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The Journal of Infectious Diseases i

Association Between Immunoglobulin E Levels and
Kaposi Sarcoma in African Adults With Human
Immunodeficiency Virus Infection

Helen Byakwaga,' Arturo Barbachano-Guerrero,? Dongliang Wang,® Shane McAllister,’ Kamal Naphri,2 Miriam Laker-Oketta,’ Conrad Muzoora,'
Peter W. Hunt,® Jeffrey Martin,” and Christine A. King’

'"Mbarara University of Science and Technology, Mbarara, Uganda, “Department of Microbiology and Immunology, SUNY Upstate Medical University, Syracuse, New York, USA; *Department
of Public Health and Preventative Medicine, SUNY Upstate Medical University, Syracuse, New York, USA, “Department of Pediatrics, University of Minnesota Medical School, Minneapolis,
Minnesota, USA; ®Infectious Diseases Institute, Makerere University Kampala, Uganda; ®Department of Experimental Medicine, University of California, San Francisco, California, USA, and
"Department of Epidemiology and Biostatistics, University of California, San Francisco, California, USA

It has been demonstrated that activated mast cells (MCs) are enriched in Kaposi sarcoma (KS) tumors and contribute to the inflam-
matory microenvironment. Mechanisms driving MC activation, however, are incompletely understood. We sought to understand
whether immunoglobulin E (IgE), a potent activator of MCs, was associated with KS incidence and severity. In a cross-sectional
study of untreated human immunodeficiency virus (HIV)-infected adults with or without KS in Uganda, we found that patients with
KS had higher plasma IgE levels than those without KS. After adjustment for age, sex, CD4" T-cell count, and HIV RNA levels, there
was a dose-response relationship between plasma IgE levels and the presence and severity of KS. Higher eosinophil counts were also
associated with IgE levels, and plasma interleukin 33 concentrations were higher in individuals with KS. These findings suggest that
IgE-driven atopic inflammation may contribute the pathogenesis of KS. Therapies targeting IgE-mediated MC activation thus might

represent a novel approach for treatment or prevention of KS.
Keywords.

Immunoglobulin E (IgE); mast cell; KSHV; IL-33; Kaposi sarcoma; HIV; Africa.

Kaposi sarcoma (KS) is the most common cancer in people
living with human immunodeficiency virus (HIV) world-
wide. In sub-Saharan Africa. where there is a high preva-
lence of both HIV and KS-associated herpesvirus (KSHV),
KS is among the most common cancers in the region [1].
All variants of KS exhibit the same unusual multicentric
inflammation-driven, angioproliferative tumor of endothe-
lial cell origin [2]. The requisite inflammation predates the
formation of detectable lesions, underscoring that inflamma-
tion is essential to disease pathogenesis [3-6]. Although the
inflammatory nature of KS is well appreciated from a clinical
perspective, there is a lack of understanding of mechanisms
governing inflammation in this tumor microenvironment,
which hampers the development of pathogenesis-specific
therapeutic targets.

Received 12 February 2020; editorial decision 5 June 2020; accepted 11 June 2020; published
online June 19, 2020.

Presented in part: 20th International Workshop on Kaposi's Sarcoma Herpesvirus (KSHV) and
Related Agents, Berlin, Germany, 25-28 July 2017; Second Annual International Herpesvirus
Workshop, Ghent, Belgium, 29 July to 2 August 2017; 16th International Conference on
Malignancies in AIDS and Other Acquired Immunodeficiencies, Bethesda, Maryland, 23-24
October 2017.

Correspondence: Christine A. King, Department of Microbiology and Immunology, SUNY
Upstate Medical University, 750 E Adams St, Syracuse, NY 13210 (kingch@upstate.edu).

