
Contents lists available at ScienceDirect

Human Immunology

journal homepage: www.elsevier.com/locate/humimm

Association of IL-6, IL-10 and CXCL10 serum concentrations with visceral
Kaposi's sarcoma in people living with HIV/AIDS
Thaísa Regina Rocha Lopesa, Juliana Prado Gonçalesa, José Valter Joaquim Silva Júniorb,c,
Virginia Maria Barros de Lorenad, Ana Luiza Castro Conde Toscanoe, Sandra Mitie Akamatsue,
Angela Christina Sallese, Tania Regina Tozetto-Mendozaf, Viviane Martha Santos de Moraisa,
Maria Rosângela Cunha Duarte Coêlhoa,g,⁎

a Virology Sector, Laboratory of Immunopathology Keizo Asami, Federal University of Pernambuco, Recife, Pernambuco, Brazil
b Virology Sector, Department of Preventive Veterinary Medicine, Federal University of Santa Maria, Santa Maria, Rio Grande do Sul, Brazil
c Departament of Microbiology and Parasitology, Federal University of Santa Maria, Santa Maria, Rio Grande do Sul, Brazil
dDepartment of Immunology, Aggeu Magalhães Institute, Oswaldo Cruz Foundation, Recife, Pernambuco, Brazil
e Institute of Infectology Emílio Ribas, São Paulo, Brazil
f LIM 52, Laboratory of Virology, Institute of Tropical Medicine of Sao Paulo, University of São Paulo, São Paulo, Brazil
g Department of Physiology and Pharmacology, Center of Biosciences, Federal University of Pernambuco, Recife, Pernambuco, Brazil

A R T I C L E I N F O

Keywords:
HIV/AIDS
HHV-8
Kaposi’s sarcoma
AIDS-KS
Pathogenesis

A B S T R A C T

Human gammaherpesvirus 8 (HHV-8) is the etiologic agent of Kaposi’s sarcoma (KS), one of the most common
cancers in people living with HIV/AIDS. It is believe that the course of both HIV and HHV-8 infection is asso-
ciated with the imbalance of anti- and/or pro-inflammatory cytokines. Here, we evaluated the IL-6, TNF-α, IL-
10, CCL2 and CXCL10 serum concentrations in HIV- and HIV/HHV-8 (without KS) individuals, and in patients
with cutaneous or visceral AIDS-KS. Serum concentrations of IL-6, IL-10 and CXCL10 were significantly higher in
the AIDS-KS group compared to HIV and HIV/HHV-8 individuals. Similarly, the concentrations of theses cyto-
kines were higher in patients with visceral than in those with cutaneous AIDS-KS. The TNF-α concentration was
significantly higher in the HIV group compared to HIV/HHV-8 (with and without KS) individuals, and CCL2
levels did not present significant difference among the groups. The HIV viral load was undetectable in all pa-
tients from the HIV and HIV/HHV-8 groups. On the other hand, in the AIDS-KS group, most patients had de-
tectable HIV viral load. In this context, we believe that the cytokine levels in AIDS-KS may be result of a complex
interaction between HIV, HHV-8 and immunity.

1. Introduction

Human gammaherpesvirus 8 (HHV-8), also known as Kaposi’s sar-
coma-associated herpesvirus (KSHV), belongs to Herpesviridae family
and Rhadinovirus genus [1]. The Kaposi's sarcoma (KS) is one of the
most common cancers in people living with HIV/AIDS (PLHA) [2]. The
KS is a multifocal angioproliferative disorder of the vascular en-
dothelium that may be classified into four forms: classic, endemic, ia-
trogenic and epidemic (AIDS-KS), according to clinical-epidemiological
criteria [3].
Among these, the AIDS-KS stands out as being more aggressive. In

addition to cutaneous involvement, the AIDS-KS often leads to visceral
impairment, which may compromise lungs and/or gastrointestinal tract
[3,4]. In these cases, it is possible observe cough, dyspnea and

