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Abstract

Background Mycobacterium tuberculosis (Mtb) is the major causal pathogen of human tuberculosis (TB).
Autophagy is a highly conserved cytosolic pathway influencing the immune responses and the
elimination of intracellular pathogens including Mtb.

Objective To evaluate the effect of Mtb on autophagy flux with autophagy related genes of LC3I and LC3lI,
beside the evaluation of serum interferon-gamma (IFN-y) level in patients with pulmonary TB.
Methods A total of 50 blood samples were collected from patients with pulmonary TB, besides 30 as healthy

control. The real-time polymerase chain reaction (PCR) method was determined the measuring of
MRNA expression of autophagy-related genes of LC3I and LC3Il. Serum IFN-y protein concentration
was measured using sandwich Enzyme Linked ImmunoSorbant assay.

Results The present study showed an increasing in LC3-I level in newly-diagnosed pulmonary TB patients
rather than in the control group despite statistically non-significant P>0.05, while LC3-Il showed
decreasing in all pulmonary TB groups but statistically non-significant P>0.05. Autophagy flux ratio
of LC3-1 and LC3-ll genes showed a statistically significant decrease in pulmonary TB groups
especially in newly- diagnosed (p value=0.02) rather than control groups. Moreover, the study of
the serum level of IFN-y showed an increase in the level of IFN-y with p=0.0001 in pulmonary TB
patients in comparison with the control group. In addition, the correlation between autophagy-
related genes and IFN-y have been shown a positive significant correlation (p value =0.013) in the
multidrug-resistant (MDR) TB group.

Conclusion Autophagy flux ratio showed a statistically significant decrease in pulmonary TB groups particularly
in newly-diagnosed TB patients rather than control groups, this indicates the different modulation
factors that may affect the process of autophagy. The only positive correlation within biomarkers of
the present study has been shown that LC3-1l is a dependent factor on IFN-y in MDR group.
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infection that becomes active, which is most
frequently occurred in almost 90% of reported
lung cases. Only about 10 percent of people
infected with Mycobacterium tuberculosis
(Mtb) developed to active TB disease within
their lifetime ©). Although, improved and
transformative TB diagnostics are still needed
to overcome the severe restrictions on older,
non-standard and inaccurate techniques
currently used in most circumstances .

Autophagy is a newly identified innate and
adaptive immunity defense upon intracellular
pathogens ). Autophagy can capture and
eradicate intracellular microbes, including Mtb
(®), There were much has been reported about
the functions of autophagy besides the
mechanisms by which the autophagic pathway
stimulates the host innate effector response
against Mtb infection (). The phrase
“autophagic flux” is utilized to describe the
dynamic process of autophagy. In particular,
autophagic flux refers to the whole process of
autophagy, including autophagosome
formation, maturation, fusion with lysosomes,
subsequent breakdown and the release of
macromolecules back into the cytosol (),
Autophagy aids with antigen processing of
intracellular and extracellular element for
major histocompatibility complex (MHC) class |
and class Il presentation for recognition by
CD8+ and CD4+ T cells, respectively ©).
Predominantly, T helper 1 (Thl) cytokines
stimulate autophagy in order to Kkill
intracellular Mtb 19, Th1 cytokines (IL-2, TNF-
a, and IFN-y) are recognized as autophagy
inducers while T helper 2 (Th2) cytokines (IL-4,
IL-5, IL-6, IL-10, and IL-13) and anti-
inflammatory cytokines are observed as
autophagy repressors 1), Mtb has evolved
numerous approaches to counteract
autophagy. For instance, Mtb Eis (enhanced
intracellular survival) gene represses
macrophage autophagy and cell death by a
reactive oxygen species (ROS)-dependent
pathway. In addition, (ESAT6), a significant ESX-
1-mediated secretory protein, performs a great
role in the suppression of late-stage autophagy
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in human dendritic cells (DCs) 2. The current
study aimed to: First, to evaluate the mRNA
expression levels of autophagy-related genes
of (LC3-1) and (LC3-ll) in TB patients through
autophagy flux. Second, to evaluate the serum
level of IFN-y in pulmonary TB patient groups.
And third, to determine the correlation
between autophagy- related genes and IFN-y.

