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Abstract 

Monoclonal antibodies are a biological treatment option for hematological 

cancers that utilize both innovative modalities in conjunction with the function of the 

immune system. However, limitations with monoclonal antibodies from sequence 

liabilities in the binding domains can influence stability and manufacturing capabilities. 

The use of biomolecular interaction visualization tools may offer a theoretical method to 

modify known sequence liabilities from the binding domains of monoclonal antibodies 

with little effect on the overall structure and function of the antibody. To investigate this 

process, two antibodies of interest were selected, and the corresponding antibody 

sequences were analyzed using a biomolecular interaction visualization tool, altering the 

observed sequence liabilities. These modifications were assessed using antibody 

production and binding studies as a single monoclonal antibody, then as a bispecific 

antibody. A final set of bispecific antibodies were characterized by cell-based binding 

studies, confirming binding to corresponding cell lines at similar levels as the parental 

antibody sequences. 
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Chapter I. 

Introduction 

Cancer is a life-threatening disease with an incredible influence on the 

development of new treatments and therapeutics. This is due to the number of people 

affected by the disease. Cancer is the leading cause of death worldwide, resulting in 

almost 10 million deaths or approximately one in six deaths in 2020 (Cancer, 2021). 

Within the United States, cancer is the second most common cause of death 

(FASTSTATS - Leading Causes of Death, 2022). The American Cancer Society estimates 

that about 1.9 million new cancer diagnoses will be made in 2022, and approximately 

610,000 people will die from cancer, as observed in Table 1 (Cancer Facts & Figures 

2023). 
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Table 1. Estimated cancer cases and deaths in the United States.   

 
New cancer cases and deaths by gender estimations in the United States for 2023 
(Cancer Facts & Figures 2023). 

Cancer is classified as a disease type ‘characterized by the uncontrolled growth 

and spread of abnormal cells that can result in death if not treated’ (Cancer Facts & 

Figures 2023). This malignant disease can happen in all locations in the human body and 
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is characterized by the structure of the disease, either as solid tumor or hematologic 

cancers. As suggested by the name, solid tumor cancers present as malignant masses and 

have the potential to metastasize through the human body in the generation of smaller 

tumors. Hematologic cancers generally start in either the bone marrow or lymph nodes 

and are classified into three distinct types of cancer: leukemia, lymphoma, and myeloma 

(Clara-Trujillo et al., 2021). It is estimated that approximately 184,000 new diagnoses 

will be made in the United States in 2022 for these types of cancer, with approximately 

58,000 estimated deaths (Cancer Facts & Figures 2023). The hematologic cancer statistic 

details can be observed in Table 1.  

The burden of cancer can be greatly reduced through prevention strategies and 

early detection; however, successful treatment is key for the management of cancer. An 

overview of cancer treatments starting with surgical removal of a solid tumor can be 

found in Figure 1. Chemotherapy is generally the first treatment measure in cancer 

management and treatment, including hematologic cancers (Cancer Facts & Figures 

2023).  The first type of chemotherapy was successfully used in 1956 and was a starting 

point in the understanding of blocking key mechanisms of action in the uncontrolled 

proliferation of cancer cells (History of Cancer Treatments: Chemotherapy, 2024). 

However, chemotherapy focuses non-specifically on highly proliferating cells which can 

also be found in healthy portions of the body, resulting in nonspecific targeting of this 

treatment. Radiation therapy is another first treatment measure in hematologic cancer 

management and treatment. This treatment functions as a directed therapy in the 

destruction of genetic information present in cancer cells, thus preventing further growth 

and proliferation (Radiation Therapy, 2022). Radiation therapy also follows the same 
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drawback as chemotherapy, where it is not specific to only cancer cells and healthy cells 

can also be affected in treatment. These nonspecific treatment methods result in increased 

overall toxicity for the patient in the treatment of hematologic cancer. More targeted 

cancer therapies would allow for the specific destruction of cancer cells while 

disregarding healthy cells. 

 

Figure 1. History of cancer treatments. 

An overview of cancer treatments, starting with the surgical removal of solid tumors and 
ending with the use of monoclonal antibodies as checkpoint inhibitors (Falzone, et al., 
2018).  

 

Overview of antibodies in immuno-oncology 

Monoclonal antibodies are an example of a biological treatment in immuno-

oncology that utilizes both innovative therapeutic modalities along with the ability to 

communicate with the cells found within the immune system. Monoclonal antibodies are 
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glycoproteins in the immunoglobulin (Ig) family produced by plasma cells in an adaptive 

immune response to a foreign substance found within the body (Zahavi, 2020). These 

monoclonal antibodies are highly specific to the corresponding foreign substance, or 

antigen, and will only be expressed when the antigen is detected. Once expressed in the 

body, the monoclonal antibody continues with its high specificity and binds only to the 

antigen to signal to other immune cells the location of this substance for elimination 

(Weiner et al., 2010). This relationship between the monoclonal antibody and immune 

system is observed in Figure 2.  

 

 

Figure 2. An overview of the innate immune response. 

The innate immune responses to the tumor-specific binding on a monoclonal antibody 
(Van der Horst, H., et al., 2020).  
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The variable region of the monoclonal antibody allows for its high specificity to 

its antigen. Monoclonal antibodies are made of two heavy chains and two light chains in 

a light-heavy-heavy-light structure that includes variable and constant regions (Justiz 

Vaillant et al., 2023). The constant region remains consistent through the different classes 

of immunoglobulins, where the variable region contains the CDRs that are highly 

variable and results in antigen-specific binding. While not antigen-specific, the heavy 

constant region of the antibody is responsible for signaling an innate immune response to 

eliminate the foreign substance expressing the antigen of interest (Weiner et al., 2010). 

Through this biological relationship, monoclonal antibodies assist in the specific 

elimination of foreign substances in the human body and have been utilized in the 

treatment of hematologic cancer. An overview of the structure of a monoclonal antibody 

can be found in Figure 3.  

 

Figure 3. The overall structure of a monoclonal antibody.  

The left diagram shows the entire antibody with the variable and constant regions, where 
the right diagram shows more details of the variable region and focuses on the CDR 
region that is utilized in antigen recognition and binding (Graves, J., et al., 2020). 



 

7 

The promise of antibodies for immunotherapeutic cancer treatment 

Immunotherapies have utilized this biological relationship found with monoclonal 

antibodies in cancer treatments for its specificity to tumor-associated antigens. To further 

increase specificity and recruit an innate immune system response, monoclonal 

antibodies have undergone formatting from its traditional structure to accommodate new 

antibody modalities (Brinkmann, 2017). One of these antibody modalities is the 

bispecific antibody, as observed in Figure 4. In its simplest form, it is an antibody 

composed of two antibodies targeting two targets in the same biologic modality. The two 

targets on the bispecific antibody could be for tumor-associated antigens found in the 

same hematologic cancer or could include one target for either an innate or adaptive 

immune system cell for redirection to the cancer cells in addition to a tumor-associated 

antigen (Wei et al., 2022). For hematologic cancers, bispecific antibodies engaging in T 

cells participation have been of great interest and relevance in the biologics development 

for the ability to bring together these immune cells with cancer cells (Duell et al., 2019). 

