
Assessment of metabolic 
states of leukocytes subsets 
during TB infection by flow 
cytometry.

7. Summary
1.OXPHOS complex expression can be easily measured in whole blood samples by flow cytometry

2.Expression patterns of these complexes differ between immune subsets, consistent with their differing functions. For example C-II (Succinate dehydrogenase), was highly 
expressed in non-lymphoid subsets. This enzyme is essential for the production of ROS, a key killing mechanism of phagocytes.

3.Expression of OXPHOS complexes in T-cells is affected with activation in vivo, including increased expression of C-II which is essential for T-cell function

4.TB disease, in contrast, is associated with downregulation of C-II, which maybe consistent with a loss of T-cell function during active TB disease and impaired immune health

5. In contrast, C-II is highly upregulated in non-lymphocytes (CD3-ve CD19-ve) in participants with active TB, which may be linked to increased ROS production needed to control 
intracellular bacteria. However, this is missing in participants with HIV co-infection, which may suggest reduced anti-TB activity in these individuals. 
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• TB is associated with increased 
expression of C-I and downregulation 
of C-II in T-cells

• No significant differences were 
observed for B-cells, although a trend 
for decreased expression of C-V was 
noted

• Non-lymphoid subsets (CD3-ve CD19-
ve), which include myeloid cells, show 
a striking upregulation of C-II and C-V 
which is lacking in HIV co-infected 
participants, although this only reaches 
significance for C-II

• TB is also associated with a significant 
decrease in C-III in this subset

• T cells subsets gated based on expression of CD3 and CD4 or CD8, B-cells identified as CD3-ve 
cells expressing CD19. In addition, CD3-ve CD19-ve cells were included, to represent non-
lymphoid cells (primarily myeloid and granulocyte)

• OXPHOS complex expression patterns were determined for each subset based on median 
fluorescent intensity (MFI). Hereby denoted as C-I to C-V

5. In vivo activation alters OXPHOS 
complex expression in T cells 
• In vivo activation status of determined by expression of the activation/exhaustion 

marker PD-1 
• Activation associated with downregulation of C-I, C-III and C-IV and upregulation 

of II and V

3. OXPHOS complex expression significantly 
differs between immune subsets

• Optimised antibodies against each of the five OXPHOS complexes conjugated in-house to fluorophores 
in-house to build a flow cytometry panel  

• Study done with healthy and TB+ with and without HIV coinfection participants prior anti-TB treatment
• Immune cells reprogramme their metabolism during activation to 

meet changing requirements for energy and proliferation 
• Oxidative Phosphorylation (OXPHOS) is a key component of cellular 

metabolism that is modulated during immune activity
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Fig. 3: Relative expression of OXPHOS CI-V  in selected subsets 

Fig 1: Major cellular metabolic pathways linked to  mitochondrial OXPHOS Fig. 2: Optimised FACS lyse whole blood staining protocol Fig. 3: OXPHOS complexes stained in CD4 T cells 

Fig. 5: Effect of in vivo activation by TB with (red) and without (blue) HIV coinfection 

Fig. 4: Impact of disease on OXPHOS complexes in different subsets
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