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Abstract—Tuberculosis (TB) is the second most common
cause of death from infectious diseases. About 90% of those
infected are asymptomatic—the so-called latent TB infections
(LTBI), with a 10% lifetime chance of progressing to active TB.
Several gene expression studies have compared healthy controls
versus active TB or LTBI patients. The results vary due to
diverse genetic background, study designs, and the inherent
complexity of the disease process. Thus, developing a sensitive
and efficient method for the detection of LTBI is both crucial and
challenging. Our objective was to establish an efficient and cost-
effective pipeline for gene and microRNA expression profiling in
TB and LTBI. We attempted to investigate the interaction
between these two types of molecular signatures as biomarkers
for a more sensitive and specific differentiation among active TB,
LTBI, and healthy individuals. Following our systematic pipeline,
we have uncovered novel differences specific to the Taiwanese
population. Differentially expressed microRNAs and their
interactions with the corresponding target genes will serve as
potential molecular signatures to enhance our understanding of
the underlying mechanisms of TB and facilitate the development
for a more sensitive diagnostic assay for LTBI.
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I. INTRODUCTION

Tuberculosis (TB) is an infectious disease usually caused
by Mycobacterium tuberculosis (Mtb) [1]. Approximately one-
third of the world’s population is estimated to be latently
infected with Mtb [2]. About 90% of those infected with Mtb
are asymptomatic—the so-called latent TB infections (LTBI),
with a 10% lifetime chance of progressing to active TB [3].

The only currently available vaccine is bacillus Calmette—
Guérin (BCG), which shows decreased effectiveness after
about ten years [4]. Developing a sensitive and efficient
method for the detection of LTBI represents one of the major
challenges in TB prevention. In primary active TB, the bacteria
overcome the immune system defense and begin to multiply
soon after the initial infection [1]. However, in LTBI, the
bacteria remain dormant for many years before progressing to
active TB. Even after treatment, there is still the risk of
reactivation due to immunosuppression, or multiple-drug
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resistant TB bacteria [5].

To date, several studies have compared gene expression
profiles between healthy individuals and active TB or LTBI
patients [6-8]. These findings reveal important transcriptionally
regulated markers of key biological processes, including genes
involved in inflammatory responses, immune defense, cell
activation, homeostatic processes, regulation of cell
proliferation and apoptosis, etc. It appears that TB and LTBI
share similar affected pathways, in which specific molecular
markers may be able to discriminate the two disease statuses.

More recent evidence suggests the use of microRNAs as
biomarkers for active TB. MicroRNAs (miRNAs) are small,
noncoding, single-stranded RNAs that actively circulate in
bodily fluids, regulating the expression of other genes, and thus
are thought to represent a more direct indicator of altered
physiology [9]. Gene and miRNA expression array study
results agree on the involvement of cytokine and chemokine
responses in the progression from latent infection to active
disease [10-12]. Yet, many of the identified molecular markers
vary due to diverse genetic background of the study population,
differences in the study design, and the inherent complexity of
the disease process.

With the latest advances in technology and bioinformatics,
we believe utilizing complementary platforms will aid in
improving the discrimination between TB and LTBI. Here, we
present a systematic approach of combining gene and miRNA
expression profiling to uncover the complex networks of
molecular interactions associated with TB and LTBI. Our study
began with the analysis of gene expression among active TB,
LTBI, and healthy individuals. This was followed by a series of
bioinformatics analyses to predict the corresponding regulatory
miRNAs. Subsequent miRNA expression array experiment
allowed wus to wvalidate our predictions, construct a
comprehensive gene-miRNA interaction network, and reveal
novel molecular signatures to help improve our understanding
and the diagnostic differentiation of TB and LTBIL
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II.  MATERIALS AND METHODS

A.  System Flow

Fig. 1 depicts the system flow of our study. Gene
expression microarray experiment was performed to identify
differentially expressed transcripts among 7 healthy control, 7
active TB, and 7 LTBI individuals. Differentially expressed
candidates were categorized into up- and down-regulated
genes, and divided into TB- and LTBI-specific groups. Putative
miRNAs targeting the differentially expressed transcripts were
predicted using five miRNA knowledge bases. Validation for
our analysis was approached in two ways. Experimentally
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Fig. 1. System flow of our wet bench and bioinformatics analyses.

verified miRNA-gene interactions curated by miRWalk [13]
represent one level of confirmation. Differentially expressed
miRNAs in TB and LTBI as identified from our subsequent
miRNA expression array study is the more direct validation.

