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Abstract Hematological abnormalities and altered vascu-
lar permeability are frequently encountered in Dengue
virus infected patients, but the mechanisms that alter pla-
telet-endothelium interactions remain incompletely
understood. The DENV NS1 protein has been implicated in
adverse disease outcomes. In the present study the role of
NSI1 protein in affecting the expression of vVWF and platelet
adhesion properties of endothelial cells was studied
in vitro. The results suggest that vWF is down regulated in
cultured endothelial cells 6 and 24 h after exposure with
increase in VWF levels in culture supernatants at corre-
sponding time points. Ultrastructural studies showed dis-
tinct evidence of endothelial cell activation morphology
and degranulation of Weibel-Palade bodies in NS1 exposed
cells that also showed increased platelet activation physi-
ology. The findings suggest that changes in vVWF produc-
tion and secretion may be induced in endothelial cells
exposed to DENV NSI1 protein; and play a role in bleeding
complications of severe DENV disease.
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Dengue virus (DENV) is a mosquito borne Flavivirus of
significant public health importance with approximately
390 million infections, 500,000 hospitalizations and 25,000
deaths attributed to the infection; as per recent global
disease burden projections. In India, 7.5-32.5 million new
infections are estimated to be occuring every year [1]. The
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clinical presentation of DENV can range from mild self-
limiting febrile illness to severe life threatening forms with
hemorrhage and shock termed Dengue Hemorrhagic Fever
and Shock Syndrome (DHF/DSS) in a subset of cases.
While hematological abnormalities like leucopenia and
thrombocytopenia are frequently associated with DENV
infection, the pathophysiology of vascular abnormalities
remains incompletely understood. However, injury to the
endothelium directly by virus infection or through indirect
disease pathology has been suggested [2, 3]. Von Wille-
brand factor (vWF) is a high molecular weight protein
synthesized and secreted by endothelial cells, platelets and
megakaryocytes and is crucial for maintaining the normal
hemostasis. The secreted VWF is prothrombotic and is
responsible for platelet-endothelial interactions at sites of
injury [4]. The high molecular weight form of vWF nor-
mally is cleaved to a circulating low molecular weight
form by an enzyme; a disintegrin and metalloproteinase
with a thrombospondin type motif 1, memberl3
(ADAMTS13). Changes in VWF homeostasis can
adversely affect vascular and coagulation functions [5].
While abnormal variation in vWF have been reported in
patients with DHF/DSS there is no clear evidence till date
on the exact role of DENV in affecting endothelial cell
vWF homeostasis.

The DENV non-structural protein-1 (NS1), in its soluble
secreted hexameric form (sNS1) is found in sera of patients
during acute illness; and high levels in sera correlate with
disease severity. The protein has been found to increase
endothelial permeability in vitro [6, 7]; but its effect on
altering platelet—endothelium homeostasis is not known. In
the present study we examined in vitro the effect of DENV-
2 NS1 protein on endothelial cell vVWF physiology.

To study the effect of DENV-2 NSI1 exposure on
endothelial cells; Human Umbilical vein endothelial cells
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Fig. 1 Effect of DENV 2 NS1 exposure on HUVEC vWF expression
and ultrastructure. Representative micrographs showing typical
appearance of VWF (arrows) in uninfected HUVEC cells (a) by
IFA; and detectable reduction in vWF expression after 6 h (b) and
24 h (c) post NS1 exposure. Ultrastructure of cytoplasm in uninfected

(HUVEC, Lonza, USA) were cultured in endothelial cell
growth medium-2 (EBM-2, Lonza, USA) and supple-
mented with SingleQuotsTM growth factor kit (Lonza USA)
as per manufacturer’s instructions. The cells were treated
with recombinant DENV-2 NS1 protein expressed in HEK
cells (Abcam, UK) at a concentration of 5 pg/ml [7]. Cell
culture supernatants were harvested to measure VWF
released by HUVECs using a quantitative ELISA test
(Abcam, UK) as per the manufacturer’s instructions. Cell-
lysates at corresponding time-points were harvested for
immuno-blotting studies. Immuno-blotting was performed
by a method described earlier [8]; and either anti-vWF
rabbit polyclonal antibody (Abcam, UK), or anti-B-Actin
rabbit polyclonal antibody (Sigma, USA) were used to
detect vVWF or B-Actin. To study the distribution and
expression of vVWF in HUVECs treated with DENV-2 NS|1,
immuno-fluorescence assay was performed as described
earlier [9] with a rabbit polyclonal anti-vWF antibody

HUVEC showing presence of Wiebel-Palade bodies (arrows) that
store VWF (d) and significant reduction in Wiebel-Palade bodies
(e) as shown in box with evidence of cytoplasmic vacuolation
(arrows) and mitochondrial swelling (M) (f) after 24 h of NSI
exposure. Magnification bars are built into the micrographs

