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A B S T R A C T

Background: Dengue fever is a re-emerging viral disease and affects millions of population worldwide.
Monocytes are involved in dengue viral disease, however, their exact role is still not clear. In the present study,
we investigated, the effect of NS1 antigen of dengue virus and paracetamol on THP-1 monocytes associated to
expressions of matrix metalloproteinases (MMPs) and cytokine release.
Methods: Assessment of cell morphology by bright field microscopy, cell viability by MTT assay, protein esti-
mation by Bradford reagent were done in cells exposed to NS1 antigen in the presence and absence of para-
cetamol. Cytokines estimations were done by ELISA. Expression profile of matrix metalloproteinase genes was
done using real-time PCR and reverse-transcriptase PCR.
Results: NS1 exposure of THP-1 monocytes cells, changed their cell morphology and activated them for release of
proteins in 24 h. Expressions of MMP-2, MMP-8, MMP-9 and MMP-14 genes were upregulated by NS1 exposure.
Further, exposure of NS1 to THP-1 monocytes cells increased expression profile of MMP-10 and MMP-13 genes
to a lesser extent. Treatment with paracetamol (1 mg/ml and 2mg/ml), significantly down-regulated the ex-
pression profile of MMP-2, MMP-8, MMP-9 and 14 in dose dependent manner. NS1 exposure also increased the
release of cytokines IL-4, IL-6, and IL-10 but decreased the release of TNF-α and IL-15. Interestingly, paracetamol
reversed NS1 induced changes in the release of these cytokine in dose dependent manner.
Conclusion: Monocytes mediated expression of MMPs participates in the development of dengue pathogenesis in
the severe cases of disease and paracetamol may have a protective effect in dengue viral disease.

1. Introduction

Dengue fever is a viral disease affecting a huge number of popula-
tion throughout the world [1,2]. Dengue or dengue fever has become a
serious health problem globally, which still lacks proper preventions or
therapeutics [3]. The incidence of dengue disease is increasing, along
with its geographic spread to new countries [4,5]. Dengue is a vector
borne viral disease which is caused by the bite of Aedes aegypti and
Aedes albopictus [6,7]. About 70% of dengue cases are reported from
Asian countries [8,9]. The present decade has witnessed the spread of
the disease from urban to rural settings. Dengue virus causes havoc in

the lives of millions of people around the globe and could possibly af-
fect non endemic areas having presence of mosquito vectors [3].
Dengue is caused by four different serotypes [10]. The genome of
dengue virus (DENV) codes for the three structural and a total of seven
non-structural proteins [11]. The non-structural proteins range from 1
to 5 (NS1 to NS5) [11]. Dengue NS1 is a non-structural lipoprotein that
can also be in a secreted form [12,13]. Its molecular weight is 50 kDa
[13]. Lipoproteins also participate in coagulation pathways which in
turn are linked with vascular inflammation, NS1 is thought to have
multiple connotations in the disease pathogenesis [14]. The association
of dengue NS1 protein was reported with the severe clinical cases of
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disease. Paranavitane et al. suggested the use of NS1 protein as a
marker of dengue as the protein persisted in patients with DHF [15].
Regardless of the alarming number of infections, mortalities and in-
creasing global distribution, the mechanism by which dengue virus
alter immune system has not been explored in the recent past.

