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Abstract: Mycobacterium tuberculosis (Mtb) infection has been regional outbreak, recently. The traditional focus 
on the patterns of “reductionism” which was associated with single molecular changes has been unable to meet 
the demand of early diagnosis and clinical application when current tuberculosis infection happened. In this study, 
we employed a systems biology approach to collect large microarray data sets including mRNAs and microRNAs 
(miRNAs) to identify the differentially expressed mRNAs and miRNAs in the whole blood of TB patients. The aim was 
to identify key genes associated with the immune response in the pathogenic process of tuberculosis by analyzing 
the co-regulatory network that was consisted of transcription factors and miRNAs as well as their target genes. The 
network along with their co-regulatory genes was analyzed utilizing Transcriptional Regulatory Element Database 
(TRED) and Database for Annotation, Visualization and Integrated Discovery (DAVID). We got 21 (19 up-regulated 
and 2 down-regulated) differentially expressed genes that were co-regulated by transcription factors and miRNAs. 
KEGG pathway enrichment analysis showed that the 21 differentially expressed genes were predominantly involved 
in Tuberculosis signaling pathway, which may play a major role in tuberculosis biological process. Quantitative real-
time PCR was performed to verify the over expression of co-regulatory genes (FCGR1A and CEBPB). The genetic 
expression was correlated with clinicopathological characteristics in TB patients and inferences drawn. Our results 
suggest the TF-miRNA gene co-regulatory network may help us further understand the molecular mechanism of im-
mune response to tuberculosis and provide us a new angle of future biomarker and therapeutic targets.
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Introduction

Tuberculosis (TB) is a major public health prob-
lem both in the developing and developed 
countries. Despite global efforts to halt the 
spread of TB and availability of effective treat-
ment, the number of annual deaths (1.5-2 mil-
lion per year) remain almost unchanged, mak-
ing it the most prevalent bacterial infection [1]. 
Moreover, the alarming rise in the incidence of 
multidrug-resistant tuberculosis is adversely 
affecting the global TB control efforts [2, 3]. 
Mycobacterium tuberculosis (Mtb), the caus-
ative agent of TB, is a particularly successful 
pathogen with the ability to evade the immune 
response and has acquired the ability to sur-
vive in the macrophages of immunocompetent 

individuals [4]. The currently available tools for 
prevention, diagnosis and treatment of tubercu-
losis are largely inadequate. Globally, there is 
much variability in the use and efficacy of 
Bacille Calmette-Guérin (BCG) vaccine [5]. 
Given the complexity of the disease pathophysi-
ology, a system’s biology approach may help 
understand the principal host immune response 
against Mtb [6]. Human whole blood reflects 
pathological and immunological changes in the 
body, therefore, studying the blood transcrip-
tional signature may reveal insights into dynam-
ics of immune response, both in heath and dis-
ease [7-10]. Studies based on whole-blood 
microarray gene expression analysis and whole 
blood genome-wide transcriptional profiles 
have documented distinct signatures associat-
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ed with TB [11, 12]. But gene expression in 
cells is determined by both transcription and 
post transcriptional levels. Transcription fac-
tors (TFs) can regulate gene transcription, while 
microRNAs (miRNAs) as a group of a small non-
coding RNA can be endogenously expressed 
and regulate gene expression on the posttran-
scriptional levels [13]. MiRNAs play essential 
roles in the modulation of immune responses 
against intracellular pathogens and regulating 
multiple biological pathways including innate 
host defenses against various infections [14-
16]. Latorre l et al have reported that there 
were numerous miRNAs aberrantly expressed 
when tuberculosis happened using a novel 
whole blood miRNA signature test [17]. If we 
combine the mRNAs and miRNAs that expre- 
ssed differentially and construct an aberrant 
TF-miRNA gene co-regulatory network, which 
are all analyzed in whole blood of TB patients. 
We may further understand that how TFs and 
miRNAs coordinate the regulation of gene 
expression contributing to the process of tuber-
culosis disease. In this study, We first envis-
aged an aberrant TF-gene regulatory network 
that is associated with the differentially expre- 
ssed genes including transcription factors, 
based on data sourced from the Transcriptional 
Regulatory Element Database (TRED) [18] whi- 
ch may help integrate related genes. Second 
we profiled differentially expressed miRNAs 
based on the microarray data in whole blood of 
TB patients and healthy human, and we con-
structed a miRNA-gene regulatory network for 
the process of tuberculosis disease by integrat-
ing the miRNA targeting gene databases that 
were Targetscan, miRDB and microRNA. Then 
we built the TF-miRNA gene co-regulatory net-
work using the data we analyzed earlier and 
then performed KEGG pathway analysis and 
put to use quantitative real time PCR to verify 
the data. Thus, both of the methods and analy-
ses about the co-regulatory network based on 
the study of human whole blood transcription 
profiles in patients with TB and healthy controls 
may provide insights on the role of these genes 
in the immunopathogenesis of TB. This may 
also help identify novel biomarkers and new 
therapeutic targets for tuberculosis.

