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Abstract
Background: Mycobacterium tuberculosis (M. tb) that causes pulmonary tuberculosis
(PTB) occupies the lungs, while human β-defensin-1 (hBD1) is expressed in all human
epithelial tissues as one of the products of phagocytic leucocytes, especially at
the site of microbial colonisation such as the lungs. The involvement of hBD1 in
mycobacterial infection has not been extensively studied, thus there is the need
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patients at diagnosis. Materials and Methods: Ninety participants aged between 15
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and 64 years were recruited as follows: 30 newly diagnosed multi-drug-resistant TB
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(MDR-TB) patients and 30 newly diagnosed drug-sensitive TB patients (DS-TB) from
MDR-TB Treatment centre and the Medicine Outpatient Clinic at University College
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Hospital (UCH) Ibadan, Nigeria. Thirty (30) non-TB apparently healthy individuals
served as controls. The analytical method employed for the measurement of hBD1
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statistical signiﬁcance. Results: The mean levels of lysate and sputum hBD1 were not
signiﬁcantly different in newly diagnosed DS–TB patients (D0 )compared with control
(p > 0.05). Whereas, the mean levels of lysate and sputum hBD1 were signiﬁcantly
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higher in newly diagnosed MDR–TB patients (M0 ) compared with newly diagnosed
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DS–TB patients (D0 )or control (p < 0.05). Conclusion: Due to the higher levels of
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hBD1 in the sputum and lysate of M0 than in D0 , one might conclude that there is
a relationship between chronicity of PTB and hBD1 level.
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1. Introduction
Tuberculosis (TB) is an infectious disease caused in humans by several strains of
mycobacterium, especially Mycobacterium tuberculosis (M. tb) [1]. Globally, TB has
remained a major health problem that is endemic in most developing countries of the
world and responsible for ill health among millions of people. Nigeria is ranked fourth
among the 22 countries with a high burden of TB in the world with a prevalence of
330 per 100,000 [2]. There is also an increasing incident of MDR-TB in Nigeria which is
jeopardising the efforts of TB control [2]. Among reasons why M. tb is a major health
problem globally is due to the occurrence of drug resistant strains of M. tb [3].
Resistance to TB drugs could result from inappropriate treatment with a single antiTB drug (usually isoniazid), wrong-drug prescription leading to ineffective treatment
and may also be due to the patient not taking the medication correctly, which can be
due to a variety of reasons, including cost or scarcity of medicines, patient’s forgetfulness, or patient stopping treatment early because they feel better [4]. None of these
reasons addressed innate intracellular components of cells involved in combating M.
tb infection.
Transmission of M. tb is via inhaled air and as M. tb reaches the pulmonary alveoli,
phagocytosis by alveolar macrophages and dendritic cells (DCs) is the ﬁrst event in the
non-speciﬁc host–pathogen interaction [5, 6]. Alveolar macrophages and DCs recognize M. tb through pattern recognition receptors (PRRs), such as pathogen-associated
molecular patterns (PAMPs), which trigger an intracellular signalling cascade in the
alveolar macrophages, leading to phagocytic activity [7, 8].
Anti-microbial peptides (AMPs), which include defensins, have been identiﬁed as
key elements in the innate host defence against infections [9]. Defensins possesses
and exerts antimicrobial and cytotoxic activities against microorganisms especially
