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bstract

In this study, we tried to identify dengue virus-specific CD4+ T-cell epitopes, which can induce PBMC (peripheral blood mononuclear cells)
solated from DF convalescent patients (dengue virus type 1 infection) to secrete IFN-�. PBMC of DF convalescent patients were stimulated in
itro with dengue virus-derived peptides, which were prepared based on the prediction of dengue virus-specific CD4+ T-cell epitopes by using
ANKpep online software. Subsequently, the frequency of IFN-� producing T cells and percentage of IFN-�+ CD4+ T cells were measured by
sing ELISPOT assay and ICS assay (intracellular cytokine straining), respectively. The positive response of PBMC by ELISPOT showed that the

umbers of SFC (spots forming cells) ranged from 50 to 310 SFC/1 × 106 PBMC. The positive response of PBMC by ICS assay showed that the
ercentage of IFN-�+ CD4+ T cells ranged from 0.03 to 0.27%. As a result, C45-57 (KLVMAFIAFLRFL), E396-408 (SSIGKMFEATARG), NS323-35

YRILQRGLLGRSQ), and NS3141-155 (NREGKIVGLYGNGVV) were identified as dengue virus-specific CD4+ T-cell epitopes.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Dengue virus (DEN) is a single-stranded positive RNA virus
f the family Flaviviridae comprised of four distinct serotypes
DEN-1, 2, 3, 4) within the flavivirus genus. Infection with any of
he four serotypes of dengue virus can result in an asymptomatic
nfection, a self-limited febrile disease (dengue fever, DF) or a
evere, life-threatening illness (dengue hemorrhagic fever, DHF)
Halstead, 1988). DEN infections are a serious cause of morbid-
ty and mortality in most tropical and subtropical areas of the
orld (Gubler, 1998; Gibbons and Vaughn, 2002). If untreated,

he mortality rate of DHF is around 30% but can be reduced to
.2–5% by fluid replacement.

Even though previous study suggested that antibody-
ependent enhancement (ADE) take part in the pathogenesis

f DHF, the pathogenesis of DHF cannot entirely be explained
y antibody, however. Currently, many studies suggested that
engue-specific T-cell immune response are hypothesized to

∗ Corresponding author. Tel.: +86 20 87332160; fax: +86 20 87332160.
E-mail address: li fangjiang909@yahoo.com.cn (L.-F. Jiang).
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lay an important role in the immunopathogenesis of DHF
uring a secondary DEN virus infection, and induction of
mmunopathology by T lymphocytes may occur by vari-
us mechanisms, including cell-mediated cytotoxicity and/or
ytokine production (Miskovsky et al., 1994; Vergelli et al.,
997). In addition, other study showed that DHF is associated
ith high levels of T-cell cytokines such as IFN-� and TNF-�,

nd evidence of marked T-cell activation (Libraty et al., 2002).
ecently, immunopathogenesis in DHF has been proposed. The
vidence is that both dengue-specific CD8+ and CD4+ lympho-
ytes have been implicated in pathogenesis and natural immunity
o dengue viruses (Rothman and Ennis, 1999; Lei et al., 2001).
ow T cells contribute to this process is incompletely defined,
owever, since only a few studies have directly examined T-cell
esponses during acute disease and few DEN-specific T-cell epi-
opes have been identified (Green et al., 1999; Mongkolsapaya
t al., 2003). Therefore, the establishment of a library of defined
-cell epitopes from dengue viruses will help to explore the role

f T cells in immunity and disease pathogenesis.