Materials and methods

Ethics statement

Our study was approved by the Ethics Com- 
mittee of College of Basic Medical Sciences, 

Jilin University and each patient was consented 
in a written informed consent form.

Collection of microarray data 

This research involves the microarray data 
obtained by retrieving GEO datasets of NCBI. 
Collection standard: 1) Experimental design of 
mRNA and miRNA expression datasets, which 
must be a study as for the whole blood of tuber-
culosis patients contrast normal people. 2) 
Each mRNA and miRNA expression data set 
involved two kinds of whole blood sample and 
the number of each type must be greater than 
5. 3) Samples of mRNA and miRNA expression 
chip in the research must be genome-wide 
expression levels of RNA, that is to say, total 
RNA. Microarray expression value datasets 
were downloaded through the Bioconductor 
package’s GEO query function, which was con-
ducted by R language. 

Analysis of microarray data

We organized the microarray mRNA and miRNA 
expression data which were sorted out and 
designed the level of phenotypic covariance 
according to the microarray experiments. Then 
we applied method of linear model and empiri-
cal Bayes statistics, which is from Limma bag, 
and combined traditional t-test to conduct a 
nonspecific filtering for the expression data. For 
mRNA data, controlling P < 0.05, |Log2FC| > 
0.58 (FC > 1.5/FC < 0.66) to eventually screen 
the differentially expressed genes. And for 
miRNA data, controlling P < 0.05, |Log2FC| > 1 
(FC > 2/FC < 0.5) to eventually screen the dif-
ferentially expressed miRNAs.

Function analysis and gene annotation

We made use of Database for Annotation, Vis- 
ualization and Integrated Discovery (DAVID) 
and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) to conduct the differential genes’ func-
tion analysis and pathway classification, 
respectively.

Construction of TF-gene, miRNA-gene and TF-
miRNA gene network

Based on mRNA expression profiles after 
microarray data analysis and through searching 
of Transcriptional Regulatory Element Databa- 
se (TRED), we obtained some TFs and their tar-
get genes. Meanwhile, databases of Targetscan, 
miRDB and microRNA were used for obtaining 
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the predicted target genes of the differentially 
expressed miRNAs. Then we put to use ggplot2 
bag which be implemented by R to take the 
hierarchical clustering analysis. The networks 
were constructed applying Cytoscape software. 
The yellow triangles in TF-gene network repre-
sented transcription factors and the circles rep-
resented genes that red is up-regulated and 
green is down-regulated. The deep pink dia-
monds in miRNA-gene network represented 
MicroRNAs and the wathet blue circles repre-
sented predicted target genes that were differ-
entially expressed. The TFs and miRNAs as well 
as their target genes are combined by dotted 
lines with arrows which direction is from the 
source to the target. The construction of 
TF-miRNA gene network is based on both 
TF-gene network and miRNA-gene network.

Blood specimens

We recruited 40 patients of pulmonary tubercu-
losis from hospital for infectious diseases, 
Changchun, China (patients’ information were 
showed in Table S1). At the same time a total of 
20 healthy volunteers were recruited from The 
First Hospital of Jilin University, Changchun, 
China. We collected the blood that were all from 
veins of TB patients and healthy people, that be 
preserved in low temperature (not less than 4 
degrees below zero) then be used in experi- 
ments.

