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Abstract
Background: Tuberculosis (TB)

remains a major cause of morbidity and
mortality worldwide. Problem of Latent
Tuberculosis Infection (LTBI) is increasing
in number especially in countries with high
TB incidence rate, such as Indonesia.
Although not every LTBI will become
active TB, if untreated and not handled
appropriately it can still be a source of
transmission and may increase the rate of
resistance to the first-line TB drugs.
Mycobacterium tuberculosis as a cause of
tuberculosis disease is an intracellular
pathogens that survives within the phago-
some of host macrophages. Several host
factors are involved in this process, includ-
ing the Tryptophan Aspartate-containing
Coat Protein (TACO). TACO is a protein
recruited and retained by viable
Mycobacterium tuberculosis on the surface
of the phagosome membrane to maintain its
survival in phagosome, because the pres-
ence of TACO plays an important role in
inhibiting the fusion of phagosomes and
lysosomes. 

Objective: the aim of this studyis to
assess the difference of gene expression
TACO protein in Latent Tuberculosis
Infection (LTBI) and healthy people. 

Method: A preliminary studyof mRNA
examination of TACO protein using
Immunocytochemistry (ICC) and Real
Time-Polimerase Chain Reaction (RT-PCR)
method by a PCR Light Cycler 2.0 machine
(Roche) in LTBI and healthy groups.

Results: 18 samples of peripheral blood
monocyte cells (PBMCs) were collected
and  divided into 2 groups. We found that
there was a significantly difference between
the 2 groups of samples.

Conclusion: Further research is
required to consider that the measurement
of TACO expression using RT-PCRcan
used as one of the other method to deter-
mine LTBI.

Introduction
Tuberculosis (TB) remains a major

cause of morbidity and mortality world-
wide. Currently reported, one-third of the
entire world’s population has been infected
by Mycobacterium tuberculosis, the cause
of tuberculosis. By 2015 it is estimated that
there are 10.4 million people worldwide
suffering from clinical TB, 5.9 million
(56%) are male, 3.5 million (34%) females
and 1.2 million (11%) children. There are
an estimated 1.4 million deaths due to TB
by 2015 and an additional 0.4 million
deaths due to TB among people suffering
from HIV infection.1 TB was one of the top
10 causes of death worldwide in 2015, and
TB has killed more individuals every year
than any other pathogenic germ. In 2016
WHO report, Indonesia is the third largest
countries for number of TB cases after
India.

In the United States, it is estimated
more than 11 million people are asympto-
matically infected by Mycobacterium tuber-
culosis (Latent Tuberculosis Infection,
LTBI), estimated at 4% of the total popula-
tion. Although not every LTBI will become
active TB, approximately 5-10% will
become active, which is equivalent to an
estimated 550,000 to 1,100,000 LTBI to
active TB at some point in life, except the
population suspect LTBI is receiving ade-
quate therapy for LTBI.2 If LTBI is not
properly diagnosed and not given appropri-
ate treatment, LTBI may also be a source of
infection later, and inappropriate treatment
of LTBI may increase the rate of resistance
to the first-line TB drugs. So, proper identi-
fication of LTBI and therapy in people at
high risk for TB can be the basis for the
determination of LTBI treatment with the
aim of early detection and prompt treat-
ment.

Mycobacterium tuberculosis has been
known to have the ability to develop several
mechanisms to avoid the primary host cell
defense that attack them through phagocy-
tosis by macrophages.3 The introduction of
Mycobacterium tuberculosis by
macrophages and dendritic cells occurs
through the identification of cell wall anti-
gens present on the surface of
Mycobacterial cells.4 This recognition
occurs through various receptors present in
the macrophages, including mannose recep-
tors, scavenger receptors and complement

receptors.5 It is said that the pathogenic
Mycobacterium tuberculosis enters the
macrophage cells through the mannose
receptors. Binding of Mycobacterium tuber-
culosis with mannose receptors in this
macrophage facilitates the survival of these
microorganisms in macrophage cells. After
entering into macrophage cells through the
process of phagocytosis, Mycobacterium
tuberculosis gets trapped in a room formed
by the plasma membrane of macrophage
cells called phagosomes while awaiting fur-
ther degradation.4,6 It is in this phagosome
that Mycobacterium tuberculosis exhibits
various self-defense mechanisms so that the
degradation process does not continue and
Mycobacterium tuberculosis can survive
and multiply in macrophage cells. The bio-
molecular processes occurring within
macrophage cells and how they can cause
Mycobacterium tuberculosis to survive in
macrophage cells, are still continuously
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investigated.
Tryptophan Aspartate-containing Coat

protein (TACO) is recruited and retained on
the surface of the phagosome membrane by
viable Mycobacterium tuberculosis to
assure its survival in macrophage cells.7

Previous research suggests that a phago-
some containing dead Mycobacterium bovis
will quickly be eliminated from
macrophages, whereas phagosomes that
contain viable Mycobacterium bovis will be
more stable in macrophages because of
their ability to maintain TACO.8,9

