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Apoptotic Mediators in Patients With Severe and
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Despite being the most significant arboviral
disease worldwide, dengue has no antiviral
treatment or reliable severity predictors. It has
been shown that apoptotic cells from blood
and tissues may be involved in the complex
pathogenesis of dengue. However, very little is
known about the interplay between proapop-
totic and antiapoptotic mediators in this dis-
ease. Therefore, plasma levels of the three
proapoptotic mediators Fas ligand (FasL), tu-
mor necrosis factor-a (TNF-a), and TNF-related
apoptosis-inducing ligand (TRAIL) were mea-
sured in dengue patients. Patients were
classified according to the World Health Orga-
nization classification of dengue revised in
2009. Additionally, inhibitors of apoptosis pro-
tein (IAPs) were determined in plasma (Survi-
vin) and peripheral blood mononuclear cells
(PBMCs) lysates (clAP-1, clAP-2, XIAP). Levels
of apoptotic proteins in plasma were correlated
with counts of blood cells. FasL and TRAIL
levels were elevated in dengue patients without
warning signs when compared to patients with
severe dengue and controls. Dengue patients
with warning signs showed decreased levels of
Survivin compared to patients with severe
dengue and controls. TRAIL was inversely
correlated with counts of lymphocyte subsets.
In contrast, Survivin was positively correlated
with leukocyte counts. There was a trend of
elevated |APs levels in PBMCs of patients with
severe dengue. The results suggest a likely
antiviral effect of TRAIL in dengue. It appears
that TRAIL might be involved with apoptosis
induction of lymphocytes, whereas IAPs might
participate in protecting leukocytes from apo-
ptosis. Further research is needed to explore
the interactions between pro and antiapoptotic
molecules and their implications in dengue
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INTRODUCTION

Dengue is the most prevalent mosquito-transmitted
viral disease in the world and is caused by any of the
four closely related, but antigenically distinct, sero-
types of dengue virus (DENV-1-4), of the genus
Flavivirus, family Flaviviridae. Very recently, a map
of dengue risk on the basis of the global population in
2010 estimated 390 million infections worldwide, of
which 96 millions manifested apparently [Bhatt
et al., 2013]. This estimate is more than three times
higher the WHO predicted burden. In particular,
Brazil has reported the largest number of dengue
cases, accounting for more than 70% in the
Americas. However, reliable biomarkers of dengue
severity, specific antiviral therapy and a licensed
antidengue vaccine are not available [World Health
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Organization, 2009; Guzman et al., 2010; Simmons
et al., 2012].

The World Health Organization (WHO) classifica-
tion of dengue, dengue fever (DF), and dengue
hemorrhagic fever/dengue shock syndrome (DHF/
DSS) has proven to be useful for more than 30 years.
Still, a revised classification was proposed after a
recent international multicenter study: dengue with-
out warning signs, dengue with warning signs and
severe dengue [World Health Organization, 2009;
Alexander et al., 2011].

The pathogenesis of dengue is multifactorial and
not fully understood. Thus far, a complex interplay
among viral, immunological, and host factors has
been demonstrated. This interplay includes antibody-
mediated immune enhancement in secondary dengue
infections which increases uptake of virus—antibody
complexes in monocytes and macrophages [Kliks
et al., 1989]. Studies also have shown involvement of
the storm of cytokines and other soluble mediators
released by immune cells [Braga et al., 2001;
Bozza et al.,, 2008], hyperactivation of lymphocytes
[Rothman, 2010], and the influence of the infecting
viral serotype [Balmaseda et al., 2006]. Comorbidities
[Limonta et al., 2009] and genetic background [Sierra
et al., 2007] also are associated with the pathophysi-
ology of this viral disease.

Apoptotic cell death has been proposed to play a
role in dengue pathophysiology. Previous studies of
dengue infection have shown apoptosis in lympho-
cytes [Mongkolsapaya et al., 2003; Myint
et al.,, 2006], monocytes [Torrentes-Carvalho et al.,
2009; Levy et al., 2010], and peripheral blood mono-
nuclear cells (PBMCs) [Jaiyen et al., 2009]. Apoptotic
cells also have been found in a variety of tissues from
fatal dengue cases [Huerre et al., 2001; Limonta
et al., 2007, 2009].

