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Abstract

Background: The identification of early biomarkers to predict liver dysfunction in patients with severe
dengue is essential. Currently, there are no available data on circulating microRNAs to predict this important
complication.

Objectives: This study aimed to explore the role of circulating microRNAs in predicting severe liver dysfunction
in dengue infection by identifying and validating predictive microRNAs via NanoString and quantitative
reverse transcription-polymerase chain reaction (QRT-PCR).

Methods: On the initial day of admission, serum samples were gathered from patients with dengue infection.
These patients were monitored for 14 days post-admission to ascertain their final diagnosis. Following the
WHO 2009 criteria, participants were categorized into severe and non-severe liver dysfunction groups. To
perform transcriptomic analysis of the circulating microRNAs, we used the NanoString nCounter 1 Human v3
microRNA Expression Assays. Subsequently, we validated the levels of the selected microRNAs using qRT-
PCR.

Results: In the discovery phase, 5 non-severe cases and 4 severe cases were tested, and elevated liver
enzymes were found in the severe cases. In the validation phase, 11 severe cases demonstrated substantially
longer durations of fever before admission; higher white blood cell counts, total bilirubin, direct bilirubin, and
liver enzyme levels; and lower platelet counts and abdominal pain, compared with those of the 92 non-severe
cases. Analysis revealed that only 2 of 798 microRNAs, microRNA-424-5p and microRNA-30d-5p, were
upregulated in the severe liver dysfunction group compared with the non-severe liver dysfunction group.
MicroRNA-424-5p had an area under the receiver operating characteristic curve of 0.67(95% confidence
interval: 0.52—0.86, P =0.04) and exhibited sensitivity, specificity, positive predictive value,and negative
predictive value of 63.6%, 76.1%, 16.3%, and 83.7%, respectively. Functional enrichment and gene-
targeting analyses indicated that microRNA-424-5p may influence important signaling pathways,
including mitogen-activated protein kinase, PI3K-Akt, and mTOR, which are involved in cellular development
and metabolic regulation.

Conclusion: Notably, microRNA-424-5p exhibited modest diagnostic performance in distinguishing severe
from non-severe liver dysfunction. Our research highlighted the potential of circulating microRNAs, particularly
microRNA-424-5p, as biomarkers for predicting severe liver dysfunction in patients with dengue.
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Dengue infection is a flu-like disease that can affect
individuals of all ages and may result in a diverse range
of clinical outcomes. The spectrum of disease ranges
from the subclinical stage, with defervescence
occurring on days 3-7, to the severe stage, which
causes plasma leakage and severe bleeding.()

The liver is affected in patients with dengue
infection, thus making it one of the most commonly
involved organs. Hepatic clinical manifestations can
be observed in 60.0-90.0% of patients infected with
dengue, including elevated aspartate aminotransferase
or alanine aminotransferase levels, hepatomegaly, and
jaundice.® The incidence of severe liver dysfunction
in severe dengue infection is approximately 5.5%.%
The presence of severe hepatitis is indicative of an
unfavorable prognosis among patients with dengue,
even though the majority of individuals recover from
their illness without requiring treatment.®

MicroRNAs (miRNAs) have been identified as
potential predictive biomarkers for the diagnosis of
infectious diseases, including tuberculosis and malaria.
In tuberculosis, shifts in miRNA expression have been
explored across the different phases of infection,
highlighting their potential as diagnostic biomarkers.®
Meanwhile, in malaria, diagnosing severe malaria
remains challenging due to its broad and nonspecific
symptoms. In addition, current detection methods are
insufficient for identifying the extent of organ damage,
as complications often progress unnoticed until the
window for effective treatment has closed.®

miRNAs are small non-coding endogenous RNAs
with approximately 21 nucleotides. Furthermore,
miRNAs are involved in many biological processes,
including the control of infection and the regulation of
messenger RNAs by deadenylating and decapping
them for degradation.”)

