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Abstract  

Introduction: Cancer immunotherapy has become a major player in 

modern oncology. In immunotherapy, immune cells selectively recognize 

and kill cancerous cells; this way, many side effects of chemotherapy and 

radiotherapy are reduced. One of the immunotherapy methods is the T cell 

therapy, which is based on the use of T cells with determined antigenic 

specificity for cancer cells. The search for unique tumor antigens which are 

specific to malignant cells and have the ability to stimulate cellular 

immunity is one of the main targets of malignancies treatment. 

Materials and methods: D393-CD20 is an alternative splicing form of the 

CD20 surface receptor, which lacks 168 nucleotides in exons 3 to 7 of the 

CD20 sequence. D393-CD20 peptide is merely expressed on cancerous B 

cells, such as Burkitt’s lymphoma (BL), DLBCL and B-CLL. In this study 

we isolated and expanded a CD8+ T lymphocyte specific clone for a D393-

CD20 antigen to examine the effect on B-CLL cell line. To this end, we 

evaluated the impact of cytotoxic T cells upon D393-CD20 antigen, 

expressed on malignant B cells. We also evaluated the ratio of apoptosis 

using flow cytometry and MTT. 

Results: Results suggest that targeting D393-CD20 antigen with specific 

CD8+ T lymphocytes is very effective in preventing tumor cells growth. 

Conclusion: Targeting D393-CD20 can be a proper choice for B-cell 

lymphoma immunotherapy. 

Keywords: T cell therapy, B-CLL lymphoma CD20, Alternative splice 

variant, In vitro. 
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1. Introduction 

  B cell malignancies include a large and 

heterogeneous group of lymphoproliferative 

disorders from non-Hodgkin lymphomas 

(NHLs) such as follicular lymphoma (FL) 

and chronic lymphocytic leukemia (CLL) to 

more aggressive subtypes like diffuse large 

B-cell lymphoma (DLBCL) [1, 2]. B cell 

disorders are responsible for more than 85% 

of all NHL cases [3]. CLL is the most 

prevalent blood malignancy with slow 

progression. On the other hand, B cell 

lymphoma is the most prevalent among 

NHLs which can be successfully treated in 

2/3 of all cases. High-dose chemotherapy 

and hematopoietic stem cell (HSC) 

transplantation increase the life expectancy 

of patients whose immunochemotherapy has 

failed as their first-line therapy [4-6]. 

However, only 50% of the patients volunteer 

for these treatments. Besides, roughly 20% 

of the patients who are treated with rituximab 

have a three-year survival subsequent to 

HSC transplantation. [7] Hence, it is 

necessary to develop new strategies for B-

cell lymphoma treatment. In recent decades, 

traditional concepts related to organic 

compounds as safe drugs have been 

challenged by use of cell therapy. Despite 

their complexity, cell therapies show great 

potential for combating human diseases. [8] 

Cancer immunotherapies have become the 

main element of modern oncology: Car T –

cell therapy, PDL /PDL1 therapy and 

immune CTL are successfully used. Trained 

immune system components isolated from 

patient’s body to target cancerous cells are 

used in immunotherapeutic methods and 

avoiding toxic compounds results in 

reduction of many side effects related to 

conventional treatments.  

In general, immune cells can target 

cancerous cells in two ways: making unique 

molecules in cancerous cells (specific 

antigens or specific mutations) and/or 

recognizing molecules that have higher 

expression in cancerous cells than normal 

cells (antigens related to tumor) [9]. 

Immunotherapy is one of the most effective 

strategies for cancer treatment and it is 

associated with increased survival and 

higher tolerance due to its long term effect. 

[10] Treatment with genetic engineered T 

cells can completely cure acute 

lymphoblastic leukemia (ALL) and 

extensive lymphoma of B lymphocyte 

(DLBCL) in individuals experiencing 

resistance to chemotherapy [8]. Like other 

medicines, recognition of T cells treatment 

pharmacology for effective use of clinical 

environment is crucial. Via genetic and 

cellular tools application and with the 

purpose of producing T cells by determined 

antigenic specificity, T cell therapies have 

been used to cure cancer [11]. D393-CD20 

antigen is one of the neo-antigens produced 

from alternative splicing of the CD20 surface 

receptor. D393-CD20, in comparison with 

CD20, lacks 168 nucleotides of exons from 

3 to 7. This antigen exists only in the surface 

of malignant B cells (expressed by in vitro 

EBV-transformed B-cell lines though) and it 

doesn’t express on the surface of normal 

lymphocytes. Interestingly, the expression of 

D393-CD20 increases on the surface of 

tumor cells that have resistance to the 

treatment by Rituximab [12], and due to its 

immunogenicity, D393-CD20 seems to be an 

ideal candidate for T cell therapy of B cell 

lymphomas [13-16]. In this study, we 

isolated and expanded a D393-CD20 

specific CD8+ T cell clone and tested the 

capacity of this clone against D393-CD20 to 

be effective in B-CLL cell line. 

