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Aims and Goals 

Allergies and associated asthma represent a subset of diseases that have steadily increased in 

prevalence and severity in the western world (1). Allergic asthma is an immunological disorder 

that results in the physiological presentation of wheezing and shortness of breath caused by 

constriction of lung smooth muscle and narrowing of the airways. These symptoms occur when 

the lungs are exposed to an allergen. Current studies have found that 8.3% of the United States 

population has asthma, with figures showing a steady increase each year (2). While clinical 

treatment of asthma has been estimated to be $56 billion dollars (2), there is currently no cure for 

asthma. As of now, only the symptoms can be treated due to a poorly understood molecular 

mechanism for the disease. As this disease continues to grow in prevalence, it is critical to 

understand the underlying causes of the disease in order to develop new treatment options to 

target these causes rather than symptoms of asthma. Following this point, there have been an 

increasing amount of publications indicating that eosinophils are a potential effector cell 

mediating the marked physiological and anatomical changes that this disease brings (3, 4, 5). 

Investigation into the role of eosinophils in asthma pathology is needed to understand how this 

cell type contributes to the classical physiological dysfunction that is seen in allergic asthma 

cases.  

Introduction 

Allergic asthma represents a clinical subset of patients who present the symptoms of shortness of 

breath, chest tightness, and coughing caused by the inhalation of a specific allergen (2). These 

symptoms are due to bronchoconstriction caused by reactivity of lung resident immune cells to 

specific inhaled antigens. When activated, these immune cells release histamine and pro-

inflammatory cytokines propagating an inflammatory response within the lung. This response 



results in the increased infiltration of inflammatory cells such as neutrophils, macrophages, and 

eosinophils. Though this describes an acute event, allergic asthmatics experience these 

physiological and molecular symptoms chronically. As inflammatory responses are perpetuated 

in the lung over extended periods of time, structural changes can be observed. Of these 

observable changes, the most notable are increased deposition of collagen in the extra-cellular 

matrix within the lung as well as the observable thickening of the smooth muscle around the 

airways (5). 

The increase in collagen deposition observed in the lungs of asthma patients is mediated by 

fibroblasts within the lung. These cells are responsible for the constant balance of deposition and 

degradation of extra cellular matrix proteins. In the case of chronic allergic asthma, these 

fibroblasts shift into an overall state of deposition rather than degradation resulting in increased 

collagen deposition representing pathological fibrosis of the lung. Recent studies have correlated 

the severity of an asthma attack with collagen type I deposition in the lung (5). Fibrosis of the 

lung represents irreversible damage to the gas exchange capability of the lung. Chronic damage 

and insult to the lung and its supportive tissue causes an increase in collagen deposition within 

the lung. This increased collagen deposition leads to the noted pathological fibrosis that can be 

observed in chronic asthmatic patients. As this process goes unchecked, more collagen is laid 

down further increasing the resistance of the lung to expansive forces such as inhalation (6). This 

fibrosis manifests itself in the form of restrictive lung disease as patients who suffer from this are 

no longer able to inhale due to the excessive restrictive forces resulting from the decreased 

compliance in the lung. As mentioned, fibrosis represents a secondary symptom to the larger 

disease of chronic asthma. Fibrosis is an irreversible process that continually worsens as allergic 

asthmatics continue to mount inflammatory immune responses in the lung. The clinical 



presentation of the symptoms and their severity further the notion that the mechanism of chronic 

asthma must be further investigated. 

In chronic asthma, smooth muscle in the lung may become hypertrophic and hyperplastic 

resulting in a thickened smooth muscle layer (7,8). Smooth muscle encapsulates the airway lumen 

and is responsible for maintaining airway diameter and tone. Smooth muscle mass has been 

shown to directly correlate with asthmatic severity linked with increased constriction around the 

airways. In addition, these cells are also shown to become motile and secretory in function, 

producing pro-inflammatory cytokines, hence further contributing to the state of inflammation in 

the lung (9). 

The inflammatory response in the asthmatic lung includes a cellular infiltrate of eosinophils. 

