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Tab. S1: Primers used in this study 

Gene RefSeq number 

CAMP NM_004345.4 

HBD2 NM_004942.3 

LCN2 NM_005564.4 

CXCL8 NM_000584.3 

TNFα NM_000594.3 

VEGFA NM_001033756(18) 

HIF1A NM_001530(3) 

SFPB NM_000542(1) 

RAGE NM_001206966(10) 

CHI3L NM_001276(1) 

IL-10 NM_000572.3 

GAPDH NM_002046(1)  

 

Tab. S2: Biomarkers 
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Biomarkers Literature – relevance to VILI/ARDS or innate immunity 

VEGFA Abadie et al., 2005; International HapMap et al., 2010; Desai and Cardoso, 2002; Maitre et al., 
2001; Medford et al., 2009; Meyer et al., 2012; Shibuya, 2013; Thickett et al., 2001; Ware et al., 
2005 

HIF1A N/A 

RAGE Jabaudon et al., 2015; Neeper et al., 1992; Shirasawa et al., 2004 

SFPB Agrawal et al., 2012; Cheng et al., 2003; Lin et al., 2000 

IL-8 Baughman et al., 1996; Hildebrand et al., 2007; McClintock et al., 2008; Schutte et al., 1996 

IL-10 Armstrong and Millar, 1997; Fiorentino et al., 1991; Hindorff et al., 2009; Meyer et al., 2012; Parsons 
et al., 2005; Schroeder et al., 2008 

HBD2 Cederlund et al., 2011 

TNFα Cross and Matthay, 2011; Dada and Sznajder, 2007; Gong et al., 2005; Park et al., 2001; Piguet et 
al., 1990; Postlethwaite and Seyer, 1990; Roten et al., 1991 

CAMP Cederlund et al., 2011 

YKL-40 Park et al., 2010 
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Fig. S1: 3D printed components and O-rings used in this research (Biocompatibility assay) 
A, Polylactic acid (PLA), used for 3D printed components, along with FKM (Fleuroelastomer) Viton O-rings were tested for 
biocompatibility. Cells were grown in the presence of these components separately and together. B, Analyses of effects on 
proliferation in incucyte.  
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Fig. S2: Cyclical pressure induces similar phenotypical changes in BCi-NS1.1 as seen in VA10 
A, TEER measurement of BCi ALI cultured cells. Graph represents results from four different 3-week ALI cultures (N = 4). B, 
Differentiated cell layer (left) and cells after cyclical stress (27 cm H2O for 24 h) (right). Scale bars are 2 µm. 
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Fig. S3: Cyclical pressure applied to in vitro airway epithelium shows differential expression of VILI/ARDS and innate 
immunity associated markers 
Expression of ARDS/VILI and innate immunity associated biomarkers SFPB, CHI3L1, IL8, LCN2, HBD2, and TNFb by qRT-PCR,  
N = 3, P ≤ 0.05 = *. 
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Fig. S4: Cyclically stressing ALI cultured VA10 cells results in increased protein expression of YKL-40 
Western blots of YKL-40 from 7 experiments show an increase in protein expression when cells are cyclically stressed for 24 h in 
pressure chamber. Pressure values are 22 and 27 cm H2O. 
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Fig. S5: NGAL expression in VA10 and BCi-NS1.1 cell lines following cyclical pressure 
A, Western blots of NGAL expression in VA10 cell line at 22 and 27 cm H2O. B, Western blots of NGAL expression in BCi cell line at 
22 and 27 cm H2O. 
 
 

Fig. S6: SFPB expression in VA10 cell line following cyclical hyperbaric pressure 
Western blots of SFPB expression in VA10 cell line at 22 and 27 cm H2O. 