One of the key features of severe dengue disease is vascular leakage
which leads to low blood pressure and sometime shock in extreme cases
[16]. Till date exact mechanisms leading to severe cases of disease are
not clear. It is speculated that, this is a result of complex miscellaneous
interaction between the host immune response and DENV. The patho-
physiology dengue disease is characterized by the activation of mono-
cytes and T lymphocytes, along with the high levels of cytokines and
some mediators of inflammation leading to increased permeability of
vascular system [17,18]. Even though DENV can infect different cell
types, but mainly monocytes and dendritic cells are its primary targets.
Infection of immature, monocyte derived dendritic cells with DENV
leads to productive viral replication, cellular activation and maturation,
and increased production of cytokines [19]. Monocytes are generally
present in the blood but go to dermis and then change into dendritic
cells (DCs) [19]. These monocyte-derived DCs become DENV-infected
during the second wave and then become the primary targets for DENV
replication [14,20]. Human blood monocytes are now considered to be
critical in dengue infections and designated as a main virus infected
cells [21]. Monocytes are thought to be implicated in both pathogenesis
and protection in dengue infection. Monocytes also secrete IFN-α in
response to dengue virus. Durbin et al., 2008 identified monocytes as
one of the natural hosts of DENV. Differentiation of monocytes into
macrophages is found to be accelerated following DENV infection [22].
Fink et al. showed that, the depletion of monocytes had resulted in a
ten-fold increase in viral load, implicating that monocytes play a crucial
role in controlling the viral infection [21]. In addition to monocytes,
matrix metalloproteases play an important role in the dengue patho-
genesis but their exact roles are not known [23,24]. Recently, some
clinical studies have shown that severity of plasma leakage is correlated
to the up-regulation of matrix metalloproteases expression in this dis-
ease [25]. Matrix metalloproteinase (MMPs) are members of the met-
zincin family of proteases, enzymes which have conserved zinc binding
motifs [26]. Initially they were thought to be solely involved in the
degradation of various components of extracellular matrix, but now
found to regulate extracellular tissue signaling networks [27]. Some
recent studies have also shown, the modulation of MMP-2 and MMP-9
expressions in response to dengue virus infection, leaving the puzzle
unanswered [26,28].

Paracetamol is an antipyretic drug and most commonly used against
dengue fever, however the mechanism of its protective role is not clear
[29,30]. In some cases, overdose of paracetamol has shown adverse
effects linking to liver pathology [31,32]. Over this dilemma, it is in-
teresting to know that paracetamol is still the drug of choice among
clinicians [29]. The effect of paracetamol on expressions of matrix
metalloprotease is not properly known and forms a gap in the under-
standing of dengue pathogenesis and its management [33]. From above
evidences, it becomes clear that monocytes are involved in the dengue
fever and play the critical role in its pathogenesis [34,35]. Monocytes
also express high level of matrix metalloproteases in other diseases and
mediate the disease pathogenesis [36,37]. On the other hand severe
cases of dengue show an increase in the expression profile of matrix
metalloproteases, however, the role of matrix metalloproteases on
monocytes in dengue pathogens is not clear [25,38]. Considering these
all evidences, it becomes vital to understand the role of matrix me-
talloproteases on monocytes in response to dengue virus. Therefore, the
present study was planned to understand the role of monocytes specific
matrix metalloproteases in response to dengue virus NS1 antigen.

2. Materials and methods

2.1. Cell line used

THP-1, human monocytic cell line was purchased from National
Centre for Cell Science, Pune and since then it is being maintained at
the ICMR-VCRC tissue culture laboratory.

2.2. Culture and maintenance of THP-1 cell line

Human monocytes cell line, THP-1 was cultured in RPMI-1640
medium supplemented with 10% fetal bovine serum. Medium was
changed for cells which were growing well but were not yet confluent.
The pellet was re-suspended in the fresh medium which was already
brought to room temperature. The cell suspension was transferred into
a sterile T-25 culture flask and was sealed. The flasks were micro-
scopically examined and were placed at 37 °C in a CO2 incubator for
growth.

2.3. MTT assay for cell viability

MTT assay was carried out to measure cell proliferation or cell
viability as per the protocol described by Mosmann et al. with required
modifications [39,40]. The cell suspension was harvested by cen-
trifugation and suspended in fresh medium. THP-1 cells at the number
of 1×105 cells/ml were seeded in the 96 well plate. The 100 μl of cell
suspension/well was loaded into 96 six well plate. Treatment with
desired chemical was given for desired time intervals. After 24 h of
incubation 20 μl of MTT was added to all wells including the blank.
After 3 h of incubation the plate cover was removed and the absorbance
was measured at 570 nm.

2.4. Exposure of cells with NS1 antigen of DENV type 2

Dengue NS1 antigen was purchased from R & D company (Cat. No.
DGHU0217031). The protein was reconstituted in 100 μl of autoclaved
MilliQ water. Cells from a culture flask were pelleted by centrifugation
and were re-suspended in fresh medium. 1ml of cell suspension was
transferred into two wells of the six well plates. One well was marked as
control and the second one was marked as test, to the latter well, the
NS1 antigen was added to a final concentration of 20 μg/ml as also
described earlier [16].

