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INTRODUCTION 

The immune system has two specific branches (i.e., innate immune response and acquired or 

adaptive immunity) that work together to protect an individual from illness. The innate immune 

system is the evolutionarily older of the two branches that responds to a wide-array of pathogens 

with limited target specificity. That is, the innate immune system is capable of destroying 

pathogens by recognizing common pathogenic moieties or patterns. These immune responses 

mediate the killing of target pathogens by using an array of methods from engulfing and 

digesting bacteria to generating reactive molecules to damage larger multi-cellular parasites. The 

innate immune system is often the first responder to a site of injury or infection and is usually 

able to successfully target most infections before they become an issue. 

 The limited target specificity of the innate system contributes to an overzealous response in 

some individuals directed towards either self-protein targets or inconsequential and non-

threatening foreign proteins such as pollen, food proteins (such as glutton), or animal dander (i.e. 

allergens). Asthma represents a lung inflammatory disease in which one or more allergens in the 

airways elicit innate immune responses leading to respiratory inflammation, lung structural 

changes, and the characteristic variable airflow limitations linked with this pulmonary disease. 

The main effector cell mediating inflammatory responses in the lungs of asthma patients is the 

Eosinophil. Eosinophils were discovered in 1846 and were named for their very deep pink 

staining of these cell’s cytoplasmic compartment to the acidic aniline dye eosin; hence, the name 

eosinophil (eosin loving). Eosinophils are a granulocytic lineage white blood cell that contain 

many densely packed granules full of various cationic proteins with toxic properties that are used 

in host defense mechanisms mediated by these cells2. Eosinophils comprise about 3-5% of the 

circulating white blood cells in otherwise healthy humans1. Although current thoughts and 

perspectives portray eosinophils as prototypical effector cells with the sole purpose of host 

defense (usually targeting large multi-cellular parasites), the Lee Laboratories at Mayo Clinic in 

Arizona have shown that the roles of these cells are likely to be much more complex and diverse 

in character2. Eosinophils have been shown to be present in the microenvironments of multiple 

types of cancer as well as possibly affecting immune responses3, 4. This enhanced functionality 

suggests a link with allergic diseases such as asthma, extending to both immunoregulatory roles 

in the lung as well as the distinct morphological changes in lung structure that occurs in this 
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disease known as airway remodeling2. Their involvement in allergic diseases, airway 

remodeling, and immune modulation has been a topic of much interest in the field of innate 

immunology2. 

The acquired and/or adaptive immune system is an evolutionarily later development that is limited 

to vertebrates. This system represents a series of more complex and specific responses that require 

prior exposure to the target as a way for the system to achieve target recognition (thus the name of 

acquired and/or adaptive immune responses). These responses include humoral-based molecular 

events with the generation of antibodies targeting pathogen-specific proteins and cellular responses 

by T lymphocytes targeting pathogens and infected cells through recognition receptors which 

provide the needed specificity to target these acquired/adaptive immune responses. The issue of 

note is the synergy between innate and acquired/adaptive immune response. Namely, cells of the 

innate immune system are, among other things, tasked with the job of presenting pathogen targets 

to acquired/adaptive immune cells as part of the process to “instruct” these immune cells as to the 

identity of these pathogens leading to target specificity. This instruction process leading to 

acquired/adaptive immunity is logistically straightforward yet somewhat complex on a molecular 

level. Briefly, innate immune cells are the first responders and use molecular mechanisms in 

attempts to destroy pathogens. These innate cells supplement these destructive mechanisms by 

also taking up molecular fragments of the pathogen and transporting it from the site of encounter 

to a draining lymph node, where pathogen-naïve acquired/adaptive immune cells reside. Here, the 

innate immune cells present to the antibody-producing B cells and cell-targeting T cells the 

fragment of pathogen in the context of a molecular tag present only on these innate cells to simulate 

the instruction process of the acquired/adaptive immune cells. This presentation occurs to 

acquired/adaptive cells occurs via specific receptors on their cell surface (IgM receptors on B 

lymphocytes and T-cell receptors on T lymphocytes) recognizing the fragments of pathogen. The 

act of presentation facilitates modifications of these receptors that strengthen and increase the 

specificity of receptor binding necessary for targeting the unique pathogen encountered. 