This mechanism of action is important in the reduction of off-target toxicities associated 

with other treatments, such as chemotherapy and radiation. The treatment efficacy profile 

would also increase since this treatment would be specific to only the cancer cells 

overexpressing the target of interest.  
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Figure 4. An overview of a bispecific antibody and a mechanism of action with effector 

cell and cancer cell. 

The bispecific antibody will bring the effector cell and cancer cell in proximity of one 
another by binding both cell types, where the effector cells will signal for expansion and 
extracellularly release granzymes and perforins. These chemical signals will target the 
cancer cell, causing cancer cell death (Khosla, A., et al., 2023). 

Specificity to cancer cells, in addition to corresponding safety and efficacy, are 

driving forces in cancer management and treatment, as well as the therapeutic research 

and development field. This focus is observed in cancer treatment trends, where more 

specialized treatments are the focus instead of a broad, universal treatment. It is also 

observed with the development of targeted delivery strategies with current treatments. 

The utilization of the immune system in treatment and corresponding immunotherapy 

drug development is a focus that is being developed and employed in these current 

treatments. Precision and specificity are characteristics important to the development of 

biologics modalities in the treatment of hematologic cancers.  
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These mentioned cancer treatment trends can be observed in the current bispecific 

antibody treatments on the market, in addition to the list of bispecific antibody clinical 

trials. As of late 2023, there are seven FDA-approved bispecific antibodies available for 

hematological cancer treatment in the United States, as observed in Table 2 (Center for 

Drug Evaluation and Research, 2023). The continued interest in bispecific antibodies for 

the treatment of cancer is evident in the number of clinical trials. Table 3 shows a brief 

list of clinical trials that utilize the bispecific antibody modality for acute myelogenous 

leukemia treatment. These two tables demonstrate the advancement of hematological 

cancer treatments with bispecific antibody modalities, as well as the development of the 

overall technology.   

 

Table 2. Bispecific antibodies used for hematological cancer treatments. 

 
List of bispecific antibodies available in the United States for hematological cancer 
treatments as of 2023 (Center for Drug Evaluation and Research, 2023). 
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Table 3. Clinical trials utilizing bispecific antibody modalities. 

 
List of clinical trials targeting acute myelogenous leukemia with bispecific antibody 
modalities as of 2022 (Omer, H., et al., 2022). 

 

Antibody engineering through biomolecular interaction visualization tools 

As antibody modalities are developed to become more complex biologics, a better 

understanding of biomolecular interactions and relationships are needed to successfully 

develop these biological therapeutics. Antibody engineering can provide one way to 

determine molecular relationships based on biological and chemical properties. This 

engineering can continue the specificity and stability of biotherapeutic modalities in the 

development of new cancer treatments in modifications made within biomolecular 

interaction visualization tools for antibody engineering.  

The specificity of antibodies in given modalities provides more precise targeting 

of hematologic cancers targets; however, amino acid liabilities can be found in variable 

region, primarily the complementarity-determining regions (CDRs). These amino acid 

liabilities, such as deamidation and isomerization sites, can have negative effects on the 
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structure and function on the antibody and affect therapeutic properties due to post-

translational modifications in downstream scale-up and manufacturing settings (Chiu, M., 

et al., 2019). A more detailed list of amino acid liabilities can be found in Table 4. With 

the assistance of biomolecular interaction visualization tools, it is possible to theoretically 

observe these chemical interactions from post-translational modifications through 

molecular modeling and generate theoretical modifications with immediate theoretical 

results (Norman et al., 2019). The utilization of molecular modeling with biomolecular 

interaction visualization tools has the potential to reduce the amino acid liabilities and de-

risk the overall biotherapeutic molecule.  
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Table 4. Post-translational modifications observed with monoclonal antibodies. 

 
List of common post-translational modifications and corresponding effects with 
monoclonal antibodies (Chiu, M., et al., 2019). 
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Antibody engineering with the utilization of biomolecular interaction 

visualization tools also provides the ability to generate a theoretical directory of amino 

acid modifications within an antibody sequence to reduce potential liabilities. This 

theoretical list of amino acid modifications can be combined in an assortment to generate 

multiple variations of the same antibody modality to determine if there are compounding 

effects of the post-translational modifications (Chiu, M., et al., 2019). The reduction of 

potential amino acid liabilities presents the ability to predict and reduce developability 

problems within the biotherapeutic treatment at an earlier stage in the production 

timeline. This theoretical list of modifications can also be produced in a real-world 

setting for confirmation testing and the overall assessment of the engineered antibody 

modality.  

The confirmation testing for the reduced liabilities groupings of amino acid 

mutations can incorporate multiple types of biophysical assessments, which include 

binding capability assays utilizing proteins and cells expressing the target of interest. 

These binding capability assays include surface plasmon resonance (SPR) and flow 

cytometry, respectively (Seeliger, et al., 2015). Binding capability testing is a useful 

analysis tool for determining the impact of the amino acid modifications on the overall 

binding ability of the antibody modality once the liabilities have been theoretically 

reduced (Neuber, et al., 2014). The relationship between antibody engineering through 

biomolecular interaction visualization tools and confirmation testing techniques provides 

useful and revealing information about the overall antibody modality structure and 

function that can be used in the development of future biotherapeutics modalities. 
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Potential Applications 

The assessment of antibody sequences with overall structure and function 

provides the opportunity to develop biologic modalities for the treatment of 

hematological cancers. These antibody sequences can be analyzed and potentially de-

risked with the assistance of biomolecular interaction visualization tools, then 

biologically tested to confirm the engineered modifications (Graves, et al., 2020). This 

type of engineered assessment can be applied with different types of biologic modalities 

and hematological cancer-related targets.  

The development of a bispecific antibody modality targeting one hematological 

tumor-associated antigen, along with a T-cell associated antigen to redirect the immune 

system to the cancer cells, would be one approach to evaluate the liability de-risking 

assessment through a biomolecular interaction visualization tool. T-cell Receptor 

Constant β Chain-1 (TRBC1) and CD3 are two antigens to be used as the target antigens 

of interest due to overexpression in hematological malignancies and role in the immune 

system, respectively (Chen et al., 2020 and Middelburg et al., 2021). TRBC1 is a T-cell 

lymphoma antigen expressed on healthy T cells, but overexpressed in peripheral T-cell 

lymphoma, angioimmunoblastic T cell lymphoma, and T cell acute lymphoblastic 

leukemia (Maciocia, et al., 2017). The overexpression of this antigen in addition to the 

expression primarily on T cells provides a promising starting point in the generation of an 

antibody modality.  

