Characterizing Pathological Changes of the Peripheral Airways in Mild & Moderate COPD.
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Figure 6. Using micro-CT as a scouting tool to section terminal bronchioles in paraffin
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embedded tissue

INTRODUCTION
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Disease (COPD) has long been attributed to a combination of small airways disease and show signs of disease
emphysematous destruction. McDonough et al. (NEJM, 2011), recently reported a
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occurring in the terminal bronchioles in Mild/Moderate COPD. Figure 2A. . Mean number of terminal bronchioles per milliliter (TB/ml) of lung tissue per subject. Terminal bronchiolar number is significantly decreased in all
stages of disease compared to the control group (GOLD 1: P<0.01, GOLD 2: P<0.05, GOLD 4: P<0.001).

Figure 2B. Phenotype of surviving terminal bronchioles. In mild and moderate COPD samples there is an increased proportion of surviving bronchioles which
appear thickened. Whereas in very severe COPD the majority of surviving bronchioles are obstructed.

Figure 7. Multiphoton microscopy analysis of terminal bronchiole extracellular
Figure 3. Mild/Moderate COPD terminal bronchioles have narrowed lumens and thickened walls matrix structure

METHODS

Table 1. Patient characteristics

Control Mild/Moderate COPD
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lung function)
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Control Mild/Mod Control Mild/Mod Control Mild/Mod

Gender (female:male) 6:4 4:6 3:5

Age (years) 62.0+7.9 67.4+7.3 62.9+11.3

Height (cm) 167.9 £ 8.7 168.6 £ 9.9 167.4+6.7 170.3+£6.3

Weight (kg) 68.4+14.7 77.1+18.1 73.1+15.6 71.5+10.8

Figure 3A. Luminal area of terminal bronchioles. The luminal area is significantly decreased in mild/moderate COPD terminal bronchioles compared to controls
(FDR<0.05).

Figure 3B. Wall area of terminal bronchioles. The percentage of airway wall area is significantly increased in mild/moderate COPD terminal bronchioles
compared to controls (FDR<0.01).

Figure 3C. Wall thickness of terminal bronchioles. The percentage of airway wall area is significantly increased in mild/moderate COPD terminal bronchioles
compared to controls (FDR=0.01).

Smoking history (pack years) 34,5+ 10.5 45.5+25.3 33.6+12.7 37.5+15.1

FEV, (% predicted) 91.8+6.4 88.316.2 62.1£9.5 22.3+6.7

FEV,/FVC (%) 749144 63.5+4.7 60.1+7.6 295 7.8

DLCO/VA (ml/min/mmHg/L) 3.85+0.9 2.83+0.7 2.64+0.9 1.71+0.8 Elastin = White (Two Photon Excitation)
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Figure 6A&B. Example multiphoton images of a control and Gold | terminal bronchiole.

Figure 6C. Firbrillar collagen in terminal bronchiole walls. The amount of fibrillar collagen in mild/moderate COPD terminal
bronchiole walls is significantly increased compared to controls (p<0.01).

Figure 6D. Texture analysis of bronchiole fibrillar collagen. The fibrillar collagen in COPD terminal bronchioles is significantly
disorganized compared to controls (p<0.05).

Figure 3A. Luminal volume of terminal bronchioles. The luminal volume along the airway branch length is significantly decreased in mild/moderate COPD
terminal bronchioles compared to controls (FDR<0.01).

Figure 3B. Wall volume of terminal bronchioles. The airway wall volume along the airway branch length is not significantly different in mild/moderate COPD
terminal bronchioles compared to controls.

Figure 3C. Total volume of terminal bronchioles. The total volume (wall+lumen) of mild/moderate COPD terminal bronchioles is significantly decreased
compared to controls (FDR<0.05).

CONCLUSIONS and CLINICAL SIGNIFICANCE

 Micro-CT scans of FFPE lung tissue enables the visualization of small airways and parenchymal
structures, not amenable by clinical CT.

* Explanted lungs were
inflated, frozen and sliced
evenly from apex to
base.

* Eight random samples

Figure 5. COPD terminal bronchioles are less circular and have decreased numbers of alveolar attachments
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Our findings suggest that pathological and irreversible structural alterations occur in the terminal
bronchioles in Mild and Moderate COPD, emphasizing the importance of early diagnosis and
development therapeutics targeted to small airways to modify the progression of this debilitating
respiratory disorder.

Figure 3A. Airway circularity of terminal bronchioles. Mild/moderate COPD terminal bronchioles are significantly less circular compared to controls (FDR<0.05).
Figure 3B. Raw alveolar attachment count. The number of alveolar attachments surrounding the airways is significantly decreased in mild/moderate COPD
terminal bronchioles compared to controls (FDR<0.01).

Figure 3C. Alveolar attachment count adjusted for airway size. The number of alveolar attachments surrounding the airways when adjusting for airway
perimeter is significantly decreased in mild/moderate COPD terminal bronchioles compared to controls (FDR<0.005).

* To test for differences in airway morphometry or ECM composition between groups all data were

analyzed in R using linear mixed-effect models with false discovery rate pvalue correction for multiple
testing. FDR<0.05 was considered significant.




