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2. Introduction 

2.1 Rationale and Objectives 

2.1.1 Rationale 

Despite microbiological cure, up to 50% of patients with active Tuberculosis (ATB) suffer from 

long-term lung damage after successful therapy [1]. This leads to reduced quality of life and a 

loss of 4.89 potential years of life [2]–[4]. Host-directed therapies (HDT) could reduce the burden 

of post-TB lung pathology but development of these requires a better understanding of the un-

derlying pathological mechanisms in order to identify optimal targets for therapeutic intervention 

[5]–[10]. Severe lung damage is caused by exacerbated inflammatory responses in some pa-

tients; often linked to pro-inflammatory neutrophil activity [11]–[14]. However, recent studies have 

revealed significant neutrophil phenotypic and functional diversity with both pro-inflammatory and 

immunosuppressive sub-types [15]–[21]. This suggests that analysis of specific neutrophil sub-

sets/mediators during ATB could enable identification of targets for novel host-directed therapies 

[7], [13], [22], [23]. 

Neutrophils are the first cells recruited to the lungs during ATB. While neutrophilic responses are 

generally pro-inflammatory, some neutrophil phenotypes have been shown to possess both pro- 

and anti-inflammatory functions in different disease states. It is possible that these differences in 

neutrophil functions could be exploited in host-directed therapies to reduce the burden of post-TB 

lung disease. This is the first study to assess the different neutrophil phenotypes, functional mark-

ers and their derived metabolites (pro- and anti-inflammatory) in relation to TB disease severity 

and lung recovery.  

2.1.2 Study aims and objectives 

The overarching aim of these doctoral studies was to determine if different neutrophil subsets 

play a role in lung damage at diagnosis, and recovery post-therapy. In addition, I aimed to identify 

specific neutrophil mediators that could potentially be harnessed in HDTs to reduce post-TB lung 

burden. 
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The specific objectives of my PhD studies were: 

Objective 1: To determine the phenotype and function of neutrophil subsets in active TB and to 

correlate these with baseline lung pathology, bacterial load and post-TB lung recovery.  

Objective 2: To determine the activation and functional dynamics of these subsets before and 

after TB treatment. 

Objective 3: To identify predominant neutrophil-derived inflammatory mediators contributing to 

baseline lung damage and recovery after treatment. 

Objective 4: To validate (in whole blood) previously described phenotypic, activation and cytokine 

markers of treatment response in our Gambian cohort. 

2.2 Clinical severity of TB lung disease 

ATB associated lung pathology can be determined by analysis of lung cavities through chest x-

rays (CXR) (reviewed by [24]) and monitoring of pulmonary function using spirometry [25]. Dis-

ease severity may also be measured by the bacterial burden in lungs prior to initiation of treat-

ment. Interestingly, CXR abnormalities are more reliable than spirometry for assessing lung im-

pairment in ATB [26]. Moreover, lung damage is only weakly associated with high Mtb loads [27] 

and inversely  proportional to spirometry evaluations [26]. Studies evaluating TB disease severity 

using multiple criteria are lacking which limits our capacity to draw holistic conclusions. To ad-

dress these limitations, a multisite trial (TB Sequel) is underway to monitor host-pathogen and 

socioeconomic factors that influence the development of pulmonary sequelae in ATB patients [1]. 

It is within this cohort that we assessed the role of neutrophils in the severity of TB-indued lung 

pathology using CXR-defined Ralph score [28] and the GeneXpert-defined cycle threshold (Ct) 

values [29]. 

2.3 Heterogeneity of neutrophil response in lung pathology 

I have published a review article on the role of neutrophils in ATB-induced inflammation and pul-

monary pathology [30]. In this “additional contribution”, I showed that neutrophil activity during 

ATB could inform us on long-term lung disease outcomes in ATB and identified suitable neutrophil 

profiles for improved TB-focused HDT.  

 

Additional contribution: Neutrophils in Tuberculosis-Associated Inflammation and Lung Pathology 

(see Appendix A). 

