
Frontiers in Immunology

OPEN ACCESS

EDITED BY

Yufeng Zhou,
Fudan University, China

REVIEWED BY

Yaprak Ozakman,
Memorial Sloan Kettering Cancer Center,
United States
Jing Xing,
Lingang Laboratory, China

*CORRESPONDENCE

Mathieu Garand

mathieu.garand@gmail.com

Narisara Chantratita

narisara@tropmedres.ac

SPECIALTY SECTION

This article was submitted to
Inflammation,
a section of the journal
Frontiers in Immunology

RECEIVED 17 October 2022
ACCEPTED 01 March 2023

PUBLISHED 20 March 2023

CITATION

Preechanukul A, Yimthin T,
Tandhavanant S, Brummaier T,
Chomkatekaew C, Das S,
Syed Ahamed Kabeer B, Toufiq M,
Rinchai D, West TE, Chaussabel D,
Chantratita N and Garand M (2023)
Abundance of ACVR1B transcript is
elevated during septic conditions:
Perspectives obtained from a hands-on
reductionist investigation.
Front. Immunol. 14:1072732.
doi: 10.3389/fimmu.2023.1072732

COPYRIGHT

© 2023 Preechanukul, Yimthin,
Tandhavanant, Brummaier, Chomkatekaew,
Das, Syed Ahamed Kabeer, Toufiq, Rinchai,
West, Chaussabel, Chantratita and Garand.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Perspective

PUBLISHED 20 March 2023

DOI 10.3389/fimmu.2023.1072732
Abundance of ACVR1B
transcript is elevated during
septic conditions: Perspectives
obtained from a hands-on
reductionist investigation

Anucha Preechanukul1, Thatcha Yimthin1,
Sarunporn Tandhavanant1, Tobias Brummaier2,3,
Chalita Chomkatekaew4, Sukanta Das4,5,
Basirudeen Syed Ahamed Kabeer6, Mohammed Toufiq6,
Darawan Rinchai6, T. Eoin West1,7,8, Damien Chaussabel6,
Narisara Chantratita1,4* and Mathieu Garand6,9*

1Department of Microbiology and Immunology, Faculty of Tropical Medicine, Mahidol University,
Bangkok, Thailand, 2Swiss Tropical and Public Health Institute, Basel, Switzerland, 3University of Basel,
Basel, Switzerland, 4Mahidol-Oxford Tropical Medicine Research Unit (MORU), Faculty of Tropical
Medicine, Mahidol University, Bangkok, Thailand, 5Department of Molecular Tropical Medicine and
Genetics, Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand, 6Systems Biology and
Immunology Department, Sidra Medicine, Doha, Qatar, 7Division of Pulmonary, Critical Care and
Sleep Medicine, Department of Medicine, University of Washington, Seattle, WA, United States,
8Department of Global Health, University of Washington, Seattle, WA, United States, 9Division of
Pediatric Cardiothoracic Surgery, Department of Surgery, Washington University School of Medicine,
St. Louis, MI, United States
Sepsis is a complex heterogeneous condition, and the current lack of effective risk

and outcome predictors hinders the improvement of its management. Using a

reductionist approach leveraging publicly available transcriptomic data, we describe

a knowledge gap for the role of ACVR1B (activin A receptor type 1B) in sepsis.

ACVR1B, a member of the transforming growth factor-beta (TGF-beta) superfamily,

was selected based on the following: 1) induction upon in vitro exposure of

neutrophils from healthy subjects with the serum of septic patients (GSE49755),

and 2) absence or minimal overlap between ACVR1B, sepsis, inflammation, or

neutrophil in published literature. Moreover, ACVR1B expression is upregulated in

septic melioidosis, a widespread cause of fatal sepsis in the tropics. Key biological

concepts extracted from a series of PubMed queries established indirect links

between ACVR1B and “cancer”, “TGF-beta superfamily”, “cell proliferation”,

“inhibitors of activin”, and “apoptosis”. We confirmed our observations by

measuring ACVR1B transcript abundance in buffy coat samples obtained from

healthy individuals (n=3) exposed to septic plasma (n = 26 melioidosis sepsis

cases) ex vivo. Based on our re-investigation of publicly available transcriptomic

