property. This result indicated that soluble factors in the culture
supernatants were mediating the anti-HIV effects. Gene expression profiling of PBMCs and
monocyte derived macrophages (MDMSs) cultured in the presence of VLPs revealed that
IL27 rather than Type | IFN was markedly up-regulated in both PBMCs and MDMs.
Subsequent experiments using recombinant IL-27 confirmed that HIV-1 replication could be
significantly inhibited by IL-27 in a dose-dependent manner in PBMCs, CD4+ T cells and
MDMs. A DNA microarray of IL-27 treated MDM s revealed that a number of anti-viral
genes were up-regulated, including the following IFN-inducible genes: IFN regulatory factor
1 (IRF1), IRF8, myxovirus resistance 1 (MX1), and 2’-5’ — oligoadenylate synthetase
(OAS), without the induction of 20 other IFN family genes [30]. Of note, IL-27 did not
induce these anti-viral genes in T cells. To further investigate the mechanism of 1L-27
mediated HIV-1 inhibition, HIV-1 infected CD4+ T cells and MDMs were cultured in the
presence of IL-27 or IFN-a. IFN-a was able to inhibit HIV-1 replication to a greater degree
than IL-27 [34]. A cocktail of neutralizing antibodies to IFN did not interfere with the
HIV-1 inhibitory effects of IL-27, whereas they did reduce the HIV-1 inhibitory effects of
IFN suggesting that the inhibitory effect of 1L-27 was not dependent on production of IFN.
Of note IL-27 exposure was not associated with induction of IFN-a. Recent studies have
shown that IL-27 is also a potent inhibitor of cis HIV-1 infection in immature dendritic cells
(iDCs) and that the inhibition was through an IFN-independent pathway [18]. While it is
reported that dendritic cells exert a role in trans HIV infection via DC-SIGN [35], IL-27 had
no impact on the expression of DC-SIGN [31], thus it is reasonable to speculate that IL-27
may not have any significant impact on trans-infection of T cells from dendritic cells.
However, IL-27 may inhibit HIV-1 replication within T cells following the transfer of
HIV-1 from infected dendritic cells.

4.2 1L-27 modulates host restriction factors against HIV-1

A number of host restriction factors have been investigated to try and explain the inhibitory
actions of 1L-27 on HIV-1 infection. Among the best described host restriction factors in
HIV-1 infection are the apolipoprotein B mRNA-editing enzyme, catalytic polypeptide-like
cytidine deaminases (APOBEC proteins), particularly APOBEC3G [36, 37]. A study
comparing the effects on HIV-1 infection between IFN-a and IL-27 revealed that IFN-a
treated cells were able up-regulate APOBEC3G in both MDMs and CD4+ T cells whereas
IL-27 could only up-regulate APOBEC3G in MDMs [34]. To further explore the mechanism
behind the decreased HIV-1 replication of macrophages in the presence of IL-27, the
kinetics of APOBEC expression were examined in macrophages following administration of
IL-27 [14]. APOBEC3A and APOBEC3G were both significantly up-regulated following
IL-27 with the maximal effect only seen at 24 hours. Recently IL-27 has also been
demonstrated to up-regulate tetherin/bone marrow stromal cell antigen 2 (BST-2) in
monocytes and CD4+ T cells, independently of the actions of Type I IFN [38]. BST-2 has
recently been found to be an important host restriction factor which prevents HIV-1 virion
release and is counteracted by the HIV-1 viral protein, Vpu [39]. Hence, the link between
IL-27 and BST-2 up-regulation will need to be further explored to see if this explains any of
the HIV-1 inhibitory effects observed with exogenous IL-27 treatment.