In the present study, a combination of bioinformatics tools
epitope-prediction programs RANKpep) and in vitro assays
enzyme-linked immunospot assay (ELISPOT) and intracel-

mailto:li_fangjiang909@yahoo.com.cn
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Table 1
The DEN strains used for the prediction of DEN-specific T-cell epitopes

Serotypes Strains GenBank accession number

DEN-1

A88 AB074761
45AZ5 NC 001477
GZ/80 AF350498
Singapore 8114/93 AY762084
71/GZ02 EF025110
Mochizuki AB074760

DEN-2

New Guinea-C strain M29095
ZS01/01 EF051521
ThD2 0038 74 DQ181806
ThD2 0498 84 DQ181804
ThD2 0078 01 DQ181797
Taiwan-1008DHF AY776328
DR59/01 AB122022
Jamaica/N.1409 M20558
FJ11/99 AF359579

DEN-3

H87 NC 001475
99TW628 DQ675533
Sleman/78 AY648961
Singapore 8120/95 AY766104
BR74886/02 AY679147
Feb-80 AF317645

DEN-4

H241 AY947539
Jun-30 AF326573
Singapore 8976/95 AY762085
ThD4 0087 77 AY618991
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ular cytokine staining assay (ICS)) was used to screen and
elect antigen sequences as potential DEN-specific CD4+ T-cell
pitopes, then the selected sequences are tested for biologi-
al function by their activation of T cells of DEN infected
opulations.

. Materials and methods

.1. Study populations

A total of 10 DF convalescent patients were enrolled in
his study. They are early-convalescent-phase DEN infection
ases (DEN-1) recruited from the eighth people’s hospital
f Guangzhou, China. We also included three flavivirus-
aı̈ve Guangdong residues. DEN-1 infection was confirmed
y virus isolation in C6/36 cell culture and subsequent
erotype identification with DEN serotype-specific RT-PCR
uring the viremia-phase (Lanciotti et al., 1992). In addi-
ion, DEN infection was also confirmed by using commercial
apture-immunoglobulin M (IgM) and IgG enzyme-linked
mmunosorbent assay (ELISA) during the convalescent-phase
s described previously (Kuno et al., 1985). After obtaining
nformed consent, peripheral blood samples were drawn for
reparation of peripheral blood mononuclear cells (PBMC).
eanwhile, the ethics committees of the authors’ institutions

pproved this study.

.2. PBMC separation

PBMC were isolated from the peripheral whole blood
y Ficoll–Hypaque density gradient centrifugation (400 × g,
0 min, 24 ◦C) and used directly in ELISPOT assay and ICS
ssay.

.3. Computational prediction of candidate CD4+ T-cell
pitopes for dengue virus and synthesis of peptides

RANKpep online software (http://www.mif.dfci.harvard.
du/Tools/rankpep.html) was used for the prediction of DEN-
pecific CD4+ T-cell epitopes. The DEN strains used in the
rediction process included DEN-1 strains, DEN-2 strains,
EN-3 strains and DEN-4 strains (Table 1).
The following criteria were used to select the candidate DEN-
pecific CD4+ T-cell epitopes: 1, having a higher ranking scores
n RANKpep prediction; 2, predicted epitopes should be highly
onserved in these selected DEN strains. Four higher-ranking
andidate CD4+ T-cell epitopes (C45-57, E396-408, NS323-35

(
v
d

able 2
andidate DEN-specific CD4+ T-cell epitopes predicted by RANKpep

eptide no. Proteins Position Sequences

45-57 C 45–57 KLVMAFIAFLR

396-408 E 396–408 SSIGKMFEATA
S323-35 NS3 23–35 YRILQRGLLGR
S3141-155 NS3 141–155 NREGKIVGLYG

a Predicted by using RANKpep online software.
b Those sequences of peptides are conserved among those serotypes.
Taiwan-2K0713 AY776330

nd NS3141-155) were synthesized using 9-fluorenylmethoxy
arbonyl-based solid-phase chemistry on a multiple peptide syn-
hesizer (purity >95% pure; HuaChen Company, Xi’an, China)
nd the coincidence of the actual molecular mass with the
heoretical molecular mass was confirmed by mass spectrog-
aphy analysis. Peptides were dissolved in phosphate-buffered
aline (PBS) and diluted to 2 mg/ml in PBS, and stored at
80 ◦C for subsequent ELISPOT assay and ICS assay. The

equences and other information of these peptides are detailed in
able 2.

