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Introduction: 

Acute graft-versus-host disease (aGVHD) occurs when donor lymphocytes attack host 

tissues. This complication arises in approximately 50% of hematopoietic stem cell transplant 

recipients, impacting about 5500 patients annually (1).  About half of these 

immunocompromised patients do not successfully respond to first line treatment with steroids, 

and many develop severe infections. As a result, aGVHD can be life threatening (2). 

The clinical outcomes of this disease are tightly associated with plasma concentrations of 

angiogenic factors (AFs), mediators that promote neovascularization, as impaired tissue repair 

appears to be an indicator of worsening aGVHD (2). As shown in prior studies, plasma 

concentrations of certain circulating AFs have been associated with unfavorable clinical 

outcomes. One such substance is the epidermal growth factor (EGF), with very low levels 

observed in steroid-refractory disease (3).  EGF is known for its growth and tissue repair 

promoting functions. And, its activated form phosphorylated EGFR [pEGFR]  has a significant 

role in many cellular processes such as cell proliferation and differentiation (4). In contrast, high 

plasma concentrations of amphiregulin, an EGF family member with weaker affinity for the EGF 

receptor (EGFR), are associated with tissue damage and poor outcomes after aGVHD (2). 

The mechanism for critically low plasma levels of EGF with relation to AREG in patients 

with aGVHD is unknown. Possibilities include increased tissue uptake or decreased production 

of EGF relative to AREG. To begin to determine the mechanism underlying out observations, we 

propose to investigate whether EGFR- is phosphorylated, indicating activation, in aGVHD 



tissues (5) in aGVHD tissue via immunohistochemistry and verification by the Western Blot 

technique. Elevated EGFR signaling will indicate increased EGF and/or possibly other EGFR 

ligands uptake into tissues. Meanwhile, decreased EGFR signaling will suggest lower EGF 

production, which indicates poor tissue restitution (as EGF is a factor which helps enable cell 

regeneration and proliferation). We hypothesize that there will be decreased EGFR signaling in 

tissues involved with aGVHD compared to control tissues. 

The relevance of this research lies in the fact that it shifts aGVHD therapeutic focus on 

alleviating tissue damage rather than additional immunosuppressive treatment, a new treatment 

paradigm that may spare morbidity and reduce the risk of mortality after aGVHD .  Furthermore, 

this project continues to expand our current understanding of the pathophysiology of aGVHD.  

As recent studies have determined that low levels of plasma EGF have been strongly associated 

with steroid-refractory aGVHD, determining the reason behind such low levels has clear 

implications for optimal aGVHD treatment.  

Purpose:  To determine whether decreased circulating EGF with relation to high AREG levels in 

mice with aGVHD is associated with differences in EGFR activation and signaling at the tissue 

level. 

Hypothesis: There will be an overall deficiency of EGF indicating poor tissue restitution. This 

will be seen through decreased levels of phosphorylated EGFR present in mice with aGVHD. 

Procedure: The activation of EGFR pathways with relation to AREG and EGF ligands will be 

determined. This will be done through EGF, AREG, and phospho-EGFR immunohistochemistry 

(IHC) on intestinal mouse tissue, both normal and impacted by aGVHD. These tissues have been 

previously archived in the lab. Results of the IHC procedure will be verified via Western Blot 

technique.  



Immunohistochemistry Procedure: 

Primary EGF, AREG, and phosphor-EGFR (TYR 1068) antibodies will be used for this standard 

IHC procedure. The tissue samples are already archived, and up to 24 control and aGVHD mice 

tissues samples are available for testing.  After fixation in acetone, the tissues will be stained 

using biotinylated monoclonal antibodies with avidin-biotin blocking reagents, ABC-peroxidase 

conjugate, and diaminobenzidine chromogenic substrate. The percent of nucleated cells will be 

quanitated and factors such as subcellular localization (membrane, nuclear, etc), morphology of 

cell (epithelial, stromal, etc), intensity of cellular expression, and extent (of total biopsy 

specimen) will also be determined. This procedure will be similar to the one described 

previously in Keratinocyte growth factor facilitates alloengraftment and ameliorates graft-

versus-host disease in mice by a mechanism independent of repair of conditioning-induced tissue 

injury.  

Western Blot EGFR Phosphorylation Procedure: 

Tissue cells impacted by GvHD and those not impacted by GvHD will be used. The proteins of 

the cells will be separated via gel electrophoresis, in order to capture those with the same 

molecular weight as phosphorylated EGFR. These proteins will be then transferred to a 

membrane in which Phospho-EGF Receptor, TYR(1068) antibodies will be placed in order to 

ensure phosphorylated EGFR identity. This process will be repeated with the other antibodies 

(primary EGF and AREG).  Results will then be visualized in a dark room. 