Caspases (cysteinyl-aspartate-cleaving proteases)
are essential cellular proteins involved in apoptosis,
a programmed cell death. Caspase activation is
inhibited by inhibitors of apoptosis proteins (IAPs)
[Hotchkiss et al., 2009]. Survivin is considered a
fundamental IAPs that plays a role in tumorigenesis
and inflammation [Altieri, 2010]. However, the role of
Survivin has been poorly studied in viral diseases
[Zhu et al., 2003; Bokarewa et al., 2007].

The extrinsic or death receptor pathway is one of
the two apoptotic pathways, and is mediated by
transmembrane receptors. The extrinsic pathway is
activated when ligands that are members of the
tumor necrosis factor (TNF) superfamily TNF-«,
TNF-related apoptosis-inducing ligand (TRAIL), and
Fas ligand (FasL) also known as CD95L bind to the
death receptors. These ligands display proapoptotic
functions in membrane-bound forms or in soluble
forms [Locksley et al., 2001; Galluzzi et al., 2012].

Although TNF-a has been extensively studied in
dengue [Cardier et al., 2005; Chen et al., 2007; Levy
et al.,, 2010] and an in vitro anti-DENV action of
TRAIL has been described [Warke et al., 2008b], no
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data appear to be available on the interplay among
circulating pro and antiapoptotic mediators in dengue
patients. Furthermore, to our knowledge, the revised
WHO classification for dengue [World Health
Organization, 2009] has not been used in studies of
apoptosis in dengue cases.

In the present work, apoptotic mediators were
measured in plasma and PBMCs lysates from Brazil-
ian patients with dengue. For the first time, these
apoptotic proteins were measured in patients with
the WHO classification for dengue revised in 2009.
The three plasma molecules evaluated (FasL, TNF-q,
and TRAIL) are fundamental apoptosis inducers. The
other proteins studied, plasma Survivin and PBMCs
lysate proteins, are IAPs. Our data suggest that
TRAIL could be involved with apoptosis induction of
blood lymphocytes and could also contribute to the
antiviral response. Conversely, IAPs may participate
in apoptosis protection of blood leukocytes. FasL. may
display a role in dengue pathophysiology, and espe-
cially in fatal cases of dengue.

METHODS
Patients and Sample Collection

Venous blood samples were obtained from 107
febrile dengue-suspected cases during dengue out-
breaks in the southwest of Brazil in 2010. Seventy-
two (67.3%) of the 107 cases had the diagnosis of
dengue confirmed. Patients were assisted at the
Centro de Referéncia em dengue in Campos dos
Goytacazes, Rio de Janeiro state, and at the Hospital
Professora Esterina Corsini in the Universidade
Federal do Mato Grosso do Sul, Mato Grosso do Sul
state. PBMCs and plasma were collected at these
health care facilities, then transported in liquid
nitrogen to the Viral Immunology Laboratory at the
Oswaldo Cruz Institute, and stored in liquid nitrogen
until use.

PBMCs and plasma samples from 10 healthy
adults were collected as controls. Inclusion criteria
for controls were absence of fever history in the
preceding three months, absence of chronic diseases,
and negative anti-DENV IgM by ELISA (PanBio
Diagnostics, Brisbane, Australia).

The study protocol was approved by the Institu-
tional Review Board of Oswaldo Cruz Foundation
(FIOCRUZ, number 061/2008) from the Ministry of
Health in Brazil (recognized by the Brazilian Nation-
al Ethics Committee), and by the Institutional Re-
view Board of each Brazilian hospital involved in this
study. Enrollment of study participants, patients
under the age of 15 required parents/legal guardians
consent, and control subjects was conditional on
obtaining appropriate written informed consent.

Laboratory Confirmation of Dengue Infection

A case was considered positive for dengue when
diagnostic assays met one or more of the following
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criteria: (1) IgM detection in acute samples by
DENV-specific capture IgM enzyme-linked immuno-
sorbent assay (ELISA) (PanBio Diagnostics), (2)
DENV RNA detection in acute-phase serum by a
serotype-specific RT-PCR assay as described else-
where [Lanciotti et al., 1992], (3) DENYV isolation in
acute samples by inoculation onto Aedes albopictus
C6/36 cells and subsequent immunoflourescent detec-
tion of viral antigens as described previously [Igara-
shi, 1978], and (4) detection of non-structural 1 (NS1)
protein using NS1 antigen strip (Bio-Rad, Hercules,
CA) in acute serum following the manufacturer’s
instructions.

