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Figure 9: Phospho-eNOS (Thr495) immunoblots of nuclear and cytoplasmic 

fractions. Nuclear fractions (Figure 9A) reprobed with anti-phosphorylated eNOS 

(Thr495). “L” indicates the ladder band and “e” indicates the purified eNOS used 

as a control. Figure 9B indicates cytoplasmic fractions.  
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DISCUSSION 

 

 In recent years, the theory of IPF as a disease consisting predominantly of 

chronic and uncontrolled inflammation has largely been dismissed as being 

inaccurate. While many interstitial lung diseases include an identifiable initial 

inflammatory response to a damaging agent, many patients heal or show vast 

improvement with anti-inflammatory therapies (Selman & Pardo, 2002). The 

evolution of the initial inflammatory response to the fibroproliferative pathology 

characteristic of IPF is largely indistinguishable upon lung biopsy to that of other 

interstitial lung diseases. Moreover, there is little evidence to suggest true IPF 

begins with an inflammatory response, or support for the theory that inflammation 

is prominent in the early phases of IPF (Bjoraker et al., 1998). Indeed, the lack of 

long-term beneficial response to anti-inflammatory drugs, corticosteroids, and 

immunosuppressive agents among patients suggests the mechanism behind the 

onset and fibroproliferative nature of IPF lies in a realm science just beginning to 

to be understood.  

 The focus of current research into IPF has generally centered on it as 

being a disease of fibroproliferation preceded by alveolar cell activation (Selman 

& Pardo, 2002). Both of these factors have been shown to trigger a number of 

chemokines/growth factors that induce fibroblast migration and proliferation, and 

differentiation among myofibroblasts, and subsequent accumulation of ECM 

(Ramos-Nino et al., 2003: IPF Supplement). It’s important to recognize that the 

potential inflammation and fibroproliferation seen in IPF are two 
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pathophysiologically distinct pathways independent of each other. Novel 

treatments and anti-fibrotic therapies are currently in various stages of 

preclinical/clinical development (de Andrade & Thannickal, 2009) and take aim at 

the underlying fibroproliferation that is now known to be the hallmark of the 

disease.  

  A consistent finding from the various studies into the cell biology, growth-

factor/cytokine signaling, animal models, and human models of IPF is the 

accumulation of the aggregates of myofibroblasts in the fibroblastic foci of the 

tissue (Thannickal and Horowitz, 2006). Ample evidence exists showing the 

development of apoptosis-resistant phenotypes of myofibroblasts are generated 

during fibroblast/myofibroblast differentiation in disease models of IPF, with a 

correlation among the extent of the fibrotic foci and increased rates of mortality.  

 Nitric oxide, generated by NOS, plays a substantial role as a signaling 

molecule involved in physiological processes in the airway epithelium (Gaston et 

al., 1994; Barnes, 1995). The endothelial isoform of NOS (eNOS) has been 

demonstrated to be a key enzyme in endothelial tissue homeostasis, 

angiogenesis, and remodeling. In the last few years, and in this present study, 

the goal of our research lab has been to characterize and investigate the factors 

regulating eNOS (as well as iNOS) expression and activity, including post- 

translational modifications of the enzyme, protein-protein interactions, cofactors, 

Ca2+/CaM influences, and phosphorylation.  

 There has been a large amount of research into the biochemical 

properties of eNOS in a number of endothelial cell types, namely bovine aortic 
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endothelial cells. Alternatively, there is little research into the enzyme’s 

expression in mesenchymal cells such as pulmonary myofibroblasts, the focus of 

this thesis. Indeed, a PubMed search of “nitric oxide” and “pulmonary 

myofibroblast” yields only nine results, while one of “nitric oxide” “bovine aortic 

endothelial cell” yields 174.  

 Nitric oxide has been shown to attenuate the epithelial-mesenchymal 

transition induced by TGF-β in alveolar epithelial cells both in vivo and in vitro. 

This feature is also seen in pulmonary tissue biopsies of those patients with lung 

fibrosis secondary to myofibroblast-mediated excessive ECM deposition (Vyas-

Read et al., 2006). Additionally, inhibition of NO synthesis has been shown to 

increase accumulation of myofibroblasts and subsequent collagen deposition 

(Pessanh et al., 2000).  