2.5. Protein estimation in the culture supernatants and bright field
microscopy

Protein estimation was done using Bradford's reagent. Standard BSA
(Bovine Serum Albumin) solution (2mg/ml) was made by dissolving
10mg BSA powder in 5ml MilliQ water. 5 μl of these standard sample
was added to separate wells in the 96 well plate and to the blank 5 μl of
normal saline was added. Equal amount of the unknown samples was
also added in separate wells. 250 μl of Bradford's reagent was added to
the wells and mixed well. It was kept for incubation at room tem-
perature for 45min. Absorbance was then measured in the Multiskan™
GO Microplate Spectrophotometer at 595 nm. The concentrations of
unknown samples were calculated from standard samples. Bright field
microscopy for the THP-1 cells was done for taking images of THP-1
cells with or without exposure with NS1 antigen using Nikon micro-
scope.

2.6. RNA isolation and quantification

Cells were collected after centrifugation and then lysed in 1000 μl
trizol by repeated pipetting (as per the protocol provided by sigma).
RNA pellet was dried for 10min. The pellet was reconstituted by adding
20 μl of autoclaved MilliQ water. Isolated RNA was quantified using
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Thermo Scientific μDrop™ Plate (Catalogue Number: N12391). 2 μl of
the isolated RNA was used for quantification. The isolated RNA was
stored in −20 °C.

2.7. One step reverse transcriptase polymerase chain reaction

For each reaction 20 μl of the master mix (Roche), template RNA
and 3 μl of MilliQ water were used. Primer concentration was 0.4 pmol.
200 ng of RNA was used as template throughout the study. For negative
control 20 μl of master mix and 5 μl of MilliQ water was used. The re-
action mixture was vortexed for 10 s and then centrifuged. Tubes were
kept in the thermal cycler and the programmer was run. The poly-
merase chain reaction was set for reverse transcriptase reaction at 50 °C
for 30min, followed by initial denaturation at 94 °C for 5min, followed
by 36 cycles involving denaturation at 94 °C for 30 s, annealing at dif-
ferent temperature according to the primers for 1min and 10 s and
extension at 68 °C for 2min, and a final extension step at 68 °C for
6min. The PCR products were subjected to agarose gel electrophoresis
for separation of DNA fragments. 1.5 to 2% agarose gel was used in this
study. The target genes were identified using the standard molecular
size marker. The details of primers and their conditions are given in

Table 1
Details of primer used in the study.

Primer Sequence 5′-3′ Tm Target size

MMP2 forward CCCCAAAACGGACAAAGAG 57 314 bp
MMP2 reverse CACGAGCAAAGGCATCATCC 60
MMP9 forward CACTGTCCACCCCTCAGAGC 65 263 bp
MMP9 reverse GCCACTTGTCGGCGATAAGG 63
MMP14 forward CGCTACGCCATCCAGGGTCTCAAA 69 497 bp
MMP14 reverse CGGTCATCATCGGGCAGCACAAAA 67
GAPDH forward TCAACGGATTTGGTCGTATTGGG 63 234 bp
GADHP reverse TGATTTTGGAGGGATCTCGC 58

Fig. 1. A. MMP-2 gene expression profile by THP-1 monocytes after the NS1 exposure. Image of agarose gel, showing expression pattern of MMP-2 gene (314 bp).
Lane: 1= negative control, 2= control (cell without NS1 exposure), 3= test (cell with NS1 exposure 2.5 μg/ml ), 4= test (cell with NS1 exposure 5 μg/ml). Lane
no. 7 to 10 are GAPDH, respectively. Second last=DNA ladder (marker 100–1500 bp). B. MMP-2 gene expression profile in THP-1 monocytes after NS1 (20 μg/ml)
exposure. Image of agarose-gel showing MMP-2 gene expression (314 bp) in response to NS1 antigen. Lane: 1= negative control, 2= control (cell without NS1
exposure), 3= test (NS1 exposed), 4= BLANK (No sample). 5=DNA ladder. C. MMP-2 gene expression profile in THP-1 monocytes after NS1 (20 μg/ml) exposure
measured by qPCR, ***p < 0.001 significant with control group. D. Morphological assessment of THP-1 cells in response to NS1 antigen (a), control cells at 10× (b),
control cells at 20× (c), control cells at 40× (d), cells exposed with NS1 antigen at 10× (e) cells exposed with NS1 antigen at 20× (f), cells exposed with NS1
antigen at 40×. E. Protein estimation in supernatant of THP-1 monocytes exposed with NS1 antigen.
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Table 1.