In this review, I set a prelude for my PhD research work by describing the central role played by 

neutrophils in driving tissue damage in chronic inflammatory diseases and compiling information 

from the literature which suggests that neutrophils could play both pro- and anti-inflammatory 

roles, specifically in TB disease. I also highlighted the growing need to standardize neutrophil 

classification based on functional outcomes in diseased states and assessed previous studies for 

the most promising criteria for classifying neutrophils into either protective or destructive sub-

types. CD16 and CD62L-defined neutrophils were found to be the most suitable as they not only 

allowed for separating neutrophils into subtypes with observed pro-inflammatory or immunosup-

pressive functions, but also ascribed to functional nuclear segmentation-defined classification 

(with banded (CD16dimCD62Lbr), segmented (CD16brCD62Lbr) and hyper-segmented 
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(CD16brCD62Llow) phenotypes). Additionally, I discussed the issues with existing methods for cat-

egorising TB lung pathology including structural and functional classifications.  Finally, I con-

cluded by proposing neutrophil-derived mediators and pathways (notably, MMPs, ROS, MPO, 

S100A8/A9 and Glutathione) which could be targeted to develop host-directed therapies for re-

ducing ATB-associated lung pathology. 

2.4 Monitoring neutrophil activation and function 

 

Neutrophils react to pathogen- and damage-associated molecular patterns (PAMPs and DAMPs, 

respectively) [31] which trigger proinflammatory and antimicrobial responses in innate immune 

cells [32]. Thus, the use of Mtb-H37Rv whole cell lysate (WCL) or the early secretory antigenic 

target protein 6 and culture filtrate protein 10 complex (ESAT-6/CFP-10) fusion protein which 

contain Mtb-specific molecular structures and nucleic acids (PAMPs) can be used to elicit neu-

trophilic Mtb-specific responses. These suggest that measuring neutrophil phenotypic and func-

tional variations in ATB patients using stimulated whole blood will provide insight into how neu-

trophil activity is regulated during Mtb infection; thereby capitalizing on research developments in 

neutrophil biology. In vitro, whole blood has an added advantage over cell isolates in the fact that 

it reduces the probability of observing non-physiological immune responses which could be intro-

duced by sample processing. In neutrophil assays specifically, using whole blood is advanta-

geous as it reduces the risks of neutrophil activation and necrosis due to their high susceptibility 

to stimuli and short life span, respectively. 

 

Publication I: Neutrophils contribute to severity of tuberculosis pathology and recovery from lung 

damage pre- and post-treatment 

As shown in publication I [33] neutrophil subtypes contribute to ATB-related disease severity. In 

the first part of this study, we confirmed the phenotypic and functional heterogeneity of 

CD16|CD62L-defined neutrophils. We observed an overall decrease in neutrophil levels at the 

end of treatment compared to baseline with frequencies of segmented (CD16brCD62Lbr) neutro-

phils increasing and banded (CD16dimCD62Lbr) neutrophils decreasing. We also found a lower 

frequency of banded neutrophils in patients with severe compared to mild lung damage at base-

line. Following WCL stimulation, the neutrophil oxidative indices of segmented, banded and hy-

per-segmented neutrophils were higher in patients with low Mtb loads while IL10-expressing 

CD16dimCD62Llo neutrophils were higher in patients with mild damage at baseline. Additionally, 

patients with good lung recovery had higher baseline granulocyte frequencies with WCL and EC 

stimulation than those with poor lung recovery. 

Our findings show that high ROS generation capacity, low levels of banded neutrophils and high 

levels of IL10-expressing CD16dimCD62Llo neutrophils result in reduced lung pathology during 

ATB at diagnosis. Furthermore, we demonstrate that baseline granulocyte levels are useful in 

distinguishing patients with good lung recovery from those with poor recovery post-treatment. 

Hence, neutrophils are potential early indicators of TB severity and CD16|CD62L-derived neutro-

phil subtypes are promising targets for TB host-directed therapy. To our knowledge, this is the 

first study to assess the function of neutrophils and their subsets in TB. We obtained these results 

in a cohort of 40 participants which we would have preferred to be larger, but the number of month 

6 patient follow-ups were limited by participant dropouts and lockdowns imposed during the 
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Covid-19 pandemic. Smoking increases lung damage severity; however, we did not adjust for 

smoking habits due to limited number of samples. We plan to build-up on these initial observations 

with functional analysis on a larger cohort of ATB patients. It would also be of interest to perform 

mycobacterial killing assays to confirm the protective role of ROS on Mtb-burden and TB disease 

progression as well as banded neutrophils on lung damage. Analysing myeloid-derived suppres-

sive cells, a newly identified group of granulocytes with T‐cell and natural killer cell-targeted im-

munosuppressive functions, would also be of particular importance in describing the protective 

role of neutrophils in TB pathogenesis and related-lung pathology. 