 This study presents a potential mechanism by which nitric oxide influences 

myofibroblast accumulation by investigating the role of eNOS in the pulmonary 

myofibroblast. eNOS knockout mice experience prolonged pulmonary fibrosis in 

response to the profibrotic agent bleomycin, suggesting a correlation between 

eNOS expression and myofibroblast regulation and/or apoptosis. We have 

demonstrated eNOS is the primary NOS isoform expressed in pulmonary 

myofibroblasts and the enzyme’s localization is dependent upon growth 

conditions. Immunocytochemistry of prtotmyofibroblasts grown under normal 

(10% FBS) conditions predominately show eNOS expression confined to the 

nucleus, with little cytosolic staining. Myofibroblasts grown under serum-starved 

conditions (0% FBS) show an increase in α-SMA and MyHC expression and 
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mimic in vivo differentiated conditions (Rice and Leinwand, 2003).  eNOS is 

translocated from the nuclear to cytoplasmic regions under these highly 

differentiated conditions (see Figure 4), although nuclear staining is still 

observed, as shown in figure 7.  

 In epithelial cells, eNOS has been shown to translocate from the caveolae 

to intracellular sites in a Ca2+- dependent manner (Goetz et al., 1999). I have 

shown this too, is the case for pulmonary myofibroblasts. Removal of Ca2+ from 

cells by the chelator EGTA mimics a differentiated state, with eNOS expression 

largely confined to the perinuclear region. Previous research indicating increases 

in cytoplasmic Ca2+ levels activates CaM, which binds to the canonical CaM-

binding domain in eNOS to promote the alignment of the oxygenase and 

reductase domains of the enzyme, leading to an increase in catalytic activity 

(Sessa, 2004; Fleming et al., 2001). My data shows pulmonary myofibroblasts 

respond oppositely to Ca2+ presence, with a decrease in basal catalytic activity  

upon by the removal of Ca2+.   

 There is ample evidence that regulation of eNOS localization, and, 

coordinately, activity is regulated via phosphorylation/dephosphorylation on 

multiple serine, tyrosine, and threonine residues by various protein kinases and 

phosphatases (Dimmeler et al., 1999; Gallis et al., 1999; Michell et al., 2001). 

Neuronal NOS (nNOS) was the first NOS isoform to be identified as 

phosphorylated at distinct sites by PKC, and PKC-dependent phosphorylation 

decreased the level of enzyme activity (Bredt et al., 1992). We investigated the 

role of PKC-dependent phosphorylation on eNOS localization and activity by 
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treating cells with the known PKC activator PMA and immunoblotting fractionated 

cell lysates for native eNOS and phospho-eNOS (Thr495). PKC activation by PMA 

has previously been shown to inhibit eNOS activity in cultured cells (Davda et al., 

1994; Hirata et al., 1995). In Figure 9, we show that myofibroblasts treated with 

PMA do indeed synthesize lower than basal levels of eNOS, with the additions of 

EGTA mitigating this effect. Protomyofibroblasts do not appear to be affected by 

PMA treatment in the same way showing slight increases in expression.  By 

DAF-2DA staining, we have been also able to show qualitatively that NO is also 

present in the same cellular regions as eNOS.  This work is in agreement with 

recent work in our lab by Dr. Bethel Sharma who has able to quantify NO activity 

in our cells grown under various conditions. NO production was measured 

amperometrically using an NO electrode (Innovative Instruments, Inc) and 

normalized to total cell count. Treatment with 10 µM PMA was found to lower NO 

production to near basal levels of differentiated cells. Addition of EGTA to the 

PMA-treated differentiated cells restored NO production, providing confirmation 

that phosphorylation of eNOS by PKC is associated with a reduction in its 

catalytic activity in pulmonary myofibroblasts. Thus, the changes in eNOS 

expression in response to PKC activation (Figure 8) correlate with changes in the 

catalytic activity of the protein (Figure 10). These finding are in accordance with 

earlier data showing eNOS is a PKC substrate and PKC-mediated 

phosphorylation mitigates eNOS activity (Tsukahara et al., 1993; Davda et al., 

1994., Hirata et al., 1995; Fleming et al., 2001).  
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Figure 10: PKC-induced phosphorylation coordinates with activity   

  