ALTEX 36(4), SUPPLEMENTARY DATA  7 

 

 
References 
Abadie, Y., Bregeon, F., Papazian, L. et al. (2005). Decreased vegf concentration in lung tissue and vascular injury 

during ards. Eur Respir J 25, 139-146. doi:10.1183/09031936.04.00065504 
Agrawal, A., Zhuo, H., Brady, S. et al. (2012). Pathogenetic and predictive value of biomarkers in patients with ALI 

and lower severity of illness: Results from two clinical trials. Am J Physiol Lung Cell Mol Physiol 303, L634-
639. doi:10.1152/ajplung.00195.2012 

Armstrong, L. and Millar, A. B. (1997). Relative production of tumour necrosis factor alpha and interleukin 10 in adult 
respiratory distress syndrome. Thorax 52, 442-446. 

Baughman, R. P., Gunther, K. L., Rashkin, M. C. et al. (1996). Changes in the inflammatory response of the lung 
during acute respiratory distress syndrome: Prognostic indicators. Am J Respir Crit Care Med 154, 76-81. 
doi:10.1164/ajrccm.154.1.8680703 

Cederlund, A., Gudmundsson, G. H. and Agerberth, B. (2011). Antimicrobial peptides important in innate immunity. 
FEBS J 278, 3942-3951. doi:10.1111/j.1742-4658.2011.08302.x 

Cheng, I. W., Ware, L. B., Greene, K. E. et al. (2003). Prognostic value of surfactant proteins A and D in patients with 
acute lung injury. Crit Care Med 31, 20-27. doi:10.1097/01.CCM.0000045028.46623.C2 

Cross, L. J. and Matthay, M. A. (2011). Biomarkers in acute lung injury: Insights into the pathogenesis of acute lung 
injury. Crit Care Clin 27, 355-377. doi:10.1016/j.ccc.2010.12.005 

Dada, L. A. and Sznajder, J. I. (2007). Hypoxic inhibition of alveolar fluid reabsorption. Adv Exp Med Biol 618, 159-
168.  

Desai, T. J. and Cardoso, W. V. (2002). Growth factors in lung development and disease: Friends or foe? Respir Res 
3, 2.  

Fiorentino, D. F., Zlotnik, A., Mosmann, T. R. et al. (1991). Il-10 inhibits cytokine production by activated 
macrophages. J Immunol 147, 3815-3822.  

Gong, M. N., Zhou, W., Williams, P. L. et al. (2005). -308GA and TNFB polymorphisms in acute respiratory distress 
syndrome. Eur Respir J 26, 382-389. doi:10.1183/09031936.05.00000505 

Hildebrand, F., Stuhrmann, M., van Griensven, M. et al. (2007). Association of IL-8-251A/T polymorphism with 
incidence of acute respiratory distress syndrome (ARDS) and IL-8 synthesis after multiple trauma. Cytokine 
37, 192-199. doi:10.1016/j.cyto.2007.03.008 

Hindorff, L. A., Sethupathy, P., Junkins, H. A. et al. (2009). Potential etiologic and functional implications of genome-
wide association loci for human diseases and traits. Proc Natl Acad Sci U S A 106, 9362-9367. 
doi:10.1073/pnas.0903103106 

International HapMap, C., Altshuler, D. M., Gibbs, R. A. et al. (2010). Integrating common and rare genetic variation in 
diverse human populations. Nature 467, 52-58. doi:10.1038/nature09298 

Jabaudon, M., Futier, E., Roszyk, L. et al. (2015). Association between intraoperative ventilator settings and plasma 
levels of soluble receptor for advanced glycation end-products in patients without pre-existing lung injury. 
Respirology 20, 1131-1138. doi:10.1111/resp.12583 

Lin, Z., Pearson, C., Chinchilli, V. et al. (2000). Polymorphisms of human SP-A, SP-B, and SP-D genes: Association 
of SP-B THR131Ile with ARDS. Clin Genet 58, 181-191.  

Maitre, B., Boussat, S., Jean, D. et al. (2001). Vascular endothelial growth factor synthesis in the acute phase of 
experimental and clinical lung injury. Eur Respir J 18, 100-106.  

