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Celiac Disease (CD) is a gastrointestinal autoimmune disease that is caused by the 

ingestion of a protein called gluten, which is found in wheat, barley, rye, and oats 

(Abadie). When gluten enters the body, it is broken down by a series of enzymes 

including pepsin and trypsin to become gliadin peptides (Harris). These peptides are 

responsible for initiating the immune response that occurs in patients with CD and results 

in symptoms such as malabsorption, diarrhea, abdominal pain, and bloating. In addition 

to the environmental component of gluten, other factors play a role in triggering the 

development of CD.  One factor is the major histocompatibility complex (MHC) class II 

molecules, HLA-DQ2 and HLA-DQ8. These alleles are strongly associated with CD and 

are thought to be the main genetic risk factor (Belhadj Hmida). Therefore, they can be 

found in almost every CD patient’s genetic makeup. HLA-DQ2/8 are located on APCs 

where they are involved in presenting antigens, which in this case are the gluten peptides, 

to T cells (Abadie). Approximately 95% of CD patients are HLA-DQ2 positive and the 

remaining patients usually express HLA-DQ8. It has been speculated that HLA-DQ2 has 

a greater affinity for gluten peptides. It is also reported to be more prevalent in regions 

characterized by a gluten-rich diet (Jabri).  

When gluten enters the small intestine, the immune system reacts to rid the body 

of this “foreign” substance. The gliadin peptides presented by HLA-DQ2/8 on APCs 

activate CD4+ T cells, also known as T helper cells, inducing them to secrete 

proinflammatory cytokines such as IL-21 and IFN-γ. These cytokines coordinate the 

immune response, which leads to intestinal damage. Due to the presence of this 

inflammation, intestinal epithelial cells (IECs) of the small intestine are attacked by 

CD8+ T cells, also known as cytotoxic T cells (Maiuri).  Other pathological features 
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resulting from the inflammatory response include villous atrophy and crypt hyperplasia, 

which result in malabsorption (Lindfors). The only known treatment for CD is a gluten-

free diet, which ultimately decreases these effects (Di Sabatino). 

When gluten is recognized as an antigen in the body and a T cell attack occurs, 

memory cells are created and activated. If the same antigen enters the body again, 

memory cells remember this foreign substance and produce a faster and stronger immune 

response. This is because antibodies for the antigen have already been created from the 

first encounter. Autoimmunity is directly related to an abundance of memory cells. 

Because more of these cells are present, it is more common for self-antigens to be 

recognized, which ultimately stimulates the T cell attack and leads to all autoimmune 

disorders. There are two types of memory cells, central memory (CM) and effector 

memory (EM). CM cells express the protein CCR7, while EM cells do not. However, 

unlike CM cells, EM cells produce cytokines IL-4 and IFN-γ.   

Many different proteins play an important role in the pathogenesis of autoimmune 

diseases. One specific protein called cluster of differentiation 48, or CD48, plays a main 

role in activation of T cells, which thus affects CD. CD48 is found on the surface of 

lymphocytes, dendretic cells, and endothelial cells. It participates in the activation and 

differentiation pathways in many of these cells (Assarsson). Interestingly, CD48 is found 

to be a co-stimulatory receptor of immunity, as its binding with 2B4 (CD244) is 

responsible for co-activation of T cells (Elishmereni). CD48 can also be found on 

memory cells, yet its prevalence and the role it plays on them is unknown. 
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Research Questions 

 

1. How does CD48 affect memory cells? 

2. Does adding CD48 antibody change the population of memory cells? 

3. Will CD48 expression vary with the different types of memory cells? 

 

Methods 

 

In this experiment, the spleen of a mouse was taken and grinded up to obtain activated T 

cells. These cells were then stained in order to perform flow cytometry (FACS). The 

proteins CD4/CD8, CD62L, CD44, CCR7, and HM-48 were stained with the fluorescents 

PerCp-Cy5.5, FITC, APC, BV421, and PE, respectively. These stainings were used to 

identify the population of CM and EM cells. The experiment was completed with the 

CD4+ and CD8+ CM and EM cells that were stimulated with CD3 antibody to keep the 

cells active. The CD4+ CM and EM cells as well as the CD8+ CM and EM cells had four 

different categories in which they were divided. These categories were all in the presence 

of blocking CD48 antibody, which prevents the CD48 antibody from combining with the 

CD48. In other words, this blocking CD48 antibody allows the CD48 to be expressed on 

the cells. The categories included the non-activated cells, the activated cells with no 

treatment, the activated cells with hamster IgG (hmIgG) control, and the activated cells 

with the CD48 antibody. The hmIgG control is an isotope control to which the CD48 

antibody treatment could be compared. For all of these cells, the CD48 expression on the 

activated cells was also measured. Flow cytometry was performed after three days and 
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data was obtained for the expression of CD48 and CD4+/CD8+ CM and EM cell 

samples. Seven days after the start of the experiment, these cells were re-activated and 

flow cytometry was performed once again.  