  These past and present studies have aided in analyzing the role 

nitric oxide plays as a signaling molecule in the pulmonary myofibroblast, a cell 

model with little background work, but with important research and clinical 

implications. With IPF being a disease of uncontrolled fibroproliferation, the 

possibility of using agents that alter collagen synthesis or mitigate other fibrotic 

responses are current focuses of first-line treatment for those unresponsive to 

conventional therapies. With its ability to inhibit microtubule polymerization, 

colchicine has been investigated in vitro and in animal models and demonstrated 

an ability to suppress the release of macrophage-derived growth factor and 

fibronectin by cultured alveolar macrophages from patients with sarcoidosis and 

IPF (Rennard et al., 1988) Treatment with interferon-γ is another novel anti-

fibrotic with potential benefits to those with IPF. Ziesche and colleagues have 
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demonstrated interferon-γ inhibits the proliferation of lung fibrosis in a dose-

dependent manner and reduces the synthesis of protein in fibroblasts (Ziesche et 

al., 1999). Future studies are needed to gain insight into the role nitric oxide 

plays in the fibroproliferative properties of this cell as implicated in IPF. With the 

number of existing NO donating or inhibiting pharmaceuticals, the NO pathway 

could yield yet more treatment options for a disease that, thus far, has tragic 

consequences.  

 

 

 

 

 

 

 



 

  40 

 

LITERATURE CITED 
 

Alderton, W. K., Cooper, C. E., & Knowles, R. G. (2001). Nitric oxide synthases: 

structure, function and inhibition. The BiochemicalJournal, 357(Pt 3), 593-

615.  

Ayajiki, K., Kindermann, M., Hecker, M., Fleming, I, & Busse, R. (1996). 

Intracellular pH and Tyrosine Phosphorylation but Not Calcium Determine 

Shear Stress–Induced Nitric Oxide Production in Native Endothelial Cells. 

Circulation Research, 78(5), 750-8. 

Barnes, P. (1995). Nitric Oxide and Airway Disease. Annals of Medicine, 27, 389-

93.  

Bauer, P. M., Fulton, David, Boo, Y. C., Sorescu, G. P., Kemp, Bruce E, Jo, 

Hanjoong, et al. (2003). Compensatory phosphorylation and protein-protein 

interactions revealed by loss of function and gain of function mutants of 

multiple serine phosphorylation sites in endothelial nitric-oxide synthase. The 

Journal of Biological Chemistry, 278(17), 14841-9.  

Bentz, B., Barnes, M., Haines, G., Lurain, J., Hanson, D., & Radosevich, J. 

(1997). Cytoplasmic localization of endothelial constitutive nitric oxide 

synthase in endometrial carcinomas. Tumour Biology, 18(5), 290-300. 

Bjoraker, J. a, Ryu, J. H., Edwin, M. K., Myers, J. L., Tazelaar, H. D., Schroeder, 

D. R., et al. (1998). Prognostic significance of histopathologic subsets in 

idiopathic pulmonary fibrosis. American Journal of Respiratory and Critical 

Care Medicine, 157(1), 199-203.  

Boo, Y., Kim, H., Song, H., Fulton, D, Sessa, W., & Jo, H. (2006). Coordinated 

regulation of endothelial nitric oxide synthase activity by phosphorylation and 

subcellular localization. Free Radical Biology and Medicine, 41(1), 144-53. 

Boo, Y. C., & Jo, Hanjoong. (2003). Flow-dependent regulation of endothelial 

nitric oxide synthase: role of protein kinases. American journal of physiology. 

Cell physiology, 285(3), C499-508 



 

  41 

Bredt, D. S., Ferris, C. D., & Snyder, S. H. (1992). Nitric oxide synthase 

regulatory sites. Phosphorylation by cyclic AMP-dependent protein kinase, 

protein kinase C, and calcium/calmodulin protein kinase; identification of 

flavin and calmodulin binding sites. The Journal of Biological Chemistry, 

267(16), 10976-81.  

Brüne, B., Knethen, a von, & Sandau, K. B. (1999). Nitric oxide (NO): an effector 

of apoptosis. Cell Death and Differentiation, 6(10), 969-75.  

Chen, Z. P., Mitchelhill, K. I., Michell, B. J., Stapleton, D., Rodriguez-Crespo, I., 

Witters, L. A, et al. (1999). AMP-activated protein kinase phosphorylation of 

endothelial NO synthase. FEBS letters, 443(3). 

