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ABSTRACT 

INVESTIGATION OF FIBROBLAST MARKERS IN IDIOPATHIC PULMONARY 
FIBROSIS 

Ashley Claire Collins, MS 

George Mason University, 2019 

Thesis Director: Dr. Geraldine Grant 

 

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive and fatal form of 

interstitial lung disease (ILD) with no cure. The key effector cell of IPF is the fibroblast 

which is locked in dysregulated wound repair. To investigate the pathogenesis of this 

disease it is essential to be able to study this cell in isolation. However, despite its crucial 

role in the pathogenesis of IPF and all fibrotic disease, there is no isolation method for 

fibroblasts which does not involve long term in-vitro culture. This is due to the lack of an 

accepted surface marker for fibroblasts. To rectify this, we used genomic expression data 

and informatics tools to profile IPF fibroblasts and normal fibroblasts, isolated with 

minimal culture, to identify potential candidate markers. Using this approach, we 

ultimately identified three possible candidate markers; Brain Acid Soluble Protein 

1 (BASP1), Brain Protein I3 (BRI3) and S100 Calcium Binding Protein P (S100P). 

Validation of gene expression was carried out using Q-PCR to compare the expression 

levels in lung cells including IPF derived macrophages and epithelial cells, to determine 
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the uniqueness of these markers. Immunohistochemistry (IHC) of IPF lung tissue and 

normal lung tissue was performed to confirm protein expression and protein localization. 

Our data showed BASP1 is a fibroblast specific marker, however it is not disease specific 

due to its high expression in normal P0 fibroblasts. The absolute expression of BASP1 in 

fibroblasts is consistent in-vitro between IPF P0 fibroblasts and IPF P3 fibroblasts (fold 

difference of -1.1). BASP1 was present in fibrotic regions of IPF lung tissue and there 

was alpha-smooth muscle actin (ACTA2) co-localization. Taken together, these results 

indicate BASP1 is a fibroblast specific marker. BRI3 was highly expressed in IPF P0 

fibroblasts and IPF P3 fibroblast (fold difference of 0.11), as confirmed by microarray 

analysis. Further, BRI3 expression was located in areas of fibrosis in IPF lung tissue and 

absent in normal lung tissue. BRI3 did not co-localize with ACTA indicating a 

subpopulation of fibroblasts that do not express ACTA2, a common fibroblast 

maker.  There was a -15-fold difference between IPF P0 fibroblasts and IPF P3 

fibroblasts indicating S100P may be specific to IPF fibroblasts as measured by cDNA 

microarray.  The gene expression confirmed by Q-PCR of S100P showed high expression 

of IPF P0 fibroblasts compared to IPF P3 fibroblasts and this difference was statistically 

significant (p=0.005). In addition, the expression of S100P was significantly upregulated 

compared to macrophages (p=0.0105) and epithelial cells (p=0.0226). S100P was present 

in fibrotic areas not expressing ACTA2 of IPF lung tissue but was also present in normal 

lung tissue indicating S100P.  

Ultimately, we found that BASP1, BRI3, and S100P have potential as markers for 

fibroblasts. However due to their heterogeneous and patient dependent expression in the 
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IPF lung tissue, further investigation into their expression in IPF and other fibrotic 

diseases is warranted in future studies.  
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INTRODUCTION 

Idiopathic pulmonary fibrosis (IPF) is a type of interstitial lung disease (ILD) of 

unknown etiology that leads to irreversible scarring to the lung and architectural 

abnormalities1-3. IPF is considered to be rare and affects an estimated five million people 

worldwide4. However, this age-related disease is one of the most common interstitial lung 

diseases1.  IPF is 100% fatal1-4 and increasingly common with an increase in incidence 

worldwide5. The estimated survival time is a dismal two to three years1-4. There is 

currently no cure and few marginally effective therapies, making surgical transplant the 

only truly viable option1, but at an average onset age of 664, this is not an option for most 

patients1.  

Patients with IPF present with chronic dyspnea upon exertion and a dry cough. 

Based on physical examination, Velcro-like crackles can be heard bilaterally in the lungs, 

and often clubbing of the fingers. The difficultly of diagnosis arises from symptoms that 

can appear up to five years before diagnosis due to the long asymptomatic period, which 

can be months to years 1,3. Patients are often first misdiagnosed with other diseases such 

as chronic obstructive pulmonary disease (COPD) 3 or cardiovascular diseases such as 

heart failure6. In addition, other interstitial lung diseases, including chronic 

hypersensitivity pneumonitis (CHP), connective tissue diseases (CTD), drug-induced 

ILDs, and pneumoconiosis can display similar qualities to IPF adding to the difficult 
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diagnosis7. The clinical manifestations of IPF on high-resolution computed tomography 

(HRCT) include clusters of thick-walled cysts called honeycombing and hazy areas 

termed ground-glass opacities. A HRCT scan coupled with a lung biopsy is necessary to 

fully and accurately diagnosis IPF8. 

Risk Factors 

 Environmental and genetic risk factors for developing IPF have been identified. 

However, their exact roles or mechanisms have not yet been identified9. Cigarette 

smoking is strong associated risk factor for the development of IPF10, and patients who 

are former smokers have worse prognoses and clinical outcomes than nonsmokers9. Other 

inhaled exposures that may support a causal role in IPF are agricultural dust, wood dust, 

silica, mold, and mildew9.  Infectious agents such as viruses may be a factor in the 

diagnosis of IPF11. For example, Herpes simplex virus 1 (HSV1) has shown to stimulate 

fibrotic processes in bronchoalveolar lavage fluid and lung tissue and viral infections lead 

to exacerbations in asthma and COPD12. However, the exact role of viral agents in IPF 

remains less clear 9,10,13. 

Treatment 

The limited pharmaceutical treatment options for a patient with IPF include two 

relatively new anti-fibrotic medications, nintedanib and pirfenidone14. The first option 

nintedanib is a tyrosine kinase inhibitor – specifically binding at the ATP binding site15. 

Nintedanib was found to have activity against fibroblasts by inhibiting profibrotic 

mediators such as fibroblast growth factor receptor (FGFR), platelet-derived growth 

factor, and vascular endothelial growth factor (VEGF) 16. The clinical efficacy of 



3 
 

nintedanib is its ability to reduce the decline in forced vital capacity (FVC) and the 

number of IPF exacerbations15,16. However, while nintedanib may slow the progression 

of IPF, the drug is not curative8. Pirfenidone is the other therapeutic option used to reduce 

the clinical decline in IPF14. While its mechanism of action is not clear and it is defined 

as an antifibrotic agent, in vitro experiments using fibroblasts obtained from normal 

human lungs have shown that pirfenidone can inhibit TGF-b17 the classic fibrotic 

orchestrator in the IPF disease process18,19,20. In spite of its ability to target a central 

pathway in IPF, to improve the decline in vital capacity, and slow disease progression - it 

is also not curative. Clearly, there is an unmet need for treatment given that both drugs do 

not increase the overall survival rate14. Due to the limitations of these two agents, in 

addition to their significant side effects, lung transplant remains the last resort for patients 

with advanced fibrosis21. Given this dire situation and the fact that IPF is a heterogenous 

disease, it is probable that future therapeutics will need to target multiple pathways in the 

next phase of treatment3.  

As nintedanib and pirfenidone only attenuate the disease course and are not 

curative, there is a small window of opportunity for a lung transplant before a patient 

rapidly declines22. Further, this time frame is complicated by acute pulmonary 

exacerbations and comorbid conditions such as coronary artery disease and pulmonary 

hypertension23. Additionally, major risks are associated with lung transplant such as 

malignancy due to immunosuppressant medication and organ rejection leading to death24. 

Ultimately a lung transplant only extends survival for approximately five years23 and 

often exchanges one disease for another – clearly, a new view is required.  



4 
 

Change in Paradigm 

Once thought of as a disease of chronic inflammation, advances in the field have 

led to a change in paradigm in the mechanism of IPF25. Further anti-inflammatory 

medications had a minimal effect on patients with IPF26,27. This change in theory has led 

to the classification of IPF as a dysregulated wound repair28. The method of the 

pathogenesis of this dysregulated wound repair is unclear. However, it appears that 

patients diagnosed with IPF have several concurrent elements that make them more at 

risk for developing IPF. While there are micro-injuries to the lung epithelium, these alone 

are not enough to cause IPF1,7. An aging-related susceptible lung29, telomere 

dysfunction30, mitochondrial dysfunction31, poor regenerative capacity, and genetic 

instability7 may all converge, leading to a diagnosis of IPF32. In normal healthy lung 

tissue, the wound would return to homeostasis after a highly orchestrated repair process 

including the recruitment of fibroblasts from the extracellular matrix.  The fibroblast 

recruited to the site of injury transitions to the fully activate myofibroblast phenotype and 

deposits extracellular matrix (ECM) scaffold proteins and displays contractile wound 

repair properties, evidenced by their production of collagen type 1 and smooth muscle 

actin33. Post repair, fibroblast secrete matrix-metalloproteinases (MMPs) which break 

down the accumulated ECM through proteolytic activity, and subsequently, the 

fibroblasts undergo apoptosis and are removed32,34. This controlled process is critical for 

normal wound healing and particularly in the lung, which is under insult and injury due to 

exposure to the environment. However, in IPF the myofibroblasts appear to no longer 

respond, receive or generate the requisite instruction for termination of wound repair. 
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They display resistance to apoptosis and continue to deposit ECM proteins extensively 

including collagen and fibronectin, cluster into fibroblastic foci, destroying the 

architecture of the lung, impeding gas exchange, and ultimately leading to respiratory 

failure and death35.  

