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We investigated the ability of dengue virus to invade human primary Kupffer cells and to complete its life
cycle. The virus effectively penetrated Kupffer cells, but the infection did not result in any viral progeny. Dengue
virus-replicating Kupffer cells underwent apoptosis and were cleared by phagocytosis. Infected Kupffer cells
produced soluble mediators that could intervene in dengue virus pathogenesis.

Dengue (DEN) viruses are arthropod-borne flaviviruses,
and there are four DEN virus serotypes. DEN viruses are
major human pathogens, affecting about 100 million individu-
als every year (8). DEN virus causes a spectrum of disease,
from a harmless flu-like illness to severe illness, particularly
DEN hemorrhagic fever (DHF). DHF is characterized by high
fever, hemorrhagic diathesis, and DEN shock syndrome
(DSS), which is often fatal in children. The pathogenesis of
DEN virus is still poorly understood. In DHF and DSS, liver
involvement is a characteristic sign that the disease will be fatal
(1). Hepatic injury is similar to that of the early stages of yellow
fever, with an increase in plasma transaminase levels, fatty
changes in hepatocytes, Kupffer cell hyperplasia, and cen-
trolobular and midzonal necrosis (11). The most characteristic
sign is the presence of acidophilic or Councilman bodies, which
are apoptotic bodies (7), corresponding to those seen in the
liver of yellow fever patients. DEN viral antigens have been
detected in both hepatocytes and Kupffer cells (1, 3, 9, 12). It
has been shown that human cells of the mononuclear phago-
cyte lineage are targets for DEN virus replication (10), but the
interactions between DEN virus and human Kupffer cells, the
macrophages residing in the liver, have never been studied.

Kupffer cells may determine the outcome of the virus-driven
processes (16). They may contribute to the production of viral
progeny if they are permissive (22, 27) or, on the contrary, stop
the virus life cycle very early (20, 28). Kupffer cells may exert
antiviral properties through either autocrine or paracrine
mechanisms. In this preliminary report, we addressed three
issues: (i) the entry of virus particles into Kupffer cells, (ii) the
outcome for such virus particles, and (iii) the production of
effectors known to mediate antiviral activity and/or proinflam-
matory activity.

Kupffer cells were isolated from human liver specimens,
obtained during partial hepatectomy for liver cancer, by colla-
genase perfusion and centrifugal elutriation as previously de-
scribed (14). The guidelines for French institutions regarding
clinical research were respected throughout our experiments.
The elutriated cells were plated on eight-microchamber Lab-

Tek slides (Nunc) in Dulbecco’s modified Eagle’s medium
containing 20 mM HEPES, 10 mM NaHCO3, 20% heat-inac-
tivated fetal calf serum, and 50 mg of gentamycin per ml. Slides
were examined with an electron microscope, and 95 to 98% of
cells had the ultrastructural features typical of Kupffer cells,
with numerous vacuoles, phagolysosomes, dense bodies, and
pseudopods at the cell surface. The few contaminating cells
were stellate or epithelial cells.

