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Objective: Cytokines play an important role in controlling the homeostasis of the immune system and contribute to the
pathogenesis of HIV infection. The measurement soluble cytokines in plasma of HIV-1 infected individuals with different rates
of disease progression may provide additional information to complement prognostic markers and understand disease
process. The aim of the present study was to determine the cytokine profiles in plasma of Thai HIV-1 CRF01_AE infected
individuals with different rates of disease progression by using a multiplex system for simultaneous detection of 7 cytokines.
Material and Method: The authors used a multiplex immunoassay method to measure 7 cytokines (IL-2, IL-4, IL-6, IL-7, IL-
10, IL-15 and IFN-gamma) in plasma of 23 progressors (PRs; symptomatic or AIDS within 5 years and CD4+ < 200/mm?),
23 slower progressors (SPs; asymptomatic more than 5 years and CD4+ > 350/mm?) and 23 normal healthy individuals.
Results: Both PRs and SPs demonstrated significantly higher levels of IL-7, IL-10 and IFN-gamma than healthy controls
(p < 0.05). No significant difference in IL-6 between SPs and healthy controls but significant difference between RPs and
controls were found. Furthermore, PRs showed significantly higher levels of plasma IL-6 (p = 0.001), IL-7 (p = 0.016), IL-
10 (p < 0.001) and IFN-gamma (p = 0.026) than SPs. No significant difference in IL-2, IL-4 and IL-15 was found among 3
groups (PRs, SPs and healthy control).

Conclusion: These results suggested that a Th1 to Th2 cytokine switch did not occur. However, the measurements of plasma
levels of cytokines could be used for predicting disease progression.
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Cytokines are essential signal polypeptides
within the immune system and play a important roles in
controlling the homeostasis of the immune system®.
They contribute to pathogenesis and disease
progression of HIV-1 infection®®, Cytokines have a
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complex effect on HIV-1 replication. Moreover, direct
effect of HIV-1 itself may contribute to cytokine
production in HIV-1 infected individuals. HIV-1 infection
resulted immunodeficiency in humans was related to
CDA4+ T cell depletion and altered T helper (Th) cell
function®. Th1 type cells produce Interleukin-2 (IL-2),
and Interferon-gamma (IFN-gamma and they are the
principal effectors of antiviral cell-mediated immunity®,
whereas Th2 type produce IL-4, IL-5, IL-6, IL-10 and
IL-13® and also promote antibody production® and
are related with immuno suppression and progression
of HIV-1 infection®”. An imbalance between the level
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of Thl and Th2 cytokines was suggested to be
involved in HIV disease progression. Several studies
reported a Thl to Th2 cytokine shift in HIV-1
infection®®9. However, controversial results were
demonstrated®®-2. In addition, other interleukins, such
as IL-7 and IL-15, have gained considerable attention
recently as homeostatic factors that may play a vital
role in the survival, proliferation, differentiation and
function of T lymphocytes®4, Many studies reported
increased IL-7 plasma levels in HIV-1 infected patients
and associated with disease progression®>?, However,
it was demonstrated reduced levels of IL-15 in sera
from HIV-1 infected/AIDS patients®®. On the other
hand, higher IL-15 serum levels in HIV-1 infected
individuals were reported®?,

HIV infection remains one of the critical public
health problems in Thailand. Currently, the major
subtype of HIV-1 circulating in Thailand is CRFO1_AE.
Astudy reported HIV-1 CRFO1_AE was found in 97.3%
and a predominance of subtype CRF01_AE was found
in all geographic regions®. In addition, there are reports
that the pathogenesis of different HIV-1 subtypes may
differ-22), However, there have been a few studies in
cytokine profiles in HIV-1 CRFO1_AE infected persons
related to disease progression.

The aim of the present study was to
investigate the plasma cytokines levels of Thai HIV-1
CRFO1_AE infected individuals with different rates of
disease progression and to analyze how these
cytokines provide additional information to
complement prognostic markers and understand
disease process.