RNA isolation 

All of the blood was collected into Tempus 
tubes (One-time blood collection tube, EDTAK2, 
IMPROVACUTER, China) by standard phleboto-
my and using Red Blood Cell Lysis Buffer 
(DINGGUO, Beijing, China) to remove the red 
blood cells that exist in the whole blood. Then 
we extracted total RNA of leucocyte by Trizol 
(Invitrogen, CA, USA) and using RNeasy Mini kit 
(Qiagen, Düsseldorf, Germany) for further puri-
fication. Through Epoch Multi-volume Spectro- 
photometer System (BioTek, Vermont, USA) we 
got the absorbance and concentration of RNA, 
that is, RNA absorbance with A260/A280 

The Whole blood RNA from TB patients and 
healthy people using PrimeScriptTM RT reagent 
Kit with gDNA Eraser (Perfect Real Time) 
(Takara, Dalian, China) to do the RT-PCR reac-
tion. Expression of FCGR1A and CEBPB mRNA 
was analyzed in 40 cases of TB whole blood 
and 20 cases normal whole blood by qPCR 
using SYBR Premix Ex Taq (Takara) and β-actin 
was used as an internal control. The primer 
sequences for amplification were listed in Table 
1. To quantify the qPCR data we used 2-ΔΔCt 
methods. The differences between groups 
were statistically evaluated by sample one-
tailed Student’s t-test with p-value, less than 
0.05 considered as significant.

Analysis of clinic pathological characteristics 
from TB patients by the assumptive blood diag-
nosis symbol set: FCGR1A and CEBPB

We used receiver operating characteristic 
(ROC) curves to analysis the differentially ex- 
pressed genes that are FCGR1A and CEBPB 
between TB blood and normal blood. Then we 
applied binary logistic regression analysis to 
determine that the blood diagnosis symbol set 
which consisted of these two genes weather a 
clinic pathological characteristic diagnosis way 
or not.

Statistical analysis

The ROC curve and binary logistic regression 
analysis were used between TB blood and nor-
mal blood for FCGR1A and CEBPB. GraphPad 
Prism 6 software was utilized to draw ROC 
curve and calculated the sensitivity, specificity 
and area under the curve (AUC). SPSS 19.0 was 
performed to take the binary logistic regression 
analysis. A p-value < 0.05 was regarded as the 
systemic importance.

Results

Differentially expressed mRNA and miRNA 
profiles in TB patients

Four mRNA expression datasets was collected 
from GEO DataSets of NCBI (accession number 

Table 1. Primers used for qPCR amplification
Gene Forward Reverse
FCGR1A 5’-GCAGGAACACATCCTCTGAA-3’ 5’-GTAACTGGAGGCCAAGCACT-3’
CEBPB 5’-AAGCTGAGCGACGAGTACAAGA-3’ 5’-GTCAGCTCCAGCACCTTGTG-3’
β-actin 5’-CTGGAACGGTGAAGGTGACA-3’ 5’-AAGGGACTTCCTGTAACAATGCA-3’

between 1.8~2.0 and 
the RNA concentration 
was ranged from 100 
ng/ml to 1 mg/ml.

Analysis of qPCR 

http://www.ajtr.org/files/ajtr0049789suppltab.xlsx
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GSE42825, GSE42826, GSE42830 and GSE- 
42832). And the four cases contained 40 TB 
samples vs. 118 Control samples in the study 
(Table S2). More than 1.5 fold change in expres-
sion was considered as the cut-off level for 
identification of differentially expressed genes. 
A total of 1539 differentially expressed genes 
were identified, of which 1041 were up-regulat-

ed and 498 were down-regulated (Table S3). 
DAVID and KEGG were used for functional anal-
ysis and pathway classification of these differ-
entially expressed genes, respectively. The dif-
ferentially expressed genes were found to be 
predominantly involved in type I interferon bio-
synthetic process (biological-process), Toll-like 
receptor binding (molecular-function), response 

Figure 1. Significant two kinds of analyses of 1539 differentially expressed genes, which was respectively listed 
about the top 30. A. Gene ontology analysis; B. KEGG analysis.

