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Abstract
Background: Burkholderia pseudomallei causes melioidosis and usually affects patients’ lungs, its
persistent infection promotes the fusion of host cells, leading to the formation of multinucleated giant
cells (MGCs) at the late infected stage. In this study, the global transcriptomic responses of B.
pseudomallei infection of a human lung epithelial A549 cell model with different infected stages were
investigated by means of microarray analysis to further elucidate the host cellular factors involved in the
occurrence and development of the event. Results: A set of 35 common differential expression genes
(DEGs) in EI and LI on the mRNA level applying a cut-off level of 1.5-fold change and a p-value < 0.05
were observed. Microarray data were further veri�ed by Real-Time quantitative PCR (RT-qPCR). GO
classi�cation and pathway enrichment analysis revealed these DEGs mainly involved in in�ammatory
response related processes, such as cellular response to tumor necrosis factor, cellular response to
lipopolysaccharide, positive regulation of NF-κB transcription factor activity. p-eIF2α, ATF4,NF-κB2(p52)
and IL-1β were next selected to be validated by western bloting, which indicated B. pseudomallei could
activate the eIF2α-ATF4 axis and NF-κB2 pathway in A549 cells. Conclusion: Our data shed light on the
transcriptome dynamics of A549 cells which persistently infected with B. pseudomallei and suggested
that the formation of MGCs may be a means for B. pseudomallei to manipulate the host's in�ammation
and stress response to adapt to intracellular life.

1 Background
Melioidosis is a potentially fatal infectious disease in tropical and subtropical countries worldwide
caused by the gram-negative Burkholderia pseudomallei [1]. Humans or animals usually acquire this
disease through broken skin, inhalation or ingestion of the pathogen [2]. It is estimated that there are
approximately 165,000 cases of human melioidosis each year worldwide and approximately 89,000
deaths (~ 54%) [3]. And with the continuous development of economy and trade, especially the fast
development of tourism globalization, the epidemic areas are expanding [1, 3, 4]. In addition, there is no
licensed vaccine for the prevention of disease [5]. Therefore, it is urgent to take measures to the disease,
and understanding of the intracellular lifestyle by which B. pseudomallei establishes infection will be
necessary for the development of approaches to disease control.

B. pseudomallei can adhere to and invade various types of mammalian cells, especially human lung
epithelial cells, which are particularly prone to exposure after inhalation [6]. As a facultative intracellular
pathogen, B. pseudomallei has a unique intracellular lifestyle in host cells. Escaping from the endocytic
vacuole into the cytosol is one characteristic feature during the early stage of infection. It has been
reported that B. pseudomallei can escape into the cytoplasm by inducing rearrangement of host actin
cytoskeleton and with the help of its type III secretion system (T3SS) effector proteins, such as BopE and
BopA [7–9]. Our team previous research found that B. pseudomallei could evade autophagy by 3 novel
miRNAs of MIR4458, MIR4667-5p, and MIR4668-5p targeted regulation of ATG10 in A549 cells [10].
Macrophages could up-regulate Rab32 GTPase through reducing miR-30b/30c to accelerate B.
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pseudomallei-containing phagosomes maturation [11]. However, B. pseudomallei can escape from
Rab32-positive phagosomes into the cytoplasm.

Multinucleated giant cells (MGCs) formation is another important characteristic feature of host cell in the
late stage of infection of B. pseudomallei. The persistent infection of B. pseudomallei promotes the
fusion of an infected mononuclear cell with one or more adjacent cells leading to the formation of MGCs
[12, 13]. The MGCs have also been observed in vivo in autopsy lung tissues of patients with melioidosis
and the lung of C57BL/6 mice infected with a low dose of B. pseudomallei [14, 15]. Now, the mechanism
for the MGCs formation is still unknown. It is reported that type VI secretion system (T6SS) of B.
pseudomallei contributes to the formation of MGCs by translocating effector proteins into cells [16]. BipB,
a known T3SS translocator protein, is also reported to mediate MGCs formation in infected macrophage
[17]. MGCs has been reported to facilitate localized dissemination of B. pseudomallei [18], but the
physiological function of host cell fusion induced by B. pseudomallei is still poorly understood.

