
Supplementary  Figure 1 
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S1: Alveolar epithelial cells upregulated glycolysis in response to cyclic mechanical stress and 
Pfkfb3 is upregulated in response to acid induced ALI in vivo
(a) alveolar epithelial cells were subjected to cyclic mechanical stretch for 24 hours in vitro and their 
glycolytic intermediates were determined by mass spectrometry, n=3. Measurement of PFKFB3 
activity in alveolar epithelial MLE-12 cell line in vitro, n=4. (c-e) C57BL/6 mice were given 50 µl 
of 0.1 M HCl to simulate acid aspiration, control animals received 50 µl of pH controlled NaCl. After 
3 days lungs were harvested. (c) PFKFB isoform mRNA expression was determined via qPCR in 
alveolar epithelial cells, n=4. (d) PFKFB3 protein expression in alveolar epithelial cells was 
determined by Western blot. (e) Immunohistochemical expression of PFKFB3 in mouse lungs after 3 
days in  control (i.t. NaCl) and acid (i.t. HCl) instillation. Panel C: 4 male and 4 female. Panel D, E: 
2 male and 2 female. Data are represented as mean ± SD, n 3-4, ** p< 0.01, ****p<0.0001. Data 
were analysed with two-tailed, unpaired, student’s t-test
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Supplementary  Figure 2 vehicle 3PO
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S2: Pharmacological inhibition of PFKFB3 exacerbates acid aspiration                                                         
(a) Schematic of the experiment: 8-10-week-old C57BL/6 mice received 70mg/kg of PFKFB3 inhibitor 
3PO i.p 24 hours prior to induction of ALI with  acid instillation with i.t. HCl. Control groups received 
vehicle. After 1 and 3 days the lungs were removed. (b) Protein concentration measured in BALF with 
Bradford-Assay, n=5/4/6/4/5/4. (c, d) IL-6 and CXCL-1 mRNA expression in whole lung tissue was 
determined by qPCR, n=3/group. (e, f) Representative images of H&E stained lungs from mice subjected to 
acid aspiration, with controls having received pH-controlled NaCl (e) and cumulative lung injury score 
which is a a combined score of cellular infiltrates, interstitial congestion and hyaline membrane formation 
and hemorrhage (f), n=3/group. Panel B: 14 male and 14 female. Panel C-F: 9 male and 9 female Data are 
represented as mean ± SD,  n.s not significant ,* p< 0.05, ** p< 0.01, ***p<0.001. Data were analysed with 
two-tailed, unpaired, student’s t-test.
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S3: Characterization of mice with alveolar epithelial specific deletion of Pfkfb3 
(a) Model depicting breeding scheme of transgenic Pfkfb3loxp/loxpSPC-Cre-ER+ mouse line. (b) Western Blot 
analysis of PFKFB3 expression in alveolar epithelial  cells, whole lung and liver tissue from Pfkfb3loxp/loxpSPC-
Cre-ER+ and SPC-Cre-ER+ control animals (2 male, 2 female). (c) Weights of Pfkfb3loxp/loxpSPC-Cre-ER+ 10-
12 weeks after tamoxifen induction. Pfkfb3loxp/loxpSPC-Cre-ER+  n=39  with 20 female and 19 male animals and 
with and SPC-Cre-ER+ n=63 animals with 31 female and 32 male animals. (d-e) mRNA expression of cytokines 
was determined in whole lung tissue with qPCR (8 male,10  female), n=5/5/4/4. (f, g) BALF was obtained from 
mice after induction and differential cell count was obtained (n= 7/4/4/5)(10 male, 10 female). Data are 
represented as mean ± SD, n.s not significant. Data were analyzed with two-tailed, unpaired, student’s t-test
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Supplementary  Figure 4 
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S4: Alveolar epithelial HIF1A is protective in acid aspiration induced ALI
(a-d) Hif1aloxp/loxpSurfactant Cre+ (Hif1aloxp/loxp SPC-Cre-ER+ ) mice or age, sex, and weight-matched 
controls (SPC-ER-Cre+ ) were exposed to acid instillation to induce lung injury. (a, b) IL-6 and CXCL-1 
mRNA expression in whole lung tissue was determined by qPCR (n=6/group) (18 male, 18 female). (c, d) 
Representative images of H&E stained lungs from mice subjected to acid induced acute lung injury (c) and 
cumulative lung injury score (d) which is a combined score of cellular infiltrates,  interstitial congestion, and 
hyaline membrane formation and hemorrhage (n=3/group) (7 males, 5 female).  Data are represented as 
mean ± SD, n.s not significant, * p< 0.05, **p<0.01,***p<0.001, ****p<0.0001. Data were analyzed with 
two-tailed, unpaired, student’s t-test



Supplementary  Figure 5 
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S5: Measurement of pyruvate levels in whole lung homogenate and BALF after i.t. pyruvate instillation
10-15 week old mice matched weight and sex were used in all experiments. Alveolar epithelial cell specific 
conditional knockout mice (Panel A : 6 males, 7 females, Panel B: 7 males, 7 females). Hif1a loxp/loxpSPC-ER-Cre+ 
and Pfkfb3loxp/loxpSPC-ER-Cre+  or control animals (SPC-ER-Cre+) received 200mg/kg i.t. pyruvate 15 min prior to 
induction of IMV. After 4 hours lung tissue and BALF were harvested for analysis. Pyruvate was measured in whole 
lung homogenate (A) n=4/4/5 or BALF (B) n=5/5/4 with a commercially available calorimetric assay. Data are 
represented as mean ± SD. * p< 0.05,** p<0.01, n.s. =not significant. Data were analyzed with 1-way ANOVA with 
Tukey’s correction for multiple comparisons.