After 3 days of culture, the cells were exposed to purified
DEN type 1 virus strain Oster (isolated in French Guiana from
a classical case of dengue virus infection in 1989) at a multi-
plicity of infection (MOI) of 100 focus-forming units/cell, as
previously described (19). We performed two types of experi-
ments at various times after infection (1, 6, 24, 48, and 72 h) to
determine the effects of the virus on the Kupffer cell monolay-
ers. All of the experiments were repeated three times, each
time with Kupffer cells isolated from a different liver sample. In
the first set of experiments, the cells were fixed with 2.5%
glutaraldehyde in 75 mM sodium cacodylate (pH 7.3) contain-
ing 4% sucrose, 1 mM MgCl2, and 1 mM CaCl2, embedded in
LX 112 (Ladd Research Industries, Burlington, Vt.), and ob-
served under a Philips electron microscope 410 (Eindhoven).
In the second set of experiments, the culture supernatants were
collected to determine the viral titer and the cells were fixed in
3% paraformaldehyde solution. Viral antigens were detected
by an immunofluorescence assay (IFA) using either DEN type
1 virus-specific hyperimmune mouse ascitic fluid or anti-E and
anti-NS1 monoclonal antibodies and fluorescein-conjugated
anti-mouse immunoglobulin G (Biosys), as previously de-
scribed (19). As assessed by electron microscopy studies 1 h
after infection, numerous DEN virus particles were adsorbed
onto the plasma membrane of most Kupffer cells (Fig. 1A).
Virus particles penetrated Kupffer cells by several mecha-
nisms. In most cases, some particles were taken up by phago-
cytosis, and thereafter many were engulfed by typical cellular
lamellipods (Fig. 1B) and sequestered into intracytoplasmic
vacuoles (Fig. 1C). DEN virus particles were also observed
inside clathrin-coated pits, suggesting entry by receptor-medi-
ated endocytosis (Fig. 1D to F). However, endocytosis ap-
peared to occur far less frequently than phagocytosis. We per-
formed the same experiments with a lower MOI to assess
whether endocytosis was observed only at a high MOI. At an
MOI of 1 or 10, the ratio of phagocytic events to receptor-
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Virus des Fièvres Hémorragiques, Institut Pasteur, 25, rue du Dr.
Roux, 75724 Paris Cedex 15, France. Phone: 33-1-45688723. Fax: 33-
1-40613774. E-mail: vdeubel@pasteur.fr.

5201



FIG. 1. Ultrastructural study of the penetration of DEN virus into Kupffer cells 1 h after infection. (A) Attachment of virus particles to the cell surface; (B) engulfing
of several particles by a cytoplasmic multivesicular process; (C) numerous DEN virus particles engulfed in an intracytoplasmic vacuole; (D, E, and F) various stages
in the uptake of particles via clathrin-coated pits; (G and E [arrow]) electron micrographs suggesting fusion of the virion to the membrane of the vesicle. Magnifications,
3108,000 (A, B, C, and E), 3170,000 (D and G), and 3130,000 (F).
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mediated endocytosis was the same as that at an MOI of 100
(data not shown). Some electron micrographs strongly sug-
gested that the envelope of the virus particle was fusing with
the membrane inside the vesicle (Fig. 1E and G). After 1 h,
more than 80% of the Kupffer cells had viral particles in their
cytoplasm. After 6 h of infection, no viral particles could be
detected in the cytoplasm of Kupffer cells. No viral proteins
were detected by IFA after 1 or 6 h of infection.

After 24 and 48 h of infection, electron microscopy revealed
that about 4% of Kupffer cells showed early signs of apoptosis,
with chromatin margination in nuclei, condensation, and re-
traction of the cytoplasm and blebbing (Fig. 2A). Several ap-
optotic Kupffer cells were ingested by neighboring healthy
Kupffer cells (Fig. 2B). Some Kupffer cells had huge vacuolar
compartments containing cells undergoing degradation (Fig.
2C). Virus-like particles were detected in some of these phago-

FIG. 2. Ultrastructural features of DEN virus-infected Kupffer cells after 24 h of infection. (A) Apoptotic Kupffer cell with dense remnant nucleus and surface
blebbing 6 h after infection; (B) apoptotic Kupffer cell (arrow) ingested by a neighboring Kupffer cell; (C) huge vacoular compartment containing partially digested
cell material; (D) DEN virus-like particles inside phagosomes. Magnifications, 33,900 (A), 33,400 (B), 37,200 (C), and 3130,000 (D).
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somes (Fig. 2D). Few cells displayed ultrastructural features
typical of lysis 48 h after infection (Fig. 3). DEN viral antigens
were detected by IFA 24 and 48 h after infection in about 10%
of the cells. The mock-infected cells and cells in cultures incu-
bated with heat-inactivated virus (56°C, 30 min) did not show
any apoptotic features and were negative in the IFA. Different
patterns of fluorescence were observed 1 and 2 days after
infection, speckled labeling throughout the cytoplasm of the
Kupffer cells 24 h after infection and intense labeling, mostly of
huge cytoplasmic inclusions at 48 h (Fig. 4). The number of
cells containing viral antigens did not increase between 24 and
48 h after infection. Virus titration on AP61 mosquito cells
(19) revealed that no infectious virus particles were present in
the supernatants at any time after infection. In addition, viral
proteins were no longer detected by IFA 72 h after infection.
At this late time point, electron microscopy showed that the
residual Kupffer cell monolayer was intact, with no ultrastruc-
tural cellular defects, and no virus particles could be observed.