Criteria for WHO Case Definition for Dengue

The new WHO dengue classification criteria from
2009 consisting of dengue without warning signs,
dengue with warning signs, and severe dengue were
used for each case. Dengue without warning signs
comprises fever with at least two of the following:
nausea, vomiting, rash, aches and pain, positive
tourniquet test, and leucopenia. Dengue with warn-
ing signs includes dengue patients with any of the
following warning signs: abdominal pain or tender-
ness, persistent vomiting, clinical fluid accumulation,
mucosal bleeding, lethargy or restlessness, liver en-
largement >2cm, and an increase in hematocrit
concurrent with rapid decrease in platelet count.
Severe dengue includes at least one of the following:
severe plasma leakage (leading to shock and fluid
accumulation with respiratory distress), severe bleed-
ing evaluated by clinicians, severe involvement of
liver by aspartate aminotransferase (AST) or alanine
transferase (ALT)>1,000U, central nervous system
with impaired consciousness, and severe involvement
of the heart and other organs [World Health Organi-
zation, 2009].

Clinical Data Collection

Upon enrollment during consultation or hospitali-
zation, standardized forms for data collection were
completed by study clinicians experienced with den-
gue. The forms included demographic information,
vital signs, physical examinations, complete blood
counts, liver enzyme values (ALT, alanine transami-
nase; AST, aspartate transaminase), findings of ultra-
sounds and X-rays.

Blood Mononuclear Cell Preparation

About 20ml of peripheral venous blood were col-
lected in Na-heparin anticoagulated tubes from pa-
tients and control subjects. PBMCs were separated
from blood samples using the Ficoll-Hypaque proce-
dure (d=1.077g/ml; Sigma-Aldrich, St. Louis, MO)
and centrifuged at 400g for 30 min. The PBMCs layer
was washed twice in RPMI 1640 medium. The
viability of PBMCs was greater than 95% after
Trypan blue exclusion. Approximately 10,000,000
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PBMCs were resuspended in 1ml of freezing solution,
which consisted of 80% inactivated FBS (Invitrogen,
Carlsbad, CA) plus 20% DMSO (Sigma-Aldrich), and
stored at —70°C for 24 hr before transfer to liquid
nitrogen. Aliquots were cryopreserved for later study.

Reagents and Monoclonal Antibodies

Lymphocyte subpopulations (CD4+ and CD8+ T
cells) and monocytes (CD14+) were enumerated by a
five or six-color flow cytometry method using the
following monoclonal antibodies: allophycocyanin cya-
nine dye (APC Cy7) conjugated anti-CD4 (BioLegend,
San Diego, CA), phycoerythrin cyanine dye (PE Cy7)
conjugated anti-CD8 (BD Biosciences, San Jose, CA),
and phycoerythrin cyanine dye (PE Cy5.5) conjugated
anti-CD14 (Southern Biotech, Birmingham, AL). Ap-
propriate matched-isotype control antibodies were
used to discriminate between positive and negative
populations/subsets.

Flow Cytometric Determination of Peripheral
Blood Mononuclear Cells

Subpopulations and subsets of leukocytes were
determined by staining 100,000 cells of peripheral
blood with appropriate combinations of monoclonal
antibodies. PBMCs were suspended in PBS. The cells
were then incubated on ice for 40 min in the dark
with fluorochrome-conjugated monoclonal antibodies,
washed twice with PBS, and fixed in 1% paraformal-
dehyde. Fixed cells were kept in the dark until use. A
minimum of 10,000 T cells’ gated events were
acquired using a CyAn flow cytometer (Dako,
Glostrup, Denmark), and analysis was performed
using Flow Jo v.7.6.1 software (Tree Star, Ashland,
OR).

Determinations of Plasma Apoptosis
Related Proteins

Plasma concentrations of the proapoptotic proteins
FasLL and TRAIL, and the antiapoptotic Survivin
were measured by ELISA (Quantikine, R&D Sys-
tems, Minneapolis, MN) according to the manufac-
turer’s instructions. TNF-a concentration in plasma
was determined by ELISA (Pepro Tech, Inc., Rocky
Hill, NJ) following the manufacturer’s instructions.

Inhibitors of Apoptosis Protein Expression in
Peripheral Blood Mononuclear Cell Lysates

Analysis of cellular inhibitor of apoptosis protein 1
(cIAP-1), cellular inhibitor of apoptosis protein 2
(cIAP-2), and X-linked inhibitor of apoptosis protein
(XIAP) expression profiles was performed on lysates
of PBMCs obtained from dengue patients and con-
trols. Following the manufacturer’s instructions (Hu-
man Apoptosis Array Kit, Proteome Profiler Array,
R&D Systems), apoptosis array data on developed X-
ray film were quantified using Quantity One image
analysis software (Version 4.6.3, Bio-Rad). A template
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that analyzed pixel density in each spot of the array
was created and background values subtracted. A
comparison of corresponding signals on different
arrays was carried out to determine the relative
change in IAPs levels between patients and control
samples.

