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ABSTRACT

Tuberculosis (TB) is one of the most common infectious diseases in the world,
which has led to numerous deaths. Hence, developing an efficient diagnostic
method is essential to monitor and control such deadly infectious diseases. In the
current study, the serum levels of four inflammatory markers (CXCL10, CXCLJ9,
SUPAR, and MMP9) and the expression NF-kB gene were evaluated as potential
immunological markers for diagnosis and prognosis of tuberculosis, using ELISA
and gqPCR technique respectively. Thirty new TB patients and equal numbers of
under treatment TB patients and control (healthy people) were conscripted in this
study. The results showed significant differences in the serum level of CXCL10
among the three groups (p value 0.003) and between new and under treatment
patients (P value 0.004). A significant difference in the CXCLS9 level in the serum
was observed between the new TB patients and the healthy group with p value
0.028 but didn’t reach the significant level between the new and under treatment
patients. The serum level of sSUPAR was higher in new patients (106.59pg/ml)
followed by treated patients (89.66pg/ml) and lowest in healthy group (80.71pg/ml)
but didn’t reach the significant level. Also, the serum level of MMP-9 did not show
a significant difference between the tested groups, but it was slightly higher in new
patients (21.45ng/ml) compared to the healthy group (20.70ng/ml). The amount of
NF-kB gene expression was significantly higher in new patients (8.21-fold change)
than in under treatment patients (2.95-fold change) in comparing with healthy
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I. INTRODUCTION

Tuberculosis is an infectious disease that is one of the
leading causes of death and the leading causes of ill health
worldwide. Most people (approximately 90%) who broaden
the infection are adults, with greater instances amongst male
than female. About 1/4 of the world’s populace is inflamed
with M. tuberculosis [1].

The most obvious effect is a sharp global decline in the
number of persons newly diagnosed with and reported to
have TB. This figure dropped from 7.1 million persons in
2019 to 5.8 million in 2020, an 18% drop from the 2012
level and well below the approximately 10 million persons
who developed Tuberculosis in 2020. Sixteen nations
accounted for 93% of this reduction, with India, Indonesia,
and the Philippines the hardest hit.

Approximately (5-10%) of the people infected with
bacteria develop the sickness throughout the primary 2-5
years once infection. In other infected people, the innate
immune response will either absolutely dispose of the
infection without leaving a touch of immunological response
(resistance to TB infection) or reason of continual immune
response to M. tuberculosis antigens without clinical
evidence of active disease [2], [3]. The World Health
Organization (WHO) strategy to end TB has set targets to
reduce TB incidence would be reduced by 90% and TB
deaths by 95% globally in by 2035. If there is any chance
of achieving these ambitious goals, new tools will become
available to fight this devastating disease. These include an
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urgent need for better diagnostic tests, shorter treatment
regimens and more effective vaccines [4].

In Irag, tuberculosis is still a significant public health
issue. The country, which accounts for 3% of all cases, is
one of seven in the Eastern Mediterranean area with a
significant burden of TB. In Iraq, there are thought to be
20,000 TB cases. Between 200 and 4000 people are thought
to die each year [5], [6]. Governing Tuberculosis infection,
facing stagnant challenges associate rising issue of MDR
(drug-resistant strains), evolution of recent treatments, a
pressing want for intervention of LTBI (latent Tuberculosis
infection), an absence of distinguished biomarkers for
prognosis and diagnosis, etc. [7], [8].

The immune system is amongst the maximum vital inner
danger elements. Adaptive cell-mediated immunity and
Innate immunity are powerful instruments in protective the
host in opposition to evolution of Tuberculosis by the role of
CD4+T lymphocytes and Macrophages, along with
formation of granuloma. They are the spine of immune
protection in opposition to MTB and their position in
controlling  Tuberculosis is properly defined the
characteristic of those cells in opposition to inhaled
pathogens are managed through local surroundings of
cytokines, which exert immune inflammatory (stimulator)
and anti-inflammatory (inhibitory or regulatory) activities
[19].