data and newly generated ex vivo data, we provide perspective on the role of

ACVR1B during sepsis. Additional experiments for addressing this knowledge gap

are discussed.
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Introduction

Sepsis is a heterogeneous syndrome that arises fromadysregulated

host inflammatory response to an infection (1–3). The response is

accompanied by activation of vascular endothelial cells, neutrophils

and platelets which together can contribute to collateral tissue damage

in the vasculature. Inflammationworsenwith the influx of neutrophils

to the site of infection. Subsequent clearance of infectedneutrophils are

part of the way to the resolution of inflammation (4, 5). Clinical

biomarkersof sepsishavebeenassessed (reviewed in (6)). Some, likeC-

reactive protein and procalcitonin, are routinely used in clinical

practice but have significant limitations. The lack of clinical

biomarkers for risk and outcome prediction hinders the

improvement of sepsis management. As early detection and

treatment of sepsis are key to favorable outcomes, predictive markers

(e.g., gene expression signatures) are needed (7).

In tropical countries,melioidosis is a commoncause of community-

acquired infection and associated with high mortality. Melioidosis is

causedby the environmentalbacterium,Burkholderia pseudomalleivia

ingestion, inhalation or inoculation. The global incidence of

melioidosis is estimated to be 165,000 cases with a mortality rate of

approximately 89,000 cases per year (8). To improve the outcome of

melioidosis patients, there is a need to understand the

immunopathogenesis of severe sepsis from melioidosis.

The ACVR1B gene (ACVR1B) encodes the activin A receptor

type 1B. Activins are a pluripotent growth and differentiation

factors, believed to be involved in numerous processes such as

male germ cell development (9), follicle development (10), stem cell

differentiation (11) as well as immune response (12). Activin

isoforms are dimeric protein complexes and belong to the

transforming growth factor-beta (TGF-beta) superfamily (13).

Activin A is released rapidly into the circulation during

inflammation and has been shown to modulate the inflammatory

response by alteration of cytokine secretion, induction of nitric

oxide production, and regulation of immune cell activity (14).

Activin signaling pathways involve activins binding to a

heteromeric complex of receptors that consist of at least two type

I and two type II receptors. Both types of receptors possess serine-

threonine kinase activity and regulation of gene expression is

signaled via SMAD proteins. The ACVR1B gene encodes a type I

receptor which is essential for activin signaling. Mutations in this

gene are associated with cancer (15), cell proliferation (16).

High-throughput profiling technologies have revolutionized

biomedical research by enabling assessment of physiological as well

as pathological states of biological systems at an unprecedented depth.

Moreover, an increasing amount of research data is available in public

repositories (e.g.,NCBIGeneExpressionOmnibus [GEO]).These vast

data collections have been postulated to serve as valuable training

materials for the next generation of biomedical data scientists (17).

Here, we report the upregulation of theACVR1B gene during sepsis in

human melioidosis and discuss additional possible avenues to

investigate its putative role in the pathogenesis of sepsis. We
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acknowledge that the definition of sepsis may vary in each study and

that it is challenging to properly summarize all interpretations. Also,

the pathophysiology of sepsis is known to differ between age groups,

e.g., neonates vs. adults. In this study, we were interested in the host

response to severe infection across lifespan, experimental settings, and

cell types, therefore, we use the word sepsis or septic as a broad term to

encompass this syndromewhich isoftenappreciated asa continuumof

clinical presentation.
Materials and methods

In silico reductionist approach

Public repositories of articles and data, such as PubMed and

GEO, constitute a vast resource but they can be difficult to explore.

Here we present a logical reductionist approach to investigate

putative novel biomarkers for sepsis.

The steps consist of 1) identifying a gene of interest based on its

differential expression in the pathological/physiological context of

interest, 2) confirming the reproducibility of the initial observation,

3)determining the currentbodyof literature linking thegeneand topic,

4) extracting the known biological concepts concerning the gene, and

5) inferring putative novel roles for the gene with literature support.

All datasets were obtained from GEO and used to confirm

the initial findings in relevant clinical settings/samples. Datasets were

selected without prior knowledge of ACVR1B expression levels and

consisted only of human studies in which transcriptome profiles were

generated in septic patients and compared to uninfected controls

(Table 1). The task of identifying datasets was facilitated by using an

interactivedatabase recently createdby ourgroupand calledSysInflam

HuDB (sepsis.gxbsidra.org/dm3/geneBrowser/filteredSampleSets)

(18). Other relevant information was retrieved from each GEO

entry, such as: the geographic localization of the patient population,

and the type of biological samples.
Ethical approval

The work involving human subjects was approved by the ethical

committee of Faculty of Tropical Medicine, Mahidol University

(approval no. MUTM 2015-002-04, MUTM 2018-046-01 and

MUTM 2018-039-02), Udon Thani Hospital (approval no.6/2561),

NakhonPhanomHospital (approval no. IEC-NKP1-No.15/2558), Roi

Et Hospital (approval no. 166/2559), Buriram Hospital (approval no.