A previous study highlighted the potential of blood-
derived miRNAs as biomarkers for dengue diagnosis
and severity assessment. Differential miRNA
expression patterns were observed between mild and
severe dengue cases, indicating their role in disease
progression. Specific miRNAs were associated with
immune response modulation, vascular permeability,
and liver dysfunction in patients with severe dengue;
meanwhile, the expression levels of miR-24-1-5p, miR-
512-5p, and miR-4640-3p exhibited substantial
variation between dengue fever (DF) and patients with
DF with liver dysfunction (DFL), suggesting their
potential role in distinguishing disease severity. These
findings suggest that miRNAs could serve as non-
invasive molecular indicators for early detection and
risk stratification.®
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The late onset and short duration of warning signs
have led to the identification of additional potential
early biomarkers to predict severe dengue infection,
particularly severe liver dysfunction. Moreover, the
ability to predict this specific complication will allow
clinicians to make early interventions for patients.
Therefore, this study aimed to identify reliable
predictive miRNAs and underlying molecular
pathways in patients with severe liver dysfunction due
to dengue infection.

Materials and methods

Ethics statement

In this study, all patients aged > 18 years and parents
of patients aged < 18 years provided informed consent.
The research was reviewed and approved by the
Institutional Review Board, Faculty of Medicine,
Chulalongkorn University (IRB no. 0827/66), as well
as the Ethics Committee of Banpong Hospital (REC
no. 009/2562) and Photharam Hospital (REC no. 32/
2562). The research adhered strictly to the principles
of the Declaration of Helsinki and Good Clinical
Practice guidelines.

Criteria

The inclusion criteria for this research were: (i)
Admitted to the participant hospital, (ii) consented to
participate in the research; and (iii) a positive test result
for dengue virus non-structural protein 1 antigen and
antibodies (immunoglobulin G/immunoglobulin M)
against dengue virus, performed using the severe
dengue (SD) BIOLINE Dengue Duo kit. Exclusion
criteria were patients without dengue infection.

Sample collection

Blood samples for miRNA analysis were drawn from
patients with suspected dengue on day 1, day 3 of
admission, defervescence day, and day of discharge.
Collection and storage of clinical data and serum
samples from patients were performed at the
Excellence Center of Critical Care Nephrology, King
Chulalongkorn Memorial Hospital, Bangkok, Thailand.
The volume of blood collected was 9 mL for patients
aged < 15 years and 18 mL for patients aged > 15
years.

To collect serum, a 10 mL red-top serum collection
tube was used to store the whole blood, and the tube
was left upright at room temperature for approximately
15-30 min to allow clotting. Thereafter, the tube was
centrifuged at 3,000 rpm for 10 min. Then the
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remaining liquid, either solution or serum, was
transferred into a polypropylene tube. To collect
plasma, a 10 mL heparinized green-top tube was used
to store whole blood, and the tube was gently inverted
6-8 times. After centrifugation at 3,000 rpm for 10
min, the remaining liquid, or plasma, was transferred
into a polypropylene tube. Serum and plasma
components were portioned into smaller aliquots and
stored at —80°C until further analysis.

Patient enrolment and study design

This research was a multicenter retrospective
observational study of patients from 3 hospitals,
including 2 hospitals in Ratchaburi province (Ban Pong
Hospital and Photharam Hospital) and King
Chulalongkorn Memorial Hospital in Thailand,
between September 1, 20 and December 31, 2020.

In the discovery phase, samples were randomly
selected from the non-severe and severe liver
dysfunction groups to perform miRNA profiling using
the NanoString technique.

Then, 9 patients were randomly selected, including
5 from the non-severe liver dysfunction group and 4
from the severe liver dysfunction group.

In the validation phase, the receiver operating
characteristic (ROC) © !9 in MedCalc (MedCalc
Software Ltd., Ostend, Belgium) @V was used to
calculate the sample size. The sample size was
calculated based on the following values: a type I error
of 0.05; a type I error of 0.20 (power of 80.0%); an
area under the curve (AUC) of 0.8; a null hypothesis
of 0.5; and a ratio of sample sizes in negative to
positive cases of 33:3 (non-severe liver dysfunction:
severe liver dysfunction).®® The minimum required
sample size was determined to be 96 cases, comprising
88 non-severe liver dysfunction cases and 8 severe
liver dysfunction cases. Therefore, we included 103
patients in this study.