These results show that DEN virus can enter human Kupffer
cells efficiently since more than 80% of Kupffer cells had viral
particles in their cytoplasm that were visible under an electron
microscope 1 h after infection. However, infection of Kupffer
cells was inefficient since viral proteins were detected in only
10% of cells after 24 h of infection. This discrepancy may be
due to the macrophagic nature of the cells. Most virus particles
penetrated the cells by phagocytosis and were presumably de-
graded, since no virus particles could be detected after 6 h.
Indeed, phagocytosis leads to viral degradation, and it has been
shown, for example, that human immunodeficiency virus en-
tering human macrophages by phagocytosis is noninfectious
whereas that entering via the specific CD4 receptor proceeds
through an infective life cycle (21). The small number of
Kupffer cells in which DEN virus replication took place were
probably therefore those in which the virus penetrated by re-
ceptor-mediated endocytosis and fusion.

No viral progeny was detected in the supernatants, and thus
DEN virus replication was aborted in human Kupffer cells. It
should be noted that infection of human Kupffer cells, isolated
from and cultured under conditions identical to those used
here, with human immunodeficiency virus leads to productive
infection (27). Furthermore, it appeared that DEN virus-in-
fected Kupffer cells underwent early and rapid cell death by
apoptosis, as previously shown in other DEN virus-infected
mammalian cell lines (5, 18). The apoptotic process was de-
tected in about 4% of cells by the terminal deoxynucleotidyl-
transferase-mediated dUTP-biotin nick end labeling technique
and confirmed by DNA analysis, which revealed internucleo-
somal DNA fragmentation typical of apoptotic cells 48 h after
infection (Fig. 5). No apoptotic cells were detected by either
technique in mock-infected cells or in cells exposed to heat-
inactivated virus, suggesting that one or several steps in the
replication process are required to trigger cell death. As as-
sessed by electron microscopy, healthy Kupffer cells were able
to ingest apoptotic Kupffer cells (Fig. 2B). Furthermore the
presence of virus-like particles in the huge vacuolar compart-
ment (Fig. 2D) suggests that the ingested cells may have been
sites of viral replication. Thus, these apoptotic bodies may
correspond to the intracytoplasmic inclusions containing DEN
viral antigens observed by IFA 48 h after infection. Seventy-
two hours after infection, apoptotic and lysed Kupffer cells
were no longer visible and no fluorescent DEN virus antigen-

FIG. 3. Lysed Kupffer cell observed after 48 h of infection. Magnification:
35,400.

FIG. 4. Immunofluorescence staining of DEN viral antigens. (A) Kupffer cells infected for 24 h at an MOI of 100, showing speckled staining; (B) Kupffer cells
infected for 48 h, with a more diffuse and patchy pattern of fluorescence.
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containing cells were detected. We suggest that the few cells in
which DEN virus replication and maturation were initiated
died by apoptosis. This event could prevent the release of
infectious viral progeny. Furthermore, apoptotic bodies may be
cleared by neighboring Kupffer cells: Kupffer cells have been
shown to have a scavenger function for apoptotic peripheral
blood lymphocytes (6) and for simian immunodeficiency virus-
infected lymphocytes in monkeys (23). The mechanism trigger-
ing apoptosis of DEN virus-infected Kupffer cells remains un-
known.

