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Abstract

The present Sudy wasundertakentoinvestigatetheantibody responsesof denguefever (DF) patients
to specificdenguevirus proteins. Partialy purified dengue 2 New Guinea C (NGC) strain viruswas
used as antigen. Under the present experimental protocols, it was observed that aimost all DF
patients sera had detectable presence of antibodies which recognize the dengue 2 envelope (E)

protein. Theconval escent-phaseseraespecially had significant detectablelgG, IgM and IgE against
the protein. In addition, IgGs specific against the NS1 dimer and PrM were al so detected. Antibody
againgt the core (C) protein, however, was not detectablein any of the DF patients sera The
substantial presencecdf IgG against the PrM in the conval escent-phasesera, and the presence of IgE
specificfor the E, reflect the potentia importance of these antibody responsesin the pathogenesis

of dengue.
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INTRODUCTION

Dengue Viruses are pOSitivex gingle-stranded
RNA viruses belonging to the family
Flaviviridae.! Thevirushasbeen notedtoinfect
and cause a wide spectrum of clinical
presentations from asymptomatic infection or
mild self-limitedfebrileillnesstolife-threatening
dengue haemorrhagic fever (DHF) and dengue
shock syndrome(DSS). Infectionby thevirusis
endemic in many tropical and subtropical
countries and is rapidly spreading beyond the
traditional boundary of thedenguebeltareas. In
Malaysia, it is estimated that the median
incidence rate of dengue infectionisat least 27
cases per 100,000 population with some areas
reporting up to 132 cases per 100,000
population.? Thelost of manpower productivity
due to dengue virus infection could amount to
millions of ringgit a year. Thus, it is only
natural that concerted efforts be taken to
overcome the infection if not to completely
eradicate it. To this end, a vaccine against
dengue viruses is much desired.

The development of an effective and safe
vaccine against dengue viruses, however, has
been hampered by thepresencedf cross-reacting
serotypes of the dengue viruses. The four
serotypes; dengue 1, 2, 3, and 4 are known to
elicit host immune responses which may in
certain circumstances actually enhance dengue

virus infectivity.>4* The present study was
undertakentoinvestigatetheantibody responses
of dengue fever (DF) patients to the dengue 2
NGC virus antigens fixed onto nitrocellulose

membrane.
MATERIALS AND METHODS
Cell culture and virus preparation

Mosquito cells derived from Aedes albopictus,
C6/36, were used in this study. Cells were
cultured in RPMI 1640 medium supplemented
with 10%foetal caf serum (PAA Laboratories,
Li nz, Austria) in 180 cn? plastic tissue culture
flasks (Nunc, Roskilde, Denmark). Confluent
C6/36 cells wereinfected with the New Guinea
C (NGC) strain of dengue 2 virus (American
Type CultureCollection, Rockville, MD, USA)
to give an edtimated multiplicity of infection
(MOQI) of about 3-5 plague forming unit (PFU)
per cell. After about 7-10 days post-mfection
(PI) or when morethan 90%df theinfectedcells
have shown the cytopathic effects (CPE), cell
cultures were frozen a -70°C. Crude virus
inoculum was prepared by freeze-thawing the
infected cell cultures and centrifuging at 800 x
g to remove cell debris. The cell culture
supematant obtained following an additional
centrifugation at 40,000 x g was then used for
infection. Virus was partidly purified by
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overlaying the supernatant on-top of a 50% D-
sorbitol cushion. The samples were then
centrifugedat 105,000 x gfor 2 hoursat 4°Cand
virus fractions were collected from the
interphase. The fractions were then diluted in
homogenization buffer (10 mM Tris-HC], pH
7.5, 150 mM KCl, 2 mM CaCl,, 2 mM MgCl,)
and centrifuged at 105,000 x g. The resulting
virus pellet was resuspended in homogenization
buffer and total protein concentration of the
virus suspension was determined using the
Micro-BCA protein assay system (Pierce,
Rockford, I, USA). Anti-proteasesaprotinin
(1 pg/ml), leupeptin (1 pg/ml), and pepstatin A
(2 ng/ml) were added to the virus suspension
following determination of the protein
concentration. Samples were kept frozen a -
70°C until needed.