Figure 2. Hierarchical clusters analysis of 140 differentially expressed miRNAs in human whole blood of tuberculo-
sis versus normal blood of healthy people. Each row represents a miRNA; each column represents a sample. The 
“TB” columns at the bottom represent TB whole blood, while “Normal” represents normal whole blood. Red indi-
cates higher expression in TB patients as compared to that in normal subjects, Green indicates low expression in TB 
compared to that in normal subjects. TF, Transcription factor; TB, tuberculosis.

http://www.ajtr.org/files/ajtr0049789suppltab.xlsx
http://www.ajtr.org/files/ajtr0049789suppltab.xlsx
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to host immune response (molecular-function), 
Toll-like receptor signaling pathway, and T cell 
receptor signaling pathway (Figure 1A and 1B). 
Most of the differentially expressed genes were 
related to immune biological processes or sig-
naling pathways. Meanwhile, the case GSE34- 
608 that is a miRNA expression dataset was 
collected from GEO DataSets of NCBI. It was 
thought that more than two fold change was 
the cut-off level for identification of differential-
ly expressed miRNAs. A total of 140 differen-

tially expressed miRNAs were acquired, of whi- 
ch were all up-regulated by our data analysis 
method (Figure 2; Table S4).

Research of the TF-gene and miRNA-gene 
regulatory network in TB patients

Based on differential mRNA expression profiles 
and the information derived from TRED as well 
as the hierarchical cluster analysis (Figure 3), 
there were 53 genes that can form the TF-gene 

Figure 3. Hierarchical clusters analysis of 53 differentially expressed genes in TF-gene regulatory network. Each row 
represents a gene; each column represents a sample. The “TB” columns at the bottom represent TB whole blood, 
while “Normal” represents normal whole blood. Red indicates higher expression in TB patients as compared to that 
in normal subjects, Green indicates low expression in TB compared to that in normal subjects. TF, Transcription 
factor; TB, tuberculosis.

http://www.ajtr.org/files/ajtr0049789suppltab.xlsx
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network, 47 of which were up-regulated and 6 
were down-regulated (Table S5). Specifically, 
transcription factors CEBPB, SPI1, STAT1, ST- 
AT2, STAT3 and STAT5A were up-regulated  
and STAT4 was down-regulated (Figure 4). 
TF-gene network showed that SPI1, CEBPB, 
STAT1, STAT2, STAT3, STAT4 and STAT5A  
directly regulated 22, 12, 11, 1, 10, 1 and 3 
genes, respectively. Further, the top three  
disease classes associated with these 53 dif-
ferentially expressed genes were identified 
(Table 2) in the DAVID, which applied func- 
tional annotation to these genes. The most 
important class was IMMUNE (39 genes); fol-
lowed by CANCER (37 genes) and INFFECTION 
(28 genes). 

Based on the mRNA and miRNA expression 
datasets as well as the databases of Targe- 
tscan, miRDB and microRNA as mentioned ear-
lier, we not only obtained the predicted target 
genes of differentially expressed miRNAs but 
also constructed an aberrant miRNA-gene net-
work (Figure 5; Table S7), 113 of which were 
differentially expressed miRNAs and 657 were 
differentially expressed genes.

TF-miRNA gene co-regulatory network was 
constructed and analized in TB patients

Based on the TF-gene and miRNA-gene net-
work, we further constructed an aberrant 
TF-miRNA co-regulatory network which regulat-
ed the expression of genes in the pathogenic 
process of tuberculosis. The TF-miRNA co-regu-
latory network contained 21 differentially ex- 
pressed genes (CEBPB, CCND2, SOCS3, SO- 
CS1, IRF1, GBP1, CDKN1A, MCL1, FCGR1A, 
FCGR3A, CD163, MME, CD58, TNFAIP6, ITGAX, 
ITGAM, TFEC, ADM, IL1B, ABCB1, and PTGS1) 
that were regarded as hub-genes, most of 
which (19 out of 21) were up-regulated in TB 
patients (Figure 6; Table S6). DAVID were used 
for KEGG pathway enrichment analysis of these 
21 differentially expressed genes. The results 
showed that the 21 differentially expressed 
genes were predominantly involved in Tuber- 
culosis signaling pathway, followed by Osteo- 
clast differentiation, Transcriptional misregula-
tion in cancer and Leishmaniasis, etc (Figure 
7). And six co-regulatory genes (CEBPB, FC- 
GR1A, FCGR3A, ITGAX, ITGAM, and IL1B) were 
most significantly altered and enriched in 