2. Materials and Methods 

   Materials: 1mM L-glutamine ,1mM 

sodium pyruvate ,1%non-essential amino 

acids ,1%Kanamycin, 1% heat-inactivated 

fetal bovine serum (FBS 1%) or heat-

inactivated human serum 5% (Sigma Aldrich 

,USA).D393-CD20 peptide was synthesized 

(Bio Basic Company, Canada), Ficoll 

(Sigma Aldrich ,USA), IL-2(Rosh 

,Germany), FITC anti-human CD4 / PE anti-
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human CD8 monoclonal antibodies, etc. The 

B-CLL cell line was first established in 1979 

from Epstein-Barr virus (EBV), leading to 

immortalized neoplastic lymphocytes and 

chronic lymphocytic leukemia in a 47-year-

old woman (Raii Stage II) diagnosed). ACC-

733 was established in Pasteur Institute of 

Iran containing 20% FBS, 50 U/ml 

Penicillin, 50mg/ml Streptomycin, 2mM L-

glutamine, 1mM sodium pyruvate, and 

essential amino acids at 37 centigrade degree 

humidified 5% CO2 atmosphere [17]. 

 

Isolation and expansion of a T cell clone 

specific to a D393-CD20 peptide 

The present study was carried out on B-CLL 

cell line. Blood donor specimens were just 

required for D393-Cd20 peptide-specific T 

lymphocyte clones. This study was 

conducted according to the rules and 

regulations passed by the Local Ethics 

Committee. In this regard, blood cells were 

collected from MHC-class I A2+ and healthy 

donors in Shariati Hospital, Tehran, Iran. 

D393-CD20- Ag-specific T lymphocyte 

clones were yielded as described earlier. The 

isolated clones were joined with specific 

peptides in order to select D393-CD20- 

specific peptides. Subsequently, the level of 

IFN was measured to assure the selection of 

peptide-specific clones[18].  

The D393-CD20 peptide was synthesized 

with the following amino acid sequence: 

KPLFRRMSSLELVIAGIVEN, as that of 

the published CD20 alternative splicing 

sequence (13). Cells were incubated at 37°C 

and 5%CO2. After 5 and 10 days of culture, 

IL2 was respectively added at 10 and 100 UI 

to all of the wells that were further incubated 

up to day 13.Cells were then counted and 

cloned by limiting dilution to isolate D393-

CD20 specific T lymphocyte clones 

according to the previously described 

methods [16-19]. The specificity and 

phenotype of isolated clones were 

determined as previously described [20] and 

a single CD8+ T cell clone was selected for 

further experiments. The B-CLL cell line 

was purchased from the Pasteur Institute of 

Tehran cell bank and was cultured for further 

studies. To evaluate the effect of D393-

CD20 antigen-specific T lymphocyte clones 

on B-CLL cell line, we co-cultured them, and 

the rate of apoptosis was determined using 

flow cytometry. Cytotoxicity was assessed 

utilizing MTT technique. 

 

3. Rusults 

The level of IFN was measured to assure 

the selection of peptide-specific clones 

Clone 15 had the most significant difference 

in IFN production level in the presence of a 

peptide compared to the negative control 

group. In addition, clones 11, 7, and 6 also 

had significant differences in IFN production 

(Figure1) 
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Figure 1: Comparison of IFNγ secretion in clones 6, 7, 11, 15 with D393-CD20 peptide (positive peptide) and without 

D393-CD20 peptide (negative peptide) 

 

Analysis of flow cytometry 

After staining D393-CD20 antigen-specific 

T lymphocyte clones with FITC-binding 

Anti-CD4 and PE-bound Anti-CD8, using 

flow cytometry, it was found that 86.6% of 

the population were CD8 + and CD4-. 