Eosinophils are granulocytic white blood cell of the innate immune system and are named for 

their deep pink staining in the presence of the acidic aniline dye, eosin. Eosinophils comprise 3-

5% of white blood cells and are traditionally portrayed as damaging effector cells with the main 

purpose of host defense against large multicellular parasites (3). However, the Lee Laboratories at 

The Mayo Clinic in Arizona have suggested and shown that eosinophils are involved in more 

complex immune reactions and are more diverse in character and function than originally 

thought (3). These functions extend to their involvement in asthma and allergy as potential 

immunomodulatory roles as well as morphological changes in the lung. 

Lung eosinophil count directly correlates with the severity of clinical allergic asthma 

presentation (10). Indeed, recent studies involving mice deficient in eosinophils have shown an 

abrogation of asthmatic pathology within the lung. These studies have shown that eosinophils 

play a crucial role in asthma pathology, including fibrosis and smooth muscle thickening in the 



lung (4, 6, 7, 10, 11). These findings have resulted in next generation therapies specifically targeting 

eosinophils for removal from asthma patients resulting in reduced asthma severity and reduced 

lung remodeling. Clearly the eosinophil is playing a role in lung remodeling, however, the 

specific mechanism(s) has yet to be identified. One potential mechanistic explanation involves 

the signaling molecule, TGF-β1. While TGF-β1 is involved in a multitude of signaling cascades, 

it has been shown to be involved in the activation and stimulation of fibroblasts. Specifically, 

TGF-β1 has been shown to induce fibroblast production of collagen as well as trigger smooth 

muscle hypertrophy and hyperplasia (6, 8). Recent publications have shown that eosinophils are 

not only capable of producing TGF-β1, but that eosinophils may also be a primary source of the 

signaling molecule within the allergic asthmatic lung (4). The culmination of these findings leaves 

one with the question, does eosinophil derived TGF-β1 have a significant modulatory capacity 

on the remodeling of lung tissue in allergic asthma, specifically fibrosis of the lung and 

thickening of the smooth muscle.  

Mouse models of allergic asthma involve sensitization and challenge with an allergen and 

reproduce pathologies observed in human patients. We examined the role of eosinophil derived 

TGF-β1 in a mouse model of asthma by comparing wildtype mice with mice genetically 

engineered to ablate eosinophil production of TGF-β1. Specifically, we used conditional 

knockout technology to allow for TGF-β1 to be solely removed from eosinophils. With this new 

genetic tool, one is able to successfully remove a gene from a single cell type via a cell specific 

promotor, in this case Eosinophil Peroxidase (EPX), driving expression of Cre recombinase. This 

mouse is then crossed with a mouse in which a functionally critical portion of the TGF-β1 gene 

is flanked by Lox-P elements (Cre recombinase targets) (12). In the resulting mouse only 

eosinophils express Cre recombinase and thus only eosinophils lose the ability to produce 



functional TGF-β1 while all other cell types remain normal. This paper aims to use the Cre 

recombinase system to excise the TGF-β1 gene solely in eosinophils to directly study the role of 

eosinophil derived TGF-β1 on airway fibrosis in the asthmatic lung.  

Materials and Methods  

Eosinophil Isolation  

For each mouse that was to be bled, 50 µL of heparin was added to 2 mL of 1x phosphate buffer 

saline (PBS) in a 50 mL conical. Mice were tail bled using a razor blade and blood was collected 

in conical containing PBS/heparin solution. Blood mixture was brought up to 10 mL with 1x 

PBS. Separately, 5 mL of histopaque 11191 and 5 mL of histopaque 10831 were combined in a 

new 50 mL conical. Histopaque was warmed to room temperature. The blood mixture was then 

gently layered over the 10 mL histopaque solution at room temperature in the 50 mL conical, 

ensuring a clear separation between the two layers. Layered solution was centrifuged at 23°C, 