The Journal of Infectious Diseases® 2021;223:101-8

© The Author(s) 2020. Published by Oxford University Press for the Infectious Diseases Society
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/infdis/jiaa340

Identification of factors associated with inflammation that
increase the risk of developing KS has long been sought in an
effort to understand the drivers of tumor establishment and
progression. Prior research showed an increased risk for the de-
velopment of classic KS in patients with a history of asthma,
allergies, and topical corticosteroid use [7]. More recently,
KSHYV seropositivity was significantly associated with antibody
levels to 2 Plasmodium falciparum malaria antigens in Kenya
[8] and was found to be associated with coinfection with mul-
tiple parasitic infections, including malaria, hookworm, and
mansonellosis in Ugandan women [9]. Asthma, allergy, inflam-
matory dermatitides requiring topical steroids, and parasitic
infections all share the feature of significantly elevated levels
of circulating immunoglobulin E (IgE) antibodies (reviewed
in [10]). IgE is a potent activator of highly inflammatory tissue
resident mast cells (MCs) and eosinophils, both of which con-
tribute to the pathogenesis of allergic diseases and are central to
the immune response involved in parasite control.

Our group has demonstrated that MCs are enriched
and extensively activated in KS lesions, that they support
productive infection with KSHYV, and that the levels of se-
creted MC-derived products (ie, a measure of the degree
of MC activation in patients with KS) were significantly
elevated in HIV-infected Ugandan adults with KS [11].
Importantly, contravening MC activation and antagonizing
the proinflammatory MC products histamine and cysteinyl
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leukotrienes led to the rapid and durable regression of KS
lesions in a patient with aggressive AIDS-associated KS
[11]. In the current study, we extend those findings to assess
the upstream signals associated with MC activation in this
population.

Given the high burden of parasitic infections in sub-Sa-
haran Africa and the known relationship with KSHV infec-
tion in this population [7, 9, 12], we sought to understand the
contribution of IgE-mediated inflammation to the develop-
ment and severity of KS. We hypothesized that IgE, a potent
activator of MCs, is increased in patients with KS. In a study
of KSHV-seropositive HIV-infected adults in sub-Saharan
Africa, we measured plasma levels of IgE and assessed their
association with KS.

METHODS

Overall Design

In a cross-sectional study of antiretroviral therapy (ART)-un-
treated HIV-infected adults (>18 years old) in Uganda, we as-
sessed the association between plasma IgE levels and KS.

Study Population

We included in this study, individuals with newly diagnosed KS.
These were all the individuals enrolled in the Antiretrovirals for
Kaposi’s Sarcoma (ARKS) study based at the Infectious Diseases
Institute, Kampala, Uganda [13]. The ARKS study recruited
ART-untreated individuals with a KS diagnosis based on his-
topathology and a few persons with oral lesions that were very
characteristic of KS but were difficult to biopsy.

We also included individuals without a KS diagnosis, derived
from the Uganda AIDS Rural Treatment Outcomes (UARTO)
cohort. UARTO consecutively enrolled individuals before
initiating ART at the Immune Suppression Syndrome Clinic at
Mbarara Regional Referral Hospital in southwestern Uganda.
For the present study, we included all UARTO participants
without KS (based on patient report and review of medical re-
cords at the Immune Suppression Syndrome Clinic), who were
enrolled between April 2007 and February 2011, were KSHV
antibody positive, and had available cryopreserved plasma

specimens.

Measurements
Demographic characteristics and medical history were col-
lected using interviewer-administered questionnaires. For all
measurements, the same data collection tools were used for all
participants, irrespective of KS diagnosis. In those with KS, the
number of lesions, the anatomic sites with KS lesions, and the
presence of edema were documented at enrollment.
Laboratory measurements for all participants were per-
formed in the same laboratories, using cryopreserved plasma
samples obtained before ART initiation. Total plasma IgE was
measured by means of enzyme-linked immunosorbent assay

(eBioscience). The assay was performed according to the
manufacturer’s instructions. Briefly, 96-well plates were coated
with capture antibody overnight at 4°C. The next day, plates
were washed 2 times and blocked for 2 hours at room temper-
ature (RT). After 2 washes, samples were added at dilutions
ranging from 1:10 to 1:500. Purified IgE was used as standard,
ranging in concentration from 7.8 to 500 ng/mL. Samples and
standards were left on plates for 2 hours at RT with shaking.
After 2 hours, detection antibody was added to plates and in-
cubated for 1 hour at RT with shaking. Plates were washed 4
times, and substrate was added for 15 minutes at RT. Reaction
was stopped with 2N sulfuric acid and the optical densities of
wells were read at 450 nm.