The fibroblast 

The effector cell of IPF is the fibroblast which is integral to the pathogenesis of 

IPF36. The role of the fibroblast is pivotal to the connective tissue maintenance and 

produces the extracellular matrix, which builds the framework for the epithelial tissue33.  

While the exact reservoir of the entire fibroblast population in IPF is unknown, multiple 

sources have been identified. These include resident lung fibroblasts that have 

transitioned from quiescent to active myofibroblasts, epithelial cells that have undergone 

a transition to mesenchymal cells (EMT), bone-marrow derived fibrocytes, pleural 

mesothelial cells, and pneumocytes28, 36-43. The activated myofibroblasts are purported as 

the main catalyst of fibrosis in IPF, and there are a number of stages involved in this 

transition. Coupled with the variety of sources and level of activation – this leads to a 

very dynamic and heterogeneous fibroblast population at varying stages of 

development44.  

Fibrocytes are derived from bone marrow and are produced from a monocyte 

lineage45. Increased fibrocytes have been found in circulation as well as lung tissue in 

patients compared to normal controls and studies have shown an increase in circulating 

fibrocytes in IPF is a sign of poor prognosis38. Circulating fibrocytes and lung fibrocytes 

are phenotypically different. Lung fibrocytes express significantly higher collagen-1 
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compared to circulating fibrocytes46 and cultured fibrocytes when exposed to TGF-β (a 

key regulator of fibrosis) causes fibrocytes to develop into myo-fibrocytes contributing a 

subpopulation of fibroblasts that express ACTA247. 

EMT is another source of fibroblasts in IPF which alveolar epithelial cells lose 

their canonical shape and adapt a migratory phenotype in response to lung injury48. The 

plasticity of the epithelial cells allows them to respond to the environment and change 

their phenotype to aid in wound repair. As a result of EMT key features of epithelial cells 

are lost including the tight junctions between cells and their apical based polarity. TGF-β 

released due to alveolar injury is critical to the regulation and mediation of EMT in the 

IPF lung. In a vicious cycle, during the process of EMT, epithelial cells also release 

chemokines and cytokines which recruit additional fibroblasts to aid in wound repair49.   

Fibroblast markers 

The search for a fibroblast cell marker and lack of consensus on one has been an 

ongoing topic of research for at least two decades50,51,52,53,54. Due to the central role 

fibroblasts play in IPF, successful isolation is paramount. An ideal fibroblast marker 

would be a cell membrane-bound protein expressed solely by fibroblasts and no other 

resident lung cell. With over 40 different cell types comprising the respiratory tract55, 

specificity to the fibroblast is key. The importance of the protein being membrane-bound 

is to allow for separation of freshly isolated cells by Fluorescent Activated Cell Sorting 

(FACS)56. If the protein is internal, a permeabilization agent is required57, which results 

in cell death rendering them of little use. However, with a membrane-bound protein 

marker, the fibroblasts that are sorted could then be further analyzed in vitro58.   
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Many proteins have been evaluated for markers for fibroblast, and the current cell 

markers such as alpha-smooth muscle actin (ACTA2)51,52,53,59,60, Thy-161,62, vimentin63,64, 

and fibroblast activation protein (FAP)65,66 have previously been used to identify 

fibroblasts50. However, there are shortcomings with each of these cell markers, and often 

multiple markers are needed50,66,67. For example, Thy-1, a cell surface glycoprotein, is not 

only expressed in fibroblasts but also in endothelial cells and is a marker for 

hematopoietic stem cells50.  In a normal fibroblast population, a majority of the 

fibroblasts express Thy-1, but some Thy-1 negative fibroblasts do exist61.  Further, a 

more fibrotic phenotype (TGF- β activation) is correlated with Thy-1 negative fibroblasts, 

as seen in vitro68. Lung tissue from patients with fibrotic disease have shown Thy-1 is not 

present in the fibrotic foci – a histological hallmark of IPF61. These results demonstrate 

the heterogeneous expression of Thy-1 expression in normal fibroblasts versus fibrotic 

fibroblasts61,68  and places its validity as a marker into question. However, the expression 

of Thy-1 in fibrotic lung diseases such as IPF warrants further study if used as a marker 

for fibroblasts.  

The most commonly used marker for fibroblasts is ACTA269,50; A misconception 

prevails that ACTA2 is always expressed by myofibroblasts69. Limitations of ACTA2 

include its specificity; it is also expressed in smooth muscle cells, pericytes, and 

myoepithelial cells and not fibroblasts alone50,60. ACTA2 is also expressed to a much 

greater extent in the myofibroblasts, and less expression is seen in the fibroblasts and 

proto-myofibroblast 69 – all of which are present in the IPF lung. Therefore, ACTA2 is 

not a specific marker for fibroblasts, and often, additional markers are required 69,59. 
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Further, ACTA2 is not located at the cell surface but is internal and involved in cell 

motility, structure, and integrity70 and is therefore not an ideal “full service” marker for 

the fibroblast . 

Another commonly used marker for fibroblasts is vimentin 50,59,64. Vimentin is an 

intermediate filament cytoskeleton protein with an expression profile varies based on cell 

type and developmental stages63. Expression of vimentin is present in all stages of 

fibroblast activation, including the fibroblast, proto-fibroblast, and the myofibroblast 50.  

However, endothelial cells, as well as mesenchymal cells, express vimentin, which makes 

it a non-specific marker when targeting fibroblasts63. Vimentin is also an internal protein, 

absent from the cell surface71 making it not an ideal fibroblast marker.   

Fibroblast activation protein (FAP) is also used as a marker used to identify 

fibroblasts50,65,66. The limitations with FAP are its ability to detect proto-myofibroblasts 

and to a lesser extent myofibroblasts but not fibroblasts indicating it is not a universal 

fibroblast marker highlighting its limitations50.  Tillmanns et al., have shown inactive 

fibroblasts and fully differentiated myofibroblasts do not express FAP. Their findings 

have shown that only active fibroblasts that are synthesizing collagen fibroblasts express 

FAP66.  These results indicate FAP is only effective at identifying a specific subset of 

fibroblasts in various activation states but not effective for fibroblasts in general50,66.  

Considering the central role of the fibroblasts in IPF and other fibrotic diseases, 

defining a marker for their identification and isolation is crucial for studying IPF as well 

as other fibrotic diseases.  

In-vitro and In-vivo IPF Model System 
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Contributing to the lack of available fibroblast markers is the lack of consensus on 

an agreed upon in-vitro and in-vivo model system for IPF72-79. The bleomycin model is 

the most common animal system used to recapitulate the disease process75. In this murine 

model, bleomycin is administered to the mice and typically causes lung fibrosis in 9 

days76. While this model has increased our understanding of IPF, it has limitations. 

Bleomycin causes a more acute injury and lacks the slow progression of fibrosis seen in 

humans74. Additionally, IPF is caused by many factors, and this model may oversimplify 

what is occurring in the human lung.   

The silica-induced model of fibrosis is another tool used to study IPF74. The 

administration of silica to C57BL/6 mice leads to the production of fibrotic nodules 

which is mediated by profibrotic cytokines including TGF-b. The major limitation of this 

modeling include the lack of the hallmark of IPF the fibroblast foci as seen in human 

disease78. This model may be more useful for modeling an exposure related lung disease 

rather than IPF given its specific source of injury to the lung. 

The overexpression of cytokines such as TGF-b has also been used to model 

IPF79. TGF-b promotes fibrosis by inducing the transformation of epithelial cells to 

mesenchymal cells41. While this method has been useful in studying IPF, EMT is only 

one source of the fibroblast37-42 and this method may oversimplify what is happening in 

the IPF lung.  

The explant outgrowth method is the predominant in-vitro model system used to 

derive fibroblasts80. This model involves excised pieces (1-2 mm2) of lung tissue placed it 

in tissue culture treated petri dish in complete media. Over time in tissue culture, 
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fibroblast-like cells grow out from the excised piece of tissue and are confirmed as 

fibroblasts by their spindle morphology81,82. After 4-6 weeks in vitro, the cells have 

expanded to sufficient numbers so that they may be used for studying IPF. This method is 

problematic for a number of reasons, the first of which being that the cellular de-

differentiation that occurs from the propagation of all primary cells in culture. This de-

differentiation is well documented in the literature83-88. Once the cells are ready for 

experiments, the genomic profile has drastically changed from which the progenitor 

fibroblasts of origin72.  It is of note that this is the most prevalent method used in the IPF 

research community and assumes that only fibroblasts grow from the tissue.  

Another in-vitro model used isolate fibroblasts immediately after the isolation of 

lung tissue is the model developed in the Grant laboratory, which is gaining traction72.  

The method eliminates the cellular phenotypic transformations that can occur in long-

term tissue propagation. After the tissue is collected expeditiously from an IPF lung, the 

tissue is digested and, based on the binding affinity of fibroblasts, differential panning at 

45 minutes is carried out. This method reduces contamination of other cell types by over 

90% and results in a fibroblast population ready to study in a much shorter in vitro time 

span – thus reducing the cultured dedifferentiate effects and reflect the in vivo situation 

more accurately72,89.  