Mycobacterium bovis bacteria used in the
BCG vaccine, in the form of an attenuated
germ, will be completely digested and elim-
inated in Kupffer cells as macrophage cells
in hepatic organ tissue, whereas its TACO
expression is considerably less.
Phagosomes containing less than 5
Mycobacterium tuberculosis bacteria can
not maintain TACO while phagosomes con-
taining more than 5 bacteria clearly retain
TACO on the phagosome membrane.8 Other
studies have indicated that the human
promonocytic cell line THP-1 which infect-
ed by live and heat-killed Mycobacterium
lepraeexhibited that viable Mycobacterium
leprae utilizes unknown strategy to sup-
press innate immune activities and maintain
TACO expression.10 Anand et al. said that
the suppression of TACO gene expression
both before and after infection will support
the survival of Mycobacterium tuberculosis
in macrophage cells.11,12 Based on the study
before, this research was conducted for to
know the differences of gene expression of
TACO protein in LTBI and healthy people.

Materials and Methods
This research was conducted from

February to October 2015. 18 samples were
peripheral blood monocyte cells (PBMCs)
from active TB patient’s close contact fam-
ily at Dr. Soetomo General Hospital
Surabaya Indonesia and Pegirian Primary
Health Care and healthy people who have
never experienced symptoms of tuberculo-
sis; they were aged 21 to 65 years, not suf-
fering from diabetes mellitus, HIV infection
and not smoking. Informed consent was
given for laboratory examination. This
study was approved by the Ethical
Committee in Health Research of Dr.
Soetomo General Hospital, Surabaya,
Indonesia (no. 404/Panke.KKE/VIII/2015).

Whole blood samples were examined in
the TB Laboratory, Department of Clinical
Microbiology, Dr. Soetomo General
Hospital, with standard culture method. The
standard culture method BACTEC MGIT
960 system (BD) liquid medium and

Lowenstein-Jensen solid medium were used
for detection and identification of mycobac-
teria. The serology testing of Interferon
Gamma Releasing Assays (IGRAs) using
Interferon Gamma Releasing Assays-Gold
In Tube test (IGRA-GIT) was done at the
Institute of Tropical Diseases, Airlangga
University,  and it was used to separate
LTBI from healthy people.
Immunocytochemistry (ICC) Examinations
were done in Electron Microscopy Unit and
Intergrated Laboratory Airlangga
University with monoclonal antibody
bought from MyBioSource, Inc., USA, and
it was used to determine the existence of
TACO proteins on the surface of PBMCs.

The Real Time PCR using LightCycler
machine 2.0 (Roche) was done in Airlangga
University Hospital. PBMCs isolation from
whole blood specimens was used using a
Ficoll-Histopaque 1077 solution, a suitable
reference procedure to obtain pure mononu-
clear cells.13 The RNA extraction was done
using Geneaid for Blood and Tissue Kit
then measured the number of RNAs eligible
for RT-PCR using Nano Drop. The TACO
gene was amplified using the primers 5’-
CCAGTGCTATGAGGATGTGCGCG and
5’-GACACGACTCGCTTGTCA-AGGC-3
‘. These genes were amplified using PCR
programs: 94 ° C for 45 cycles; 60 ° C for
45 cycles; 72 ° C for 90 cycles (22 cycles).11
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Figure 1. ICC’s result of LTBI patient (Chromogen and Mayer’s hematoxylin, 400x).
Several PBMCs with TACO protein were detected.

Figure 2. ICC’s result of healthy people (Chromogen and Mayer’s hematoxylin, 400x).
Many PBMCs without TACO protein were detected. 
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Results
From the statistical analysis using

Fisher exact (Table 1) there was no signifi-
cantly difference from TACO expression by
Immunocytochemistry (ICC) in latent
tuberculosis infection (LTBI) patients with
healthy people.

From the statistical analysis using T test
for 2 free samples (Table 2), we then
obtained the following results:

There was a significantly difference
from TACO expression by RT-PCR in latent
tuberculosis infection (LTBI) patients with
healthy people.

In patients with latent tuberculosis
infection (LTBI), the TACO expression rate
is higher than in healthy people.

Discussion
From the results of the ICC (Figures 1

and 2), it appears that there are differences
in the number of healthy cells that do not
express TACO protein between healthy
people and LTBI patients. In LTBI patients,
it was seen that a smaller number of cells
did not express TACO protein; in other
words, most of the cells appeared to express
TACO protein. This evidence showed that
the existence of self-defense mechanism
carried out by Mycobacterium tuberculosis
in cells to maintain their life by forming
TACO proteins on the surface of PBMCs to
inhibit the fagosome and lysosome fusion
that can kill the bacteria.14

By mRNA examination of TACO pro-
teins using RT-PCR, statistical significantly
differences were apparent between LTBI
patients and healthy people. It was also
found that TACO protein expression was
higher in patients with latent tuberculosis
infection than in healthy individuals. This is
consistent with the theory that in LTBI

patients whose monocyte cells have been
exposed to Mycobacterium tuberculosis
bacteria will inevitably show a higher
expression of TACO protein than healthy
people whose cells have not been exposed
to the bacteria. Patients with latent tubercu-
losis infection (LTBI) manage to limit
infection through various mechanisms.14,15