Chung, M. P., Monick, M. M., Hamzeh, N. Y., Butler, N. S., Powers, L. S., & 

Hunninghake, G. W. (2003). Role of repeated lung injury and genetic 

background in bleomycin-induced fibrosis. American Journal of Respiratory 

Cell and Molecular biology, 29(3 Pt 1), 375-80 

Dacic, S. & Yousem, S.A. (2003). Histologic classification of idiopathic chronic 

interstitial pneumonias. American Journal of Respiratory Cell and Molecular 

Biology, (Supplement 3), S5-9 

Davda, R. K., Chandler, L. J., & Guzman, N. J. (1994). Protein kinase C 

modulates receptor-independent activation of endothelial nitric oxide 

synthase. European Journal of Pharmacology: Molecular Pharmacology, 

266(3), 237-44. 

Davies, P. F. (1995). Flow-Mediated Endothelial Mechanotransduction. 

Physiological Reviews, 75(3), 519-60.  

Desmouliere, A., Caponnier, C., & Gabbiani, Giulio. (2005). Tissue repair , 

contraction , and the myofibroblast. Wound Repair and Regeneration, 13, 7-

12. 

Desmouliere, A., & Gabbiani, G. (1996). The Role of the Myofibroblast in Wound 

Healing and Fibrocontractive Diseases. In R. A. F. Clark (Ed.), The 

Molecular and Cellular Biology of Wound Repair (2nd ed., pp. 391-422). 

Desmoulière, A., Geinoz, A., Gabbiani, F., & Gabbiani, G. (1993). Transforming 

growth factor-beta 1 induces alpha-smooth muscle actin expression in 



 

  42 

granulation tissue myofibroblasts and in quiescent and growing cultured 

fibroblasts. The Journal of Cell Biology, 122(1), 103-11.  

Desmoulière, a, Redard, M., Darby, I., & Gabbiani, G. (1995). Apoptosis 

mediates the decrease in cellularity during the transition between granulation 

tissue and scar. The American Journal of Pathology, 146(1), 56-66. 

Dimmeler, S, Fleming, I, Fisslthaler, B, Hermann, C., Busse, R, & Zeiher, a 

M. (1999). Activation of nitric oxide synthase in endothelial cells by Akt-

dependent phosphorylation. Nature, 399(6736), 601-5.  

Farkas, L., Farkas, D., Ask, K., Möller, A., Gauldie, J., Margetts, P., et al. (2009). 

VEGF ameliorates pulmonary hypertension through inhibition of endothelial 

apoptosis in experimental lung fibrosis in rats. Journal of Clinical 

Investigation, 119(5), 1298-1311 

Fleming, I., Fisslthaler, B., Dimmeler, S., Kemp, B. E., & Busse, R. (2001). 

Phosphorylation of Thr495 Regulates Ca2+/Calmodulin-Dependent 

Endothelial Nitric Oxide Synthase Activity. Circulation Research, 88(11), 

e68-e75.  

Fleming, Ingrid, & Busse, Rudi. (2003). Molecular mechanisms involved in the 

regulation of the endothelial nitric oxide synthase. American Journal of 

Physiology- Regulatory, Integrative and Comparative Physiology, 284, 1-12.  

Fulton, D, Gratton, J. P., McCabe, T. J., Fontana, J., Fujio, Y., Walsh, K., et al. 

(1999). Regulation of endothelium-derived nitric oxide production by the 

protein kinase Akt. Nature, 399(6736), 597-601.  

Gallis, B., Corthals, G. L., Goodlett, D. R., Ueba, H., Kim, F., Presnell, S. R., et 

al. (1999). Identification of flow-dependent endothelial nitric-oxide synthase 

phosphorylation sites by mass spectrometry and regulation of 

phosphorylation and nitric oxide production by the phosphatidylinositol 3-

kinase inhibitor LY294002. The Journal of Biological Chemistry, 274(42). 

García-Cardeña, G., Oh, P., Liu, J., Schnitzer, J. E., & Sessa, W C. (1996). 

Targeting of nitric oxide synthase to endothelial cell caveolae via 

palmitoylation: implications for nitric oxide signaling. Proceedings of the 



 

  43 

National Academy of Sciences of the United States of America, 93(13), 

6448-53.  