This study is novel in its approach to defining a fibroblast marker by using the 

genomic expression profile of this 45-minute non-cultured fibroblast population. This 

project focused on the IPF fibroblast specifically and compared the relative gene 

expression to IPF derived fibroblasts to epithelial cells and lPF macrophages. While 
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fibroblasts from different organs have a similar spindle morphology, previous studies 

have shown gene expression, as well as cytokine and ECM production, is anatomically 

site dependent90. Therefore, the overall aim of this project was to identify a fibroblast-

specific protein that could be used to aid in identification and isolation of fibroblasts from 

IPF lungs.  

Aim 1: Identify candidates protein markers for IPF lung fibroblasts from gene 

expression data. 

Aim 2: Confirm genomic data using Q-PCR in isolated fibroblasts. 

Aim 3: Confirm candidate protein expression and location utilizing 

immunohistochemistry (IHC), in IPF and normal lung tissue.  
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MATERIALS AND METHODS  

Materials 

All materials were purchased from Fisher Scientific unless indicated otherwise. 

Primers for this study were purchased from and designed by software provided by 

Integrated DNA Technologies (Coralville, IA).  

Donor Consent and Internal Review Board Approval 

The primary IPF fibroblasts were isolated from IPF lung tissue obtained through 

informed consent by Inova Fairfax Hospital. This study was approved by the Inova 

Fairfax Hospital Internal Review Board (IRB #06.083) and George Mason University 

Human Subject Review Board (Exemption #5022). Normal lung tissue was obtained 

through Washington Regional Transplant Community (WRTC). 

Specimen procurement, primary fibroblast isolation and cell culture 

The primary fibroblasts used for this project were isolated from normal human 

lung tissue or IPF lung tissue within hours of explantation in the operating room as per 

Emblom-Callahan72.  Briefly, each lung was oriented from apex to base and sectioned 

into: Upper and Lower – peripheral and central. All fibroblasts in this study were isolated 

from the lower peripheral section of the lung with the exception of the experiments on 

differential binding capacity of fibroblasts which were isolated from the central section of 

the lung. Lung tissue was manually dissected into approximately 1-2 mm2 in size and 
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enzymatically digested for 2 hours in a 5% CO2 humidified incubator  with digestive 

media containing 0.4% collagenase P (Roche, Indianapolis, IN), 0.1% DNase1, 10% 

FBS, 100 IU/mL penicillin, 0.25 μg/mL amphotericin B, 100 μg/mL streptomycin in 

complete media. Undigested tissue was removed by passing the material through sterile 

100µM and 40µM filters respectively. The filtered cell suspension was then centrifuged 

for 5 minutes to pellet the cells. The supernatant was removed and the pelleted cells were 

discarded. Red blood cell lysis was added to the supernatant and centrifuged to remove 

red blood cells. After centrifugation, the supernatant was removed and washed with PBS 

followed by a second centrifugation. The pelleted cells were resuspended in complete 

media and incubated at 37°C and 5% CO2 on non-tissue culture treated plastic for 5 

minutes to eliminate any macrophages.  After the 5 min incubation the supernatant was 

then removed to a tissue culture treated sterile flask and incubated for 45 minutes at 37°C 

and 5% CO2. All unattached cells were removed at 45 min followed by a PBS wash – this 

resulted in an attached population of cells that were over 95% fibroblasts and labeled the 

45-minute population72. These cells were immediately used for RNA extraction or flash 

frozen. This group of cells is considered the P0 fibroblast population.  

Isolation of Fibroblasts Populations by Differential Binding  

To further sort the IPF cell populations a method called panning was 

employed72,89,91. The 45-minute population is isolated as described previously (Pan 1). 

The 90-minute population (Pan 2) is isolated by removing the supernatant from the 45-

minute population tissue culture flask and allowing it to attached in a subsequent tissue 

culture flask for at 37°C and 5% CO2 for an additional 45-minutes.  The 135-minute 
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population (Pan 3) is then isolated from the 90-minute population by removing the 

supernatant from the 90-minute flask and transferring it to a new flask after 45-minutes. 

This was continued until Pan 4 was reached.  

Cell Culture 

All fibroblasts were grown in Dulbecco’s Modified Eagle Medium (DMEM) with 

10% Fetal Bovine Serum (FBS) in a humidified atmosphere in the presence of 5% CO2. 

Cell media was replaced every 2 days and cells were trypsinized (passaged) 1:2 once 

90% confluence was reached.  

RNA extraction  

Total RNA extraction was extracted from cells using the RNeasy® Kit (Qiagen). 

RNA concentration was determined by Nanodrop™ spectrophotometer (Nanodrop™ 

3.0.0, Agilent Technologies) and the quality of the RNA was determined using an Agilent 

Bioanalyzer. All RNA was stored at -80° C. 

Microarray 

Total cellular RNA was extracted from 12 IPF P0 fibroblast populations, 8 IPF P3 

fibroblast populations, 4 normal P0 fibroblast populations, and 4 normal P3 fibroblast 

population. All RNA was subsequently amino allylated and microarray analysis was 

carried out by the Duke Institute for Genome Sciences and Policy, Microarray Facility 

(Durham, North Carolina) using the HO36K human oligo chip (Operon Human Oligo set 

V4) representing 33,791 transcripts the Ensembl Human Build (BI-35C) including 22,169 

unique genes (Operon’s Human Oligo Set, version 4.0). A two-color fluorescent probe 

analysis was carried out where Cy5 labeling represented the normal or IPF RNA samples 
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and Cy3 labeling represented Stratagene Human Reference RNA – thereby allowing us to 

analyze all samples across all cell types.  The resulting genepixs files were analyzed 

using TM4 software suite (ExpressConverter V1.0, MIDAS, MEV)92,93.  

Bioinformatics and Literature Review 

The proteins explored for this project were present in all twelve IPF patient 

samples used for microarray analysis. The absolute expression of IPF fibroblasts was 

compared to the normal fibroblast expression. The highly expressed genes in the IPF 

Fibroblasts P0 were first explored as a fibroblast marker. The gene expression values for 

IPF P0 fibroblasts were organized from highest to lowest expression and an arbitrary 

cutoff threshold of 70,000 cy5 pixels was imposed. Using two informatics tools, Human 

Protein Atlas and Gene Cards, proteins with a fibroblast specific profile were selected.  

Human Protein Atlas was used to determine the cellular expression within the lung of 

each gene. Human Protein Atlas is a free database of the human proteome which 

comprises over 24,028 antibodies representing 17,000 proteins. The database includes 

tissue from all organs and maps the spatial localization of proteins within the human 

body. Any proteins expressed by macrophages or alveolar cells were not investigated as a 

fibroblast marker as determined by Human Protein Atlas. Genecards, a public database of 

over 150,00 genes managed by Weizmann Institute of Science, was then used to 

determine the subcellular location of the protein. The genes were also researched in the 

primary literature for a potential role in IPF. 1,500 genes were reviewed using this 

methodology.  
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Quantitative polymerase chain reaction (Q-PCR).  

To carry out confirmatory gene expression analysis cDNA was generated using 

the iScript™ cDNA synthesis kit (Bio-Rad) from 1 µg of RNA from select samples. 

QPCR was carried out for BASP1, BRI3, S100P using primers Integrated DNA 

Technologies). 18S was used for gene expression normalization and the comparative 

delta Ct values which were converted to expression scores. The Ct value was subtracted 

from the 18S value (delta Ct) and converted to an expression score. The expression score 

was calculated by raising the delta Ct to the second power and dividing 500 by this value 

which allows for comparison of the gene expression relative to the other samples.  

 

Table 1: Primer Sequences for 18S, BASP1, BRI3, and S100P for Q-PCR 
18S Forward 5’- GAT GGG CGG GGA AAA TAG-3’   

18S Reverse 5’- GCG TGG ATT CTG CAT AAT GGT-3’ 

BASP1 Forward 5’- CCA CCG CTG AGA GTT GAA TAG-3’ 

BASP1 Reverse 5’- GGA GAG GAA GAA TGG AGG ATT G-3’ 

BRI3 Forward 5’-CAT CCC AGG GTC TAC AAC ATC-3’ 

BRI3 Reverse 5’-GCC AAA GCT GCA TCC ATT AC-3’ 

S100P Forward  5’-TAG CAC CAT GAC GGA ACT AGA-3’ 

S100P Reverse 5’-CAG CCA CGA ACA CGA TGA A-3’ 
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Immunocytochemistry (ICC) 

Prior to imaging cells were seeded overnight at a density of 0.5 x 105 cells in 400 

µL complete media on sterile glass coverslips placed in a 16-well tissue culture plate. 

