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1. Background

1. Visualise the 3D networks and cells types in human lung tissue 
by registering and segmenting immunofluorescence (IF) to µCT 

2. Analyse the 3D networks of blood vessels in non-COPD and 
COPD lung tissue samples

3. Assess populations of specific cell types to quantify their relative 
location to blood vessels in 3D

2. Materials and methods

5. Combining 3D network information with cellular staining

3D mapping of blood vessel networks and cells in COPD and non-COPD lung tissue 
samples using micro-computed tomography and immunofluorescence

• Micro-Computed Tomography (µCT) is a non-destructive X-ray 
imaging technique used to visualise the 3D micro-structure of 
human lung tissue, this was combined with immunofluorescence 
to identify specific cells within a 3D volume

• Microscopic changes in airways, vasculature networks and 
infiltrating cells are known to be features of lung diseases such as 
COPD but have not been quantified in 3D

µCT scans of FFPE lung volumes at
5-10 µm resolution

Formalin fixed paraffin 
embedded (FFPE) human 

lung tissue samples

Lung tissue sectioned and stained for 
immunofluorescence.

Region growing tool used to identify the 3D blood 
vessel network automatically from µCT data

The immunofluorescence was registered to and 
localised within the µCT.

‘Mild-moderate’ COPD
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Mast cell distance from blood network plots
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Micro-CT combined with immunofluorescence was successfully used to identify blood 
vessels, Ck18, macrophages and mast cells within the three-dimensional lung volume in 
both non-COPD and ‘mild-moderate’ COPD lung tissue samples

Analysis of the blood vessels suggests little difference between these networks in healthy 
and COPD lungs in 3D however there is great variability between samples in each group

Mast cells are widely distributed as individual cells throughout the tissue with a 
trend towards more mast cells being identified in COPD tissue

The distribution of mast cells in relation to blood vessels did not change between 
COPD and non-COPD with majority of mast cells located within 400 µm of the 
nearest blood vessel in the 3D volume

3. Identifying and analysing 3D blood networks 4. Correlative immunofluorescence 
and µCT imaging

Non-COPD

Non-COPD mast cell staining COPD mast cell staining 
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Aims Methodology semi-automatically identifies and localises networks 
and cells in 3D significantly faster than existing manual techniques

Cells and networks identified in age matched tissue:
non-COPD (n=5), mild-moderate COPD (n=5)

Blood vessels (red), CK18 (blue), AA1 (pink) and 
CD68 (yellow) localised in tissue volume
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(n=5)
Blood volume 
fraction of 
tissue (%)

Network 
length
(mm/mm3)

Branch
number

Mean lumen 
thickness 
(µm)

Non-COPD 2 ± 1.5 2.0 ± 0.8 175 ± 142 84 ± 17
Mild-moderate
COPD

2 ± 0.8 2.2 ± 0.07 176 ± 148 162 ± 7.8

Blood vessel thickness 

Table 1. Analysis of blood vessel networks from 5 non-COPD and 5 COPD patient 
samples, mean results with standard deviation reported.

 Thickness maps as a proxy for lumen diameter of blood 
vessel networks (brighter colour=thicker vessel)

Registration of morphological distinct airway epithelium using Cytokeratin-18 
validates the automated localisation of features identified by IF in the µCT

Correlative 2D imaging with immunofluorescence enables localisation of cell types 
within the 3D µCT volume

IF image captured at a 10x 
magnification of Ck18 staining (pink) 
of the airway epithelium 

Cytokeratin 18 
immunofluorescence

AA1 (mast cell) and DAPI 
immunofluorescence

Cytokeratin 18 
overlaid onto µCT 

Autofluorescence 
(green) and Ck18 
staining (pink) 

Autofluorescence 
(green) and AA1 
staining (pink) 

µCT slice with Ck18 
localisation

µCT slice with AA1 
localisation

IF image captured at a 10x 
magnification of AA1 staining (pink) 
of mast cells

Non-COPD

0

10

20

30

40

50

60

70

1 11 21 31 41 51 61 71 80 90 10
0

11
0

12
0

13
0

14
0

15
0

16
0

17
0

18
0

19
0

20
0

21
0

22
0

22
9

23
9

24
9

25
9

26
9

27
9

28
9

29
9

30
9

31
9

32
9

33
9

34
9

35
9

36
9

37
9

38
8

39
8

40
8

41
8

42
8

43
8

44
8

45
8

46
8

47
8

48
8

49
8

50
8

51
8

52
8

53
7

54
7

55
7

56
7

57
7

58
7

59
7

60
7

61
7

62
7

63
7

64
7

65
7

Ce
ll 

Co
un

t

Distance from blood vessel (µm)

0

10

20

30

40

50

60

70

1 11 21 31 41 50 60 70 80 90 10
0

11
0

12
0

13
0

13
9

14
9

15
9

16
9

17
9

18
9

19
9

20
9

21
9

22
8

23
8

24
8

25
8

26
8

27
8

28
8

29
8

30
8

31
7

32
7

33
7

34
7

35
7

36
7

37
7

38
7

39
7

40
6

41
6

42
6

43
6

44
6

45
6

46
6

47
6

48
6

49
5

50
5

51
5

52
5

53
5

54
5

55
5

56
5

57
5

58
4

59
4

60
4

61
4

62
4

63
4

64
4

65
4

Ce
ll 

Co
un

t

Distance from blood vessel (µm)

More mast cells appear to be present in COPD tissue but distribution 
in relation to blood vessel network is similar to non-COPD

Tissue autofluorescence and 
AA1 staining (10x)

DAPI nuclei and AA1 staining
(10x)

Non-COPD

COPD

COPD
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