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We report here the first demonstration of dengue virus infection and vasoactive cytokine response of a cell
of the mast cell/basophil lineage. Infection of KU812 cells was dependent on dengue-specific antibody and gave
rise to infectious virions. This antibody-enhanced dengue virus infection triggered a four- to fivefold increase
in the release of interleukin-1b (IL-1b) and a modest increase for IL-6 but not for an alternate cytokine,
granulocyte-macrophage colony-stimulating factor. The results suggest a potential role for mast cells/basophils
in the pathogenesis of dengue virus-induced disease.

Dengue virus infection is associated with disease, ranging
from dengue fever to dengue hemorrhagic fever (DHF) and/or
dengue shock syndrome (DSS). Host immunological factors
play a role in DHF and/or DSS, since severe disease occurs
most often in individuals experiencing secondary dengue virus
infections (42). Subneutralizing levels of dengue-specific anti-
bodies have been shown to potentiate dengue virus infection
via antibody-dependent enhancement (16). Antibody-en-
hanced dengue infection of monocytes (17, 18) stimulates the
production of cytokines, such as tumor necrosis factor alpha
(TNF-a), which act on endothelium (2). Specific cytokines are
also found to be elevated in sera from patients with DHF
and/or DSS (12, 13, 23, 24, 41, 49, 52).

The role of mast cells/basophils has not yet been explored
with regard to dengue pathogenesis. Mast cells play an impor-
tant role in inflammation (reviewed in reference 30) and in the
host defense against foreign pathogens (9, 10, 28). These cells
mediate immune responses by selective production and secre-
tion of a variety of soluble mediators including chemokines,
vasoactive cytokines, such as interleukin-1b (IL-1b), IL-6, and
TNF-a (5, 7, 11, 32–34), lipid mediators, and granule-associ-
ated products (44). Mast cells reside mainly in the tissues and
associate closely with blood vessels (1, 3, 36, 40, 45, 46) and
nerves (35, 48, 51), while basophils normally circulate in the
blood. Mast cell activation is closely linked with local increases
in vascular permeability in allergic disease.

Mast cells/basophils express both FcεRI (the high-affinity
human immunoglobulin E [IgE] receptor) and some Fcg (14,
47, 50) receptors. As such, they are potential targets for anti-
body-enhanced virus infection as well as for the consequent
induction of powerful vasoactive cytokines. We therefore
sought to investigate the human mast cell/basophil KU812 cell
line with respect to dengue virus susceptibility and concomitant
vasoactive cytokine responses.

Human mast cell/basophil KU812 cells, maintained in RPMI
1640 (Life Technologies, Grand Island, N.Y.) supplemented

with 10% fetal calf serum, 10 mM HEPES, 100 U of penicillin/
ml, and 100 mg of streptomycin (Life Technologies)/ml and,
where noted, treated for 8 days with 0.3 mM sodium butyrate
and 40 ng of gamma interferon (IFN-g) (R&D Systems, Min-
neapolis, Minn.) /ml, and P815 mouse mastocytoma cells were
mock inoculated or inoculated with either dengue virus or
respiratory syncytial virus (RSV) (an unrelated virus) in the
presence or absence of corresponding human immune serum
(1:1,000 final dilution). Cultures were incubated at 37°C and
radiolabeled with [35S]methionine-cysteine (NEN, Missis-
sauga, Ontario, Canada) from 24 h postinfection for 3 to 4 h
followed by 12 to 14 h chase. Cell supernatants were harvested
and immunoprecipitated with dengue virus immune sera and
protein A-bearing, formalin-fixed Staphylococcus aureus as
previously described (20). Immunoprecipitates were resolved
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) (25) using 10% polyacrylamide gels. Gels were
impregnated with 1 M sodium salicylate and fluorographed by
exposure to Kodak X-ray film at 270°C. As shown in Fig. 1A,
both undifferentiated and sodium butyrate- and IFN-g-differ-
entiated KU812 cells were permissive to dengue virus infection
in the presence of human dengue virus immune sera (even
though treatment with sodium butyrate and IFN-g reduced the
level of infection, possibly due to the antiviral properties of
residual IFN-g). In contrast, the mouse mastocytoma P815
cells were much less permissive to dengue virus infection, with
or without human dengue virus immune serum (Fig. 1A). P815
cells have been previously shown to be susceptible to antibody-
enhanced dengue virus infection (27). However, our data show
clearly that KU812 cells are superior to P815 cells in their
permissiveness to antibody-enhanced dengue virus infection.
No antibody-enhanced infection of RSV was observed. Den-
gue virus-infected KU812 cells produced infectious virions by
24 h postinfection which began to decline at 72 h postinfection
(Fig. 2). A requirement for human dengue virus immune se-
rum (rather than normal human serum) in enhanced dengue
virus infection of KU812 cells is shown in Fig. 1B. As expected,
Vero cells showed infection with dengue virus alone which was
not subject to antibody enhancement (Fig. 1B).