4.3 IL-27 inhibits HIV-1 in macrophages by down-regulating SPTBN1

As described above, the mechanism(s) of how IL-27 inhibits HIV-1 infection in either
macrophages or T cells are mostly unknown. However, a recent study has revealed a novel
IL-27 signaling pathway in macrophages and also characterized an essential host factor
which is critical for HIV-1 replication [17]. It is known that macrophages induced from
monocytes just with M-CSF (M-Mac) are more susceptible to HIV-1 infection compared to
monocytes induced with both IL-27 and M-CSF (I-Mac). Gene profiling of I-Mac versus M-
Mac revealed 174 genes which were either up-regulated (118 genes) or down-regulated (56
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genes). Comparing these differentially expressed genes with a prior sSiRNA screen used to
identify key genes important in HIV-1 pathogenesis [40], revealed a single match — spectrin
beta nonerythrocyte 1 (SPTBN1). SPTBN1 belongs to the family of § spectrin genes (that
contains 5 members) and combines with a member of the alpha spectrin family (SPTAN1 or
SPTAL) to form spectrin. Spectrin plays a pivotal role in binding and anchoring actin to the
plasma membrane. In these experiments, SPTBN1 was down-regulated in I-Mac five-fold
compared to M-Mac. Subsequent experiments which over-expressed SPTBNL1 in I-Mac,
restored susceptibility to HIV-1 (like M-Mac) and knocking down SPTBN1 in M-Mac with
short interfering RNAs (siRNAs) made these cells relatively resistant to HIV-1 infection
(like 1-Mac). SPTBNL can bind to the HIV-1 gag p55 protein and hence may affect the
HIV-1 life-cycle from this perspective. Morphological differences noted on confocal
microscopy between M-Mac versus 1-Mac, suggest that disruption of the normal lattice actin
cytoskeletal structure (particularly near the plasma membrane) by I1L-27 down-regulation of
SPTBNL1, may be a key factor of why HIV-1 replication is affected (Figures 2 and 3).
Despite the cytoskeletal changes noted with IL-27 treatment, 1L-27 induced macrophages
have normal functional activity with regard to phagocytosis and chemotaxis. The IL-27
mediated down-regulation of SPTBN1 was shown to be mediated by the TAK1/MAPK
signaling pathway rather than the JAK/STAT signaling pathways previously described for
this cytokine. These studies have revealed that SPTBN1 is an important host factor for
HIV-1 in macrophages and may herald new therapeutic options targeting and/or arresting
HIV-1 replication within the macrophage reservoir.

4.4 HIV-1 infection impairs responsiveness to IL-27 in monocytes

The studies described above have looked at the effect of IL-27 on HIV-1 infected PBMCs,
CDA4+ T cells, MDMs and dendritic cells obtained from healthy donors. Some studies have
also looked at whether cells obtained directly from HIV-1 infected donors have an impaired
response to 1L-27. Exogenous IL-27 was administered to monocytes from HIV-1 infected
donors and their responsiveness was compared to monocytes from uninfected controls [41].
In monocytes obtained from HIV-1 infected donors, 1L-27 treatment led to lower levels of
expression of the 1L-27 receptor subunit, gp130, compared to healthy controls. In addition,
monocytes from HIV-1 infected donors treated with IL-27 had decreased production of the
cytokines IL-6, TNF-a and IL-10, cytokines previously shown to be up-regulated by 1L-27
treatment [16, 42]. In HIV-1 viremic individuals, IL-27 mRNA levels were found to be
twice as high in CD4+ T cells compared to monocytes from the same individuals whereas
the transcript levels were similar between CD4+ T cells and monocytes from HIV negative
controls [43]. These results suggest that HIV-1 infection may affect the way in which
monocytes and CD4+ T cells respond to IL-27 which may have therapeutic implications if
IL-27 enters clinical trials.

4.5 Circulating levels of IL-27 in HIV-1 infection

There are few studies investigating the correlation between systemic levels of IL-27 and
correlates of immune dysfunction seen with HIV-1 infection. One study examined the
plasma levels of IL-27 in patients with HIV-1 infection alone or co-infected with HIV-1 and
Hepatitis C (HCV) [44]. There was a small negative correlation (not significant) between
IL-27 plasma levels and HIV-1 viral load noted (those with higher viral loads, had lower
levels of IL-27). Patients co-infected with HIV-1/HCV surprisingly had lower levels of
IL-27 compared to HIV-1 mono-infected individuals. In a much larger Chinese cohort of
HIV-1 patients (120 HIV-1 infected treatment naive patients versus 108 uninfected
controls), IL-27 levels were significantly higher in the HIVV-1 cohort compared to the
uninfected controls (p<0.001) [45] and a small positive correlation was observed between
IL-27 levels and CD4+ T cell count. Unfortunately, correlations of plasma IL-27 levels with
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HIV-1 viral loads were not investigated and could not be compared with the earlier study.
Table 1 summarizes some of the various studies looking at IL-27 in HIV-1 infection.