during mycobacterium infection [10]. Apart from their antimicrobial abilities, defensins
also act as chemo-attractants to immature DCs and T cells [11].
Human β-defensins (hBD) are expressed in all human epithelial tissues [12] as one of
the products of phagocytic leucocytes, especially at the site of microbial colonisation
[13]. Both hBD1 and hBD2 genes are also expressed in human trachea and lung and are
believed to contribute to antimicrobial defence in the respiratory tract [14]. Since M.
tb inhabit lungs and certain leucocytes where defensins are produced, there is a need
to determine the levels of human defensin in the local environments (monocytes and
sputum), where M. tb normally infect.
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2. Materials and Methods
2.1. Study participants
This is a case-control study that involved the recruitment of 90 participants aged
between 15 and 64 years. After obtaining a written informed consent for this study, the
participants were divided into three groups that comprised of 30 multi-drug-resistant
TB (MDR-TB) patients, 30 drug-sensitive TB patients (DS-TB), and 30 non-TB, apparently healthy, individuals as controls. The MDR-TB patients were diagnosed as being
infected with isoniazid and rifampicin-resistant strains of M. tb with the aid of their
clinical history, chest X-ray and GENE Xpert® test. After which they were admitted
into the MDR-TB centre, University College Hospital (UCH) Ibadan, Nigeria for antiTB treatment. As for the DS-TB patients, they were recruited from the Medicine Outpatient Clinic at UCH, Ibadan, Nigeria, by a Consultant Chest Physician after laboratory
tests and chest X-rays were performed and from the clinical history presented. The
study protocol was reviewed and approved by the University of Ibadan/University
College Hospital Joint Institutional Research Ethics Committee.
Three millilitres (3 ml) of blood was drawn from the antecubital vein of each participant into lithium heparin tube and mixed with 3ml of Phosphate Buffered Saline
(PBS). Lymphoprep (6ml) carefully layered on it and was at 600g for 15 mins to obtain
mononuclear cells above the mixture of polymorphonuclear cells and red blood cells.
Mononuclear cells obtained were washed, resuspended in Ringers solution, counted
and adjusted to 0.5 x 106 cells/ml. Mononuclear cell lysate was obtained by freeze
thaw method. Cell suspension was frozen for 15 mins at –20∘ C and thawed at 4∘ C for
30 mins. This procedure of freezing (–20∘ C, 15 mins) and thawing (4∘ C, 30 mins) was
repeated to make three cycles. Microscopic examination conﬁrmed complete disruption of mononuclear cells. Lysate was stored at –20∘ C until analysis.
Early-morning sputum samples were collected into sterile bottles to avoid contamination. Sputum samples were diluted in Phosphate Buffer Saline (PBS) in a ratio 1:1
dilution factor. The mixture was centrifuged and the clear supernatant was collected
and stored for analysis at –20ºC.
Enzyme-linked Immunosorbent Assay (ELISA) method was used for the determination of mononuclear cell lysate and sputum concentrations of hBD 1 as speciﬁed by kit
manufacturer (Elabscience Biotechnology Co., Ltd, P.R.C). Student t-test was used to
compare two mean values; p-value less than 0.05 was considered signiﬁcant.
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3. Results
As shown in Table 1, the mean levels of mononuclear cell lysate and sputum hBD1
in control, D0 and M0 were compared in Table 1. The mean levels of lysate and sputum
hBD1 were not signiﬁcantly different in D0 when compared with the controls. The mean
levels of WBC lysate and sputum hBD1 were signiﬁcantly higher in M0 compared with
D0 or control. However, the mean concentration of sputum hBD1 in M0 was higher than
the level in the lysate. The reverse was the case in other groups.
T
1: Mean levels of hBD 1 in mononuclear cell lysate and sputum hBD1 levels in controls, D0 and M0 at
diagnosis.
Variables
WBC Lysate hBD1(pg/ml)
Sputum hBD1(pg/ml)