The second antigen on this engineered bispecific antibody modality is CD3. This 

antigen is also associated with the T-cell Receptor complex found on T cells and is 

responsible for the T cell-mediate response to unrecognized antigens (Yang, et al., 2005).  
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By having a tumor-associated antigen and a T cell recruiting antigen together on the same 

bispecific antibody modality, the lack of recognition and distance between the two 

antigens will be decreased and potentially increase an immune response to the tumor-

associated antigen (Wei et al., 2022). Figure 5 displays the overall structure of the T-cell 

receptor complex, where TRBC1 and CD3 can be observed. Another portion of the 

complex, TRBC2, is present in the complex with a similar antigen sequence to TRBC1. It 

is important to ensure that the TRBC1 portion of the bispecific antibody modality is 

specific only to TRBC1 and little to no cross-reactivity is present between these two 

antigens during the engineering and testing. 

  

Figure 5. Overview of the T-cell receptor complex. 

The T cell receptor complex is made of composed of the antigen binding site and CD3 
binding sites. The antigen binding site is comprised of the TCRα and TCRβ structures, 
and the CD3 binding sites include the γ, δ, ε structures (Franco, et al., 2016).  
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 The liability de-risk assessment with a biomolecular interaction visualization tool 

should focus primarily on TRBC1 due to the specificity needed to the T-cell lymphoma 

antigen. The sequence liability de-risk assessment will focus primarily on deamidation, 

isomerization, glycosylation, and oxidation sequence liabilities in the CDRs. From this 

initial assessment, CD3-related sequence liability analysis should be performed in the 

same manner to determine if there are sequence liabilities that could be detrimental to the 

overall bispecific structure. With this biomolecular analysis, there is potential for an 

effective computational assessment of antibody sequences in the reduction of sequence 

liabilities from two antibodies of interest for the overall generation of a bispecific 

antibody modality.  
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Chapter II. 

Materials and Methods 

The impact of de-risking sequence liabilities found in the CDRs of antibodies 

through theoretical and observational means will be evaluated by DNA transient 

transfection efficiency and resulting protein purification and binding capability 

experiments. The transient transfection efficiency and protein purification techniques 

were assessed by concentration yield at a consistent basis for all transfections. For 

binding capability experiments, SPR and flow cytometry were used to determine the 

binding capabilities on purified proteins and cell-based proteins, respectively.   

 

Construct design from biomolecular interaction visualization tool 

A hypothesized sequence for the anti-TRBC1 antibody was derived from 

literature and applied to biomolecular modeling to determine the impact of theoretical 

rationale design on this wild-type parental amino acid sequence. This wild-type parental 

sequence was imported into Molecular Operating Environment (MOE) software 

(Chemical Computing Group ULC) and rationale design was implemented to de-risk 

specific amino acid sequences from the parental sequence. All DNA constructs were 

designed with optimized nucleotide sequences and included an IGHV3-23 leader 

sequence derived from literature (P01764: HV323_HUMAN, 2024) with human IgG1 

framework (P01857: IGHG1_HUMAN, 2024) for the heavy chain and human kappa 

framework (P01834: IGKC_HUMAN, 2024) for the light chain from Genewiz (Azenta 
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Life Sciences) in the pcDNA3.4™ vector. Table 5 provides a list of the anti-TRBC1 

heavy and light chain sequences generated from theoretical rationale design using MOE. 

These heavy chain and light chain sequences were paired together to generate a 

combination of 56 unique antibodies, found in Table 6. 

 

Table 5. Modification made to anti-TRBC1 antibody.  

Construct Name Rationale 
TRBC1-HC-WT Parental heavy chain amino acid (Saetang, et al., 2022) 
TRBC1-HC-1 TRBC1-HC-WT with M1, M2, M3, M4 
TRBC1-HC-2 TRBC1-HC-WT with M1, M2, M3 
TRBC1-HC-3 TRBC1-HC-WT with M1, M2, M4 
TRBC1-HC-4 TRBC1-HC-WT with M1, M3, M4 
TRBC1-HC-5 TRBC1-HC-WT with M2, M3, M4 
TRBC1-HC-6 TRBC1-HC-WT with M2, M4 
TRBC1-HC-7 TRBC1-HC-WT with M2, M3 
TRBC1-HC-8 TRBC1-HC-WT with M3, M4 
TRBC1-LC-WT Parental light chain amino acid (Saetang, et al., 2022) 
TRBC1-LC-1 TRBC1-LC-WT with M5, M6, M7 
TRBC1-LC-2 TRBC1-LC-WT with M5, M7 
TRBC1-LC-3 TRBC1-LC-WT with M5, M6 
TRBC1-LC-4 TRBC1-LC-WT with M6, M7 
TRBC1-LC-5 TRBC1-LC-WT with M6, M7, M8 
TRBC1-LC-6 TRBC1-LC-WT with M7, M8 
TRBC1-LC-7 TRBC1-LC-WT with M6, M8 

List of TRBC1 amino acid sequences with rationale for each design generated from 
MOE. 
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Table 6. Generated anti-TRBC1 antibodies. 