5. Therole of IL-27 in other viral infections

Following studies which demonstrated the anti-viral properties of IL-27 against HIV-1,
IL-27 has also subsequently been shown to play various roles in immunity or pathogenesis
in other viral infections. Early studies with IL-27 and influenza viruses demonstrated that in
vitro infection of macrophage with influenza A virus up-regulate the p28 subunit of the
IL-27 heterodimer [46]. More recently, IL-27 expression was also shown to be significantly
up-regulated in PBMCs infected with influenza A virus and in the same study, circulating
levels of IL-27 were also shown to be significantly elevated in a cohort of patients acutely
infected with influenza A as compared to healthy controls [47]. In this latter study, the
increased expression of IL-27 in patients with influenza was said to be triggered through
protein kinase A and cAMP-response element binding protein signaling. Whilst IL-27 has
been mostly demonstrated to mediate its effects on a number of immune cells, it has also
been shown that IL-27 treatment can lead to rapid phosphorylation of STATs -1 and -3 in
hepatocytes and human hepatoma cells [48] and mostly STAT-1 in hepatic stellate cells
[49]. These data suggest that IL-27 may have a role in responding to viral infections of the
liver, such as Hepatitis A, B or C. Using an HCV permissive cell line, Huh7.5, IL-27 in a
dose dependent manner was shown to potently inhibit HCV infection along with activation
of STAT-1 and -3 [50]. Maximal inhibition of HCV with IL-27 occurred with a dose of
1000 ng/ml which is tenfold higher than the dose required for the same maximal inhibitory
response in HIV-1 infection. In hepatitis B infection (HBV), serum levels of IL-27 were
significantly higher in HBV infected patients compared to uninfected controls and I1L-27
was significantly elevated in patients with hepatocellular carcinoma or with acute HBV
compared to chronic carriers of HBV [51]. Similar results have been confirmed in other
studies [52, 53], although IL-6 was shown to be a better predictor of liver injury compared
to IL-27 [52]. It has also been demonstrated that macrophages induced with IL-27 (I-Mac)
are relatively resistant to HIV-2, simian immunodeficiency virus (SIV), influenza virus,
HSV-2 and KSHV viral infections [17], although the mechanisms of the anti-viral effects of
IL-27 in these settings remain unclear. One possible mechanism may be through the
induction of microRNAs (miRNAs). IL-27 is able to up-regulate a number of novel
miRNAs in macrophages that potentially target the open reading frame of a number of
viruses including HSV-1, HSV-2 and KSHV [54]. Further functional experiments are
required to see whether over-expressing these novel miRNAs can indeed protect
macrophages from infection with these viruses.

6. Therapeutic potential in HIV-1 infection

Due to the general anti-inflammatory properties of 1L-27, several groups have proposed that
this may be a good therapeutic agent for various disease states, particularly autoimmune
diseases such as systemic lupus erythematosus (SLE) [55] and multiple sclerosis [56]. Thus
far, no clinical trials have been conducted with this cytokine. IL-27 is a promising
therapeutic agent in HIV-1 infection because the anti-HIV effects have been demonstrated in
multiple cells targeted by HIV-1 including PBMCs, CD4+ T cells, macrophages and
dendritic cells. These in-vitro studies have suggested that the effective concentration
required to suppress HIV-1 replication is in the order of 50-100 ng/ml. This is approximately
100-1000 times the levels of 1L-27 found in plasma. The key question is whether these
concentrations could be achieved in vivo and whether these in-vitro findings can be
extended to in-vivo. Given the complicated roles IL-27 has in orchestrating both innate and
adaptive immune responses, it is also not known what effect exogenous IL-27 will have on
immune function. Trials evaluating the effect of IL-27 on simian immunodeficiency virus
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(SIV) infected monkeys are currently in advanced stages of planning and are expected to
take place in the coming years. Trials utilizing these monkey models with 1L-27 will
hopefully give more precise information regarding the optimal dose, viral replication
kinetics, effect in combination with HAART and possible adverse effects. As IL-27 also
targets macrophages, it may prove to be useful to attack HIV-1 in this reservoir. As one can
imagine, there is a long path ahead before I1L-27 is actually used in the clinical setting for
HIV-1 infected patients. Given that human recombinant IL-27 inhibits SIV infection in
Rhesus Macaque macrophages (unpublished data) pre-clinical studies using the Rhesus
Macaque model of immunodeficiency with SIV infection should be of value.