 

Eosinophils and T lymphocytes are prominent cell types that accumulate in response toward 

allergens, coordinating many of the activities that occur in the lungs of patients with asthma. A 

better understanding of how these cells interact to achieve this coordination and elicit 

acquired/adaptive immune responses will facilitate the development of next-generation strategies 
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to treat allergic subjects such as patients with asthma. Recently, studies have shown that T-cell 

receptor modification by a process known as nitration is a regulatory event that results in T-cell 

anergy, or the inability of T cells to respond to a known activating stimulus5. This induced T-cell 

anergy is significant because it provides a dampening mechanism for the modulation of the 

adaptive immune system. That is, the immune system needs to be activated to achieve its protective 

goals, but it also needs to be “turned off” as the threat is met and subsides to prevent collateral 

tissue damage and cell death. In the case of events in asthma, it has been hypothesized that 

eosinophils may serve this regulatory role. Specifically, eosinophils have reactive capabilities to 

elicit nitration2 and they co-localize with T lymphocytes in draining lymph nodes.  

 

This thesis examines whether eosinophils are capable of nitrating the T-cell receptors of T 

lymphocytes. In particular, our working hypothesis is that eosinophils accumulating at sites of 

allergic inflammation regulate T lymphocyte reactivity through the nitration of the recognition T-

cell receptor preventing T-cell receptor-target pathogen interactions. In the short term, my 

objectives will demonstrate the abilities of eosinophils to mediate these molecular modifications 

and show that they have direct consequence on T cell-mediated events. In the long term, the 

completion of these objectives will provide a foundation of further studies to define this 

mechanism further with the goal of identifying a potential therapeutic target for the treatment of 

asthma patients.  

 

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 
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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.  

T-cell Isolation from Mouse Lymph Node and spleen 

2-12 month old mice were isolated and sacrificed via intraperitoneal injection of sodium 

pentobarbital. Mice were then washed in ethanol and axial, cervical, mesenteric, and renal lymph 

nodes were isolated and placed in cold FACS Buffer on ice during isolation. Spleens were also 

harvested and placed in separate container of cold FACS buffer. Lymph nodes and spleens were 

then homogenized separately and run through separate 40 µM filters to remove excess tissue. 

Lymph nodes and spleens were then spun at 500g for 5 minutes at 4°C and supernatant removed. 

Red blood cell lysis was then performed by adding 5 mL distilled water for 15 seconds. 45 mL of 

1x PBS was used to stop red blood cell lysis. Cells were then spun at 500g for 5 minutes at 4°C. 

Second red blood cell lysis was performed on spleen samples due to higher concentration of red 
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blood cells in the spleen homogenate. Supernatant removed and resuspend in 45 mL of cold 

FACS buffer. Combined the isolated cells from the lymph node and spleen into one conical and 

cell count performed. Cells were then spun at 500g for 5 minutes at 4°C and supernatant 

removed. Cells resuspended in 40 µL of cold FACS buffer for every 107 cells. 10 µL of biotin-

antibody cocktail was added for every 107 cells. Contents mixed and place in 4°C for 5 minutes. 

30 µL of anti-biotin microbeads were added for every 107 cells. Contents mixed and incubated 

for 10 minutes in 4°C. Sample ran through LS column collecting the flow through (max of 108 

cells per LS column). Flow through was collected and run through another column, collecting the 

flow through again. Cells were washed and spun at 500g for 5 minutes at 4°C then counted. Cells 

were resuspended at desired concentration in RPMI media. 