Throughout Tuberculosis infection, chemokines play an
important role in mediating innate immunity, cell
proliferation and migration, inflammation, angiogenesis, etc.
[10], [11]. In particular, innate cytokine/chemokine
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pathways play essential roles in dominant primary infection
and in promoting adaptation immune responses, Anyway,
anti- the balanced activation between pro- and inflammatory
cytokines/chemokines is necessary for mounting effective
host resistance against Mycobacterium tuberculosis
infection [12]. So that the immune system is amongst the
maximum vital inner danger elements. Previous studies have
measured and recognized numerous host biomarkers in
entire blood, serum, plasma, saliva, and cerebrospinal fluid
lifestyle supernatants. Some of those proteins or
biosignatures have proven top potentialities within side the
analysis of diverse sorts of tuberculosis [13]-[16]. The
current study is grounded on the immunological biomarkers
and their role in diagnosing or prognosis tuberculosis, based
on previous studies that demonstrated the importance of
these immune indicators in diagnosing tuberculosis.

The aim of this study was to identify potential serum
based immunological biomarkers for diagnosis and
monitoring response to ant-tuberculosis treatment and to
study the correlation between NF-xB gene expression and
the levels of these biomarkers in TB patients.

Il. MATERIALS AND METHODS

Samples of blood were collected from pulmonary
tuberculosis patients in the Advisory Clinic for Chest
Disease and Respiratory (ACCDR), the only health center
that deals with TB patients in Basra province, from January
2022 to May 2022. Thirty new diagnosed patients’ equal
numbers of treated patients and apparently healthy people
were recruited in this study and consent form was obtained
from each participant. Tuberculosis patients were diagnosed
through direct examination of sputum Acid Fast Bacillus
(AFB) and molecular examination using Gen-x-pert.
Follow-up patients were selected from TB patients who
were already diagnosed and had taken their treatment for
more than three months.

A. Assessment of Immunological Markers in Serum

The levels of four inflammatory markers in serum were
evaluated by using ELISA (Enzyme-linked Immunosorbent
assay) with specific commercial kits as following: CXCL10,
CXCL9, MMP-9 and suPAR (Sunlong Biotech, China) all
the ELISA procedures were carried out according to
manufacture instructions.

B. RNA Extraction

The ribonucleic acid (RNA) was extracted from blood by
using Kit GENE ZO “Tri RNA pure Kit” (Geneaid, Taiwan)
according to the manufacture’s guideline. A nanodrop
spectrophotometer was used to determine the concentration
and the purity of extracted RNA. The extracted RNA was
used as template and subjected to reverse transcription
process by the first conversion of RNA was used template in
to synthesize complementary DNA (cDNA) by transcription
enzyme.

The analysis of gene expression of NF-kB was performed
by using a real time PCR machine (Applied Biosystem,
USA). The reaction tube contained (10ul of GoTag® gPCR
Master Mix with SYBR® Green (Promega, USA), sample
cDNA (2ul), forward primer (1pl), revers primer (1pl) and
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Nuclease-free-water (6pl)) a total is (20pL). Two sets of
specific primers were used to amplify the NF-xB and
reference gene (GAP-DH). The primers synthesized by
OriGene Company (USA) Table 1. The program of
thermocycle machine was 95°C for 1 minute; 40 cycles of
95°C for 15 seconds, 55-63°C for 1 minute, 95°C for 15
seconds. The quantity of NF-xB expression in the blood was
determined as units relative to the quantity of GAP-DH
expression which was calculated using AACT formula [17].