The intracellular lifestyle of B. pseudomallei affected the biological functions of host cells. Currently, the
identi�cation of host cellular factors involved in the whole process of B. pseudomallei infection is limited.
Whole-genome microarray studies can elucidate genes critical for bacterial survival, pathogenesis,
intracellular life-cycle and virulence. This powerful technology has been employed in a murine
macrophage model of acute melioidosis and innate immunity [19, 20]. Therefore, we used microarray
analysis to investigate the global transcriptional response of A549 cells infected with B. pseudomallei at
three key time points: 0 hpi (NC), 6 hpi (EI) and 12 hpi (LI) to better understand the associated differential
expressed genes in the whole process of B. pseudomallei infection. Our data indicated that the DEGs of
A549 cells responded to B. pseudomallei infection were mainly related to in�ammation and stress
response.

2 Results

2.1 B. pseudomallei promotes the formation of MGCs
To observe the cell morphology, cytoskeleton protein actin stained with Actin-Tracker Green, and confocal
microscope was emploied. A time series assessment of A549 cell phenotype infected with B.
pseudomallei was shown in Fig. 1. Three replicates were carried out in each group. No microreactive
lesions were observed at 0 hours post inoculation (hpi). By 6 hpi, the occurrence rate of MGCs was 3.64 ± 
0.79%, most of the infected cells didn’t fuse in this stage, maintaining normal cell morphology with clear
cell boundary and intact outline. However, at 12 hpi, the MGCs had developed much larger and the rate
increased up to 43.69 ± 8.65% (Fig. 1A). There was a signi�cant difference in the percentage of MGCs
formation between 6 hpi and 12 hpi (t = 4, P = 0.001), as seen in Fig. 1B. According to the formation of
MGCs compared to control cells (0 hpi), we designated the interval between 0 hpi and 6 hpi as early
infected stage (EI) and the interval between 6 hpi to 12 hpi as late infected stage (LI). Specially,
�lamentous actin tail of B. pseudomallei for directional movement within A549 cytosol were also found
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as shown by the white arrow in the Fig. 1A, and mass replication of B. pseudomallei could be seen in
every mature MGC.

2.2 Microarray data analyses of early and late infected
stages
We analyzed total mRNA in different infected stages (EI, and LI) using the microarray analyses.
Compared with NC, we observed a set of 325 differentially expressed genes (95 genes↑and 230 genes↓)
in EI (Table S1) and 103 differentially expressed genes (44 genes↑and 59 genes↓) in LI (Table S2) on the
mRNA level with the foldchange ≥ 1.5 and a P-value < 0.05. Thirty-�ve common genes showed a
signi�cant difference were found in the both infected stages, as seen in Fig. 2A. Their expression pro�le
was listed in Table 2, as shown in Fig. 2B. The relative mRNA expression of the selected genes were
con�rmed by RT-qPCR, and the results showed ANXA9, BCL2, CLDN7 and IL1A reduced 0.56- (0.29-), 0.28-
(0.71-), 0.75- (0.31-), and 0.83- (0.76-) fold, on the other hand, ATF4, GKN2, ICAM1, IL6, NFκB2 and
TNFAIP3 increased 1.22- (1.59-), 1.41- (1.58-),4.05- (2.70-), 1.95- (1.87-), 1.54- (1.54-), and 1.55- (2.38-)
fold, respectively, in EI and LI compared with NC (Fig. 2C), numbers in brackets represented foldchange of
veri�ed genes in LI. The RT-qPCR results were consistent with our microarray results.
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Table 1
Primer sequences for analysis of gene expression using qRT-PCR

Primer name Sequence (5′ → 3′ ) Product size (bp)

