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Abstract

Background: HIV-1 infection is associated with dysregulation of cytokine production and this is thought to contribute to HIV associated
immune deficiency. The dysregulation of cytokine production may be playing a role in the pathogenesis of HIV+ NHL, as evidenced by increased
prevalence of NHL in HIV-1 infection. This study aimed to determine the serum concentrations of circulating inflammatory cytokines and the
effect of cART in HIV positive NHL patients.

Methods: The serum concentrations of IFN-y, IL-18, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, and TNF-a were determined by meso-
scale discovery (MSD) assay in 141 subjects that were divided into 5 groups: naive HIV+ ; cART treated HIV+ ; HIV negative NHL; HIV+ NHL
and healthy controls.

Results: HIV+ NHL patients had higher serum concentrations of IL-4 as compared to NHL and HIV+ cART patients. As compared to NHL
patients, the serum concentrations of IL-2, and TNF-a were significantly higher in HIV+ NHL patients, while those of IL-1 were significantly
lower. HIV+ NHL patients had higher serum concentrations of IFN-y, and IL-6; and lower serum concentrations of IL-12p70 than HIV+ cART
patients. All the inflammatory cytokines were significantly increased in NHL as compared to the controls, as well as in cART-naive HIV+
patients as compared to HIV+ cART and controls.

Conclusion: The serum concentrations of inflammatory cytokines are increased in HIV positive NHL patients. This suggests that chronic
inflammation may play a role in the pathogenesis of lymphoma.

Keywords: HIV; Non Hodgkin’s lymphoma; Inflammation; Cytokines

Abbreviations: NHL: Non Hodgkin Lymphoma; cART: combination Antiretroviral Therapy; HIV+ NHL: HIV Positive Non Hodgkin Lymphoma;
HIV-NHL : HIV Negative Non Hodgkin Lymphoma ; MSD: Meso-Scale Discovery
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Introduction
hallmark feature of cancer development and progression [5].

The majority of people with HIV live in sub-Saharan
The hallmarks of cancer related inflammation include the

Africa, with South Africa having the highest number of cases

recorded world-wide [1,2]. Haematological manifestations of
HIV including Non Hodgkin lymphoma (NHL) are common and
diverse, and can occur at all stages of infection [3]. Preliminary
studies conducted in South Africa suggest that HIV associated
lymphomas are increasing in number with increasing HIV
prevalence [1]. However, accurate epidemiologic, aetiologic and
clinical data of HIV+ NHL is limited in Sub-Saharan Africa.

The inflammatory response triggered by infection precedes
tumor development and is part of the normal host defence

against pathogens [4]. Inflammation is recognized as a

presence of inflammatory cells and inflammatory mediators
(such as chemokines, cytokines and prostaglandins) in tumor
tissues, tissue remodelling and angiogenesis similar to that
seen in chronic inflammatory responses and tissue repair [6].
It has been suggested that local inflammatory processes and
antigenic drive can promote lymphoma development at the
site of inflammation/immune activation [7]. The current study
aimed to determine the serum concentrations of circulating
inflammatory cytokines in HIV+ NHL patients; and to determine
whether combination antiretroviral therapy (cART) has an
impact on the serum concentrations of inflammatory cytokines.
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Materials and Methods
Study population

Study populations consisted of 141 participants divided
into 5 groups consisting of HIV positive Non Hodgkin lymphoma
(HIV+ NHL) patients (n=31), HIV negative NHL (NHL) patients
(n=34), combination antiretroviral therapy (cART) treated HIV
positive (HIV+ cART) patients (n=32), cART-naive HIV positive
(cART-naive HIV+ ) patients (n=28), and a healthy control group
(Controls) (n=16). Participants were 18 years old and above, and
were age and gender matched.

Determination of concentrations of

inflammatory cytokines

serum

Meso-scale discovery (MSD) pro-inflammatory panel 1
(human) kit was used to determine the serum concentrations
of IFN-y, IL-1B, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, and
TNF-a as follows. 50ul of the diluted samples (2 fold), calibrators
and controls were added into each well respectively. The plate
was sealed with an adhesive plate sealer and incubated at room
temperature with shaking for 2 hours. Following the incubation,
the plate was washed 3 times with 150ul/well of wash buffer.
25ul of the detection antibody solution was added into each well
and the plate was sealed with adhesive plate sealer and incubated
at room temperature with shaking for 2 hours. Following the
incubation, the plate was washed 3 times with wash buffer. 150pl
of 2x read buffer Twin was added into each well and the plate was
read on the MSD instrument.

Ethical considerations

This study was approved by the health research ethics
committee at Stellenbosch University (N12/03/015) and
University of Cape Town (076/2013). All participants completed
and signed the informed consent forms, which were available
in English, Afrikaans and Xhosa. The study was carried out in
accordance with the Helsinki Declaration.

Statistical analysis

The data obtained was captured using Microsoft Excel and
Graph pad prism version 5 was used to analyse the data. The
analysis of the primary objective was performed by using a
one-way ANOVA. The study populations were regarded as the
independentvariables and the specific marker value was regarded
as the dependent variable. Relationship between two continuous
variables was analysed with regression analysis and the strength
of the relationship measured with the Pearson correlation, or
Spearman correlation. A p-value of p<0.05 represented statistical
significance in hypothesis testing and 95% confidence intervals
was used to describe the estimation of unknown parameters.

Results

Serum concentrations of circulating interferon gamma
(IFN-y)

Therewasnosignificantdifferenceinthe serumconcentrations
of circulating IFN-y when HIV positive NHL (HIV+ NHL) patients
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were compared to HIV negative NHL (NHL) patients (Figure 1).
The serum concentrations of circulating IFN-y were significantly
higher in HIV+ NHL patients than HIV positive patients on a
cART regimen (HIV+ cART) (26.719+£25.632 vs 10.458+8.920).
NHL patients had significantly higher serum concentrations of
circulating IFN-y than controls (20.425+29.907 vs 5.734+2.328).
As compared to cART-naive HIV+ patients, HIV+ cART patients
had significantly lower serum concentrations of circulating IFN-y
(10.458+8.920 vs 33.067+9.340). cART-naive HIV+ patients
had significantly higher serum concentrations of circulating
IFN-y than controls (33.067+9.340 vs 5.734+2.328). The serum
concentrations of circulating IFN-y were negatively correlated
with the numbers of CD4 T-cells (r=-0.4369, p<0.0001), NKT-
cells (r=-0.2460, p=0.0139), and FoxP3 expression (r=-0.2891,
p=0.0047) (Table 1). However, these serum concentrations of
circulating IFN-y were positively associated with the number of
CD8 T-cells (r=0.2200, p=0.0250), NK-cells (r=0.1903, p=0.0454),

and CD8+CD38 expression (r=0.4919, p<0.0001) (Table 1).
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Figure 1: Serum concentrations of circulating interferon gam-
ma (IFN-y).