2.8. Enzyme linked immunosorbent assay for the measurement of cytokines
(ELISA)

ELISA was done in the culture supernatant as per the manufacture
instructions (R&D systems). Amount of all cytokines were calculated
and were presented compared to the control.

2.9. cDNA synthesis and real time polymerase chain reaction

Isolated RNA was converted into cDNA using reverse transcriptase
PCR. 200 ng/μl of isolated RNA was used for cDNA synthesis. The ob-
tained cDNA was quantified and used as template for real time poly-
merase reaction. Real time PCR was performed to measure the relative
expression of selected genes in response to stimulation with DENV
serotype 2 NS1 antigen. The cDNA synthesized above was made use for
the reaction. SYBR Green is a dye which binds to dsDNA and emits
fluorescence only when it binds to dsDNA. Fluorescence increases
proportionally with increase in the amount of amplicon, that is gener-
ated in each cycle, and hence can be quantified. 5 μl of template was
added to a mixture containing 10 μl of SYBR Green, 3 μl of MilliQ water
and 1 μl (0.5 pmol) of each primers. A sample in which the template had
been replaced with MilliQ water was used as a negative control. The
samples were analyzed in duplicates. The CT value of the gene of in-
terest was normalized using the reference gene (GAPDH or actin), using
the algorithm: Analysis of results was done using (the 2−ΔΔCT method).
The GAPDH gene was taken as a reference gene for quantification of
expression profile of genes.

2.10. Statistical analysis

Here majority of results are presented as mean ± SEM. The soft-
ware GraphPad prism 5 was taken in use for analyzing data. One-way
analysis of variance (ANOVA), followed by Newman-Keuls test as post-
hoc test was done for the analysis of the data. The p value<0.05 was
considered statistically significant.

3. Results

3.1. Effect of NS1 antigen on mRNA expression pattern of MMP-2 gene, cell
morphology and total protein release by THP-1, monocytes

MMP-2 has been involved in the majority of dengue cases but their
expression profile specifically in monocytes is not known. Therefore, we
measured expression profile of MMP-2 in response to NS1 antigen of
dengue serotype-2 (2 μg/ml and 5 μg/ml) in THP-1 monocytes after
24 h of exposure. As shown in Fig. 1A, the expression of MMP-2 gene is
not sufficiently up-regulated in the NS1 exposed cells compared with
control (unexposed cells). We found that MMP-2 mRNA is not sig-
nificantly high in the NS1 exposed cells as evidenced by the bands
observed in the agarose gel electrophoresis. The expression profile of a
reference gene or internal control gene was also checked to support the
data. We have used GAPDH gene as a reference. GAPDH expression is
not changed in response to NS1 antigen, as all bands looks same
(Fig. 1A). Therefore, we have chosen to go high concentrations (20 μg/
ml) of NS1 antigen to assess its effect on THP-1 monocytes. Next, we
have tested the effect of higher concentrations of NS1 protein (20 μg/
ml) on the THP-1 monocytes. We found that, higher concentrations of
NS1 protein (20 μg/ml) have significantly increased the MMP-2 ex-
pression in 24 h of exposure period in THP-1 monocytes.

As cell morphology is an important feature of the immune cells in
conditions of their activation towards any antigen we have assessed the
cell morphology of THP-1 monocytes after NS1 antigen exposure
(20 μg/ml). As seen in Fig. 1D, NS1 antigen has effectively changed the
morphology of the cells in a twenty 24-hour time intervals. NS1

exposed cells look like irregular type compared to the control cells (the
activated cells). The THP-1 monocytes exposed with NS1 antigen of
DENV appeared to be elongated and wrinkled which may be compared
with their activation state in presence of NS1 antigen. In addition to cell
morphology we have also tested the total protein content released by
the monocytes in response to NS1 exposure. Protein estimation was
done in supernatant harvested from cells after 24 h of exposure with
NS1 antigen. As seen in Fig. 1E, NS1 antigen has effectively increased
the total protein content in 24-hour time intervals. We found that, su-
pernatant in the NS1 exposed cells shows a high level of protein content
(about 110%) compared with the control cells (cells without exposure).