Statistical Analysis

Data were entered and analyzed using EpiData
Software version 3.1 (Odense, Denmark). Differences
and comparison analysis were carried out with non-
parametric Mann—Whitney and Spearman tests using
the Prism software v5.0 (GraphPad, San Diego, CA).
The Kolmogorov—Smirnov test was applied with
P < 0.05 considered as significant.

RESULTS
Patients With Dengue

Sixty-two patients with dengue and 10 control
individuals were included in the apoptosis-related
proteins analysis (Table I). The mean age of patients
and control subjects was 40 years old. The female/
male gender distribution for patients was 30/32.
Patients infected with DENV were recruited between
the first and eleventh day after fever onset. Most
of the dengue infections (80.8%) were caused by
DENV-2.

WHO Dengue Definition Based on Clinical
Findings and Laboratory Parameters

Twenty-seven of the 62 patients with dengue were
classified into dengue without warning signs, 20 into
dengue with warning signs and 15 into severe dengue
following the WHO dengue classification revised in
2009 [World Health Organization, 2009]. One fatal
case was recorded in the severe dengue group.

Limonta et al.

Patients with severe dengue more commonly had
bleeding, vascular leakage manifestations, and hypo-
tension than the rest of the studied dengue patients
(Table I). Hematocrit values did not increase with
disease severity. Decreased platelet counts were
significantly related to severity and all patient groups
showed values below those of control subjects. Values
of liver enzymes (AST, ALT) were increased several
fold in patients with severe dengue and the increase
was statistically significant (P < 0.05).

Leukocyte and Mononuclear Cell
Subpopulations in Peripheral Blood From
Patients With Dengue

The total number of leukocytes and the three cells
subpopulations (CD14+, CD4+, and CD8+) increased
with disease severity (Table II). However, the fre-
quency and the absolute numbers of leukocytes did
not differ significantly among the three groups of
patients with dengue. In particular, CD4+ and CD8+
T lymphocyte counts were significantly higher in the
control group as compared to dengue with and
without warning signs groups.

Differential Levels of Apoptotic Mediators in
Patients With Dengue

As shown in Figure 1A, a significantly elevated
level of FasLh was found in patients with dengue
without warning signs (362.8 +111.1pg/ml) and in
patients with severe dengue (298.6+ 183.7pg/ml)
than in control subjects (248.3 + 85.4 pg/ml). Remark-
ably, the more elevated value of FasL. was recorded
in a single fatal dengue case (824 pg/ml) on the day of
death. In addition, TRAIL levels in patients with
dengue without warning signs (667.7 4+ 528 pg/ml)
were statistically more elevated when compared to
patients with severe dengue (2754 121.3 pg/ml) and

TABLE I. Demographic and Clinical Data of Patients With Dengue and Demographic Data of Control Subjects

Classification
Dengue without Dengue with
Controls warning signs warning signs Severe dengue
(n=10) (n=27) (n=20) (n=15)
Demographic data
Age in years (mean + SD) 38.4+£16.5 38.4+£16.5 40.7+16.1 40.4+19.6
Gender (F:M) 8:2 10:17 13:7 7:8
Illness day (mean + SD)?* — 42+24 3.8+2.6 45+22
DENV-1:DENV-2P — 1:10 4:7 0:4
Clinical findings
Bleeding® (%) 0 0 35 66.7
Plasma leakage?® (%) 0 0 0 46.2
Hypotension® (%) 0 0 0 25

SD, standard deviation.

“Illness day corresponds to the day the patient was enrolled after fever onset.
PDENV-1:DENV-2 corresponds to a proportion of dengue virus isolations and/or dengue virus genome amplifications.
“Bleeding includes skin hemorrhage, epistaxis, gingival hemorrhage, gastrointestinal hemorrhage, urinary tract hemorrhage, and

metrorrhagia.

Plasma leakage manifested by pleural effusion, pericardial effusion, and ascites.
°Hypotension defined by pulse pressure below 20 mm Hg and/or hypotensive for age.