Gaston, B., Drazen, J., Loscalzo, J., & Stamler, J. (1994). The biology of nitrogen 

oxides in the airways. American journal of respiratory and critical care 

medicine, 149(2), 538-52. 

Gay, S. E., Kazerooni, E. a, Toews, G. B., Lynch, J. P., Gross, B. H., Cascade, 

P. N., et al. (1998). Idiopathic pulmonary fibrosis: predicting response to 

therapy and survival. American Journal of Respiratory and Critical Care 

Medicine, 157(4 Pt 1), 1063-72.  

Gilchrist, M., McCauley, S. D., & Befus, a D. (2004). Expression, localization, and 

regulation of NOS in human mast cell lines: effects on leukotriene 

production. Blood, 104(2), 462-9.  

Goetz, R. M., Thatte, H. S., Prabhakar, P., Cho, M. R., Michel, T, & Golan, D. E. 

(1999). Estradiol induces the calcium-dependent translocation of endothelial 

nitric oxide synthase. Proceedings of the National Academy of Sciences of 

the United States of America, 96(6), 2788-93.  

Hirata, K., Kuroda, R., Sakoda, T., Katayama, M., Inoue, N., Suematsu, M., et al. 

(1995). Inhibition of Endothelial Nitric Oxide Synthase Activity by Protein 

Kinase C. Hypertension, 25, 180-85.  

Johnston, I., Bleasdale, C., Hind, C., & Woodcock, A. (1991). Accuracy of 

diagnostic coding of hospital admissions for cryptogenic fibrosing alveolitis. 

Thorax, 46(8), 589-91. 

Johnston, I., Prescott, R., Chalmers, J., & Rudd, R. (1997). British Thoracic 

Society study of cryptogenic fibrosing alveolitis: current presentation and 

initial management. Fibrosing Alveolitis Subcommittee of the Research 

Committee of the British Thoracic Society. Thorax, 52, 38-44. 

Heilman, J. (Own work). Pulmonary fibrosis induced by amiodarone [Chest 

Radiograph-image/jpeg], Creative Commons Attribution-Share Alike 3.0  

Kaminski, N., Belperio, J. A., Bitterman, P. B., Chen, L., Chensue, S. W., Choi, A. 

M. K., et al. (2003). Idiopathic Pulmonary Fibrosis. Proceedings of the 1st 



 

  44 

Annual Pittsburgh International Lung Conference. October 2002. American 

Journal of Respiratory Cell and Molecular Biology, 29(3 Suppl), S1-105. 

King, T. E., Schwarz, M. I., Brown, K., Tooze, J. a, Colby, T. V., Waldron, J. a, et 

al. (2001). Idiopathic pulmonary fibrosis: relationship between 

histopathologic features and mortality. American Journal of Respiratory and 

Critical Care Medicine, 164(6), 1025-32. 

Knowles, R. G., & Moncada, S. (1994). Nitric oxide synthases in mammals. The 

Biochemical Journal, 298(Pt. 2), 249-58.  

Kou, R., Greif, D., & Michel, Thomas. (2002). Dephosphorylation of endothelial 

nitric-oxide synthase by vascular endothelial growth factor. Implications for 

the vascular responses to cyclosporin A. The Journal of Biological 

Chemistry, 277(33), 29669-73. 

Kuhn, C., & McDonald, J. A. (1991). The roles of the myofibroblast in idiopathic 

pulmonary fibrosis. Ultrastructural and immunohistochemical features of 

sites of active extracellular matrix synthesis. The American Journal of 

Pathology, 138(5), 1257-65.  

Leikert, J. F., Räthel, T. R., Müller, C., Vollmar, a M., & Dirsch, V. M. (2001). 

Reliable in vitro measurement of nitric oxide released from endothelial cells 

using low concentrations of the fluorescent probe 4,5-diaminofluorescein. 

FEBS letters, 506(2), 131-4.  

Mathews, M., Bernstein, R., Franza, B. J., & Garrels, J. (1984). Identity of the 

proliferating cell nuclear antigen and cyclin. Nature, 309, 374-6  

Michell, B., Chen, Z.P., Taganis, T., Stapleton, D., Katsis, F., Power, D.A., Sim, 

A.T., Kemp, B.E. (2001). Coordinated control of endothelial nitric-oxide 

synthase phosphorylation by protein kinase C and the cAMP-dependent 

protein kinase. The Journal of Biological Chemistry, 276(21), 17625-8  

Mohr, S., Stamler, J. S., & Brüne, B. (1996). Posttranslational modification of 

glyceraldehyde-3-phosphate dehydrogenase by S-nitrosylation and 

subsequent NADH attachment. The Journal of Biological Chemistry, 271(8), 

4209-14.  