ANXA9-F TTCAGCGTGGACAAGGAT 171

ANXA9-R TGCCTGTAGAGACTTCATCA

ATF4-F CCTTCACCTTCTTACAACCTCTTCC 125

ATF4-R GTAGTCTGGCTTCCTATCTCCTTCA

BCL2-F ATCCGACCACTAATTGCCAAG 123

BCL2-R TTCCATCCGTCTGCTCTTCA

CLDN7-F TCATCGTGGCAGGTCTTG 186

CLDN7-R CAGGACAGGAACAGGAGAG

GKN2-F ACTTACTCCAGCACCTTCCTCTC 148

GKN2-R GTCTCCTGAACATTGCCACCATT

ICAM1-F TATGGCAACGACTCCTTCTC 111

ICAM1-R TGTCTCCTGGCTCTGGTT

IL1A-F TAGTGAGACCAACCTCCTCTTCT 189

IL1A-R AGACAAGTGAGACTCCAGACCTA

IL6-F GTGAGGAACAAGCCAGAG 181

IL6-R CGCAGAATGAGATGAGTTG

NFκB2-F AGGACGAGAACGGAGACA 125

NFκB2-R GTGGTTGGTGAGGTTGACA

TNFAIP3-F GTTCCTCCTCTCCTACCAAG 108

TNFAIP3-R ACGATGAAGCAGTCCTGAT

GAPDH-F ACAACTTTGGTATCGTGGAAGG 101

GAPDH-R GCCATCACGCCACAGTTTC
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Table 2
Differentially expressed genes of A549 infected with Burkholderia pseudomallei during Early (6 hpi) and

Late (12 hpi) infected stages in contrast to control cells (EI/LI).

Gene Functional category and Protein name mRNA
Accession

Fold
Change
(EI / LI)

Regulation of immune system process    

SPINK5 Serine protease inhibitor Kazal-type 5 NM_001127698 0.31/0.56

MAP2K6 Dual speci�city mitogen-activated protein kinase
kinase 6

NM_002758 0.33/0.54

IL20RB Interleukin-20 receptor subunit beta NM_144717 0.54/0.62

THBS1 Thrombospondin-1 NM_003246 2.19/1.86

TNFAIP3 Tumor necrosis factor alpha-induced protein 3 NM_006290 2.70/2.90

IL6 Interleukin-6 NM_000600 2.72/2.19

IL1A Interleukin-1 alpha NM_000575 0.55/0.44

ALOX5AP Arachidonate 5-lipoxygenase-activating protein NM_001629 0.45/0.64

ATF4 Cyclic AMP-dependent transcription factor ATF-4 NM_001675 1.57/1.66

GKN2 Gastrokine-2 NM_182536 2.12/2.51

EIF2AK4 eIF-2-alpha kinase GCN2 NM_001013703 1.58/1.83

F3 Tissue factor NM_001993 2.00/1.73

NFκB2 Nuclear factor NF-kappa-B p100 subunit NM_001077494 1.68/1.78

Cell-cell
adhesion

     

ANXA9 Annexin A9 NM_003568 0.57/0.37

CLDN7 Claudin-7 NM_001307 0.60/0.48

ICAM1 Intercellular adhesion molecule 1 NM_000201 1.97/1.64

UBASH3B Ubiquitin-associated and SH3 domain-containing
protein B

NM_032873 2.34/2.12

SAMD9L Sterile alpha motif domain-containing protein 9-like NM_152703 0.55/0.43

CTGF Connective tissue growth factor NM_001901 2.06/1.85

Apoptotic
process
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Gene Functional category and Protein name mRNA
Accession

Fold
Change
(EI / LI)

GADD45A Growth arrest and DNA damage-inducible protein
GADD45 alpha

NM_001924 2.06/1.79

FOSL1 Fos-related antigen NM_005438 2.07/1.95

MT1X Metallothionein-1X NM_005952 2.39/2.55

BCL2 Apoptosis regulator Bcl-2 NM_000633 0.62/0.66

IGFBP3 Insulin-like growth factor-binding protein 3 NM_001013398 1.86/1.77

Regulation of transport    

RAB26 Ras-related protein Rab-26 NM_014353 0.54/0.64

ANKRD1 Ankyrin repeat domain-containing protein 1 NM_014391 2.56/2.49

STC2 Stanniocalcin-2 NM_003714 2.90/2.30

DENND2C DENN domain-containing protein 2C NM_198459 1.91/1.83

PLD1 Phospholipase D1 NM_002662 0.62/0.55

G protein-coupled receptor signaling pathway  

PPYR1 Neuropeptide Y receptor type 4 NM_005972 0.37/0.65

GPRIN3 G protein-regulated inducer of neurite outgrowth 3 NM_198281 0.39/0.65

Cytoskeletal protein binding    

EPB41L4A Band 4.1-like protein 4A NM_022140 0.39/0.54

Zinc ion
binding

     