Control (n = 30)

D0 (n = 30)

M0 (n = 30)

F

57.08 ± 12.71

57.58 ± 13.75

70.71 ± 21.27#+

3.898

19.1 ± 4.7

35.5 ± 30.7

171.4 ± 210.4#+

13.561#

#

Signiﬁcantly different when compared with controls,

#

Signiﬁcantly different when compared with controls,

+

Signiﬁcantly different when compared with D0

4. Discussion
Defensins, especially β-defensins, are known as endogenous antibiotics [15] that are
involved in antimycobacterial defence in the local environment, especially during the
inﬂammation and colonisation phase of mycobacterial infection [13]. Yet, studies on
the levels of hBD 1 in the lysate and sputum in TB patients is lacking, though reported
in the ﬂuids of patients having other conditions apart from TB [16–18].
Our ﬁnding of increased levels of sputum and lysate hBD1 in M0 compared with D0
and control might be due to chronic nature of M. tb infection in the M0 group, which
would have led to increased recruitment and activation of immune cells (macrophages
and DCs), pro-inﬂammatory cytokines (TNF-α, IFN-γ, IL-1β and IL-6) and chemoattractant. Secretion of pro-inﬂammatory cytokines, especially TNF-α, is a contributory
factor to increased inﬂammation in situ. This is further exacerbated by the consistent
replication and imminent necrotic activity of the M. tb within the macrophage leading
to increased leucocyte activation. This increased activation consequently cause production of large amount of hBD1 from the epithelial cells in M0 with a view to inhibiting
the mycobacterial growth in the alveolar macrophages and defending other alveolar
cells from being infected.
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Non-signiﬁcant differences observed when the mean levels of lysate and sputum
hBD1 in D0 were compared with the control could be attributed to the early or nonsevere phase of the M. tb infection in the patients. There is supporting evidence from
the studies conducted by Ertugrul et al [19] and Kaltsa et al [20], which reported higher
levels of hBD1 in chronic periodontitis patients compared with patients having gingivitis
and elevated levels of hBD1 in patients with cirrhosis when compared with hepatitis
patients and control.
One of the sites of β-defensins production is the epithelial cells of the lungs where
it acts as defence to mycobacterial infection and furthermore inhibits mycobacterial
growth. Defensins also act as chemoattractant to antigen speciﬁc T-cells and immature
macrophages with the aid of IL-2 and IFN-γ that induce macrophage activation towards
the development of a microbicidal granuloma via host-speciﬁc cell-mediated immune
response to the end of halting the replication and spread of the infection to other parts
of the body. In an earlier study, Schwander et al. [21] reported high number of polymorphonuclear (PMN) cells and immature macrophages in BAL ﬂuids from the lungs of
TB patients. Thus, the observed elevated levels of sputum hBD1 in M0 compared with
D0 and controls could indicate that there is heightened production of hBD1 in the lungs
of M0 that probably resulted in high level of sputum hBD1 as observed by this study.
hBD1 is mainly expressed by epithelial cells, tissues and salivary glands, especially in
the local environment of the infection, which is in the epithelial of the lungs. This could
also account for higher level of sputum hBD1 compared with monocyte lysate hBD1.

5. Conclusion
1. Since the levels sputum and lysate hBD1 were higher in TB patients than normal
individuals, it shows that hBD1 might be involved in combating TB and may be
used as a therapeutic target for treating TB.
2. There is an association between and TB severity and hBD1.

References
[1] Kumar, V., Abbas, A. K., Fausto, N., et al. (2007). Robins Basic Pathology (eighth
edition), pp. 516–522. Saunders: Elsevier.
[2] World Health Organization. (2015). Global Tuberculosis Report (twentieth edition).
Geneva. Retrieved from http://www.who.int/tb/publications/global_report/en/
(accessed on 4 February 2016).
DOI 10.18502/sjms.v13i3.2954