BR 0032, 102.3/57), and Surin Hospital (approval no. 21/2560). This

study was conducted in accordance with the principles of the

Declaration of Helsinki (2008) and the International Council for

Harmonization and Good Clinical Practice guidelines. Written

informed consent/assent form was obtained from all participants or

their legal guardians.
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1072732
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Preechanukul et al. 10.3389/fimmu.2023.1072732
Sample collection

Plasma was collected from 26 patients diagnosed with melioidosis

and 9 healthy subjects. Participants were recruited at five hospitals in

northeastern of Thailand (endemic region for melioidosis): Udon

Thani Hospital, Nakhon Phanom Hospital, Roi Et Hospital, Buriram

Hospital, and Surin Hospial. This study was part of a multi-center

study of patients aged ≥15 years who were culture positive for B.

pseudomallei from any clinical samples and admitted to the hospitals

between January 2015 and December 2019. The inclusion and

exclusion criteria were described previously by Kaewarpai et al.

(19). Plasma was collected at the time of enrolment (within 24

hours of reporting of the culture results). Patients’ characteristics

and clinical information was obtained from the medical records. Ten

milliliters blood were collected from 3 healthy donors aged more than

18 years old at the Faculty of Tropical Medicine, Mahidol University,

Bangkok and immediately used for cell stimulation.
Buffy coat isolation and plasma stimulation

Buffy coat from EDTA whole blood of three healthy individuals

was isolated by centrifugation at 1500 x g for 15 min. Fresh buffy

coat was diluted three-fold with RPMI 1640 medium (Gibco,

Invitrogen, CA, USA) supplemented with 10% fetal bovine serum

(FBS, Himedia, Mumbai, India), 100 U/ml penicillin (Gibco), 100

µg/ml streptomycin (Gibco), and 2 mM GLutaMAX (Gibco) and

added to 96-well plates (Costar Corporation, Cambridge, MA,
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USA) in duplicate wells at 2x105 cells in 150 µl per well. The cells

were stimulated with 50 µl of plasma from melioidosis patients (n =

26), healthy donors from an endemic area (n = 9) and autologous

donors (n = 3 replicates). Stimulated buffy coat was incubated at

37°C in a 5% CO2 atmosphere incubator for 4 h.
RNA extraction

Total RNA was extracted from buffy coat of healthy donors

following stimulation using the TRIzol® reagent (Thermo Fisher

Scientific, Darmstadt, Germany) according to manufacturer’s

instruction. The RNA was re-purified using the RNeasy Mini Kit

and treated with DNase according to the manufacturer’s instruction

(Qiagen, Valencia, USA). RNA quantity was measured using a

nanodrop spectrophotometer (Thermo Fisher Scientific).
Quantitative reverse-transcriptase PCR

cDNA was generated by the iScript cDNA Synthesis Kit (Bio-Rad

Laboratories, Hercules, USA). Transcription level of ACVR1B was

analyzed using real-time PCR with iTaq Universal SYBR Green (Bio-

Rad). The primers for ACVR1B were: ACVR1B, forward 5′
CAGCAGAACCTTGGCGGTTTA 3′, reverse 5′ GTTGGCAG

ATCCCAGAGGCTAC 3′ (15) and for a housekeeping gene HuP0

were forward 5′ GCTTCCTGGAGGGTGTCC 3′, reverse 5′
GGACTCGTTTGTACCCGTTG 3 ′ (20). The PCR reaction was

conducted in the CFX96™ Real-Time system (Bio-Rad) as follows: 1

cycle of 95°C for 30s followed by 50 cycles of 95°C for 10s and 60°C for

30s. After amplification, melting curve analysis was carried out from

65°C to 95°C. The fold change of ACVR1B expression was calculated

by 2(-DDCt), normalized with DCt = mean Ct of ACVR1B –mean Ct of

HuP0 derived from the same cDNA sample.
Statistical analysis

The average ACVR1B expression was calculated from source

data for case (i.e., sepsis) and control groups in each dataset. To

compare case to control groups, linear fold-changes (FC) were

calculated for each dataset by dividing the average expression of the

cases by the average expression of the control groups. An F-test of

equality of variances was used to determine whether a

homoscedastic or heteroscedastic t-test was adequate to compare

population means. To assess statistically significant difference

in gene expression, a t-test was applied to compute a p-value.