T cells were isolated from C57BL/6-Tg(TcraTcrb)1100Mjb/J (OT-1) transgenic mice. The OT-1 

mouse is a model where CD-8+ T cells express T-cell receptors that specifically recognize OVA 

257-264 (SIINFEKL) peptide in the context of MHC-1.  

Eosinophil Activation 

Suspended purified eosinophils in RPMI at 1x106 cells/mL. Eosinophils activated by adding 

phorbol myristate acetate (PMA) to a final concentration of 1 ng/mL in RPMI media. Cells were 

placed in 37°C incubator with 5% CO2 in filter capped polypropylene culture flasks for 1 hour. 

Cells transferred to 50mL conical and new RPMI added to old flask to remove adhered cells. 

Culture flask was firmly tapped to remove adhered cells from the flask into suspension. 

Removed cells were transferred to conical. To remove PMA, cells were flooded with RPMI, 

spun at 500 g for 5 minutes at 4°C. Supernatant removed and two more wash spins were 

completed with RPMI to thoroughly remove all PMA from the media.  

Superoxide Assay 

Prepared cytochrome C mix (Sigma#C-2406) by suspending 2.4 mg cytochrome C per 1 mL of 

Hanks Balanced Salt Solution/ 4-(2-hydroxyethyl)-1-piperazineethaneesulfonic acid buffer 

(HBSS/HEPES). 1 mL of mix is required for every 50,000 cells to be used. Prepared 50 µL 4x 

concentration of PMA in HBSS/HEPES solution (final working concentration of 20 ng/mL) for 

each well to be activated. Suspended cells in cytochrome C mix at concentration of 50,000 

cells/mL of HBSS/HEPES buffer. Final volume of each well was 200 µL. For samples not 
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receiving PMA, extra HBSS/HEPES added to compensate for volume. Contents added to well in 

following order:  media filler (HBSS/HEPES); cell in suspension in HBSS/HEPES; then stimuli. 

Plate was placed in a plate reader and take readings at OD550 at 37°C for a time 0 reading. Plate 

readings taken every 10 minutes for 1 hour, then every 30 minutes for the following 3 hours. 

Plate was kept in a humid 37°C incubator in between readings.  

Eosinophil Loading 

Suspended purified eosinophils in RPMI at 1x106 cells/mL. To load eosinophils, OVA 257-264 

(SIINFEKL) peptide was added to the suspension at a concentration of 20 mg/mL. Cells were 

placed in 37°C incubator with 5% CO2 in filter capped polypropylene culture flasks for 1 hour. 

Cells transferred to 50 mL conical and new RPMI added to old flask to remove adhered cells. 

Flask firmly tapped to remove adhered cells from the flask into suspension. Adhered cells were 

transferred to the conical. Cells were flooded with RPMI to remove excess OVA peptide and 

spun at 500g for 5 minutes at 4°C. Supernatant removed and two more wash spins were 

completed with RPMI.  

Culture Conditions 

5 x106 OT-1 T cells were cultured with 1 x106 eosinophils at a combined concentration of 10x106 

cells/mL in RPMI in 37°C incubator with 5% CO2 in polypropylene 48-well plates for 1 hour. 

Once completed, cultures were transferred to microcentrifuge tubes and cells were spun at 500g 

for 5 minutes at 4°C, supernatant removed, and lysed.  

Cell Lysis 

Cell pellets were removed of as much culture medium as possible. Lysis buffer was created by 

adding mammalian cell and tissue protease inhibitor cocktail (Sigma P8340) to cold 

radioimmunoprecipitation assay buffer (RIPA) at 1:100 (v/v) ratio. 100 µL of lysis buffer was 

used for every 6x106 cells. Cells were resuspended in lysis buffer by firmly tapping 

microcentrifuge tube as well as being placed on a vortexer. Each sample was then homogenized 

by using a fresh 33-gauge needle by mixing solution 10 times with beveled edge flush against the 

tube. Lysates were then gently rotated at 4°C for 20 minutes. Lysates were then stored at -80°C. 
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Western Blot and Transfer 

Protein concentrations were determined by bicinchoninic acid assay (BSA). Equal protein 

amounts were then removed and denatured by boiling samples in 4x Laemmli buffer with 10% 

2-mercaptoethanol for 10 minutes. Samples were then loaded into precast 16% polyacrylamide 

gels in sodium dodecyl sulfate buffer (SDS). Westerns gels were ran at 120 volts for 90 minutes 

at room temperature. Gels were removed from casing and transferred onto polyvinylidene 

fluoride (PVDF) membrane with transfer buffer (20% methanol) at 30 volts for 12 hours in 4°C.  