Patients sera

Seradf confirmedDF caseswerekindly provided
by Prof. Lam Sai Kit (Department of Medical
Microbiology, Universiti Malaya, Maaysia).
These serawere obtained with consent from DF
patients seen at the University Hospita (UH),
University of Malaya, KualaLumpur, Maaysia
and the neighboring hospitals. Confirmation of
dengue virus infection was done by staff at the
UH/UM Arbovirus Diagnhostic Unit using
hemaggl utination-inhibition (HI) test, IgM
capture ELISA, and virusisolation using tissue
cultures and mosquito larvae following the
standard WHO protocols.®

Viral protein separation and immunodetection

Partidly purified dengue 2 NGC strain virus
was separated by non-denaturing 10%
polyacrylamide gel €l ectrophoresis(PAGE) with
only 0.1% sodium dodecyl sulphate (SDS).
Samples containing only 0.1% SDS were not
heat-treated and no reducing agents were used.
Following electrophoresis, proteins were
electrotransferredonto nitrocellulosemembrane
(MSl, Westborough, MA, USA) and non-specific
protein binding was blocked using blocking
buffer (100 mM Tris base, pH 7.5, 150 mM
NaCl) containing 5% skim milk. Following
severa washings, the membrane was placed in
the Mini-PROTEAN II Multiscreen Apparatus
(Bio-Rad Laboratories,Hercules, CA, USA)
and incubated with seradf confirmed DF patients
diluted in blocking buffer at 1:20, 1:100, and
1:1000 dilution for detection of IgE, IgM,
and IgG, respectively. Incubation was done
overnight at 4°C with continuousgentleshaking.
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Thepresenced dengue 2 NGC specificantibody
isotypes was detected using biotinylated anti-
human heavy chainimmunoglobulinmonoclona
antibodies (Kirkegaard & Perry Laboratories
(KPL), Gaithersburg, MD, USA), dkaline
phosphatase conjugated streptavidin (SA-AP;
Pierce, Rockford, I, USA), anddevel oped using
NBT/BCIP reagents (KPL, Gaithersburg, MD,
USA). During thecourseof thestudy wefound
that by preincubating the biotinylated antibodies
with SA-AP, the background and non-specific
binding was reduced substantially incomparison
to sequential addition of the reagents. This
method was used throughout the investigation.

Monoclonal antibodies

M onoclonal antibody agai nstdengue 2 envel ope
(E) protein was prepared from the culturefluid
of the3HS5-1 hybridomacelIs(ATCC, Rockville,
MD, USA) using anionic exchangecolumn and
the ConSep L C 100 perfusion chromatography
system (PerSeptive Biosystems, University Park,
MA, USA). Asciticfluidscontainingmonoclond
antibodies specificto dengue 2 NS1 and C were
provided by Dr. Jane Cardosa (UNIMAS,
Sarawak, Malaysia) and Dr. John Aaskov
(Queensland University of Technology,
Brishane, Australia), respectively. Biotinylated
goat anti human ¥, p, and € monoclonal
antibodies were purchased from KPL
(Gaithersburg, MD, USA).

Reagentsand chemicals

Tissue culture media, reagents and chemicals
were purchased from Gibco BRL Life
Technologies (Grand Island, NY, USA).
Antiproteases pepstatin A, leupeptin, and
aprotinin were obtained from Sigma Chemical
Company (St. Louis, MO, USA). The broad
rangeprestained and biotinylatedproteinmarkers
used throughout the study were purchased from
New England BioLabs (Beverly, MA, USA).
The protein markerswere used as recommended
by themanufacturers. Theproteinmarkerswere
treated with DTT and the samples were boiled
prior to loading into the 0.1% SDS-PAGE.