B.  Clinical sample collection

All procedures were reviewed and approved by the
Institutional Review Board of Taoyuan General Hospital,
Department of Health, Taoyuan, Taiwan. Written informed
consents were obtained from all participants. Eligibility for
entry into the study was based on clinical signs and symptoms
of Mtb infection. LTBI subjects were recruited from close
contacts with active TB patients, with positive T-SPOT TB
test, and negative chest radiograph, but without -clinical
evidence of active TB. Healthy controls were individuals who
had not been in close contacts with TB or LTBI patients and
showed no clinical signs of TB or LTBI. Individuals with
allergic diseases, diabetes, cancer, immune-compromised
conditions, and co-infections with any types of infectious
diseases were excluded.

C. RNA isolation

RNA was isolated from peripheral blood mononuclear
cells. RNA quality was determined by an optical density (OD)
260/280 ratio >1.8, and OD 260/230 ratio >1.5 on a
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spectrophotometer and by the intensity of the 18S and 28S
rRNA bands on a 1% formaldehyde-agarose gel. RNA quantity
was detected by a spectrophotometer. RNA integrity was
examined on an Agilent Bioanalyzer. RNA with a RNA
integrity number (RIN) >6.0 and 28S/18S >0.7 was subjected
to microarray analysis.

D. Gene expression microarray analysis

RNA samples were subjected to Human OneArray ® v6
and each gene expression profile was run in duplicates
(Phalanx Biotech, Hsinchu, Taiwan). Data were analyzed using
R /Bioconductor. Active TB and LTBI expression profiles
were normalized against those of the healthy controls before
comparisons were made between active TB and LTBI. Genes
showing significant differential expression between normalized
active TB and LTBI (absolute value of log2 ratio > 1.5, False
discovery rate or FDR <0.05) were categorized into TB-
specific down- and up-regulated genes, and LTBI-specific
down- and up-regulated genes. The uncentered Pearson
correlation coefficient was calculated to cluster genes and
disease statuses based on the relative expression of these
differentially expressed genes using the hierarchical clustering
algorithm in Cluster3 [14]. Differentially expressed genes were
used as input for the Database for Annotation, Visualization
and Integrated Discovery (DAVID) bioinformatics resource for
gene ontology (GO) enrichment analysis [15] (Benjamini
adjusted p<0.05).

E.  microRNA arget prediction

We employed the features in miRWalk [13] to find
miRNAs that may regulate the candidate genes. The cross-
validation function in miRWalk was used to compare the
prediction results with four other miRNA resources: miRanda
[16], miRDB [17], RNA22 [18], and TargetScan [19]. A
predicted miRNA was accepted as a potential regulatory
candidate when four out of the five miRNA resources agreed
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Fig. 2. Predicted and validated miRNA-gene interactions for TB and LTBI
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that it may interact with the differentially expressed genes.
Finally, we used miRWalk and miRTarBase [20] to further
validate miRNA-target interactions.

F.  MicroRNA expression analysis

To verify our computational predictions, RNA samples
from the same participants were processed for microRNA array
analysis. Total RNA samples were subjected to Human
miRNA OneArray ® v5 and each sample was run in duplicates
(Phalanx Biotech, Hsinchu, Taiwan). Data were analyzed with
R/Bioconductor. Active TB and LTBI microRNA expression
profiles were normalized against those of the healthy controls.
MicroRNAs showing significant differential expression
between normalized active TB and LTBI (absolute value of
log2 ratio >0.5, FDR <0.05) were categorized into TB-specific
down- and up-regulated microRNAs, and LTBI-specific down-
and up-regulated microRNAs. These candidate miRNAs were
analyzed for correlation with the candidate genes to reveal
potential miRNA-gene interactions, in which decreased
miRNA expression may be associated with increased target
gene expression and vice versa.

G. MicroRNA-gene interaction visualization

To visualize the relationship between the selected candidate
miRNAs and transcripts, we have built TB- and LTBI-specific
interaction networks with Cytoscape [21]. We incorporated
these candidates’ differential expression patterns in our
network construction. The interactions include predicted, as
well as our microarray- and other experimentally verified
miRNA-gene associations found on miRNA knowledge bases.

III.  RESULTS

A. Differential gene expression profiles discriminate
between TB and LTBI .1

In total, there are 248 and 251 specifically down-regulated
genes in TB, and 64 and 144 down-regulated genes in LTBI.
GO enrichment analysis indicated that the candidate genes in
both TB and LTBI are associated with chemokine activity and
immune response. Our findings are consistent with the
pathology of TB infection, in which cytokines, chemokines,
and molecules of the immune system are actively involved
[22].