The Mann-Whitney and Kruskal-Wallis tests were used to

compare differences between ACVR1B expression of 3 healthy

donors-derived buffy coat, which was exposed to septic plasma. A

of P < 0.05 was considered statistically significant.
TABLE 1 Demographic characteristics of 26 patients with melioidosis.

Patient characteristics

Median age in years
(IQR)

58 (39-80)

Male (%) 20 (76.9)

Comorbidity (may be represented multiple times)

Diabetes (%) 13 (50.0)

Hypertension (%) 12 (46.2)

None (%) 12 (46.2)

Clinical conditions

Bacteremia (%)
Pneumonia (%)

20 (76.9)
6 (23.1)

Fever

< 15 days (%)
≥ 15 days (%)

None (%

16 (61.5)
2 (7.7)
8 (30.8)

Clinical outcome

Died within 28 days 13 (50.0)
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Results

In silico reductionist approach
identified ACVR1B as differentially
expressed during sepsis

The ACVR1B gene was identified from data we previously

generated (GSE49755) (21). An increase in ACRV1B transcript

abundance was observed upon the exposure of neutrophils from

healthy donors to plasma of septic patients. Briefly in this study,

polymorphonuclear neutrophils (PMNs) were obtained from two

healthy donors, isolated, and incubated for 6 hours with the plasma

from 12 patients with confirmed melioid sepsis and 12 uninfected

controls, respectively. PMN transcriptional profiles were generated

using Illumina Bead arrays. As shown in Figure 1A, ACVR1B gene

expression levels and variance between exposure to plasma from the

control and septic groups were significantly different (Figure 1B;

Additional File 1).

The current body of literature on the overlap of ACVR1B on

one hand and sepsis, inflammation, or neutrophil on the other hand

was assessed. Literature was retrieved using a PubMed query which

comprised the official gene symbol, name and known aliases for

ACVR1B, with the search restricted to the title and abstract:

ACVR1B[tw] OR ACTRIB[tw] OR ALK4[tw] OR SKR2[tw] OR

Actr-IB[tw] OR ALK-4[tw]. As of August of 2022, this query

returned 510 results. In a Boolean search, no overlap was found

between the ACVR1B literature and the search term “sepsis”.

Extending the search to the literature on inflammation and

neutrophil returned 13 and 2 articles, respectively. Supplementary

Figure 1 summarizes the number of articles returned in the

respective searches.
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The increase in ACVR1B transcript
abundance in the context of sepsis was
validated in independent datasets

Datasets relevant to septic conditions (clinically or experimentally)

were retrieved from GEO, made available on Gene Expression Browser

(GXB) GXB, and used for independent validation of our initial finding.

The characteristic of the datasets retrieved are shown in Figure 2 and

Supplementary Table 1. These datasets encompassed gene expression

profiling of in-vivo, ex-vivo and in-vitro experiments, and were all

derived from human samples. Various inflammatory conditions,

including cell exposure to bacterial products, were evaluated in case-

control designs. Strong evidence (p < 0.05) for an increased ACVR1B

expression in sepsis was found in 6 out of 11 datasets. The other five

datasets had a p-value between 0.1 and 0.05. Four of those datasets were

from experiments performed in-vitro. These four in vitro experiments

all have smaller sample size (ranging from 3 to 17) when compared to

the in-vivo experiments (ranging from 13 to 127). Te magnitude of

ACVR1B expression was associated with the experimental conditions,

such as the cell types used and whether plasma of septic patients or

synthetic bacterial components (e.g., bacterial lipopolysaccharide)

was used.
Regulation of cell survival and proliferation
indirectly links ACVR1B with sepsis

As a first step to bridging the gap between the postulated

upregulation of ACVR1B in sepsis and the rational for this

observation, another systematic literature search was conducted in

PubMed. The following query, restricted to title-words and excluding
A B

FIGURE 1

Primary observation: upregulation of ACVR1B in neutrophils in response to septic plasma. (A) The study design of dataset. The study was conducted
in adult patients with sepsis in Khon Kaen province, northeast of Thailand. Polymorphonuclear cells (PMN) were isolated from two healthy donors.
Each isolation of PMN was exposed to 20% of heparinized plasma samples which were collected from uninfected patients (n = 12) and patients with
culture-confirmed sepsis (n = 12) for 6 h. The cultures in the presence of medium alone or lipopolysaccharide were used as controls (not shown).
The RNA expression profile was determined using Illumina HumanHT12 V4.0 BeadChips. The dataset was deposited in the NCBI GEO public
repository (GSE49755) (B) ACVR1B expression in neutrophils after exposure to uninfected plasma and septic plasma for 6 h was shown in the graph.
The y-axis denotes the quantile normalized intensity values of the probes. The error bar demonstrated the mean ± standard deviation. Significant
differences were determined by using the following statistical tests: T-test and F-test which results in p<0.005 (***) and p<0.001, respectively.
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the term “homeobox” to avoid irrelevant gene target (ALK4 can also