First time that plays a role is the natural
immunity, the phagocyte cells, among oth-
ers, monocytes and neutrophils will migrate
to the site of infection, but they are unable
to kill the bacteria efficiently.16,17 After
phagocytosis process of Mycobacterium
tuberculosis, the phagocyte cells induce
Interferon Gamma (IFN-ɤ) production
which will stimulate the increase of
Reactive Oxygen Species (ROS) in the host
cell as an antimicrobacterial factor.18 On the
other hand, IFN-ɤ as a proinflammatory
cytokine will be excluded to activate T lym-
phocytes, as an adaptive immune defence.
IFN-ɤ will also activate inducible Nitric
Oxide synthase (iNOS) to produce Nitric
Oxide (NO), which then reacts with radical
oxygen to form Reactive Nitrogen
Intermediate (RNI). NO and RNI play an
important role as antimicrobacterials too. In
addition to IFN-ɤ, phagocyte cells also
secrete Toll Like Receptor 2 (TLR2) which
induces the release of Nuclear Factor Kappa
B (NFκB) which is a protein complex
responsible for controlling DNA transcrip-
tion, the production of other cytokines and
the survival of phagocyte cells.10

Furthermore, phagocyte cells also secrete
other proinflammatory cytokines as inter-
cellular communication signals that will
work with other immunocompetent cells to
eliminate Mycobacterium tuberculosis
infection. ROS is also produced by various
immunocompetent cells, including
macrophages, when in contact with bacteria
or other foreign bodies. Excessive ROS pro-
duction will be regulated by enzymes such

as catalase, superoxide dismutase (SOD),
glutathione peroxidase (GPx) and glu-
tathione reductase (GR) in homeostatic
processes.19

During this time, the bacilli resist the
bactericidal mechanisms of the macrophage
(phagolysosome) by preventing phago-
some-lysosome fusion, survive and multi-
ply in the phagosome, and cause
macrophage necrosis.20,21 Some surviving
and live bacteria can express TACO protein
in order to escape its destructive process
through the fusion of phagosomes with
lysosomes.22 This is also consistent with the
theory that TACO protein is recruited and
retained on the surface of the phagosomal
membrane depending on  the bacterial pres-
ent in the phagosome. As a self-defense
mechanism of the bacterium
Mycobacterium tuberculosis, retention of
TACO aims to avoid fusion of phagosomes
with lysosomes so that bacteria do not expe-
rience bactericidal effects through destruc-
tion by the proteolytic enzymes present in
the lysosomes.22 TACO prevents the fusion
of phagosomes by lysosomes either by
modulating actin cytoskeleton.23 or by set-
ting the calcium-dependent signaling
process, but in further analysis it was found
that there is a more important role of TACO
in the mediation of Ca2+ ion influx through
interaction with PLC-ɣ1 and activation of
calcium dependent phosphatase calcineurin
which is worked in avoiding the fusion of
phagosomes with lysosomes. So the
absence of TACO will cause the failure of
this process and the absence of calcineurin
activation.24 This may also be through the
process of dephosphorylation of substrates
released by host cells that are still unknown.
This process facilitates the survival of
Mycobacterium tuberculosis in the phago-
some for a long time.7,25 In addition to the
inhibition of fusion of phagolisosomes, it
turns out that TACO protein also plays a
role in cooperation with other proinflamma-
tory cytokines that suppress NF-κβ activa-
tion mediated by TLR-2; TLR-3, TLR-4
and TNF-α stimulated by NF-κβ activation
and activation of IFN-β promoter.26 One
possible explanation is that TACO proteins
are directly related to molecules that
decrease both TLR and TNF-α signaling,
such as NIK (NF-κβ inducing kinase,
inhibitor (1) κβ or NF-κβ.) Another possi-
bility is the TACO protein associated with
molecules such as nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase
to inhibit TLR-mediated signaling, so it can
be seen here that TACO proteins also play a
role in reducing signaling pathways leading
to activation of natural immunity.10,27
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Table 1. Results of immunocytochemistry in latent tuberculosis infection (LTBI) patients
and healthy people.

Group                            N          Negative results            Positive results            P-value

LTBI                                          9                      6 (66,7%)                                 3 (33,3%)                           0,500
Healthy people                       9                      7 (77,8%)                                 2 (22,2%)                                

Table 2. Results of RT-PCR TACO protein expression in latent tuberculosis infection
(LTBI) patients and healthy people.

Group                   N                    Average ± Standard Deviation                          Value p

LTBI                             9                                                1,002 ± 0,070                                                        < 0,0001
Healthy people          9                                                0,681 ± 0,083                                                               
LTBI: latent tuberculosis infection.
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Conclusions
Based on the preliminary study results

above, further research is required to con-
sider that the measurement of mRNA of
TACO expression using RT-PCRcan be
used as one of the other method to deter-
mine LTBI, i.e. Interferon Gamma
Releasing Assay (IGRA test) and culture.
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