J. Med. Virol. DOI 10.1002/jmv



Apoptotic Mediators in Dengue

TABLE II. Laboratory Data of Patients With Dengue and Control Subjects
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Classification
Dengue without Dengue with
Controls warning signs warning signs Severe dengue
(n=10) (n=27) (n=20) (n=15)
Laboratory parameters

Platelets x 10>/ mm?® (mean + SD) 296.8 4+ 34.9% 128 +73.7 88.2 +64.8" 61.4+48.1%¢
Hematocrit % (mean 4+ SD) 39.9+3.0 40.5+3.8 39+4.7 37.3+4.4°
AST (IU/L) (mean + SD) — 64.3+63.9 80.2+78.3 1592.3 4+ 545.6°
ALT (IU/L) (mean + SD) 56.6 +48.8 71.5+69.2 2055.0 +6791.0°¢

Leukocyte count/mm?® (mean +SD)
Lymphocyte count/mm? (mean + SD)
Monocyte count/mm® (mean + SD)

Monocyte % (mean + SD)

Total lymphocyte % (mean i SD)

CD14+ monocyte count/mm? (mean +SD)
CD4+ T lymphocyte count/mm (mean + SD)
CD8+ T lymphocyte count/mm? (mean + SD)
CD14+ monocyte % (mean + SD)

CD4+ T lymphocyte % (mean + SD)

CD8+ T lymphocyte % (mean + SD)

6073.0 £635.2
1845.3 +349.3

4130.0 £2148.0
1469.0 £993.0

4318.0£2470.0
1694.0 £ 1515.0

5813.0+3545.0
2253.0£1591.0

432.7+99.8 518.9+377.8 409.74+240.9 606.8 4 387.0
7.8+1.7% 12.3+4.5 9.8+£4.0 12.7+6.0
30.8+7.6 36.0+16.8 35.3+£17.0 43.8+16.8

263.9.8 +35.7 254.5 +226.6 236.6 £136.7 317.4 £265.6

616.2+£113.4% 296.8+192.5 500.7+438.7 690.0 4 486.0

428.9 +205.5% 199.1+181.2 512.6 £331.7 345.2 £ 308.6
60.8+11.5 60.0+21.1 57.0£17.9 53.3+18.9
30.24+10.0 33.0+14.3 31.7+11.8 32.8+12.1
19.9+4.4 20.8+9.3 20.7+8.9 17.4+8.0

Note SD, standard deviation; AST, aspartate transaminase; ALT, alanine transaminase.

Statistical differences were assessed by the Mann—Whitney test.
2P values <0.05 of controls versus group(s) of patients with dengue
"Dengue without warnlng 51gns versus dengue with warning signs.
cDengue without warning signs versus severe dengue.

9Dengue with warning signs versus severe dengue.

control individuals (317.7+74.6pg/ml) (Fig. 1B).
TRAIL was the only apoptosis mediator that differen-
tiated patients with dengue with warning signs
(761.5+616.2pg/ml) and those with severe dengue.
Survivin levels in the plasma of dengue patients
showed variability. Namely, these results showed
decreased Survivin levels (Fig. 1C) in patients with
dengue with warning signs (17.5+ 32.8 pg/ml) com-
pared to control individuals (175.2+91pg/ml) and
patients with severe dengue (148.5 + 157.3 pg/ml).

No significant differences were found in TNF-a
levels among the dengue patients studied (Fig. 1D).
However, this cytokine was significantly more elevat-
ed in dengue patients without warning signs than in
control subjects.

TRAIL Was Inversely Correlated With CD4-+
and CD8+ T Lymphocyte Counts Whereas
Survivin Was Positively Correlated With
CD14+ Monocyte Counts

TRAIL levels and platelet counts were positively
associated in the dengue patients (Table III). A
negative relationship was found between TRAIL
levels and total lymphocytes. This negative correla-
tion also occurred in both subpopulations of CD4-+
and CD8+ T lymphocytes. In contrast to TRAIL,
Survivin levels were positively related to peripheral
leukocyte and lymphocyte counts, especially CD14+
monocyte counts. No relationship was found between
Survivin levels and platelet counts. FasL correlated
positively with TRAIL (r =0.343, P =0.009) (data not
shown).

Cellular Expression of IAPs Appears Increased
in Severe Dengue

Preliminary profiling data of the IAPs family
members (cIAP-1, cIAP-2, and XIAP) were evaluated
in PBMCs lysates from some control subjects (n=02)
and some patients with dengue (n=06). Two of the
patients had dengue without warning signs and four
had severe dengue. A trend of increased levels in the
expression of cIAP-1, cIAP-2, and XIAP was detected
in patients with severe dengue, but not in the
patients with dengue without warning signs and
control subjects (Fig. 2). This trend was not statisti-
cally significant.