 

Publication II: Major neutrophil-derived soluble mediators associate with baseline lung pathology 

and post-treatment recovery in tuberculosis patients 

Having shown that neutrophil subsets had differential impacts on lung pathology, publication II 

(Muefong et al. Front Imm, 2021; In Press) sought to determine which specific mediators in spu-

tum and plasma could differentiate between patients with severe and mild lung damage and be-

tween high and low Mtb load groups before and after treatment. While the levels of most neutro-

phil mediators were considerably higher in sputum samples, the differences in sputum or plasma 

analyte concentrations between severity groups were generally consistent (irrespective of statis-

tical significance). This suggests that plasma could be used as a suitable surrogate to sputum in 

monitoring neutrophil-specific biomarker levels in TB patients. By focusing on neutrophil-derived 

inflammatory mediators with known regulatory functions in TB inflammation, I demonstrated that 

major neutrophilic mediators are associated differentially with TB-induced lung pathology and re-

covery. I also found that patients with high Mtb load or severe lung damage at baseline present 

with similar sputum Myeloperoxidase (MPO) profiles. This is a unique observation which not only 

underscores the protective role of MPO in ATB lung pathology but also describes a potential link 

between these two clinically relevant parameters used for assessing the severity of TB-related 

lung pathology. Furthermore, we observed that male patients were associated with lower sputum 

MPO levels than females whilst the former were also associated with higher levels of proinflam-

matory mediators like MMP3, IL8, IL10, IL12/23(p40), GM-CSF and TNF. This also supports the 

protective role played by MPO given that males generally mount more severe inflammatory re-

sponses than females. We also made similar observations to previous studies by showing an 

association between Neutrophil collagenase (MMP8), Calprotectin (S100A8/9) and TNF levels in 

sputum and plasma with severe lung damage. Additionally, ATT led to an overall decrease in 

inflammatory mediator levels compared to baseline values with the decrease being significantly 

higher in (and sometimes exclusive to) patients with severe forms of ATB. Moreover, we found 

that patients who had severe lung disease or high Mtb loads at baseline also had significantly 

higher levels of S100A9 and IL8 in the sputum samples, suggesting that severe lung damage 

increases the likelihood of unresolving inflammatory response even after treatment. Furthermore, 

unresolved lung damage after treatment was linked to higher MMP9 and S100A9 sputum levels 

at month 6, suggesting that persistent neutrophil activity also promotes unresolved lung damage 

even after treatment. While supernatants generated following antigen stimulation showed fewer 

differences between the groups, we nevertheless found that levels of MPO, S100A8 and MMP9 

at month 6 following WCL stimulations could differentiate between patients with good and poor 

lung recovery. Additionally, H37Rv WCL stimulation resulted in increased levels of GM-CSF, 

IFNγ, TNF, MPO, S100A8 and MMP9 after treatment compared to baseline. This suggests an 

increased sensitivity of neutrophils and potentially other immune cells to stimulation.  
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Hence, this study suggests that S100A8/9, MMP8, MPO and TNF may serve as targets for host-

directed therapies to reduced long-term lung damage in TB patients. However, mechanistic stud-

ies such as in vitro or ex vivo experiments and animal models specifically targeting central path-

ways that modulate one or more of these metabolites would need to be performed to determine 

the optimal therapy. This study also demonstrated the ability to perform simultaneous monitoring 

of pro-inflammatory and immunosuppressive neutrophil subtypes to address their specific contri-

butions to lung pathology outcomes in ATB patients. Our study could have been improved by 

assessment of neutrophil extracellular trap (NET) formation, given that it is a major neutrophil 

functional attribute associated with increased inflammation in ATB. Measuring levels of other neu-

trophilic inflammatory mediators associated with tissue damage (e.g., IL17 and serine proteases 

such as proteinase 3, neutrophil elastase and cathepsin G) would also be important to draw a 

more wholistic picture of their effect on TB lung pathology. 

 

Publication III: Monitoring Anti-tuberculosis Treatment Response Using Analysis of Whole Blood 

Mycobacterium tuberculosis Specific T Cell Activation and Functional Markers. 