All confirmed cases of dengue were classified
into three categories according to the 2009 WHO
criteria: non-severe cases without warning signs
(referred to as dengue infection or DI), non-severe
dengue with a warning sign (DWS), and SD.!"» SD
was defined by the presence of at least one of the
following: 1) severe plasma leakage resulting in a high
or progressively rising hematocrit with an elevation
of at least 20% above baseline, a pulse pressure of 20
mm Hg or less, the presence of pleural effusions or
ascites, circulatory compromise or shock as
characterized by symptoms such as tachycardia, cold
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and clammy extremities, capillary refill time exceeding
3 s, a weak or undetectable pulse, narrow pulse
pressure or, in late shock, unrecordable blood pressure;
2) severe bleeding as determined by physicians; and
3) severe organ impairment leading to alteration of
consciousness, severe gastrointestinal involvement is
marked by persistent vomiting, increasing or intense
abdominal pain and jaundice, acute renal failure,
encephalopathy, and cardiomyopathy. Severe liver
dysfunction was indicated by aspartate
aminotransferase or alanine aminotransferase levels
> 1000 U/L. Serum samples from healthy donors,
without an apparent or prior history of infection, were
obtained from the National Blood Center of the Thai
Red Cross Society in Bangkok, Thailand. These
donors were qualified by physical examinations and
negative serology tests for dengue non-structural
protein 1, immunoglobulin M, hepatitis B virus, hepatitis
C virus, and human immunodeficiency virus.

RNA isolation and microtranscriptomic analysis
Viral RNA was extracted from 200 iL. of serum sample
using the microRNeasy Serum/Plasma Kit (Qiagen,
Gaithersburg, MD, USA) according to the
manufacturer’s instructions. The NanoDrop 2000
spectrophotometer (Thermo Scientific, USA) was
used to measure RNA concentration and purity.

The nCounter 1 Human v3 miRNA Expression
Assay (NanoString Technologies, Seattle, USA) was
used to analyze the human miRNA expression. Nine
patients were divided into two groups: 4 with severe
liver dysfunction and 5 with non-severe liver
dysfunction. A total of 100 ng of RNA underwent
processing as per the manufacturer’s instructions. The
nCounter Digital Analyzer was used to record image
capture across 280 fields of view, and the nSolver
Analysis (version 4.0) software was used to analyze
the miRNA data. Significantly different miRNAs were
selected based on P<0.05. After NanoString analysis, the
expression patterns of 798 human miRNAs were
examined, and significant miRNAs were selected
based on the following criteria: P <0.05, Log, fold-
change > 1.5 or <—1.5, and relevant underlying
mechanisms from other studies.

Validation by quantitative reverse transcription-
polymerase chain reaction (qRT-PCR)

The QIAamp Viral RNA Mini Kit (QIAGEN,
Germany) was used to isolate viral RNA from serum
samples and to detect dengue virus and its serotypes.



218 N. Pas-arj, et al.

To analyze the dengue virus, a 511 bp DNA band was
detected. Subsequently, nested PCR with specific
primer sets was used to determine the serotype.
Detection of a 482 bp, 119 bp, 290 bp, or 392 bp DNA
band indicated the presence of dengue virus-1, dengue
virus-2, dengue virus-3, or dengue virus-4, respectively.
Validation of miRNAs was performed using TagMan
gRT-PCR. To normalize human circulating miRNA
data, identifying reference genes was necessary.
Numerous studies have indicated that miR-16-5p is
highly stable in serum samples.'* ' All procedures
were performed according to the manufacturer’s
protocols. To measure fold changes in miRNA
expression levels, the 224t method was used.

Statistical analysis

All patients’ clinical data were collected in an Excel
file. We applied nSolver Analysis Software (Version
4.0) for NanoString analysis. Continuous variables with
a normal distribution were expressed as the mean +
standard deviation (SD), while median and interquartile
range (IQR) were used for variables with a non-
normal distribution. For parametric variables, Student’s
t-test or one-way analysis of variance was employed,
while non-parametric variables were analyzed using
the Mann—Whitney U test or Kruskal-Wallis test. A
chi-square test was performed on categorical
variables, and results were expressed as percentages.
Factors associated with disease severity were
assessed using univariate analysis, and candidate
miRNA expression levels were examined for
correlations with other variables using either Pearson
or Spearman correlation tests. To evaluate the
predictive potential of miRNAs, the ROC curve
analysis was employed. Statistical significance was
determined asa P < 0.05. SPSS version 23 was used
for statistical analyses, and GraphPad Prism 9 was
used to create the figures.