(Abcam, UK). To elucidate the ultrastructure, HUVEC
cells exposed to DENV 2 NS1 protein were harvested and
fixed, dehydrated, embedded in EPON 812 blocks, sec-
tioned and imaged under a 100 kV operating voltage Trans
mission Electron microscope as described earlier [10].
Adhesion of platelets to DENV-2 NS1 exposed HUVEC
was assayed by a method previously described [11], and
areas of adhesion were counted microscopically.
Exposure of the HUVECs to DENV-2 NSI protein did
not show any cytopathic effect on the cells. Immunofluo-
rescence labeling of the cells for vWF antigen showed the
typical appearance in most of the cells (Fig. 1a) while in
cells exposed to the DENV 2 NSI1 protein there was a
marked reduction in the detectable VWF fluorescence
(Fig. 1b, c) suggesting down-regulation. Assays of cell
lysates by western blotting showed a similar change where
cell associated VWF antigen showed a relative lower
expression compared with the controls at 6 and 24 h post
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Fig. 2 Post exposure effect of DENV 2 NS1 shows a comparative
reduction of the in vWF antigen in cell lysates (a) and statistically
significant increase in the supernatant (b). In platelet-endothelial
adhesion assays (c) there was a significant increase in presence of

exposure (Fig. 2a). Both pro-vWF and mature vWF levels
were found to be lower in DENV-2 NSI1 treated cells
compared to untreated controls. In comparison, the levels
of soluble vWF from cell-culture media, showed a marked
increase in cells treated with DENV-2 NS1 as compared to
controls, at 6 and 24 h after exposure (Fig. 2b).

Endothelial cells have a well-defined ultrastructure that
has been reported to show characteristic changes due to a
variety of physiological and pathologic stimuli [12, 13]. A
typical feature of these cells is the presence of elongated
electron dense structures called Wiebel-Palade bodies
(WPB) that store von Willebrand factor (Fig. 1d). There
were distinct changes in the WPB morphology in the NS1
exposed cells along with cytoplasmic vacuolations and
mitochondrial hypertrophy (Fig. le, f).

There was no evidence of either platelets attaching to
HUVECs in abundance in the unexposed controls or
presence of activated platelets (Fig. 2c). In contrast at both
6 and 24 h (Fig. 2c) post exposure time-points there was a
significant increase in platelet adhesion and presence of
morphologically activated platelets in the fields scanned.

Hematological abnormalities are frequent clinical pre-
sentation in dengue virus infection and in severe disease
like DHF/DSS it can be fatal without timely clinical
intervention. While thrombocytopenia and leucopenia are
most common, hemorrhage, coagulopathies and capillary
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activated platelets both at 6 and 24 h post-exposure with increased
adhesion when compared with the uninfected controls. Top panel
shows low magnification images whereas bottom panel shows high
magnification (c¢). Magnification bars are built into the micrographs

leakage with shock occurs in severe disease. Much of the
pathophysiology of the dengue associated bleeding disor-
ders remains incompletely understood. While the evidence
for direct infection of endothelium by DENV is still
evolving indirect injury to endothelial cells by immuno-
pathogenic mechanisms of DENV disease pathology is the
most relevant cause [14]. The findings from autopsy studies
of DHF cases are interesting in this context [15, 16].

The changes in circulating plasma VWF in DENV
infected patients have shown variable findings. In Dengue
virus infected pediatric cases the elevation of vWF [17] and
decrease in ADAMTS13 activity have been reported [18].
Elevated level of vWF was also reported in a small number
of cases of Sudan virus infection [19] and cases of Han-
tavirus infection [20].

The role of DENV non structural protein NS1 has been
associated with severe disease outcomes. This protein can
be detected in the early stages of infection, is present as a
hexamer with a lipid core and has also been shown to have
multifaceted effects with immune and endothelial cells
[21]. In our studies we exposed the endothelial cells to
physiological doses of NS1 as described earlier and studied
the vWF expression at post-exposure time points reported
to be most effective with binding [7]. The dramatic
reduction of detectable vVWF in the exposed cells after 6
and 24 h was consistent with the ultrastructural
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observations. While in control cells, the vVWF organization
in Weibel Palade bodies was well defined; cells with NS1
exposure showed evidence of degranulation, cytoplasmic
vacuolation and mitochondrial hypertrophy that suggests
endothelial cell activation. This is an important observation
as DENV NS1 has been reported to bind toll like receptors
(TLR) on immune and endothelial cells activating signal-
ing pathways that could affect barrier physiology [22]. The
reduction in endothelial vVWF with concomitant release in
the media would also suggest possible engagement of
signaling pathways linked to hemostatic function of these
cells. This is consistent with the recent study of Puerta-
Guardo et al. [7] that demonstrated exogenous exposure of
DENYV NS can alter endothelial cell permeability specif-
ically by altering glycocalyx and expression of heparanase
and sialidases.

The observation of enhanced platelet adhesion on NS1
exposed endothelial cells also suggests the physiological
activation of these cells similar to earlier reports but the
difference is that the earlier studies had shown this with
virus-infected cells [11]. So if NS1 can directly induce a
similar effect, its potential role in the in vivo disease
biology and vascular injury acquires prominence. The
screening for vWF levels in laboratory confirmed DENV
cases might be of significant value as an additional
hematological marker for disease severity.

In summary, regulation of endothelial cell vWF by
DENV NSI1 protein could be a fundamental event in the
multifactorial etiology of endothelial injury in severe DHF/
DSS and more focused studies on the analysis of in vitro
cellular and molecular pathways underlying this effect can
provide knowledge towards therapeutic interventions.
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