©
2019 2022

miRNA

Determination of miRNA biomarkers in the pathogenesis of severe dengue
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miRNA hsa-let-7c-5p inhibited DENV replication and is potentially associated with host response
generated during viral infection. These circulating factors may represent leading signatures in
acute DENV infections, that are associated with clinical severity.

In dengue, humoral and cellular immunity may play a dual role in disease
pathogenesis and protection. We first analyzed 45 cytokines and other factors in serum samples from
the acute phase of DENV infection from 167 patients.ignificant correlations were identified between
disease severity and CCL5, SCF, PDGF-BB, IL-10, and TNF-a levels; between NS1 Ag and SCF, CCL5,
IFN-a , IL-1a , and IL-22 levels; between thrombocytopenia and IL-2, TNF-a , VEGF-D, and IL-6
levels; and between primary or secondary infection and IL-2, IL-6, IL-31, IL-12p70, and MIP-1(
levels. A total of 3 candidates identified from the mRNA profiles of dengue patients was
synthesized. One candidate, miRNA hsa-let-7c-5p was selected for the following assays due to higher

potency during infection. Virus growth was examined by using real-time PCR and plaque assay. We
found that miRNA hsa-let-7c-5p inhibited dengue virus replication and is potentially associated with
host response generated during DENV infection.
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Approximately half of the world population is estimated to be at risk of mosquito-borne
infections, particularly in South-east Asia and the Americas. Global Dengue epidemics has
been reported at the tropics and sub-tropical regions. Severe Dengue (Fig. 1) are one of the
leading causes of morbidity and mortality, particularly among children. Because of the
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. . Fig. 1. Dengue circulation patternsin Hanoi, Vietnam

Ample evidence now exist to 1998-2016. All four serotypes are co-circulating in the
support that the _ country, and this phenomenon is common among
macrqphage/monocyte lineage and hyperendemic region such as Vietnam (A). DENV-
dendritic cells are the target cells of associated morbidity are reported mainly in children.

DENV in vivo. Whereas recent Ascites and pleural effusions are common in severe
studies have demonstrated that in Dengue cases (B, No. 1 Children Hospital, Hanoi,
respond during acute virusinfection, | Vietnam). When left untreated, severe Dengue has a
robust IFN type | response are mortality rate as high as 50%.

induced. The longitudinal studies of
PBM Cs suggest that important chemokines, including those involved in leukocyte
recruitment are comparatively lower during early time points. These results suggest that
measuring time-point, and specific transcriptional -associated factors would be important to
elucidate how DENV infection aters the magnitude, specificity and functiondity target
cells. Additionally, cytokine- and chemokine-mediated response also reflects that the
hemodynamic changes of plasma leakage and clinical course of disease.

MicroRNAs (miRNAS) are small nucleic acids which disrupt trandation of target messenger
RNAs and alter mRNA expression patterns. It iswell understood that cross-talk between DENV
target cells (macrophages'monocytes lineage cells) is essential in Dengue disease outcome. In
terms of the pathogenic role of miRNA in disease regulation, miRNA has been associated with
virus replication in vitro. In clinica studies, high viremia levels are associated with disease
severity (Moi et al., J Infect Dis., 2011; Endy et al., J Infect Dis., 2003). Thus, understanding the
detailed patterns of miRNA during DENV infection offers a unique opportunity for elucidating
the pathogenesis of severe Dengue and contribute to the development of novel biomarkers.

Global dengue epidemics are rapidly increasing but the disease pathogenesis is not well-
understood. In Dengue, humoral and cellular immunity may play a dua role in disease
pathogenesis and protection. As pre-existing immunity may lead to differential disease outcomes
depending on the magnitude and quality of response, we aim to determine the global miRNA
dynamics during an early and a late time point after dengue virus (DENV) infection by using
clinical samples. To achieve these aims, we will use virological and immunological approaches
including RNAseq to analyze and compare the miRNA transcriptional patterns from various
groups of DENV patients (secondary vs primary, acute vs convalescent, blood vs ascites).
Comparison of the longitudinal miRNA signatures in various stages of disease represents a novel
approach and is expected to provide to a better understanding into host response to DENV
infection. Thus, the proposal offers a unique opportunity to el ucidate the human immune response
to natura DENV infection and contribute to the identification of novel biomarkers and
development of effective dengue vaccines.