In a separate study, publication III [34], we measured T cell specific markers in two patient groups 

defined by their response to treatment in order to assess clinical utility of T cell activation markers 

in whole blood samples from TB patients in a West African cohort for the first time. We showed 

that T-cell phenotypes and functional responses could be effectively monitored in whole 

blood serving as an alternative proxy to sputum-based methods for assessing treatment re-

sponses during anti-TB treatment (ATT) [34]. This study also validated the use of whole blood-

based flow cytometry assessment of Mtb-induced immune response in our west-African cohort of 

ATB patients. Having shown that standard TB therapy (in addition to neutrophil activity) influences 

lung recovery, we complemented this with evidence that activated T cell subsets could predict 

treatment response speed. This pilot study confirmed that T-cell activity following Mtb-specific 

stimulation in whole blood samples from TB patients in The Gambia could be used to monitor 

treatment response rates during ATT. We showed that following purified protein derivative (PPD) 

stimulation, baseline levels of CD8+CD27−IFNγ+ and CD4+CD27+HLA−DR+CD38+ T-cell subsets 

were predictive of the of treatment response rates at 80% sensitivity and 70% and 100% speci-

ficities, respectively. Additionally, we observed a decrease in levels of T-cell activation markers 

(CD38 and HLA-DR) in CD4+CD27+ T-cells at 2 months compared to baseline. Hence, these T-

cell subsets could be used to improve the positive predictive value for risks of culture positivity 

after 2 months of ATT. This drop in T-cell activation markers coupled to decreased neutrophil 

activation with treatment suggests that standard ATT contributes to the resolution of Mtb-induced 

inflammation by reducing both innate and adaptive immune responsiveness. Pending confirma-

tion of these findings in a larger cohort and adjustment for possible confounders like BMI, diabetes 

mellitus, alcohol abuse and delay in presentation, this study is very promising and attests of the 

need to study subsets of T- and other major immune cell types as diagnostic tools in TB treatment 

response and lung outcomes. We are currently analysing levels of immune cell subsets in frozen 

whole blood from a larger cohort TB patients. 
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3. Summary (in English) 

Exacerbated neutrophil activity is generally linked to Tuberculosis (TB) disease severity. How-

ever, TB-induced lung severity is dynamic with equal proportions of patients showing mild vs 

severe forms of lung damage after successful treatment. With recent studies revealing previously 

unseen neutrophil heterogeneity, it is likely that differential neutrophil profiles in patients contrib-

ute to the extent of disease severity and lung recovery. Hence, monitoring neutrophil responses 

could allow identification of target molecules for host-directed therapies which can be coupled to 

antibiotic TB treatment (ATT) to limit lung damage and promote good lung recovery. The under-

lying hypothesis for this thesis was that neutrophil heterogeneity is associated with differences in 

severity of lung pathology pre- and post-TB treatment in ATB patients. The main aim was to as-

sess neutrophil phenotypes and function, and their soluble mediators in patients with differential 

lung function before and after TB therapy in The Gambia.  

First, focusing on ATB-related lung pathology, TB patients were grouped based on two clinically 

relevant parameters of ATB severity: chest x-ray scores (based on the well-defined Ralph Score 

incorporating extent of lung infiltrate and presence or absence of cavities) and GeneXpert Ultra 

bacterial load (Cycle threshold (Ct) value). For patients with severe lung damage at baseline, 

Ralph scores were also used to determine if they had good or poor recovery of lung pathology 

post treatment. We are currently analysing lung function recovery post treatment using spirometry 

readouts to complement the present findings. Analysis of neutrophils using stimulation of fresh 

whole blood was performed for the first time in The Gambia to monitor neutrophil function and 

determine differences between groups at baseline and following treatment. Considering that neu-

trophils react to pathogen- and damage-associated molecular patterns (PAMPs and DAMPs, re-

spectively) which trigger proinflammatory and antimicrobial responses in innate immune cells, I 

used Mtb H37Rv whole cell lysate (WCL) and ESAT-6/CFP-10 fusion protein which contain Mtb-

specific molecular structures and nucleic acids (PAMPs) to elicit neutrophilic Mtb-specific re-

sponse. Unstimulated blood samples were used to account for basal inflammatory levels and 

phorbol, 12-myristate, 13-acetate (PMA) was used as a positive control. 