After overnight attachment, the culture media was removed and cells were washed gently 

with PBS. The cells were fixative using a solution of 3.7% Methanol free formaldehyde 

in 1X PBS (pH to 7.0) for 10 minutes followed by a gentle in 1X PBS wash.  The cells 

were then permeabilized in a 0.5 % Triton X-100 solution in 1X PBS 5 minutes followed 

by a gentle PBS wash.  The cells were then blocked in 1.0 % mg/ML BSA in 1X PBS 

followed by incubation in  primary antibody (Table 2) for 3 hours at room temperature in 

the dark at the following concentrations: BASP1 (1:100 dilution in 1% BSA in 1X PBS), 

BRI3 (1:50 dilution in 1% mg/mL BSA in 1X PBS), and  S100P (1:200 dilution in 1% 

BSA in 1X PBS). After incubation the cells were washed gently with PBS three times 

followed by nuclei staining using DAPI (1 µg/mL in PBS) for 30 minutes followed by 

washes with PBS. For visualization the following secondary antibodies were used:  Alexa 

Fluorâ 488 Mouse Anti-Rabbit IgG, Alexa Fluorâ 594 Mouse Anti-Rabbit IgG (Table 

3) for 30 minutes at room temperature in the dark followed by 5 x 3 minute rinses with 1x 

PBS. Alexa Fluorâ 488 Mouse Anti-Rabbit IgG was the secondary antibody to ACTA2. 

Alexa Fluorâ 594 Mouse Anti-Rabbit IgG) was the secondary antibody to BASP1, 

BRI3, and S100P.  Prior to mounting in FluoroMount Gâ all slides were allowed to dry 

completely. Images were captured using an Evos FL microscope (Life Technologies, 

Carlsbad, CA).  
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Immunohistochemistry (IHC) 

Formalin-fixed paraffin embedded 5 µm thick sections of IPF tissue and normal 

tissue were obtained from the Lung Tissue Research Consortium (LTRC). Additional IPF 

lung tissue samples procured from Inova Fairfax Hospital and processed by George 

Washington University. Each section was deparaffinized and rehydrated with a graded 

series of xylene and ethanol washes. The tissue was submerged in the following ethanol 

and xylene washes for deparaffinization: xylene for 4 minutes x 2, absolute ethanol for 2 

minutes, absolute ethanol for 3 minutes, 95% After the washes, antigen retrieval by 

placing slides in citrate buffer (10 mM, 0.05% Tween 20, pH=6) and boiling (100°) for 

15 minutes in a pressure cooker. Once cooled to room temperature, the slide was blocked 

for 1 hour in 1% mg/mL BSA in 1X PBX at 4°C. Following blocking each slide was 

incubated with primary antibody ACTA2 (1:200 dilution in 1% mg/mL BSA) and 

BASP1 (1:100 dilution in 1% mg/mLBSA), ACTA2 (1:200 dilution in 1% mg/mL BSA) 

and BRI3 (1:50 dilution in 1% mg/mLBSA ), or ACTA2 (1:200 dilution in 1% mg/mL 

BSA)  and S100P (1:200 dilution in 1% mg/mL BSA). 4°C for 24 hours Following 

primary incubation, the slides were washed 5 times in 1xPBS for three minutes and 

incubated with secondary antibody (Alexa Fluorâ 488 Mouse Anti-Rabbit IgG, Alexa 

Fluorâ 594 Mouse Anti-Rabbit IgG) for 30 minutes in the dark. Alexa Fluorâ 488 

Mouse Anti-Rabbit IgG was the secondary antibody to ACTA2.  Alexa Fluorâ 594 

Mouse Anti-Rabbit IgG) was the secondary antibody to BASP1, BRI3, and S100P. DAPI 

(1 µg/mL in PBS) was then used as a counterstain for the nucleus and left to incubate for 

30 minutes in the dark. The slides were left to try and then mounted with FluoroMount 
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Gâ. Images were captured using an Evos FL microscope (Life Technologies, Carlsbad, 

CA). Images were reviewed with the aid of a pathologist from Inova Fairfax Hospital.  

Hematoxylin and Eosin (H & E) 

For H & E staining, serial slides were chosen for analysis, or the slide was 

counterstained after IHC to aid in slide matching. Formalin-fixed paraffin embedded 5µm 

sections were deparaffinized and rehydrated as previously described and subsequently 

submerged in 1X Hematoxylin stain for 6 minutes followed by a brief 1-minute acid 

wash with 1% hydrochloric acid. The slides were then rinsed with tap water and counter 

stained with 1 X Eosin for 1 minute. The slides were rehydrated with the following 

ethanol and xylene washes: 95% ethanol for 1 minute x 2, absolute ethanol for 2 minutes, 

absolute ethanol for 3 minutes, and xylene for 3 minutes x 2. The slides were sealed with 

CytosealTM XYL and covered with a cover slip. Images were captured using a Evos FL 

microscope (Life Technologies, Carlsbad, CA). 
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Antibodies 

 

Table 2: Primary Antibodies 

Primary Antibody Manufacturer and Identification Number 

BASP1 AbcamAb220739 

BRI3 AbcamAb122779 

S100P AbcamAb12473 

ACTA2 Cell Signaling19245S 

 
Table 3: Secondary Antibodies 
 

Secondary Antibody Manufacturer and Identification Number 

Alexa Fluorâ 488 Mouse Anti-Rabbit 

IgG 

ThermoFisher 

Alexa Fluor 594â Mouse Anti-Rabbit 

IgG 

ThermoFisher 

DAPI ThermoFisher 
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Validation of Antibodies for IHC 

To ensure the accuracy of each antibody a positive control cell line was identified 

and included for each protein of interest, see Table 4. Human cervical epithelial cells 

HeLa (CCL-2™ -  ATCC Manassas, VA) were a positive control for BASP1 and BRI3.  

Human glioblastoma cells U87MG (HTB-14™ - ATCC Manassas, VA) served as a 

positive control for S100. 

 

Table 4: Positive Control Cell Lines 
 

Protein Positive 

Control 

Cell Type Tissue 

Source 

Disease 

BASP1 HeLa Cells Epithelial Cervix Adenocarcinoma 

BRI3 HeLa Cells Epithelial Cervix Adenocarcinoma 

S100P U87MG Epithelial  Brain Glioblastoma 
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Figure 1: BASP1 Positive Control  
A: ICC analysis of HeLa cells at 40x objective magnification. The red is representative of BASP1. The nucleus is 
counterstained with DAPI, represented by blue staining. B: IHC analysis of IPF tissue at 100x magnification.  The red is 
representative of BASP1. The nucleus is counterstained with DAPI, represented by blue staining. The green represents 
ACTA2 staining.  
 

B A 
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Figure 2: BRI3 Positive Control  
A: ICC analysis of HeLa cells at 40x objective magnification. The red is representative of BRI3. The nucleus is 
counterstained with DAPI, represented by blue staining. B: IHC analysis of IPF tissue at 100x magnification.  The red is 
representative of BRI3. The nucleus is counterstained with DAPI, represented by blue staining.  
 

A B 
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Figure 3: S100P Positive Control  
A: ICC analysis of HeLa cells at 40x objective magnification. The red is representative of S100P. The nucleus is 
counterstained with DAPI, represented by blue staining. B: IHC analysis of IPF tissue at 100x magnification.  The red is 
representative of S100P. The nucleus is counterstained with DAPI, represented by blue staining.  
 

A B 
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Statistical Analysis  

A p-value of 0.05 or less was considered statistically significant. A one-

way analysis of variance (ANOVA) was used to calculate the difference in average gene 

expression when more than two sample means were present. A one-sided t-test was used 

to compare normal P0 and normal P3 fibroblasts absolute expression. A one-sided t-test 

was also used to compare IPF P0 and IPF P3 fibroblasts absolute expression. Microsoft 

Excel and JMP were used to conduct statistical analysis.  
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RESULTS 

Project Rationale and Preliminary findings 

Previous research from the Grant lab identified the genomic profile of IPF lung-

derived fibroblasts using RNA microarrays73. These primary cells are most representative 

of the disease process due to their lack of in vitro propagation.   The absolute expression 

of IPF P0 fibroblasts were used to identify candidate fibroblast markers. The markers 

chosen for analysis are listed in figure table 5. In addition to the IPF P0 fibroblast 

expression of the marker, the expression was also evaluated in IPF P3 fibroblasts, normal 

P0 fibroblasts, and normal P3 fibroblasts. Q-PCR was performed for validation of the 

microarray data for IPF P0 fibroblasts and for other lung cells including macrophages and 

epithelial cells. The genes evaluated for fibroblast markers through Q-PCR comparison of 

IPF P0 fibroblasts, IPF P3 fibroblasts, normal fibroblasts, macrophages, and epithelial 

cells are listed below. 

BASP1, BRI3, S100P, HINT1, ALOXE3, EVI2A, TMEM123, AGRES, RND1, 

SLC39A13, ABCC5, ICAM2, CD37, GPNMB, EMP3, CAVIN3, CIB1, PLSCR1, 

RTN4, PLAUR1, RNF166, and TSPAN10.  

In addition to using the genomic expression profile of the IPF fibroblast, potential 

markers referenced in the literature were also explored for a fibroblast marker including 

CD5294, ITGA895,, CD36, CD9796, and CD24897,98,99 (figure 5).  
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BASP1, BRI3, and S100P were chosen as fibroblast markers to investigate due to 

their high expression in non-cultured P0 IPF fibroblasts, and their low expression in other 

resident lung cell types such as macrophages and epithelial cells. Further, due to little 

information present on their role in IPF and disease in general, these three markers 

seemed appropriate to investigate. As shown in prior results by the Grant laboratory, 

BASP1 was downregulated by 2.6 when comparing IPF P0 and normal P0 fibroblasts73.  