hemoptysis (in pulmonary involvement), and abdominal pain, diarrhea,
weight loss, bleeding and vomiting (in individuals with gastrointestinal
impairment) [5].
Regarding the greater severity of AIDS-KS, there is a consensus that

only the immunodeficiency caused by HIV would not be enough for the
AIDS-KS development [6]. The HIV Tat protein, for example, has been
identified as one of the factors involved in the pathogenesis of KS, ac-
tivating the HHV-8 lytic cycle by the JAK/STAT signaling pathway ei-
ther by the induction of HHV-8 Rta protein [7,8]. In vitro studies have
suggested that high concentrations of pro-inflammatory cytokines, such
as IL-6, TNF-α, CCL-2 and CXCL-10, may be related to the development
of KS [9–16]. On the other hand, anti-inflammatory cytokines, such as
IL-10, have also been associated with the HHV-8 infection and/or AIDS-
KS development [17–19].
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Despite the suggestions of several findings [9–16], rare studies have
reported the association of the cytokines serum concentrations with the
development or severity of AIDS-KS. Among them, Machado et al. [18],
Lidenge et al. [19] and El-Mallawany et al. [20] related the IL-10 levels
with the development of AIDS-KS [18,19], IL-10 levels with lymph node
involvement in AIDS-KS [18] and IL-6 levels with AIDS-KS in children [20].
Therefore, based on evidence from previous in vitro and in vivo

studies on the relationship between HHV-8 and immunity, especially
regarding anti- and/or pro-inflammatory cytokines levels, we evaluated
the serum concentrations of IL-6, TNF-α, IL-10, CCL2 and CXCL10 cy-
tokines in HIV mono- and HIV/HHV-8 coinfected patients, and in in-
dividuals with cutaneous or visceral AIDS-KS.

2. Materials and methods

2.1. Study population

The study included PLHA of both sexes, older than 18 years, treated in
the Reference Service for Infectious and Parasitic Diseases of the
University Hospital at the Federal University of Pernambuco (HC-UFPE),
Institute of Infectology Emílio Ribas (IIER) and in the Department of
Infectious and Parasitic Diseases at the University of São Paulo Medical
School (HCFM-USP). The exclusion criteria were individuals under
18 years old, with diagnostic of syphilis, hepatitis B, hepatitis C and
human T-cell lymphotropic virus type 1/2 or pregnant women.
Initially, the participants were distributed into three groups: HIV

monoinfected (HIV), HIV/HHV-8 coinfected without KS (HIV/HHV-8) and
HIV/HHV-8 with KS (AIDS-KS). Participants with AIDS-KS were further
divided into patients with cutaneous or visceral lesion. This latter group
included individuals with cutaneous and gastrointestinal and/or pul-
monary involvements. Information regarding the HIV viral load and TCD4
lymphocyte count were obtained from patients' records. All participants
were receiving antiretroviral therapy (ART). The study was approved by
the ethics committees of the institutions, process numbers
45156215.5.0000.5208 (HC-UFPE) and 55771116.0.1001.0065 (IIER,
HCFM-USP).

2.2. Diagnosis for HHV-8 infection and KS

The patients were evaluated for presence of IgG against HHV-8
antigens by in-house whole-virus ELISA, as described by Nascimento
et al. [21]. The diagnosis of KS was performed by: i) histological ana-
lysis of cutaneous lesions; ii) brochoscopy for evaluation of lung lesions;
and iii) colonoscopy and endoscopy for analysis of gastrointestinal tract
impairment.

2.3. Cytokine dosage

The serum concentrations of host IL-6, TNF-α, IL-10, CCL2 and
CXCL10 cytokines were measured by flow cytometry through the

Cytometric Bead Array (CBA) Flex set (BD Bioscience, San Diego,
California, USA), following the manufacturer's instructions. The sam-
ples were acquired using FACSCalibur equipment and analyzed in the
FCAP array software v 3.0 (BD Bioscience, San Diego, CA, USA).