Figure 4. TF-gene network in whole blood of patients with tuberculosis. This TF-gene network consisted of 53 dif-
ferentially expressed genes. Red ovals represent up-regulated genes; green ovals represent down-regulated genes; 
and the yellow triangles represent seven TFs; The direction of the connecting arrows is from the source to the target.

http://www.ajtr.org/files/ajtr0049789suppltab.xlsx
http://www.ajtr.org/files/ajtr0049789suppltab.xlsx
http://www.ajtr.org/files/ajtr0049789suppltab.xlsx
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Table 2. Genetic Association DB Disease Class analysis of 53 genes in TF-gene network

Term p-value Fold  
enrichment Benjamini FDR Genes

IMMUNE 2.83E-15 3.32 5.20E-14 2.13E-12 STAT5A, PTGS1, TLR2, HPITGAM, STAT4, SLC11A1, MEFV, LTF, ITGAX, CETP, FCGR1A, CD19, IRF1, TFEC, IL1B, FCGR3A, CD14, MUC1, 
ICAM1, CEBPB, RNASE2, NCF1, SOCS3, SOCS1, IL1RN, CHI3L, ABCB1, STAT1, STAT3, PSMB9, STAT2, MPO, TNFAIP6, IRF7, CD58, CYBB, 
GBP1, CDKN1A

CANCER 2.30E-12 2.94 1.38E-11 1.70E-09 STAT5A, PTGS1, SPI1, TLR2, MME, HP, FES, MPOSLC11A1, STAT4, CASP4, CETP, CYBB, MEFV, IL1B, FCGR1A, FCGR3A, CD14, TYROBP, 
MUC1, ICAM1, SOCS3, SOCS1, IL1RN, CHI3L1, ABCB1, STAT1, STAT3, PSMB9, STAT2, TNFAIP6, IRF7 CDKN1A, IRF1, CCND2, CD33, 
GADD45G 

INFEC-TION 1.59E-09 3.31 7.17E-09 1.17E-06 MCL1, STAT5A, PTGS1, TLR2, HP, SLC11A11, STAT4LTF, IL1B, FCGR3A, MUC1, CD14, IRF1, MPO, ICAM1, NCF1, SOCS3, IRF7, CD58, IL1RN, 
SOCS1, CHI3L1, ABCB1, STAT1, STAT3, PSMB9, STAT2, CYBB

OTHER 2.35E-08 3.67 8.45E-08 1.73E-05 MUC1, ICAM1, SOCS1, IL1RN, PTGS1, TRL2, MME, HP, ABCB1, STAT1, ITGAM, CD14, CDKN1A, CYBB, LTF, ITGAX, IL1B, MEFVMPO, 
GADD45G, IRF1, CETP, FCGR3A
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Tuberculosis signaling pathway (Table 3), which 
suggested that they may play a major role in 
tuberculosis biological process. In particular, 
FCGR1A and CEBPB were the two genes that 
had the highest difference multiple among 
these six co-regulatory genes. Therefore, FC- 
GR1A and CEBPB were served as the represen-
tative genes to validated the microarray data 
using qPCR in 40 TB and 20 normal blood spec-
imens. The results showed that FCGR1A mRNA 
expression was up-regulated by 9.58 ± 0.54 (P 
< 0.001), while that of CEBPB was up-regulated 
by 2.57 ± 0.32 (P < 0.01) (Figure 8).

Clinicopathological characteristics correlate of 
the expression of FCGR1A and CEBPB 

The expression of FCGR1A and CEBPB was fur-
ther analyzed and associated them with the 
clinicopathological characteristics from TB 
patients. The receiver operating characteristic 
(ROC) curve analysis showed that the expres-
sion of FCGR1A and CEBPB may be used as 
marker of TB disease (Figure 9). Moreover, on 
binary logistic regression analysis (Figure 9), 
the latent TB diagnosis symbol (FCGR1A and 
CEBPB) appeared to improve the sensitivity 
and specificity of the diagnosis of tuberculosis.