3.2. NS1 exposure increased mRNA expression pattern of MMP-8, MMP-9,
MMP-10, MMP-13 and MMP-14 genes in THP-1, monocytes

In addition to MMP-2, we have also measured the expression profile
of MMP-8, MMP-9, MMP-10, MMP-13 and MMP-14 gene in NS1 (20 μg/
ml) stimulated monocyte cells. In addition to one step RT-PCR, we have
also measured the MMPs expression patterns by real time PCR (qPCR).
Real-time PCR was done using the protocol described in the material
and methods section. To achieve this, cells were exposed with the NS1
antigen (20 μg/ml) for 24 h and real time PCR was done to measure the
expression profile of MMPs genes. Analysis of results was done using
the 2−ΔΔCT method. The beta actin gene was taken as a reference gene
for the quantification of the expression profile of MMPs genes. We
found that (Fig. 2), the expressions of MMP-8, MMP-9, MMP-10, MMP-
13 and MMP-14 genes were up-regulated in the NS1 exposed cells
compared to unexposed cells. Among these MMP genes, the expressions
of MMP-14, MMP-2, MMP-8, and MMP-9 were highly upregulated
compared to the other MMPs genes. Therefore, we have taken these
four genes for our further confirmation study. To support these results,
one step reverse transcriptase PCR was also done to measure the ex-
pression profile of MMPs genes. As shown in Fig. 2A, the expression of
MMP-14 gene is up-regulated in the NS1 exposed cells compared to the
unexposed cells. As observed in Fig. 2A, we see that, the thickness of
MMP-14 band of exposed cells is higher than the thickness of band of
un-exposed cells. Similarly, expression of MMP-9 gene is up-regulated
in the NS1 exposed cells compared to the unexposed cells (Fig. 2C).

3.3. Paracetamol significantly downregulated NS1 induced mRNA
expressions of MMP-14, MMP-2, MMP-8 and MMP-9 genes

Paracetamol is a most common drug used against dengue fever but
its mechanism of action in severe cases of dengue viral disease is not yet
understood and need extensive study. Therefore, to understand the ef-
fect of paracetamol in dengue pathogenesis, we tested the effect of
paracetamol on NS1 induced matrix metalloproteinases expressions in
THP-1 monocyte cells. We found that (as shown in Fig. 3), NS1 ex-
posure increased mRNA expressions of MMP-14, MMP-2, MMP-8 and
MMP-9 genes which were reversed by paracetamol in dose dependent
manner. We found that paracetamol (1 mg/ml) has significantly re-
versed the NS1 induced mRNA expressions of MMP-14 and MMP-8
genes (Fig. 3A and C). However, paracetamol (2 mg/ml) attenuated the
mRNA expressions of MMP-2 and MMP-9 genes.

3.4. NS1 exposure increased release of interleukin-6, interleukin-10,
interleukin-4, but downregulated TNF-alpha, which were reversed by
paracetamol in dose dependent manner

It is now widely accepted that, cytokines like interleukin-6, inter-
leukin-10, interleukin-4, and TNF-alpha are involved in the regulation
of matrix metalloproteases however their role in dengue viral disease
was not previously understood. Therefore, to understand the me-
chanism of MMP regulation in monocyte in response to NS1 measure-
ments for these cytokines was done in the cell supernatant after the
exposure with NS1 antigen. We found that (Fig. 4), NS1 exposure

R. Niranjan, et al. International Immunopharmacology 73 (2019) 270–279

273



increased release of interleukin-6, interleukin-10, interleukin-4, but
downregulated TNF-alpha, which were reversed by paracetamol in dose
dependent manner. Paracetamol is the most common drug used against
dengue fever but its mechanism of action in severe cases of dengue viral
disease is not yet understood and need extensive study. Therefore, in
order to understand the mechanism of action of paracetamol against
this disease we have tested the effect of paracetamol in these NS1 in-
duced THP-1 monocyte cells. We found that paracetamol (1 μg/ml and
2 μg/ml) has significantly reversed the NS1 induced release of inter-
leukin-6, interleukin-10 and interleukin-4. Paracetamol concentration
also stimulated the release of TNF-alpha in dose dependent manner.