.4. Interferon (IFN)-γ ELISPOT assay
Assay was performed using Human IFN-� ELISPOT kit
R&D systems Minneapolis, MN), following the protocol pro-
ided by the manufacturer. Briefly, 96-well polyvinylidene
ifluoride-backed plates, precoated with anti-IFN-� monoclonal

Restricting HLA-II allelesa Serotypesb

FL DP4, DPw4, DQ1, DQ5, DQ7 Den-1, Den-3
RG DP9, DQ8, DQ1, DQ7 Den-1, Den-3
SQ DR1, DQ1, DQ6 Den-1
NGVV DR15 Den-1

http://www.mif.dfci.harvard.edu/Tools/rankpep.html
http://www.mif.dfci.harvard.edu/Tools/rankpep.html
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Table 3
Characteristics of the DF convalescent patients

Donors Age
(years)

Sex (F/M) Clinical
diagnosis

Diagnostic methodsa Timeb

(days)

Donor 1 18 M DF ELISA, RT-PCR 20
Donor 2 37 M DF ELISA, RT-PCR 14
Donor 3 64 F DF ELISA, RT-PCR 18
Donor 4 30 F DF ELISA, RT-PCR 20
Donor 5 43 F DF ELISA, RT-PCR 60
Donor 6 24 M DF ELISA, RT-PCR 120
Donor 7 34 F DF ELISA, RT-PCR 90
Donor 8 48 F DF ELISA, RT-PCR 60
Donor 9 44 M DF ELISA, RT-PCR 120
Donor 10 28 M DF ELISA, RT-PCR 60
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ntibody, were blocked with 200 �l of sterile RPMI-1640
edium (containing 2 mM l-glutamine, 100 U/ml penicillin,

00 �g/ml streptomycin and 10% heat-inactivated fetal calf
erum) for 20 min at room temperature. A total of 1 × 105

BMC were added in 100 �l RPMI-1640 medium per well,
nd individual peptides were subsequently added to a final
oncentration of 10 �g/ml. Unstimulated and phytohemagglu-
inin (PHA, 10 �g/ml) stimulated cells served as negative
nd positive controls, respectively. In addition, SARS-CoV
eptide (Severe Acute Respiratory Syndrome-coronary virus,
HVPLATSRTLA) used as irrelevant peptide control. After
n overnight incubation at 37 ◦C and 5% CO2 in air, plates
ere washed with PBS containing 0.05% Tween-20. Next, the
iotinylated anti-IFN-� antibody was added. After an overnight
ncubation at 4 ◦C, plates were washed, and then incubated
or 2 h at room temperature with the diluted streptavidin-
lkaline phosphatase. After four final washes, plates were
eveloped with 100 �l/well of alkaline phosphatase substrate 5-
romo-4-chloro-3-indolylphosphate and nitroblue tetrazolium
ubstrates (BCIP/NBT) Chromogen for 1 h at room tem-
erature (protecting from light). Color development was
onitored and stopped by washing with water. After dried

vernight at room temperature, SFC (spots forming cells)
er well were counted using an ELISPOT reader (Beijing
ageCreation Science Co., Ltd., China). The deep-brown-
olored spots with decreasing density radiating from the center
ere counted and expressed as responding cells in 1 × 106

BMC.
The assay was considered valid only if positive control wells

howed >100 spots/1 × 106 PBMC and if negative control wells
howed <10 spots/1 × 106 PBMC. A positive response to a
eptide was defined as having ≥50 spots/1 × 106 PBMC after
ubtraction of background as described previously (Simmons et
l., 2005).