DISCUSSION

In the present observational study, levels of apopto-
sis-related mediators were measured in plasma and
in PBMCs lysate samples from Brazilian patients
with severe and non-severe dengue. Patients were
infected with either DENV-1 or DENV-2. The goal
was to explore the interplay between proapoptotic
and antiapoptotic mechanisms in dengue disease.

The findings in severe dengue patients of more
hypotension, hemorrhagic and vascular leakage man-
ifestations, decreased platelet counts and increased
values of hepatic enzymes are in agreement with
previous studies that used the WHO dengue clinical
classification revised in 2009 [Barniol et al., 2011;
Narvaez et al., 2011; de-Oliveira-Pinto et al., 2012].

On the other hand, in several cell lines infected by
DENV, the Fas/FasL mechanism is involved in
apoptotic-induced cell death [Liew and Chow, 2006;

J. Med. Virol. DOI 10.1002/jmv
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Fig. 1. Plasma levels of TNF-related apoptosis-inducing ligand or TRAIL (A), Fas ligand or

FasLL (B), Survivin (C), and TNF-a (D) in Controls (solid white) and patients classified as
dengue without warning signs or dengue (solid bright gray), dengue with warning signs or WS
(solid dark gray), and severe dengue or Severe (solid black). The Mann—Whitney test was used
for statistical analysis by means of GraphPad Prism v5.0 program. Horizontal lines represent
the median and the vertical lines correspond to the interquartile variation (25-75%). P-value

indicates the statistical significance.

Limjindaporn et al., 2007; Torrentes-Carvalho et al.,
2009; Liao et al., 2010]. Modulation of the immune
response by apoptosis during dengue has been re-
ported previously in Thai children who showed
higher levels of plasma soluble Fas in DHF than DF
[Myint et al., 2006]. However, the present study was
performed mainly in an adult population, and the
measured circulating mediator was the FasL. There-

fore, this is the first reported study of circulating
FasL molecule in dengue.

In this study, FasL values in patients with dengue
without warning signs were elevated compared to
those in patients with severe dengue and control
subjects. However, the premortem detection of FasL
in the only fatal dengue case showed the highest
FasL value measured in the study. It is very likely

TABLE III. Correlations Among Plasma Apoptotic Mediators and Blood Cell Counts

FasL (pg/ml)

TRAIL (pg/ml)

Survivin (pg/ml)

Platelets x 103/mm?® ns
Leukocyte count/mm? ns
Lymphocyte count/mm ns R
Lymphocyte % ns R
CD14+ monocyte count/mm?® ns
CD4+ T lymphocyte count/mm3 ns R
CD8+ T lymphocyte count/mm? ns R

R=0.443 (n=54), P=0.0008
ns

525 (n=44), P=0.0003

572 (n=44), P <0.0001

ns

647 (n=27), P=0.0003

4
(=0
(=0

0
0.727 (n=27), P <0.0001

(=)
(=)

ns
R=0.333 n=48), P=0.02
R=0.376 (n=44), P=0.01
ns
R=0.428 (n=27), P=0.03
ns
ns

Note Correlations were explored using Spearman’s rho test. No significant is represented by ns.

J. Med. Virol. DOI 10.1002/jmv
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Fig. 2. Inhibitors of apoptosis protein cIAP-1 (cellular inhibi-
tor of apoptosis protein 1), cIAP-2 (cellular inhibitor of apoptosis
protein 2), and XIAP (X-linked inhibitor of apoptosis protein)
expression in peripheral blood mononuclear cell lysates from
Controls (solid white), dengue without warning signs patients
(solid bright gray) and severe dengue patients (solid black). No
statistical significance was found using the Mann—Whitney test
for statistical analysis and by means of GraphPad Prism v5.0
program. Horizontal lines represent the median and the vertical
lines correspond to the standard deviation.

this highest value was due to the plasma sample
being obtained on the day of the death. More dengue
fatalities should be studied to understand if the
elevation of this proapoptotic mediator in the critical
phase of dengue is related to fatal outcome and to
explore the probable mechanisms of action involved.