3.5. NS1 exposure downregulated IL-15 release, which was reversed by
paracetamol in dose dependent manner

Interleukin-15 is one of the important cytokine which plays a cri-
tical role in the tissue specific antivirus activities [41]. Therefore, in
addition to other cytokines, we have also measured IL-15 release in
response to NS1 exposure. We found that (Fig. 5), NS1 exposure
downregulated IL-15 release when conpared with control. We found
that paracetamol (1 μg/ml and 2 μg/ml has significantly reversed the
NS1 induced downregulated release of IL-15 in dose dependent manner.

Paracetamol concentration also stimulated the release of IL-15 per se.

4. Discussion

In this study, we show that, NS1 antigen of DENV-2 significantly up
regulate matrix metalloproteases (MMPs) expression in monocytes. We
have tested the effect of NS-1 antigen on in vitro cultured human
monocytes, THP-1 cells. We found that, NS1 exposure to human
monocytes significantly up regulated the expressions profile of MMP-2,
MMP-9, and MMP-14 gene expression in a 24 hour exposure period.
NS1 also up regulated the expressions profile of MMP-8, MMP-10, and
MMP-13 gene expressions, but to a lesser extent.

A wide range of studies speculate that, MMPs expression is involved
in the vascular permeability leading to plasma leakage and thus de-
velopment of dengue shock syndrome [25,34]. A number of cell specific
studies also describe the role of dengue virus mediated expressions of
MMPs, however, the exact mechanism remains elusive [42,43]. It has
also been well established that, monocytes cells are the major cells type
involved in the pathogenesis of dengue fever [44]. It is also reported
that, monocytes associated protein MCP-1 is highly up regulated in the
dengue shock syndrome suggesting an important role of monocytes in
the development of dengue shock associated dengue pathogenesis [45].

Fig. 2. Expression profile MMP-14, MMP-8, MMP-9, MMP-10 and MMP-13 genes in monocytes after exposure of NS1 antigen. A. Image of agarose gel showing MMP-
14 gene expression pattern (297 bp) in response to NS1 antigen exposure. Lane: 1= negative control, lane: 2= control (cell without NS1 exposure), lane: 3=Test
(NS1 exposed), lane: 4=blank (no sample). Lane: 5=DNA ladder. B. Real time PCR measured expression profile to MMP-14 gene in response to NS1 exposure. C.
Image of agarose-gel showing MMP-9 gene expression (263 bp) in response to NS1 antigen exposure. Lane: 1=negative control, 2= control (not NS1 exposed),
3= test (cell with NS1 exposure), 4=DNA ladder. D. Expression profile to MMP-9 gene by qPCR. E. Expression profile to MMP-13 gene by qPCR. F. Expression
profile of MMP-8 gene by qPCR. G. Expression profile of MMP-10 gene by qPCR. Histograms represent means ± SEM of different groups showing relative mRNA
expressions. *p < 0.05 and ***p < 0.001 significant with control group.
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Importantly, the localization of dengue virus antigen is also found in
the tissue macrophages of human biopsies affected with dengue virus
suggesting an important role of monocytes in the causation of disease
pathogenesis [46]. Despite a lot of upcoming research the exact role of
monocytes on dengue virus associated matrix metalloproteases is not
known [45].

It has already been described that, dengue virus infection up reg-
ulates expression of MMP-2 with an increase in vascular permeability
leading to a fatal shock-like syndrome (DHF/DSS) [47]. It is also shown
that direct infection of endothelial cells may also lead to the induction
of vascular permeability by up regulation of MMP-2 expression [48]. In
the present study, NS1 antigen of dengue virus type-2 has also increased
the MMP-2 expression which is in accordance with the previous lit-
erature and thus emphasizes its role in the monocytes mediated pa-
thogenesis of dengue viral disease leading to dengue shock syndrome
(DSS). Similar to MMP-2, the MMP-8 and MMP-9 have also been in-
volved in the pathogenesis of dengue shock syndrome via altering the
vascular permeability leading possible plasma leakage [26,47]. We
found that, NS1 antigen of dengue virus type-2 increased MMP-8 and
MMP-9 expressions which supports previous findings and highlight

monocytes as a key cells responsible for the development of severer
dengue pathology (Fig. 2) [49].