Blocking and Primary Antibody 

Membranes were washed 5x in wash buffer containing 1% v/v Tween-20 for 5 minutes on rocker 

at room temperature. Membranes were blocked with 5% fat-free milk solution on rocker for 1 

hour at room temperature. Membrane was then washed 3x in wash buffer. Membranes were then 

stained with monoclonal anti-nitrotyrosine Alexa488 antibody (clone 1A6) at 1:1000 dilution 

overnight on a rocker at 4°C degrees covered in foil to prevent photo bleaching of the 

fluorophore. Membrane was then washed 3x with wash buffer and imaged.  

RESULTS 

Superoxide Production of Eosinophils  

 

In order to determine if eosinophils are capable of nitrating T-cell receptors in an antigen-

dependent manner, the chemical capacity of eosinophils producing reactive chemicals that are 

capable of nitrating proteins must be explored. Reactive oxygen species (ROS) are a known set 

of reactants that can lead to the creation of unstable nitrogen intermediates, leading to nitration 

events. Superoxide is one ROS, in particular, that is associated with the formation of unstable 

nitrogen species. During activation and respiratory bursts, eosinophils are known to degranulate 

by spilling their toxic granules into the extracellular space as well as creating many reactive 

chemical species2. To determine if eosinophils were chemically capable of starting the chemical 

pathway that leads to nitration, a superoxide assay was performed. Results are shown in Figure 1.  
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Figure 1 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Eosinophils were isolated from 1638 mice and activated with PMA. Superoxide 

production is measured by change in the optical density at 550 nm (OD550). 

 

Phorbol myristate acetate (PMA) is a known activator of eosinophils that induces respiratory 

bursts. Upon analysis of the data, it is evident that eosinophils are capable of producing 

superoxide over a period of time when activated by PMA. This demonstrates that eosinophils 

have the capability to start the biochemical process that can lead to a nitration event of a protein. 

While superoxide is just the beginning part of the process, the pathway leading to unstable 

nitrogen species involves other compounds known to be synthesized by eosinophils as well as 

common ions and molecules found both in culture mediums as well as biological fluids where 

these processes would be happening in vivo7, 8. Though there are multiple pathways for the 

formation of unstable nitrogen species, the expected pathway is depicted in Figure 2. 
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Figure 2  

 

 

Figure 2. The biological formation of nitrotyrosine as a result of peroxynitrite (ONOO-) 

formation. Eosinophil transcribed iNOS converts L-arginine to citrulline and a nitric 

oxide (NO.) radical in the extracellular space. Superoxide (O2
-) is also produced by 

eosinophils in the extracellular space. These two chemicals react to form peroxynitrite 

which reacts with tyrosine creating 3’-nitrotyrosine. 

 

Figure 2 represents a plausible biological pathway in which products produced in the respiratory 

burst of an eosinophil during activation that can lead to the nitration of tyrosine residues. 

Eosinophils have been shown to produce inducible nitric oxide synthase (iNOS)7. This protein is 

able to produce a nitric oxide radical from the conversion of L-arginine to citrulline which can be 

found in trace amounts in extracellular fluid. This reactive nitric oxide can then combine with 

eosinophil-derived superoxide which is also produced in the extracellular space to form 

peroxynitrite. Peroxynitrite is a short-lived, highly reactive species that is capable of nitrating 

aromatic groups such as the phenol ring in tyrosine12. This nitration event adds a NO2 to the 

phenol group at the 3’ position resulting in the product of 3’-Nitrotyrosine. The addition of the 

nitro group to a tyrosine reside can have drastic effects on tertiary and quaternary structure 

interactions of the protein. Slight disruption of these interactions can cause protein misfolding, 

which can lead to the inactivation of the protein depending on the modification and type of 

protein.  