Methods

This case control study included fifty
pulmonary TB patients were collected from the
National Reference Laboratory (NRL) of

Tuberculosis Respiratory, Baghdad during the
period from January 2019 to September 2019.
This study was approved by the Institutional
Review Board (IRB) of the College of Medicine-
Al-Nahrain University, approval code (208).

Study design
Patients were divided into three groups:
multidrug-resistant (MDR) patients group

consists of 20 samples, newly diagnosed (ND)
group which consists of 20 samples and old
case (OC) group with 10 samples. Besides 30
samples of apparently healthy persons as
control groups were collected from the Blood
Donation Center, Baghdad Medical City.

Inclusion criteria
Patients with pulmonary TB, age group include
eighteen years old and above.

Exclusion criteria

Patients having an autoimmune disease
(Crohn's disease, systemic lupus
erythromatosus, multiple sclerosis), central
nervous system disease, human immune
deficiency dis, patients on radio and
chemotherapy, and atypical mycobacteria.

Total RNA purification of LC3-1 and LC3-ll from
whole blood

Total RNAs were isolated from sample
according to the protocol of TRIzol™ reagent
(Thermo Scientific, USA).
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Measuring of mRNA expression level of
autophagy-related genes LC3-I and LC3-ll by
Relative RT Real time polymerase chain
reaction (RT-PCR)

The PCR primers were listed in table (1).
GoTaq® 1-Step RT-gPCR System combines
GoScript™ Reverse Transcriptase and GoTaqg®
gPCR Master Mix (Promega, USA), which
enables detection of RNA expression levels
using a single-step real-time amplification
reaction. Quantitative PCR used for cDNA
guantification, this method allows the
assessment of the amount of a given sequence
present in a sample and quantitatively

determine levels of gene expression. Hence, in
this study, this method was used to measure
levels of gene expression of mRNA for LC3-I
and LC3-Il target genes. By the use of RT-PCR
system software program, the comparative
quantification experiment type was selected
from the programming window. Then RT-PCR
machine was programmed according to the
conditions illustrated in table (2). The threshold
was set manually at the lowest point of the
parallel rise of the logarithmic amplification
curve to obtain a cycle threshold (Ct) value for
each reaction tube.

Table 1. Primers and its sequences

Primer Name Primer ID Sequence
LC3-] F* 5°-GCTACAAGGGTGAGAAGCAGCT-3"
R** 5°-CTGGTTCACCAGCAGGAAGAAG-3’
LC3H1] F 5°-AATCCCGGTGATAATAGAAC-3
R 5-TTTCATCCCGAACGTCTCC-3
GAPDH F 5-AGA AGG CTG GGG CTCATT TG-3°
R 5°-AGG GGC CAT CCA CAG TCT TC-3°

*: forward primer, R**: reverse primer, LC31 3, LC3Il 14, GAPDH (*%)

Table 2. Conditions for Real-time PCR run

Real time PCR program

Steps Temperature Time Cycle
Real time enzyme activation 37°C 15:00 1
Initial denaturation 95 °C 10:00
Denaturation 95 °C 00.20
Annealing 60 °C 00.20 40
Extension 72 °C 00.20

Gene expression calculation

The relative expression of a targeted gene was
calculated using the formula 2- AACt. The
folding = 2-AACT, AACT =ACT Treated - ACT control,
ACT=CT gene ~ CT House Keeping gene.