Antibody Name Rationale 
TRBC1-1 TRBC1-HC-1 paired with TRBC1-LC-1 
TRBC1-2 TRBC1-HC-2 paired with TRBC1-LC-1 
TRBC1-3 TRBC1-HC-3 paired with TRBC1-LC-1 
TRBC1-4 TRBC1-HC-4 paired with TRBC1-LC-1 
TRBC1-5 TRBC1-HC-5 paired with TRBC1-LC-1 
TRBC1-6 TRBC1-HC-6 paired with TRBC1-LC-1 
TRBC1-7 TRBC1-HC-7 paired with TRBC1-LC-1 
TRBC1-8 TRBC1-HC-8 paired with TRBC1-LC-1 
TRBC1-9 TRBC1-HC-1 paired with TRBC1-LC-2 
TRBC1-10 TRBC1-HC-2 paired with TRBC1-LC-2 
TRBC1-11 TRBC1-HC-3 paired with TRBC1-LC-2 
TRBC1-12 TRBC1-HC-4 paired with TRBC1-LC-2 
TRBC1-13 TRBC1-HC-5 paired with TRBC1-LC-2 
TRBC1-14 TRBC1-HC-6 paired with TRBC1-LC-2 
TRBC1-15 TRBC1-HC-7 paired with TRBC1-LC-2 
TRBC1-16 TRBC1-HC-8 paired with TRBC1-LC-2 
TRBC1-17 TRBC1-HC-1 paired with TRBC1-LC-3 
TRBC1-18 TRBC1-HC-2 paired with TRBC1-LC-3 
TRBC1-19 TRBC1-HC-3 paired with TRBC1-LC-3 
TRBC1-20 TRBC1-HC-4 paired with TRBC1-LC-3 
TRBC1-21 TRBC1-HC-5 paired with TRBC1-LC-3 
TRBC1-22 TRBC1-HC-6 paired with TRBC1-LC-3 
TRBC1-23 TRBC1-HC-7 paired with TRBC1-LC-3 
TRBC1-24 TRBC1-HC-8 paired with TRBC1-LC-3 
TRBC1-25 TRBC1-HC-1 paired with TRBC1-LC-4 
TRBC1-26 TRBC1-HC-2 paired with TRBC1-LC-4 
TRBC1-27 TRBC1-HC-3 paired with TRBC1-LC-4 
TRBC1-28 TRBC1-HC-4 paired with TRBC1-LC-4 
TRBC1-29 TRBC1-HC-5 paired with TRBC1-LC-4 
TRBC1-30 TRBC1-HC-6 paired with TRBC1-LC-4 
TRBC1-31 TRBC1-HC-7 paired with TRBC1-LC-4 
TRBC1-32 TRBC1-HC-8 paired with TRBC1-LC-4 
TRBC1-33 TRBC1-HC-1 paired with TRBC1-LC-5 
TRBC1-34 TRBC1-HC-2 paired with TRBC1-LC-5 
TRBC1-35 TRBC1-HC-3 paired with TRBC1-LC-5 
TRBC1-36 TRBC1-HC-4 paired with TRBC1-LC-5 
TRBC1-37 TRBC1-HC-5 paired with TRBC1-LC-5 
TRBC1-38 TRBC1-HC-6 paired with TRBC1-LC-5 
TRBC1-39 TRBC1-HC-7 paired with TRBC1-LC-5 
TRBC1-40 TRBC1-HC-8 paired with TRBC1-LC-5 
TRBC1-41 TRBC1-HC-1 paired with TRBC1-LC-6 
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Antibody Name Rationale 
TRBC1-42 TRBC1-HC-2 paired with TRBC1-LC-6 
TRBC1-43 TRBC1-HC-3 paired with TRBC1-LC-6 
TRBC1-44 TRBC1-HC-4 paired with TRBC1-LC-6 
TRBC1-45 TRBC1-HC-5 paired with TRBC1-LC-6 
TRBC1-46 TRBC1-HC-6 paired with TRBC1-LC-6 
TRBC1-47 TRBC1-HC-7 paired with TRBC1-LC-6 
TRBC1-48 TRBC1-HC-8 paired with TRBC1-LC-6 
TRBC1-49 TRBC1-HC-1 paired with TRBC1-LC-7 
TRBC1-50 TRBC1-HC-2 paired with TRBC1-LC-7 
TRBC1-51 TRBC1-HC-3 paired with TRBC1-LC-7 
TRBC1-52 TRBC1-HC-4 paired with TRBC1-LC-7 
TRBC1-53 TRBC1-HC-5 paired with TRBC1-LC-7 
TRBC1-54 TRBC1-HC-6 paired with TRBC1-LC-7 
TRBC1-55 TRBC1-HC-7 paired with TRBC1-LC-7 
TRBC1-56 TRBC1-HC-8 paired with TRBC1-LC-7 

List of anti-TRBC1 antibodies generated and tested from combining the modifications in 
the heavy and light chains derived from Table 5. 

The same rationale design technique was applied to the generation of the anti-

CD3 antibody. The wild-type parental sequence for anti-CD3 antibody was identified 

from literature and inputted into MOE for rationale design analysis, where the scFv 

sequences were derived for the constructs. The DNA constructs were designed with 

optimized nucleotides sequences and included an IGHV3-23 leader sequence and 

covalently linked together with a glycine-serine (GS) linker identified from literature 

(Arslan, et al., 2022). The anti-CD3 scFv molecules were generated at Genewiz in the 

pcDNA3.4™ vector. Table 7 provides a list of the anti-CD3 scFv sequenced used and 

Table 8 is a list of the anti-CD3 scFv antibodies generated. These sequences were 

combined to generate 2 unique scFv antibodies. 
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Table 7. Modification made to anti-CD3 antibody.  

Construct Name Rationale 
CD3-HC-WT Parental heavy chain amino acid sequence, scFv (Muromonab, 2015) 
CD3-HC-1 TRBC1-HC-scFv-WT with M9 
CD3-LC-WT Parental light chain amino acid sequence, scFv (Muromonab, 2015) 

List of CD3 amino acid sequences with rationale for each design generated from MOE. 

Table 8. Generated anti-CD3 scFv antibodies. 

Construct Name Rationale 
CD3-WT CD3-HC-WT paired with CD3-LC-WT, scFv format 
CD3-1 CD3-HC-1 paired with CD3-LC-WT, scFv format 

List of anti-CD3 scFv antibodies generated from Table 7. 

In the generation of the bispecific antibody, TRBC1-1 was used with CD3-WT 

and CD3-1 and linked together using knob in hole mutations (T366W, and T366S, 

L368A and Y407V, respectively) in the constant region of the heavy chain derived from 

literature (Xu, et al., 2015). The introduction of the knob in hole mutations would ideally 

increase the success rate of generating the anti-TRBC1 and anti-CD3 bispecific 

antibodies. A negative bispecific antibody control was also generated using an internal 

target that does not bind TRBC1 or CD3-expressed proteins with CD3-1 in the same 

bispecific antibody format.  

 

DNA transient transfections 

All DNA transient transfections were performed in the same manner using the 

Expi293™ expression system kit (catalog# A14635, Thermo Fisher Scientific), a 

HEK293-based transient transfection expression system. Expi293F™ suspension cells 

(catalog# A14527, Thermo Fisher Scientific) were passaged with Expi293™ expression 
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medium (catalog# A1435101, Thermo Fisher Scientific). Cell density and viability were 

calculated using trypan blue staining on the Countless 3 automated cell counter (Thermo 

Fisher Scientific).  

For the day of the transient transfection, Expi293F™ cells were passaged to a 

density of 4x106 cells/ml in fresh Expi293™ expression medium. The lipid-DNA 

complex for each reaction was established individually with 1:2 ratio of heavy chain:light 

chain plasmid DNA using Opti-MEM® reduced serum media, resulting in a total of 15 

µg DNA present. Following the Expi293™ expression system kit instructions, 81 µl of 

the ExpiFectamine™ 293 reagent was added to 1.5 ml of Opti-MEM® reduced serum 

media and gently mixed and incubated for 5 minutes at room temperature. Each DNA 

reaction was directly added to the diluted ExpiFectamine™ 293 reagent at a total volume 

of 3 ml, then gently mixed. The lipid-DNA complex formation occurred at room 

temperature for 20 minutes. After the incubation, the lipid-DNA complex reaction was 

added to 28 ml total of cells at 3x106 cells/ml in a 125-ml flask. The cells and lipid-DNA 

complex for each construct were incubated at 37°C with 8% CO2 and shaking at 125 rpm 

on an orbital shaker platform. After 20 hours of incubating, 150 µl of ExpiFectamine™ 