In addition to MMP-2 and MMP-9, the role of MMP-14 in dengue
pathogenesis has not been elucidated before. It is seen that, matrix
metalloproteinase-14 significantly help in the development of lung
cancer via modifying heparin-binding EGF-like growth factor [50]. It is
believed that, MMP 14 (Membrane Type 1 Matrix Metalloproteinase)
induces T cell infiltration in the inflamed area and therefore it can be
considered that NS1 antigen mediated MMP-14 response may be re-
quired to recruit T cells in dengue pathogenesis [51]. Another study
also described that, MMP-14 regulate migration of monocytes and de-
struction of collagen in tuberculosis [52]. In the present study NS1
antigen of dengue virus serotype-2 have also increased the MMP-14
expression which is in accordance with the previous literature and thus
emphasize on the role of monocytes in the pathogenesis of dengue virus
lead dengue shock syndrome (DSS) [49].

Further it becomes vital to understand that how the MMPs regulate
endothelium and induces plasma leakage responsible for the develop-
ment of dengue shock syndrome [53]. It is widely understood that
MMP-2 and MMP-9 regulate angiogenesis in many diseases [54].

Fig. 3. Effect of paracetamol on the mRNA expression profile MMP-14, MMP-2, MMP-8 and MMP-9 genes. A. Real time PCR measured expression profile of MMP-14
gene in response to NS1 and paracetamol. B. Real time PCR measured expression profile of MMP-2 gene in response to NS1 exposure. C. Real time PCR measured
expression profile of MMP-8 gene in response to NS1 and paracetamol. D. Real time PCR measured expression profile of MMP-9 gene in response to NS1 and
paracetamol. Histograms represent means ± SEM of different groups showing relative mRNA expressions. #Significant with control, *p < 0.05 and ***p < 0.001
significant with NS1 treated group.
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Recently it was proved that inhibition of MMP-2 and MMP-9 down-
regulates the migration of cells and formation of blood vessels in re-
tinoblastoma [55]. Therefore, MMP-2 upregulated in this study might
effect on the endothelium cells making them dysfunctional and re-
sponsible for development of severe pathology of dengue disease. It was
found that, the protease MT1-MMP/MMP-14 is involved and control a
combinatorial proteolytic program in activated endothelial cells [53].
Therefore, upregulation of monocytes may be inducing endothelial cells
and thus inducing dysfunctional endothelial cells responsible of plasma
leakage which may be further responsible for the development of
dengue shock syndrome. It is further evidence that MT1-MMP/MMP-14
regulates pericellular proteolysis which may be involved in the devel-
opment of endothelium and other cells MMP-2 activation and thus
amplification of MMP-14 and other matric metalloproteases. MMP-14 is
also involved in the regulation of angiogenic activity [56,57]. Further it
is evident that MMP-2 and MMP-14 produce its effects via exosomes
mediated mechanisms [58]. There it is speculated that monocytes may
be regulating the endothelium of the blood vessels causing them

responsible for plasma leakage in the lethal cases of dengue shock
syndrome (DSS). Paracetamol has reversed these NS1 induced changes
in MMPs expressions in dose dependent manner depicting its protective
effects (Fig. 3).

The expression pattern of cytokines has been a key priority in the
pathogenesis of dengue viral disease, however, their exact roles were
not known. It was understood that, Interleuki-6 is a key regulatory
cytokine and controls the expression pattern of MMP-2 and MMP-9
[59]. The disease outcome in nasopharyngeal carcinoma patients,
MMP-2 and MMP-9 activity was significantly affected by IL-6/NOS2
inflammatory signals [60]. In the present study, NS1 has significantly
upregulated the release of interleukin-6 which indirectly may have
increased the expression pattern of these matrix metalloproteases. Si-
milarly, IL-4 produces a T helper type-1 response and increases T cell
immunity. In this study, monocyte significantly increased the IL-4 re-
lease which is responsible for the development of T cell immunity.
Paracetamol has reversed these NS1 induced changes in dose dependent
manner showing its protective effects.