 

Results and Discussion 

 

 

CD48 expression on activated (CD3 Ab; 72hrs) CD4
+ 

effector and central memory 

cells 

 
Figure 1 

 

Figure 1 shows that upon CD3 antibody activation, CD48 expression is moderately and 

highly increased on effector and central memory cells, respectively (as compared to non-

activated CD62L
+
 CD44

Low/Neg
 T cells, also known as naïve cells.) The HM-48 (hamster 

anti-CD48 Ab) binds to CD48 on the surface of the cells, and reduces the anti-CD48 

detection Ab binding to surface CD48 (HM-48 occupies the receptor). This allows the 

CD48 to be expressed.  
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Generation of effector and central memory CD4
+
 T cells in presence of blocking 

CD48 antibody 

 
 

 

Figure 2 
 

 

Figure 2 shows CD4+ T cells that were activated for 3 days by the CD3 antibody in the 

presence of blocking CD48 antibody. The blue numbers indicate the percent of 

central/effector memory cells out of all the CD4+ T cells. The CD48 antibody treatment 

of these cells increased the percentage of CM cells from 1.9% to 3.4%. Because CD48 

not was expressed (due to the CD48 antibody), less activation of T cells occurred and 

therefore, more memory cells were present. This further proves that CD48 plays a role in 

the activation of T cells. This effect was not seen on the EM cells.  
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CD48 expression on activated (CD3 Ab; 72hrs) CD8
+ 

effector and central memory 

cells 

 

Figure 3 

 

 

Figure 3 shows that upon CD3 activation, CD48 expression on effector memory cells did 

not change, and increased on central memory cells (as compared to naïve cells.)  Similar 

to Figure 1, the HM-48 binds to CD48 on the surface of the cells. It reduces the binding 

of anti-CD48 detection Ab because the HM-48 occupies the receptor. This increases the 

expression of CD48 as seen above. 
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Generation of effector and central memory CD8
+
 T cells in presence of blocking 

CD48 antibody 
 

Figure 4 

 

 

Figure 4 shows CD8+ T cells that were activated for 3 days by the CD3 antibody in the 

presence of blocking CD48 antibody. The blue numbers indicate the percent of 

central/effector memory cells out of all the CD8+ T cells. The percentage under the no 

treatment category of the CM cells is red because this sample is suspiciously high. This 

could be accounted for by either a sample manipulation or cytometer malfunction. 

Sometimes due to the manipulation with the sample, there are an abundance of dead cells. 

These dead cells often appear as false positive, and therefore could make data inaccurate. 

Time constraints prevented the repetition of this experiment for clarification. The CD48 

antibody treatment of these cells increased the percentage of both the CM and EM CD8+ 



Bergstein 8 
 

T cells. Due to the blocking antibody preventing CD48 from being expressed, a decrease 

in T cell activation and increase in memory cells was seen.  

 

 

CD48 expression on activated (CD3 Ab re-activation; Day 7) CD4
+ 

effector and 

central memory cells 

Figure 5 

 

This figure shows the CD4+ memory cells during day 7 after they have been re-activated 

with CD3 antibody. Similar to Figure 3, Figure 5 shows that upon CD3 activation, CD48 

expression on effector memory cells did not change, and increased on central memory 

cells (as compared to naïve cells.)  The HM-48 binds to CD48 on the surface of the cells 

and increases the expression of CD48 once again.  
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Generation of effector and central memory CD4
+
 T cells in presence of blocking 

CD48 antibody 

Figure 6 

Figure 6 shows CD4+ T cells that were re-activated after 7 days by the CD3 antibody in 

the presence of blocking CD48 antibody. The blue numbers indicate the percent of 

central/effector memory cells out of all the CD4+ T cells. The CD48 antibody treatment 

of these cells did not change the proportion of the central or effector memory cells.  

 

CD48 expression on activated (CD3 Ab re-activation; Day 7) CD8
+ 

effector and 

central memory cells 

Figure 7 



Bergstein 10 
 

This figure shows the CD8+ memory cells during day 7 after they have been re-activated 

with CD3 antibody. CD48 expression on effector memory cells did not change, and 

increased on central memory cells (as compared to naïve cells.)  The HM-48 binds to 

CD48 on the surface of the cells and increases the expression of CD48. 