Fluorescence microscopy was used to investigate the number
of dengue virus-infected cells. Vero cells inoculated with den-
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gue virus and KU812 cells inoculated with dengue virus, den-
gue virus and normal human serum, or dengue virus and hu-
man dengue virus immune serum combinations were harvested
24 h postinfection and examined for virus antigen expression
by fluorescence microscopy (Fig. 3). Cells were fixed with 4%
paraformaldehyde, washed, resuspended in 10% dimethyl sul-
foxide (DMSO) in phosphate-buffered saline and frozen at
280°C. Following permeabilization with 0.1% saponin for 1 h
at room temperature, samples were washed and resuspended
in 1% bovine serum albumin (BSA)-0.2% sodium azide in
phosphate-buffered saline. Mouse anti-dengue monoclonal an-
tibody 1B7 (22) or isotype-matched mouse anti-IgG2a anti-
body (negative control) was employed as a primary antibody
and incubated on ice for 1 h. Subsequently, samples were
washed and incubated with goat anti-mouse fluorescein iso-

thiocyanate (FITC)- or Texas Red-labeled antibody for 1 h on
ice. Cytospin preparations were made of each sample and
viewed via fluorescence microscopy to assess the number of
infected cells. A total of 1,000 cells was counted under UV
illumination with the number of positive green (fluorescein
isothiocyanate) or red (Texas Red) fluorescent cells recorded
to give the percentage of cells infected with dengue virus. Vero
cells inoculated with dengue virus alone were 30% fluores-
cence positive at 24 h (Fig. 3A). KU812 cells showed no virus-
positive cells when inoculated with dengue virus either alone or
in combination with normal human sera (Fig. 3B). However,
KU812 cells inoculated with dengue virus in combination with
human dengue virus immune serum at a dilution of 1:1,000
showed an infection rate of 0.6 to 11% (0.6, 11.0, and 5.5% in
three experiments) (Fig. 3C). KU812 cells inoculated with den-
gue virus and human dengue virus immune serum at a 1:10,000
dilution showed an infection rate of 2 to 14% (2.4, 14.4, and
10.5%) (Fig. 3D). All isotype staining controls were negative.

To analyze cytokine production in response to antibody-
enhanced dengue virus infection of KU812 cells, supernatants
were harvested from KU812 cultures at 72 h. IL-1b production
was significantly enhanced in supernatants obtained from den-
gue virus-infected cultures, as analyzed by enzyme-linked im-
munosorbent assay (ELISA) using a matched antibody pair
(IL-1b M-412B-E, M-420B-B; Endogen, Woburn, Mass.) (Fig.
4A). IL-6 was found to follow a similar, though less dramatic,
pattern of enhanced production (Fig. 4B) with the appropriate
ELISA antibody pair (IL-6 M-620-E, M-621-B; Endogen). In
contrast to that for both IL-1b and IL-6, granulocyte-macro-
phage colony-stimulating factor (GM-CSF) production, ana-
lyzed by ELISA as previously described (53), was not elevated
in antibody-enhanced dengue virus-infected KU812 cell super-
natants compared to levels for controls (Fig. 4C). No increased
cytokine production (for IL-1b, IL-6, or GM-CSF) was de-
tected in KU812 cells inoculated with UV-inactivated virus–
human dengue virus immune serum combinations or dengue
virus-normal human serum combinations (data not shown).
These data thus indicate that KU812 cells are stimulated by
antibody-enhanced dengue virus infection to produce selective
vasoactive cytokines.

Two potentially important vasoactive factors, histamine and
TNF-a, could not be measured in the dengue virus-KU812 cell
system. KU812 cells are relatively poorly granulated and there-

FIG. 1. Antibody-enhanced dengue virus infection of KU812 cells. (A) Cul-
tures of Vero, P815, or KU812 cells were inoculated with dengue type 2 virus
strain 16681 (19) (multiplicity of infection [MOI], 0.1), RSV (MOI, 0.1), or
combinations of either virus with the respective human immune serum (final
dilution, 1:1000). Virus infection was monitored by radiolabeling with [35S]me-
thionine-cysteine, followed by immunoprecipitation and fluorographic sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. The positions of dengue virus
proteins (NS1)2, E, and prM and of RSV proteins N and M are indicated. (B)
Vero cells (positive control) and KU812 cells were inoculated with dengue virus
alone (Den) (MOI, 0.2), and normal human serum (NHS) (final dilution,
1:1,000) or dengue virus and human dengue virus immune sera (Ab; final dilu-
tions of 1:1,000 or 1:10,000). The positions of the radiolabeled (NS1)2 and E
proteins are indicated. Data are representative of nine separate experiments.
Human sera, described in reference 20, were obtained from patients convalescing
from dengue virus type 2 infection; normal human AB sera and RSV-positive
sera were obtained from volunteer donors.