Concentrations of IgE in plasma were extrapolated from
a graph of standard optical densities versus concentrations.
Plasma levels of interleukin 33 (IL-33) were measured with
enzyme-linked immunosorbent assay (Peptrotech). The assay
was performed according to the manufacturer’s instructions.
Samples were diluted 1:2 to 1:5 before being added to the plates.
Purified recombinant IL-33 was used as standard, ranging in
concentration from 32 to 4000 pg/mL. Plasma HIV RNA levels
were measured using Amplicor HIV Monitor (version 1.5) or
the Cobas Tagman HIV-1 (version 1.0) assays (Roche). CD4"
T-cell counts were assessed with flow cytometry (FACSCalibur;
Becton Dickinson). Antibodies to KSHV were measured with
2 enzyme immunoassays [14, 15] and 1 direct immunofluo-
rescence assay [16, 17], and the results were interpreted using
a previously described algorithm [17]. Plasma KSHV DNA
was determined by quantitative polymerase chain reaction for
open reading frame 25 (lower limit of detection, 66 copies/
mL). Eosinophil counts was measured using flow cytometry
(Beckman Coulter).

Statistical Analysis

We compared plasma IgE levels between patients with KS and
those without KS, using Mann-Whitney U tests. Logistic re-
gression models were used to examine the association between
plasma IgE levels and KS. We adjusted for confounding by age,
sex, and severity of HIV infection as measured by CD4" T-cell
count and plasma HIV RNA load. We used linear regression
to assess the association between the extent of KS and plasma
IgE levels and adjusted for age, sex, CD4" T-cell count, and
plasma HIV RNA load. Variables were used as restricted cubic
splines, categorized to accommodate for nonlinearity, or log-
transformed to nonnormality when required. We also assessed
for goodness of fit of the models, using the Hosmer-Lemeshow
test, and for the presence of multiplicative interaction, using P
values <.05 to guide reporting. In a random sample of the study
population, we compared plasma IL-33 levels among patients
with KS and those without KS, using Mann-Whitney U tests.
All analyses were performed using SAS (version 9.4) and Stata
(version 13.1) software.
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RESULTS

Characteristics of the Study Population

A total of 416 ART-untreated HIV-infected adults with
KSHYV coinfection were included in these analyses. Of these,
224 had KS, and 192 did not (Table 1). The median (inter-
quartile range [IQR]) age was 33 (28-39) years for individuals
with KS and 34 (28-41) years for those without KS. Women
comprised 44% of those with and 61% of those without KS.
Compared with those without KS, a higher proportion of in-
dividuals with KS had very low CD4" T-cell counts (<50/uL)
(34% vs 9%, respectively) and a lower proportion had low
plasma HIV RNA levels (<10 000 copies/mL) (3% vs 14%,
respectively).

Significant Elevation of Plasma IgE Levels in KS

The median (IQR) plasma IgE level in the study population
was 1962 (656-5559) ng/mL, higher than previously reported
in both HIV-infected and non-HIV-infected Africans [18].
Individuals with KS had significantly higher plasma IgE levels
(median [IQR], 2995 [983-8100] ng/mL) than those without
KS (1272; 472-2936) ng/mL; P < .001) (Table 1 and Figure 1).
Among patients with KS, 35% had levels of IgE that were
>5560 ng/mL (quartile 4), compared with only 14% of those
without KS. In contrast, 32% of patients without KS had levels
of IgE <656 ng/mL (quartile 1), compared with only 19% of pa-
tients with KS.

Table 1. Characteristics of the Study Participants

Participants, %°

Characteristic With KS (n = 224)  Without KS (n = 192)

Age, median (IQR), y 33 (28-39) 34 (28-41)
Female sex 44 61
Detectable plasma KSHV DNA 56 19
CD4* T-cell count
<50/uL 34 9
51-100/pL " 10
101-200/pL 25 36
201-350/pL 16 33
>350/pL 14 12
Plasma HIV RNA, copies/mL
<10 000 3 14
10 001-50 000 12 23
50 001-100 000 14 16
100 001-500 000 53 31
>500 000 18 16
Plasma IgE quartile (level, ng/mL)
Quartile 1 (20-656) 19 32
Quartile 2 (657-1962) 20 31
Quartile 3 (1963-5559) 26 23
Quartile 4 (5560-140 480) 35 14

Abbreviations: HIV, human immunodeficiency virus; IgE, immunoglobulin E; IQR, interquar-
tile range; KS, Kaposi sarcoma; KSHV, KS-associated herpesvirus.