Discussion

In the present study, using cases of mRNA and 
miRNA microaray data we constructed the tran-
scription factors-MicroRNA co-regulatory net-
work in whole blood of TB patients. And we 
identified 21 genes that were regulated by bo- 
th transcription factors and MicroRNAs, we 
regarded them as hub-genes. Further, 6 genes 
(CEBPB, FCGR1A, FCGR3A, ITGAX, ITGAM, and 
IL1B) were enriched in the Tuberculosis signal-
ing pathway. And the expression of FCGR1A 
and CEBPB was confirmed in whole blood of TB 
patients and healthy people. However, which in 
the world of miRNA regulate the expression of 
the two genes in TB patients is still unknown.

CEBPB, SPI1 and parts of STATs family (STAT1, 
STAT3, STAT4 and STAT5A) were transcription 
factors that regulated 21 hub-genes in the co-
regulatory network. CEBPB and SPI1 are known 

to be associated with differentiation and acti-
vation of macrophages and are concerned in 
the regulation of immune and inflammatory 
response. In addition, CEBPB plays a crucial 
part in IgG immune compound stimuli. SPI1 
also plays an important role in compound 
adjustment of immunoglobulin class by regulat-
ing B cell development [19, 20]. CEBPB and 
SPI1 were over expressed according to our 
analysis of whole blood microarray data sets 
from TB patients. In the present study, CEBPB, 
SPI1, and members of STATs family along with 
their regulated genes, were found to play a criti-
cal role in the pathogenesis of TB.

STAT1 activates the immune system, and is 
thought to play a critical role in the immune 
response against viruses, bacteria and para-
sites. Mice deficient in STAT1 were shown to die 
within eight weeks of birth from viral infections 
[21]. Moreover, the expression of cell surface 
IgG was shown to be significantly decreased in 
individuals who lacked STAT1 [22]. JAK/STAT 
signaling pathway in macrophages is thought to 
protect against mycobacterial infection [23]. 
The activity of SPI1 transcription factor has 
been shown to be essential for the develop-
ment of bone marrow cells and lymphoid cells, 
and mice deficient in SPI1 were shown to lack 
immune cells such as macrophages and B 
cells, and die within the first 48 hours of birth 
[19]. Thus, SPI1 and STAT1 have an overlapping 
function in certain aspects of the immune 
response. These findings suggest that SPI1 and 
STAT1 may play a pivotal role in resisting inva-
sion by Mtb.

Meanwhile, STAT3 may also play a part in induc-
ing transcription of a limited set of target genes. 
For example, macrophages are thought to exert 
anti-inflammatory effect through secretion of 
cytokines with the help of active STAT3 [24]. 
CEBPB was shown to be directly regulated by 
STAT3 and is known to find a high expression in 
alveolar macrophages [25], and plays a role in 
macrophage-mediated inflammation [26]. In 
the present study, CEBPB was found to be an 
over-expressed transcription factor in whole 
blood of TB patients as well, and was a member 

Figure 5. MiRNA-gene network in whole blood of patients with tuberculosis. This miRNA-gene network consisted of 
113 differentially expressed miRNAs and their 657 predicted target genes that were expressed aberrantly. Deep 
pink diamonds represent miRNA; wathet blue circles represent predicted target genes; The direction of the connect-
ing arrows is from the source to the target.
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Figure 6. TF-miRNA co-regulatory network in whole blood of patients with tuberculosis. This TF-miRNA co-regulatory network contains 26 differentially expressed 
genes and 28 differentially expressed miRNAs. Yellow triangles represent TFs; purple diamonds represent miRNAs; red ovals represent up-regulated genes; green 
ovals represent down-regulated genes; The direction of the connecting arrows is from the source to the target.
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as CD11B) were also co-expressed in the most 
mononuclear phagocyte population in bron-
choalveolar labage (BAL) cells of humans and 
cynomolgus macaques after Mtb infection [38]. 
And there is a study showed that BTLA (B and T 
lymphocyte attenuator)-expressing CD11C 
APCs produced more IL-6 in mixed leukocyte 
culture with allogenic T cells, which might favor 
CD8+ T cells differentiation. But this ability was 
impaired in active TB patients, showing that 
less CD8+ T cell proliferation stimulated by 
BTLA-expressing CD11C APCs from active 
tuberculosis patients [39]. IL1B was enriched 
in Tuberculosis signaling pathway in terms of 
our study, as we know, IL1B is a potent proin-
flammatory cytokine and plays a critical part in 
many inflammation-related diseases. IL1B is 
also important in the pathogenesis of TB in 
mice [40], and its polymorphisms have been 
suggested to have different effects on TB sus-
ceptibility, such as the polymorphism of 
rs1143627 (SNPs) in IL1B might influence the 
inflammatory response to Mtb and increase 
IL1B production when Mtb invades the human 
immune system [41]. 