McClintock, D., Zhuo, H., Wickersham, N. et al. (2008). Biomarkers of inflammation, coagulation and fibrinolysis 
predict mortality in acute lung injury. Crit Care 12, R41. doi:10.1186/cc6846 

Medford, A. R. L., Godinho, S. I. H., Keen, L. J. et al. (2009). Relationship between vascular endothelial growth factor 
+ 936 genotype and plasma/epithelial lining fluid vascular endothelial growth factor protein levels in patients 
with and at risk for ards. Chest 136, 457-464. doi:10.1378/chest.09-0383 

Meyer, N. J., Daye, Z. J., Rushefski, M. et al. (2012). SNP-set analysis replicates acute lung injury genetic risk factors. 
BMC Med Genet 13, 52. doi:10.1186/1471-2350-13-52 

Neeper, M., Schmidt, A. M., Brett, J. et al. (1992). Cloning and expression of a cell surface receptor for advanced 
glycosylation end products of proteins. J Biol Chem 267, 14998-15004.  

Park, J. A., Drazen, J. M. and Tschumperlin, D. J. (2010). The chitinase-like protein YKL-40 is secreted by airway 
epithelial cells at base line and in response to compressive mechanical stress. J Biol Chem 285, 29817-
29825. doi:10.1074/jbc.M110.103416 

Park, W. Y., Goodman, R. B., Steinberg, K. P. et al. (2001). Cytokine balance in the lungs of patients with acute 
respiratory distress syndrome. Am J Respir Crit Care Med 164, 1896-1903. 
doi:10.1164/ajrccm.164.10.2104013 

Parsons, P. E., Eisner, M. D., Thompson, B. T. et al. (2005). Lower tidal volume ventilation and plasma cytokine 
markers of inflammation in patients with acute lung injury. Crit Care Med 33, 1-6; discussion 230-232.  

Piguet, P. F., Collart, M. A., Grau, G. E. et al. (1990). Requirement of tumour necrosis factor for development of silica-
induced pulmonary fibrosis. Nature 344, 245-247. doi:10.1038/344245a0 

Postlethwaite, A. E. and Seyer, J. M. (1990). Stimulation of fibroblast chemotaxis by human recombinant tumor 
necrosis factor alpha (TNF-alpha) and a synthetic tnf-alpha 31-68 peptide. J Exp Med 172, 1749-1756.  



ALTEX 36(4), SUPPLEMENTARY DATA  8 

 

Roten, R., Markert, M., Feihl, F. et al. (1991). Plasma levels of tumor necrosis factor in the adult respiratory distress 
syndrome. Am Rev Respir Dis 143, 590-592. doi:10.1164/ajrccm/143.3.590 

Schroeder, O., Schulte, K. M., Schroeder, J. et al. (2008). The -1082 interleukin-10 polymorphism is associated with 
acute respiratory failure after major trauma: A prospective cohort study. Surgery 143, 233-242. 
doi:10.1016/j.surg.2007.07.040 

Schutte, H., Lohmeyer, J., Rosseau, S. et al. (1996). Bronchoalveolar and systemic cytokine profiles in patients with 
ards, severe pneumonia and cardiogenic pulmonary oedema. Eur Respir J 9, 1858-1867.  

Shibuya, M. (2013). Vascular endothelial growth factor and its receptor system: Physiological functions in 
angiogenesis and pathological roles in various diseases. J Biochem 153, 13-19. doi:10.1093/jb/mvs136 

Shirasawa, M., Fujiwara, N., Hirabayashi, S. et al. (2004). Receptor for advanced glycation end-products is a marker 
of type I lung alveolar cells. Genes Cells 9, 165-174.  

Thickett, D. R., Armstrong, L., Christie, S. J. et al. (2001). Vascular endothelial growth factor may contribute to 
increased vascular permeability in acute respiratory distress syndrome. Am J Respir Crit Care Med 164, 
1601-1605. doi:10.1164/ajrccm.164.9.2011071 

Ware, L. B., Kaner, R. J., Crystal, R. G. et al. (2005). VEGF levels in the alveolar compartment do not distinguish 
between ARDS and hydrostatic pulmonary oedema. Eur Respir J 26, 101-105. 
doi:10.1183/09031936.05.00106604 

 