TABLE I: PCR PRIMERS FOR AMPLIFICATION THE GENE ENCODE NF-KB

Gene Primer Sequence (5’ to 3°) Reference
NF-  Forward GCAGCACTACTTCTTGACCACC Ref:
kB Reverse  TCTGCTCCTGAGCATTGACGTC  (Zhao &

GAP-  Forward TTCCAATATGATTCCACCCA Erle,2018)
DH Reverse GATCTCGCTCCTGGAAGATG [18]

C. Statistical Analysis

For the purpose of statistical analysis, the Statistical
Package for the Social Sciences (SPSS), versions 24 were
used. To describe quantitative data, the meanzstandard
deviation, median and minimum- maximum values were
calculated. For the description of qualitative data absolute
numbers with percentage were used. Normality of
distribution was tested using appropriate tests including
Kruskal Wallis and Mann Whitney tests. The probability
value of < 0.05 was considered significant.

I1l. RESULTS

A. Comparison of Inflammatory Markers Levels between
New TB Patients, under Treatment TB Patients and Control
(Healthy People)

In the present study, CXCL10 serum level showed a
significant change between the three groups (control, new
and treated TB patients (p value=0.0003)) with highest level
in new patients as shown in Table II.

TABLE II: MEDIAN LEVELS AND RANGE OF CXCL10 IN SERUM FOR TB
PATIENTS AND HEALTHY GROUP.

Groups
Inflammatory New TB Under Healthy P.
makers Patients treatment conle value
(pg/ M) TB Patients peop
22.09 15.14 19.07 *
CXCLIO (753 2842) (1153-30.12) (0.96-25.68) 0003

0.004**
0.003**

New TB patients VS Under treatment patients
New TB patients VS healthy people

*Kruskal Wallis Test, **Mann-Whitney U Test Sig.

Additionally, CXCL10 serum level in new patients was
significantly higher than that under treatment TB patients
and healthy people with p value 0.004 and 0.003
respectively. As shown in Table II.

Regarding serum level of CXCL9, MMP-9 and suPAR,
the results showed a noticeable increase in serum level of
these markers in new TB patients comparing to under
treatment patients and healthy people (Table I11). CXCL9
serum level showed no significant difference between the
three groups (healthy people, new and treated TB patients)
with p value=0.084. Also, further comparing the serum level
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value of this marker between new and healthy people was
found a significant change with p value=0.028. While there
is no significant difference in both MMP-9 and suPAR in p
values between three groups and any two groups (Table 111).

TABLE Ill: MEDIAN LEVELS AND RANGE OF CXCL9, MMP-9 AND SUPAR
IN SERUM FOR TB PATIENTS AND HEALTHY GROUP

Groups
Inflammatory Under
makers ,:z;live;]rtl: Treatment TB szlt:]g/ P. value
Patients peop
CXCL9 3.12 (1.40- 289
(ng/mi) 3.17 (1.72-53.42) ' 6 5'1) (0.68— 0.084*
9 : 7.00)
New TB patients VS Under Treatment TB patients 0.322**
New TB patients VS Healthy people 0.028**
MMP-9 21.45 (8.75- 20.32 (10.00— (%Osgti 0.835*
(ng/ml) 139.61) 39.60) 53.95)
New TB patients VS Under Treatment TB patients 0.848**
New TB patients VS Healthy people 0.559**
SUPAR 106.59 (39.59-  89.66 (26.64— (?5007917 0.184%
(pg/ml) 1345.11) 167.51) 226.14)
New TB patients VS Under Treatment TB patients 0.280**
New TB patients VS Healthy people 0.081**

B. Comparison the Expression of NF-Kb in TB Patients
According to the Healthy People

The present study in Tuberculosis patients indicates that
the amounts of NF-kB expression in new TB patients was
significantly higher than in the under-treatment patients (p
value=0.0001). Likewise, the comparison was made
between each two groups separately, where we found that
there is a high significant difference in p values, where the p
value was (0.0001) between the new group and the healthy
group, while it was (0.002) between the under-treatment
group and the healthy group (Table V).

TABLE V: NF- KB GENE EXPRESSION IN TB PATIENTS ACCORDING TO THE
HEALTHY PEOPLE

NF-xB gene expression

Groups (fold) P.value
New TB Patients 8.21 (0.05-122.70)
Under Trgatment B 2.95 (0.009-50.52) 0.0001*
patients
New TB Patients VS Healthy people 0.0001**
Under Treatment TB patients VS Healthy people 0.002**

*Kruskal Wallis Test, **Mann-Whitney U Test Sig.