Fig. 4. Effect of NS1 and paracetamol on the release of cytokines by THP-1 monocyte. A. Interleukin-6 release in response to NS1 antigen and effect of paracetamol.
B. Interleukin-10 release in response to NS1 alone and in presence of paracetamol. C. TNF-alpha release in response to NS1 antigen and paracetamol. D. Interleukin-4
release in response to NS1 antigen alone and in presence of paracetamol. Histograms represent means ± SEM of different groups showing relative change.
#Significant with control, *p < 0.05 significant with NS1 treated group.
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Interleukin-10 has been found in many clinical cases of dengue
patients however its exact role is not still clear [61]. It was also pro-
posed that IL-10 is only upregulated in the severe cases of dengue fever
and can be a good biomarker for the dengue hemorrhagic fever or for
the dengue shock syndrome [61,62]. However, it was still a question
why IL-10 s upregulated in these severe cases of dengue virus disease
and what it exactly does. In the present study it was found that NS1
exposure increases the release of interleukin-10 by the monocytes. It
was found that, a drug azilsartan increases levels of IL-10 but on the

other hand decreases the expression of MMP-2, MMP-9 thus showing an
inverse correlation [63]. A similar in vitro study showed that inter-
leukin-10 down regulated MMP-2 and MMP-9 expressions in explant
culture [64]. Another study also showed that myocardial expressions of
MMP-2, MMP-9 were significantly downregulated by interleukin-10
[65]. We speculate that interleukin-10 release is upregulated to counter
the adverse effects of virus. Paracetamol has been the drug of choice in
dengue viral disease however how does it effect on the severe cases of
disease is not properly known [66]. In some cases it was found that,

Fig. 5. A. Effect of NS1 and paracetamol on the release of cytokine IL-15 by THP-1 monocytes. Histograms represent means ± SEM of different groups showing
relative change. #Significant with control. B. Cell viability of paracetamol on the THP-1 monocyte cells in in 24-hour duration.

Fig. 6. Diagrammatic representation of the me-
chanism of NS1 induced MMPs. In this study we
found, that NS1 induces release of interleukin-6. This
interleukin indirectly regulates MMP-2, MMP-9 and
MMP-14 expressions. These MMPs subsequently
modulate endothelial functions and thus inducing
the plasma leakage and may be involved in the se-
vere form of dengue pathogenesis.
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overdoses of paracetamol significantly cause adverse effects on the
patients [32]. In this study, we have seen that, paracetamol down-
regulates the MMPs expression producing beneficial effects. However,
paracetamol also decresed the release of interleukin-10, which might
not be beneficial as IL-10 is involved in the countering the virus effect
and to maintain the correct immune response.

NS1 exposure has also decreased the release of TNF-alpha and in-
terleukin-15 in THP-1 monocytes. Both, TNF-alpha and IL-15 have
many functions and modulate immune responses [67]. TNF-alpha helps
differentiate CD14+ monocytes into CD70+ dendritic cells [68]. In this
way NS-1 might has limited the differentiation of monocyte cells into
dendritic cells. On the other hand IL-15 is involved in the activation of
tissue specific immunity by activating Mucosal-associated invariant T
(MAIT) cells during viral infections [41]. In the present study, NS1 has
reduced the release of IL-15 thus limiting tissue specific anti-viral ac-
tivity. Paracetamol treatment has restored the NS1 mediated decreased
release of TNF-alpha and IL-15 showing improved defence mechanism
against dengue virus antigen (Fig. 4).

5. Conclusion

In conclusion, it can be said that, monocytes carry overexpressed
MMPs which participate in the development of dengue pathogenesis
especially in the case of dengue shock syndrome (Fig. 6). NS1 exposure
to monocytes, upregulated expression profiles of MMP-2, MMP-8,
MMP-9 and MMP-14 which may be responsible for vascular perme-
ability and thus development of dengue shock syndrome. However how
these MMPs affect endothelial dysfunctions still remains a big question.
Paracetamol has significantly reversed the expression profiles of these
matrix metalloproteinases showing protective effects. Further, para-
cetamol significantly reversed, NS1 induced release of cytokines IL-6,
IL-10, IL-4, in dose dependent manner. However, TNF-α and IL-15 were
upregulated by paracetamol. This study suggests that, NS1 proteins of
virus remain in the blood stream even after the clearance of the virus
and keep stimulating immune system to produce different kinds of
matrix metalloproteinases. These matrix metalloproteinases in turn
may regulate the endothelium functions and results in plasma leakage,
which occurs in the lethal cases of dengue shock syndrome. The current
results are encouraging but further in depth studies are needed on these
aspects for their possible implications in the disease pathogenesis.
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