RESULTS

Recognition of dengue 2 NGC viral proteins by
pooled DF patients sera

Inaninitial investigation, pooled confirmed DF
patients serawith apredetermined HI titer of 1:
> 1,280 were used for detection of dengue 2
NGC vira proteins. The viral proteins were




ANTIBODY RESPONSES TO DENGUE 2 VIRUS

H G 1. Detection of dengue 2 NGC viral proteins by immunoblotting. Dengue 2 NGC virus-infected
cell lysate was prepared as described in the Materials and Methods. Proteins were separated
by PAGE under non-denaturing condition and then electrotransferred onto nitrocellulose
membranes. The presenceof specific dengue 2 NGC viral antigens wasdetected using pooled
confirmed DF patients serawith secondary infection (lane |), mouse hyperimmune sera (lane
2), dengue 2 E specific monoclonal antibody (lane 3), combination of dengue 2 E and C
specific monoclonal antibodies (lane 4), C specific monoclona antibody (lane 5), and C and
NS1 specific monoclonal antibodies (lane 6). Pooled confirmed dengue negative sera were
used ascontrol (lane C). The blot wasdevel oped using alkaline phosphatase-conjugated anti-
human IgG (lanes 1 and C), anti-mouse IgG (lanes 2 to 6) and NBT/BCIP substrate. The
protein molecular weights shown are in kilodalton.

separated by non-denaturing PAGE and
electrotransferredonto nitrocel lulosemembrane.
The presenceof IgG specific against the dengue
2 NGC antigen was detected using biotinylated
anti-human IgG heavy chain monoclonal
antibody. It wasobserved that pool ed secondary
DF patients sera had IgG which recognized at
least four mgjor dengue 2 NGC viral proteinsof
about 82, 57, 17, and 16 kD (Fig. 1, lane 1).
These proteinsweredetectableal so using mouse
hyperimmune sera (Fig. 1, lane 2). The
approximatemol ecul ar weightsof theseproteins
weredetermined using denatured protein markers

electrophoresed concurrently with the native
samples under a non-denaturing condition (see
Materials and Methods). The 57 and 82 kD
proteinswererecognizedal so by the monoclonal
antibodies specific for dengue 2 NGC E and
NSI1, respectively (Fig. 1, lanes 4 and 6),
suggesting that the 57 and 82 kD proteins
recognized by the pooled sera werelikely to be
the E and NS1 dimer of thedengue 2 NGCvirus.
Themonoclonal antibody specificagainst dengue
2 NGC C, however, recognized a protein of
about 12.5kD (Fig. 1, lanes 4, 5, and 6) which
apparently was not detectable using the pooled
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FIG. 2. Detection of 1gG against dengue 2 NGC viral proteins. Seraof confirmed dengue negative
(lanes 1 and 2) and DF patientswith secondary infection (lanes 3 to 19) were screened for
the presence of dengue 2 virus specific IgG using the Mini-PROTEAN II Multiscreen

Apparatus (BioRad, USA).

Proteins were prepared, separated and immunaoblotted as

described in Fig. 1. The presenceof dengue specific IgG in the patients sera was detected
using bictinylated anti human IgG monoclonal antibody, alkaline phosphatase-conjugated

streptavidin, and NBT/BCIP subgtrate.

secondary DF patients' sera and mouse
hyperimmuneserum (Fig. 1, lanes1and 2). The
identity of the 17 and 16 kD proteinsrecognized
by the pooled DF patients' sera could not be
readily ascertained. Nevertheless, since these
proteins were larger than the C and were most
likely to be one of the virus structural proteins,
in this report they were referred to as the PrM.
The smaller protein could be the remaining Pr
following cleavage of the PrM.

Screening of DF patients sera for IgG that
recognizes dengue 2 NGC viral proteins

Even though at least 4 mgjor dengue 2 NGC
proteins were recognized by the pooled sera, it
was not certain if individual DF patient serum
would also recognize the 4 proteins. To
investigate this possibility, sera of seventeen
serologically confirmed DF patients with
secondary infection(HI, 1 : > 1,280; IgM capture
EL | SA negative) wereevaluatedfor thepresence
of IgG specific against the dengue 2 proteins. It
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was noted that al DF patients' sera had IgG
which recognized the 57 kD dengue 2 E protein
(Fig. 2). Detectable presenceof 1gG against the
NS1 dimer and PrM, on the other hand, varies
from patient to patient. At least 64% (11/17) of
the patients had IgG against the NS1 and only
about 47% (8/17) had 1gG against both the Pr'M
and NS1. Based ontheseresults, it wasapparent
that only the dengue 2 E protein was recognized
by all DF patients' sera.