Neutrophil subsets have been identified based on their CD16 and CD62L expression levels and 

shown to have varying functional attributes. Activated, they secrete differing levels of pro- and 

anti-inflammatory cytokines and regulate the inflammatory response to Mtb. In this study, we re-

ported the relationship between functionality of the subsets following in-vitro activation and TB 

disease severity. At baseline, flow cytometry revealed WCL-specific activation of multiple neutro-

phil subsets, increased ROS generation capacity, increased levels of banded neutrophils 

(CD16dimCD62Lbr) and higher levels of IL10-expressing CD16dimCD62Llo neutrophils in patients 

with mild lung pathology compared to severe pathology. However, TB-specific stimulation did not 

result in any differences in frequencies of these phenotypes with treatment time. Meanwhile, there 

was heterogeneity in frequencies of CD16|CD62L-defined neutrophil subsets in unstimulated 

samples with treatment compared to baseline.  

Having observed that neutrophil subsets play a role in ATB-related lung damage severity at base-

line, we measured the concentrations of major neutrophil-derived mediators in antigen-stimulated 

WBA supernatants, together with ex vivo plasma and sputum samples from the same patients. 

This downstream assay involved analysis of a comprehensive neutrophil-focused panel from 

priming/activation markers like GM-CSF, IL8/CXCL8, TNF and IFNγ, through to damage-associ-

ated molecular pattern (DAMP), Calprotectin (S100A8/9), to IL12/23(p40) and IL10 which pos-

sess regulatory roles and finally matrix metalloproteinases (MMP1, MMP3, MMP9, MMP8) and 
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myeloperoxidase (MPO) which regulate tissue damage. Overall, patients with severe lung pathol-

ogy at baseline also had higher levels of S100A8/9, MMP8 and TNF. High S100A8/9 levels in 

patients with severe lung damage is in accordance with the increased neutrophil levels and neu-

trophil activation seen by flow cytometry. S100A8/A9 has been previously shown to regulate 

CD11b expression and neutrophil recruitment. Moreover, our data showed that MMP8 association 

with TB disease severity is on par with that of S100A8/9, which to our knowledge is novel and 

underscores the importance of targeting this protein in further mechanistical studies. 

Interestingly, MPO was the only neutrophil-derived marker to be associated with all three disease 

severity criteria and the only one (together with IL10) to be associated with a protective effect 

against lung damage. Lower levels of MPO in sputum were associated with more severe lung 

damage, higher Mtb burden and poorer lung recovery after treatment. Lower levels of MPO were 

also found in females: who generally develop less severe inflammatory responses compared to 

males. MPO is also closely linked to ROS metabolism as it catalyses peroxide degradation. Whilst 

both MPO and ROS are usually linked to increased acute inflammation, our observations reveal 

their unexpected protective role—in limiting pulmonary pathology and resolving inflammation—

during ATB. This supports investigating their potential for host-directed therapies. Finally, unre-

solved lung damage after treatment was associated with persistently high sputum MMP9 and 

S100A9 levels at month 6 despite microbiological clearance. MMP9 and S100A8/9 are neutrophil-

derived molecules reported to exacerbate tissue damage in chronic TB, which suggests that un-

resolved lung damage even after treatment is also influenced by persistent neutrophil activity. 

In conclusion, our study contributes first-hand knowledge to the field by demonstrating that unlike 

other major neutrophil-derived inflammatory mediators (S100A8/9 and MMP8) and neutrophil 

subtypes, MPO, ROS (against Mtb burden), IL10 and banded (CD16dimCD62Lbr) neutrophils, play 

a protective role against TB-related lung pathology. These observations support the hypothesis 

that neutrophils harbour both pro-inflammatory and immunosuppressive characteristics in chronic 

TB pathogenesis. It also supports targeting neutrophils in further studies aimed at developing 

host-directed therapies against severe pathology in chronic ATB patients. 
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4. Zusammenfassung (deutsch) 

Eine erhöhte Neutrophilenaktivität wird häufig mit der Schwere der Tuberkulose (TB) in 

Verbindung gebracht. Die Schwere der TB Lungenerkrankung ist jedoch dynamisch, wobei der 

Anteil der Patienten, die nach erfolgreicher Behandlung leichte und schwere Formen der Lung-

enschädigung aufweisen, in etwa gleich groß ist. Studien, welche eine hohe Heterogenität der 

Neutrophilen aufzeigen, lassen vermuten, dass unterschiedliche Neutrophilenpopulationen bei 

den Patienten das Ausmaß der Krankheitsschwere und der Lungenheilung beeinflussen. Daher 

könnte das Monitoren verschiedener Neutrophilenpopulationen und deren Effektormoleküle die 