Western Blot Analysis of Eosinophils and CD-8+ T-cell Cultures 

 

Once it was established that eosinophils are capable of creating the precursor chemicals that can 

lead to a nitration event of a protein, a co-culture was performed to determine if eosinophils 
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could nitrate proteins on CD-8+ T cells. Eosinophils were isolated from 1638 mice and activated 

using PMA. Various groups of eosinophils were activated and/or loaded, then placed into 

cultures containing purified CD-8+ T cells isolated from OT-1 mice. Eosinophils were either 

activated with PMA or not activated. Eosinophils were then either loaded with OVA 

(SIINFEKL) peptide or not loaded. These groups of eosinophils were subsequently cultured with 

OT-1 CD-8+ T cells. The cells were then lysed and protein concentrations were calculated by 

BCA assay. Aliquots of equal protein amounts were taken from the lysates. Samples were then 

boiled in 4x Laemmli buffer and loaded onto polyacrylamide gels. The gels were run, then 

transferred to a PVDF membrane. Membranes were stained with Alexa 488 anti-nitrotyrosine 

antibody and imaged. Figure 3 shows the results of this blot. 

 

Figure 3 

      A            B            C            D            E            F            G             H               I 

 

  

Figure 3. Western blot probing for nitrotyrosine. A. Nitrated bovine serum albumin (BSA) B. 

Non-activated eosinophils C. Activated eosinophils D. OT-1 T cells E. OT-1 T cells 

and non-activated/non-loaded eosinophils F. OT-1 T cells and non-activated/loaded 

eosinophils G. OT-1 T cells and activated/non-loaded eosinophils H. OT-1 T cells and 

activated/loaded eosinophils I. Protein ladder  

 

The western blot shows that there are multiple nitrated proteins at ~10 kDa, ~50 kDa, and ~60 

kDa across the different lanes. These proteins are likely some commonly nitrated cellular protein 

since they appear in all of the sample groups. The nitrated BSA sample in the blot shows the 

antibody is effective at identifying nitrated tyrosine in proteins. The main point of focus in this 
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blot is the band that appears in Lane H around 25 kDa. This nitrated species is found only in the 

lane containing OT-1 T cells with activated and loaded eosinophils. This is significant because 

this is the only group that can engage in an antigen-specific manner. None of the other lanes have 

a nitrated species in the same size range indicating that this nitrated species is only found when 

eosinophils are cultured with T cells where the eosinophils are capable of engaging T cells 

specifically via MHC-1 loaded with the OVA (SIINFEKL) peptide and the OT-1 T cells. 

 

In order to be able to verify the results of the first blot, the first culture was run in duplicate. 

Another western blot was performed using this second set of samples that were isolated and 

cultured concurrently with the first set of samples. The same procedure was used in preparing the 

second set of samples for western blot. The gel was also ran, transferred, stained, and imaged at 

the same conditions as the initial blot. The second blot is shown in Figure 4. 

 

Figure 4  

      A            B            C           D           E           F            G            H             I 

 

 

Figure 4. Western blot probing for nitrotyrosine. A. Nitrated bovine serum albumin (BSA) B. 

Non-activated eosinophils C. Activated eosinophils D. OT-1 T cells E. OT-1 T cells 

and non-activated/non-loaded eosinophils F. OT-1 T cells and non-activated/loaded 

eosinophils G. OT-1 T cells and activated/non-loaded eosinophils H. OT-1 T cells and 

activated/loaded eosinophils I. Protein ladder 
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This blot shows a common nitrated protein at ~10 kb, ~50kb, and ~60 kb. The band in Lane H 

also appears again only in the lane containing the activated and loaded eosinophils cultured with 

OT-1 T cells at roughly 25 kDa. This second blot validates the first blot that the band only 

appears in the sample group.  