HIV+NHL, HIV positive non-Hodgkin
(n=31);

NHL, HIV negative non-Hodgkin lymphoma patients (n=34);

lymphoma patients

HIV+ cART, combination antiretroviral therapy treated (cART)
HIV positive individuals (n=32);

cART-naive HIV+, cART-naive HIV positive individuals (n=28);
Controls, Healthy controls (n=16).

Table 1: Significant correlations of inflammatory cytokines.

CD4 | CD8 | CD19 | NKT | NK | FoxP3 | CD38

IFN-y - + - + - +
IL-1B - +
IL-2 - + - - - +
IL-4 - - - + - +
IL-6 - - - - +
IL-8 - - - +
IL-10 + +
IL-12p70 - + - + - +
IL-13 - +
TNF-a - + - + - +

-: Negative association; +: Positive association; IFN-y: Interferon
gamma; IL-1B: Interleukin-1B; IL-4: Interleukin-4; IL-6: Interleukin-6;
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IL-8: Interleukin-8; IL-10: Interleukin-10; IL-12p70: Interleukin-12p70;
IL-13: Interleukin-13; TNF-a: Tumor necrosis factor-a; Natural killer
T-cells; Natural killer cells.

Serum concentrations of circulating interleukin-1
(IL-1B8)

The serum concentrations of circulating interleukin-1f were
significantly lower in HIV positive NHL (HIV+ NHL) patients as
compared to HIV negative NHL (NHL) patients (0.117+0.083
vs 0.196+0.096) (Figure 2). However, there was no significant
difference in the serum concentrations of circulating IL-13 when
HIV+ NHL were compared with HIV positive patients on a cART
regimen (HIV+ cART). The serum concentrations of circulating
IL-1B were significantly higher in NHL patients than controls
(0.196+0.096 vs 0.102+0.078). As compared to cART-naive HIV+
patients, HIV+ cART patients had significantly lower serum
concentrations of circulating IL-13 (0.113+0.079 vs 0.201+0.180).
In addition, cART-naive HIV+ patients had higher serum
concentrations of circulating IL-1f than controls (0.201+0.180
vs 0.102+0.078). The serum concentrations of circulating IL-1f3
were positively associated with CD8+38 expression (r=0.3384,
p=0.0011), while they were negatively associated with CD19+
B-cells (r=-0.2778, p=0.0063) (Table 1).
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Figure 2: Serum concentrations of circulating interleukin-1

(IL-1B).

HIV+NHL, HIV positive non-Hodgkin lymphoma patients (n=31);
NHL, HIV negative non-Hodgkin lymphoma patients (n=34);

HIV+ cART, combination antiretroviral therapy treated (cART) HIV
positive individuals (n=32);

cART-naive HIV+, cART-naive HIV positive individuals (n=28);
Controls, Healthy controls (n=16).

Serum concentrations of circulating interleukin-2 (IL-
2)

The serum concentrations of circulating interleukin-2 (IL-
2) were significantly higher in HIV positive NHL (HIV+ NHL)
patients when compared to HIV negative NHL (NHL) patients
(0.356+£0.135 vs 0.249+0.116) (Figure 3). However, there
was no significant difference in the serum concentrations of
circulating IL-2 between HIV+ NHL and HIV positive patients
on a cART regimen (HIV+ cART). NHL patients had significantly
higher serum concentrations of circulating IL-2 than controls
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(0.249+0.116 vs 0.077+0.044). The serum concentrations of
circulating IL-2 were significantly lower in HIV+ cART than
cART-naive HIV+ patients (0.328 + 0.148 vs 0.714 + 0.338).
cART-naive HIV+ patients had significantly higher serum
concentrations of circulating IL-2 than controls (0.714+0.338
vs 0.077%£0.044). The serum concentrations of circulating IL-2
were negatively associated with the numbers of CD4 T-cells (r=-
0.4860, p<0.0001), CD19+ B-cells (r=-0.3892, p=0.0002), NKT-
cells (r=-0.2315, p=0.0194), and FoxP3 expression (r=-0.4406
p<0.0001), while they were positively associated with the
numbers of CD8 T-cells (r=0.3135, p=0.0023) and CD8+CD38

expression (r=0.4014, p=0.0001) (Table 1).
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Figure 3: Serum concentrations of circulating interleukin-2
(IL-2).

HIV+NHL, HIV positive non-Hodgkin lymphoma patients (n=31);
NHL, HIV negative non-Hodgkin lymphoma patients (n=34);
HIV+ cART, combination antiretroviral therapy treated (cART) HIV
positive individuals (n=32);
cART-naive HIV+, cART-naive HIV positive individuals (n=28);
Controls, Healthy controls (n=16).
Serum concentrations of circulating interleukin-4 (IL-
4)

The serum concentrations of circulating interleukin-4 (IL-
4) were significantly higher in HIV positive NHL (HIV+ NHL)
patients as compared to both HIV negative NHL (NHL) patients
(0.102+0.036 vs 0.081+0.016) and HIV positive patients on
a cART regimen (HIV+ cART) (0.102+0.036 vs 0.081+0.026)
(Figure 4). As compared to the controls, NHL patients had
significantly higher serum concentrations of circulating
IL-4 (0.081+£0.016 vs 0.056+0.030). HIV+ cART patients had
significantly lower serum concentrations of circulating IL-4
as compared to cART-naive HIV+ patients (0.081+0.026 vs
0.112+0.042). In addition, cART-naive HIV+ patients had
higher serum concentrations of circulating IL-4 than controls
(0.112+0.042 vs 0.056+0.030). The serum concentrations of
circulating IL-4 were negatively associated with the numbers
of CD4 T-cells (r=-0.4603, p<0.0001), CD19+ B-cells (r=-
0.3070, p=0.0028), NKT-cells (r=-0.2249, p=0.0224) and FoxP3
expression (r=-0.3077, p=0.0028), while they were positively
associated with the numbers of NK-cells (r=0.2853, p=0.0052),
and CD8+CD38 expression (r=0.3220, p=0.0018) (Table 1).
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Figure 4: Serum concentrations of circulating interleukin-4

(IL-4).