Identifizierung von Zielmolekülen für wirtsspezifische Therapien ermöglichen. Solche 

wirtsspezifischen Therapien könnten dann mit einer antibiotischen Tuberkulosebehandlung (ATT) 

kombiniert werden, um wiederum Lungenschäden zu begrenzen und eine gute Lungenheilung zu 

fördern. Die dieser Arbeit zugrunde liegende Hypothese war, dass Unterschiede in neutrophilen 

Zellpopulationen und Effektormolekülen mit Unterschieden in der Lungenpathologie vor und nach 

der Tuberkulosebehandlung einhergehen. Das Hauptziel bestand also darin, Phänotyp und die 

Funktion der Neutrophilen Zellpopulationen sowie ihre löslichen Mediatoren bei Patienten mit un-

terschiedlicher Lungenfunktion vor und nach einer TB-Therapie in Gambia zu untersuchen.  

Zunächst wurden die TB-Patienten auf der Grundlage von zwei klinisch relevanten Parametern 

für den Schweregrad der ATB in Gruppen eingeteilt: Thoraxröntgen-Scores (basierend auf dem 

gut definierten Ralph-Score, der das Ausmaß des Lungeninfiltrats und das Vorhandensein oder 

Fehlen von Hohlräumen (engl: „Cavities“) und die GeneXpert-Ultra-Bakterienlast (PCR Cycle-

Schwellenwert (Ct)). Bei Patienten mit schweren Lungenschäden zu Beginn der Studie wurden 

die Ralph-Scores auch verwendet, um zu untersuchen ob sich die Lungenpathologie nach der 

Behandlung verbesserte. Derzeit analysieren wir die Erholung der Lungenfunktion nach Behand-

lung anhand von Spirometrie-Messungen, um die vorliegenden Ergebnisse weiter zu ergänzen. 

Die Analyse der Neutrophilen durch Stimulation von frischem Vollblut wurde durchgeführt, um die 

Neutrophilenfunktion zu studieren und Unterschiede zwischen den Gruppen zu Beginn und nach 

der Behandlung festzustellen. In Anbetracht der Tatsache, dass Neutrophile auf pathogen- und 

schadensassoziierte molekulare Muster (PAMPs bzw. DAMPs) reagieren, die proinflammato-

rischen und antimikrobiellen Reaktionen in angeborenen Immunzellen auslösen, wurden Mtb 

H37Rv-Vollzelllysat (WCL) und ESAT-6/CFP-10-Fusionsprotein verwendet, die Mtb-spezifische 

molekulare Strukturen und Nukleinsäuren (PAMPs) enthalten. Unstimulierte Blutproben wurden 

verwendet, um basale Entzündungswerte zu berücksichtigen, und Phorbol-12-Myristat-13-Acetat 

(PMA) diente als Positivkontrolle. 

Unterschiedliche neutrophile Zellpopulationen wurden auf der Grundlage ihrer CD16- und 

CD62L-Expressionsmuster identifiziert, welche unterschiedliche funktionelle Eigenschaften 

aufweisen. Wenn sie aktiviert sind, scheiden sie unterschiedliche Mengen an pro- und anti-in-

flammatorischen Zytokinen aus und regulieren die Entzündungsreaktion auf Mtb auf unterschie-

dliche Art und Weise. In dieser Studie untersuchten wir den Zusammenhang zwischen der Funk-

tionalität der unterschiedlichen neutrophilen Zellpopulationen nach in-vitro-Aktivierung und dem 

Schweregrad der TB-Erkrankung. Zu Beginn der Studie zeigten die Durchflusszytome-

trieergebnisse eine WCL-spezifische Aktivierung mehrerer neutrophiler Subpopulationen, eine 

erhöhte ROS-Erzeugungskapazität, erhöhte Mengen an gebänderten Neutrophilen 

(CD16dimCD62Lbr) und höhere Mengen an IL10-exprimierenden CD16dimCD62Llo-Neutro-

philen bei Patienten mit leichter Lungenpathologie im Vergleich zu solchen mit schwerer Pathol-

ogie. Die TB-spezifische Stimulation führte jedoch nicht zu Unterschieden in der Häufigkeit dieser 

Phänotypen mit der Behandlungsdauer. Die Häufigkeit der CD16|CD62L-definierten neutrophilen 
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Untergruppen in den nicht stimulierten Proben war im Vergleich zum Ausgangswert vor der 

Behandlung heterogen.  