“Data represent % of participants unless otherwise specified.
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Figure 1. Distribution of plasma immunoglobulin E (IgE) levels in patients with
or without Kaposi sarcoma (KS). Commercial enzyme-linked immunosorbent assay
was used to measure IgE levels in 224 patients with KS and 192 without KS; those
with KS had significantly higher IgE levels (P<.001). Horizontal lines represent me-
dians with 95% confidence intervals.

In logistic regression analysis we found that higher plasma
IgE levels were associated with KS in both unadjusted and ad-
justed analyses. Compared with individuals with the lowest
levels of plasma IgE (quartile 1), those with the highest levels
(quartile 4) had 4.2 times the odds of KS (95% confidence in-
terval [CI], 1.6-6.2; P =.001) (Table 2). These findings remained
consistent in adjusted analyses: compared with individuals
with the lowest levels of plasma IgE (quartile 1), those with the
highest levels (quartile 4) had 3.2 times the odds of KS (95% CI,
1.6-6.2; P = .001; P for trend = .002) after we adjusted for age,
sex, CD4" T-cell count, and plasma HIV RNA levels. The asso-
ciation between plasma IgE and KS was not modified by plasma
HIV RNA load, CD4" T-cell count, age or sex (P for interac-
tion = .27, .29, .60, and .15, respectively). Given the possible
confounding effect of plasma interleukin 6 levels, we repeated
the analyses while also adjusting for plasma interleukin 6, and
our observation of an association between plasma IgE levels and
KS remained (P for trend = .04) [19-21].

No Correlation Between Plasma KSHV DNA and Plasma IgE Levels in
Patients with KS

The proportions of participants with detectable KSHV DNA
in plasma were 56% for those with KS and 19% for those
without KS. These findings are similar to some prior reports
from the region [22] but differ from findings in other studies
that reported higher rates of KSHV detection in the plasma of
HIV-infected patients with KS [23, 24]. We examined whether
the association between plasma IgE levels and KS was due to
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Table 2. Unadjusted and Adjusted Logistic Regression Analyses of Characteristics Associated With Kaposi Sarcoma

Unadjusted Analysis

Adjusted Analysis®

Characteristic OR (95% ClI) PValue OR (95% CI) PValue
Age, per 10y 0.83 (.66-1.03) .09 0.72 (.54-.94) .02
Sex
Male Reference Reference
Female 0.50 (.34-.74) .001 0.51 (.32-.81) .005
CD4* T-cell count
<50/nL Reference Reference
51-100/uL 0.29 (.13-.64) .002 0.40 (.18-.93) .03
101-200/uL 0.19 (.10-.36) <.001 0.25 (.13-.48) <.001
201-350/pL 0.13 (.067-.25) <.001 0.20 (.097-.42) <.001
>350/pL 0.32 (.15-.66) .002 0.65 (.27-1.6) .34
HIV RNA, copies/mL
<10 000 Reference Reference
10 001-50 000 2.5(.91-6.9) .08 2.2 (.73-6.5) 7
50 001-100 000 4.5 (1.6-12.4) .004 3.1 (1.0-9.6) .048
100 001-500 000 8.6 (3.4-22.0) <.001 6.0 (2.1-17.1) .001
>500 000 5.9(2.2-16.2) .001 3.4 (1.1-10.6) .04
Plasma IgE quartile (level, ng/mL)
Quartile 1 (20-656) Reference Reference
Quartile 2 (657-1962) 1.1 (.65-2.0) .67 1.1 (.60-2.1) .75
Quartile 3 (1963-5559) 2.0 (1.2-3.5) .01 1.8 (.97-3.4) .06
Quartile 4 (6560-140 480) 4.2 (2.3-76) <.001 3.2 (1.6-6.2) .001

Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus; IgE, immunoglobulin E; OR, odds ratio.