The IPF fibroblasts from passage zero to passage three consistently expressed BASP1 

and BRI3 measured by microarray as indicated in Figure 1. The expression of S100P was 

significantly different between the IPF fibroblasts from passage zero to passage three 

indicating the expression of S100P is driven by the IPF environment and is a potential 

IPF fibroblast specific marker. S100P was BASP1, BRI3, and S100P were present in all 

12 IPF P0 patient samples from the microarray analysis to ensure the marker was 

consistently expressed.  

To confirm the gene expression profiles of BASP1, BRI3, and S100P Q-PCR was 

carried out using RNA from IPF P0 fibroblasts, IPF P3 fibroblasts, normal P3 fibroblasts, 

lung-derived P2 epithelial cells and P2 macrophages. The epithelial cells were derived 

from IPF lung tissue and macrophages were derived from IPF lung tissue and normal 

lung tissue. 
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Table 5: Absolute Expression of Candidate Fibroblast Markers Determined by Microarray Analysis  
The following genes were selected as potential fibroblast markers and validated using Q-PCR.  
Gene Name Gene Symbol IPF P0 IPF P3 Normal P0 Normal P3 
Histidine Triad Nucleotide Binding Protein 1 HINT1 1536240 1596584 1352358 1331355 
Arachidonate Lipoxygenase 3 ALOXE3 192323 176776 106277 115627 
Ecotropic Viral Integration Site 2A EVI2A 227025 93604 199863 75548 
Transmembrane Protein 123 TMEM123 169477 294785 389225 334119 
Rho Family GTPase 1 RND1 273912 50570 227634 46994 
Solute Carrier Family 39 Member 13 SLC39A13 353449 264786 230997 323516 
ATP Binding Cassette Subfamily C Member 5 ABCC5 181413 169441 182717 155268 
Intercellular Adhesion Molecule 2 ICAM2 282702 21366 132839 13899 
CD37 Molecule CD37 514419 23563 535342 16376 
Glycoprotein NMB GPNMB 1312232 462147 722825 517165 
Epithelial Membrane Protein 3 EMP3 1396984 779001 800029 829333 
Caveolae Associated Protein 3 CAVIN3 181854 623890 67110 574030 
Calcium And Integrin Binding 1 CIB1 424720 329184 365574 363203 
Phospholipid Scramblase 1 PLSCR1 478742 355999 673869 397547 
Plasminogen Activator, Urokinase Receptor PLAUR 652133 282101 949998 186712 
Ring Finger Protein 166 RNF166 262626 138203 359378 163199 
Tetraspanin 10 TSPAN10 209170 88591 138678 87290 
B-Lymphocyte Activation Marker BLAST-1  CD48 887247 16435 1189580 14914 
Reticulon 4 RTN4 1944771 1714928 1391092 2176789 
Brain Acid-Soluble Protein  BASP1 1391853 1239361 2580489 1379707 
Brain Protein I3 BRI3 984327 892722 769320 168437 
S100 Calcium Binding Protein P S100P 697466 45552 1433652 48577 
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Table 6: Q-PCR Expression Scores of Candidate Fibroblast Markers 
 IPF P0 

PAITENT 
SAMPLE 
1 

IPF P0 
PATIENT 
SAMPLE 
2 

IPF P3 
PATIENT 
SAMPLE 
1 

IPF P3 
PATIENT 
SAMPLE 
2 

NORMAL 
FIBROBLASTS 
SAMPLE 1 

NORMAL 
FIBROBLASTS 
SAMPLE 2 

MACROPHAGES 
SAMPLE 1 

MACROPHAGES 
SAMPLE 2 

EPITHELIAL 
CELLS 
SAMPLE 1 

EPITHELIAL 
CELS 
SAMPLE 2 

HINT1 1.3 0.11 0.20 N/A 0.12 0.11 0.48 N/A 0.77 0.08 

ALOXE3 0.07 0.08 0.0046 0.0017 0.0009 0.0007 N/A N/A 0.79 0.023 

EVI2A 21.3 15.5 4.9 0.56 0.64 0.12 29.8 176 0.33 0.014 

TMEM123 144.6 22.4 40.1 9.1 9.5 11.6 52.9 105.5 19.2 7.9 

RND1 0.088 10.1 0.0015 0.0020 0.0003 0.0015 0.0016 0.230 0.004 0.502 

SLC39A13 0.2924 2.72 0.4951 5.80 0.52 11.28 0.02 4.88 0.36 0.0001 

ABCC5 0.082 12.6 0.025 0.07 0.02 0.18 0.18 808.5 0.0070 N/A 

ICAM2 0.71 43.3 0.08 0.77 0.02 0.10 0.98 0.11 0.04 N/A 

CD37 0.010 0.76 0.0002 0.0033 N/A 0.00077 0.01 0.87 0.00022 N/A 

GPNMB 27.9 169.6 10.5 8.8 5.5 48.4 2.0 176.8 250.99 N/A 

EMP3 15.7 140.6 4.6 11.9 10.5 113.4 13.6 80.6 3.7 0.00034 

CAVIN3 2.1 29.4 1.1 2.2 2.1 22.4 0.8 15.2 1.1 0.00092 

CIB1 2.4 84.2 2.3 2.3 3.0 25.7 1.2 60.9 4.5 0.0030 

PLSCR1 8.9 5.7 9.5 8.8 8.2 7.3 8.2 3.8 8.9 23.6 

PLAUR 1.0 6.7 0.17 0.45 0.31 3.0 0.69 1.29 0.19 N/A 
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RNF166 0.048 3.0 0.17 0.98 0.21 1.4 0.84 5.3 0.024 N/A 

TSPAN10 0.08 3.8 0.11 0.24 0.09 0.09 0.08 2.0 21.2 N/A 

CD48 N/A 5.4 0.00068 0.0023 0.0014 0.0015 0.21 154.2 0.00041 N/A 

RTN4 10.6 0.024 N/A N/A N/A N/A 0.0097 0.057 N/A N/A 

BASP1 17.6 36.9 10.1 205.2 213.9 117.4 1.4 122.4 55.7 39.6 

BRI3 51.1 1.8 0.03 0.20 0.29 0.007 0.093 0.016 0.09 0.06 

S100P 257.0 10.2 0.010 0.014 0.0017 0.010 11.1 0.0018 71.1 2.3 
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Table 7: Q-PCR Expression Scores of Genes Selected from Literature Review 
 IPF P0 

PAITENT 
SAMPLE 
1 

IPF P0 
PATIENT 
SAMPLE 
2 

IPF P3 
PATIENT 
SAMPLE 
1 

IPF P3 
PATIENT 
SAMPLE 
2 

NORMAL 
FIBROBLASTS 
SAMPLE 1 

NORMAL 
FIBROBLASTS 
SAMPLE 2 

MACROPHAGES 
SAMPLE 1 

MACROPHAGES 
SAMPLE 2 

EPITHELIAL 
CELLS 
SAMPLE 1 

EPITHELIAL 
CELS 
SAMPLE 2 

CD52 88.2 19.3 0.0015 N/A 8.6 0.014 209.5 41.4 N/A N/A 

ITGA8 0.013 N/A N/A N/A 0.0022 0.013 N/A 0.42 0.00012 N/A 

CD36 0.0083 N/A 0.0060 0.0011 0.11 0.020 0.00033 0.0010 N/A N/A 

CD37 0.010 0.76 0.0002 0.0033 N/A 0.00077 0.01 0.87 0.00022 N/A 

CD248 0.030 0.20 0.010 0.016 0.10 0.40 1.3 0.0012 0.00017 N/A 

FAP 0.0023 N/A 1.1 0.15 0.60 2.0 0.012 0.0018 0.0042 0.00023 

THY1 0.25 29.8 0.31 5.4 1.4 21.9 1.6 12.4 0.029 N/A 
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Figure 4: Absolute expression of BASP1, BRI3 and S100P in IPF Fibroblasts 
Absolute expression of BASP1, BRI3, and S100P in IPF P0 and IPF P3 fibroblasts as 
measured by cDNA microarrays.  
*** denotes a p-value of < 0.0005 as determined by a one-tailed t test.   

BASP1 BRI3 S100P

IPF P0 1,391,853 984,326 697,466

IPF P3 1,239,361 892,722 45,552
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Figure 5: Absolute Expression of BASP1, BRI3 and S100P in Normal Fibroblasts  
The absolute expression of BASP1 in normal P0 fibroblasts and normal P3 fibroblasts 
measured by cDNA microarrays.  
* denotes a p-value of < 0.05 as determined by a one-tailed t-test.   

BASP1 BRI3 S100P

Normal P0 2,580,489 769,319 1,433,651
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BASP1  
 

The expression of BASP1 in IPF fibroblasts shows a consistent expression 

between IPF P0 fibroblasts and IPF P3 fibroblasts, with no statistical significance was 

found between the two groups (fold change of -1.1, Figure 4). This indicates BASP1 is a 

fibroblast specific marker and not disease specific to IPF.  In comparison to normal 

fibroblasts, IPF fibroblasts expressed less BASP1. However, no statistical significance 

was found between the normal P0 and normal P3 fibroblasts – possibly indicative of the 

heterogeneity across patients that we have begun to observe. Given there was a sample 

size of 4 and if we expanded the sample size to include additional normal lung samples, a 

statistical significance difference may be found between the normal P0 fibroblasts and 

normal P3 fibroblasts. Figure 4 represents the fold differences when comparing IPF P0 

and normal P0 fibroblasts (disease), IPF P3 to normal P3 fibroblasts (in-vitro disease), 

IPF P0 to IPF P3 fibroblasts (P0-P3 IPF), and normal P0 to normal P3 fibroblasts (P0-P3 

normal).  
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Figure 6: Absolute Expression of BASP1in Fibroblasts  
The absolute expression of BASP1 in IPF P0 fibroblasts, IPF P3 fibroblasts, Normal P0 
fibroblasts, Normal P3 fibroblasts measured by cDNA microarrays.  
 