 

  45 

Moncada, Salvador, & Higgs, A. (1993). The L-arginine-Nitric Oxide Pathway. 

The New England Journal of Medicine, 329, 2002-12. 

Nicholson, a G., Colby, T. V., Bois, R. M. du, Hansell, D. M., & Wells, a U. 

(2000). The prognostic significance of the histologic pattern of interstitial 

pneumonia in patients presenting with the clinical entity of cryptogenic 

fibrosing alveolitis. American journal of Respiratory and Critical Care 

Medicine, 162(6), 2213-7.  

Ortiz, P. a, Hong, N. J., & Garvin, J. L. (2004). Luminal flow induces eNOS 

activation and translocation in the rat thick ascending limb. American Journal 

of Physiology. Renal physiology, 287(2), F274-80. 

Palmer, R., Ferrige, A., & Moncada, S. (1987). Nitric oxide release accounts for 

the biological activity of endothelium-derived relaxing factor. Nature, 327, 

524-526.  

Pessanh, M., & Mandarim-de-Lacerda, C. (2000). Myofibroblast accumulation in 

healing rat myocardium due to long-term low-dosage nitric oxide synthesis 

inhibition. Experimental and Toxicologic Pathology, 52(3), 192-4. 

Phan, Sem H. (2002). The Myofibroblast in Pulmonary Fibrosis. Chest, 122, 

2865-95. 

Raghu, G. (2006). Idiopathic pulmonary fibrosis: treatment options in pursuit of 

evidence-based approaches. The European respiratory journal : official 

journal of the European Society for Clinical Respiratory Physiology, 28(3), 

463-5. doi: 10.1183/09031936.06.00086606. 

Raghu, Ganesh, Weycker, D., Edelsberg, J., Bradford, W. Z., & Oster, G. (2006). 

Incidence and prevalence of idiopathic pulmonary fibrosis. American Journal 

of Respiratory and Critical Care Medicine, 174(7), 810-6. . 

Ramos, C., Montaño, M., García-Alvarez, J., Ruiz, V., Uhal, B. D., Selman, M, et 

al. (2001). Fibroblasts from idiopathic pulmonary fibrosis and normal lungs 

differ in growth rate, apoptosis, and tissue inhibitor of metalloproteinases 

expression. American journal of Respiratory Cell and Molecular Biology, 

24(5), 591-8.  



 

  46 

Ramos-Nino, M.E., Heintz, N., Scapoli, L., Martinelli, M., Land, S., Nowak, N., 

Haegans, A., Manning, B., MacPherson, M., Stern, M., Mossman, B. (2003) 

Gene profiling and kinase screening in asbestos-exposed epithelial cells and 

lungs. American Journal of Respiratory Cell and Molecular Biology, (29), 

S51-59. 

Renart, J., Reiser, J., & Stark, G. R. (1979). Transfer of proteins from gels to 

diazobenzyloxymethyl-paper and detection with antisera: a method for 

studying antibody specificity and antigen structure. Proceedings of the 

National Academy of Sciences of the United States of America, 76(7), 3116-

20.  

Rennard, S., Bitterman, P., Ozaki, T., Rom, W., & Crystal, R. (1988). Colchicine 

suppresses the release of fibroblast growth factors from alveolar 

macrophages in vitro. The basis of a possible therapeutic approach ot the 

fibrotic disorders. The American Review of Respiratory Disease, 137(1), 

181-5. 

Rice, N. a, & Leinwand, L. a. (2003). Skeletal myosin heavy chain function in 

cultured lung myofibroblasts. The Journal of Cell Biology, 163(1), 119-29.  

Rudd, R., Haslam, P., & Turner-Warwick, M. (1981). Cryptogenic fibrosing 

alveolitis. Relationships of pulmonary physiology and bronchoalveolar 

lavage to response to treatment and prognosis. The American Review of 

Respiratory Disease, 124(1), 1-8. 