293 transfection enhancer 1 and 1.5 ml of ExpiFectamine™ 293 enhancer 2 were added 

to each flask. The flasks continued to incubate and shake for an additional 3 more days, 

until each flask was harvested by centrifuging at 1000 x g for 10 minutes. The 

supernatants were carefully aliquoted from the centrifuge tube into a 50 ml conical tube 

and kept at 4°C until purification.  
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Protein A purification 

To start the small-scale purification process, the harvested transfected 

supernatants from the transient transfected step were incubated with 1 ml 50% slurry of 

MabSelect Sure LX resin (catalog# 17-5474-03, GE Healthcare, Chicago, IL). Each 

harvested transfected supernatants with resin were incubated overnight while rotating at 

4°C. On the following day, the harvested transfected supernatants with resin were 

centrifuged for 500 x g for 5 minutes to pellet the MabSelect Sure LX resin. Most of the 

supernatant was removed without disturbing the resin pellet to be gently resuspended and 

transferred to Nunc™ 96-Well Filter Plates (catalog# 278011, Thermo Fisher Scientific) 

that is placed in the protein purification vacuum manifold (catalog# MSVMHTS00, 

Millipore Sigma) with a waste collection plate (catalog# MVCPN0025, Millipore Sigma), 

as observed in Figure 6 below.  

 

Figure 6. Visualization of protein purification vacuum manifold. 

The vacuum manifold used for antibody purification is an interlocking system containing 
a vacuum gauge that accommodates different sized 96 well plates (Extraction Plate 
Manifold for OASIS 96-Well Plates, 2024).  
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Once all the harvested transfected resin pellets are placed in the wells of the 

filtered plates, the vacuum manifold is slowly turned on to generate a vacuum to remove 

any remaining supernatant left from the centrifugation. The resin was washed three times 

with 1 ml DPBS(-) (catalog# 14190-144, Thermo Fisher Scientific) using the vacuum 

manifold, ensuring to discard the waste from the waste collection plate at the bottom of 

the vacuum manifold after each wash. Once the resin is sufficiently washed with DPBS(-

), the waste collection plate is discarded and replaced with a sterile Nunc™ 96-well 

polypropylene 2 ml collection plate (catalog# 278743, Thermo Fisher Scientific) that 

contains 0.124 ml/well 1 M Tris-HCl, pH 8.0 (catalog# AM9855G, Thermo Fisher 

Scientific) as the neutralization buffer. The purified antibodies from the harvested 

transfected supernatants were initially eluted from the resin using 0.438 ml of in-house 

prepared 0.1 M glycine-HCl (catalog# G7126, Millipore Sigma) (catalog# 258148, 

Millipore Sigma), 0.3 M NaCl (catalog# S9888, Millipore Sigma) pH 3.0 elution buffer. 

The vacuum manifold was gently turned on to allow for a slow rate of elution into the 

neutralization buffer and repeated one additional time with another 0.438 ml of elution 

buffer, resulting in approximately 1 ml of purified protein.  

The purified protein concentrations were measured using UV/Vis 

spectrophotometry. The sample absorption values at 280 nm were measured on a 

NanoDrop™ 2000 spectrophotometer (Thermo Fisher Scientific). The instrument was 

blanked using the same elution and neutralization buffer as the samples. The 

concentrations for each purified protein were calculated using the molecular weights and 

extinction coefficients generated from an in-house program, then the purified protein 

plate was stored at 4°C for further analysis. 
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Binding capability testing 

Flow Cytometry and EC50 determination 

Target specific cell lines were maintained for overall health and use in the flow 

cytometry binding studies. The target specific cell lines were human T lymphoblast cell 

lines obtained from ATCC and were grown in RPMI-1640 media (catalog # 11875093, 

Thermo Fisher Scientific) with 10% fetal bovine serum (catalog # 26140079, Thermo 

Fisher Scientific). The cell lines were maintained at 37°C with 5% CO2 and passaged for 

a cell density of 1x106 cells/ml using trypan blue staining with the Countless 3 automated 

cell counter (Thermo Fisher Scientific).  

The flow cytometry binding capacity study was a one-day experiment utilizing 

the purified transiently transfection antibody and target specific cell line. An antibody 

dilution plate was generated starting at 30 µg/ml, then continued with a 3-fold serial 

dilution in DPBS(-) for the testing antibody samples and the positive and negative 

controls. The positive control was either an internally made anti-TRBC1 antibody or anti-

CD3 antibody, depending on the target cell line. The negative control was an in-house 

generated and purified antibody that does not bind to the target cell line.  

Once the antibody dilution plate was generated, the cell density and health of the 

target cell line was calculated using trypan blue staining with the Countless 3 automated 

cell counter (Thermo Fisher Scientific) and prepared to generate a cell density of 5x104 

cells/well in a 96-welll V-bottom plate (catalog # 29444-102, VWR). This volume was 

pipetted into a 15 ml conical tube and centrifuged at 400 x g for 5 minutes to pellet the 

cells. The supernatant was aspirated, and the cell pellet was resuspended in in-house 

made DPBS(-)/BSA (0.1%) (catalog# BP1600-100, Fisher Scientific). To each well, 
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5x104 cells/well was added then briefly centrifuged at 400 x g for 1 minute. The 

supernatant was quickly removed from the plate and the cells were resuspended with 50 

µl of the purified antibodies from the antibody dilution plate in corresponding wells. This 

plate was incubated at 4°C for 15 minutes. The plate was centrifuged at 400 x g for 1 

minute and the supernatant was quickly removed. The plate was washed with DPBS(-

)/BSA (0.1%) buffer, then centrifuged at 400 x g for 1 minute and the supernatant was 

quickly removed. This step occurred two more times to thoroughly remove unbound 

antibody from the plate. The goat anti-human IgG Fc DyLight™ 650 secondary antibody 

(catalog # SA5-10137, Thermo Fisher Scientific) at 500-fold dilution and live/dead 

staining (catalog # 00699350, Thermo Fisher Scientific) at 1000-fold dilution were added 

to the plate and mixed well, then incubated at 4°C for 15 minutes. The same supernatant 

removal and wash steps from the antibody dilution incubation were performed following 

this incubation step. The plate was resuspended in DPBS(-)/BSA (0.1%) for flow 

cytometry analysis. 

The plate was run on a 3-laser Attune NxT Flow Cytometer (Thermo Fisher 

Scientific), where flow cytometry plots were generated with FlowJo version 10.6.2 

(FLOWJO, LLC). The measured values were analyzed using a four-parameter logistic 

equation and EC50 graphs were produced using GraphPad Prism version 9.3.1. 