2.4. Statistical analysis

The cytokine concentrations and TCD4 lymphocyte counts were
analyzed by the Kruskal-Wallis and Mann-Whitney tests. The p < 0.05
value was considered as significant result. Statistical analysis were
performed in the GraphPad Prism program v.6.0.

3. Results

3.1. Study population

A total of 146 PLHA participated of the study, of whom 31 were HIV
monoinfected, 77 HIV/HHV-8 and 38 were with AIDS-KS. Of the 38
AIDS-KS individuals, 17 and 21 were with cutaneous or visceral im-
pairment, respectively. Most of the individuals in all groups evaluated,
mainly in AIDS-KS, was male. The ART use time and HIV diagnosis time
were shorter in the AIDS-KS group compared to individuals with HIV or
HIV/HHV8 (without KS). Individuals with AIDS-KS were also a littler
younger than the other patients. Regarding the classification by the
AIDS Clinical Trials Group (ACTG) system [22], all patients with cu-
taneous and visceral AIDS-KS were classified as T0 and T1, respectively
(Table 1).
The HIV viral load was undetectable in all patients from the HIV and

HIV/HHV-8 groups. Of the 38 patients with AIDS-KS, only nine pre-
sented undetectable HIV, of whom three and six were with visceral or
cutaneous lesion, respectively. Of the 29 participants from the AIDS-KS
group with detectable HIV viral load, 11 and 18 presented cutaneous or
visceral involvement, with medians of 4.953 and 7.589 copies/mL,
respectively.
Analysis of the TCD4 lymphocyte count showed that the values of

the AIDS-KS group were significantly lower than the values of HIV and
HIV/HHV-8 infected individuals (p < 0,0001). The medians of TCD4
lymphocyte count were 110.5, 635.5 and 782 cells/mm3 for the AIDS-
KS, HIV/HHV-8 and HIV groups, respectively. When the patients were
distributed according to the severity of AIDS-KS, individuals with
visceral disease had a TCD4 lymphocyte count significantly lower than
patients with cutaneous lesions (p= 0.0076). The medians were 69 and
242 cell/mm3 for visceral and cutaneous AIDS-KS, respectively. By the
ACTG system, in relation to TCD4 lymphocyte count, 11 and 6 patients
with cutaneous AIDS-KS were classified as I0 and I1, respectively. In
addition, 4 and 17 patients with visceral AIDS-KS were defined as I0
and I1, respectively.

Table 1
Study population.

General characteristics HIV (n = 31) HIV/HHV-8 (n = 77) AIDS-KS (n = 38) AIDS-KS

Cutaneous (T01) (n = 17) Visceral (T11) (n = 21)

Age2 43.9 (± 11.4)3 47.5 (± 10.3) 35.3 (±10.8) 37.2 (± 11.9) 33.7 (± 9.9)
Gender
Male 19 (61.3%) 50 (65%) 37 (97.4%) 17 (100%) 20 (95.3%)
Female 12 (38.7%) 27 (35%) 1 (2.6%) 0 (0%) 1 (4.7%)
HIV diagnosis time2 9.9 (± 6.2) 12.8 (± 6.4) 3.7 (± 5.4) 4.2 (± 6.5) 3.2 (± 4.6)
ART time2 7.5 (± 5.2) 11.0 (± 6.1) 2.2 (± 4.9) 2.6 (± 6.3) 1.9 (± 3.5)

1 Classification according to AIDS Clinical Trials Group system.
2 Years.
3 Standard deviation.
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3.2. Dosage and cytokine analysis

The medians of IL-6 serum concentrations for the HIV, HIV/HHV-8
and AIDS-KS groups were 3.710, 4.040 and 5.515 pg/mL, respectively.
The serum concentrations of IL-6 were significantly higher into the
AIDS-KS group than in HIV (p= 0.0380) and HIV/HHV-8 (p= 0.0210)
individuals (Fig. 1A). For TNF-α concentration, the medians were
2.440, 2.250 and 2.290 pg/mL for HIV, HIV/HHV-8 and AIDS-KS, re-
spectively. The serum concentrations of TNF-α were significantly
higher in HIV individuals than in the HIV/HHV-8 (p = 0.0057) and
AIDS-KS (p = 0.0052) groups (Fig. 1B).
Regarding IL-10 concentrations, the medians were 3.490, 2.980 and