Ruetten, H., Dimmeler, Stefanie, Gehring, D., Ihling, C., & Zeiher, A. M. (2005). 

Concentric left ventricular remodeling in endothelial nitric oxide synthase 

knockout mice by chronic pressure overload. Cardiovascular research, 

66(3), 444-53.  

Schwendemann, J., Sehringer, B., Noethling, C., Zahradnik, H. P., & Schaefer, 

W. R. (2008). Nitric oxide detection by DAF (diaminofluorescein) 

fluorescence in human myometrial tissue. Gynecological Endocrinology : the 

official journal of the International Society of Gynecological Endocrinology, 

24(6), 306-11. 



 

  47 

Selman, M, King, T. E., & Pardo, a. (2001). Idiopathic pulmonary fibrosis: 

prevailing and evolving hypotheses about its pathogenesis and implications 

for therapy. Annals of internal medicine, 134(2), 136-51.  

Selman, Moisés, & Pardo, A. (2002). Idiopathic pulmonary fibrosis: an 

epithelial/fibroblastic cross-talk disorder. Respiratory research, 3, 3.  

Sessa, William C. (2004). eNOS at a glance. Journal of Cell Science, 117(Pt 12), 

2427-9.  

American Thoracic Society Statement (2000). Idiopathic pulmonary fibrosis: 

diagnosis and treatment. International consensus statement. American 

Thoracic Society (ATS), and the European Respiratory Society (ERS). 

American Journal of Respiratory and Critical Care Medicine, 161(2 Pt 1), 

646-64. 

Stoscheck, C.M., (1990). Quantitation of Protein. Methods in Enzymology, 182, 

50-62.  

Thannickal, V. J., & Horowitz, J. C. (2006). Evolving concepts of apoptosis in 

idiopathic pulmonary fibrosis. Proceedings of the American Thoracic Society, 

3(4), 350-6.  

Thomsen, L. L., Miles, D. W., Happerfield, L., Bobrow, L. G., Knowles, R. G., & 

Moncada, S. (1995). Nitric oxide synthase activity in human breast cancer. 

British Journal of Cancer, 72(1), 41-4.  

Towbin, H., Staehelin, T., & Gordon, J. (1979). Electrophoretic transfer of 

proteins from polyacrylamide gels to nitrocellulose sheets: procedure and 

some applications. Proceedings of the National Academy of Science 76(9), 

4350-4354.  

Tsukahara, H., Gordienko, D., & Goligorsky, M. (1993). Continuous monitoring of 

nitric oxide release from human umbilical vein endothelial cells. Biochemical 

and Biophysical Research Communications, 193, 722-729. 

Vernet, D., Ferrini, M., Valente, E., Magee, T., Bou-Gharlos, G., Rajfer, J., et al. 

(2002). Effect of nitric oxide on the differentiation of fibroblasts into 

myofibroblasts in the Peyronieʼs fibrotic plaque and in its rat model. Nitric 

Oxide, 7(4), 262-76. 



 

  48 

Vyas-Read, S., Shaul, P.W., Yuhanna, I.S., Willis, B.C. (2007). Nitric oxide 

attenuates epithelial-mesenchymal transition in alveolar epithelial cells. 

American Journal of Physiology. Lung cellular and molecular physiology. 

293(1), L212-21. 

Walker, G., Guerrero, I., & Leinwand, L. (2001). Myofibroblasts: Molecular 

Crossdressers. Current Topics in Developmental Biology, 51, 91-107. 

Zhang, K., Flanders, K. C., & Phan, S H. (1995). Cellular localization of 

transforming growth factor-beta expression in bleomycin-induced pulmonary 

fibrosis. The American Journal of Pathology, 147(2), 352-61.  

Zhang, K., Rekhter, M. D., Gordon, D., & Phan, S H. (1994). Myofibroblasts and 

their role in lung collagen gene expression during pulmonary fibrosis. A 

combined immunohistochemical and in situ hybridization study. The 

American Journal of Pathology, 145(1), 114-25.  

Ziesche, R., Hofbauer, E., Wittman, K., Petkov, V., & Block, L. (2000). 

Correction: A Preliminary Study of Long-Term Treatment with Interferon 

Gamma-1b and Low-Dose Prednisolone in Patients with Idiopathic 

Pulmonary Fibrosis. The New England Journal of Medicine, 341(7), 1264-69.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 