 

DISCUSSION 

 

The results of these experiments show promising evidence that eosinophils are capable of 

nitrating some cellular protein on CD-8+ T cells in an antigen specific fashion. From the results 

of the superoxide experiment, it is evident that eosinophils are more than capable of producing 

superoxide during respiratory bursts. This production of superoxide is crucial to the biochemical 

processes that lead to nitration of proteins.  

 

Moving forward with this data, the cultures and subsequent western blots revealed the presence 

of an unknown nitrated protein in the sample group that was not present in any of the control 

groups. This protein could be part of the T-cell receptor complex that is involved in the signaling 

pathway of T cells. The interesting part of these results is that the data suggest this nitration 

event only occurs when eosinophils and T cells interact in an antigen-specific manner. This is 

suggested because the nitrated band only appears in the activated and loaded eosinophils cultured 

with OT-1 CD-8+ T cells. Since the OT-1 T cells express a T-cell receptor that is specific for 

MHC-1 loaded with OVA (SIINFEKL) peptide and the eosinophils in that group are loaded with 

the OVA (SIINFEKL) peptide, this specific experimental group is the only one capable of 

making an OVA (SIINFEKL) MHC-1 and T-cell receptor interaction. 

 

It is crucial to identify what protein is being nitrated in these cultures to further our 

understanding of this mechanism. The extracellular portion of the T-cell receptor complex itself 

is roughly 70 kDa itself, the T-cell receptor complex is made up of multiple proteins of different 

sizes and functions6. Although this protein is still yet unidentified, the protein may be part of the 

T-cell receptor complex such as TCR- β. If this is the case, this provides a mechanism in which 

eosinophils are able to modulate the adaptive immune system. A depiction of this model is 

shown in Figure 5.  
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Figure 5 

 

 

 

Figure 5. Diagram of proposed mechanism of Eosinophil Mediated Nitration of CD-8+ T-cell 

receptor 

 

This figure shows that activated eosinophils are known to produce iNOS and H2O2 as well as 

superoxide as indicated by Figure 17.8. These cells express MHC-1 on their cell surfaces which 

can be loaded with the OVA (SIINFEKL) peptide. These cells then interact with CD-8+ T cells 

via a MHC-1/TCR interaction. During this interaction, the eosinophil is still actively producing 

iNOS, H2O2, and superoxide7,8. iNOS produces the radical species NO, or nitric oxide.  Both 

nitric oxide and superoxide are reactive species and when they are formed within close proximity 

they can combine to form ONOO- or peroxynitrite. Peroxynitrite is extremely unstable and is 

capable of nitrating aromatic rings such as the one found in tyrosine9 

 

Formation of peroxynitrite by products of eosinophil activation are sufficient to nitrate tyrosine 

residues on nearby proteins such as the T-cell receptor during an antigen-specific interaction. 

This possible nitration of the T-cell receptor would cause structural changes in the protein 
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causing an alteration in tertiary protein folding and interactions. Because of this, the T-cell 

receptor would slightly shift shape and likely be rendered unresponsive. This change in 

conformation of the T-cell receptor would result in the T cell anergy.  

 