 

Figure 7: Fold Change of BASP1 in P0 Disease, In-Vitro Disease, P0-P3 IPF and P0-P3 
Normal.  
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Q-PCR was performed for validation of the microarray data for IPF fibroblasts 

and for other lung cells including macrophages and epithelial cells. When comparing the 

IPF P0 fibroblasts, IPF P3 fibroblasts, normal P3 fibroblasts, lung-derived P2 epithelial 

cells and P2 macrophages, there was a statistically significant difference between the 

normal P3 fibroblast and the P2 macrophages (p=0.0005). The normal P3 macrophage 

expressed significantly more BASP1 than P2 macrophages (p=0.0219) as shown in figure 

5. There also was a significant statistical difference between the normal P3 fibroblast and 

the epithelial cells P2 (p= 0.038). BASP1 was upregulated by normal P3 fibroblasts 

compared to epithelial cells. Given there was no normal P0 fibroblasts available for 

analysis, we hypothesize we would see the same trend as shown in microarray in which 

BASP1 is expressed higher in normal P0 fibroblasts and decreases expression to passage 

3. There was very low expression of BASP1 in macrophages and about an equal amount 

in epithelial cells. The expression of BASP1 indicated an increasing trend from the IPF 

P0 fibroblasts to the IPF P3 fibroblasts, however significance was not reached. 
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Figure 8: Gene Expression of BASP1 as Determined by Q-PCR Analysis.  
A one-way ANOVA test showed there was a statistical difference between the average 
gene expression of the 5 cell types (p=0.0004). Post-hoc analysis revealed the statistical 
differences between the cell types.   
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The gene expression of BASP1 was  measured in 45-minute populations of IPF 

fibroblasts. There was no statistical difference of BASP1 gene expression between the 

45-minute and 90-minute population, the 45 and 135-minute population, or the 90 and 

135-minute population. While there is an obvious drop in the 45-minute population to the 

90-minute population, there was only two samples avaialble to use for this comparision 

making statistical signficance unlikely with such a small sample size. In addition, there 

was signifcant variability between the two samples in expression of BASP1. Based on the 

methodology used to isolate fibroblasts as previously described73,90,91, the 90-minute 

population and 135-minute population are predomiantely epithelial cells indicating 

BASP1 is a fibroblast marker.  

 

 
Figure 9: Gene Expression of BASP1 in IPF Fibroblast 45-minute Populations 
A one-way ANOVA test showed no statistical difference between the three groups (p= 
0.448). 
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Localization of BASP1 in IPF Lung Tissue 

IHC analysis of IPF lung tissue showed BASP1 was found in loose areas of 

fibrosis in IPF tissue indicated in Figure 7A by the red staining. In Figure 8A, the BASP1 

staining cells are colocalizing with some ACTA2 expressing cells. These results indicate 

there may be a subpopulation of fibroblasts that express ACTA2.   

  

B

 

A B
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Figure 10: IHC Analysis of IPF Lung Tissue for Expression of BASP1 
A: IHC analysis of fibrotic foci in IPF lung tissue for expression of BASP1 proteins at 100x objective magnification. The 
nucleus is counterstained with DAPI (blue). B: Corresponding H&E fibrotic foci in IPF lung tissue at 200x objective 
magnification.  

A B 
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c 

Figure 11: IHC Analysis of IPF Lung Tissue for Expression of BASP1 and ACTA2 
A: IHC analysis of fibrotic foci in IPF lung tissue for expression of BASP1 and ACTA2 proteins at 200x objective 
magnification. B: Corresponding H&E fibrotic foci in IPF lung tissue at 200x objective magnification.  
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Localization of BASP1 in Normal Lung Tissue:  

IHC analysis of BASP1 in normal lung tissue revealed expression in airways. 

Expression of BASP1 in normal tissue was low with few cells expressing the protein.   
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Figure 12: IHC Analysis of Normal Lung Tissue for Expression of BASP1 and ACTA2  
A: IHC analysis of lung airways in normal lung tissue for expression of BASP1 and ACTA2 proteins at 100x objective 
magnification. B: Corresponding H&E fibrotic foci in normal lung tissue at 200x objective magnification.  
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BRI3  

Microarray analysis revealed BRI3 expression in IPF P0 fibroblasts, expression which 

was maintained and not statically altered in vitro, suggesting a potential fibroblast 

specific marker (Figure 11).  If the expression had decreased dramatically, we may 

hypothesize the protein is crucial to the disease process. There was a -4.5 fold-difference 

between normal P0 and normal P3 fibroblasts and this difference was statistically 

significant (p=0.01) as shown in figures 11 and 12. This indicates BRI3 may be critical to 

the in-vivo fibroblast survival for IPF cells – making BRI3 a potential disease specific 

protein with potential epigenetic expression in IPF. 

 

 
Figure 13: Absolute Expression of BRI3  
The absolute expression of BRI3 in IPF P0 fibroblasts, IPF P3 fibroblasts, normal P0 
fibroblasts, normal P3 fibroblasts measured by cDNA microarrays.  
*p<0.05  

IPF P0 IPF P3 Normal P0 Normal P3
BRI3 984326 892721 769319 168436

0

200000

400000

600000

800000

1000000

1200000

Ab
so

lu
te

 E
xp

re
ss

io
n

Absolute Expression of BRI3 in Fibroblasts

* 
p=0.01 



45 
 

 
Figure 14: Fold change of BRI3 in P0 Disease, In-Vitro Disease, P0-P3 IPF and P0-P3 
Normal.
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BRI3 Gene Expression 

BRI3 was highly expressed by IPF P0 fibroblasts compared to macrophages, IPF 

P3 fibroblast, normal P3 fibroblasts and epithelial cells and a one-way ANOVA showed 

statistical significance between these groups as shown in Figure 13. The gene expression 

of BRI3 was statically different between the 3 populations (p= 0.04). Using a Tukeys 

post-hoc test, a significant statistical difference between the 45-minute population and the 

135-minute population, p=0.0413 was shown. 
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Figure 15: Gene Expression of BRI31 as Determined by Q-PCR Analysis.  
A one-way ANOVA test showed there was a statistical difference between the gene 
expression of the 5 cell types (p=0.0005). Post-hoc analysis revealed the statistical 
differences between the cell types. **p<0.005 
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The gene expression of BRI3 in the 45-minute populations measured by Q-PCR 

showed an increase in expression of BRI3 from pan 1 (45-minute population) to pan 3 

(135-minute population. The 90-minute population and 135-minute population represents 

more predominately epithelial cells indicating BRI3 is not an adequate fibroblast marker. 

A statistical difference was found between the 45-mintue population and the 135-minute 

population (p-0.0413).  

 

 
Figure 16: Gene Expression of BRI3 in IPF Fibroblast 45-minute Populations 
A one-way ANOVA test showed a statistical difference between the three groups, p= 
0.04. Post-hoc analysis using a Tukey’s test showed a statistical difference between the 
45-minute population and the 135-minute population, p=0.0413.  *p<0.05
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Localization of BRI3 in IPF Lung Tissue 

IHC analysis revealed BRI3 was located in areas of fibrosis in IPF lung tissue as 

shown in Figure 15. In addition, BRI3 did not overlap with ACTA2 stain. BRI3 was 

located around the periphery of the fibrotic area while ACTA2 was centrally located in 

the fibrotic area. In an additional IPF sample, a very small fraction of cells expressed 

BRI3 around the periphery of an airway as seen in Figure 17. Of note, the slide in Figure 

16 and 17 had very little fibrotic areas. These results may indicate BRI3 expression in 

IPF lung tissue is heterogeneously expressed. 
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A 

A 

Figure 17: IHC Analysis of IPF Lung Tissue for Expression of BRI3 and ACTA2 
A: IHC analysis of fibrotic foci in IPF lung tissue for expression of BRI3. The nucleus is counterstained with DAPI represented 
by the blue staining B & D: Corresponding H&E fibrotic foci in IPF lung tissue at 100x objective magnification.  C: IHC 
analysis of fibrotic foci in IPF lung tissue for expression of BRI3 and ACTA2 proteins at 200x objective magnification. 
 

B 
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Figure 18: IHC Analysis of IPF Lung Tissue for Expression of BRI3 and ACTA2 
A: IHC analysis of IPF tissue for expression of BRI3 and ACTA2 proteins at 200x objective magnification. B: 
Corresponding H&E of normal lung tissue at 100x objective magnification.  
 