 

Generation of effector and central memory CD8
+
 T cells in presence of blocking 

CD48 antibody 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 shows CD8+ T cells that were re-activated after 7 days by the CD3 antibody in 

the presence of blocking CD48 antibody. The blue numbers indicate the percent of 

central/effector memory cells out of all the CD8+ T cells. As seen with the CD4+ T cells, 

the CD48 antibody treatment of these cells did not change the proportion of the central or 

effector memory cells.  



Bergstein 11 
 

Conclusions 

Through the increase in T cells when CD48 was expressed, it can be concluded that the 

CD48/2B4 interaction plays an important role in T cell activation. The same conclusion 

can be reached by observing the cells that underwent CD48 antibody treatment. In 

general, the percentage of memory cells increased under this treatment due to the fact that 

there were less T cells activated and present. The population of CD4+ cells that was 

activated by CD3 antibody, even in the absence of CD48 co-stimulation, was not 

impaired in their ability to differentiate into memory phenotype. A slight increase in 

CD62L
+
 (naïve) cells was observed among the CD48 antibody treated CD8+ population. 

The increase in the naïve cells suggests that there is a moderated inhibition of T cell 

activation in the presence of the CD48 antibody, due to the prevented co-stimulation. The 

slight increase in these naïve cells and the absence of the CD48 co-stimulation might 

account for an increase of CD8+ memory cells as well. In CD3 re-stimulated cells, the 

absence of the co-stimulation was overcome, which is why the proportion of central and 

effector memory cells did not change. Also, no differences were observed between CD48 

antibody and the hmIgG control treated groups in CD8+ cells, which reinforced that this 

control was comparable to the antibody. The effect of the CD48 inhibition in memory 

cells that was discovered can be applied to the immune system, specifically CD. When 

CD48 antibody is added to active T cells, the amount of T cells decrease, thus increasing 

the amount of memory cells. This decrease in T cells may be able to eventually suppress 

the immune response of CD. Also, discovering how CD48 affects memory cells and how 

CD48 antibody changes the population of memory cells can lead to further research in 

this area. Because the relationship between CD48 and memory cells has become clearer, 
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this research would target the CD48 protein in order to prevent memory cells from 

recognizing gluten as a foreign antigen, and thus preventing the immune response of the 

disease as a whole.  

 

Bibliography  

Abadie, Valerie, Ludvig M. Sollid, et al. "Integration of Genetic and Immunological 

Insights into a Model of Celiac Disease Pathogenesis." Annual Review of 

Immunology. (2011): n. page. Print.  

 

Assarsson, Erika, Taku Kambayashi, et al. "NK Cells Stimulate Proliferation of T and 

NK Cells through 2B4/CD48 Interactions." Journal of Immunology . (2004): 174-

180. Print. 

 

 

Belhadj Hmida, Nadia, Melika Ben Ahmed, et al. "Impaired Control of Effector T Cells 

by Regulatory T Cells: A Clue to Loss of Oral Tolerance and Autoimmunity in 

Celiac Disease?." American Journal of Gastroenterology. 107. (2012): n. page. 

Print. 

 

Di Sabatino, Antonio, Alessandro Vanoli, et al. "The function of tissue transglutaminase 

in celiac disease ." Autoimmunity Reviews. (2012): n. page. Print.  

 

Elishmereni, M, and F Levi-Schaffer. "CD48: A co-stimulatory receptor of immunity." 

Journal of Biochem Cell Biology . (2010): n. page. Print. 

 

Jabri, Bana, Ludvig M. Sollid, et al. "Tissue-mediated control of immunopathology in 

coeliac disease ." Tissue-Specific Immune Responses. 9. (2009): n. page. Print.  

 

Lindfors , Katri, Tiina Rauhavirta, et al. "In vitro models for gluten toxicity: relevance for 

celiac disease pathogenesis and development of novel treatment options ." 

Experimental Biology and Medicine. (2012): n. page. Print.  

 

Maiuri, Luigi, Carolina Ciacci, et al. "Association between innate response to gliadin and 

activation of pathogenic T cells in coeliac disease ." Mechanisms of Disease. 362. 

(2003): n. page. Print.  

 

M. Harris, Kristina, Alessio Fasano, et al. "Monocytes Differentiated with IL-15 Support 

Th17 and Th1 Responses to Wheat Gliadin: Implications for Celiac Disease." 

National Institutes of Health. (2010): n. page. Print.  

 



Bergstein 13 
 

Acknowledgements 

First of all, I would like to thank the mentors that I have had throughout this course, Dr. 

Ana Kostic, Dr. Ilona Gutcher, and my current mentor, Dr. Ludmila Kelly. Also, I would 

like to thank my teacher, Mr. Inglis, for helping me through the entire process. Lastly, I 

would like to thank my parents for their support. 

 