HIV+NHL, HIV positive non-Hodgkin lymphoma patients (n=31);
NHL, HIV negative non-Hodgkin lymphoma patients (n=34);
HIV+ cART, combination antiretroviral therapy treated (cART) HIV
positive individuals (n=32);
cART-naive HIV+, cART-naive HIV positive individuals (n=28);
Controls, Healthy controls (n=16).
Serum concentrations of circulating interleukin-6 (IL-
6)

There was no the
concentrations of circulating interleukin-6 (IL-6) between HIV
positive NHL (HIV+ NHL) patients and HIV negative NHL (NHL)

patients (Figure 5). The serum concentrations of circulating IL-6

significant difference in serum

were significantly higher in HIV+ NHL patients when compared
to HIV positive patients on a cART regimen (HIV+ cART)
(1.473+1.256 vs 0.779+0.268). NHL patients had higher serum
concentrations of circulating IL-6 than controls (1.179+1.171
vs 0.415+0.190). The serum concentrations of circulating IL-6
were significantly lower in HIV+ cART as compared to cART-
naive HIV+ patients (0.779+0.268 vs 2.447+1.350). In addition,
cART-naive HIV+ patients had significantly higher serum
concentrations of circulating IL-6 than controls (2.447+1.350
vs 0.415£0.190). The serum concentrations of circulating IL-6
were negatively associated with the numbers of CD4 T-cells (r=-
0.5432, p<0.0001), CD19+ B-cells (r=-0.4544, p<0.0001), NKT-
cells (r=-0.2616, p=0.0095), and FoxP3 expression (r=-0.399,
p=0.0001), while they were positively associated with CD8+38
expression (r=0.4139, p<0.0001) (Table 1).
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Figure 5: Serum concentrations of circulating interleukin-6
(IL-B).
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HIV+NHL, HIV positive non-Hodgkin lymphoma patients (n=31);
NHL, HIV negative non-Hodgkin lymphoma patients (n=34);

HIV+ cART, combination antiretroviral therapy treated (cART) HIV
positive individuals (n=32);

cART-naive HIV+, cART-naive HIV positive individuals (n=28);
Controls, Healthy controls (n=16).

Serum concentrations of circulating interleukin-8 (IL-
8)

There was no significant difference in the
concentrations of circulating interleukin-8 (IL-8) when HIV
positive NHL (HIV+ NHL) and HIV negative NHL (NHL) patients

were compared (Figure 6). HIV+ NHL patients had significantly

serum

higher serum concentrations of circulating IL-8 than HIV
positive patients on a cART regimen (HIV+ cART) (13.027+5.341
vs 9.615+5.483). The serum concentrations of circulating IL-8
were significantly up-regulated in NHL patients as compared to
controls (13.942+7.602 vs 9.110 #2.733). HIV+ cART patients
had significantly lower serum concentrations of circulating
IL-8 as compared to cART-naive HIV+ patients (9.615+5.483
vs 14.002+3.649). cART-naive HIV+ patients had significantly
higher serum concentrations of circulating IL-8 than controls
(14.002+3.649 vs 9.110£2.733). The serum concentrations of
circulating IL-8 were negatively associated with the numbers
of CD4 T-cells (r=-0.3819, p=0.0002), CD19+ B-cells (r=-0.4411,
p<0.0001) and NKT-cells (r=-0.3472, p=0.0008), while they were
positively associated with CD8+CD38 expression (r=0.4357,
p<0.0001) (Table 1).
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Figure 6: Serum concentrations of circulating interleukin-8
(IL-8).
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HIV+NHL, HIV positive non-Hodgkin lymphoma patients (n=31);
NHL, HIV negative non-Hodgkin lymphoma patients (n=34);

HIV+ cART, combination antiretroviral therapy treated (cART) HIV
positive individuals (n=32);

cART-naive HIV+, cART-naive HIV positive individuals (n=28);

Controls, Healthy controls (n=16).

Serum concentrations of circulating interleukin-10
(IL-10)

There was no significant difference in the
concentrations of circulating interleukin-10 (IL-10) between HIV
positive NHL (HIV+ NHL) and HIV negative NHL (NHL) patients

(Figure 7). The serum concentrations of circulating IL-10 were

serum
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significantly higher in HIV+ NHL than HIV positive patients on
a cART regimen (HIV+ cART) (1.119+0.691 vs 0.482+0.210).
NHL patients had significantly higher serum concentrations of
circulating IL-10 than controls (1.344+1.550 vs 0.375+0.338).
HIV+ cART patients had significantly lower serum concentrations
of circulating IL-10 than cART-naive HIV+ patients (0.482+0.210
vs 1.312+0.569). The serum concentrations of circulating IL-
10 were significantly higher in cART-naive HIV+ patients as
compared to controls (1.312+0.569 vs 0.375+0.338). The serum
concentrations of circulating IL-10 were positively associated
with the numbers of NK-cells (r=0.2086, p=0.0317) and CD8+38
expression (r=0.3521, p=0.0007) (Table 1).
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Figure 7: Serum concentrations of circulating interleukin-10
(IL-10).

HIV+NHL, HIV positive non-Hodgkin lymphoma patients (n=31);
NHL, HIV negative non-Hodgkin lymphoma patients (n=34);

HIV+ cART, combination antiretroviral therapy treated (cART) HIV
positive individuals (n=32);

cART-naive HIV+, cART-naive HIV positive individuals (n=28);
Controls, Healthy controls (n=16).

Serum concentrations of circulating interleukin-
12p70 (IL-12p70)
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Figure 8: Serum concentrations of circulating interleukin-12p70
(IL-12p70).
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HIV+NHL, HIV positive non-Hodgkin lymphoma patients (n=31);
NHL, HIV negative non-Hodgkin lymphoma patients (n=34);
HIV+ cART, combination antiretroviral therapy treated (cART) HIV
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positive individuals (n=32);
cART-naive HIV+, cART-naive HIV positive individuals (n=28);
Controls, Healthy controls (n=16).