Material and Method
Study subjects

Thai HIV-1 CRF01_AE infected individuals
were selected from patients enrolled in the hospitals in
the North of Thailand by nested PCR method®. The
patients were separated into progressors and slower
progressors according to differences in CD4+ T cell
counts and duration to show the symptom. Twenty-
three subjects are progressors (PRs; CD4+ cells < 200/
mm? and symptomatic or AIDS within 5 years) and 23
subjects are slower progressors (SPs; asymptomatic
more than 5 years and CD4+ cells > 350/mm®). Twenty-
three normal healthy adults (HIV-1 seronegative) who
were routine blood donors to the Army Institute of
Pathology, Bangkok, Thailand voluntarily recruited,
were included as controls. Blood from the patients and
controls were collected into EDTA anticoagulant tubes.
The study protocol was approved by the institutional
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review boards of Royal Thai Army Medical Department.
The informed consent was obtained from all patients
and controls.

Multiplex plasma cytokine assay (Luminex)

The following 7 cytokines were measured: IL-
2,1L-4,IL-6, IL-7,1L-10, IL-15 and IFN-gamma in plasma
of 23 PRs, 23 SPs and compared with 23 normal healthy
individuals. Measurements using 25 microlitres of
plasma were made by Luminex-based bead array method
using the LINCOplex simultaneous multianalyte
detection system (Linco Research, Inc) following the
manufacturer’s instructions. In brief, the principle of
this assay is conventional sandwich assay technology.
The antibody specific to each cytokine is covalently
coupled to Luminex microspheres, with each antibody
coupled to a different microsphere uniquely labeled
with a fluorescent dye. The authors incubated the
microspheres with standards, controls and samples (25
microlitres) in a 96-well microtiter fiber plate for 1 hour
at room temperature. After incubation, the plate was
washed to remove excess reagents and detection
antibody, in the form of a mixture containing each of
the seven antibodies, was added. After incubation 30-
minutes at room temperature, streptavidin-phycoery-
thrin was added for an additional incubate 30 minutes.
After the final wash step, the beads were resuspended
in buffer and read on the Luminex 100 instrument to
determine the concentration of the cytokines. All
cytokines were simultaneously measured from a
single specimen. Standard curves for each cytokine
were generated by using the reference cytokine
concentrations supplied by the manufacturer.

Statistical analysis

All data were presented as mean and standard
deviation (SD). Mann-Whitney U test was used to
compare cytokine mean values between groups. A p-
value of <0.05 was considered statistically significant.

Results

A total of 46 HIV-1 subtype CRFO1_AE
infected patients were enrolled in the present study.
Twenty-three patients were PRs and 23 were SPs. The
mean + SD of CD4+ cell counts of PRs and SPs were 92
+61and 624 +219 cells/mm?, respectively. All patients
were naive to anti-retroviral therapy. The authors
evaluated plasma Th1 cytokines (IL-2 and IFN-gamma),
Th2 cytokines (1L-4, IL-6, IL-10), IL-7 and IL-15 levels
in Thai HIV-1 CRF01_AE infected patients with different
rate of disease progression (both PRs and SPs) and 23
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healthy controls in cross-sectional study by multiplex
immunoassay.

Comparison of Th1 cytokines (IL-2, IFN-gamma) in
PRs, SPs and healthy controls

The plasma levels of Th1 cytokines (IL-2, IFN-
gamma), Th2 cytokines (IL-4, IL-6 and IL-10), IL-7 and
IL-15 was simultaneously measured from a single
specimen. The mean and SD values of the plasma levels
of cytokine profiles of all groups and statistical results
are shown in Table 1. No significant difference in plasma
IL-2 level was found among PRs (mean = 8.74 pg/ml),
SPs (mean = 4.13 pg/ml) and healthy controls (mean =
4.71 pg/ml). In contrast, the mean levels of IFN-gamma
in PRs (mean = 42.24 pg/ml) was significantly higher
than SPs (mean = 7.71 pg/ml, p = 0.027) and healthy
controls (mean = 1.04 pg/ml, p <0.001).

