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Supplemental Table 1. Tbx4-expressing cells are predominantly found in the mesenchyme in the P5 mouse lung. Analysis 
of previously published scRNA-seq of WT P5 mouse lung parenchymal cells (Negretti et al. 2021 [53]). Percentage of 
reported cell types among total Tbx4-expressing cells in the P5 mouse lung. Percentage calculated using the depicted 
equation. Definition and classification of lung cell populations as determined by original study. 
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Supplemental Table 2. IKKβTbx4 lung fibroblasts produce cytokines and chemokines following in vitro transgene activation. 
Primary lung fibroblasts were isolated from IKKβTbx4 and littermate control (CTRL) lungs on P2 and were treated with 
doxycycline (Dox, 3 μg/mL in media) at either passage 4 or 5. Conditioned media was gathered from fibroblast cultures after 
24 h and analyzed for cytokine and chemokine expression. Data are expressed as mean with SD. n = 3 biological replicates 
per group; A analyte measured using ELISA; bold analytes demonstrate statistically significant differences between groups, * 
P < 0.05 by unpaired 2-tailed t test.

Fibroblast Conditioned Media



Supplemental Table 3. Cytokines and chemokines are increased in IKKβTbx4 lungs on P5. Doxycycline was added to 
drinking water of lactating dams from P0-P5. Lungs from control (CTRL) and IKKβTbx4 mice were harvested on P5 and 
cytokines and chemokines were quantified. Inflammatory protein concentrations were normalized to total protein content. 
Data are expressed as mean with SD. n =  5 mice per group; A analyte measured using ELISA; bold analytes demonstrate 
statistically significant differences between groups, * P < 0.05 by unpaired 2-tailed t test.

P5 Lung Lysate



Supplemental Table 4. Primary antibodies for flow cytometry and FACS. 



Supplemental Table 5. Primer sequences. Primers were designed using PrimerQuest design tool (Integrated DNA 
Technologies, Coralville, IA).



Supplemental Figure 1. “IKKβTbx4” mice are a model of saccular stage lung mesenchymal inflammation. A: Schematic 
of the mating strategy used to breed transgenic IKKβTbx4 and littermate control mice. Hemizygous IKKβ mice were 
crossed with heterozygous Tbx4-rtTA mice. Lactating dams were given doxycycline to induce expression of the IKKβ 
transgene in Tbx4 lung enhancer-positive cells in pups carrying both transgenes. Mice positive for both transgenes 
with active IKKβ expression are referred to as “IKKβTbx4” mice. B: Schematic of experimental timepoints. To induce 
transgene expression in double transgenic mice during the saccular stage, Dox was added to drinking water of dams 
from P0-P5. Lungs were then harvested from pups on P5 or at 2 mo of age. 
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Supplemental Figure 2. NF-κB activation in the lung mesenchyme of IKKβTbx4 mice. A-C: Doxycycline (Dox) was added to 
drinking water of lactating dams beginning P0 and continued until lung harvest during the saccular stage. A: Lungs of Dox-
exposed IKKβTbx4 (+) and littermate control (-) mice were harvested at P5 to quantify mRNA expression of the activated 
human IKKβ transgene and Actb using PCR. Product was visualized using agarose gel electrophoresis. B: Lungs of Dox-
exposed IKKβTbx4 mice were harvested at P4 and processed for FACS. Lung parenchymal cells were sorted into epithelial 
(“Epi.” [CD45neg, EpCAMpos, PECAMneg]), mesenchymal (“Mes.” [CD45neg, EpCAMneg, and PECAMneg]), and endothelial 
(“Endo.” [CD45neg, EpCAMneg, PECAMpos]) cell populations. mRNA expression of the activated human IKKβ transgene and 
Actb was quantified in transgenic lung parenchymal isolates using PCR. Product was visualized using agarose gel 
electrophoresis. C: Representative photomicrographs of lung sections from control (CTRL) and IKKβTbx4 mice at P5 
immunostained for fibroblast marker PDGFR-⍺ and phosphorylated-p65, a marker of NF-κB activity. Fluorescent imaging 
was performed using confocal microscopy. Scale bar = 100 μm. 
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Supplemental Figure 3. Effect of doxycycline (Dox) on the saccular stage lung. A&C: Littermate control 
(CTRL) mice and mice carrying both IKKβ and Tbx4-rtTA transgenes (“IKKb+/Tbx4+”) with no Dox 
exposure were harvested at P5 (A) and 2 mo of age (C). B&D: CTRL mice were treated with Dox from 
P0-P5 and lungs were harvested at P5 (B) and 2 mo of age (D). Representative H&E-stained lung 
sections, A-D; scale bar = 100 μm (A-D).
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Supplemental Figure 4. The Tbx4 lung enhancer is 
active in lung myofibroblasts and pericytes in the P5 lung. 
Doxycycline (Dox) was added to drinking water of 
lactating dams from P0-P5 to induce expression of 
cytosolic tdTomato in Tbx4 lung enhancer-expressing 
cells in Tbx4-rtTA;TetO-Cre;Rosa-tdTomato mice. Lungs 
were harvested on P5. A-C: Representative 
photomicrographs of lung sections from Dox-treated mice 
at P5 immunostained for ⍺-SMA, PDGFR-⍺, and NG2. A: 
Luminal structures depict a conducting airway (#) and an 
adjacent large pulmonary artery (*). Arrowheads highlight 
⍺-SMApos smooth muscle cells and PDGFR-⍺pos 
adventitial fibroblasts found in discrete concentric layers in 
the pulmonary arterial wall, which do not colocalize with 
tdTomato fluorescence. B&C: Arrows denote cytosolic 
tdTomato fluorescence in the distal lung colocalizing with 
(B) PDGFR-⍺pos/⍺-SMApos myofibroblasts and (C) 
pericytes surrounded by an NG2pos membrane. 
Fluorescent imaging was performed using confocal 
microscopy. Scale bar = 25 μm (A-C).
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Supplemental Figure 5. Characterization of myeloid populations in control (CTRL) and IKKβTbx4 mouse lungs on P5. A: 
Contour plots depicting gating strategy used to identify distinct myeloid cell populations in the P5 lung. Red boxes reflect 
myeloid population represented in Figure 2B (Forward Scatter=“FSC”, Macrophage=“ϕ”, interstitial and monocyte-derived 
macrophages = “IM & Mo-ϕ”, monocytes = “Mono”). B: Doxycycline was added to drinking water of lactating dams from P0-
P5 and lungs were harvested on P5. Representative photomicrographs of P5 littermate control (CTRL) and IKKβTbx4 lung 
sections immunostained for macrophage/monocyte marker F4/80. IKKβTbx4 lungs demonstrated marked F4/80 localization to 
the lung interstitium, relative to CTRL. Fluorescent imaging was performed using confocal microscopy. Scale bar = 100 μm.
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Supplemental Figure 6. Mesenchymal IKKβ expression increases the production of inflammatory cytokines and 
chemokines. A: Primary lung fibroblasts were isolated from littermate control (CTRL) and IKKβTbx4 mice on P2 
and passaged 4 or 5 times. Cells were treated with doxycycline (Dox, 3 μg/mL in media) for 24 h before cell 
harvest and RNA isolation. qRT-PCR was done to examine myofibroblast markers; ns = not significant. B&C: Dox 
was added to drinking water of lactating dams from P0-P5 and lungs from CTRL and IKKβTbx4 mice were 
harvested at P5. B: Cytokine production was quantified in P5 lung lysate using a 32-plex cytokine/chemokine 
multiplex assay. Lysate protein concentrations were normalized to total protein content of the sample. Full 
multiplex results are shown in “Supplemental Table 3.” C: Relative gene expression of select cytokines and 
chemokines in P5 IKKβTbx4 lungs compared to CTRL measured by qRT-PCR. Data are expressed as mean ± 
SEM; n=3 mice per group (A); n= 5 mice per group (B&C); * P < 0.05, **P < 0.01, *** P < 0.001, and **** P < 
0.0001 by unpaired 2-tailed t test (A-C).
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Supplemental Figure 7. Mouse lungs exposed to mesenchymal-derived 
inflammation during the saccular stage demonstrate long-term abnormalities in 
elastin organization. Doxycycline was added to drinking water of lactating 
dams from P0-P5 and lungs were harvested at 2 mo of age. Representative 
Hart’s-stained sections from littermate control (CTRL) and IKKβTbx4 lungs. 
Arrow indicates elastic fiber deposition in the alveolar wall; arrowheads denote 
disorganized elastic fibers in IKKβTbx4 lungs. Experiment was repeated 4-5 
times per group; Scale bar = 100 μm.