There was no significant difference in the serum
concentrations of circulating interleukin-12p70 (IL-12p70)
when HIV positive NHL (HIV+ NHL) and HIV negative NHL
(NHL) patients were compared (Figure 8). HIV+ NHL patients
had significantly lower serum concentrations of circulating
IL-12p70 than HIV positive patients on a cART regimen (HIV+
cART) (0.198+0.115 vs 0.459+0.226). The serum concentrations
of circulating IL-12p70 were significantly higher in NHL patients
as compared to controls (0.250£0.143 vs 0.101+0.091). There
was no significant difference in the serum concentrations of
circulating IL-12p70 between HIV+ cART and cART-naive HIV+
patients. cART-naive HIV+ patients had significantly higher
serum concentrations of circulating IL-12p70 than controls
(0.576+0.245 vs 0.101+0.091). The serum concentrations
of circulating IL-12p70 were negatively associated with the
numbers of CD4 T-cells (r=-0.3439, p=0.0009), CD19+ B-cells
(r=-0.4269, p<0.0001), and FoxP3 expression (r=-0.3615,
p=0.0005), while they were positively associated with the
numbers of CD8 T-cells (r=0.2449, p=0.0143), NK-cells (r=0.195,
p=0.0415), and CD8+CD38 expression(r=0.2245, p=0.0227)
(Table 1).

Serum concentrations of circulating interleukin-13
(IL-13)

There was no significant difference in the serum

concentrations of circulating interleukin-13 (IL-13) when HIV
positive NHL (HIV+ NHL) and HIV negative NHL (NHL) patients
were compared, as well as between HIV+ NHL and HIV positive
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Figure 9: Serum concentrations of circulating interleukin-13
(IL-13).

HIV+NHL, HIV positive non-Hodgkin lymphoma patients (n=31);
NHL, HIV negative non-Hodgkin lymphoma patients (n=34);

HIV+ cART, combination antiretroviral therapy treated (cART) HIV
positive individuals (n=32);

cART-naive HIV+, cART-naive HIV positive individuals (n=28);

Controls, Healthy controls (n=16).
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Serum concentrations of circulating tumor necrosis
factor-a (TNF-a)

4 A

TNF-a (pg/ml)

Figure 10: Serum concentrations of circulating tumor necrosis
factor-a (TNF-a).
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HIV+NHL, HIV positive non-Hodgkin lymphoma patients
(n=31);

NHL, HIV negative non-Hodgkin lymphoma patients
(n=34);

HIV+ cART, combination antiretroviral therapy treated
(cART) HIV positive individuals (n=32);

cART-naive HIV+, cART-naive HIV positive individuals
(n=28);

Controls, Healthy controls (n=16).

The serum concentrations of circulating tumor necrosis
factor-a (TNF-a) were significantly higher in HIV positive NHL
(HIV+ NHL) patients as compared to HIV negative NHL (NHL)
patients (2.012+1.581 vs 1.144+0.394) (Figure 10). However,
there was no significant difference in the serum concentrations
of TNF-a between HIV+ NHL patients and HIV positive patients
on a cART regimen (HIV+ cART). As compared to the controls,
NHL patients had significantly higher serum concentrations of
circulating TNF-a (1.144+0.394 vs 0.925+0.268). The serum
concentrations of circulating TNF-a were significantly lower in
HIV+ cART patients than cART-naive HIV+ patients (1.342+0.465
vs 3.198#£2.029). In addition, cART-naive HIV+ patients had
significantly higher serum concentrations of circulating TNF-a
than controls (3.198+2.029 vs 0.925+0.268). The serum
concentrations of circulating TNF-a were negatively associated
with the number of CD4 T-cells (r=-0.4508, p<0.0001), CD19+
B-cells (r=-0.3782, p=0.0003), and FoxP3 expression (r=-
0.4322, p<0.0001), while they were positively correlated with
the numbers of CD8 T-cells (r=0.2243, p=0.0227), NK-cells
(r=0.2101, p=0.0307) and CD8+CD38 expression (r=0.2661,
p=0.0085) (Table 1).

Discussion
Interferon gamma (IFN-y)

IFN-y is known to have a major effect on the regulation of
antigen presentation by macrophages, dendritic cells, and in
induction of class switching of B-cells [8,9]. IFN-y production is
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detected as early as the acute phase in HIV-1 infected patients,
and is known to play various roles in the pathogenesis of HIV
disease [10]. In the current study, the serum concentrations
of circulating IFN-y were significantly increased in HIV+ NHL
as compared to HIV+ cART patients. However, there was no
significant difference in the serum concentrations of circulating
IFN-y when HIV+ NHL patients were compared to NHL patients
(Figure 1). Although there was no significant difference in the
serum concentrations of circulating IFN-y between HIV+ NHL and
NHL, there was a trend towards increased serum concentrations
in HIV+ NHL. In addition, NHL had high serum concentrations
of circulating IFN-y when compared to the control population.

IFN-y plays an important role in tumor protection and
rejection [11], thus the observed increased serum concentrations
of circulating IFN-y in NHL may have been due to the immune
system trying to eradicate malignant lymphoma cells. Gergely
et al. [12] reported that IFN-y production by peripheral T-cell
subsets is increased in B-cell NHL patients and this may
contribute to strong polarization towards T-helper cell 1 (TH1)
type response necessary for lymphoma clearance and remission.
The serum concentrations of circulating IFN-y were significantly
elevated in cART-naive HIV+ patients as compared to HIV+ cART
patients as well as when compared to the controls (Figure 1).
These findings suggest that HIV-1 infection increases the serum
concentrations of circulating IFN-y and cART reduces them. This
may not be a direct effect of cART to the serum concentrations
of circulating IFN-y, but rather an indirect effect of decreasing
the viral load. In addition, the serum concentrations of
circulating IFN-y were negatively associated with the numbers
of CD4 T-cells, NKT-cells and FoxP3 expression, while they were
positively associated with the numbers of CD8 T-cells, NK-cells
and CD8+CD38 expression (Table 1). These results suggest that
the decreased immune regulation may lead to increased IFN-y
expression and immune activation.