As previously mentioned, eosinophils and T cells have been observed to co-localize in specific 

areas in certain diseases such as bladder cancer and multiple myeloma3,4. It has also been 

observed that the type of immune response to these diseases greatly affects the prognosis of the 

patient3. Although we observe these trends both in the clinical and experimental data, the specific 

mechanisms of what dictates the type of immune responses have yet to be characterized. As 

demonstrated in these experiments, if eosinophils are indeed nitrating T-cell receptors, rendering 

them anergic, this would cause the T cells to become unable to respond to stimuli or coordinate 

an immune response which can lead to detrimental outcomes depending on the disease. In the 

context of cancer, anergic T cells at the site of the tumor would lead to a decreased immune 

response against the tumor, increasing chances that the tumor would not be recognized by the 

immune system. This thought process is backed by similar studies being done in a different cell 

type. Myeloid-derived suppressor cells (MDSC) are progenitor cells of the myeloid lineage that 

have not differentiated. These cells tend to be found in tumor microenvironments9. Recent 

studies have shown that these cells are capable of nitrating T-cell receptors in an antigen-specific 

fashion which leads to T-cell anergy. These studies have shown that the T cells are no longer 

able to respond to an activating peptide in the context of MHC-15. They have also shown that the 

presence of MDSCs within a tumor microenvironment lead to a continuation of growth for the 

tumor rather than attenuation as a result of T cell intervention. The MDSCs have been shown to 

interrupt proper T cell function by removing a CD-8+ T cell’s ability to monitor other cell types5. 

This is translatable to eosinophils both in function and cell type. Since eosinophils are of the 

myeloid lineage, eosinophils and MDSCs have many similarities such as densely packed granule 

proteins and similar specific cellular capabilities. Their similarities in cellular makeup and 

lineage could also translate to a similarity in cellular function. This information combined with 

the results of this paper lead a strong case that eosinophils are capable of nitrating CD-8+ T-cell 

receptors in an antigen-specific manner.  
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Moving forward with this data, there is still much that needs to be done to fully understand what 

protein is being nitrated in this data. The first step towards this would be to repeat the co-culture 

groups and obtain samples that are able to repeat the western data shown. This is needed in order 

to separate out the nitrated protein of interest from the other proteins in the sample. Once the 

western is ran, the band is removed from the gel and digested. Once completed, the remaining 

sample can be taken and put through protein mass spectrometry in order to find what the nitrated 

species in the sample are. Ideally, a protein that is part of the T-cell receptor complex with a 

mass of roughly 25 kDa would be found to be nitrated in the sample. The issue with the main 

experiment reported above is that not every T-cell receptor may be nitrated. Thus, the amount of 

nitrated TCR may be exceedingly low which could cause issues of detection of such a small 

amount of protein. This problem is illustrated by the data in Figure 3 and Figure 4. Both blots are 

at a very high exposure time for a typical western blot and the bands are still fairly faint. Another 

method that could be used in combination with mass spectrometry would be an 

immunoprecipitation for the T-cell receptor complex to enrich the protein and then perform a 

western blot. By performing an immunoprecipitation, the samples will become more 

concentrated with the protein of interest, allowing more defined bands, and allowing for 

subsequent mass spectrometry to identify the protein.  

 

Identifying and understanding mechanisms of innate and adaptive immune interactions is 

integral to completing our knowledge of the human immune system. Observing how innate cells 

can the alter body’s response to a stimulus would further our understanding of the immune 

system and allow for targets for future drugs to treat patients. Eosinophils represent the ever-

growing facet of allergy in the world of immunology. With 10-30% of the world population 

being affected by allergic rhinitis10 and 4.1 million U.S. children reporting food allergies in 2012 

alone, allergies are an important topic clinically11. Since allergy prevalence is on the rise, 

research into allergic diseases and their mechanisms are becoming more relevant.  

 

With eosinophils as the main effector cell in allergic responses, their function and interactions 

have become a topic of much interest of both research and drug development. However, as more 

research is conducted on allergy, eosinophils have been identified to have a role in other diseases 

as well. As mentioned above, eosinophils have been observed in the microenvironments of 
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several cancers with uncharacterized actions. These actions of eosinophils may have important 

roles in tumor surveillance in cancer and potential immune modulators in infections. The 

potential interaction explored within this paper is just one of the many possible interactions that 

eosinophils could participate in with other white blood cells. Characterizing these interactions 

and their consequences illustrates the role of basic scientific research and provides a basis for 

future drug targets and translational clinical knowledge.  
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