Recognition of dengue 2 NGC proteins by acute-
and convalescent-phase sera of DF patients

The lack of consistent detectable immune
responses against other dengue virus proteins,
beside the E, could be attributed to the clinica
stagesof infection of thedifferent patients. One
possibility was that the secondary infection sera
provided (randomly) wereobtai nedfrom patients
with either acute- or convalescent-phase of
infection, with sera at thelater phase producing
significantly more antibodies recognizing other
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FIG. 3: Detection of IgG specific againg dengue 2 NGC vira proteins. Paired acute (lanes
1,3,5,7,9,11,13,15) and convalescent (lanes2,4,6,8,10,12,14,16) phasesera of two confirmed
denguenegative (lanes 1 and 2; 15 and 16), one DHF patient (lanes 3 and 4) and five DF
patients (lanes 5 to 14) were screened for the presenceof dengue specific IgG as described
in Fig. 2. Thenegative patientsseraand the samplesto which no serum wasadded (lane 17)
did not show any detectable proteins. Dengue 3 virus was isolated from sera of two DF
patients (lanes 7 and 8; 13 and 14), whereas dengue 2 virus was isolated from all other

patients sera

viral proteins besidethe E. To investigate this
possibility, acute- and conval escent-phase sera
of DF patients with secondary dengue virus
infection wereobtained and eval uated following
a similar protocol as described above. Similar
totheearlier findings, results obtained from this
investigationshowedthat almost al DF patients
sera(acute- and conval escent-phasesera) showed
detectable presence of IgG against dengue 2
NGC E (Figure 3). The acute-phase sera of
severa patients(Fig. 3, lanes7 and 9), however,
initially showed almost undetectable presence
of IgG against the E but the conval escent-phase
sera which were taken 5 and 7 days later,
respectively, showed substantial presence of the
IgG againgt it (Fig. 3, lanes 8 and 10). IgG
against dengue 2 NGC E was detectablealso in
the conval escent-phaseserafrom which dengue
3 virus was isolated (Fig. 3, lanes 8 and 14).
Under our experimental conditions, it was noted
that IgG against other dengue 2 NGC proteins
(detected with pooled DF sera) wereonly barely

detectable or undetectablein al the acute-phase
sera(Fig. 3,1anes3,5,7,9, 1 1, 13). Ontheother
hand, substantial presence of IgG against the
NS1 dimer and the PrM was noted in most of the
convalescent-phase sera (Fig. 3, lanes 6, 8, 10,
12, and 14), suggesting that IgG against these
proteins were highly detectable during the
convalescent-phase of secondary dengue virus
infection. It was noted also that the only
conval escent-phaseserumavailablefromaDHF
patient, did not havelIgG that recognizethe NS1
and PtM (Fig. 3, lane 4). Furthermore, the
convalescent-phase sera from which dengue 3
was isolated also showed substantial presence
of IgG against the NS1 and PrM of dengue 2
NGC, suggesting that there were cross reacting
antibodiesin the serum (Fig. 3, lanes8 and 14).

IgM responses to dengue 2 NGC viral proteins
by sera of confirmed DF patients

The presence of IgM against dengue 2 NGC
viral proteins in sera of DF patients was
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FIG. 4 Comparison between pooled sera d primary and secondary dengue virus infection for
detectiond dengue2 proteins. PooledIgM positivepatientsserawith low (1: < 20) IgG (lanes
1 ad 2) were used for detection of IgM (lane 1) and IgG (lane2) specific for dengue 2 vird
proteins. The results were compared to asmilarly performed screening where pooled DF
positiveserawith low to negativeIgM ELISA and high HI (1: > 1280) were usad (lanes4 and
5). Pooled sradf confii ed negative patientswere usad as control for both detectionof 1gM
and IgG (lane 3). Screening for the antibodies specific for the dengue virus antigens were

performed as described in Figs 1 and 2.