Results

Clinical characteristics of patients with dengue

In the discovery phase, a total of 9 patients, including
5 with non-severe liver dysfunction and 4 with severe
liver dysfunction, were identified by miRNA
transcriptomic analysis (Table 1). The results revealed
that individuals with SD exhibited significantly higher
levels of aspartate aminotransferase and alanine

Chula Med J

aminotransferase in the severe liver dysfunction group
than in the non-severe liver dysfunction group. Next,
103 patients in the validation phase, comprising 92 with
non-severe liver dysfunction and 11 with severe liver
dysfunction, were analyzed by qRT-PCR. The
duration of fever before admission, jaundice, white
blood cell counts, the total bilirubin, direct bilirubin,
aspartate aminotransferase, and alanine
aminotransferase levels were significantly higher, and
the levels of abdominal pain and platelets were
significantly lower in the severe liver dysfunction group
than in the non-severe liver dysfunction group. The
remaining clinical characteristics are described in
Table 1. It was noted that 7 patients in the severe
group experienced severe illness on day 1, 2 patients
on day 2, and one patient on the day of defervescence,
as shown in Figure 1.

Differential expression analysis and validation of
miRNAs in patients with dengue
Microtranscriptomic analysis identified 798 miRNAs
potentially relevant to the study. From that pool, 30
miRNAs were identified as significantly differentially
expressed biomarkers in dengue infection (Figure 2).
To identify significant differential miRNAs, miRNAs
were excluded based on the following criteria: a
P<0.05,log2 fold-change > 1.5 or<—1.5, or relevant
underlying mechanisms from other studies. In the
validation phase, miRNAs, including miR-424-5p and
miR-30d-5p, were potential upregulation biomarkers
in NanoString analysis. In qRT-PCR analysis, miR-
30d-5p and miR-424-5p were upregulated in the severe
liver dysfunction group compared with the non-severe
liver dysfunction group (Figure 3).

miRNAs as potential biomarkers for severe liver
dysfunction

To compare the accuracy of diagnostic tests, two
miRNAs exhibited discriminatory ability between the
severe and non-severe liver dysfunction groups: miR-
424-5p had an area under the receiver operating
characteristic curve of 0.67 (95% confidence interval
(CD: 0.52-0.86, P=0.04) (Figure 4).

The optimal threshold of miR-424-5p for
identifying severe liver dysfunction was 6.9, with a
sensitivity, specificity, positive predictive value, and
negative predictive value of 63.6%, 76.1%, 16.3%,
and 83.7%, respectively (Table 2).
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Figure 1. Timeline of disease progression in severe liver dysfunction patients.
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Figure 3. Serum levels of microRNA-424-5p (A) and microRNA-30d-5p (B) in severe and non-severe liver dysfunction patients.
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Figure 4. Predicting severe liver dysfunction with serum microRNAs: ROC curve analysis. (The optimal cut-off for microRNA-

424-5p was determined by 6.92 using ROC curve).

Table 2. microRNA-424-5p performance in predicting severe liver dysfunction.

microRNA Cut-off Sensitivity

Specificity PPV NPV

microRNA -424-5p 6.9 63.6

76.1 163 83.7

NPV, negative predictive value; PPV, positive predictive value.

Correlation of circulating miRNAs with clinical
parameters in the disease

We observed significant positive and negative
correlations between three miRNAs and several
clinical parameters. Specifically, miR-424-5p and miR-
30d-5p exhibited a negative correlation with Dengue
virus qRT-PCR positivity (Table 3). Whereas miR-
424-5p revealed a negative correlation with gender
(Table 3).

Analysis of serum miRNAs and many factors that
could potentially affect the prognosis of severe liver
dysfunction were performed using a univariate
approach. The result identified prognostic indicators
of severe liver dysfunction, including body mass index,
duration of fever before admission, abdominal pain,
persistent vomiting more than twice, white blood cell
counts, and platelet counts (Table 4).

Gene targeting and functional profiling

To investigate the biological relationships, we
performed Gene Ontology enrichment analysis. For
miR-424-5p, the top four molecular functions

were protein binding, catalytic activity, which acted
on a protein, and protein kinase activity. For
phosphotransferase activity with an alcohol group as
the acceptor (Figure 5A), the top four biological
processes were multicellular organism development,
developmental process, anatomical structure
development, and regulation of primary metabolic
processes (Figure 5B). The top four cellular
components were cytosol, cytoplasm, nucleoplasm,
and cell junction (Figure 5C).

