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Aim MFAP4 is an extracellular matrix molecule with high pulmonary expression and localization to elastic fibers.  We set out to explore 
MFAP4’s potential involvement in elastin homeostasis and development of pulmonary emphysema 

Conclusion The data did not support an essential role of MFAP4 
in elastic fiber organization.Yet, Mfap4-/- mice developed a spon-
taneous loss of lung function, which was evident at 6 months of 
age, and moderate airspace enlargement, with emphysema-like 
changes. 

Figure 1. Lung Function Analysis of 3- and 
6-month-old Female Mfap4+/+ and Mfap4-/- Mice. 
A) The total lung capacity at 30 mm H2O pressure (TLC30), 
B) expiratory reserve volume (ERV), C) quasi-stat-
ic lung compliance (CL) and D) dynamic lung compliance 
(CLdyn). Lung function measurements were obtained 
using the Buxco system. Bars present mean ± SEM. 
*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. Figure 2. Lung Function Analysis in 8-month-

old Female Mfap4+/+ and Mfap4-/- Mice. 
A) Total lung capacity (TLC), B) quasi-static compliance 
(Cst), C) respiratory system compliance (Crs), D) hyster-
esis (area of the PV loop, η), and E) tissue elasticity (H) 
were measured using a flexiVent system. Bars present 
mean ± SEM. **P < 0.01, ***P < 0.001, and ****P < 0.0001.

Figure 3. Micro-CT Images and 2D Reconstructions of the Air Contents in the Lungs of 8-month-old Female Mfap4+/+ and 
Mfap4-/- Mice. The red color is defined as low density (-800 HUs) and dark blue as high density (-600 HUs) (see spectrum scale). Axial 
(upper panel), coronal (mid panel), and sagittal (lower panel) micro-CT images are shown of lungs from Mfap4+/+ (left panels) and 
Mfap4-/- (right panels) mice. 

Figure 4. Micro-CT based quantification of Airspace-enlargement in 8-month-old Female Mfap4+/+ and Mfap4-/- Mice. A) The 
voxel values inside of the lungs (-1000 HUs to -210 HUs) were used to create a frequency distribution histogram vs. the 
absolute HU values for the Mfap4-/- (light grey) and Mfap4+/+ (dark grey) mice, respectively. The low-attenuation area 
(LAA) was determined using the threshold of -800 Hounsfield units (HUs) to -600 HUs, and the LAA% was calculat-
ed using the ratio of LAA to the area of the micro-CT-derived lung parenchyma. B) CT-derived total lung volume, C) CT-de-
rived volume of the parenchyma, D) Mean density of the total lung, E) Mean density of the lung parenchyma, F) LAA vol-
ume, G) LAA (mean density), H) LAA%. HUs: Hounsfield units. Bars present mean ± SEM. *P < 0.05 and **P < 0.01.

Figure 5. Representative Light Microscopic and Transmission Electron Microscopic Images of the Lungs 
of 8-month-old Female Mfap4+/+ and Mfap4-/- Mice. Light microscopic images of toluidine blue-stained lung sec-
tions obtained from A) Mfap4+/+ and B) Mfap4-/- mice. Scale bar: 100 μm. Representative electron micrographs of in-
tra-acinar blood vessels at the bases of the alveolar septa in C) Mfap4+/+ and D) Mfap4-/- mice. Left: overview of a ves-
sel. Right: higher magnification of the boxed areas. Elastic fibers appear bright and are marked by arrowheads.
 

Figure 6. Lung Stereological Data from 8-month-old Female Mfap4+/+ and Mfap4-/- Mice. 
A) The total lung volume, V(lung), was measured by Scherle’s method and stereological analysis of B) the volume den-
sity of parenchyma in relation to the lung volume, VV(par/ lung), C) the total volume of parenchyma per lung, V(par, 
lung), D) the alveolar surface density related to lung parenchyma, SV(alv/par), and E) the total alveolar surface area in-
side of the lung, S(alv, lung), were determined using orcein-stained sections. F) Correlation between SV(alv/par) obtained 
by stereological analysis and LAA% obtained by micro-CT analysis. Bars present mean ± SEM. *P < 0.05 and ***P < 0.001.

Results Mfap4-/--dependent changes in lung parameters were de-
tectable at 6 months and 8 months but not at 3 months of age in 
female mice. Significant changes included increases in total lung 
capacity and compliance, and a decrease in tissue elasticity (Fig-
ures 1 and 2). Using in vivo breath-hold gated micro-CT to assess 
8-month-old Mfap4-/- mice, we found that the mean density of the 
lung parenchyma of the Mfap4-/- mice was decreased, and the per-
centage of low-attenuation areas was significantly increased by 14 
% (Figures 3 and 4). Transmission electron microscopy (TEM) did 
not reveal apparent differences in the organization of elastic fibers 
in the alveolar septa (Figure 5). Likewise, there was no change in 
elastin content (not shown). Stereological analysis showed that the 
alveolar surface density in relation to the lung parenchyma and the 
total alveolar surface area inside of the lung were both significantly 
decreased in Mfap4-/- mice by 25 % and 15 %, respectively (Figure 6).