7. Conclusions

IL-27 is an important pleiotropic cytokine that modulates both the innate and adaptive
immune responses. A number of in-vitro studies have shown that IL-27 can significantly
block HIV-1 replication in PBMCs, CD4+ T cells, macrophages and dendritic cells. The
mechanism whereby IL-27 inhibits HIV-1 infection in macrophages occurs through the
down-regulation of SPTBN1, an essential host factor for HIV- infection. The concentration
of IL-27 required to inhibit HIV-1 in-vitro is approximately 100 times the levels found in
plasma. Testing of IL-27 in non-human primate models of HIV-1 infection will be needed
before any human trials to work out important parameters such as the optimal dose and route
of IL-27, kinetics of viral replication following administration and possible adverse effects.
If these studies are successful, pre-clinical studies would be the next step to evaluate the
effectiveness and potency of IL-27 as a therapeutic agent.
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to innovate novel immune therapies (combining with or without anti-viral reagents) for
infectious disease including HIV infection under collaboration with Dr. H. Clifford Lane in
NIAID.
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Figure 1. ThelL-12 family of cytokines

The IL-12 family consists of four members: 1L-12, IL-23, IL-27 and 1L-35. They consist of
various heterodimers of shared a-chains and -chains as shown. The receptors for the IL-12
family of cytokines are also heterodimers of molecules shared amongst the family members
as illustrated. Cytokine signaling occurs through the JAK/STAT pathway.
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Figure 2. Proposed mechanisms of |1L-27 mediated inhibition of HIV-1in macrophages

In M-Mac, there is no block to the HIV-1 life cycle and HIV-1 viral DNA is able to integrate
into the host genome. Genes encoding spectrin (SPTBAL and SPTBNL1 for example) are
normally transcribed and the cells have a normal cytoskeletal structure with actin being
anchored to the plasma membrane by spectrin. The actin cytoskeleton may be also important
for the HIV-1 viral cycle. In I-Mac, IL-27 leads to TAK1 activation via gp130 and activates
the MAP Kinase pathway which in turn down-regulates SPTBN1.As SPTBNL1 is a key
component of spectrin, the normal cytoskeletal structure close to the plasma membrane is
lost as actin is unable to bind to spectrin. The HIV life cycle is halted prior to completion of
reverse transcription. In addition IL-27 mediated activation of the JAK/STAT pathway leads
to the induction of interferon stimulated genes (1SG) which may also mediate anti-viral
properties.
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M-Mac I-Mac

Figure 3. Confocal image displaying the actin cytoskeleton in M-Mac and I-Mac

A) The actin cytoskeletal architecture is clearly intact and looks like a lattice, as shown by
the green fluorescence in M-Mac. B) The architecture is radically altered in I-Mac where the
lattice formation seen in M-Mac gives way to a punctate staining pattern for actin - however,
nearly F-actin fibers close to the plasma membrane are still intact. Blue staining is with
DAPI and indicates the nucleus; green staining indicates the actin binding dye.
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Studies investigating the function of IL-27 in HIV-1 infection

Page 16

correlated with CD4+ T cell
count in HIV-1 infected
patients

Cellsexposed to | L-27 Year | Effect of IL-27 Mechanism Reference
In-vitro:
PBMCs, MDMs, CD4+ 2007 | HIV-1 inhibited Up-regulation of IFN-related genes Fakruddin et al [33]
T cells
MDMs, CD4+ T cells 2008 | HIV-1 inhibited IL-27 up-regulates APOBEC3G Imamichi et al [34]
MDMs, CD4+ T cells 2009 | HIV-1 inhibited IL-27 induces IFN expression which in turn, Greenwell et al[14]
up-regulates APOBEC proteins
Monocytes 2012 | HIV-1 inhibited Induction of IL-10 in monocytes Kwon et al[43]
PBMCs, monocytes, 2012 | IL-6, TNF-a, IL-10 levels IL-27 up-regulates gp130 in monocytes in Guzzo et al [41]
CDA4+ T cells decreased HIV-1 negative controls to a higher degree
compared to HIV-1 positive patients
MDMs 2013 | HIV-1inhibited in IL-27 Down-regulation of SPTBN1 Dai et al [17]
treated MDMs
Dendritic Cells 2013 | HIV-1inhibited in IL-27 Interferon independent Chen et al [18]
treated iDCs
In-vivo:
Clinical study 2010 | IL-27 levels negatively N/A Guzzo et al [44]
correlated with HIV-1 viral
loads
Clinical study 2011 | IL-27 levels positively N/A He et al [45]

Legend: APOBEC = apolipoprotein B, mRNA-editing enzyme, catalytic polypeptide-like cytidine deaminases; iDCs = immature dendritic cells;
IFN = interferon; MDMs = monocyte derived macrophages; PBMCs = peripheral blood mononuclear cells; SPTBN1 = spectrin beta

nonerythrocyte 1,
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