 

 

 

 



 
Work References (Introduction): 

1) Jacobsohn, D. A., & Vogelsang, G. B. (2007). Acute graft versus host disease. Orphanet Journal of 
Rare Diseases, 2, 35. http://doi.org/10.1186/1750-1172-2-35 

2) Holtan, S. G., Verneris, M. R., Schultz, K. R., Newell, L. F., Meyers, G., He, F., … Weisdorf, D. J. 
(2015). Circulating Angiogenic Factors Associated with Response and Survival in Patients with 
Acute Graft-Versus-Host Disease: Results from BMT CTN 0302 and 0802. Biology of Blood and 
Marrow Transplantation : Journal of the American Society for Blood and Marrow 
Transplantation, 21(6), 1029–1036. http://doi.org/10.1016/j.bbmt.2015.02.018 

3) Holtan, S. G., Arora M (2016). Angiogenic factors and inflammation in steroid-refractory acute 
graft-vs-host disease. Translational Research: Therapeutic Targeting of Inflammation in Diverse 
Disease, 167(1), 80-87. http://dx.doi.org/10.1016/j.trsl.2015.06.001 

4) Magkou, C., Nakopoulou, L., Zoubouli, C., Karali, K., Theohari, I., Bakarakos, P., & Giannopoulou, 
I. (2008). Expression of the epidermal growth factor receptor (EGFR) and the phosphorylated 
EGFR in invasive breast carcinomas. Breast Cancer Research : BCR, 10(3), R49. 
http://doi.org/10.1186/bcr2103 

5) Chen Z, Chen J, Gu Y, Hu C, Li JL, Lin S, Shen H, Cao C, Gao R, Li J, Ha PK, Kaye FJ, Griffin JD, Wu L. 
Aberrantly activated AREG-EGFR signaling is required for the growth and survival of CRTC1-
MAML2 fusion-positive mucoepidermoid carcinoma cells. Oncogene. 2014 Jul 17;33(29):3869-
77. doi: 10.1038/onc.2013.348. PubMed PMID: 23975434. 

Work Referenced (for Immunohistochemistry Procedure): 

Crosbie, K., Simendinger, J., Grange, C., Ferrante, M., Bernier, T., & Standen, C. (2014, April 10). 
Immunohistochemistry Protocol for Paraffin-embedded Tissue ... Retrieved October 22, 2016, from 
https://www.jove.com/video/5064/immunohistochemistry-protocol-for-paraffin-embedded-tissue-
sections 

Panoskaltsis-Mortari A, Taylor PA, Rubin JS, et al. Keratinocyte growth factor facilitates alloengraftment 
and ameliorates graft-versus-host disease in mice by a mechanism independent of repair of 
conditioning-induced tissue injury. Blood. 2000;96:4350–6. 

Yan, F., Cao, H., Cover, T. L., Washington, M. K., Shi, Y., Liu, L., … Polk, D. B. (2011). Colon-specific 
delivery of a probiotic-derived soluble protein ameliorates intestinal inflammation in mice through an 
EGFR-dependent mechanism. The Journal of Clinical Investigation, 121(6), 2242–2253. 
http://doi.org/10.1172/JCI44031 

 Work Referenced (for Western Blot Procedure):  

General Protocol for Western Blotting - Bio-Rad. (n.d.). Retrieved October 22, 2016, from 
http://www.bio-rad.com/webroot/web/pdf/lsr/literature/Bulletin_6376.pdf  

Mahmood, T., & Yang, P.-C. (2012). Western Blot: Technique, Theory, and Trouble Shooting. North 
American Journal of Medical Sciences, 4(9), 429–434. http://doi.org/10.4103/1947-2714.100998 

http://doi.org/10.1186/1750-1172-2-35
http://doi.org/10.1016/j.bbmt.2015.02.018
http://dx.doi.org/10.1016/j.trsl.2015.06.001
http://doi.org/10.1186/bcr2103
https://www.ncbi.nlm.nih.gov/pubmed/23975434
https://www.ncbi.nlm.nih.gov/pubmed/23975434
https://www.jove.com/video/5064/immunohistochemistry-protocol-for-paraffin-embedded-tissue-sections
https://www.jove.com/video/5064/immunohistochemistry-protocol-for-paraffin-embedded-tissue-sections
http://doi.org/10.4103/1947-2714.100998


Yan, F., Cao, H., Cover, T. L., Washington, M. K., Shi, Y., Liu, L., … Polk, D. B. (2011). Colon-specific 
delivery of a probiotic-derived soluble protein ameliorates intestinal inflammation in mice through an 
EGFR-dependent mechanism. The Journal of Clinical Investigation, 121(6), 2242–2253. 
http://doi.org/10.1172/JCI44031 
 

 

 

 

 

 

http://doi.org/10.1172/JCI44031