IVV. DISCUSSION

A. The Importance of Estimating the Level of Inflammatory
Markers in Patients with Tuberculosis

According to specialist consultation in evaluating
patients’ responses to anti-TB treatment and verifying the
sterilizing efficacy of the medications, the development of
tuberculosis (TB) biomarkers may have an impact on
standard clinical practice and possibly help to identify novel
clinical endpoints [19,20,21]. If new biomarkers are
discovered, they may aid in TB treatment prognosis and
therapy modification decisions [22], [23]. Recent research
has found that a number of chemokines have a role in luring
different immune cells to the lung through tuberculosis
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infection [24]. Additional chemokines including CXCL10
and CXCL9 have been suggested to have a part in TB
susceptibility [25].

What we found in our current study, regarding CXCL10,
was a significant increase in the p value among the three
groups (p value=0.003) and also when comparing the new
patients with the healthy people (p value=0.003) and the
new patients with under treatment patients (p value=0.004),
and this explains the importance of this marker in
diagnosing tuberculosis disease, as well as its effectiveness
in follow up the progress of patients in treatment, which
decreases after taking the appropriate treatment for a period
of time.

our findings of this study agreed with [26], CXCL10 has
been the focus of a meta-analysis that included data from 18
studies with a total of 2,836 people, demonstrating that IP-
10 may be used as a diagnostic marker to distinguish
pulmonary tuberculosis (PTB) from non-TB. Another
comprehensive study and meta-analysis demonstrate that
CXCL10 may be useful in the diagnosis of latent TB [27].
According to this research, active pulmonary TB patients
with (ATB) had much higher levels of IP-10 in their sera
than healthy controls (HC) [28].

Studies have revealed that active TB patients’ serum
levels of CXCL10 significantly increase following
stimulation [29] this was similar to our current study, where
this marker showed a significant difference in both under
treatment and new patients compared to the healthy people.
Following anti-TB medication, IP10 has been identified as a
biomarker for improvement [30].

CXCL9 is an excellent biomarker to identify PTB from
LTB, and studies in the past have demonstrated that it
greatly decreases after treatment [31], [32] and for disease
severity can also CXCL9 serves as a good plasma biomarker
[33].

In line with above previous studies, we found there is a
significant difference (p value=0.028) in the level of this
Marker (CXCL9) between new patients and healthy people
in our findings, and this matches with the previous study [9].
However, it in the term of CXCL9 level in tuberculosis
patients before and after treatment, there was a slight
decreasing in the serum level of this biomarker but did not
reach a significant level and the reason may be the small
sample size of under treatment TB patients” number (n=30).

Previous research has demonstrated that infection with
MTB leads to stimulation and causes MMPs production. As
regulatory mechanisms drive MMP-9, it has been suggested
that reducing MMP-9 activity is a viable aim as an
additional therapy for limiting Tuberculosis
immunopathology. MMP-9 has been demonstrated to play a
important role in TB pathogenesis [34]. According to
previous researches, early MMPs activity are a crucial
element of resistance to pulmonary mycobacterial infection,
and MMP9 is particularly important for attracting
macrophages and tissue remodeling so that tight, well-
organized granulomas can develop [35]. Our results showed
that MMP-9 levels did not significantly change in new or
under treatment patients. In a study on tuberculous
meningitis (TBM) patients, Majeed S et al. [36] made a
similar report, stating that levels of MMP-9 were unaffected
by anti-tuberculosis medications, which explains why MTB
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patients continued to have lifelong neurological defects even
after the bacillary infection was cleared. Contrarily, several
reports indicate that during the intensive phase of treatment
for infiltrative pulmonary tuberculosis, serum MMP-9 levels
were increased [37]. Conversely, in biopsy samples taken
from PTB patients, MMP-9 gene expression in pulmonary
epithelial cells infected with Mycobacterium tuberculosis
was found to be decreased [38]. According to the results
shown by our current study, there is no difference in the
level of MMP-9 in the serum of patients compared to the
healthy people, and also when comparing each two groups
separately, no significant difference appeared in the p
values. This is consistent with a previous study conducted
on tuberculosis patients, where the MMP-9 level in the
serum was measured before taking treatment for new
patients and follow-up patients [39]. However, these results
need to be confirmed with a larger sample size.