 

Surface Plasmon Resonance and KD determination 

The surface plasmon resonance (SPR) binding study was a one-day experiment, 

examining the target antigen and antibody relationship in a non-cell-based experiment 

using the Biacore™ 8K SPR system (Cytiva Life Sciences). Series S Sensor Chip CM5 
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(catalog# 29149603, Cytiva Life Sciences) were equilibrated to room temperature for at 

least 15 minutes. All experiments were performed at 23°C in 1x HES-EP running buffer 

(catalog# BR100188, Cytiva Life Sciences) using 96-well polypropylene microplates 

(catalog# BR100503, Cytiva Life Sciences). All data analysis for these experiments was 

performed in the Biacore™ Insight Software (Cytiva Life Sciences), where the Kon, Koff, 

and KD determinations were calculated.  

Human TRBC1 protein with His tag (catalog# TR1-H52H4-100ug, Acro 

Biosystems) was captured at 0 and 50 nM at a flow rate of 10 µl/min with a contact time 

of 60 seconds. The anti-TRBC1 antibodies were diluted to 0, 25, and 100 nM in the 1x 

HES-EP running buffer and introduced to the chip at a flow rate of 30 µl/min. These 

antibodies were allowed to associate with the His tagged human TRBC1 protein for 3 

minutes and then were disassociated for 5 minutes. Blanks were introduced as negative 

controls to ensure appropriate antigen-antibody binding and overall functionality of the 

chip. 
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Chapter III. 

Results 

The purpose of this study was to computationally assess and modify the known 

sequence liabilities from two antibodies of interest for the generation of a bispecific 

antibody. The theoretical assessment was accomplished using the biomolecular 

interaction visualization software, MOE, and the modified amino acid sequences for the 

individual antibodies were generated. These modifications for both anti-TRBC1 and anti-

CD3 antibodies were tested and ranked based off the binding study results. The bispecific 

antibody was generated with the anti-TRBC1 parental antibody paired with both the 

parental and modified anti-CD3 scFv antibody to confirm the overall antibody structure. 

 

Theoretical amino acid modifications made with MOE software for the anti-TRBC1 

antibody 

The heavy chain amino acid sequence for the anti-TRBC1 antibody was imported 

into the MOE software and the amino acids of interest were selected to observe the 

interactions within the molecule. These amino acids were selected due to potential 

sequence liabilities and were modified to similarly structured amino acids that would 

remove the sequence liability. This was performed for the single, double, triple, and 

quadruple mutations in the heavy chain for the anti-TRBC1 antibody. Figure 7 is an 

example of a single amino acid modification that theoretically will have little to no effect 

on the overall structure of the heavy chain. There weren’t any predicted changes in 

interactions at this site with the introduction of the new amino acid.   
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Figure 7. Example 1 of single amino acid modification in anti-TRBC1 antibody heavy 

chain.  

The teal visualization is the original amino acid, and the white visualization is the 
modified amino acid. From a computational standpoint, there does not appear to be a 
predicted change in interactions within the molecule. 

Other mutations were made within the heavy chain sequence for the anti-TRBC1 

antibody that predicted potential new interactions within the molecule. Figure 8 is an 

example of a single amino acid revision that does not have all the same interactions as the 

original amino acid. The revised amino acid continues to interact with the same location 

as the original amino acid, but now has an additional interaction with another segment of 
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the molecule. This additional interaction was noted and taken into consideration for the 

binding capability studies to determine if these interactions effect binding with the 

antigen.  

 

Figure 8. Example 2 of single amino acid modification in anti-TRBC1 antibody heavy 

chain.  

The teal visualization is the original amino acid, and the white visualization is the 
modified amino acid. The MOE software predicted additional interactions with the 
introduction of the amino acid modification, as observed with the dotted lines on the 
white visualization with another amino acid. 
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The same analysis was performed for the light chain of the anti-TRBC1 antibody 

within the MOE software. The site location, modifications, and predicted interactions 

were listed and taken into consideration for the final list of amino acid modifications to 

de-risk the anti-TRBC1 antibody. A final list of amino acid modifications for de-risking 

the sequence liabilities within the anti-TRBC1 antibody CDRs were generated, as 

observed in Table 9. These amino acids were grouped into double, triple, and quadruple 

modification permutations for the heavy chain sequence, and double and triple 

modification arrangements for the light chain sequence. These permutations were then 

placed into the human IgG1 framework with the IGHV3-23 leader sequence for antibody 

expression in the Expi293 expression system.  

Table 9. List of amino acid modifications for anti-TRBC1 heavy and light chains 
sequences. 

Location on anti-TRBC1 antibody Amino Acid Nomenclature 
Heavy chain-TRBC1-1 M1 
Heavy chain-TRBC1-2 M2 
Heavy chain-TRBC1-3 M3 
Heavy chain-TRBC1-4 M4 
Light chain-TRBC1-1 M5 
Light chain-TRBC1-2 M6 
Light chain-TRBC1-3 M7 
Light chain-TRBC1-4 M8 

These modifications were made and analyzed in the MOE visualization tool and then 
grouped together in different arrangements to generate the heavy and light chains used 
in the construction of the anti-TRBC1 antibody. 
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Theoretical amino acid modifications made with the anti-CD3 scFv antibody 

The biomolecular interaction visualization tool was not used in the theoretical 

amino acid modification of the anti-CD3 scFv antibody. Instead, the original and 

modified scFv sequences were obtained from literature and applied to the MOE software 

to visualize the differences (Kipriyanov, et al., 1997). The heavy chain amino acid 

sequence was the only location for modification with one amino acid of interest. This 

amino acid was determined through the review of the amino acid sequence and 

generating the modification based off known sequence liabilities. Table 10 provides the 

final list of the anti-CD3 scFv antibody modifications made from the parental sequence. 

This modification was inserted into the human IgG1 framework with the IGHV3-23 

leader sequence and the GS linker to connect the heavy and light chains for scFv 

antibody expression in the Expi293 expression system.  

Table 10. List of amino acid modifications for anti-CD3 heavy chain sequence. 

Location on anti-CD3 scFv Amino Acid Nomenclature 
Heavy chain-CD3-1 M9 

This amino acid modification was derived from literature and structurally analyzed in the 
MOE visualization tool. It was used in the heavy chain for the anti-CD3 scFv antibody 
sequence.  

 

Expression of anti-TRBC1 antibodies in Expi293 expression system 

The expression of the anti-TRBC1 antibodies was a key factor in determining if 

the amino acid modifications have an effect on the overall structure and function. These 

antibodies were expressed in the transient Expi293 expression system for robust protein 
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expression to minimize this potential structure and function challenge, and to allow for 

sufficient levels of expressed proteins for the binding capability studies. This potential 

challenge did not occur, resulting in at least 600 µg of purified antibody for each 

construct, as observed in Table 10. These antibodies were normalized to 1 mg/ml to be 

used in binding studies. The last group of 8 modified anti-TRBC1 antibodies exhibited 

the lowest expression of the group, suggesting that the one set of light chain modification 

(TRBC1-LC-7) may influence the protein expression of this set. The binding capability 

studies will further determine if the function of the modified anti-TRBC1 antibodies is 

also affected by this light chain modification.  