IFN-y is initially produced to clear the primary HIV-
1 infection, however, the increased serum concentrations
observed in the current study may contribute in establishing
a chronic immune activation that exacerbates HIV+ NHL [10].
This is reflected in the increased CD8+CD38 expression, reduced
FoxP3 and CD4 T-cell counts in this patient population group.
The increased immune activation is a hallmark feature of both
HIV disease and NHL. However, the serum concentrations of
circulating IFN-y were positively associated with CD8 T-cells
and NK-cells, thus it may enhance cytotoxic T-cell and NK-cell
activities against HIV-1 infected cells and malignant lymphoma
cells [10]. In addition, NK-cells are known to produce IFN-y, thus
the increased serum concentrations of circulating IFN-y may
have been caused by increased NK-cell expression.

Interleukin-1 beta (IL-1p)

IL-1p enhances antibody production of B-cells and promotes
B-cell proliferation [13]. Elevated IL-1( expression has been
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associated with several diseases including cancer [13,14]. In
the current study, the serum concentrations of circulating IL-
1B in HIV+ NHL were investigated. The serum concentrations
of circulating IL-1p were significantly reduced in HIV+ NHL as
compared to NHL and there was no significant difference when
compared to HIV+ cART patients (Figure 2). NHL patients had
increased serum concentrations of circulating IL-13 when
compared to the controls (Figure 2). IL-1f3 is known to promote
B-cell proliferation and differentiation hence its expression is
increased in B-cell NHL [13]. HIV-1 infection did not influence
the serum concentrations of circulating IL-1$ in NHL patients in
the current study.

cART-naive  HIV+ patients had increased
concentrations of circulating IL-13 when compared to the
controls (Figure 2). In addition, cART-naive HIV+ patients
had elevated serum concentrations of circulating IL-1f than
HIV+ cART patients (Figure 2). The observed increased serum
concentrations of circulating IL-13 may have been influenced
by HIV-1 infection. It has been previously shown that the HIV-
1 induces IL-1f expression and this is associated with the
progression of HIV disease [15]. It has been reported that HIV-1
interacts with chromosome 2 to inhibit IL-1 receptor antagonist,
leading to increased IL-1B production [16]. cART has reduced

serum

the serum concentrations of circulating IL-1f in HIV+ patients
in the current study. High concentrations of IL-13 have been
observed in HIV-1 infection and cART reduces IL-1f3 as a result of
increased availability of IL-1f receptor antagonist [17]. Sadeghi
et al. [18] demonstrated that cART suppresses the constitutive
production of IL-1f in HIV-1 infected patients. Increased serum
concentrations of circulating IL-1 were positively associated
with CD8+CD38 expression, while they correlated negatively
with CD19+ B-cells in the present study (Table 1). Thus it
increased with increasing T-cell activation in HIV+ patients. Using
HIV-1 transfected cultured human astrocytes, Mamik et al. [19]
reported an increase in CD8+CD38 expression in IL-1f activated
astrocytes. Therefore, the increased serum concentrations of
circulating IL-1f3 observed in the current study, may have also
led to increased T-cell activation. This may be detrimental to the
immune system and may pinpoint the origin of chronic immune
activation.

Interleukin-2 (IL-2)

IL-2 plays a role in the stimulation of activated T-cell
proliferation, cytotoxic activity of CD8 T-cells and NK-cells
[20,21]. In addition, IL-2 induces B-cells, and monocytes
[20,21]. In the current study, the serum concentrations of
circulating IL-2 in HIV+ NHL were investigated. The serum
concentrations of circulating IL-2 were significantly increased
in HIV+ NHL as compared to NHL (Figure 3). As mentioned
previously, IL-2 induces sCD23 expression, thus, the increased
serum concentrations of circulating sCD23 that were observed
in HIV+ NHL patients may have been induced by increased
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IL-2 concentrations, thus contributing to chronic B-cell
activation. However, there was no significant difference in serum
concentrations of circulating IL-2 between HIV+ NHL and HIV+
cART patients.

In addition, NHL had increased serum concentrations of
circulating IL-2 as compared to the controls (Figure 3), while
cART-naive HIV+ patients had higher serum concentrations
of circulating IL-2 as compared to both HIV+ cART and the
controls. These findings indicate that the serum concentrations
of circulating IL-2 are greatly increased in NHL as well as in
HIV+ state. In consistence, David and colleagues [22], showed
that IL-2 receptor expression in HIV+ patients with high viral
load is greatly increased as compared to uninfected control
individuals. In the same study, cART significantly reduced IL-2R
expression in treated HIV+ patients [22]. IL-2 is involved in B-cell
differentiation and proliferation, thus it may lead to expansion of
EBV positive B-cells resulting in B-cell NHL development [23]. In
a study conducted by Cozen et al. [24], it was reported that IL-2
concentrations were significantly higher in lymphoma cases as
compared to un-infected controls.

The serum concentrations of circulating IL-2 were
negatively associated with the number of CD4 T-cells, NKT-cells
and FoxP3 expression in the current study, while they were
positively correlated with increased numbers of CD8 T-cells and
T-cell activation (Table 1), confirming the increased immune
activation that is stimulated by IL-2. It has been reported that
IL-2 supports the growth of cytotoxic (CD8) T-cells and is
essential for the induction of lymphokine activated killer cells
[20]. Thus the increased serum concentrations of circulating
IL-2 may play a role in the anti-tumor activities. In addition, IL-2
stimulates the proliferation of activated T-cells, the observed
increased serum concentrations may contribute to the chronic
immune activation seen in both HIV-1 infection and NHL. The
increased IL-2 stimulates immune activation with CD8+CD38
and this is further promoted by reduced FoxP3 expression that
normally regulates T-cell activation. cART may reduce the serum
concentrations of circulating IL-2 in HIV+ patients which in turn
decreases immune activation. In contrast to the current findings
IL-2 therapy has been reported to increase CD4 T-cell counts in
HIV-1 infected patients [25,26]. In addition, it has been reported
that IL-2 therapy in HIV+ lymphoma patients may have a role
in the prevention and treatment of HIV-1 associated lymphomas
[27].