Page 172

Sudan Journal of Medical Sciences

Musa Solomon Ekhegbai et al

[3] World Health Organization. (2014). Global Tuberculosis Report (nineteenth edition). Geneva, Switzerland. Retrieved from http://www.who.int/tb/publications/
global_report/en (accessed on 4 February 2016).
[4] Adams, L. and Woelke, G. (2014). Understanding Global Health: Tuberculosis and
HIV/AIDS (twelfth edition), p. 10. New York, NY: McGraw-Hill.
[5] Gupta, A., Kaul, K., Tsolaki, A. G., et al. (2012). Mycobacterium tuberculosis; Immune
evasion, latency and reactivation. Immunobiology, vol. 217, pp. 363–374.
[6] Baﬁca, A. and Aliberti, J. (ed.). (2012). Mechanisms of host protection and pathogen
evasion of immune responses during tuberculosis, in Control of Innate and Adaptive
Immune Responses During Infectious Disease. New York, NY: Springer Science,
Business Media, LLC. DOI: https://doi.org/10.1007/978-1-4614-0484-2_2
[7] Liu, P. T. and Modlin, R. L. (2008). Human macrophage host defence against
Mycobacterium tuberculosis. Current Opinion in Immunology, vol. 20, pp. 371–376.
[8] Persson, Y. A., Blomgran-Julider, R., Rahman, S., et al. (2008). Mycobacterium
tuberculosis - Induced apoptotic neutrophils trigger a pro-inﬂammatory response
in macrophages through release of heat-shock protein 72, acting in synergy with
the bacteria. Microbes and Infection, vol. 10, pp. 233–240.
[9] Zaiou, M. (2007). Multi-functional antimicrobial peptides; therapeutic targets in
several human diseases. Journal of Molecular Medicine, vol. 85, pp. 317–329.
[10] Cole, A. M. and Waring, A. J. (2002). The role of defensins in lung biology and
therapy. American Journal of Respiratory and Critical Care Medicine, vol. 1, pp. 249–
259.
[11] Yang, D., Biragyn, A., Kwak, L. W., et al. (2002). Mammalian defensins induced in
immunity: More than just microbicidal. Trends in Immunology, vol. 23, pp. 291–296.
[12] Lehrer, R. I. and Ganz, T. (2002). Defensins of vertebrate animals. Current Opinion in
Immunology, vol. 14, pp. 96–102.
[13] Dong-Min, S. and Eun-Kyeong, J. (2011). Immune Network, vol. 11, no. 5, pp. 245–252.
[14] Oppenheim, J. J., Biragyn, A., Kwak, L. W., et al. (2003). Roles of antimicrobial
peptides such as defensins in innate and adaptive immunity. Annals of the
Rheumatic Diseases, vol. 62, no. 2, pp. 17–21.
[15] Ganz, T. (2003). Defensins: Antimicrobial peptides in innate immunity. Nature
Reviews Immunology, vol. 3, no. 9, pp. 710–720.
[16] Hiratsuka, T., Mukae, H., Iiboshi, H., et al. (2003). Increased concentrations of human
β-defensins in plasma and bronchoalveolar lavage ﬂuid of patients with diffuse
panbronchiolitis. Thorax, vol. 58, pp. 425–430.
DOI 10.18502/sjms.v13i3.2954

Page 173

Sudan Journal of Medical Sciences

Musa Solomon Ekhegbai et al

[17] Abiko, Y., Mitamura, J., Nishimura, M., et al. (1999). Pattern of expression of betadefensins in oral squamus cell carcinoma. Caneur Letter, vol. 143, pp. 37–43.
[18] Mizukawa, N., Sugiyima, K., Veno, T., et al. (1999). Levels of human defensin-1 an
antimicrobial peptide in saliva of patients with oral inﬂammation. Oral Surgery, Oral
Medicine, Oral Pathology, and Oral Radiology, vol. 87, pp. 539–543.
[19] Ertugrul, A. S., Dikilitas, A., Sahin, H., et al. (2012). Gingival crevicular ﬂuid levels
of human beta-defensins 1 and 3 in subjects with periodontitis and/or type 2 Y.
diabetes mellitus: A cross-sectional study. Journal of Periodontal Research, vol. 48,
no. 4, pp. 475–482.
[20] Kaltsa, G., Bamias, G., Siakavellas, S. I., et al. (2016). Systemic levels of human βdefensin 1 are elevated in patients with cirrhosis. Annals of Gastroenterology, vol.
29, pp. 63–70.
[21] Schwander, S. K., Sada, E., Torres, M., et al. (1996). T lymphocytic and immature
macrophage alveolitis in active pulmonary tuberculosis. The Journal of Infectious
Diseases, vol. 173, pp. 1267–1272.

DOI 10.18502/sjms.v13i3.2954

Page 174