?Adjusted for all variables in the table.

differences in the proportions of those with detectable plasma
KSHV DNA between study participants with KS and those
without KS. In analyses where we adjusted for age, sex, CD4"
T-cell count, plasma HIV RNA levels, and plasma KSHV DNA,
the association between higher plasma IgE levels and KS per-
sisted (data not shown). Compared with individuals with the
lowest levels of plasma IgE (quartile 1), those with the highest
levels (quartile 4) had 3.0 times the odds of KS (95% CI, 1.5-6.2;
P =.002; P for trend = .009).

Correlation Between Severity of KS and Plasma IgE Levels

Among study participants with KS, the extent of KS ranged
from mild to widespread. The number of mucocutaneous sites
with KS lesions ranged from 1 to 16; 78% of KS patients had
1-49 lesions, and 22% had >50 lesions; 50% had edema, and
59% had >3 sites with edema (Table 3). In unadjusted ana-
lyses, having more anatomic sites with KS lesions and having
>49 mucocutaneous KS lesions were associated with higher
plasma IgE levels (Table 4). After adjustment for age, sex,
CD4" T-cell count, and plasma HIV RNA load, compared with
individuals with 1-49 lesions, those with > 50 lesions had 23%
higher plasma IgE levels (P = .06), and compared with individ-
uals with the fewest anatomic sites with KS lesions (quartile 1;
1-3 sites) those with most sites (quartile 4; 11-16 sites) had
27% higher levels of plasma IgE (P = .054). The AIDS Clinical
Trials Group tumor stage was not associated with plasma IgE
levels (Table 4).

Correlation Between Eosinophil Counts and Plasma IgE Levels

We next examined the association between eosinophil counts
and plasma IgE levels in those with KS in our study popula-
tion. The median (IQR) eosinophil count in the individuals

Table 3. Characteristics of Study Participants With Kaposi Sarcoma

Participants With KS,

Characteristic % (n = 224)
Eosinophil count by quartile
Quartile 1 (0-80/uL) 26
Quartile 2 (81-185/uL) 24
Quartile 3 (186-460/uL) 25
Quartile 4 (461-3020/pL) 25
Anatomic sites with KS lesions by quartile
Quartile 1 (1-3 sites) 29
Quartile 2 (4-6 sites) 25
Quartile 3 (7-10 sites) 21
Quartile 4 (11-16 sites) 25
No. of KS lesions
1-49 78
>50 22
Edema present 50
No. of sites with edema
1-2 41
3-4 51
5-6 8
ACTG tumor stage T1 71

Abbreviations: ACTG, AIDS Clinical Trials Group; KS, Kaposi sarcoma.
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Table 4. Multivariable Linear Regression Analysis for Determinants of Plasma Immunoglobulin E Elevation in Patients With Kaposi Sarcoma (n = 224)

Unadjusted Analysis

Adjusted Analysis®

Change in Log,-Transformed

Change in Log,-Transformed Plasma IgE

Characteristic Plasma IgE Levels, Mean (95% Cl) PValue Levels, Mean (95% Cl) PValue
Eosinophils count by quartile

Quartile 1 (0-80/uL) Reference Reference

Quartile 2 (81-185/uL) 0.44 (.20-.67) <.001 0.41 (.17-.64) .001

Quartile 3 (186-460/uL) 0.59 (.36-.82) <.001 0.53 (.29-.76) <.001

Quartile 4 (461-3020/uL) 0.76 (.53-.99) <.001 0.71 (.48-.95) <.001
No. of KS lesions

1-49 Reference Reference

> 50 0.24 (.025-.46) .03 0.21 (-.09 to .42) .06
Anatomic sites with KS

lesions by quartile

Quartile 1 (1-3 sites) Reference Reference

Quartile 2 (4-6 sites ) 0.10 (.14 to .34) 42 0.024 (-.21 to .26) .84

Quartile 3 (7-10 sites) -0.015 (.27 to .24) 91 -0.069 (-.32 t0 .18) .69

Quartile 4 (11-16 sites) 0.31 (.063-.55) .01 0.24 (-.0041 to .48) .054
Edema

Absent Reference Reference

Present -0.080 (-.26 to .10) .38 -0.12 (-.30 to .058) .18
No. of sites with edema