MMP7 Matrilysin NM_002423 2.22/1.76

CA11 Carbonic anhydrase-related protein 11 NM_001217 0.60/0.66

Methyltransferase activity    

METTL7A Methyltransferase-like protein 7A NM_014033 0.23/0.56

2.3 Bioinformatics analyses
The functions of 35 commom DEGs from both EI and LI in A549 cells upon B. pseudomallei infection
was further classi�ed by GO term (Fig. 3A). The annotation of biological processes (BP) cluster analysis
indicated that most differentially regulated genes were mainly related to in�ammation and stress
response, including in�ammatory response, cellular response to tumor necrosis factor, cellular response
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to lipopolysaccharide, positive regulation of NF-κB transcription factor activity and positive regulation of
ERK1 and ERK2 cascade, and apoptotic process. Cell component (CC) annotations indicated most genes
with differential expression were distributed across a variety of cellular components, including
membranes, endoplasmic reticulum and extracellular region. Molecular function (MF) annotations
showed that A549 cells infected with B. pseudomallei most frequently underwent functional changes
related to binding and transcriptional activator activity. The KEGG pathway analysis also indicated that
the top ten KEGG enrichment pathways were mainly related to in�ammation and stress response, such as
TNF, Epstein-Barr virus infection, NF-kappa B, MAPK, HTLV-I infection, Apoptosis, JAK-STAT, PI3K-Akt,
NOD-like receptor and In�ammatory bowel disease signaling pathways, ranking by p-value as shown in
Fig. 3B, listed in Table S3.

2.4 Validation of DEGs in in�ammation and stress response
MGCs are mainly formed by the fusion of somatic cell and considered as characteristic feature at chronic
in�ammatory sites [21]. Bioinformatic analyses also revealed the DEGs involved in in�ammation and
stress response. In the present study, the proteins of p-eIF2α, ATF4, NF-κB2 (p100/p52) were selected as
transcriptional activator in in�ammation and IL-1β was selected as it involved in the proin�ammatory
response, for western bloting analysis to verify this phenomenon, as shown in Fig. 4A. p-eIF2α
(foldchange = 1.32, t = 4.402, p = 0.012), ATF4 (foldchange = 1.91, t = 9.519, p = 0.001) and p52 (fold
change = 1.53, t = 7.061, p = 0.002) were signi�cantly up-regulated in EI relative to NC. Similarly, the
signi�cantly up-regulation was also found in LI with p-eIF2α (fold change = 1.56, t = 7.828, p = 0.001),
ATF4 (fold change = 2.53, t = 14.08, p < 0.001), and p52 (fold change = 2.32, t = 9.918, p = 0.001) (Fig. 4B).
With B. pseudomallei infection prolonged, the expression level of IL-1β (fold change = 1.28, t = 4.726, p = 
0.009) was signi�cantly increased in LI. There was no signi�cant change about the expression level of
p100 in both EI and LI. This was consistent with our transcriptome results of microarray analyses
(Table 2). The eIF2α/ATF4 axis and NF-κB2 pathway were activated in B. pseudomallei-infected A549
cells.

3 Discussion
B. pseudomallei epidemic area is reported to be expanding in tropical and subtropical countries
worldwide [22], including the South China Sea and Taiwan Strait [23, 24], and has been listed as a Tier-1
(top tier) select agent [2]. The intracellular lifestyle of B. pseudomallei in host cells has been reported to
impact the severity of melioidosis, ranging from acute fatal sepsis to chronic infection with or without
clinical symptoms [21, 25, 26]. However, the information about how B. pseudomallei impact on host cell
responses is still limited during the whole intracellular infection processare. In this study, B. pseudomallei
infection of a human lung epithelial A549 cell model was used for the global transcriptomic responses at
early infected stage and late infected stage in contrast to control cells. We found the differential
expression genes mainly involved in in�ammation and stress response.
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The A549 cell line is known to be a highly susceptible to infection of B. pseudomallei [3, 12, 27], and
researches about many other intracellular bacteria infection also used A549 cell model. In the current
study, the transcriptomic kinetics following lastingness of A549 infected with B. pseudomallei was
conducted by GeneChip Human Gene 2.0 ST Arrays from Affymetrix, which represents approximately
30,654 transcribed genes. Microarray technology for transcriptome yields a large amount of data, and it
is important to validate differential expression by independent methods, which conformed to the results
of microarray assay. Real-time quantitative PCR analysis of random ten DEGs, including IL-6 and TNF-α
(Fig. 2C), were therefore conducted, although there were fold differences between the RT-qPCR and
transcriptome data, the result indicated that the expression pro�les of differentially expressed genes in
A549 were notably changed with the infection of B. pseudomallei.