800g, for 30 minutes. Conical was removed from centrifuge and white buffy coat extracted using 

a transfer pipette into a new 50 mL conical. Conical brought to 50 mL with 1x PBS and 

performed wash spin (4°C, 500g, 5 min). Supernatant removed and cell pellet resuspended. For 

red blood cell lysis, 5 mL distilled water was added for 15 seconds. 45 mL of 1x PBS was added 

to stop lysis and wash spin performed. Cells were removed from the centrifuge and supernatant 

removed. Cells resuspend in 45mL cold fluorescence-activated cell sorting buffer (FACS) and 

ran over 40 µM cell strainer into new 50 mL conical. Conical filled to 50 mL with cold FACS 

and cell count performed. Cells were put through wash spin and resuspended cells in 100 µL of 

cold FACS buffer per 2x107 cells. 10 µL of both CD45.2 and 90.2 beads were added per 2x107 

cells. Mixture placed in 4oC fridge for 40 minutes. Conical flooded with FACS and wash spun. 

LS column prepared by placing columns on separate 15 mL conicals and rinsing once through 

with FACS buffer. Cells removed from centrifuge and pellet resuspended in 3 mL of FACS 

buffer per 1x108 cells. Maximum of 1x108 cells were put through each column and flow through 

collected. Flow through was combined from both groups and run through another column, 

collecting the flow through. Cells were put through a wash spin and cell count performed. Cells 

resuspended at desired concentration in Roswell Park Memorial Institute medium (RMPI).  



Eosinophils were isolated from Tg(Cd3d-Il5)NJ.1638Na (1638) mice. The 1638 transgenic 

mouse model is a model for hypereosinophilia expressing about 60-80% of peripheral white 

blood cells as eosinophils from the normal wild type expression of 3-5%. The 1638 model is an 

overexpression of IL-5 by a CD-3δ promoter causing massive eosinophil differentiation in the 

bone marrow of these transgenic mice.  

Isolation and Sectioning of Lung Tissue  

Lung tissue isolation protocol was adapted from Lee N. et al (13). Mice were sacrificed and whole 

lung was isolated and fixed in 10% formalin. Lung samples were then washed free of formalin 

fixative and put through a series of ethanol baths to dehydrate the tissue. Once dehydrated, 

samples were equilibrated in xylene and embedded in paraffin. 4µm sections were taken.   

Staining of Lung Tissue for TGF-β1 

Staining of eosinophils in the lung tissue for TGF-β1 was adapted from Ochkur et al (6). Lung 

tissue sections were rehydrated in and stained via IHC using rabbit monoclonal anti-TGF-β1. 

TGF-β1 was visualized in the sample by DAB staining.  

Chronic OVA Challenge Protocol 

OVA sensitization protocol was adapted from Cho et al (11). Mice were immunized against OVA 

(Sigma Aldrich) peptide intraperitoneally on day 0 and day 12 with 50µg OVA peptide in 1mg 

Alum in 200µL of sterile saline. Mice were then subjected to intranasal challenge with 20µg 

OVA in 50µL sterile saline on days 26, 29, and 31.  Mice were then challenged with 20µg OVA 

in 50µL sterile saline twice per week for a total of three weeks starting from day 41 and ending 

on day 104. On day 115, mice were sacrificed and lung tissue was obtained.   

 

 

 



Results 

Assessment and Staining for TGF-β1 in Eosinophils in Lung Tissue  

In order to assess if eosinophils are capable of remodeling airway tissue in the asthmatic lung via 

TGF-β1, it is crucial to first establish the character and extent of which eosinophils are capable 

of producing TGF-β1. In dealing with an asthmatic lung, a mouse model must be developed to 

assess the impact of eosinophils on the tissue structure of the asthmatic lung. To develop this 

model, two previously generated mouse models were utilized. First, the 1638 mouse model for 

hypereosinophilia is crossed with another mouse model, hE2. The hE2 mouse model is a 

transgenic mouse that has the human Eotaxin two gene, a powerful chemoattractant for 

eosinophils, downstream of a lung specific protein promoter. This causes lung epithelium to 

constantly secrete human Eotaxin 2, resulting in eosinophil migration into the lung at abnormally 

high rates. The specific characterization of this mouse model can be found in Ochkur et al 

(6).When crossed with the 1638 mouse model of hypreosinophilia, this creates a novel model for 

severe asthma linked with extensive eosinophil lung infiltration. Due to the overabundance of 

eosinophils in the lungs in this model, these mice spontaneously develop allergic asthmatic 

phenotypes, even without the administration of a sensitization protocol (6). In order to assess 

eosinophil production of TGF-β1 in the lung, lung tissue samples were obtained from 1638.hE2 

mice. These samples were then cross sectioned and stained for TGF-β1 protein via IHC. These 

results are shown in Figure 1.  