 

Table 11. Antibody concentrations and amounts for purified anti-TRBC1 antibodies. 

Antibody Name Concentration (mg/ml) Total Amount (µg) 
Negative Control 10.200 - 
TRBC1-WT 1.522 1522 
TRBC1-1 1.121 1121 
TRBC1-2 0.793 793 
TRBC1-3 1.203 1203 
TRBC1-4 1.169 1169 
TRBC1-5 1.520 1520 
TRBC1-6 1.394 1394 
TRBC1-7 1.473 1473 
TRBC1-8 1.337 1337 
TRBC1-9 1.390 1390 
TRBC1-10 1.646 1646 
TRBC1-11 1.489 1489 
TRBC1-12 1.557 1557 
TRBC1-13 1.584 1584 
TRBC1-14 1.507 1507 
TRBC1-15 1.909 1909 
TRBC1-16 1.831 1831 
TRBC1-17 1.592 1592 
TRBC1-18 1.777 1777 
TRBC1-19 1.724 1724 
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Antibody Name Concentration (mg/ml) Total Amount (µg) 
TRBC1-20 1.256 1256 
TRBC1-21 1.841 1841 
TRBC1-22 2.658 2658 
TRBC1-23 2.313 2313 
TRBC1-24 2.620 2620 
TRBC1-25 2.352 2352 
TRBC1-26 1.940 1940 
TRBC1-27 2.446 2446 
TRBC1-28 2.135 2135 
TRBC1-29 1.841 1841 
TRBC1-30 1.834 1834 
TRBC1-31 1.673 1673 
TRBC1-32 1.473 1473 
TRBC1-33 1.743 1743 
TRBC1-34 1.597 1597 
TRBC1-35 1.848 1848 
TRBC1-36 1.726 1726 
TRBC1-37 1.498 1498 
TRBC1-38 1.940 1940 
TRBC1-39 1.870 1870 
TRBC1-40 1.123 1123 
TRBC1-41 1.400 1400 
TRBC1-42 1.440 1440 
TRBC1-43 1.422 1422 
TRBC1-44 1.313 1313 
TRBC1-45 1.196 1196 
TRBC1-46 1.389 1389 
TRBC1-47 1.181 1181 
TRBC1-48 1.379 1379 
TRBC1-49 0.703 703 
TRBC1-50 0.930 930 
TRBC1-51 0.723 723 
TRBC1-52 0.601 601 
TRBC1-53 0.750 750 
TRBC1-54 0.961 961 
TRBC1-55 0.712 712 
TRBC1-56 0.607 607 

A total of 56 anti-TRBC1 antibodies were expressed and purified for this study. The 
negative control was obtained from the purification group and was not generated during 
transient Expi293 protein expression with the other antibody constructs.  
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Flow Cytometry Binding Capabilities for anti-TRBC1 antibodies 

Following the expression and purification of the anti-TRBC1 antibodies, the 

binding capabilities of these antibodies were tested to ensure that the binding interactions 

were not impacted by the amino acid modifications. These modified anti-TRBC1 

antibodies were compared to the parental anti-TRBC1 antibody using the EC50 value 

obtained from GraphPad Prism. The modified anti-TRBC1 antibodies were run with 

TRBC1 and TRBC2-expressing cell lines to confirm TRBC1 binding only, in addition to 

the parental anti-TRBC1 antibody as the positive control and an internal unrelated 

antibody as the negative control. Table 12 demonstrates all the EC50 values for the 

parental and modified anti-TRBC1 antibodies on TRBC1- and TRBC2-expressing cell 

lines. 
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Table 12. List of EC50 values for anti-TRBC1 parental and modified antibodies.  

 TRBC1-expressing cells TRBC2-expressing cells 
Antibody Name EC50 value (M) EC50 value (M) 
Negative Control ~ 5.304e-015 ~ 34745189 
TRBC1-WT 1.5880 ~ 90096 
TRBC1-1 1.7320 2.1320 
TRBC1-2 0.8115 1.4050 
TRBC1-3 1.0020 0.9783 
TRBC1-4 1.6260 1.8740 
TRBC1-5 1.4970 ~ 1.851 
TRBC1-6 1.1740 2.1760 
TRBC1-7 1.1840 0.8287 
TRBC1-8 1.8150 ~ 1.4882 
TRBC1-9 0.8853 0.9027 
TRBC1-10 2.1660 4.6650 
TRBC1-11 2.4580 ~ 1.9669 
TRBC1-12 1.7890 2.5750 
TRBC1-13 2.0230 2.2750 
TRBC1-14 1.3430 1.5350 
TRBC1-15 1.9000 ~ 1.8081 
TRBC1-16 0.0818 0.6496 
TRBC1-17 0.9320 2.3310 
TRBC1-18 1.1390 2.5390 
TRBC1-19 1.2573 2.9403 
TRBC1-20 0.0797 0.1972 
TRBC1-21 0.1302 2.5890 
TRBC1-22 0.5289 3.1280 
TRBC1-23 0.6070 1.9021 
TRBC1-24 0.0647 ~ 0.0049 
TRBC1-25 0.8108 2.1920 
TRBC1-26 0.4892 1.9478 
TRBC1-27 0.2934 1.0280 
TRBC1-28 0.0620 15.1000 
TRBC1-29 0.0956 ~ 13.925 
TRBC1-30 0.1894 5.3891 
TRBC1-31 0.1257 3.2906 
TRBC1-32 0.1026 1.9672 
TRBC1-33 0.0398 0.0303 
TRBC1-34 0.0484 0.0071 
TRBC1-35 0.0425 0.0066 
TRBC1-36 0.0254 0.0906 
TRBC1-37 0.0392 0.2023 
TRBC1-38 0.0730 0.8711 



 

37 

 TRBC1-expressing cells TRBC2-expressing cells 
Antibody Name EC50 value (M) EC50 value (M) 
TRBC1-39 0.0730 1.9760 
TRBC1-40 0.0572 ~ 2906 
TRBC1-41 0.1045 2.9326 
TRBC1-42 0.0913 3.5782 
TRBC1-43 0.1420 4.2891 
TRBC1-44 0.0494 ~ 98781 
TRBC1-45 0.0847 ~ 49.8921 
TRBC1-46 0.0917 23.5738 
TRBC1-47 0.0842 1.4572 
TRBC1-48 0.0288 0.3659 
TRBC1-49 0.0817 4.2785 
TRBC1-50 0.0793 2.5893 
TRBC1-51 0.0729 3.8207 
TRBC1-52 0.0379 0.0068 
TRBC1-53 0.0739 2.5893 
TRBC1-54 0.0921 ~ 7.5357 
TRBC1-55 0.1210 ~ 8.4839 
TRBC1-56 0.0294 0.0093 

EC50 values for anti-TRBC1 parental and modified antibodies with TRBC1- and TRBC2-
expressing cell lines. Both sets of antibodies show greater binding affinity for cellularly 
expressed TRBC1 protein over TRBC2 protein. 