Interleukin-4 (IL-4)

IL-4is known to stimulate B-cell activation and differentiation
[28]. Its expression may explain the increased B-cell activation
seen in HIV+ NHL patients. In the current study, the serum
concentrations of circulating IL-4 were significantly increased
in HIV+ NHL as compared to NHL as well as when compared
to HIV+ cART patients (Figure 4). In addition, the serum
concentrations of circulating IL-4 were significantly increased in
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NHL as compared to the controls. These results suggest that the
serum concentrations of circulating IL-4 are greatly increased
in HIV+ NHL as well as in the HIV negative NHL patients. Thus
serum concentrations of circulating IL-4 are increased in NHL
regardless of the HIV status and this is because IL-4 is needed for
normal growth of B-cells [29]. Gergely et al. [12], reported that
the frequency of CD4+ IL-4 expression is significantly higher in
NHL patients as compared to controls and treatment with CHOP
reduces its expression. To determine the effect of HIV-1 infection
as well as the effect of cART on the serum concentrations of
circulating IL-4, cART-naive HIV+ and HIV+ cART patients were
compared.

The serum concentrations of circulating IL-4 were
significantly higher in cART-naive HIV+ patients as compared to
HIV+ cART patients, as well as when compared to the controls
(Figure 4). These results suggest that HIV-1 infection increases
serum concentrations of circulating IL-4 and cART use decreases
them. Using peripheral blood mononuclear cells, Valentin and
colleagues [30], showed that IL-4 activates HIV-1 expression
and controls viral evolution and phenotypic switch that leads
to accelerated disease progression. Kazazi et al. [31], showed
that IL-4 stimulates HIV-1 replication in the early phases of
infection and may also facilitate virus transmission by aggregate

formation.

The increased serum concentrations of circulating IL-4
may have led to chronic B-cell activation observed in NHL and
HIV+ patients. In addition, increased serum concentrations of
circulating IL-4 were associated with decreased numbers of CD4
T-cells, NKT-cells and FoxP3 expression, while they were also
associated with increased numbers of NK-cells and CD8 T-cell
activation (Table 1).In addition, the serum concentrations of IL-4
were independently associated with HIV+ NHL. This confirms
the role played by HIV-1 in promoting immune activation while
reducing immune tolerance and regulation.

Interleukin-6 (IL-6)

IL-6 has a wide variety of activities, including B-cell
stimulation, monocyte differentiation and induction of IL-4
producing cells [17,21]. In addition, IL-6 is involved in tumor
growth, malignant differentiation of cancer cells and immune-
modulation of the micro-environment [32]. In the current study,
the serum concentrations of circulating IL-6 were significantly
increased in HIV+ NHL as compared to HIV+ cART patients,
however, there was no significant difference when compared to
NHL (Figure 5). Although there was no significant difference in
the serum concentrations of circulating IL-6 between HIV+ NHL
and NHL, there was a trend towards increased concentrations in
HIV+ NHL.

In addition, the serum concentrations of circulating IL-6 were
significantly elevated in NHL when compared to the controls
(Figure 5). The increased serum IL-6 concentrations have been
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associated with elevated cancer risk, and these concentrations
were found to be a prognostic factor for several cancer types
[32]. In addition, the elevated serum IL-6 concentrations have
been previously found to be associated with the subsequent
development of B-cell lymphomas in HIV-1 infected patients
[33]. Furthermore, Denizot et al. [34], showed that serum IL-6
expression is significantly higher in NHL patients as compared
to the healthy controls. The effect of HIV-1 infection and cART
on the serum concentrations of circulating IL-6 were also
investigated in the current study. The serum concentrations of
circulating IL-6 were significantly increased in cART-naive HIV+
patients as compared to HIV+ cART patients as well as when
compared to the control individuals (Figure 5).

These results imply that HIV-1 infection increased the serum
concentrations of circulating IL-6 and that cART use reduced
them. This confirms that cART reduced HIV-1 viral load which
decreased with serum concentrations of circulating IL-6. It has
been shown that IL-6 can induce HIV-1 expression by acting
at the transcriptional or post-transcriptional concentrations
in infected monocytic cells [35]. During the acute stage of an
infection, relatively high concentrations of IL-6 are produced
and this is important in the activation of T-cells and increasing
the number of antibody producing plasma cells against HIV-1
[36]. However, increased concentrations of IL-6 which induce
B-cell activation may contribute to chronic B-cell activation.
The increased serum concentrations of circulating IL-6 were
negatively associated with CD4 T-cell count, CD19, NKT and
FoxP3 expression, while they were positively correlated with
CD8+CD38 expression (Table 1).

These findings further confirm the increased B-cell activation
in HIV+ patients. The negative associations with the numbers
of CD4 T-cells, CD19+ B-cells, NKT-cells and FoxP3 expression
observed in this study, suggest that IL-6 weakens the immune
system of HIV+ patients. The increased T-cell activation with
increasing IL-6 concentrations observed may also contribute
to the depletion of the immune function, as it leads to immune
exhaustion and T-cell turnover. It has been reported that
chronically high concentrations of IL-6 may weaken the immune
system in HIV-1 infected patients and these concentrations were
also associated with 40% increased risk for developing cancer
[36]. Furthermore, high IL-6 expression has been associated
with increased HIV-1 replication [37] and the development of
lymphoma in HIV-1 infected subjects [38].

Interleukin-8 (IL-8)

IL-8 is produced by tumor cells, and has been implicated
to play a role in cancer progression [39,40]. In the current
study, no significant difference in the serum concentrations
of circulating IL-8 between HIV+ NHL and NHL was observed
(Figure 6). However, as compared to HIV+ cART patients, HIV+
NHL had significantly high serum concentrations of circulating
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IL-8 (Figure 6). In addition, NHL had high serum concentrations
of circulating IL-8 as compared to the controls (Figure 6). These
findings suggest that the serum concentrations of circulating
IL-8 are increased in NHL regardless of the HIV status. It has
been reported that the expression of IL-8 correlates with the
angiogenesis, tumorigenicity, and metastatic potential of many
solid cancers [41].