B. Differential miRNA expression profiles discriminate
between TB and LTBI

To understand the mechanisms regulating the differentially
expressed genes in TB and LTBI, we utilized five miRNA
target prediction databases and cross-validated the results to
find putative miRNA-gene interactions. Then, we performed
miRNA expression profiling on the same TB, LTBI, and
healthy individuals. There are 3 up-regulated and 8 down-
regulated microRNAs specific to the TB group, and 33 up-
regulated and 305 down-regulated microRNAs in LTBI. We
analyzed the significance of correlation between the
differentially expressed miRNAs and their target genes, based
on bioinformatics predictions and their corresponding patterns
of expression. Tables 1 and 2 present the association between
up-regulated miRNAs and down-regulated candidate genes in
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TB and LTBI, respectively. Note that currently, the three up-
regulated miRNAs in TB have no known target genes. Hence,
the miRNA-gene relationships in TB are based on the observed
correlation of expression patterns between the two types of
molecules in our study.

C. TB- and LTBI-specific miRNA-gene interactions

Graphical representations of the miRNA-gene interactions
for TB and LTBI are shown in Fig. 2a and 2b, respectively. Fig.
2a illustrates the up-regulated miRNAs whose expression
patterns correlate with those of their predicted target genes in
TB. These miRNA-gene relationships were neither predicted
nor experimentally verified except in our array study. Fig. 2b
diagrams the validated and predicted miRNA-gene interactions
that are also observed in the LTBI expression profile in our
experiment.

IV. DISCUSSION

In this study, we integrated the available gene and miRNA
expression array technology and bioinformatics tools to
investigate the possibility of uncovering molecular events
indicative of TB and LTBIL. Our system flow allowed us to
assess the results of gene expression analysis before proceeding
with the miRNA expression array study. Given the limited
sample size (7 healthy control, 7 TB, and 7 LTBI participants),
we could still differentiate between TB and LTBI patients.
Thus, our systematic approach is both efficient and cost-
effective.

Our findings do not correspond entirely with those of other
groups, though the identified miRNA-gene associations are
biologically relevant in the context of TB infection. For
instance, many of the up-regulated microRNAs in LTBI are
associated with established markers of TB, including
chemokine CXCL1 [23], interleukin IL-8 [24], and interferon-
induced protein IFITIB [25]. Our results suggest that the
regulation of these host defense genes may involve microRNAs.

Many of the differentially expressed microRNAs from our
results are novel markers of LTBI and TB, but have potential
roles in the disease process. For example, in LTBI, hsa-mir-16-
5p is up-regulated. The microRNA has-mir-16 is a known
inducer of apoptosis [26] and is associated with several
tuberculosis candidate genes: SLC11A2 [27], PGM1 [28], and
TAP2 [29]. Our miRNA-gene interaction network reveals more
genes that may modulate the disease progression from latent to
active TB infection through the interaction of hsa-mir-16-5p
with genes such as nitric oxide synthase 1 (NOS1), platelet
activating factor acetylhydrolase (PAFA1B2), and sorting
nexin-18 (SNXI18). The potential interaction between the
differentially expressed miRNAs and their target genes may
represent important underlying mechanisms of LTBI.

In conclusion, we have performed a complementary
analysis of gene and miRNA expression profiling, establishing
a comprehensive analytical pipeline to identify genes,
microRNAs, as well as the interaction between these two types
of molecules in TB and LTBI. Our approach has allowed us to
identify new molecular interactions that may help differentiate
TB from LTBI, further our understanding of TB pathogenesis,
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and facilitate the development of a molecular diagnostic
platform for LTBI detection.

TABLE L

TB-SPECIFIC DOWN-REGULATED GENES AND THEIR

CORRESPONDING BINDING MICRORNAS AS PREDICTED BY THE CORRELATION
OF THEIR EXPRESSION PATTERNS.

Gene symbol Fold Change microRNA Fold Change
KLF12 -1.91 hsa-miR-3175 0.55
NRG2 -1.87 hsa-miR-3665 0.64
SAV1 -1.51 hsa-miR-3175 0.55

SLC25A53 -1.65 hsa-miR-3175 0.55

TABLE IL LTBI-SPECIFIC DOWN-REGULATED GENES AND THEIR

CORRESPONDING BINDING MICRORNAS AS PREDICTED BY THE CORRELATION
OF THEIR EXPRESSION PATTERNS.

[10]

Gene symbol Fold Change microRNA Fold Change
FOS -1.77 hsa-miR-1 0.88
hsa-miR-1 0.88
JUN 2.3 hsa-miR-206 1.04
hsa-miR-1 0.88
NFYC 293 hsa-miR-107 1.09
hsa-miR-1 0.88
NOSI 293 hsa-miR-206 1.04
PAFAHI1B2 -2.25 hsa-miR-1 0.88
hsa-miR-1 0.88
PTGS2 -1.95 hsa-miR-107 1.09
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