A B
A 
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Localization of BRI3 in Normal Lung Tissue 

IHC analysis of normal lung tissue showed BRI3 was not expressed in normal 

lung tissue which is represented by figure 17. The nucleus is counterstained with DAPI 

and the expression of ACTA2 is seen throughout the tissue.  If BRI3 was present, it 

would be represented by a red stain.  
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Figure 19: IHC Analysis of Normal Lung Tissue for Expression of BRI3 and ACTA2 
A: IHC analysis of normal lung tissue for expression of BRI3 and ACTA2 proteins at 200x objective magnification. B: 
Corresponding H&E in normal lung tissue at 100x objective magnification  

B
A 

A 
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S100P 

S100P was an additional proposed fibroblast marker. The absolute expression of 

S100P in IPF P0 fibroblasts compared to IPF P3 fibroblasts was statistically significant 

upregulated (p=0.0001) which indicates S100P is crucial to the disease process and may 

be IPF fibroblast specific. When comparing the normal P0 fibroblasts and the normal P3 

fibroblasts, there was also a statically significant difference (p=0.008) which provides 

further evidence the marker is fibroblast specific. Both comparisons show when IPF and 

normal fibroblasts are placed in culture, S100P expression dramatically decreases. These 

results indicate S100P is specific to the nature of the fibroblast in-vivo. Figure 20 

represents the fold differences when comparing IPF P0 and normal P0 fibroblasts 

(disease), IPF P3 to normal P3 fibroblasts (in-vitro disease), IPF P0 to IPF P3 fibroblasts 

(P0-P3 IPF), and normal P0 to normal P3 fibroblasts (P0-P3 normal). Both IPF and 

normal fibroblasts decrease their expression of S100P in culture as shown by the -15.3 

and -29.5 fold difference, respectively (Figure 20).  
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Figure 20: Absolute Expression of S100P in Fibroblasts 
The absolute expression of BASP1 in IPF P0 fibroblasts, IPF P3 fibroblasts, Normal P0 
fibroblasts, Normal P3 fibroblasts measured by cDNA microarrays.  
*p<0.05, **p<0.005, ***p<0.0005  
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Figure 21: Fold change of S100P in P0 Disease, In-Vitro Disease, P0-P3 IPF and P0-P3 
Normal 
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S100P Gene Expression 

The gene expression measured by Q-PCR of S100P showed high expression of 

IPF P0 fibroblasts compared to IPF P3 fibroblasts and this difference was statistically 

significant (p=0.005) therefore aligning with the absolute expression of S100P shown in 

figure 18. When comparing the IPF P0 fibroblasts to the macrophages, there a statically 

significant difference of (p=0.0105)  
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Figure 22: Gene Expression of S100P as Determined by Q-PCR Analysis 
A one-way ANOVA test showed there was a statistical difference between the gene 
expression of the 5 cell types (p=0.00036). Post-hoc analysis revealed the statistical 
differences between the cell types.  *p<0.05, **p<0.005. 
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There was no statistically significant difference of S100P gene expression 

between the 45-minute, 90-minute, and 135-minute population which may be attributed 

to the small sample size of available cell lines. While there was not a statistical 

difference, there was a clear decrease in expression from the 45-minute population to the 

90-minute population to the 135-minute population. This further proves S100P is 

fibroblast specific given the isolation methods used to procure the 45-mintue populations 

and the differential binding capacity of the fibroblast.   

 

 
Figure 23: Gene Expression of S100P in IPF Fibroblast 45-minute Populations 
A one-way ANOVA test showed no statistical difference between the three groups 
(p=0.1442). 
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Localization of S100P in IPF Tissue 

IHC analysis of IPF lung tissue showed S100P was expressed in areas of fibrosis 

as seen in Figure 21. Two IPF patient samples were used for IHC analysis of S100P. 

Figure 21 represents a fibroblast foci and S100P did not colocalize with ACTA2.  These 

results indicate a fibroblast subpopulation that does not express ACTA2.  Figure 22 

shows the expression of S100P in an additional patient sample which was not present in 

the fibroblast foci.  
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Figure 24: IHC Analysis of IPF Lung Tissue for Expression of S100P and ACTA2 
A: IHC analysis of fibrotic foci in IPF lung tissue for expression of BRI3. The nucleus is 
counterstained with DAPI represented by the blue staining. B & D: Corresponding H & E 
fibrotic foci in IPF lung tissue at 100x objective magnification. C: IHC analysis of IPF lung 
tissue for expression of S100P and ACTA2 proteins at 200x objective magnification.  



62 
 

Figure 25: IHC Analysis of IPF Lung Tissue for Expression of S100P and ACTA2 
A: IHC analysis of IPF lung tissue for expression of S100P and ACTA2 at 200x objective magnification. The nucleus is 
counterstained with DAPI (blue). B: Corresponding H&E fibrotic foci in IPF lung tissue at 100x objective magnification  

A B 
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S100P Localization in Normal Lung Tissue 

IHC analysis revealed S100P was expressed inside the bronchiole of normal lung 

tissue. S100P did not colocalize with ACTA2 and ACTA2 is expressed around the 

perimeter of the bronchiole. This result is somewhat surprising given the very low 

expression of S100P in epithelial cells shown in figure 18. However, the epithelial cells 

used for this study were not bronchiolar epithelial cells but were derived from IPF lung 

tissue. Therefore, unless the gene expression of S100P in normal epithelial cells were 

measured, a conclusion cannot be reached. The normal lung tissue procured for these 

slides may show a disease process occurring that is not “normal.”
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Figure 26: IHC Analysis of Normal Lung Tissue for Expression of S100P and ACTA2  
A: IHC analysis of normal lung tissue for expression of S100P and ACTA2 at 200x objective magnification. B: 
Corresponding H&E normal lung tissue at 100x objective magnification. 

B A 
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DISCUSSION 

IPF is a fatal incurable disease with limited therapeutic options and no cure. The 

lack of an adequate model system reflective of disease is compounded by the lack of a 

reliable, globally fibroblast marker or markers, contributes to the pace of progress made 

in understanding this disease and finding a cure. Given the accepted role of the fibroblast 

as the effector cell in IPF, correct identification and localization is crucial to its study. 

The aim of this thesis was to identify fibroblast markers that can aid in the identification 

and localization of fibroblasts within the IPF lung. Three candidate proteins were 

selected; BASP1, BRI3, and S100P based on their expression and uniqueness.  

BASP1 as a Fibroblast Marker 

The microarray analysis showed a high expression of BASP1 in IPF P0 

fibroblasts and IPF P3 fibroblasts with results that were not statically different. BASP1 

expression persisting through the propagation of fibroblasts in tissue culture indicates 

BASP1 may be a fibroblast specific marker.  If the marker was an IPF fibroblast specific 

marker, we would expect that once the IPF fibroblasts are removed from the toxic 

environment of the lung, genes important to the disease process would be “turned off.” 

Further, the absolute expression of BASP1 was highly upregulated in normal P0 

fibroblasts. We hypothesize this group of fibroblasts are the resident fibroblasts normally 
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found in the connective tissue, and given this finding, BASP1 is a useful fibroblast 

marker that could be used in other fibrotic diseases in addition to IPF.   

Q-PCR was used to validate the microarray analysis and to evaluate the 

expression of BASP1 in macrophages and epithelial cells. BASP1 was highly expressed 

in normal P3 fibroblasts and there was no statistically significant difference between IPF 

P0 fibroblasts and IPF P3 fibroblasts. BASP1 was not expressed in macrophages which 

can be seen by its significant lack of expression. This finding further indicates BASP1 is 

unique to fibroblasts. In light of this, we hypothesize the 90-minute and 135-minute 

population is predominately epithelial cells. From our experiments, fibroblasts are very 

adhesive and the cells in the additional pans are likely other cell types from the lung such 

as epithelial cells.  

 BASP1 was located in areas of fibrosis in IPF tissue and very sparse in normal 

lung tissue indicating the protein is crucial to IPF. BASP1 was found to colocalize with 

ACTA2, showing a fibroblast population that expresses ACTA2 and BASP1.  We argue 

this is possibly a myofibroblast population since myofibroblasts express ACTA2. Further, 

BASP1 was located in areas of fibrosis in IPF tissue and very sparse in normal lung 

tissue, showing the protein is crucial to IPF and could serve as an IPF fibroblast specific 

marker.  It is important to note the slides used for BASP1 staining did not have a 

significant amount of fibrotic areas, such as the classic fibrotic foci.  

BASP1 in IPF 

BASP1 was originally identified as a protein involved in neuronal plasticity and 

axonal regeneration100. Since its discovery, BASP1 has been found in other cell types in 
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addition to neurons and is involved in a wide range of cellular processes including 

cellular differentiation, transcriptional regulation, tumor suppression, and apoptosis101. 

The subcellular location of BASP1 is predominately the plasma membrane, but it may 

also be found in the cytoskeleton, nucleus, or cytosol102. BASP1 is downregulated in 

multiple types of cancer, and elucidation of BASP1’s role in cancer has been the subject 

of much exploration103-105. BASP1 binds to Wilms tumor 1 (WT1) in the nucleus and 

forms a transcription repressor complex. WT1 is also a master regulator of profibrotic 

processes in pulmonary fibrosis through myofibroblast transformation, ECM production 

and cell proliferation. Further, preventing the expression of WT1 reduces the expression 

of genes associated with the ECM in IPF including Col14, Wnt4a, and Stat3106. An 

additional study has found the loss of WT1 plays a role in the transformation of pleural 

mesothelial cells to myofibroblasts in IPF and an increase in markers of fibrosis were also 

found compared to normal pleural cells107. Taken together, these results indicate the 

BASP1-WT1 interaction may be contributing to the disease burden in IPF. Given the 

crucial function WT1 plays in fibrotic disease and the expression of BASP1 in fibrotic 

tissue shown in this study, BASP1 contributions to IPF must and should be further be 

elucidated.  