Serum IFN-y protein measurement using
sandwich Enzyme Linked ImmunoSorbant
assay (ELISA)

The current experiment based on utilizing the
Sandwich-ELISA principle (elabscience, china).
The micro ELISA plate provided in this kit has
been pre-coated with an antibody specific to
Human IFN-y. The optical density (OD value) of
each well was determined at once with a
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micro-plate reader set to 450 nm. Finally, for
results calculation, four-parameter logistic
curve has been plotted on log-log graph paper,
with standard concentration on the x-axis and
OD values on the y-axis figure (1).

Statistical analysis

The data of the present study were processed
using SPSS version 16.0.0, Microsoft Excel
2010, and Graphpad Prism version 7.04.
Differences were considered statistically
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significant at p < 0.05. Accordingly, the proper
statistical tests were used, t-test and ANOVA
test were used for parametric data to measure
the significance of difference in means taking
into account whether variables of analysis
sharing different or equal variance. Correlation
coefficient tests or, r, among variables were
used to assess the nature of correlation in
terms of positive, negative or indifference.
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Figure 1. Standard curve of interferon-y

Results

Regarding the expression level of autophagy-
related genes, the results showed that the
mRNA levels of LC3-1 were increased in
pulmonary TB group than control group, but
statically not significant (P>0.05). There is no
statistically significant variation in LC3Il folds
between PTB patients and the control group
(P>0.05) (Table 3).

Furthermore, autophagy flux ratio has been
calculated in order to access the entire process
of autophagy in pulmonary TB groups. The
results have been shown significant decreasing
in the ratio of autophagy flux (p value =0.027)
between pulmonary TB groups and control
groups as shown in figure (2). The highest

significant decreasing has been shown in newly
diagnosed group with (p value=0.02), and MDR
group with (p value =0.05) rather than control
group. While in old cases group was non-
significant (p value=0.6). The mean * SD of
autophagy flux in newly diagnosed, MDR, old-
cases and control groups were (0.90+0.96,
1.26+1.38, 2.56+3.62, 3.7016.48) respectively.

Besides the results of the current study showed
that IFN-y serum concentration was with highly
significant differences (p=0.0001) between PTB
groups and control group. IFN-y serum level
were significantly increased (p<0.05) in newly
diagnosed ND and old cases OC group than the
control, while MDR group reach the borderline
(p value =0.06). Furthermore, among patients'
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groups, there were no significant differences
(P>0.05) in the levels of IFN-y between MDR
and ND, MDR and OC and ND with OC. As
shown in table (4), the serum levels mean +SD
of MDR, ND, OC and controls were
91.61+82.04, 1.066165.57, 90.72164.93,
54.93% 26.61, respectively.

Further correlations have been made between
LC3Il gene expression and IFN-y. the outcome
shows that LC3-Il is a dependent factor on IFN-
y in the MDR TB group with a positive
significant correlation (r = 0.54, P=0.013) (Table
5 and Figure 3).

Table 3. LC3I and LC3Il gene expression in TB patients and control groups

Control vs TB N

Mean

Std. Deviation

P value
Control 30 2.12 3.27
0.292Ns
TB group 50 24.61 115.87
Control 30 2.12 3.27
0.671Ns
LC3I MDR-TB 20 1.76 2.33
folds Control 30 2.12 3.27
0.264Ns
Newly Diagnosed TB 20 48.11 180.14
Control 30 2.12 3.27
0.183Ns
Old TB cases 10 23.31 46.86
Control 30 2.25 2.85
0.144Ns
TB group 50 1.39 1.60
Control 30 2.25 2.85
0.061Ns
LC3II MDR-TB 20 1.13 1.14
folds Control 30 2.25 2.85
0.382Ns
Newly Diagnosed TB 20 1.60 1.99
Control 30 2.25 2.85
0.442Ns
Old TB cases 10 1.51 1.58

NS=none statistical significance (p>0.05)
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Figure 2. Autophagy flux ratio between pulmonary TB and control groups