4.005 pg/mL for the HIV, HIV/HHV-8 and AIDS-KS groups, respec-
tively. In the AIDS-KS group, IL-10 concentrations were significantly
higher in relation to the HIV (p = 0.0403) and HIV/HHV-8
(p < 0.0001) groups. On the other hand, IL-10 concentrations in the
HIV/HHV-8 group were significantly lower compared to HIV in-
dividuals (p < 0.0001) (Fig. 1C).
In relation to chemokines, CXCL10 concentrations presented med-

ians of 50.69, 53.22 and 88.48 pg/mL for the HIV, HIV/HHV-8 and
AIDS-KS groups, respectively. In the AIDS-KS group, CXCL10 con-
centrations were significantly higher compared to HIV (p = 0.0025)
and HIV/HHV-8 (p = 0.0001) individuals (Fig. 1D). The CCL2 con-
centrations did not present significant difference among the evaluated
groups, and the medians values were 94.36, 101.5 and 90.56 pg/mL for
the HIV, HIV/HHV-8 and AIDS-KS groups, respectively (Fig. 1E).
When the participants from the AIDS-KS group were divided ac-

cording to impairment, the medians of IL-6 concentration were 3.54
and 6.93 pg/mL for cutaneous and visceral AIDS-KS, respectively. The
IL-6 concentrations were significantly higher in visceral patients than in
those with cutaneous involvement (p < 0.0001) (Fig. 1A). Concerning
TNF-α serum concentrations, no significant difference was observed
between patients with cutaneous or visceral involvements, with med-
ians of 2.300 and 2.280 pg/mL, respectively (Fig. 1B).
The IL-10 serum concentrations were significantly higher in patients

with visceral than in those with cutaneous lesions (p = 0.0181)
(Fig. 1C). For this cytokine, cutaneous and visceral AIDS-KS presented

medians of 3.35 and 7.21 pg/mL, respectively.
The CXCL10 concentrations were significantly higher in patients

with visceral involvement than in those with cutaneous form
(p = 0.0016), with medians of 134.5 and 64.9 pg/mL, respectively
(Fig. 1D). Similar to that described for the HIV and HIV/HHV-8 groups,
no difference was observed in CCL2 concentrations between patients
with visceral or cutaneous involvements, with medians of 97.50 and
75.81 pg/mL, respectively (Fig. 1E).

4. Discussion

Although KS is one of the most common cancers in PLHA, its pa-
thogenesis is still unclear [2]. Among the mechanisms responsible for
the pathogenesis of KS, in vitro and in vivo studies have suggested that
high concentrations of anti- and/or pro-inflammatory cytokines may be
related with the development and severity of KS [9–19].
In our study, we identified elevated concentrations of host IL-6 in

the AIDS-KS group. Recently, El-Mallawany et al. [20] also observed
elevated levels of IL-6 in a subset of children with KS. We believe that
this relationship may be associated with the inflammatory role of IL-6
and angiogenesis related to IL-6-induced vascular endothelial growth
factor [23]. Interestingly, it has been demonstrated that the K15 viral
protein, expressed during the HHV-8 lytic cycle, stimulates the secre-
tion of IL-6 in HeLa cells [12]. In addition, experiments performed in KS
spindle cells associated IL-6 secretion with tumor growth [9].
After division of the KS group in patients with cutaneous or visceral

lesion, IL-6 concentrations were significantly higher in the visceral
AIDS-KS group. Elevated IL-6 concentrations have also been described
in patients with multicentric Castleman's disease (MCD) and have been
associated with disease severity [24]. More recently, increased host IL-
6, as well as increased viral IL-6, has been associated with the devel-
opment of KSHV inflammatory cytokine syndrome (KICS); a newly
described disease affecting HIV/HHV-8 coinfected individuals [25].