referred to Aristaless-like homeobox 4), was executed: ACVR1B[ti]

OR ACTRIB[ti] OR ALK4[ti] OR ALK-4[ti] NOT (“genes,

homeobox”[MeSH Terms] OR (“genes”[All Fields] AND

“homeobox”[All Fields]) OR “homeobox genes”[All Fields] OR

“homeobox”[All Fields]) AND “humans”[MeSH Terms].

We obtained 33 articles and scanned the titles to extract key

biological processes/terms and fit them into 5 biologically relevant

categories: biological process, biomolecules, pathway, disease, and

cell type. A word-cloud summary of the words contained in the

titles is shown Supplementary Figure 1B. Next, literature searches

were performed on the intersection between ACVR1B and each

of these key biological processes/terms. To maximize the output,

the search queries regarding ACVR1B, and its synonyms were

extended to text words ([tw]) as follows: ACVR1B[tw] OR

ACTRIB[tw] OR ALK4[tw] OR SKR2[tw] OR Actr-IB[tw] OR

ALK-4[tw]. A summary of the categories and concepts is shown

in Supplementary Figure 1C.
Ex vivo validation of ACVR1B gene
expression in buffy coat exposed to
septic plasma

To test the findings of our in silico exploration, we measured

ACVR1B transcript abundance in the buffy coat from healthy
Frontiers in Immunology 05
individuals that has been incubated with septic plasma. Septic

plasma obtained from melioidosis patients were used for ex vivo

validation. The clinical characteristics of melioidosis patients are

shown in Table 1. Buffy coats were isolated from three healthy

donors and stimulated for 4 hours with plasma from melioidosis

patients (n=26) and healthy controls from endemic areas (n=9), and

autologous plasma (n=3). ACVR1B expression was measured by

RT-qPCR. Abundance of ACVR1B transcripts was significantly

higher in cells from two healthy donors (HC-01 and HC-02)

stimulated with plasma of melioidosis patients compared with

plasma of healthy donors (p < 0.01) (Figure 3).
ACVR1B gene expression in buffy coat
exposed to plasma and characteristics of
melioidosis patients

As melioidosis is associated with many underlying diseases, the

patients’ preexisting conditions/status and potential consequences

(i.e., bacteremia, pneumonia) of an infection with B. pseudomallei

were examined as factors of ACVR1B gene expression in buffy coat

after exposure to plasma of melioidosis patients. Blood cells of 3

healthy donors were incubated with plasma from patients with

melioidosis. ACVR1B expression was significantly different between

survivors and non-survivors (p<0.05), but no differences were found

between male and female, diabetes and non-diabetes, bacteraemia
FIGURE 2

In silico validation of ACVR1B gene expression in sepsis. Characteristics of 11 datasets are shown in a concentric circle chart with each segment
representing one dataset. From the outside to the inside, the following information is depicted: Gene Expression Omnibus (GEO) identification
number, country in which samples were acquired, study population, sample type, and analysis platform. The inner 2 circles represent the fold-
change (FC) and the p-value for comparing samples from septic patients to healthy controls. Average ACVR1B expression was calculated from
source data for sepsis and control groups in each dataset and used to calculate FC. * Dataset contains gene expression data of healthy individuals as
well as patients with sepsis caused by (B) pseudomallei and sepsis caused by other pathogens. Two comparisons were performed for this dataset.
However, FC and p-value are only shown for patients with sepsis caused by (B) pseudomallei and compared to healthy controls. ‡ In this study, gene
expression from neutrophils harvested from patients with sepsis-induced acute lung injury and stimulated with High Mobility Group Box Protein 1
(HMGB1) as well as lipopolysaccharides were compared to neutrophils from healthy controls stimulated in the same manner. Fc and p-value are only
shown for neutrophil stimulation with lipopolysaccharides at 1 hour after incubation. § In this dataset gene expression of monocytes and
lymphocytes were compared between healthy controls and patients with meningococcal meningitis 24 hours after admission to the pediatric
intensive care unit. Fc and p-value are only shown for AVCR1B expression in monocytes.
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and non-bacteremia, hypertension and non-hypertension,