In general, innate immune mechanisms are critical in determining the outcome of infections caused by
bacterial pathogens. Recent studies have reported that B. pseudomallei increased the production of
in�ammatory cytokines such as TNF-α, IL-1β and IL-6 in vivo in serum samples of melioidosis patients
[28]. Proin�ammatory cytokine mRNA of TNF-α, IL-1β and IL-6 increased in the liver of mice following
infected with B. pseudomallei [29]. In agreement with previous studies, our results showed that B.
pseudomallei elevated IL-1β level and increased the mRNA expression of TNFAIP3 and IL-6 in human
lung epithelial cell A549. Several lines of evidence suggest that one major role of eIFα/ATF4 pathway is
to mediate the induction of a gene expression program referred to as the integrate stress response (ISR)
[30, 31], involved in amino acid de�ciency, endoplasmic reticulum stress (ERS), oxidative stress and drug
resistance [32–34]. Our team's previous research indicated that B. pseudomallei could enhance NF-κB
pathway in RAW264.7 macrophage cell through down-regulating TRAF3, a well-known negative regulator
of the NF-κB, via increasing miR-3473 [35]. We further validated the transcriptional activator in
in�ammation, including p-eIF2α, ATF4 and NF-κB2. The data yield that B. pseudomallei exposure could
active the eIF2α/ATF4 pathway and NF-κB2. B. pseudomallei may adjust host in�ammation and stress
response to cope with the intracellular encountered stress.

Previous studies have reported B. pseudomallei can in fact induce cell fusion leading to MGCs formation
in both phagocytic and nonphagocytic cell lines [12, 36]. Cell fusion and the formation of MGCs have
long been regarded as a possible mechanism for B. pseudomallei to cell-to-cell spreading [21]. In the
present study, we found B. pseudomallei could induce A549 cells fusion, resulting in the formation of
MGCs at the late infected stage, and B. pseudomallei were massively replicated in MGCs, which was
consistent with previous studies. Additionally, The formation of MGCs was also found to exist in many
other intracellular infectious agents such as human immunode�ciency virus (HIV), cytomegalovirus
(CMV) and herpes simplex virus (HSV) [37–39]. It is reported that persistent existence of mycobacterial
species leads to the formation of MGCs which play important roles in many physiological and
pathological processes [40]. Meanwhile, B. pseudomallei could form �lamentous actin tail whether in the
early or late stage of infection, as seen in the Fig. 1A. Studies have shown that actin-based motility is an
essential prerequisite for the production of MGCs and the spread of B. pseudomallei from cell-to-cell [21].
And recent evidences indicate that actin-based motility of B. pseudomallei is dependent upon the
autosecreted protein, BimA [41]. While it still remains unresolved whether MGC are bene�cial to the host,
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that is, by prevention of bacterial spread, or whether they promote B. pseudomallei persistence. In our
study, the formation of MGCs induced by B. pseudomallei may be a characteristic feature at chronic
in�ammatory sites in A549 cells to escape from intracellular immune defense mechanisms or help B.
pseudomallei accessed to nutrients to achieve replication.

4 Conclusions
Our study has elucidated the differential expression genes pro�les of A549 cells infected by B.
pseudomallei during early and late infected stages. We have also veri�ed the DEGs with qRT-PCR and
western bloting. Mass replication of B. pseudomallei have been seen in MGC. Our data indicated that
differentially-expressed gens which ident�ed in the early and late infected stages play signi�cant roles in
in�ammation and stress response. In conclusion, B. pseudomallei induced the formation of MGCs in
A549 likely made the battle turn even more into accessing to nutrients and spreading from cell to cell
through the �lamentous actin tail to achieve the survival.