In vitro and in vivo studies have related TNF-α level to HHV-8 in-
fection or the development of KS [11,26–28]. In addition, the use of
anti-TNF-α antibodies in the treatment of patients with joint involve-
ment has resulted in the development of KS lesions [29,30]. Although in

Fig. 1. Serum concentrations of IL-6, TNF-α, IL-10, CCL2 and CXCL10 cytokines in HIV, HIV/HHV-8 and AIDS-KS patients. 1Cutaneous AIDS-KS; 2Visceral AIDS-KS.
The cytokine concentrations were analysed by the Mann-Whitney test. The p < 0.05 value was considered as significant result.

T.R.R. Lopes, et al. Human Immunology 81 (2020) 26–31

28



these cases therapy often involves immunosuppression strategies,
which may favor viral reactivation and the development of KS, these
results contribute to reinforce the relationship between TNF-α and KS.
Interestingly, in our study, we did not observe elevated levels of

TNF-α in HIV/HHV-8 patients, with or without KS. Here, the highest
TNF-α serum concentration was observed in the HIV group. On the
other hand, Machado et al. [18] found no significant difference be-
tween TNF-α level in individuals with AIDS-KS, classic KS and HIV. It is
important to observe that, unlike our study, where HIV viral load was
detected in some AIDS-KS patients, Machado et al. [18] do not com-
ment on the HIV viral load in the evaluated individuals. Since TNF-α
has been related to the course of HIV infection [31], we believe that the
relationship between TNF-α and AIDS-KS should be analyzed also
considering the influence of HIV in the HIV/HHV-8 coinfection.
We found high concentrations of CXCL10 in the AIDS-KS group.

Similarly, Tso et al. [16] reported increased CXCL10 expression in
AIDS-KS lesion samples. Experiments performed in HHV-8 infected
THP-1 monocytes indicated that the CXCL10 expression may be asso-
ciated with activation of the toll-like receptor 3 pathway [13]. After its
secretion, CXCL10 may interact with vGPCR, an endothelial cell mi-
gration inhibitor, encoded by HHV-8 and expressed on KS endothelial
cell. Binding of CXCL10 to vGPCR, in turn, abrogates the inhibition of
migration, stimulating endothelial cell migration and the angioproli-
ferative process [14].
Lidenge et al. [19] found higher concentrations of CXCL10 in HIV/

HHV-8 individuals when compared to the AIDS-KS group. However,
unlike our study population, some coinfected patients (without KS) in
the study by Lidenge et al. [19] had detectable HIV viral load. The
disagreement between our results may be related to HIV viremia, which
is known to influence the CXCL10 serum concentrations [32]. In this
same context, CXCL10 levels have been suggested as a hallmark in the
clinical evolution of HIV infection [33].
We also observed higher concentrations of CXCL10 in the group

with visceral AIDS-KS compared to individuals with cutaneous lesions.
Although this is the first description of the association of this chemo-
kine with the severity of AIDS-KS, some studies have suggested that
CXC chemokines, such as CXCL10 and its CXCR3 receptor, may parti-
cipate in the development, progression or metastasis of other cancers,
such as colon cancer [34] and basal cell carcinoma [35].
Regarding IL-10, we showed high concentrations in the AIDS-KS group

when compared with HIV and HIV/HHV-8 individuals. In addition, IL-10
concentrations were also significantly higher in patients with visceral
AIDS-KS than in those with cutaneous lesions. It is possible that the serum
increase of IL-10 favors the KS progression, since it suppresses the pro-
duction of cytokines by Th1 lymphocytes and reduces the cell-mediated
response to HHV-8 [36]. Interestingly, depending on the cellular context,
anti-inflammatory cytokines may also play an anti-neoplastic role.
Downregulation and/or inhibition of TGF-β signaling, for example, has
been related to HHV-8 infection and the development of KS [37,38].
Part of our findings corroborates with Lidenge et al. [19], who re-

ported significantly higher concentrations of IL-10 in AIDS-KS patients
when compared to the HIV/HHV-8 group. Machado et al. [18] also
found higher concentrations of IL-10 in AIDS-KS patients when com-
pared to HIV monoinfected and classic KS individuals. However, Ma-
chado et al. [18] not observed difference between serum concentrations
of IL-10 when compared patients with cutaneous and/or visceral AIDS-
KS; the authors observed a significant increase of IL-10 only in KS pa-
tients with lymph node involvement.
Despite the in vitro observation of CCL2 secretion by KS spindle cells