.5. Intracellular cytokine staining and flow cytometry

PBMC were resuspended in RPMI-1640 medium and used
irectly in IFN-� ICS assay as previously described (Mothe
t al., 2002). Briefly, each test contained 0.7 × 106 PBMC
nd was incubated with either peptides (SARS-CoV peptide
s irrelevant peptide control) at 10 �g/ml or not stimulated
no peptide control) for 6 h at 37 ◦C and 5% CO2. Mean-
hile, Brefeldin A (BFA, 10 �g/ml, Biolegend Inc. CA) was

dded. Cells were washed using PBS and then stained using
E-labelled anti-CD3, APC-labelled anti-CD4 and PE-CY5-

abelled anti-CD8 antibodies (Biolegend Inc. CA) for 40 min
t 4 ◦C. Subsequently, cells were fixed in 4% paraformalde-
yde, permeabilized with 0.1% saponin, and then stained using
uorescein isothiocyanate (FITC)-labelled anti-IFN-� antibody
Biolegend Inc. CA). Data acquisition was performed on a
ACS Calibur flow cytometer (BD bioscience) using CellQuest
oftware. The number of events collected for each sample var-

ed between 100,000 and 300,000, depending on the donors.
D4+/CD8+ cells were gated and analyzed for cytokine expres-

ion. Peptide-specific cells were defined as IFN-�-producing
D4+/CD8+ T cells.

f
c
a
j

a RT-PCR was used for DEN infection during febrile phase while ELISA was
sed during convalescent phase.
b Indicating the time from being discharged to drawing blood samples.

. Results

.1. Characteristics of study subjects

Between October 2006 and January 2007, we recruited 10
onvalescent patients having dengue virus type 1 infection. The
ean age was 37 years (ranging from 18 to 64 years) and the
ean time (from discharge to drawing blood sample) was 58

ays (ranging from 14 to 120 days). The characteristics of the
tudy population are detailed in Table 3.

.2. IFN-γ secreting cell frequencies in PBMC stimulated
ith peptides

The positive control assay showed that the numbers of SFC
anged from 600 to 1320 SFC/1 × 106 PBMC while the nega-
ive control (unstimulated PBMC) showed that the numbers of
FC was 0. In 10 DF convalescent patients, we identified one
r more individual peptides that reproducibly induced an IFN-�
esponse in the ELISPOT assay that exceeded 50 SFU/1 × 106

BMC. In total, T cells from 10 DF convalescent patients rec-
gnized four different peptides. The magnitude of responses to
ndividual peptides ranged from 50 to 310 SFU/million PBMC.
he breadth of the response in individual patients ranged from
to 4 peptides. In addition, the mean numbers of spots obtained

or DEN-1-seronegative individuals were 0 for C45-57, NS323-35
nd irrelevant peptide, and 10 for E396-408 and NS3141-155.
n total, these four peptides (C45-57, E396-408, NS323-35 and
S3141-155) are DEN-specific T-cell epitopes. A summary of

he individual peptides that reproducibly induced responses in
FN-� ELISPOT assay is provided in Fig. 1.

.3. Percentages of IFN-γ+ CD4+ T cells after peptides
timulation

The levels of circulating CD4+ T cells of 10 patients ranged

rom 10.89 to 21.46% while the levels of circulating CD8+ T
ells ranged from 6.66 to 21.03%. The CD4/CD8 ratios were
bove one (varying from 1.01 to 1.89) (Table 4). For any sub-
ect, there were no IFN-�+ CD4+ T cells in no peptide control
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ig. 1. Enumeration of IFN-� SFC in a 24 h ELISPOT assay. The numbers of
ositive response to a peptide.

nd irrelevant peptide control. We identified individual epitopes
hat producibly evoked IFN-�+ CD4+ T cells in the ICS assay
hat exceeded 0.01% (IFN-�+ cells less than or equal to 0.01%
f CD4+ T cells were considered as negative). The positive
esponse of PBMC showed that the percentages of IFN-�+ CD4+

cells ranged from 0.03 to 0.27% (see Fig. 2) while the per-
entages of IFN-�+ CD8+ T cells were 0 (data not shown). In
ddition, no responses to these peptides were seen in PBMC of
he flavivirus-naı̈ve donor (data not shown). As a result, C45-57,
396-408, NS323-35 and NS3141-155 are DEN-specific CD4+ T-cell
pitopes (see Fig. 2).