Table 4. Serum level of IFN-y in PTB patients and controls

Groups N Mean Std. Deviation P value
Control 30 54.93 26.61 .
TB group 50 97.45 71.48 0.0001
Control 30 54.93 26.61 0.062
MDR-TB 20 91.61 82.04
Control 30 54.93 26.61 0.003*
Newly Diagnosed 20 1.0666E 65.57 '
Control 30 54.93 26.61 0.017*
Old TB cases 10 90.72 64.93 '

*=statistical significance (p<0.05) **=High statistical significance (p<0.001)

Table 5. Correlations between LC3-1, LC3Il genes expression and IFN-y in MDR group

LC3II folds IFN-y concentration
Pearson corr. coefficient 0.342 -0.034
LC3I folds Sig. (2-tailed) 0.140 0.887
Pearson corr. coefficient 0.544%*
LC3ll folds Sig. (2-tailed) 0.013
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Figure 3. LC3-ll is a dependent factor on IFN-y in MDR TB group at correlation coefficient r =
0.544, P=0.013, and at regression index R2= 0.294 with linear curve equation LC3-II (folds)=
0.0076xLC3-I(folds)+0.4353

Discussion

Autophagy, a lysosome-dependent degradation
process, considered as a crucial innate host
defense mechanism in macrophages toward
intracellular bacteria, particularly Mtb (16),
Autophagy flux refers to the entire process of
autophagy, the present study showed block in
autophagy flux with significant (P value <0.05),
which may refer to several factors including
autophagy modulators such as miRNAs,
cytokines, vitamin D3. It has been shown that
mycobacterial virulence factors like: PhoP,
system 1 (ESX-1) secretion-associated protein B
(EspB) and early secretory antigenic target 6
(ESAT-6) are highly linked to immunogenicity
and virulence of this organism which could
inhibit the process of autophagy. Genetic
mutations in humans may cause changes in
autophagic flux, also it has been implicated in
neurodegenerative diseases and cardiovascular
diseases besides cancers (7).

Lambelet et al. in 2018 examined the
processed LC3B-Il by western blot, together
with electron microscopy for autophagosome
formation, which have the mainstays for
autophagy detection. It has been found that
LC3 expression levels can vary markedly

between different cell types and in response to
different stresses, and there is further concern
that over-expression of tagged versions of LC3
to facilitate imaging and detection of
autophagy interferes with the process itself (8),
Another study worked on autophagy flux in
Mtb-infected macrophages and they observed
that there is no interesting change in the
autophagy flux in  macrophages, which
disagreed with this study (1)

The findings of serum level of cytokines IFN-y in
pulmonary TB of the present study revealed
that the serum level of IFN-y was significantly
higher (p=0.0001) between PTB groups and
control group, this provides new insights into
(IFN-y) as a powerful pro-inflammatory
cytokine that plays a major role as biomarker
candidates in the pathogenesis and the
immune response of pulmonary TB. The
findings of the current study in agreement with
study by Hussain in 2010 who observed that
the levels of interferon-gamma in the blood of
tuberculosis patients were significantly higher
(P value <0.001) in compared to the control
group 29, The present study disagreed with Al-
Jubouri et al. (2018), they observed that there
were no significant raised in the serum levels of
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IFN-y in patients with pulmonary TB %,

Regulation of cytokine production and
autophagy activation seem to be mutually
regulated by each other; cytokines regulate
autophagy, but the opposite is also true.
Furthermore, the present study showed an
agreement with Bento et al. (2015) who's
studied the correlation between autophagy
and inflammation during Mtb infection and
observed that IFN-y was shown to be an
important cytokine in the regulation of
mycobacteria clearance by autophagy by
Increases production of reactive nitrogen
species in macrophages and induces autophagy
(22)

As described before, autophagy plays an
important role in the host immune response
against Mtb and therefore the development of
promising autophagy-based therapies including
IFN-y to combat TB represents an appealing
strategy through enhancing autophagy also

increases the efficacy of the only TB-
prophylactic method available, the BCG
vaccine.
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