Comparison of Th2 cytokines (IL-4, IL-6 and I1L-10)
in PRs, SPs and healthy controls

As shown in Table 1, the authors found that
there was no significant difference in IL-4 levels among
PRs (mean =98.85 pg/ml), SPs (mean = 30.90 pg/ml) and
healthy controls (mean = 28.69 pg/ml). Notably, the
mean IL-4 in PRs was higher when compared with SPs
and healthy controls but this difference was not
significant. For the levels of IL-6, PRs showed
significantly higher than SPs (mean=14.11 versus 1.71
pg/ml, p = 0.002) and healthy controls (mean = 14.11
versus 1.38 pg/ml, p=0.009) but IL-6 levels in SPs was
not significantly different from healthy controls (mean
=1.71 versus 1.38 pg/ml).

Both PRs and SPs demonstrated significantly
higher levels of IL-10 than healthy controls [mean =
472.91 pg/ml (PRs), 35.12 pg/ml (SPs) versus 9.04 pg/ml
(controls), p < 0.001]. Moreover, PRs also showed IL-
10 levels was significantly higher than SPs (mean =
472.91 versus 35.12 pg/ml, p <0.001).

Comparison of IL-7 and IL-15 in PRs, SPs and healthy
controls

The mean levels of IL-7 in PRs was
significantly higher than SPs (PRs = 10.99 pg/ml, SP =
0.94 pg/ml, p=0.041). Both IL-7 levels of PRs and SPs
showed significantly higher than healthy controls (p <
0.001, p = 0.019, respectively). Notably, IL-7 was
undetectable in Thai healthy controls.

There was no significant difference in the
mean IL-15 levels among the 3 groups. The mean levels
of IL-15 in PRs, SPs and healthy controls were 10.78
pg/ml, 1.99 pg/ml and 2.86 pg/ml respectively.
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Discussion

In the current study, for Thl cytokines (I1L-2
and IFN-gamma), the authors have demonstrated
plasma IL-2 levels of HIV-1 CRFO1_AE infected patients
(both PRs and SPs) was not significantly different from
healthy controls. Many studies reported the decreased
IL-2 in HIV-1 infected patients with low CD4+ T
cells®242% However, the present study of Granzioai et
al consistent with the present finding was shown®,
They reported on the cytokine expression in
unfractionated and sorted T cell populations isolated
from peripheral blood and lymph nodes of HIV infected
patients at different stages of the disease. It was found
that IL-2 and IL-4 expression was scarcely detectable
at any stage of disease. Interestingly, although IL-2
and IFN-gamma are Th1 cytokines, they demonstrated
different changes in HIV-1 disease progression in the
present study. Unlike IL-2, IFN-gamma levels in PRs
were greater than SPs and healthy controls. It suggested
that IFN-gamma is elevated progressively with more
advanced disease. The present results concur with the
findings that elevated plasma levels of IFN-gamma®62?
and IFN-gamma expression®® have been described in
patients with HIV infection. The increase in IFN-gamma
should be produced by cells other than CD4+ T cells
such as CD8+ T cells and NK cells®. As HIV disease
progression, the CD8+ T cells are a large proportion of
T cells. A continuous decrease in IFN-gamma in the
course of HIV-1 infection were controversial in some
studies®®.