Supplemental Figure 8. IKKβTbx4 mouse lungs have abnormal microvascular structure at P5 
and 2 mo of age. Doxycycline was added to drinking water of lactating dams from P0-P5 and 
lungs were harvested at P5 or 2 mo of age. A&B: Representative photomicrographs of lung 
sections from littermate control (CTRL) and IKKβTbx4 mice at P5 (A) or 2 mo of age (B) 
immunostained for Endomucin, a marker of capillaries and veins. Nuclei are labeled with 
DAPI. Fluorescent imaging was performed using widefield microscopy. Experiment was 
repeated 4-5 times per group; Scale bar = 100 μm.
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Supplemental Figure 9. Characterization of lung microvasculature populations in the P5 IKKβTbx4 mouse lung. A: 
Representative photomicrographs of lung sections from control (CTRL) and IKKβTbx4 lungs at P5 immunostained for pericyte 
marker PDGFR-β. Fluorescent imaging was performed using confocal microscopy. Scale bar = 100µm. B: Contour plots 
depicting gating strategy used to identify and quantify total endothelial cells (ECs), CAP1 and CAP2 ECs, and pericytes in the 
P5 lung (Forward [“FSC”] and Side Scatter [“SSC”]). Red boxes reflect populations represented in Figure 6F-I. 
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Supplemental Figure 10. CCR2 antagonism rescues microvascular development in IKKβTbx4 lungs. 
Doxycycline was added to drinking water of lactating dams during the saccular stage from P1-P5 and i.p. 
injections of either vehicle (20μl of DMSO) or CCR2 antagonist (RS504393, 2μg/g) were given daily P1-P4. 
Lungs were harvested on P5. A&B: Representative photomicrographs of lung sections from control (CTRL) 
and IKKβTbx4 mice at P5 immunostained for Endomucin, a marker of lung capillaries and veins, and CAP2 
endothelial cell marker CAR4. Nuclei are labeled with DAPI. Fluorescent imaging was performed using 
widefield microscopy. Experiment was repeated 4-5 times per group; Scale bar = 100 μm (A&B).
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