It has also been suggested that targeting IL-8 signalling
within the cancer cell micro-environment may assist in
sensitizing cancer cells to conventional chemotherapy and
novel treatment strategies [41]. In addition, Sharma et al. [42]
showed that IL-8 is expressed in HIV associated lymphoma
B-cell lines. Engel et al. [43] reported that viral IL-8 promotes
lymphomagenesis through targeted recruitment of B-cells.
Consistent with the current findings, Denizot et al. [34] showed
that serum IL-8 concentrations are significantly higher in NHL
patients as compared with the healthy controls. In the current
study, the serum concentrations of circulating IL-8 were
significantly increased in cART-naive HIV+ patients as compared
to HIV+ cART as well as when compared to the controls (Figure
6). This indicates that the serum concentrations of circulating
IL-8 are increased in HIV+ state, and cART may reduce them.
The serum concentrations of circulating IL-8 were negatively
associated with the numbers of CD4 T-cells, CD19+ B-cells and
NKT-cells in HIV+ patients (Table 1). In addition, the serum
concentrations of circulating IL-8 were positively associated
with CD8 T-cell activation (Table 1). It has been reported that
the serum concentrations of IL-8 are elevated in the peripheral
circulation of HIV-1 infected patients [44]. In a study by Lane
et al. [45], it has been shown that IL-8 expression is increased
in lymphatic micro-environment in HIV-1 infected patients
and that inhibition of the activity of endogenous IL-8 markedly
reduces HIV-1 replication. This suggests that IL-8 may play a role
in HIV-1 replication and disease progression.

Interleukin-10 (IL-10)

IL-10 is known to have multiple effects on B-cells, including
stimulation of growth and differentiation [46,47]. In the current
study, the serum concentrations of circulating IL-10 were
significantly higher in HIV+ NHL as compared to HIV+ cART
patients, however, there was no significant difference when
HIV+ NHL patients were compared to NHL patients (Figure 7).
In addition, NHL patients had increased serum concentrations of
circulating IL-10 as compared to the controls (Figure 7). These
findings suggest that the serum concentrations of circulating
IL-10 are increased in HIV+ NHL patients. Voorzanger et al.
[48] previously reported that HIV+ NHL may produce higher
amounts of IL-10 than HIV negative NHL patients and HIV
may be directly responsible for an increased IL-10 secretion.
Consistent with the current findings, Gupta and colleagues
[49], demonstrated that serum IL-10 concentrations are
significantly higher in a subset of DLBCL patients as compared

2017;2(1):555579. DOI: 10.19080/JOJIV.2017.02.555579.

to controls and were correlated with adverse clinical features
and shorter event free survival. The observed increased serum
concentrations of circulating IL-10 may have contributed to the
development of NHL. In a Multicenter AIDS Cohort Study, Breen
et al. [50] showed that elevated serum IL-10 concentrations are
associated with the development of lymphoma in HIV-1 infected
individuals. In the same study, detectable serum IL-10 was seen
much more frequently in lymphoma cases as compared to both
HIV-1 infected patients and healthy controls [50]. Furthermore,
in a study conducted by Edlefsen et al. [51], the increased risk
of DLBCL development was observed in women with increased
IL-10 expression. In addition, it has been previously shown that
IL-10 production contributes to the clinical course of DLBCL
and this phenomenon involves a substantial genetic component
[47,52-54].

cART-naive HIV+ patients had significantly higher serum
concentrations of circulating IL-10 than both HIV+ cART patients
and controls (Figure 7) in the current study. Thus, HIV-1 infection
may have been a driving force to increased serum concentrations
of circulating IL-10. The serum concentrations of circulating IL-
10 are greatly increased in cART-naive HIV+ patients by nearly
4 fold. cART initiation decreased the serum concentrations
of circulating IL-10 in HIV+ patients. The increased serum
concentrations of circulating IL-10 were positively associated
with the numbers of NK-cells and T-cell activation (Table 1). In
consistence with the current findings, Brockman and Colleagues
[55] showed that IL-10 mRNA expression and plasma IL-
10 concentrations were increased in the setting of chronic
uncontrolled HIV-1 infection and were correlated with plasma
viremia. In the same study, both IL-10 mRNA expression and
plasma concentrations were reduced through successful cART
treatment [55].

Interleukin-12p70 (IL-12p70)

IL-12p70 plays an important role in anti-tumor activities
[56,57].The serum concentrations of circulating IL-12p70
were investigated in the current study. No statistical significant
difference in the serum concentrations of circulating IL-12p70
between HIV+ NHL and NHL patients was found (Figure
8). However, there was a trend towards increased serum
concentrations of circulating IL-12p70 in NHL. In addition, HIV+
NHL had significantly lower serum concentrations of circulating
IL-12p70 as compared to HIV+ cART patients (Figure 8). These
findings suggest that the serum concentrations of circulating
IL-12p70 are decreased in HIV+ NHL, and this may result in
decreased anti-tumor activity against malignant lymphoma cells
leading to its pathogenesis and progression.

As compared to the controls, NHL patients had increased
serum concentrations of circulating IL-12p70 (Figure 8).
In HIV negative NHL, anti-tumor activities are required to
destroy malignant lymphoma cells, thus the increased serum
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concentrations of circulating IL-12p70 indicate increased anti-
tumor activities which is beneficial for these patients. There
was no significant difference in the serum concentrations
of circulating IL-12p70 between HIV+ cART and cART-naive
HIV+ (Figure 8). cART-naive HIV+ patients had increased
serum concentrations of circulating IL-12p70 as compared to
the controls (Figure 8). These results suggest that the serum
concentrations of circulating IL-12p70 are increased in untreated
HIV+ patients. Consistent with the current findings, Rockstroh
et al. [58] showed that serum IL-12p70 concentrations are
significantly increased in HIV-1 infected patients as compared
to healthy controls. IL-12p70 may be playing a role in the
eradication of HIV-1 virus. In a study by Roberts et al. [59], it was
shown that higher concentrations of IL-12p70 observed in HIV-1
infected patients are associated with lower viral load.

The serum concentrations of circulating IL-12p70 were
negatively associated with the numbers of CD4 T-cells, CD19+
B-cells, and FoxP3 expression (Table 1while they were positively
associated with the numbers of CD8 T-cells, NK-cells, and
CD8+CD38 expression (Table 1) in the current study. IL-12p70
is known to play a critical role in the generation of cell mediated
immune responses to infectious agents including HIV-1 [60],
thus the association of IL-12p70 with the numbers of CD8
T-cells and NK-cells observed in the current study confirm this
role. IL-12p70 may stimulate the activities of CD8 and NK-cells
as confirmed by positive correlation of IL-12p70 with increased
CD8+CD38 expression. This may also explain the increased
serum concentrations of circulating IL-12p70 in NHL patients
observed in the present study which may increase cell mediated
immunity against lymphoma cells.