FIG. 2. Infectious virion production in dengue virus-infected KU812 and
Vero cells. Infection conditions were as described in the legend to Fig. 1 (MOI,
0.1 to 0.3). Virion production was assessed by a 50% tissue culture infective dose
assay (43) on Vero cells at 4, 24, 48, and 72 h postinfection. Data are represen-
tative of three separate experiments and are expressed as the mean 6 the
standard error of the mean.
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fore contain little histamine (53). They also release little
TNF-a upon appropriate stimulation (unpublished observa-
tions). Nevertheless, our findings demonstrate that human
KU812 mast cells/basophils undergo antibody-enhanced den-
gue virus infection and that antibody-enhanced dengue virus
infection results in selective vasoactive IL-1b and IL-6 cytokine
release. Selective production of the vasoactive cytokines IL-1b
and IL-6, by antibody-enhanced dengue virus infection of
KU812 cells, may provide additional insights into the patho-
genic mechanisms of severe dengue disease. IL-6 is an endog-
enous pyrogen (21) known to mediate increased endothelial
cell permeability (31). In rodent systems, mast cells have been
shown to be a much more potent source of IL-6 than other cell
types, such as the macrophage (26). Elevated serum levels of
IL-6, but not of IL-1b, have been reported in patients with
DHF and/or DSS (23). Our finding of increased IL-1b produc-
tion in antibody-enhanced dengue virus-infected KU812 cells
raises the possibility that mast cells/basophils may represent a
local source of IL-1b in dengue virus infection. Locally pro-
duced IL-1b from dengue virus-infected tissue mast cells that
reside in close proximity to blood vessels may then act directly
on endothelial cells. IL-1b is recognized to induce fever (4),
inflammation, and shock (reviewed in reference 8). IL-1b in-
duces production of IL-6 and TNF-a and activates endothelial

cells (reviewed in reference 37), modulating the expression of
the adhesion molecules (6, 38, 39) as well as altering endothe-
lial cell morphology (38). Such enhanced adhesion molecule
expression may induce inflammatory cell activation and migra-
tion with consequent potential vasculitic damage.

Our findings that mast cell/basophil KU812 cells are permis-
sive to dengue virus infection which leads to infectious virion
production and vasoactive cytokine production support the
hypothesis that mast cells/basophils may contribute to the vas-
cular pathology seen in severe dengue disease. Mast cells are
resident tissue cells and are present in large numbers in the
skin (29), while basophils comprise approximately 1% of total
circulating cells. Mast cells are therefore present at the site of
dengue virus infection in the skin, whereas basophils would be
accessible to dengue virus in the circulation.

The observation that virus-antibody complexes are much
more potent than virus alone in inducing mast cells to produce
vasoactive cytokines is consistent with the known epidemiolog-
ical evidence that preexisting immunity is a risk factor for
DHF and/or DSS in human dengue virus infections (15). Our
present study employed homotypic (dengue virus type 2) con-
valescent-phase sera, although antibody-dependent enhance-
ment of dengue virus infection can be readily achieved with
either homo- or heterotypic antibodies (15). In attempting to

FIG. 3. Immunofluorescence of dengue virus-infected KU812 cells. Vero and KU812 cells inoculated with dengue virus (MOI, 0.1 to 0.3) or dengue virus-antiserum
combinations were harvested 24 h postinfection. Dengue virus-infected Vero cells (A), KU812 cells inoculated with dengue virus and normal human serum (1:1,000
final dilution) (B), antibody-enhanced dengue virus-infected KU812 cells with a 1:1,000 final dilution of human dengue virus immune serum (C), and antibody-enhanced
dengue virus-infected KU812 cells with a 1:10,000 final dilution of human dengue virus immune serum (D) are shown. The data are representative of three separate
experiments.
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extrapolate our in vitro results to clinical disease, it will be
important to determine the relative contributions of different
cell types involved in virus amplification and in modulating
hemostasis. So far, this has only been achieved for circulating
monocytes (42). The contribution to pathogenesis of other cell
types, including cells of the basophil/mast cell lineage, is un-
known. Nevertheless, the results of the present study support
further investigation to eventually identify the full spectrum of
cell types which are infected by dengue virus in vivo and which
contribute to perturbation of vascular function.
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