BRI3 as a Fibroblast Marker 

 The microarray analysis revealed that BRI3 was consistently expressed by both 

IPF P0 and IPF P3 fibroblasts, which signifies the marker being fibroblast specific. If the 

expression had decreased dramatically, we could hypothesize the protein being crucial to 

the disease process. BRI3 was highly expressed by IPF P0 fibroblasts and not present in 
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macrophages, epithelial cells, normal fibroblasts, or IPF P3 fibroblasts. While this result 

did not correspond to the microarray analysis, the sample size was smaller for the Q-

PCR. In addition, the fibroblast cell lines used for the microarray analysis were not the 

same as the ones used for the Q-PCR, which could possibly explain the discrepancy 

between the 2 results. Comparing the 45-minute populations of BRI3, the expression 

increased from the 45-minute pan, to the 90-minute pan, to the 135-minute pan. Further, 

there was a statistically significant increase between the 45-minute pan and the 135-

minute pan (p=0.0413). We have demonstrated the 45-minute population is fibroblasts 

given their spindle morphology, expression of ACTA2, and due to their adherence to 

tissue culture plastic based on their binding affinity. This indicates BRI3 may be specific 

to epithelial cells in addition to fibroblasts.  

BRI3 was found in areas of fibrosis in IPF tissue in one patient sample, as 

indicated in Figure 17.  The expression pattern appears to indicate epithelial cells. In 

another patient sample there was very little expression of BRI3 (figure 18). These results 

indicate the heterogenous nature of the disease, while previous research done by the 

Grant laboratory has also shown the heterogenous nature between fibroblasts isolated 

from different patients. This hypothesis has also been supported in the literature that the 

fibroblast population and the fibroblast foci in IPF is heterogenous108-111. With additional 

patient samples, we hypothesize the expression of BRI3 could be evaluated more 

thoroughly to see if certain patients express BRI3 in areas of fibrosis or if the marker is 

patient specific. Figure 19 was indicative of other areas of normal lung tissue lacking the 
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expression of BRI3. Whether BRI3 is expressed by fibroblasts or epithelial cells, this 

protein is contributing to the genomic profile of IPF fibroblasts.  

BRI3 in IPF 

BRI3 is a transmembrane protein which is upregulated during TNF-mediated 

processes112. For example, blocking BRI3 in a murine cell line L929 showed a 100-fold 

resistance to TNF-induced cell death113. While the research on BRI3 in IPF is lacking, 

and given the fibroblast’s resistance to apoptosis in IPF114, the role of BRI3 in IPF is 

warranted.  In addition to its role in TNF-induced death, BRI3 is important for the 

formation of amyloid plaques in Alzheimer’s disease115. The connection between IPF and 

Alzheimer’s disease has recently been explored116.  The mechanism by which BRI3 is 

participating in the disease process in IPF is poorly understood. However, this study 

indicates BRI3 may be contributing to the fibroblast population in IPF.  

S100P as a Fibroblast Marker 

The microarray analysis indicated S100P is an IPF fibroblast specific marker. A   

-15-fold difference was present between IPF P0 fibroblasts and IPF P3 fibroblasts shown 

in Figure 4. When the IPF fibroblasts are removed from the environment of the IPF lung, 

the gene expression of S100P was significantly decreased. Therefore, we hypothesize 

S100P is central to the disease process in IPF and could serve as an IPF fibroblast 

specific marker. S100P did not colocalize with ACTA2 in areas of fibrosis in IPF lung 

tissue, highlighting a population of fibroblasts that do not express in ACTA2. In 

additional IPF samples, S100P colocalized with ciliated-cells in the lung epithelium. An 
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increase in the number of primary cilia has been reported in IPF in alveolar cells and 

fibroblasts through the upregulation of sonic hedgehog (SHH) signaling117.  

It is important to note that the IHC slides used for this study did not have 

extensive areas of fibrotic regions, and normal appearing tissue in IPF is common. We 

hypothesize that through an increase in the number of patient samples the location of 

BASP1, BRI3, and S100P within IPF lung tissue, and as fibroblast markers, could be 

further identified.  

S100P was present in normal lung tissue and was localized around a bronchiole. 

This result was unexpected due to the low gene expression of S100P in epithelial cells, 

which are the type of cell that comprises the bronchiole. It is important to note what 

defines normal lung tissue as used in the IHC slides. Normal lung tissue was donated by 

an individual that most likely had a cardiovascular event or neurological injury leading to 

death. It is possible there may have been an acute injury to the lungs and fibroblasts were 

present. Lastly, this was a small sample set of only two normal lung samples due to the 

lack of normal lung tissue available.  

S100P in IPF 

Twenty-four proteins make up the S100P family and they are intracellular Ca2+ 

signaling proteins with established roles in proliferation, apoptosis, energy metabolism, 

and cell migration118. Within the S100 family, S100A4 and S100A9 have implications in 

the pathogenesis of IPF119,120. Alveolar macrophages were found to recruit fibroblasts in a 

bleomycin-induced model of IPF through the production and secretion of S1004A120. Due 

to these prior investigations showing the S100 family of proteins involvement in IPF and 
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its high expression in IPF fibroblasts, its role in IPF is merited. S100P has been shown to 

increase the invasiveness and motility of trophoblasts and is important for implantation of 

the embryo during pregnancy121. S100P also interacts with S1004A to stimulate EMT in 

colorectal cancer through activation of AKT122. Essential to the source of the fibroblast 

population is EMT41. Given the similarities of IPF and cancer, including uncontrolled cell 

growth, tissue invasion, apoptotic resistance, constitutive cellular signaling of certain 

pathways, epigenetic changes, environmental factors, and the contribution of 

myofibroblasts to disease progression123. The results presented here show S100P’s 

importance to the disease process given its high expression, and investigation of S100P as 

a fibroblast marker and its role in IPF is warranted in future studies.  
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CONCLUSION 

 IPF is a deadly disease without an effective therapy and the lack of fibroblast 

maker contributes to the hampered progress in the search for a cure. Further, the markers 

currently used that are ineffective may be isolating a subpopulation of fibroblasts that 

may or may not be the driver of disease.  Based on these results presented, we conclude 

BASP1, BRI3, and S100P are fibroblast markers and may be identifying a population of 

fibroblasts within the IPF lung. The multiple sources of fibroblasts that arise in the IPF 

lung adds to the complexity of identifying a single marker for fibroblasts and multiple 

markers may be needed to successfully isolate fibroblasts.   

One limitation of this work includes the small sample size available. The 

fibroblasts used were isolated from fresh IPF lung tissue and approximately 30 lung 

transplants occur each year at Inova Fairfax hospital for 10-12 different lung diseases. 

Further, patients must willingly to consent to donating their lung tissue for research 

purposes. Therefore, the availability of fresh tissue is extremely limited. With increasing 

the sample size and collaborating with other transplant centers, we could further 

characterize the subpopulations of IPF fibroblasts that are present in IPF. This study will 

further our understanding of the subpopulations of fibroblasts that exist in IPF.  
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FUTURE DIRECTIONS 

To further classify an IPF fibroblast marker and the subpopulations of IPF 

fibroblasts that exist, using single-cell sorting of freshly isolated cells from IPF lung 

tissue is crucial.  By utilizing fluorescence activated cell sorting (FACS), the fibroblast 

populations could then be studied individually124. Additional analysis on the 

subpopulations could provide insight as to which group is the major disease-causing 

source of fibroblasts. From a technical standpoint, performing IHC on freshly isolated 

tissue could further aid in the identification of fibroblast markers. The storage of paraffin-

embedded tissue slides can affect the immunogenicity of the proteins present in the 

tissue125.  Due to the cellular processes that can occur from transcription to translation126, 

evaluating a fibroblast marker at the level of protein expression would be ideal. Mass 

spectrometry of the fibroblast proteome is a method that could be used in the future to 

elucidate a fibroblast marker127.  In addition to classifying a fibroblast marker, further 

defining the mechanism of BASP1, BRI3, and S100P in IPF is crucial to understanding 

the disease process.
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APPENDIX 

Appendix A 

IHC analysis of IPF lung tissue for expression of BASP1 and ACTA2 

A B 

A: IHC analysis of IPF tissue for expression of BASP1 and ACTA2 proteins at 200x objective magnification. B: 
Corresponding H&E of normal lung tissue at 100x objective magnification. 
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Appendix B 

 

IHC analysis of IPF lung tissue (Sample 1) for expression of S100P and ACTA2 

A B 

A: IHC analysis of IPF lung tissue for expression of S100P and ACTA2 at 200x objective magnification. The nucleus is 
counterstained with DAPI (blue). B: Corresponding H&E fibrotic foci in IPF lung tissue at 100x objective magnification.  
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Appendix C 

HC analysis of IPF lung tissue (Sample 2) for expression of S100P and ACTA2 

 
A A A B 

A: IHC analysis of IPF lung tissue for expression of S100P and ACTA2 at 200x objective magnification. The nucleus is 
counterstained with DAPI (blue). B: Corresponding H&E fibrotic foci in IPF lung tissue at 100x objective magnification.  
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