Like other macrophages, Kupffer cells may be reactive to the
entry of virus particles and transiently release various media-
tors (4). The mediators released include interleukins (ILs),
interferon (IFN), tumor necrosis factor (TNF), and nitric oxide
(NO) and may interfere with the virus life cycle and/or initiate

an inflammatory process, thereby contributing to the patholog-
ical changes seen in DEN virus pathogenesis (13, 15). We
investigated whether Kupffer cells react to DEN virus infection
by incubating them with DEN type 1 virus at an MOI of 100 for
1, 6, and 30 h. IL-1a, IL-1b, IL-6, TNF-a, and IFN-a were
assayed in the supernatants with enzyme-linked immunosor-
bent assay kits (the Quantikine kit from R&D Systems was
used for all cytokines except IFN-a, which was tested with a kit
from Endogen). Similar amounts of IL-1a and IL-1b were
released from infected and mock-infected cells (Table 1). The
synthesis of TNF-a, IFN-a, and IL-6 increased with time after
infection (Table 1). IFN-a release increased as early as 1 h
after infection. The levels of IL-6 and TNF-a synthesis were
higher than those for mock-infected cells after 6 and 30 h,
respectively.

Because NO is rapidly scavenged from cells, its production is
generally detected indirectly. NO is generated in macrophages
if the inducible NO synthase (iNOS) is present. A monoclonal
anti-iNOS antibody (Transduction Laboratories, Lexington,
Ky.) failed to label mock-infected cells, whereas about 80% of
the Kupffer cells were labeled as early as 1 h after exposure to
DEN virus. Furthermore, the number of iNOS-containing cells
was constant after 1, 6, and 30 h, indicating that NO production
was sustained. The production of NO was confirmed by dem-
onstrating an increase in the concentration of its end products,
nitrite and nitrate, in the supernatants of DEN virus-infected
Kupffer cells by a fluorometric assay (Cayman Chemical, Ann
Arbor, Mich.) (Table 1). NO may have several functions in
viral infection (25), and it has been shown to have both direct
and indirect antiviral effects in infected cells and animal mod-
els (2, 17, 24, 26, 29).

DEN virus infection seemed to induce a biphasic activation
of Kupffer cells: there was one peak of activation shortly after
infection which involved the production of NO and IFN-a, and
a second peak occurred a few hours later and involved IL-6
and TNF-a synthesis. The timing of the synthesis of these
soluble mediators suggests the involvement of a very early step
of infection in their activation. Lower levels or the absence of
soluble mediators in the supernatants of Kupffer cells incu-
bated with heat-inactivated virus suggests that cell activation
was induced by virus infection. However, further investigation
is required to determine the mechanisms by which DEN virus
infection activates Kupffer cells and the roles of the various
mediators in DEN virus-driven processes.

This preliminary in vitro study suggests that Kupffer cells
may protect against DEN virus infection by (i) eliminating the
few infected cells driven through apoptosis and (ii) exerting
intrinsic and extrinsic antiviral effects through autocrine and/or
paracrine mechanisms, resulting in the rapid clearance of the
initial virus input.

FIG. 5. Apoptotic DNA degradation in DEN virus-infected Kupffer cells.
Soluble DNA was extracted from Kupffer cell lysates 48 h after mock infection,
infection with DEN virus, or exposure to heat-inactivated DEN virus. Sizes of
DNA markers are indicated.

TABLE 1. Nitrite or nitrate, IL-1a, IL-1b, IFN-a, IL-6, and TNF-a concentrations in the supernatants
of infected or mock-infected Kupffer cellsa

Time after
infection (h)

Concn ofb:

Nitrite or nitrate
(mM) IL-1a (pg/ml) IL-1b (pg/ml) IFN-a (pg/ml) IL-6 (pg/ml) TNF-a (pg/ml)

Mock Inf Mock Inf Mock Inf Mock Inf Mock Inf Mock Inf

1 12.5 26 5 5 5 3 3 10 2 2.5 5 7
6 14 24.5 5 6 5 6 0.5 25 5.1 8.5 9 32

30 13.5 23.5 6 6 7 5 0.5 85 8.9 42 10 150

a Kupffer cells were either exposed to infectious DEN virus at an MOI of 100 (Inf) or mock infected (Mock) at various times after infection.
b Each value is the mean of two determinations in duplicate.
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