In general, we just provided a preliminary 
research about the TF-miRNA gene co-regulato-
ry network in the whole blood of TB patients. 
Then we mainly analyzed the 6 differently 
expressed genes (CEBPB, FCGR1A, FCGR3A, 
ITGAX, ITGAM, and IL1B) that belong to the 
Tuberculosis signaling pathway and conjec-
tured they may play a critical role in the process 
of immune response to tuberculosis. Then we 
focused on the verification of the two genes 

Figure 7. KEGG pathway enrichment analysis of the 21 differentially ex-
pressed hub-genes regulated by both TFs and miRNAs.

of 21 hub-genes belong to the co-regulatory 
network, which indicated that CEBPB might 
play a critical role in the immune defense 
against tuberculosis. 

For another validated gene FCGR1A that was 
co-regulatory by both TFs and miRNAs, encodes 
a high-affinity Fc-gamma receptor that plays an 
important role in the immune response. The 
high expression of FCGR1A in TB patients has 
been reported previously [27]. Microarray anal-
ysis of PBMCs from TB patients and healthy 
donors also yielded similar results [28]. In 
another study, patients with active TB had a sig-
nificantly higher pre-treatment expression of 
FCGR1A as compared to that in patients with 
LTBI, regardless of HIV status or genetic back-
ground [29]. And FCGR1A expression level of 
TB patients was obviously higher than that of 
other lung diseases patients [30]. We also 
found that FCGR1A was over-expressed in 
human whole blood of patients who have pul-
monary tuberculosis. These may suggest that 
FCGR1A is related to the pathogenesis of tuber-
culosis, which is worth our further study.

Like genes FCGR1A and CEBPB we mentioned 
early, FCGR3A, ITGAX, ITGAM, and IL1B were 
co-regulated by both TFs and miRNAs and they 
also participated in Tuberculosis signaling path-
way. Through the relevant researches we under-
stood that FCGR3A was expressed on mcro-
phages, monoctytes, natural kller (NK) cells, 
and dendritic cells, and FCGR3A plays a key 
role in mediating the biological effects of the 
humoral immune response, such as ADCC and 

ADCVI [31]. According to our 
analysis, FCGR3A was over 
expressed and regulated by 
STAT1 as well as took part in 
Tuberculosis signaling path-
way, which may be the mark 
of immune cells that are acti-
vated in the pathogenic pro-
cess of tuberculosis. Resea- 
rches have shown that ITGAX 
(also known as CD11C) is a 
surface marker expressed in 
most antigen-presenting cells 
(APCs), including macropha- 
ges [32], dendritic cells [33, 
34], monocytes [35], neutro-
phils [36], and B cells [37]. 
ITGAX and ITGAM (also known 
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(FCGR1A and CEBPB) that were with the great-
est fold change among the 6 hub-genes. 
However, a further study is needed to verify the 
expression status of FCGR1A and CEBPB as 
potential biomarkers for early diagnosis and 
prediction of TB, which was also required to 
confirm in vitro and ex vivo. But construction of 
the TF-miRNA gene co-regulatory network is a 
helpful tool in the identification of significant 
regulators and their target genes in tuberculo-
sis. This systematic approach may provide the 
theoretical basis for further unravel molecular 
mechanisms by which these important genes 
modulate the immune response to tuberculo-

sis, and it may help us search novel strategy for 
treatment of tuberculosis in future. 
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