Interleukin-13 (IL-13)

IL-13 enhances antigen presentation in HIV-1 infected
patients, and induces the differentiation and function of
macrophages [61,62]. IL-13 stimulates B-cell growth and
immunoglobulin class switching of B-cells [63]. In the current
study, the serum concentrations of circulating IL-13 were
investigated. No statistical significant difference was observed
in the serum concentrations of circulating IL-13 between HIV+
NHL and NHL as well as when HIV+ NHL were compared to HIV+
cART patients (Figure 9). However, NHL patients had increased
serum concentrations of circulating IL-13 as compared to the
controls (Figure 9). It has been reported that IL-13 expression is
increased in NHL patients and may provide growth and survival
advantage to B-cell NHL [64]. These findings suggest that the
increased serum concentrations of circulating IL-13 may have
increased the growth of B-cells in NHL patients. HIV-1 infection
did not influence the serum concentrations of circulating IL-13
in NHL groups.

Furthermore, no significant difference was found in the
serum concentrations of circulating IL-13 between HIV+ cART
and cART-naive HIV+ patients (Figure 9). However, cART-naive
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HIV+ patients had increased serum concentrations of circulating
IL-13 as compared to the controls (Figure 9). These results
indicate that the serum concentrations of circulating IL-13 are
increased in untreated HIV+ patients. The serum concentrations
of circulating IL-13 were negatively associated with the numbers
of CD4 T-cells, while they correlated positively with CD8+CD38
expression (Table 1). It has been shown that IL-13 activates CD8
T-cells and NK-cells and increases HIV-1 specific cell mediated
responses [65,66], therefore, the observed increased serum
concentrations of circulating IL-13 in cART-naive HIV+ patients
may have been triggered by HIV-1 virus. By increasing HIV-1
specific cell mediated immune responses, IL-13 may reduce the
viral load. Montaner et al. [67] reported that IL-13 suppresses
HIV-1 infection within monocytes and macrophages in vivo.
The increased serum concentrations of circulating IL-13 were
positively correlated with increased CD8+CD38 in the current
study, confirming that IL-13 enhances CD8 T-cell activation.
Thus, the serum concentrations of circulating IL-13 may have
increased with increasing T-cell activation which resulted in the
reduction in CD4 T-cell counts.

Tumor necrosis factor-a (TNF-a)

TNF-a is involved in pathological processes such as chronic
inflammation, autoimmunity and malignant diseases [68].
In the current study, the serum concentrations of circulating
TNF-a were investigated in HIV+ NHL patients. The serum
concentrations of circulating TNF-a were significantly increased
in HIV+ NHL patients as compared to NHL patients (Figure 10).
However, no significant difference in TNF-a was found between
HIV+ NHL and HIV+ cART patients. In addition, NHL patients
had increased serum concentrations of circulating TNF-a as
compared to the controls (Figure 10). It has been previously
shown that genetic polymorphism leading to increased TNF-a
production influences the clinical outcome of NHL and suggest
a pathophysiological role for the genetic control of the immune
response in lymphomas [69,70]. In addition, it has been shown
that patients with malignant lymphomas have high circulating
concentrations of TNF-a and that higher plasma concentrations
of TNF-a are associated with poor disease outcome [69,71].
cART-naive HIV+ patients had significantly high
concentrations of circulating TNF-a as compared to the HIV+
cART patients as well as when compared to the controls (Figure
10). These results confirm that TNF-a is increased in HIV+
patients, while cART decreased the serum concentrations of
circulating TNF-a to almost the level of the control population.
The serum concentrations of circulating TNF-a were increased
in NHL without HIV-1 infection.

serum

The increased serum concentrations of circulating TNF-a
were negatively associated with the numbers of CD4 T-cells,
CD19+ B-cells, and FoxP3 expression, while they correlated
positively with the numbers of CD8 T-cells, NK-cells and
CD8+CD38 expression (Table 1). In addition, TNF-a was
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independently associated with HIV+ NHL. It has been previously
shown that HIV-1 infection induces TNF-a expression, and the
increased TNF-a expression is associated with increased viral
replication, depletion of CD4 T-cell counts and poor outcome in
HIV-1 infected patients [72]. It has also been reported that the
expression of TNF-a is greatly increased in HIV-1 infection and
that these levels increase with disease progression [17,21,73].
HIV-1 induces TNF-a expression, and exogenous TNF-a enhances
HIV-1 replication and positive correlation between increased
serum concentrations of TNF-a and increased plasma HIV-1 viral
load have been demonstrated [17].

Conclusion

HIV-1 infection is associated with dysregulation of cytokine
production and this is thought to contribute to HIV associated
immune deficiency [21,74]. It has been reported that decreased
secretion of specific cytokines and increased production of others
contributes to the progression of HIV-1 associated immune
deficiency [21]. The dysregulation of cytokine production may
be playing a role in the pathogenesis of HIV+ NHL, as evidenced
by increased prevalence of NHL in HIV-1 infection.

In the current study, the concentrations of inflammatory
cytokines were increased in HIV+ NHL. This may have been a
carry-over effect from increased concentrations observed in
HIV+ patients and may have been caused by HIV-1 infection.
However, high serum concentrations of circulating inflammatory
cytokine were also observed in HIV negative NHL patients. This
may have been caused by the presence of Epstein-Barr Virus
(EBV) in these NHL patients or immune surveillance against
malignant lymphoma cells. cART partially decreased the serum
concentrations of circulating inflammatory cytokines. Thus in
the current study, cART reversed the abnormal cytokine profile
and this may contribute to suppression of HIV-1 replication and
restoration of CD4 T-cell counts.

The decreased concentrations of inflammatory cytokines
that was observed following cART initiation, may have resulted
primarily from the virological suppression of HIV-1 virus
mediated by cART. Itis evident that local inflammatory processes
and antigenic drive by HIV-1 can promote lymphomagenesis
at the site of inflammation and chronic immune activation
[7]. Cytokines play an important role in the pathogenesis of
lymphomas and may contribute to the clinical manifestations in
HIV+ NHL [75].
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