[10] and the high transcription of CCL2 gene into HHV-8 infected THP-
1 monocytes [13], in our study there was no significant difference in
CCL2 serum concentrations between the HIV, HIV/HHV-8 and AIDS-KS
groups. In relation to these discordant findings, we believe that the
development of in vivo models is important to provide new insights
about the real participation of CCL2 in KS pathogenesis.
After the HIV vs. HIV/HHV-8 vs. AIDS-KS patients and cutaneous vs.

visceral AIDS-KS comparisons, we observed significant decrease of TCD4
lymphocyte count in the AIDS-KS and visceral AIDS-KS groups. Indeed,
immune deterioration and decreased in TCD4 count may result in the
progression of AIDS-KS, in which the lesions tend to enlarge, multiply or
coalesce [3]. On the other hand, it is possible that some ART treated HIV
infected patients, with undetectable HIV viral load and relatively high
TCD4 count, develop KS [39]. In this case, the presence of KS may be
associated with the lower frequencies of naive T cells and increased fre-
quencies of T cells with an immunosenescence phenotype [40].
It is interesting to note that most of our patients was male and that

the median age of the AIDS-KS group was slightly lower compared to
HIV/HHV8 (without KS) individuals. Although there is not yet an in-
depth investigation into this relationship, some studies have also re-
ported a higher prevalence of AIDS-KS in males [41–43] and in groups
with a mean of 30–39 years [42–44].
In addition, it is also important to observe that our patients were

recruited from medical centers located in distinct geographic regions
from Brazil, specifically in the Northeast and Southeast regions. The
analysis of dozens of DNA polymorphisms performed in the Brazilian
population showed that the population is ancestrally admixed and has
great genetic heterogeneity, even within the same population group
[45–47]. However, molecular analysis of variance indicated a low de-
gree of genetic differentiation between four Brazilian regions, North,
Northeast, Central-East and Southeast. The exception was the Southern
region, which has showed a considerable difference between the other
regions [45–47]. Therefore, we do not believe that the cytokine levels
observed in our study are influenced by regional differences.
Here, most individuals diagnosed with AIDS-KS had detectable HIV

viral load and shorter ART use time than the HIV and HIV/HHV8 (without
KS) individuals. In this context, it is also necessary to consider the influ-
ence of HIV and ART on the cytokine levels [48–50]. In addition to the
influence of HIV on TNF-α and CXCL10, as previously discussed, several
studies have reported the association of IL-10 and IL-6 cytokines with HIV
infection [31,51–55]. Although not yet agreed, numerous studies have also
reported the influence of ART on cytokine levels in HIV individuals [56].
In line with these findings, we believe that the cytokine levels observed in
our study should be understood as the result of a complex interaction
between HHV-8, HIV, ART and immunity. This is an essential issue, but
one that is rarely considered and discussed in studies of AIDS-KS patients
with detectable HIV viral load and/or under ART.
In conclusion, we reported high serum concentrations of IL-6, IL-10

and CXCL10 cytokines with both the presence and severity of AIDS-KS.
Regarding severity specifically, to our knowledge, this is the first report
of association of IL-6, IL-10 and CXCL10 cytokines with visceral AIDS-
KS. Despite the need for further in vivo studies, including prospective
analyses with larger groups, for a better understanding of HHV-8-im-
munity-disease interaction, we believe that these cytokines are im-
portant elements to the understanding of the pathogenicity mechanism
of KS, mainly of AIDS-KS.
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