B-CLL apoptosis using flow cytometry 

We cultured the selected specific clones 

(clones 15, 11, 7, 6) with a B-CLL cell line

 with a ratio of 1: 10 in 96-plate U-shaped 

wells. Regarding the negative control, we 

used B-CLL co-culture with non-specific 

D393-CD20 antigen-specific T lymphocyte 

clones. The results were obtained using flow 

cytometry. It was found that clone 15 

stimulates the most apoptosis ratio in the B-

CLL cell line.
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Diagram 1. The results from percentage of B-CLL cell line apoptosis in co-culture with specialized T lymphocyte 

clones of D393-CD20 antigen and its comparison with unspecialized T lymphocyte clones of D393-CD20 antigen as 

negative control with apoptosis technique 

MTT results 

    We placed the plate in the ELISA reader 

and measured the absorption at 450 nm. For 

each T lymphocyte clone, three types of wells 

were selected as follows: One well 

containing T lymphocyte clone without B-

CLL cell line, a well containing B-CLL cell 

line without T lymphocyte clone, and a well 

with co-culture of T lymphocytes with B-

CLL cell line. MTT test results were 

calculated with this formula: 

 

The percentage of immolated cells= 

( 𝐵−𝐶𝐿𝐿  𝑐𝑒𝑙𝑙 𝑙𝑖𝑛𝑒 𝑂𝐷 + 𝑇 𝑙𝑦𝑚𝑝ℎ𝑜𝑐𝑦𝑡𝑒)𝑂𝐷− 𝐶𝑂 𝑐𝑢𝑙𝑡𝑢𝑟𝑒 𝑂𝐷

(𝐵−𝐶𝐿𝐿 𝑐𝑒𝑙𝑙 𝑙𝑖𝑛𝑒 𝑂𝐷+ 𝑇 𝑙𝑦𝑚𝑝ℎ𝑜𝑐𝑦𝑡𝑒 𝑂𝐷)
 

 

After comparing the percentage of B cells 

and cytotoxic T lymphocytes against D393-

CD20 antigen, it was found that the apoptosis 

rate induced by specific T lymphocytes by 

clones 5 and 15 was 64.45 and 51.1 percent, 

respectively. These results are consistent 

with flow cytometry results.  
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Figure 2. Culture of B lymphocytes with D393-CD20 antigen-specific T lymphocytes and nonspecific T lymphocytes as 

a negative group (n=10) Means±SDs, *p < 0.05 

 

 

 

 

Diagram 2. Results of B-CLL cell line cytotoxicity in culture with D393-CD20 antigen-specific T lymphocyte clones 

and comparison with non-specialized T lymphocytes Clone D393-CD20 antigen as a negative control by MTT technique. 
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4. Discussion 

In 1960, a serious attempt was made for 

tumor treatments by passive immunization 

using T lymphocyte and it was demonstrated 

that cellular immunity was responsible for 

tumor tissue rejection [21]. Since it was 

determined that human tumor infiltrating 

lymphocytes (TILs) could be expanded in 

vitro and injected to patients, it was 

concluded that a translational approach of 

tumor immunology was possible [22]. A 

study by Forget showed that separation of 

TIL from tumor environment followed by 

TIL in vitro propagation and reinjection in a 

patient suffering from metastatic melanoma 

can be effective for the patient’s treatment. 

[23]  In another study, Owens separated TIL 

from biopsy samples of patients with ovarian 

cancer and propagated them in vitro. When 

TIL was challenged with tumor cells, an 

increase in anti-tumor cytokine was evident, 

suggesting the effectiveness in these cells for 

inactivation of tumor cells [24]. In addition, 

there was an association between controlling 

tumor progression and the rate of CD8 + T 

lymphocyte infiltration into the tumor site. 

The discovery of tumor antigens plays a 

crucial role in developing new diagnostic 

tools and anti-cancer immunotherapies. 

Recent studies have shown that alternative 

splicing produces different types of tumor 

antigens .Alternative splicing can alter 

mRNA structure by adding or removing 

exons and can affect the function, stability, 

and binding properties of proteins. The 

various types of antigens produced by the 

tumor can affect tumor pathogenesis and can 

be used as new markers for diagnostic and 

therapeutic approaches. A study by Celay 

and colleagues targeted AE2 antigen (a 

membrane sheath related to PH regulation 

inside cells) in B lymphoma cells. Their 

results in in vitro showed that 

immunotherapy against this antigen has a 

twofold effect on treatment of B cell 

malignancy, because it induces apoptosis in 

tumor B cells and also increases the anti-

tumor immune responses by decreasing the 

number of Treg cells [25-28].  

Kobayashi conducted a study on four 

patients with oral cancer in Japan. In vitro 

proximity of blood lymphocytes of the 

patients with Survivin peptides demonstrated 

that Survivin-B80-88 peptides have the 

highest immunogenicity for CTL. These may 

be good candidates for immunotherapy 

against Survivin in gastrointestinal, colon, 

breast, lung, bladder, and oral cancers [29]. 