5 Methods

5.1 Cell lines and bacterial strains
A549 human lung epithelial cell line (ATCC, CCL_185) was cultured in DMEM medium (Gibco), containing
10% fetal bovine serum (FBS, Gibco) and without antibiotics, in a humidi�ed atmosphere of 5% CO2 at
37˚C. B. pseudomallei C006 strain (BPC006) was used for bacterial infection, which it was isolated from
a melioidosis patient in Hainan, China, and had been completely sequenced [42]. BPC006 was cultured in
Luria-Bertani (LB) broth at 37 °C with shaking at 200 rpm. After overnight culture (~ 13 h), the
concentration of BPC006 were measured by means of the optical density at 600 nm (OD600). The
experiment that manipulated B. pseudomallei was performed in biosafety level three (BSL-3) laboratory
conditions.

5.2 Infection, Confocal microscopy and MGCs formation
Bacterial invasion of A549 cells followed our previously described strategy [10], with minor modi�cations.
A549 cells were diluted to 1.5 × 105/mL, and 1 mL cell suspension was plated in each well of a 12-well
plate containing glass coverslips (NEXT, China). Cells were co-incubated with B. pseudomallei at the
indicated multiplicity of infection of 10 (MOI = 10) for 2 h, then washed twice with PBS (Beyotime,
Shanghai, China). Subsequently, Cells were continued to grow in fresh culture supplemented with
250 µg/mL kanamycin (TIANGEN, Beijing, China) to kill the extracellular bacteria.

For confocal microscopy, cells were �xed at 6 hpi or 12 hpi in 4% paraformaldehyde (PFA, Electron
Microscopy Sciences), then washed extensively with PBS buffer, and permeabilized with 0.3% Triton X-
100 for 10 min. Coverslips were then incubated with rabbit anti-B. pseudomallei serum (1:200) at 4˚C
overnight. Subsequently, overslips were incubated with the Alexa Fluor 568 anti-rabbit secondary
antibody (1:2000, Molecular Probes, A-11036) at room temperature for 1 h. The cytoskeleton protein actin
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was stained with Actin-Tracker Green (1:200, Beyotime, Shanghai, China). Nuclei was counterstained with
DAPI (300 nM, Life technologies). Finally, coverslips were upsided down on the glass slide dripped with
�uorescence mounting medium (Dako Cytomation). Images were obtained by a confocal microscopy
(Zeiss, Germany).

MGC was counted as a cell containing at least three nuclei. The MGC formation e�ciency was counted
according to the method outlined in previous report [16]. In brief, MGC formation percentage was detected
by a 20 × objective using the following formula:

A minimum of 2,300 nucleis were counted for each condition and three replicates were used at each time
point in the test.

5.3 GeneChip ™ microarray assay
Total RNA from the three groups were extracted by means of TRIzol reagent (Invitrogen, Carlsbad, CA,
USA). The Affymetrix Whole Transcript Expression array procedure was performed according to
manufacturer’s protocol of GeneChip Human Gene 2.0 ST Arrays. In brief, the cDNA was synthesized
using the Affymetrix GeneChip®Whole Transcript (WT) cDNA Synthesis and Ampli�cation Kit. The sense
cDNA was then fragmented and labelled with biotin using Affymetrix WT Terminal Labelling Kit. The
labeled DNA target (~ 2.3 µg) were hybridized on the Affymetrix Gene Chip Human 2.0 ST Arrays for 16 h
at 45 °C. The hybridized Affymetrix Gene Chip Human 2.0 ST arrays were then washed and stained using
the Affymetrix Wash & Stain Kit, and scanned with an Affymetrix GeneChip® Scanner 3000-7G. Signal
values were veri�ed by Affymetrix® GeneChip™ Command Console software. Probe sets with a cut-off
level of 1.5-fold change and a p-value lower than 0.05 were considered as signi�cantly regulated.

5.4 Validation of microarray data
To validate the data generated from GeneChip™ microarray assay, 10 DEGs were randomly selected for
RT-qPCR analysis. In brief, the total RNA was extracted by TRIzol (Invitrogen, Carlsbad, CA, USA). Next,
cDNA was retro-transcribed from 1 µg of the template RNA using PrimeScript™ RT reagent Kit with gDNA
Eraser (Takara, Dalian, China). Then SYBR Green PCR Kit (Takara Biotechnology Co., Ltd., Dalian, China)
was used for RT-qPCR, CFX96 Touch Real-Time PCR detection system (Bio-Rad, USA) was used for
�uorescence signal detection. The conditions for qPCR were 95 °C for 2 min, then 95 °C for 5 s and 60 °C
for 30 s, for a total of 39 cycles. Three replicates were conducted. The relative expression levels of
mRNAs were calculated by the method of 2−ΔΔCT.