pneumonia, and non-pneumonia (Supplementary Figure 2).
Discussion

High-throughput profiling technologies have changed our

understanding of biological systems. More and more data are

shared in public repositories, paving new avenues for exploration

of these datasets from various angles. Following this approach, we

described how we identified and validated the changes in ACVR1B

gene expression in septic melioidosis in silico and ex vivo.

We provided evidence that the ACVR1B gene is upregulated

during sepsis, a finding that is substantiated by its known

physiological role (e.g., in cell proliferation and apoptosis). To

our knowledge there is no previous assessment of ACVR1B in

melioidosis. Although induction of ACVR1B transcription was

observed in several cohort studies assessing adult and pediatric

sepsis, additional experimental data are necessary to confirm the

role of ACVR1B in sepsis. Validation of our preliminary findings

could be achieved by an in vitro culture system by exposing

neutrophils to septic plasma from patients as it was done in the

initial study described in Figure 1. Furthermore, changes in ACVR1B

gene expression can be confirmed through qPCR in healthy whole

blood, leukocytes and neutrophils (negative selection purification)

upon exposure to septic plasma. Knowing that not all mRNA

transcripts are translated and resulting in protein formation, a next

step would be to verify whether an increase in abundance observed at

the transcript level translates in increase in protein abundance.

We observed variable responses from HC-03 to septic plasma

which suggest other physiological factors influenced the host

production of ACVR1B. Our healthy donors satisfied the

inclusion/exclusion criteria (Supplementary Table 2) and had

similar age. There is no evidence that would lead us to think that

sex and blood type can affect ACVR1B expression in response to

septic plasma. Of note, however, single nucleotide polymorphisms

(SNP) in the ACVR1B gene have been associated with increased

risk of lung cancer from tobacco smoke exposure (22). Another

more recent study found possible implication for ACVR1B gene

SNPs in chronic obstructive pulmonary disease (23). Based on these

observations linking ACVR1B and inflammatory conditions, we

speculate that ACVR1B polymorphisms may be one of the factors

influencing gene expression in the HC-03 individual. While we

didn’t look at gene polymorphisms of the healthy donors in this

study, the subject will remain a point of interest for future work.

Additional inferences can be made by exploring the literature on

ACVR1B. For example, during the latency period in human

cytomegalovirus infections, miR-UL148D is one of the most

expressed micro-RNAs (miRNA) in myeloid cells and directly

targets ACVR1B (16). This result could suggest that ACVR1B is the

target of an immune evasion strategy employedby the virus. It could be

of interest to measure the co-expression of miRNAs during sepsis and

assess if, in particular, miR-UL148D correlates with ACVR1B gene

expression and the severity of symptoms. Interestingly, another

miRNA, miR-199a-5p, has been shown to inhibit monocyte/

macrophage differentiation by targeting ACVR1B (24); additional
FIGURE 3

Ex vivo validation of ACVR1B upregulation in buffy coat in response
to plasma from septic melioidosis patients. Buffy coat was isolated
from heparinized whole blood of three healthy individuals (HC_01,
HC_02 and HC_03). Each isolation of buffy coat was exposed to
25% plasma obtained from melioidosis patients (n = 26), healthy
control in endemic area (n = 9) and autologous plasma (n = 3, i.e.,
replicates). ACVR1B gene expression of stimulated buffy coat were
determined by RT-qPCR. Fold change in ACVR1B gene expression
represent the response to exposure to melioidosis, healthy control,
and autologous plasma. Scatter plots of ACVR1B expression show
fold changes of buffy coat exposed to different plasma samples.
Shown are the medians with interquartile ranges and each dot
represents data obtained from one individual sample. A Kruskal-
Wallis test was performed for comparison and two-tailed P values
were calculated. Comparision with statistically significant differences
are indicated (*p <0.05; **p <0.01).
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downstream experiments could aim to associate miR-199-5p

expression with the immune responses from monocyte/

macrophages. Finally, other mechanisms for the increased

expression of ACVR1B may involve the regulation of apoptosis in

leukocytes. Apoptosis in immune cells, such as neutrophils, can help

eliminate infected cells, thus reducing the pathogen burden.
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