Th2 cytokines studied in the present study
are IL-4, IL-6 and IL-10. Like IL-2, the authors found no
significant difference in 1L-4 among 3 groups. Although
the increasing in plasma IL-4 levels were observed in
some studies®?®, the present study supported that IL-
4, a regulatory cytokine, were not elevated in HIV-1
infected patients plasma®?, In fact, the levels of
plasma cytokine do not only reflect the production of
cytokines but also are modified by cell-bound receptors
removal, neutralization by soluble receptors,
metabolism, and excretion. Highest levels of IL-6 and
IL-10 in PRs were well demonstrated in the present
study. The present data suggested that increasing of
IL-6 and IL-10 levels in HIV-infected patients was
associated with the progression of AIDS. Elevated
levels of IL-6, IL-10 in serum or plasma have been
described previously in the advanced stage of HIV-1
infected patients®2639, pPoli et al demonstrated that
IL-6 induced HIV replication by transcriptional and
post-transcriptional mechanisms, affecting the late
steps of HIV biological cycle®. However, Marfaing-
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Koka et al showed increased IL-6 production in HIV-
infected patients at a late stage of the infection may
not stimulate HIV replication in vivo, but it may
represent a key mechanism contributing to the
metabolic and immunological dysbalance of the
disease®?. Compared with nonprogressors, the
patients with disease progression had increasing IL-10
levels in serum, in contrast to non-progressing patients
where levels were stable®. In addition, Elrefei et al
reported that the presence of the I1L-10 positive CD8+
T cells was associated positively with plasma HIV viral
load. They suggested that these I1L-10 positive CD8+ T
cells may have an important regulatory role in the
immune dysfunction observed in HIV infection®,

IL-7 is a important cytokine regulating T-
lymphocyte development. Elevated levels of IL-7 in
PRs were demonstrated in the present study and
they also supported several studies that increased
IL-7 plasma levels indicated HIV-1 induced T cell
depletion and disease progression®>"), Some studies
demonstrated IL-7 enhanced HIV-1 infection, replication
and cytopathic in vivo®'?, Increased plasma IL-7 in
PRs suggests that IL-7 may acte as a regulator of T cell
homeostasis by increased endogenous production to
stimulate lymphocytes development and expansion in
response to CD4+ T cell depletion. Notably, plasma
levels of IL-7 was undetectable in Thai normal controls.
However, the lack of circulating levels of IL-7 was found
in both controls and patients with good immunologic
response to treatment®,

IL-15 plays an important role in maturation
and differentiation of T cells, B cells and NK cells. The
present study demonstrated no significant changes in
plasma levels of IL-15 in HIV-1 CRF01_AE infected
patients compared with healthy controls. The authors
observed here that there was a trend of increasing in
IL-15 levels in PRs, which indicated I1L-15 levels might
be associated with disease progression. Kacani et al
reported serum levels of IL-15 were significantly
elevated in HIV-1 infected individuals and correlated
with immunoglobulin serum levels, indicating that IL-
15 may contribute to the pathogenesis of HIV-1
associated hypergammaglobulinaemia even in the late
stages of infection®®, In contrast, Ahmad et al showed
reduced levels of IL-15 in sea from HIV-infected/AIDS
patients®®, They explained that IL-15 was known to
enhance both innate and adaptive immune responses
in vitro and in vivo, its reduced concentrations in the
sera of AIDS patients was found in these patients who
were immunodeficiency. The reasons of discordant
results can not be clearly explained. There might be
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some difference in the present study cohorts of patients
and also the criteria of PRs and SPs that the authors
used in the present study. It was noteworthy that the
authors did not find the difference between IL-2, IL-4
and IL-15 among 3 groups. One possibility was the
present results showed wide variabilities among
individuals in the cytokine-production pattern.

Both Thl and Th2 cytokines have been
involved in the pathogenesis of HIV infection.
Increased production of cytokines may affect the
equilibrium between the virus and host-derived immune
response in HIV-1 disease progression. Furthermore,
progression of HIV disease is associated with
increasing dysregulation of Thl lymphocytes and
cytokines, with diverse changes in Th2 cytokines.

In conclusion, The authors demonstrated that
Th1to Th2 cytokine switch did not found in the present
study. Elevation of plasma cytokines levels of IL-6, IL-
7, IL-10 and IFN-gamma are associated with more
advanced HIV infection, whether it is a cause or effect
or may be both is not known. However, they could be
used as prognostic markers of disease progression.
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