. Discussion
Initially, the viral T-cell epitopes were identified either by
equencing of eluted peptides bound to MHC molecules (Major
istocompability Complex) or by screening panels of overlap-
ing peptides derived from the viral protein. However, these two

able 4
he percentages of lymphocyte subsets of the DF convalescent patients

onors CD3+CD4+T cells (%) CD3+CD8+T cells (%) CD4/CD8

onor 1 21.31 19.72 1.08
onor 2 13.65 21.03 1.13
onor 3 18.79 15.62 1.2
onor 4 13.07 10.4 1.27
onor 5 20.84 19.03 1.1
onor 6 10.89 10.75 1.01
onor 7 21.46 16.38 1.31
onor 8 19.82 14.25 1.39
onor 9 17.11 13.06 1.31
onor 10 12.57 6.66 1.89
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er 106 PBMC is shown as the mean ± S.D. of duplicate cells. *Indicating the

ethods have their shortcomings. The former is cumbersome
nd needs sophisticated equipments (such as mass spectrometer
r peptide sequencer). The latter needs synthesis of a series of the
verlapping peptides and massive experiments to identify which
eptide is epitope, making it an extensive and time-consuming
rocess (Drabner et al., 2002). At present, a novel strategies
hat utilize computer-based T-cell epitopes prediction methods
ombined with in vitro/in vivo studies was established to predict
otential T-cell epitopes and are becoming increasingly popular
s the amino acid sequences of pathogenic proteins are avail-
ble in database (Huang et al., 2004; Turcanová and Höllsberg,
004).

Epitope-prediction program RANKpep was developed by
he “molecular immunology foundation” by P.A. Reche et al.,
hich uses position specific scoring matrics (PSSM), cleavage
odel and predicts MHC binding peptide from an input pro-

ein based on their similarity to a set of peptides known to
ind to a given MHC molecule (Reche et al., 2004). Among
pitopes-prediction programs, RANKpep prediction algorithm
as higher sensitivity and specificity and represents a quick and
ffective way to identify T-cell epitopes (Drabner et al., 2002;
omez-Nunez et al., 2006; Reche et al., 2002, 2004). Recently,
LISPOT assay and ICS assay were extensively used to mea-
ure the frequencies of memory T cells. Compared with other
n vitro methods, ELISPOT assay and ICS assay own the higher
ensitivity and the latter have the advantage of defining the phe-
otype of the cytokine secreting cells (Waldrop et al., 1997; Butz
nd Bevan, 1998; Pala et al., 2000). Therefore, the combination

f ELISPOT assay and ICS assay is necessary to identify T-cell
pitopes.

Up to date, studies identified some DEN-specific CD4+ T-cell
pitopes, which are mainly located in NS3 protein or C protein
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ig. 2. Frequencies of IFN-�+ CD4+ T cells in PBMC of subjects. Numbers on t
f CD4+ T cell. Data acquisition was performed on a FACS Calibur flow cytom
ach sample varied between 100,000 and 300,000, depending on the donors. CD

Kurane et al., 1995, 1998; Gagnon et al., 1996; Mangada et al.,
004). However, most of these epitopes are only conserved in
EN-4 or DEN-3 or DEN-2, 3, 4 and the epitope which is highly

onserved in DEN-1 had not been identified. Furthermore,

he low sensitive methods/technologies (the limiting dilution

ethod and cytotoxic assay) limited general laboratories to
dentify T-cell epitopes. In this study, we measured a higher
requencies of DEN peptide-specific IFN-� responding CD4+ T

s
t
p
t

per right hand corner of each panel indicate IFN-�+ CD4+ T cells as percentage
BD bioscience) using CellQuest software. The number of events collected for
D8+cells were gated and analyzed for cytokine expression.