Nachdem wir festgestellt hatten, dass unterschiedliche neutrophile Zellpopulationen bei der 

Schwere der ATB-bedingten Lungenschädigung vor Behandlungsbeginn eine Rolle spielen, ha-

ben wir die Konzentrationen der wichtigsten neutrophilen Effektormediatoren in antigenstimu-

lierten Vollblut-Überständen zusammen mit Plasma- und Sputumproben derselben Patienten ge-

messen. Unser Assay beinhaltete die Analyse von Neutrophilen-assoziierten Zytokinen und 

weiteren Effektormolekülen wie GM-CSF, IL8/CXCL8, TNF und IFNγ, Calprotectin (S100A8/9), 

IL12/23(p40) und IL10, und schließlich Matrix-Metalloproteinasen (MMP1, MMP3, MMP9, MMP8) 

und Myeloperoxidase (MPO), die Gewebeschäden regulieren. Insgesamt wiesen Patienten mit 

schwerer Lungenpathologie bei Studienbeginn höhere Werte von S100A8/9, MMP8 und TNF auf. 

Die hohen S100A8/9-Werte bei Patienten mit schweren Lungenschäden stehen im Einklang mit 

den erhöhten Neutrophilenspiegeln und deren Aktivierung. Es wurde bereits gezeigt, dass 

S100A8/A9 die CD11b-Expression sowie die Rekrutierung von Neutrophilen reguliert. Darüber 

hinaus zeigten unsere Daten, dass die MMP8 Konzentration mit dem Schweregrad der TB-

Erkrankung und der von S100A8/9 korreliert, was neu ist und in weiteren mechanistischen 

Studien untersucht werden sollte. 

Interessanterweise war MPO der einzige von Neutrophilen stammende Marker, der mit allen drei 

Kriterien für den Schweregrad der Erkrankung assoziiert war, und zusammen mit IL10 der einzige 

Marker, der mit geringen Lungenschäden assoziiert war. Niedrigere MPO-Werte im Sputum 

wurden mit schwereren Lungenschäden, einer höheren Mtb-Belastung und einer schlechteren 

Erholung der Lunge nach der Behandlung in Verbindung gebracht. Niedrigere MPO-Werte 

wurden auch bei Frauen festgestellt, die im Allgemeinen eher weniger schwere Entzündungs-

reaktionen entwickeln als Männer. MPO ist auch eng mit dem ROS-Stoffwechsel verbunden, da 

es den Peroxidabbau katalysiert. Während MPO und ROS in der Regel mit einer verstärkten 

akuten Entzündung in Verbindung gebracht werden, zeigen unsere Beobachtungen eine 

unerwartete schützende Rolle - die Begrenzung der TB Lungenpathologie und das Abklingen der 

Entzündung. Dies spricht dafür, das Potenzial von MPO auch für wirtsspezifische Therapien zu 

untersuchen. Schließlich wurden Lungenschädigungen, welche nach der erfolgreichen 6-mona-

tigen Behandlung und mikrobiologischer Clearance immer noch evident waren, mit hohen Spu-

tum MMP9 and S100A9 Werten assoziiert. MMP9 und S100A8/9 sind von Neutrophilen stam-

mende Moleküle, welche die Gewebeschäden bei chronischer Tuberkulose verschlimmern. Dies 

deutet darauf hin, dass diese persistierenden Lungenschäden auch nach der Behandlung durch 

die anhaltende Aktivität der Neutrophilen beeinflusst werden. 

Zusammenfassend lässt sich sagen, dass unsere Studie neue Erkenntnisse aus erster Hand 

liefert.  Sie weisen darauf hin, dass im Gegensatz zu anderen wichtigen neutrophilen Entzün-

dungsmediatoren (S100A8/9 und MMP8) und Neutrophilen-Subtypen, MPO, ROS (gegen die 

Mtb-Belastung), IL10 und stabkernige (CD16dimCD62Lbr) Neutrophile eine schützende Rolle 

gegen TB-bedingte Lungenpathologie spielen. Diese Beobachtungen stützen die Hypothese, 

dass Neutrophile bei der chronischen TB-Pathogenese sowohl entzündungsfördernde als auch 

immunosuppressive Eigenschaften aufweisen können. Sie sprechen auch dafür, neutrophile Zell-

populationen und Effektormoleküle in weiteren Studien zur Entwicklung wirtsspezifischer Tuberk-

ulosetherapien zu berücksichtigen. 
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6. Paper II 
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7. Paper III 
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