SUPAR, the soluble wversion of urokinase-type
plasminogen activator receptor (UPAR). The membrane
receptor (UPAR), which is expressed in cell types including
neutrophils, endothelial cells, macrophages and monocytes
binds to the urokinase-type plasminogen activator (uPA),
which is released by PMN (polymorphonuclear neutrophils)
and macrophages. SUPAR potential has been observed as a
general biomarker in the diagnosis, prognosis, and follow-up
of lung disease therapy; Tuberculosis patients often have
greater SUPAR expression than healthy people [40].

Our results showed that there is an increase in serum level
of suPAR in the new tuberculosis patients compared to the
control group and under treatment patients. These results are
completely consistent with the previous studies which
showed high serum level of sSUPAR in new patients than in
healthy and undertreatment patients but did not reach
significant differences. This finding indicates the importance
of this marker in diagnosing the disease and as an important
tool in observing the progress of treatment in under
treatment TB patients. SUPAR might be used as a test step
but could not be cost effective particularly in low-income
countries.

B. Comparison of NF-Kb Gene Expression in New TB
Patients and under Treatment TB Patients Comparing to the
Healthy People

Studies have shown that NF-kB is a double-edged sword,
as it helps TNF-a secretion along with a series of cytokines
and chemokines that all work on regulating the immune
response to MTB infection and activating macrophages to
kill engulfed bacteria, leading to the apoptosis of infected
macrophage [41], [42] On the other hand, NF-xB activation
helps improve the chance for bacteria to survive inside the
macrophage and prevent the process of apoptosis [43], [44]
as it improves tissue invasion [45] and this is similar to what
reported in Loeuillet’s research [46] who showed that the
NF-kB prevents cells infected with bacteria from the process
of apoptosis and this could provide a favorable environment
for bacteria to multiply and thus avoid the body’s immune
response. Previous studies showed that patients with active
pulmonary TB have elevated NF-kB activity in alveolar
macrophages, which increases the production of pro-
inflammatory cytokines and chemokines [47], [48].

In our current study, we noticed an increase in the NF-xB
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gene expression level in new patients (8.21-fold change) and
a decrease after taking the appropriate treatment in the under
treatment patients (2.95-fold change ) in comparing with the
healthy group (p value=0.0001) , new TB patient Vs healthy
people (p value=0,0001), and under treatment patients Vs
healthy group (p value 0.002) this is consistent with several
previous studies on the NF-«B level in tuberculosis patients
[49] where it was found that the level of NF-kB gene
expression in active tuberculosis patients shows a significant
difference compared to control and this is similar to our
current results confirms that bacteria inhibit macrophages
apoptosis during early infection by up-regulating the NF-xB
signaling pathway also when comparing active tuberculosis
patients with the latent TB patients in another study [44]
there is down-regulating for NF-Kb in Latent TB patients
and this means that the immune system inhibits NF-xB
activation and this reduces chance of surviving MTB by
improving both apoptosis and autophagy of the infected
macrophage. Based on the results obtained in this study and
previous research, It is likely that NF-xB can be employed
as a possible biomarker and a crucial treatment target.

V. CONCLUSION

Evaluation of serum levels of CXCL10, CXCL9, suPAR
and MMP-9) and NF-xB gene expression in TB patients
showed the importance of these marker as possible
indication in diagnosis and follow up TB patients. However,
further study with larger sample sizes including multi-drug
resistant TB patients is required to confirm and extend the
results that obtained in this study.
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