ells by using ELISPOT assay and ICS assay and then identi-
ed four DEN-specific CD4+ T-cell epitopes. More importantly,
mong the 10 DF convalescent patients, as for each peptide, the
readth of the positive response ranged from 7 to 8 subjects. This

uggested that these epitopes could be the immunodominant epi-
opes and restricted by the high-frequency HLA alleles of human
opulation. Of course, future experiments would be performed
o determine the HLA restriction of these epitopes. Among
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hese four epitopes, C45-57 and NS3141-155 contains the sequence
hat was previously characterized as DEN-specific CD4+ T-
ell epitopes (C47-55 and NS3146-154, respectively) (Kurane et
l., 1995; Gagnon et al., 1996). Therefore, our results indi-
ated that C47-55 and NS3146-154 could be the minimal sequence
ecognized by MHC-II molecule. Interestingly, NS3146-154 was
reviously identified as HLA-DR15-restricted epitope (Kurane
t al., 1995) while the putative HLA allele of NS3141-155 by
ANKpep is HLA-DR15. In addition, C47-55 was HLA-DPw4-

estricted epitope (Gagnon et al., 1996) while the restricting
LA alleles of C45-57 by RANKpep include DPw4. Therefore,

hese information suggested that the restricting HLA alleles of
45-57 and NS3141-155 could be closely related with DPw4 and
R15, respectively. In this study, E396-408 and NS323-35 are two
ovel identified CD4+ T-cell epitopes. Since E protein is the
mportant structural protein in DEN infection and immunity,

ore researchers aimed to identified T-cell epitopes located in
his protein and defined some T-cell epitopes (Rothman et al.,
996; Simmons et al., 2005; Bashyam et al., 2006). However,
o our knowledge, E396-408 is the first CD4+ T-cell epitopes
dentified in human population. Importantly, E396-408 is only
ighly conserved in DEN-1 strains. Therefore, the identifica-
ion of E396-408 would help to explore the role of T-cell immune
esponse induced by E protein in DEN infection or immunity.
revious study shown that NS3 protein appears to be the most

mmunogenic antigen for cellular responses to DEN and there
xist many T-cell epitopes in NS3200-324 (Mathew et al., 1996).
onsequently, most research focused on identifying T-cell epi-

opes located in this region (Kurane et al., 1995, 1998). In this
tudy, the identification of NS323-35 suggested that the other
egion of NS3 could also contribute to T-cell immune response.

In conclusion, this study indicated a good correlation between
xperimentally observed and computationally predicted pep-
ides. Therefore, the combination of bioinformatics tools and
n vitro assays is a better strategy for the identification of T-cell
pitopes.
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urcanová, V., Höllsberg, P., 2004. Sustained CD8+T-cell immune response to
a novel immunodominant HLA-B*0702-associated epitope derived from an
Epstein-Barr virus helicase-primase-associated protein. J. Med. Virol. 72,
635–645.

W

rch 132 (2008) 42–48

ergelli, M., Hemmer, B., Muraro, P.A., Tranquill, L., Biddison, W.E., Sarin, A.,
McFarland, H.F., Martin, R., 1997. Human autoreactive CD4+ T cell clones
use perforin- or Fas/Fas ligand-mediated pathways for target cell lysis. J.

Immunol. 158, 2756–2761.

aldrop, S.L., Pitcher, C.J., Peterson, D.M., Maino, V.C., Picker, L.J., 1997.
Determination of antigen-specific memory/effector CD4+T cell frequencies
by flow cytometry: evidence for a novel, antigen-specific homeostatic mech-
anism in HIV-associated immunodeficiency. J. Clin. Invest. 99, 1739–1750.


	Computational prediction and identification of dengue virus-specific CD4+ T-cell epitopes
	Introduction
	Materials and methods
	Study populations
	PBMC separation
	Computational prediction of candidate CD4+ T-cell epitopes for dengue virus and synthesis of peptides
	Interferon (IFN)-gamma ELISPOT assay
	Intracellular cytokine staining and flow cytometry

	Results
	Characteristics of study subjects
	IFN-gamma secreting cell frequencies in PBMC stimulated with peptides
	Percentages of IFN-gamma+ CD4+ T cells after peptides stimulation

	Discussion
	Acknowledgement
	References