The initial step of gene targeting by mirDIP with
a high score class yielded a catalog of 1,039 target
genes regulated by miRNA-424-5p. According to the
enrichment analysis, miR-424-5p was associated with
27 significant pathways, including mitogen-activated
protein kinase (MAPK), phosphoinositide 3-kinase-
protein kinase B (Akt) signaling, and the mammalian
(or mechanistic) target of rapamycin signaling pathway
(Figure 5D). In addition, for miRNA424-5p, a
significant gene identified was calcium voltage-gated
channel subunit alphal E (CACNAI1E), which is part
of the mitogen-activated protein kinase pathway.
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Table 3. Correlation between serum microRNA Levels and clinical parameters.

microRNA-424-5p microRNA-30d-5p

Parameters r P r P
Age 0.100 0310 0.180 0.076
Gender -0.216 0.028* -0.060 0.561
BMI 0.080 0464 0.120 0274
Duration of fever 0.110 0.286 0.130 0.189
Body temperature -0.020 0.848 -0.140 0.159
Systolic blood pressure 0.020 0.834 -0.020 0.874
Diastolic blood pressure -0.190 0.058 -0.170 0.079
Pulse rate 0.070 0.508 0.050 0.629
Respiratory rate 0.010 0.958 0 0.991
Abdominal pain 0.180 0.077 0.110 0.252
Persistent vomiting > 2 times 0 0.986 0.130 0.181
jaundice 0.080 0403 0.090 0.366
Hepatomegaly 0.050 0.593 0.120 0.241
DENV NSI positive 0.140 0.156 0 0952
DENYV qRT-PCR positive -0.201 0.041%* -0.224 0.023*
Anti-DENV IgM positive -0.020 0.808 0.100 0317
Anti-DENV IgG positive -0.080 0414 0.070 0461
WBC -0.010 0.899 0.060 0.533
Neutrophil 0.080 0413 0.090 0.384
Lymphocyte -0.100 0.341 -0.100 0.342
Platelets -0.030 0.763 0.080 0444
AST 0.180 0.078 0.110 0.281
ALT 0.270 0.006* 0.228 0.021*

*P <0.05. ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; DENYV, dengue virus; qRT-
PCR, quantitative reverse transcription-polymerase chain reaction; WBC, white blood cell.

Table 4. Factors associated with severe liver dysfunction. It includes odds ratios (OR), 95% confidence intervals (CI), and
P-values.

Variables Univariate analysis
OR 95%CI P-value

Age 1.01 0.96—1.06 0.652
Gender 1.63 0.46-5.73 0446
BMI 1.14 1.00-1.30 0.046*
Duration of fever before admission 1.60 1.12-2.28 0.010*
Body temperature 0.81 0.48-1.35 0415
Abdominal pain 421 1.06-16.73 0.041*
Persistent vomiting > 2 times 5.56 1.47-21.07 0.012*
Serotype by qRT-PCR 0.83 0.43-1.63 0.592
DENV NSI positive 1.08 0.29-3.94 0914
DENV qRT-PCR positive 032 0.07-1.52 0.153
Anti-DENV IgM positive 046 0.13-1.68 0.239
Anti-DENV IgG positive 0.77 0.22-2.72 0.686
White blood cell counts 1.00 1.00-1.00 0.005*
Neutrophil 1.03 0.99-1.07 0212
Lymphocyte 098 0.93-1.02 0.282
Platelets x10° 1.00 1.00-1.00 0.010*
microRNA-424-5p (Log10) 1.832 0.98-3.43 0.059
microRNA-30d-5p (Logl10) 1.639 0.65-4.15 0.297

*P < 0.05. BMI, body mass index; DENV, dengue virus; qRT-PCR, quantitative reverse transcription-polymerase chain
reaction.
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Figure 5. Significant pathway enrichment based on microRNA-424-5p, highlighting the biological processes and molecular
pathways influenced by its expression. (A) Molecular function, (B) biological process, (C) cellular component, and (D)

pathways.