To understand the immunologic crosstalk between circulating miRNA during DENV
infection, we have previously characterized the miRNA and global networks involved in
transition from acute (fever phase) to convalescent (recovery phase) by using blood samples
from DENV patients (Fig. 2). By using anovel approach of characterizing cell free miRNA
analyses and viremia titration, we have characterized the development and resolution of an
in vivo human miRNA expression profiles in response to primary DENV infection. Our
analyses of human miRNA expression profiles demonstrated that during acute DENV
infection, miRNA(s) associated with immune response regulation and virus replication are
altered in response to acute DENV infection.

Based on the preliminary data described  »

above, measuring time-point and disease-type 7 R S N

specific miRNA profiles in the blood and - 4 .
body fluids of individuals with and without
severe Dengue can elucidate the role of
miRNA during infection. Determination of P :
miRNA profiles during different stages of ™ ¢ -~ = = .
infection (early vs convalescent, severe vs

non-severe) would lead to a better
understanding  of  flavivirus  disease | Fig. 2. Differential levels of cell-free miRNAsin
pathogenes s. In partlcular’ our hove the early phase of patlents with DENV infection.

approach of identifying the in vivo human | (A) Using 8 samples from viremic phase and 6

miRNA profilesthat connect innate immunity
and regulate the balance between protection
and pathogenesis, would lead to revelation of
bio-signatures that aid in disease prognosis
and the development of safe and effective
DENV and flavivirus vaccines.

samples from convalescent phase, the levels of
>2000 miRNAs was screened and compared by
using miRNA array. (B) Among the 7 miRNAs
that significantly increased during the acute phase
of infection (total differentially expressed
mMiRNAs=69, experimentally observed), (C) let-
7c miRNA, which is associated with innate

. immune response regulation and inhibition of
The proposed research strategy involves the | peny replication in vitro, significantly

following three components (clinical, virologic | jncreased from disease day 1, suggesting that the

and immunologic): ) Clinical | jmmune response is regulated early during the
characterizetion of samples collected from | yiremic phase.

Vietnam, this will include analyses of
comprehensive clinical data from patient and
blood biochemistry results, (2) Virologic analyses will include virus isolation, viremia titration
and gene sequence with phylogeny analyses and (3) miRNA analyses will include determination
of miRNA response signatures and biological functionsin vitro.

(1) Analysesof clinical data.

Inflammatory cytokine levels will be determined by using ELISA and Luminex. Because
disease outcomes are al so affected by sequence of infection, these datawill be used to group
patients according to disease severity, course of disease and type of infection and analyzed
with levels of expressed miRNA.

(2) Determination of regulation of mMiRNA in dengue patients with differential viremia and
clinical outcomes, and validation of miRNA expression by gRT-PCR
miRNA and cytokine profiles (upregul ated and downregul ated) in using longitudinal
samples was determined by microarray analyses. Comparisons made by clustering each of
the (1) classical dengue patient group vs severe dengue patient groups, (2) early (acute) vs
late (convalescent) was determined, and we identified 3 unique miRNAS that are associated
with acute infection and severity.

(3) DENV induced gene regulation in different host cell lines

A total of 3 candidatesidentified from the mRNA profiles of dengue patients was synthesi zed.
One candidate, miRNA hsa-let-7¢c-5p was sel ected for the following assays due to higher potency
during infection. Virus growth was examined by using real-time PCR and plaque assay.



(4) Satigtical analyses

Two-group comparisons were analyzed using Student’s t-test. Multiple group comparisons were
analyzed by running both parametric (ANOVA) and non-parametric (Kruskal Wallis) statistical
tests with Dunn’s and Tukey’s post hoc tests. Continuous variables are presented as the median
and interquartile range (IQR) or mean + standard deviation. Skewness was tested to assess the
normal distribution of the variables. As the data did not show normal distribution, we used non-
parametric tests. Data from more than two groups were compared using MANCOVA, and
between two groups were compared using the Mann-Whitney U test based on distribution of data.
The Spearman’s test was used to identify correlations and the results are presented as the
coefficients (p —1to +1). p—values of < 0.05 were considered as statistically significant. PCA was
conducted in R (Version 4.1.2) with plotting tools from the factoextra package.

(1) Host cytokine expression

Wefirst analyzed 45 cytokines and
other factors in serum samples
from the acute phase of DENV ..
infection (within 3-5 days of ¢
symptom onset) from 167 patients.
All of the patients tested positive
for serum DENV nonstructural
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protein 1 antigen (NS1Ag); 78.4% - ) B S

and 62.9% were postive for .7 . - " .
immunoglobulin M (IgM) and G~ ———— e LT3
(19G), respectively; and 18.0%, 1 1 ¢+ ;” it i+
19.8%, and 11.9% tested positive :™ , 5 ‘