Patient  
demographics 

Clinical history Pathologic 
diagnosis 

(from surgical lung 
biopsy) 

Lung PFKFB3 IHC intensity 
(fold increase from mean 
IHC intensity in normal lungs 
n=6) 

63 y/o female Remote history of solid 
organ 
transplantation. Septic 
shock 
and respiratory failure 

Acute and organizing 
diffuse alveolar 
damage 

3.46 
 

44 y/o male Remote history of solid 
organ 
transplantation. Sepsis and 
respiratory failure 
 

Diffuse alveolar 
damage with focal 
organizing pneumonia 
 

0.67 
 

48 y/o male Chemotherapy-induced 
respiratory failure 

Acute lung injury 3.9 

55 y/o female Acute exacerbation of 
interstitial 
lung disease 
 

Acute lung injury with 
diffuse alveolar 
damage and focal 
organizing pneumonia 
 

0.87 

45 y/o female Amiodarone-associated 
acute 
respiratory failure 

Diffuse alveolar 
damage, organizing 
phase 

2.12 

62 y/o male Acute exacerbation of 
interstitial 
lung disease. 

Diffuse alveolar 
damage with focal 
alveolar hemorrhage, 
mild organizing 
pneumonia and focal 
interstitial fibrosis 

5.56 

57 y/o male Recent organ 
transplantation. 
Septic shock with acute 
respiratory failure 

Acute and organizing 
diffuse alveolar 
damage 

0.93 

51 y/o male Remote history of solid 
organ 
transplantation. Acute 
respiratory failure 

Severe diffuse 
alveolar 
damage 

1.97 

40 y/o male Unknown Pneumocystis jirovecii 
infection with diffuse 
alveolar damage. 
 

3.11 

 

Supplementary  Figure 6 

S6: Patient characteristics  of samples with diffuse alveolar damage
Demographic, clinical, and pathologic information from patients with lung biopsies demonstrating diffuse 
alveolar damage (the histologic correlate of ARDS). The samples obtained from the Pathology Archives of 
the University of Colorado were published before (32). We calculated the fold intensity increase of the 
PFKFB3 staining of each samples compared to the mean PFKFB3 intensity staining of the 6 control lungs.



Supplementary  Figure 7 

S7: Immunofluorescence staining demonstrates colocalization of PFKFB3 in alveolar epithelial cells in patients 
with the diagnosis of diffuse alveolar damage  in lung biopsies. . Co-staining with isotype controls does not 
demonstrate significant co-localization (A).Representative images of lungs, that were stained with AT II cell marker 
HT2-280 and anti-PFKFB3 antibody in human lung biopsies from patients with diffuse alveolar damage the histologic 
equivalent of ARDS(B). The anti-HT2-280  antibody colocalizes with PFKFB3 within many alveolar epithelial cells 
(white arrowheads). Images were obtained with 20x objective. BF= bright field.. All scale bars are 20 μm.
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Supplementary  Table 1p-values

PCR Array: Glucose Metabolism:
Glucose metabolism:
Glycolysis: Aldoa, Aldob, Aldoc, Gpgm, Eno1, Eno2, Eno3, alm, Gapdhs, GckGlp1,Hk2, Hk3, Pfk, 
Pgam2,Pgk1, Pgk2, Pgm1, Pgm2, Pgm3, Pklr, Tpi1
Gluconeogenesis: Fbp1, Fbp2, G6pc, G6pc3, Pck2, Pox
Regulation:Pdp2, Pdpr, Pdk1, Pdk2, Pdk3, Pdk4
TCA cycle: Acly, Aco1, Aco2, Cs, Dlat, Dld, Dlst, Fh1, Idh1, Idh2, Idh3a, Idh3b, Idh3g, Mdh1, Mdh1b, 
Mdh2, Ogdh, Pck1,Pck2, Pcx, Pdha1, Pdhb, Sdha, Sdhb,Sdhc, Sdhd, Sucla2, Suclg1, Suclg2
Pentose Phosphate Pathway: G6pdx, H6pd, Prps1, Prps1/1, Prps2, Rbks, Rpe, Rpia, Taldo1, Tkt
Glycogen Metabolism: Synthesis: Gbe1, Gys1, Gys2, Ugp2. Degradation: Agl,Pgm1, Pgm2,Pgm3, Pygl, 
Pygm. Regulation: Gsk3a, Gsk3b, Phka1, Phkb, Phkg1, Phkg2

p-values for Ub-Cre+ animals were calculated by comparing Ub-Cre+ animals exposed to IMV to control 
animals. p-values for Hif1aloxp/loxp Ub-Cre+ animals were calculated by comparing Hif1aloxp/loxp Ub-
Cre+  with Ub-Cre+ animals (both after IMV exposure). Students’s t-test was used. n=4/group



Full unedited gel for Figure 1f



Full unedited gel for Figure 5a
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Full unedited gel for Figure 5b



Full unedited gel for Figure S1A



Full unedited gel for Figure S3B