 

 

 



Figure 1 

 

Figure 1. Lung samples taken from 1638.hE2 mice. (A) Staining for TGF-β1 using IHC directed towards TGF-β1 in 

lung tissue of severe asthmatic mouse model. Eosinophils (identified by nuclear morphology), are shown to be a 

major cellular contributor to lung tissue levels of TGF-β1 (B) Close up of eosinophil staining brown (DAB staining) 

for TGF-β1 in the severe asthma model.   

The staining of the lung for TGF-β1 (Brown) is shown to be localized within Eosinophils. 

Figure 1 illustrates that eosinophils are a source of TGF-β1 in the asthmatic lung. This increase 

in eosinophil derived TGF-β1 in the lungs of the severe asthma model in conjunction with the 

aforementioned airway remodeling events serves to illustrate the potential role of eosinophil 

derived TGF-β1 in lung remodeling in asthmatic pathology.  

Generation of Eosinophil Specific TGF-β1 Conditional Knockout Mouse Model 

In order to fully characterize the role of eosinophil derived TGF-β1 in the asthmatic lung, it is 

crucial to use genetic tools to create a mouse model that can selectively ablate eosinophil derived 

TGF-β1, but not hinder other cell type production of TGF-β1 since global knockout of TGF-β1 

results in a lethal phenotype. In order to accomplish this we developed the eoCRE mouse (12) to 

express Cre recombinase specifically from eosinophils so that when crossed with a floxed TGF-

β1 mouse we could selectively ablate eosinophil derived TGF-β1. To generate eoCRE, we 

identified a protein specific to eosinophils in order to harness a promoter to specifically express 



Cre recombinase. Eosinophil Peroxidase (EPX), is a granulocytic protein that is only expressed 

by eosinophils. Since the EPX gene is specific to eosinophils (14), the EPX gene promoter is 

placed upstream of the Cre recombinase gene. This causes eosinophils to be the only cells 

expressing the Cre recombinase, allowing for eosinophils to be the only cell that is capable of 

excising and effectively deleting the LoxP target sequence flanked genetic elements (“floxed” 

elements). Since eosinophils produce EPX early in their relative lifespan (14), this allows for the 

assurance that a floxed TGF-β1 gene will be deleted early in eosinophil differentiation and 

therefore cannot be transcribed/translated in mature eosinophils. Thus, the eoCre mouse was 

generated using the EPX promoter and resulting in eosinophil specific expression of Cre 

recombinase. Further characterization of this mouse model can be found in Doyle et al (12). Next, 

TGF-β1 must be flanked on both sides with Lox-P elements in order to provide proper spots to 

excise the gene. This mouse is referred to as TGF-β1fl/fl, the superscript for fl/fl denotes 

floxed/floxed indicating that the TGF-β1 gene is flanked by Lox-P elements. The crossing of 

these two genotypes yields EoCre.TGF-β1fl/fl . This genotype combines the eosinophil specific 

expression of Cre recombinase with the flanking of the TGF-β1 gene with Lox-P elements. In 

this mouse, EoCre.TGF-β1fl/fl, eosinophils are deficient for the TGF-β1 gene since it has been 

effectively excised by the Lox-P directed Cre recombinase activity. This represents a novel 

genetic model that results in mice that are deficient for eosinophil derived TGF-β1. Figure 2 

shows the genetic breakdown of the Lox-P elements flanking the TGF-β1 as well as the EPX 

promoter region upstream of the Cre recombinase gene. Figure 2 also shows the necessary 

breeding strategy to obtain the EoCre.TGF-β1fl/fl model.  

 

 



Figure 2 

 

Figure 2. Adopted from Doyle et al (12). Transgenic animal (left) is created that contains LOX-P elements flanking 

either side of Exon 6 of the TGF-β1 gene. This mouse model is then crossed with another transgenic mouse model 

expressing Cre recombinase downstream of the EPX promotor allowing only eosinophils produce Cre recombinase. 