Discussion

This study aimed to identify potential miRNAs and
their associated molecular pathways in patients with
severe liver dysfunction due to dengue infection.
Initially, we found 798 miRNAs that could potentially
predict the clinical outcome. During the discovery
phase, we selected three miRNAs: miR-16-5p (as a
reference gene), miR-424-5p, and miR-30d-5p. These
miRNAs were then further validated by qRT-PCR
analysis in 103 patients, including 92 in the severe group
and 11 in the non-severe group. miRNA-30d-5p and
miRNA-424-5p were notably elevated in patients
diagnosed with severe liver dysfunction compared to
those in the non-severe group. Demographic data
revealed that the duration of fever before admission,
jaundice, white blood cell counts, and levels of total
bilirubin, direct bilirubin, aspartate aminotransferase,
and alanine aminotransferase were significantly higher
in the severe liver dysfunction group than in the non-

severe liver dysfunction group. In contrast, abdominal
pain and platelets were significantly lower in the severe
liver dysfunction group than in the non-severe liver
dysfunction group. The ROC curve analysis
demonstrated that miRNA-424-5p could distinguish
cases of severe from non-severe liver dysfunction.
According to ROC curves, miR-424-5p exhibited
effective diagnostic performance, with an AUC of
0.67 and sensitivity, specificity, positive predictive value,
and negative predictive value 0f 63.6%, 76.1%, 16.3%,
and 83.7%, respectively.

miRNA levels showed positive correlations
with aspartate aminotransferase and alanine
aminotransferase and negative correlations with
dengue virus qRT-PCR positivity and gender.

Furthermore, miRNA-424-5p was upregulated in
this study. We evaluated the impact of suppressor of
cytokine signaling 2 on liver injury caused by
acetaminophen, which was a target gene of this
miRNA."» When a toxic dose (600 mg/kg) of
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acetaminophen was administered to wild-type mice,
they showed notable liver necrosis. In contrast,
suppressor of cytokine signaling 27 mice displayed
significantly higher levels of necrosis, neutrophil
recruitment, and chemokine (C-X-C motif) ligand 1,
an active chemokine for neutrophils. Moreover,
proinflammatory cytokines such as tumor necrosis
factor-alpha and interleukin-6 were upregulated. In
contrast, anti-inflammatory cytokines such as
interleukin-10 and tumor growth factor-beta were
reduced in suppressor of cytokine signaling 2" mice.
In vitro experiments revealed that suppressor of
cytokine signaling 2" hepatocytes exhibited elevated
phosphorylation of nuclear factor kappa-light-chain-
enhancer of activated B cells and increased reactive
oxygen species production compared with wild-type
hepatocytes upon exposure to acetaminophen. These
findings indicate that suppressor of cytokine signaling
2 plays a protective role in the liver by regulating
oxidative stress and inflammation triggered by
acetaminophen.®

The KEGG pathways enriched by gene targeting
revealed 27 pathways related to cell regulation,
including miRNA-424-5p. Furthermore, compared to
a previous study, one gene, CACNAIE, was
significantly associated with miRNA-424-5p. This gene
was associated with neutrophil activation and
maturation and may also be a target of miRNA-
320a.17 Other significant genes, such as P53, FASLG,
and MAPK, have been associated with the
pathogenesis of liver involvement in patients with
dengue.®

This study revealed many strengths. Observing
aspartate aminotransferase or alanine aminotrans-
ferase levels, along with miRNA levels, over time
provides a more comprehensive understanding of how
these levels change throughout disease progression.

However, this study also had several limitations.
It only included Thai patients with dengue. In addition,
miRNA levels were assessed on the first day of
enrolment, without monitoring changes during
admission. Examining miRNA levels at multiple time
points could provide a more comprehensive
understanding of how these miRNAs change
throughout the course of dengue illness. Moreover,
some blood samples were not collected at the same
time across the disease stages, and our study had a
limited number of cases of severe liver dysfunction
among patients with SD. These miRNAs should be
further investigated in a larger and more diverse
population.

Chula Med J

Conclusion

MiR-424-5p may be a potential diagnostic and
prognostic biomarker with modest performance for
severe liver dysfunction in SD before the onset of
severe liver dysfunction. However, further validation
of this microRNA analysis is required in larger
prospective cohorts, and multi-marker validation is
recommended.
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