1-2 Reference Reference

3-4 —0.10 (.35 t0 .14) 41 -0.16 (-.40 to .083) .20

5-6 0.29 (-.16 to .74) 21 0.39 (-.055 to .84) .08
ACTG tumor stage

TO (low risk) Reference Reference

T1 (high risk) 0.003 (-.20 to .20) .98 -0.014 (-.21 t0 .18) .89

Abbreviations: ACTG, AIDS Clinical Trials Group; Cl, confidence interval; IgE, immunoglobulin E; KS, Kaposi sarcoma.

#Adjusted for age, sex, CD4* T-cell count, and plasma human immunodeficiency virus RNA load.

with KS was 185/uL (80-460/uL), consistent with reports in
HIV-infected individuals in the region [25]. There was a posi-
tive correlation between eosinophil count and plasma IgE levels
(Figure 2) (Spearman correlation coefficient p = 0.41; P <.001).
We also observed a dose-response association between higher
eosinophil counts and plasma IgE levels in both unadjusted and
adjusted analyses (Table 4). Plasma IgE levels in individuals

1 4
-2 1.5 —1 0.5 0 0.5
Log Eosinophil Count, Cells/uL

* * Spearman p = 0.41; P<.001

Figure 2. Scatterplot of plasma immunoglobulin E (IgE) levels versus eosin-
ophil counts in study participants with Kaposi sarcoma (KS). Data show a pos-
itive correlation between eosinophil counts and plasma IgE levels (Spearman
p=.41; P<.001).

with the highest eosinophil counts (fourth quartile), were twice
the levels in those with the lowest eosinophil counts (first quar-
tile) (P < .001, after adjustment for age, sex, CD4" T-cell count,
and plasma HIV RNA load).

Elevated Plasma IL-33 Levels in Patients with KS

Increasing evidence suggests that the alarmin IL-33 promotes
IgE production in an antigen-independent positive feedback
loop [26, 27]. IL-33 also lowers the threshold for activation in
response to IgE, amplifying the innate immune response. We
obtained plasma IL-33 measurements in 99 individuals (60
with and 39 without KS) from our study population. Among
them, individuals with KS had higher IL-33 levels (median
[IQR], 1371 [836-8397] ng/mL) than those without KS (913
[508-2210] ng/mL; P < .001) (Figure 3). There was no corre-
lation between IgE and IL-33 levels (Spearman p = 0.039; P
=.77).

DISCUSSION

As one hallmark of cancer, inflammation is known to be essen-
tial for the selection, proliferation, and survival of malignant
cells. Chronic inflammation associated with KS is so central to
tumor establishment and progression that directly targeting in-
flammation represents a promising treatment strategy. In the
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Figure 3. Plasma interleukin 33 (IL-33) levels were measured with enzyme-linked
immunosorbent assay in 99 patients, 60 with and 39 without Kaposi sarcoma (KS).
Patient with KS had significantly higher levels of IL-33 than those without KS
(P<.001). Horizontal lines represent medians with 95% confidence intervals.

current study of ART-untreated HIV-infected Ugandan adults,
higher plasma IgE levels were associated with KS independent
of plasma HIV load, CD4" T-cell count, age, and sex. A greater
extent of KS and higher eosinophil counts were associated with
higher levels of plasma IgE in this population. Our findings pro-
vide evidence that atopic inflammation is an important patho-
genic mechanism for KS.

IgE normally comprises a small fraction of circulating im-
munoglobulin ranging from 0 to 400 ng/mL (or approximately
0.05% of total immune globulin) [27]. The majority of the
Ugandan adults in the current study had circulating IgE levels
above the normal range, which were independently associated
with KS. Given that IgE in circulation has a much shorter half-
life than other immunoglobulin types, these data suggest that
these individuals have sustained production of IgE. Unlike un-
bound antibody, IgE bound to FceR1 on MCs, and basophils
can persist for weeks or months [28]. Thus, the levels of total IgE
in patients with KS (including circulating and cell associated)
may actually be underestimated in the current study.