In the present study, elevated TRAIL levels were
observed in patients with dengue without warning
signs compared to those with severe dengue and
control subjects. In addition, TRAIL levels discrimi-
nated patients with dengue with warning signs from
patients with severe dengue. Previous in vitro studies
have demonstrated an increase of TRAIL production
by DENV infection in a variety of human primary
cells including umbilical vein endothelial cells [Warke
et al.,, 2008b], muscle satellite cells [Warke et al.,
2008a], dendritic cells, monocytes, and B cells [Warke
et al., 2008b; Becerra et al., 2009; Balas et al., 2011;
Wong et al., 2012]. In these human primary cells was
not demonstrated an apoptotic activity of TRAIL.
Conversely, antiviral action of TRAIL was shown by
recombinant TRAIL pretreatment of monocytes and
dendritic cells [Warke et al., 2008b].

Another study showed serum elevation of TRAIL in
Venezuelan dengue patients compared to febrile
patients without dengue and control subjects. Howev-
er, this previous study involved only two DHF cases
and did not analyze the dengue severity [Becerra
et al., 2009]. The findings in the present work, which
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used the revised WHO dengue classification, suggest
that the antiviral action of TRAIL that was shown
previously in cell culture [Warke et al., 2008b], may
also occur in vivo and hence the likely increased
severity of dengue in patients lacking an elevated
TRAIL production.

In a previous study [Warke et al., 2008b], TRAIL
inhibited DENV in infected dendritic cells not by an
apoptosis-dependent mechanism but by a mechanism
linked to type I IFN signaling pathways. This finding
suggests that the antiviral action of TRAIL could be
mediated by known or novel cellular proteins induced
by TRAIL. The TRAIL hypothesis, that TRAIL antivi-
ral action is not direct, in dengue infection is
supported by recent findings of Shrestha et al. [2012].
These authors demonstrated that TRAIL secreted by
CD8+ T cells provides antiviral signals to neurons
infected by West Nile virus (a flavivirus closely
related to DENV). The effect was studied in the
central nervous system of a mouse model and in
primary culture of mouse cortical neurons. This work
suggests that TRAIL produced by CD8+ T cells is
necessary but not sufficient to confer an antiviral
effect, and that such an effect requires additional
secreted cytokines and/or cytolytic activities by the
CD8+ T cells.

Recent work by this research group [Gandini et al.,
2013] found that DENV infection activates plasmacy-
toid dendritic cells, from PBMCs of healthy donors,
and leads to the subsequent expression of TRAIL in
the cell membrane. These researchers also found that
in dengue patients, the activation of plasmacytoid
dendritic cells by membrane TRAIL is associated
with less severe dengue. This report also confirms
the in vitro antiviral action of recombinant TRAIL in
monocytes infected with DENV and that TRAIL
production in plasmacytoid dendritic cells is associat-
ed with IFN-a production.

Previous studies have shown that TRAIL regulates
megakaryocytopoiesis [Zauli and Secchiero, 2006] and
promotes maturation of megakaryoblasts into plate-
lets [Melloni et al., 2005]. In addition, it has been
shown in vitro that activated platelets release TRAIL
[Crist et al., 2004]. However, more studies are needed
to determine whether TRAIL is related to platelet
increase or TRAIL is released by platelets during
dengue infection.

The inverse correlation among the levels of the
proapoptotic TRAIL and the counts of CD4+ and
CD8+ T lymphocyte subpopulations supports the
hypothesis that TRAIL is related to lymphocytic cell
death. A similar phenomenon has been reported in
patients infected with HIV [Cummins and Badley,
2010], respiratory syncytial virus [Roe et al., 2004],
SARS coronavirus [Law et al., 2009], measles virus
[Okada et al., 2000], and in primate models of Ebola
virus disease [Hensley et al., 2002]. Therefore, apo-
ptosis might be a contributing factor that modulates
the number of lymphocytes in dengue infection, as
documented previously [Myint et al., 2006].
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TRAIL expression is increased in primary hepato-
cytes and HepG2 cells infected with dengue [Suksan-
paisan et al., 2007]. However, the significance of
TRAIL action in hepatic cells remains unclear after
the retraction of the work by Matsuda et al. [2005].
In the current investigation the liver cells were not
studied. However, it cannot be ruled out that ex-
pressed TRAIL in liver cells after infection by DENV
is released to the circulation during the clearance of
infected liver cells.

