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Abstract 

Tuberculosis (TB) is an infectious respiratory disease caused by the bacteria 

Mycobacterium tuberculosis. Each year 3 million TB cases go undiagnosed and 

untreated, partly due to limitations in access to care and current diagnostic tests. 

Eliminating this disease relies on developing new tools that rapidly, and accurately 

identify those with active TB disease without the need for sputum analysis. This thesis 

investigated plasma proteins and miRNA as biomarker candidates for TB disease to 

determine their utility and potential for clinical application.  

My initial biomarker study assessed the expression of nine plasma proteins (IP-10, 

MCP-1, TNF, sTNFR1, VEGF, RANTES, Eotaxin, IL-6 and IL-10) to determine their 

biomarker potential, alone, and in conjunction with ten miRNA previously detected in 

a cohort of Chinese TB patients and controls. Six of these nine plasma proteins were 

significantly elevated in TB patients at diagnosis. Two, IP-10 and IL-6, fell significantly 

within the first month of TB treatment, while the other four (MCP-1, sTNFR1, RANTES 

and VEGF) remained significantly upregulated in TB patients throughout the entire 6 

months of treatment, compared to controls. Their diagnostic biomarker potential was 

assessed finding that the nine protein biosignature could distinguish TB patients from 

controls with an area under the curve (AUC) of 0.908 and a sensitivity of 80% and 

specificity of 88%. While a promising result, we examined whether the addition of 

previously detected miRNA candidates could improve this accuracy. Together all 19 

analytes demonstrated an AUC of 1.000 to identify the TB patients, though 19 analytes 

is unrealistic for a biomarker test. A novel 5-analyte biomarker signature (IP-10, miR-

29a, -99b, -146a and -221) distinguished newly diagnosed TB cases from control 

subjects with a high sensitivity and specificity of 96% and 97% respectively. These 



xx 

 

results were very encouraging though raised the question as to if we can use this 

biomarker signature to identify TB patients in other environments, especially 

asymptomatic incipient TB patients, who are often undetected by current diagnostic 

tests. 

Chapter 4 addressed this question, testing the protein biomarker profile of individuals 

with incipient TB disease and latent TB infection (LTBI). We validated the protein 

candidates in a Vietnamese population of predominantly asymptomatic TB patients 

and control subjects, where samples were collected as part of an active case finding 

study. Our results demonstrated that only IP-10 and IL-6 were significantly elevated in 

TB patients compared to controls. Examining the biomarker potential of all nine 

proteins identified IP-10 to be the most accurate single analyte, able to distinguish TB 

patients from both control cohorts with an AUC of 0.708 and a specificity 95.5%, but a 

sensitivity of only 32.9%. The protein expression profile of the healthy controls and 

individuals with LTBI were not different, indicating that these proteins were 

upregulated during active TB disease rather than infection. miRNA analysis was also 

undertaken on a test cohort of 24 individuals. Unexpectedly the miRNA expression in 

the Vietnamese cohort was quite different to the initial Chinese study, with only one 

miR (miR-652) out of the ten, expressed in all the samples analysed. Of the four 

miRNA in the 5-analyte biosignature, miR-99b and miR-221 were expressed in less 

than 18% of samples while miR-29a and miR-146a were expressed in 50% and 77% 

of samples respectively. As the test study in the Vietnam cohort did not support the 

miRNA identified in the Chinese cohort, validation of the biosignature was not 

progressed further at this stage. The results from these two studies highlight that our 

biomarker candidates are strongly expressed in advanced TB disease and this may 

reflect the extensive inflammation in this cohort. Our biosignature requires modification 
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and further study if it is to have utility to identify early stages of disease. One 

opportunity that these studies do suggest is the potential use of IP-10 and IL-6 as a 

triage tool for TB. Applying cut-off levels of 1000 pg/mL for IP-10 and 3000 fg/mL for 

IL-6, positively identifies 97% of the Chinese TB patients and 88% of Vietnamese TB 

patients, though further work is required to finesse these thresholds.   

The other question that was identified in our initial biomarker study was, why are these 

miRNA dysregulated by TB disease, as their role in TB pathogenesis is not well 

established. A critical review of all then published miRNA biomarker studies for TB 

identified 894 miRNA reported as dysregulated in TB patients compared to control 

subjects. Analysis of validation studies showed only 8 had been reported by two or 

more publications, suggesting that the optimal miRNA signature for active TB disease 

has yet to be elucidated.   

The last project in this thesis investigated the function of one of these miRs, miR-99b. 

This was undertaken using miR-99b knockout mice infected with M. tuberculosis. miR-

99b-/- mice showed a similar response to WT mice to infection, as they controlled 

bacterial growth for the first 8 weeks as effectively as WT mice, with similar 

differentiation and recruitment of CD4 T cells, neutrophils and monocytes. At 12 weeks 

post infection the miR-99b-/- mice did show a small but significant reduction (0.5 log) 

in bacterial growth in the lung though interestingly this correlated with a small increase 

(0.2 log) in dissemination of bacteria to the spleen. The biological relevance of this 

result and function of miR-99b in regulating control to TB during chronic infection 

needs to be further investigated. miR-99b-/- mice did display increased inflammation in 

the lungs, early during infection, indicating that miR-99b may have a role as an anti-

inflammatory mediator but overall this did not affect control of M. tuberculosis growth. 

Additional work in primary macrophages indicated a potentially contradictory role for 
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miR-99b in M. tuberculosis control between humans and mice. Inhibition of miR-99b 

in human macrophages impeded control of infection however miR-99b-/- murine 

macrophages displayed enhanced control of M. tuberculosis. Future studies are 

ongoing to identify the gene(s) miR-99b targets during TB, including examining the 

potential gene target mammalian target of rapamycin (mTOR). mTOR is a validated 

target for miR-99b in other models, predominantly cancer, however its effect in TB has 

not yet been examined.  

The research presented in this thesis provides valuable data for the development of 

biomarker candidates for new diagnostics for TB disease and demonstrated that while 

proteins like IP-10 and IL-6 are valuable options, alone they are not sufficient. miRNA 

are a promising addition though more studies are required to identify a signature that 

would be effective across multiple populations, and for both early and advanced TB 

disease. Increasing our knowledge of miRNA function is essential to understand their 

role in infection and their utility as biomarkers. My data examining miR-99b-/- mice 

shows that this miR is not essential to control M. tuberculosis infection, though the 

contradictory role for miR-99b between human and murine macrophages during 

infection requires investigation. Advancing miRNA and protein biomarkers to a clinical 

setting requires further research to identify confounding factors that impact the 

universal application of a new non-sputum biomarker test for active TB disease. 
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