CD20-induced mRNA transcription (named 

D393-CD20) has recently been identified in 

malignant B cells of patients with leukemia 

and lymphoma. D393-CD20 is formed due 

to the lack of 168 nucleotides from exons 3 

to 7 compared to the normal type of 

CD20.D393 - CD20 mRNA is not present in 

normal B cells but is present in malignant or 

deformed B cells [13-15]. Another study by 

Vauchy found that D393-CD20 antigen was 

present on the surface of malignant B cells 

and that D393-CD20-specific CD4 + T cells 

were detectable in patients with B-cell 

lymphoma and could produce IFN. 

In addition, in this study, vaccination with 

D393-CD20 peptides in human HLA 

transgenic mice revealed that D393-CD20 

antigen peptides could bind to both MHC 

class I and class II MHC molecules so that 

they can multiply both TCD8 + and TCD4 + 

cells. This study suggests that targeting the 

D393-CD20 antigen could provide more 

effective immunotherapy in treating B cell 

malignancy [30]. Gamonet in another study 

found that the D393-CD20 antigen was 

present on the surface of B tumor cells and 

that the effects of the EBV virus on B cells 

could increase D393-CD20 membrane 

expression. Also, in patients with CLL, it 

was found that the expression of D393-CD20 

at the level of tumor cells is higher in patients 

who are in stages B and C. Bonavida found 
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that anti-CD20 monoclonal antibody 

(Rituximab) could be effective in treating B-

NHL tumors. Using this therapeutic 

approach in combination with 

chemotherapy, radiation therapy and 

proteasome inhibitors can lead to greater 

effectiveness in treatment [31].It has been 

observed that some patients are still tolerant 

to Rituximab for unknown reasons; however, 

D393-CD20 expression levels are also 

increased in tolerant patients [32]. Recent 

findings indicate that D393 -CD20 can be a 

good candidate for immunotherapy due to its 

high immunogenicity and expression in 

malignant B lymphocytes. The function of 

D393-CD20 is ambiguous, and there are 

very few studies on the D393-CD20 peptide 

[14]. This study found that CD8 + T clones 

specific to the D393-CD20 peptide could 

directly detect tumor B cells and induce 

apoptosis in them. The direct effect of CD8 

+ T cells on malignant cells is confirmed by 

previous research showing that D393-CD20 

is a natural antigen processed in tumor B 

cells that may appear on the surface of tumor 

B cells with MHC class I molecules. 

In summary, in this study, we isolated a 

series of D393-CD20-specific CD8 + T 

lymphocyte clones from the PBMC of a 

normal individual. These clones were 

amplified in vitro in the presence of the 

synthetic peptide D393-CD20 adjacent to the 

B-CLL cell line. Using flow cytometry and 

MTT methods, it was observed that specific 

clones D393-CD20 induced apoptosis in B-

CLL cell line.

5. Conclusion 

D393-CD20 promotes the proliferation of 

CD8 + T lymphocytes in vitro, and these 

cells can kill cancer cells that have this 

antigen on their surface, thus a good 

candidate for immunotherapy. 

It seems that the possible role of D393-CD20 

junction peptides as antigens is a relatively 

recent observation and few studies are 

available on their possible role as candidates 

for B-CLL immunotherapy. Although this 

study demonstrates a preclinical approach to 

T cell transfer therapy and in vivo studies are 

needed in animal models, it shows that 

D393-CD20 is highly immunogenic for T + 

CD8 cells and could be used for future 

therapeutic approaches.   

 In addition, since D393-CD20 junction 

peptides not expressed in normal 

lymphocytes, ,  this antigen could be 

exploited in future studies for the vaccination 

of individuals at higher risk for B cell 

lymphoma or normal individuals for the 

prevention of B cell related malignancies. 
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Clone number B-CLL cell line 

OD 

T lymphocyte 

clone OD 

Co-culture 

OD 

Cytotoxicity 

Percentage 

Negative 

CLONE 

0.219 0.195 0.383 7.48 

CLONE 15 0.299 0.148 0.195 56.37 

CLONE 11 0.285 0.108 0.233 40.71 

CLONE 7 0.275 0.173 0.271 39.50 

CLONE 6 0.275 0.158 0.279 35.56 

 

Table 1. MTT test results for B-CLL cell culture with D393-CD20 antigen-specific T lymphocyte clones and non-

specialized clone for negative control. The data were represented as the average ± SD (n = 3). 

 

 

 