In the present study, the plasma levels of TNF-«
were significantly higher in dengue patients without
warning signs when compared with controls. No
differences were found in TNF-a levels among the
three groups of dengue patients studied. Although
TNF-a is one of the most studied cytokines in dengue
infection, the association of TNF-a with disease
severity is still debated. On one hand, some studies
have found an association of TNF-a with DHF
[Hober et al., 1993; Braga et al., 2001; Levy et al.,
2010]. On the other hand, some studies have not
found such association [Laur et al., 1998; Bozza
et al., 2008; Hoang et al., 2010; Priyadarshini et al.,
2010].

The discrepancies in TNF-a detection in dengue
studies might be related to several factors. Previous
reports in dengue patients have found differences of
TNF-a production in association with genetic poly-
morphisms of TNF-a [Fernandez-Mestre et al., 2004;
Vejbaesya et al., 2009; Perez et al., 2010]. In addition,
in vitro TNF-a induction can be serotype-specific
[Azizan et al., 2006], and the highest plasma levels of
TNF-a occur before the sixth day of dengue disease
[Hober et al., 1993].

The TNF-a level was not elevated in the single
fatal case of dengue in this study. This finding is in
agreement with previous work that did not show
differences in TNF-a levels among fatal cases of
dengue and survivors of DF and DHF [Chen et al.,
2006].

The IAPs participate in multiple intracellular path-
ways comprising cell death and survival [Altieri,
2010]. For example, Survivin expression is related to
in vitro lymphocyte division and clonal expansion
[Song et al., 2005]. On the other hand, a previous
study has shown an association of Survivin up-
regulation in the circulation with the induction of
adhesion molecules on the surface of blood leukocytes
[Mera et al., 2008].

The presence of antiapoptosis pathway proteins
during dengue infection may counteract the role of
proapoptosis signaling molecules. The antiapoptotic
protein Survivin is studied in dengue infection for
the first time in the present study. This molecule
showed variable levels with reduced levels in patients
with dengue without warning signs as compared to
control subjects and patients with severe dengue.
Survivin was positively correlated with counts of
leukocytes, lymphocytes, and CD14+ monocytes in
the dengue patients studied. Although this work did
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not verify experimentally the exocytosis of Survivin
and the extracellular action of Survivin on white
blood cells, these correlation results suggest that
Survivin may be associated with proliferation of
leukocytes, and specially monocytes during dengue.
Additionally, elevated Survivin levels may provide
more protection against apoptosis in these immuno-
logical blood cells from the circulation of the dengue
patients studied.

IAPs are known for their ability to regulate
caspases and cell death [Silke and Meier, 2013].
Although preliminary, the present study showed that
the expression of IAPs family members in PBMCs
was markedly higher in patients with severe dengue
than in patients with dengue without warning signs
and control subjects. This result suggests that the
IAPs may be involved with apoptosis inhibition in
PBMCs, however, it is not clear whether this anti-
apoptotic effect of IAPs might counteract the probable
induction of apoptosis by TRAIL in circulating lym-
phocytes. Thus, the pro- and antiapoptotic mecha-
nisms may be interacting but the real impact needs
to be investigated further.

Even though the current study had novel findings
of proteins related to apoptosis in dengue patients,
there are still several limitations. For instance,
patients were not stratified by day of infection which
could explain the large standard deviation of the
mean values for lymphocyte counts. Measuring the
numbers of lymphocytes and plasma concentrations
of apoptotic proteins daily would be a more accurate
way to compare groups of dengue patients. However,
the higher counts of total lymphocyte subpopulations
in patients with severe dengue than in patients
without the severe clinical form of dengue is in
agreement with previous studies [Kadhiravan et al.,
2010; de-Oliveira-Pinto et al., 2012].

In addition, the lack of data on viremia, immune
status, and co-morbidities may limit the interpreta-
tion of the preliminary results of this study. The
inclusion of both healthy subjects and febrile patients
without dengue as the control group may have been
preferable. Additionally, genetic polymorphisms
might affect the circulating levels of these apoptotic
mediators, as previously shown in studies of TRAIL
[Korner et al.,, 2012], FasL [Nasi et al., 2005], and
Survivin [Borges Bdo et al., 2011] in infectious and
non-infectious conditions.

In conclusion, FasL. may exhibit a function in the
different clinical forms of dengue disease and in fatal
dengue. It is hypothesized that TRAIL has a role in
inducing apoptosis of lymphocytes in dengue patients.
Survivin seems likely to promote survival and prolif-
eration of blood leukocytes whereas other IAPs family
members may be involved in antiapoptotic pathways
of PBMCs during dengue. More research should be
done to characterize the complex interplay of pro and
antiapoptotic mediators during the different phases
of dengue disease to identify implications for dengue
severity.
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