investigated using biotinylated anti-human IgM
monoclonal antibodies. Initially, pooled sera of
DF patients with primary infection (IgM capture
ELISA positive, HI < 20) were used. Using
these sera, IgM specific against the dengue 2
NGCE and NSI wasdetectable (Fig. 4, lane 1).
The presence of IgG specific against the E, on
the other hand was barely detectable (lane2). In
contrast, pooled DF patients' serawith secondary
infection (IgG, 1: > 1,280; IgM capture ELISA
negative), had a barely detectable presence of
IgM specific against the E (Fig. 4, lane 4) but a
substantial presence of IgG against the E, NS1,
and thePrM (Fig. 4, lane5). When 16 randomly
picked IgM capture ELISA positive DF patients
serawere evaluated, about 81% (13/16) showed
detectabl e presence of IgM against the dengue 2

E (Fig. 5). None of the sera, however, had
detectable presence of IgM against the NS1 or
the PrM.

When comparison was made between the DF
patients antibody responses during acute- and
convalescent-phase of the infection, it was
revealed that most acute-phase sera did not
show significant detectable presence of the
dengue 2 NGC specific IgM (Fig. 6). The
conval escent-phase sera on the other hand, had
detectable presence of IgM against mainly the
dengue2 E and only one patient's serum showed
detectable presence of IgM against the NS
(Fig. 6, lane 6). Similar to the earlier
observations, it was noted also that none of the
patients serashowed detectabl e presence of IgM
against the PrM.
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FIG. 5: IgM responses to dengue 2 NGC viral proteins. Sera of confirmed DF patients (lanes 1 to 16)
were screened for the presence of dengue specific IgM as described in Fig. 2. The presence of
dengue specific IgM in the patients sera was detected using biotinylated anti human IgM

monoclonal antibodies, alkaline phosphatase-conjugated streptavidin,and NBT/BCIP substrate.
Sera of confirmed negative patients were used as control (lane C).

FIG. 6: Detection of IgM specific against dengue 2 NGC vird proteins. Acute- (lanes 1, 3,5,7,9, 11,
13, 15, 17) and convalescent- (lanes2, 4, 6, 8, 10, 12, 14, 16, 18) phase seraof DF patients were

screened for the presence of dengue specific IgM as described in Fig. 2. The negative patient
serum did not show any detectable proteins (lane C).
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FIG. 7: Detectionof IgE specific againg dengue2 NGC viral proteins. Pooled DF patients sera(lanes
1 and 3) and pooled dengue negative sera (lane 2), wereevaluated for the presenceof dengue
2 specificIgE. Dengue2-infected (lanes1 and 2) and mock-infected cell lysates (lane 3) were
prepared, separ ated by PAGE, and immunoblotted asdescribed in Fig. 1. Detectionof IgE was
performed using biotinylated anti human IgE monoclonal antibodies, alkaline phosphatase-
conjugated greptavidin, and NBT/BCIP subsrate.

IgE responsestodengue2 NGC viralproteinsin
sera of confirmed DF patients

Substantial increase in the total amount of IgE
could be detected in sera of DHF paients’ To

date, however,nodataisavailablewhichindicate
the presence of dengue protein specific IgE

responses in DF patients sera. In the present
study, the pr%nceof dengue 7 specific IgE in
seraof DF patientswasinvestigated following a

similarprotocol asdescribed above. Biotinylated

human IgE specific monoclonal antibody was
used to detect the IgE. Initial screening using

pooled DF patients sera suggested

that IgE specific for the dengue 2 NGC E was
present (Fig. 7, lane 1). The IgE response was
specific, since no IgE was detectable in pooled

sera of healthy dengue negative donors (Fig. 7,
lane 2). In addition, it wgs noted that IgE
specific against the dengue “ E was detectable
mainly in the convalescent-phase sera (Fig. 8).
IgE bound to the NS1 dimer was detected also in
at least two of the Convalescent-phase sera (Fig.

(Sﬁ_lanes 7 and 11) and one acute-phase serum
'8 8. lane 10). These results suggested that
dengué virus l1r'1%ection clicited detectable level

of dengue virus specific IgE response especially
during the convalescent-phase of the infection.