Although not assessed here, the cell-associated fraction of
IgE may be of critical importance in KS progression, because
recognition of cognate ligands by FceR1-bound IgE leads to
activation and degranulation of MCs. Furthermore, mono-
meric IgE on the surface of MCs has been found to mediate
significant effects, which include MC proliferation, survival,
and activation of inflammatory pathways, in addition to, and
independent of, degranulation [29-31]. Thus, elevation of IgE
in our Ugandan patients may promote both increased num-
bers and activation of MCs in KS lesions. One principal driver
of B-cell class switch to IgE is interleukin 13 (IL-13) [32], and
IL-13 polymorphisms are associated with an increased risk in

classic KS [33]. Future studies are planned to assess whether
these described IL-13 polymorphisms also increase the risk of
developing epidemic KS.

Consistent with prior reports, we observed an association be-
tween eosinophil counts and plasma IgE levels among individuals
with KS. These data, together with findings of previous studies that
showed eosinophilia during parasitic infections, support the hy-
pothesis that parasitic infection is an important driver of the ele-
vations in IgE, IL-33, and eosinophils and that, collectively, these
derangements may be contributing to KS progression by the acti-
vation of proinflammatory MCs. A number of studies have estab-
lished that MCs are more numerous and are extensively activated
in response to parasitic infection [34-36]. Moreover, MCs are
known to mediate parasitic gut expulsion and limit tissue burden
in models of hookworm, Trichinella spiralis, and Strongyloides in-
fections [34, 35, 37, 38]. In addition, parasite infection, in an analo-
gous murine gamma herpesvirus infection model, has been shown
to reactivate murine gamma herpesvirus 68 infection via T-helper
(Th) 2-driven activation of viral gene expression. The Th2 cyto-
kines interleukin 4 and IL-13 stimulated activation of viral genes
in vivo, suggesting that direct reactivation of KSHV infection by
Th2-inducing cytokines would also promote KS disease through
modulation of viral gene expression [39].

In a subset of our study population, we also demonstrated
that plasma IL-33 levels were significantly elevated in pa-
tients with KS, compared with those without KS. IL-33 is a
proinflammatory Th2-inducing cytokine of the interleukin
1 cytokine family. It is released by many cell types, including
fibroblasts, endothelial cells, and MCs, and it is known to be el-
evated in patients with allergy and asthma [40]. As an alarmin,
IL-33 mediates many functions of the innate immune system,
including potentiating the activation of ST2" MCs, both in-
dependent of, and in response to, IgE cross-linking [41-44].
Binding ST2, IL-33 mediates increased production of IgE via
interleukin 4-driven B-cell class switch [26] and can poten-
tiate IgE-induced anaphylactic shock [45]. IL-33 activation of
human MCs promotes maturation and enhanced survival [42,
46, 47]. Together, the elevation of IL-33 may further exacerbate
the known activation of MCs in patients with KS [11]. Further
study will be required to elucidate the mechanism driving the
observed elevation in IL-33.

Despite dramatic improvements in the last 20 years, clin-
ical outcomes for patients with KS often remain unsatisfactory.
Patients with HIV with good immunological and virological
responses to ART continue to have an increased lifetime risk
of developing KS and often respond poorly to cytotoxic chemo-
therapy agents [48-50]. In developing countries, particularly
in sub-Saharan Africa, economic constraints often hamper ac-
cess to both antiretrovirals and the cytotoxic agents preferred
for KS chemotherapy. Therefore, to meaningfully address the
public health problem of KS, new therapeutic approaches
must be identified that that are well tolerated, inexpensive,
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and compatible with lifelong administration. It is notable that
agents that antagonize MCs are included on the World Health
Organization’s list of essential medicines, including loratidine (a
type I histamine receptor antagonist), ranitidine (a type II his-
tamine receptor antagonist), and vitamin C (a MC stabilizer).
Thus, the combination of MC-targeted agents might provide
economically feasible augmentation to the treatment of KS in
resource-limited settings where KS incidence is highest.
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