This crossing leads to the generation of the Cre-Lox mouse in which, eosinophils produce Cre recombinase and 

effectively excise exon 6 of TGF-β1, resulting in a null protein leading to an effective knockout of the TGF-β1 gene 

exclusively in eosinophils.   

To assess the efficacy of this genetic model, eosinophil TGF-β1 production was assessed on a 

transcriptional level from isolated peripheral blood eosinophils. These results are shown in 

Figure 3. 



Figure 3 

 
Figure 3. Isolated peripheral blood eosinophil RT-PCR 

results for TGF-β1 and GAPDH as expression control. 

Significant loss of TGF-β1 mRNA found in EoCre.TGF-

β1fl/fl eosinophils compared to EoCre Eosinophils. 

 

 

 

 

Assessment of contribution of Eosinophil Derived TGF-β1 via EoCre.TGF-β1 fl/fl Mouse Model 

To analyze the effects of the lack of eosinophil derived TGF-β1 in the allergic asthmatic lung, 

the EoCre.TGF-β1fl/fl were subjected to OVA sensitization and subsequent challenge to induce 

an asthma like model. At the end of the challenges, mice were sacrificed and lung tissue was 

removed in order to assess lung structural changes. Collagen deposition was assessed via 

Masson’s Trichrome staining. The results of this are shown in Figure 4. 

 

 

 

 

 

 



Figure 4. 

 

Figure 4. Tissue samples stained with Mason’s Trichrome demonstrate increased lung fibrosis with allergen 

challenge. (A) Tissue samples stained with Mason’s Trichrome showing EoCre and EoCre.TGF-β1fl/fl following 

challenge with saline or OVA. (B) Microscopy measurements of collagen deposition between EoCre and 

EoCre.TGF-β1fl/fl genotypes and respective treatments of OVA or Saline.  

Figure 4 indicates that lung fibrosis occurs in both EoCre.TGF-β1fl/fl and EoCre models, 

regardless of the presence of eosinophil derived TGF-β1. Measurements indicate general 

increase in collagen deposition regardless of presence eosinophil derived TGF-β1. Differences 

between the two groups are not statistically significant.  

 

 



Discussion  

Eosinophils have traditionally been found within the lungs of asthmatic patients and classically 

identified as end type effector cells that serve damaging roles to the surrounding tissues as they 

degranulate (3). Though this has been the classical role of thought, the actual mechanistic role of 

eosinophils in the lung of asthmatic patients has yet to be fully explored.  

The aims of this study were to show the potential of eosinophil derived TGF-β1 to mediate 

airway remodeling events, specifically to increase collagen deposition leading to fibrosis. Recent 

studies and publications have linked eosinophils to potential immunomodulatory effects as well 

as showing their increased capacity to interact with a wider range of cell types than previously 

thought (3). Looking specifically into the lung environment, eosinophils have been noted as a 

TGF-β1 producing cell type in asthmatic cellular infiltrate. Recent studies have shown that an 

IL-5 deficient mouse resulting in a systemic lack of eosinophils caused a significant decrease in 

TGF-β1 positive cells in the lungs (11). This also resulted in the physiological observation of 

decreased deposition of collagen as well as a reduction in smooth muscle hyperplasia and 

hypertrophy when compared to wild type. This same effect was also shown by an antibody 

depletion of eosinophils resulting in a similar systemic loss of eosinophils and similar anatomical 

changes (16). Due to these findings, it is clear that eosinophils are contributing to the structural 

and anatomical changes on the cellular level of lung tissue. However, the mechanism by which 

this occurs is still unknown. 

As hypothesized, eosinophil derived TGF-β1 appears to be a prominent protein in the lung and is 

already known to play a large role in cellular signaling pathways for multiple cell types. Figure 

1 addressed the issue of eosinophil’s capability of producing TGF-β1 showing that eosinophils 



do produce significant amount of the TGF-β1 protein. The 1638.hE2 model allows for the 

imaging and visualization of a hypereosinophilic model of allergic asthma.  