for serotypes 1, 3, and 4, - A A L B ‘
respectively. Although the DENV- ; ‘_

4 vira load was dgnificantly T T T
higher than those of DENV-1 or

DENV-3, disease severity was not | Fig. 3. Serum cytokine levels in dengue patients during the
associated with viral load or | acute phase of infection. (A—F) Cytokine levels in serum
serotype. Significant correlations | samples from healthy individuals (Control; n = 10) or patients
were identified between disease | with DWoWS (n = 64), DWWS (n = 64), and SD (n = 39). (A)
severity and CCL5, SCF, PDGF- | SCF, (B) CCL5, (C) IL-15, (D) IL-10, (E) TNF-a, and (F)
BB, IL-10, and TNF-a levels, | PDGF-BB. Circles represent samples outliers to the median
between NS1 Ag and SCF, CCL5, | value. Box plots show the median and interquartile range. * p <
IEN-a, IL-1a, and IL-22 levels | 0.05, ** p < 0.01, *** p < 0.001 using MANCOVA (after
between thrombocytopenia and IL- | controlling for Age, gender, days of fever and IgM) the Mann—
2, TNF-a, VEGF-D, and IL-6 | Whitney U test.

levels, and between primary or
secondary infection and IL-2, IL-6,
IL-31, IL-12p70, and MIP-18 levels (Fig3).

Samples were grouped according to severity for further analyses.

Next, from the cytokine data, atotal of 3 principal components were extracted, accounting for
60.8% of variation in the data. In terms of percentage contribution, there was no clear dominance
by any cytokineinthefirst component despitethelargest explained variance at 40.3%. The second
and third component exhibited some overlap with considerable contributions from similar
cytokines such as PIGF1 and CCL5 (Figure 4a-c). Based on this, the comparisons between
components 2 and 3 were omitted in subsequent analyses. Additional subgroup analyses
separating cases with positive and negative for DENV RNA were aso performed (Figure 4d-i).
The extracted principal components were first analyzed for the capacity of distinguish between
primary and secondary infection cases and by disease severity (Figure 4d-f). While there was
limited PCA distinction between the primary and secondary infections based on the selected
components (Figure 4d-f), the data suggest that the first two principal components were able to
distinguish cases by disease severity (Figure 4g-i), particularly among those that were negative
for DENV RNA within different group means by severity (Figure 4i).



Figure 4. Principal component
analysis (PCA) of different
cytokine levels from dengue
patients with severe and non-
severe dengue. The contributions
of cytokines to the top principal
components (Dim.1 to Dim10) in
al cases (a), dengue cases that
demonstrated virus RNA (b) and
in the absence of virus RNA (c). z z 5 5
Clustering of individuas by
primary and secondary infection
according to principal component
1 (Dim1) and component 2 )
(Dim.2) (d-f). Clustering of (d) All cases () DENV RNA positive (f) DENY RNA negative
individuals by the severity of - : k| |
infection—severe, with  and
without warning sign (WYS)
according to principal component
1 (Dim.1) and 2 (Dim.2) for all
cases (g), cases with positive RT-
PCR (n = 83, (h)), and cases with
negative RT-PCR (n = 84, (i)). S T
Circlesrepresent the group means.
All cases (n = 167) were used in
the analyses (a-i).
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(2) Effects of miRNA hsa-let-7¢c-5p in Vero 9013 and K562 cells. (A) IRS62 Galll Lins

To determine the effects of mMIRNA has-let-7¢-5p in DENV I

human cells, K562, HEK293T and T98G cell lines were used in
this experiment. In plague assay, miRNA has-let-7c significantly
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reduced DENV replication at 0.1nM and 1 nM concentrations

(Figure 5), but the effect was not significant at 0.01 nM (data not

shown).
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Figure 5. Efficacy of miRNA hsalet-7¢c-5p at 0.1nM and 1nM
concentration against DENV-2 at an MOl of 0.01, as quantified by
plague assay at post-treatment studies. Logl10 transformed viral
titer values of mMiRNA-treated vira-infected cell culture
supernatants were compared with that of the untreated viral-
infected control. (A) K562, (B) HEK293T (3) T98G cells. Cells
were infected with virus for 1 h, viral inoculum was aspirated,
cells were washed with EMEM twice and replaced with EMEM
with 10% FBS. The error bars represent the standard deviation of
themean of at least 6 replicates, * p< 0.05; *** p<0.001; ns=non-
significant.
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Conclusion: miRNA hsa-let-7c-5p inhibited dengue virus replication and is potentially associated
with host response generated during DENV infection. Further in-vitro and in-vivo study are
needed to demonstrate the efficacy of miRNA hsa-let-7¢c-5p against dengue viral infection and
pathogenesis.
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