5.5 Bioinformatics annotation and cluster analysis
Gene Ontology (GO) analysis is a functional annotation method that commonly used for large-scale
transcriptomic data. DEGs from EI and LI were uploaded into Annotation Visualization and Integrated
Discovery (DAVID, http://david.ncifcrf.gov) for annotation and visual analysis. KEGG Orthology-Based
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Annotation System (KOBAS, http://kobas.cbi.pku.edu.cn/home.do) was performed for top ten pathway
enrichment analysis of identi�ed DEGs. Terms with a P-value < 0.05 and an FDR of ≤ 0.05 were
considered statistically signi�cant.

5.6 Western blot analysis
Cell lysates were obtained from the groups of NC, EI and LI. BCA Protein Assay (Beyotime, Beijing, China)
was used for protein concentration determination. The samples 40 µg in each group were loaded on 10%
SDS-PAGE, and then were transferred to PVDF membranes (Roche, Switzerland). Membranes blocked
with 5% (w/v) skimmed milk was subsequently executed at room temperature (RT) for 2 h, followed by an
overnight incubation at 4 °C with the primary antibody of IL-1β (CST 12703, 1:1000) or Phospho-eIF2α
(CST 3398, 1:1000) or ATF4(CST 11815, 1:1000) or NF-κB2 p100/p52 (CST 4882, 1:1000). Membranes
were subsequently incubated with appropriate secondary antibody at RT for 1.5 h. The signals were
detected with ECL detection reagents using an electrogenerated chemiluminescence detection system
(ChemiDoc XRS System, Bio-Rad, USA), and the density of each protein band was quanti�ed using Image
Lab softwar 6.0 (Bio-Rad Laboratories). GAPDH (CST 8884, 1:1000) and β-actin (CST 3700, 1:5000) was
used as loading control and all experiments were performed three times.

5.7 Statistical analysis
SPSS 23.0 statistical package for Windows (SPSS, Chicago, IL, USA) was used for statistical analysis.
Data was expressed as the mean ± standard deviation (SD) from three independent experiments.
Statistical signi�cance was de�ned as P-value being lower than 0.05.
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Figure 1

B. pseudomallei promotes MGCs formation A. Confocal microscope shown the formation of MGCs
induced by B. pseudomallei at different infected times. Red is B. pseudomallei indicated by Alexa Fluor
568, Blue is nucleus indicated by DAPI, Green is cytoskeleton protein actin indicated by Actin‐Tracker
Green. The white arrow indicates �lamentous actin tail of B. pseudomallei. B. The percentage of MGCs
statisticed at different time points. Three replicates were used for each time point. Data are presented as
mean ± SD, the asterisk indicates the signi�cant difference (* p < 0.05, ** p < 0.01).
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Figure 2

Differential expression genes (DEGs) between EI and LI. A. A set of 35 common DEGs in EI and LI on the
mRNA level were observed. Cut-off level was 1.5-fold change, P-value < 0.05. B. Hierarchical clustering of
common DEGs. Red: high expression levels; Blue: low expression level. C. RT-qPCR veri�ed ten selected
mRNAs in DEGs. The relative expression level of mRNA is expressed as a fold change relative to NC.
Three replicates were used for each time point.
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Figure 3

Gene ontology classi�cation and KEGG analysis of DEGs. A. DEGs’ gene ontology functional
classi�cation. The bar graph shows the distribution of DEGs in the terms of BP, CC and MF. B. Pathway
enrichment analysis of DEGs. The Y-axis shows top ten enrichment pathways of DEGs, and the X-axis
shows a rich factor. Rich factor=(The number of target genes in π path)/( All annotated genes in π
pathway). π represents any one of the KEGG pathways. The higher the enrichment factor, the higher the
degree of enrichment. The size of the dots indicates the number of target genes in the pathway, and the
color of the dots re�ects different P-value ranges.
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Figure 4

Western blot analysis of DEGs. Western blot analysis of DEGs involved in in�ammation and stress
responses. p-eIF2α, ATF4, NF-κB2 (p52/p100), and IL-1β were detected with their respective antibodies.
GAPDH and β-actin was used as loading control and three replicates were performed, *p < 0.05, **p < 0.01.
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