In order to investigate if eosinophil derived TGF-β1 is in fact the key signaling molecule that is 

inducing these remodeling events in the lung, a novel transgenic mouse model is needed to 

investigate the function of specifically eosinophil derived TGF-β1. Figure 2 represents the 

genetic rubric for the EoCre mouse model discussed earlier. This EoCre mouse model allows for 

eosinophil specific expression of Cre recombinase via the eosinophil specific promoter of the 

EPX gene. These mice can then be crossed with mice homozygous for the Lox-P elements that 

flank the TGF-β1 gene. This crossing results in the generation of a mouse model with the 

specified knockout of TGF-β1 solely in eosinophils.  

Once this model was generated, its efficacy was assessed and characterized. Figure 3 

specifically addresses the ability of eosinophils isolated from EoCre.TGF-β1fl/fl mice to produce 

TGF-β1. Peripheral blood eosinophils were isolated and analyzed for TGF-β1 production on a 

transcriptional basis by RT-PCR analysis. The lack of expression of TGF-β1 by EoCre.TGF-

β1fl/fl eosinophils is evident in the clear differences in the lane intensities shown in Figure 3.  

While there is a slight band of expression shown in the EoCre.TGF-β1fl/fl lane, this is likely due 

to sample contamination with non-eosinophil cell types inherent to the process by which the 

eosinophils are isolated.  

Once a mouse model to investigate the role of eosinophil derived TGF-β1 was generated, these 

mice were sensitized with OVA to simulate the asthmatic model. EoCre.TGF-β1fl/fl and EoCre 

mice were subjected to an OVA sensitization protocol, using saline as the negative control. 

These mice were then challenged with intranasal OVA administration and sacrificed. Lung tissue 



was stained via Mason’s Trichrome to assess collagen deposition. Upon examination lung 

histology, the lack of eosinophil derived TGF-β1 had no effect on the lung collagen deposition 

relative to wildtype controls. This finding shows that while eosinophils have an important role in 

the remodeling of the lung in asthmatic mouse models, it seems to not be mediated by 

eosinophil-derived TGF-β1.  

TGF-β1 is excreted as a latent protein which is activated via proteolytic activity, cleaving 

off the Latency Associated Peptide (LAP), leaving the active TGF-β1 protein. Eosinophils may 

be involved in post expressional regulation of TGF-β1 by secreting enzymes capable of 

activating latent TGF-β1 bound to the extracellular matrix within the lung, hence indirectly 

affecting TGF-β1 signaling. This potential mechanism of modulating TGF-β1 provides a 

pathway in which eosinophils are responsible for the TGF-β1 signaling cascade that could be 

occurring in the lungs without actually producing the TGF-β1 themselves.  

The initial aims of this study were to show that eosinophil derived TGF-β1 directly plays a role 

in airway remodeling events in the lungs of asthmatic patients. While we have successfully ruled 

out eosinophil-derived TGF-β1 as a potential candidate for the aforementioned remodeling 

events, there are many more questions to be answered. Now that eosinophil-derived TGF-β1 has 

been ruled out as the key player, what other molecules or proteins could be the key molecule in 

this large scale physiological shift? The presence of eosinophils has been connected to both the 

thickening of the smooth muscle as well as the increase deposition of collagen leading to fibrosis 

of the lung (6, 10). A new model is needed to explain how eosinophils may be interacting with 

fibroblasts causing the increased collagen deposition as well as causing smooth muscle 

hypertrophy and hyperplasia in the lung. While it is evident that eosinophils are playing a key 

role in remodeling, the current models do not account for whether this is a cell-cell based or a 



cytokine based mechanism. Promising leads into the potential molecular mediators of these 

events have been identified. Among the top contenders, IL-4 and IL-13 show a potential to be 

mediating the role the observed physiological effects of chronic allergic asthma (17, 18). These 

studies have shown that both eosinophil derived IL-13 and IL- 4 regulate the allergic Th2 

response in the airways of allergic asthma mouse models. While research into this manner is still 

preliminary, further investigation into the potential roles of these two key cytokines could 

provide the missing link in discovering the true mechanism between eosinophil and airway 

remodeling in the allergic asthmatic lung.  
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