The majority of the modified anti-TRBC1 antibodies have similar or lower EC50 

values when compared to the EC50 value for the parental anti-TRBC1 antibody using the 

TRBC1-expressing cell line. This EC50 value comparison demonstrated that the 

modifications made to the anti-TRBC1 antibody do not impact the binding capabilities 

with cellularly expressed TRBC1 protein. A select group of modified anti-TRBC1 

antibodies were compared with the parental anti-TRBC1 antibody and negative control to 

visualize the EC50 values using TRBC1- and TRBC2-expressing cell lines in a plot 

format, as observed in Figure 9. The shift to the left with the modified anti-TRBC1 

antibodies in comparison with the parental anti-TRBC1 antibodies with the EC50 plot 
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visualization of the TRBC1-expressing cell line, demonstrating the binding capabilities of 

the modified anti-TRBC1 antibodies in Figure 9a.  

A.  

B.  

Figure 9. EC50 plots for selected set of anti-TRBC1 antibodies.  

A. EC50 plots for anti-TRBC1 antibodies using a TRBC1-expressing cell line. The EC50 
plot shows all the anti-TRBC1 antibodies bind to the TRBC1-expressing cell line, where 
the negative control does not bind. The modified anti-TRBC1 antibodies show a shift to 
the left when compared to the parental anti-TRBC1 antibody. B. EC50 plots for anti-
TRBC1 antibodies using TRBC2-expressing cell line. There is slight binding with the 
parental anti-TRBC1 antibody, but none of the modified anti-TRBC1 antibodies and 
negative control bind to this cell line. 



 

39 

A range of EC50 values for the modified anti-TRBC1 antibodies was observed 

with the TRBC2-expressing cell line, where all the EC50 values were lower than the 

parental anti-TRBC1 antibody. The range in EC50 values with the TRBC2-expressing cell 

line could be due to the lack of binding observed with the anti-TRBC1 antibodies, as 

observed in Figure 9b. The software would have greater difficulty generating an exact 

EC50 value with the lack of binding present.  

The select 6 modified anti-TRBC1 antibodies from above are antibodies of 

interest for the generation of the bispecific antibody with the anti-CD3 scFv antibody 

modalities. These 6 modified anti-TRBC1 antibodies have been initially selected for 

interest due to the transient antibody expression and final concentration, along with the 

increased binding to the TRBC1 protein when compared to the parental anti-TRBC1 

antibody. These anti-TRBC1 antibodies also show no binding to the TRBC2 protein via 

flow cytometry, further demonstrating that these antibodies are specific to TRBC1-

expressing cells only. The TRBC1 protein binding study via SPR will further validate 

these modified anti-TRBC1 antibodies of interest for the generation of the bispecific 

antibody modality.  

 

SPR Binding Capabilities with anti-TRBC1 antibodies 

In addition to cell-based binding studies, the protein-based binding capabilities 

with TRBC1 protein were measured with the Biacore™ system to further confirm that the 

modifications made to the parental anti-TRBC1 antibody had little effect on the overall 

binding abilities. This was accomplished by first capturing the His tagged TRBC1 protein 

at 50 nM on the sensors then introducing the anti-TRBC1 antibodies at two 
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concentrations, 25 and 100 nM. The association and disassociation rates were measured, 

and the overall kinetics value (KD) was calculated for each anti-TRBC1 antibody, as 

observed in Table 13. Both the parental and modified anti-TRBC1 antibodies 

demonstrated nanomolar affinity to the TRBC1 protein used in the study.  

 

Table 13. Kinetics value (KD) for the parental and modified anti-TRBC1 antibodies with 
Biacore™ 8K instrument. 

  Quality 1:1 binding 
Analyte 1 
Solution 

Kinetics 
Chi² (RU²) ka (1/Ms) kd (1/s) KD (M) Rmax 

(RU) tc 

TRBC1-WT 6.89E+00 3.75E+05 7.99E-05 2.13E-10 69.4 1.64E+11 
TRBC1-1 1.04E+01 4.96E+05 9.15E-04 1.84E-09 98.1 5.32E+11 
TRBC1-2 3.84E+00 3.65E+05 7.81E-04 2.14E-09 88.8 5.58E+13 
TRBC1-3 7.37E+00 4.90E+05 9.73E-04 1.98E-09 92.4 1.21E+13 
TRBC1-4 8.38E+00 5.59E+05 5.62E-04 1.01E-09 107.7 1.33E+13 
TRBC1-5 7.43E+00 4.92E+05 7.81E-04 1.59E-09 97.9 1.21E+14 
TRBC1-6 6.70E+00 4.50E+05 8.33E-04 1.85E-09 94.9 5.50E+13 
TRBC1-7 5.58E+00 4.18E+05 7.95E-04 1.90E-09 93.0 6.22E+13 
TRBC1-8 7.39E+00 5.21E+05 4.84E-04 9.29E-10 109.4 6.86E+14 
TRBC1-9 7.42E+00 5.15E+05 7.51E-04 1.46E-09 99.0 1.82E+13 
TRBC1-10 6.04E+00 4.65E+05 7.55E-04 1.62E-09 95.1 1.03E+14 
TRBC1-11 6.26E+00 4.81E+05 7.59E-04 1.58E-09 96.2 8.60E+13 
TRBC1-12 7.01E+00 5.13E+05 4.42E-04 8.63E-10 108.5 5.32E+14 
TRBC1-13 5.93E+00 4.70E+05 6.49E-04 1.38E-09 99.6 1.83E+14 
TRBC1-14 5.67E+00 4.54E+05 6.87E-04 1.51E-09 98.1 2.39E+14 
TRBC1-15 6.11E+00 4.67E+05 7.10E-04 1.52E-09 97.6 7.03E+14 
TRBC1-16 8.96E+00 5.55E+05 4.26E-04 7.67E-10 111.2 5.94E+14 
TRBC1-17 5.36E+00 4.57E+05 6.66E-04 1.46E-09 99.2 2.14E+14 
TRBC1-18 3.98E+00 4.07E+05 6.53E-04 1.60E-09 94.2 8.86E+13 
TRBC1-19 5.22E+00 4.50E+05 7.13E-04 1.58E-09 96.0 6.75E+13 
TRBC1-20 5.82E+00 4.63E+05 3.19E-04 6.88E-10 108.4 2.81E+14 
TRBC1-21 5.53E+00 4.84E+05 5.87E-04 1.21E-09 100.6 9.99E+13 
TRBC1-22 6.15E+00 4.87E+05 6.84E-04 1.40E-09 100.5 7.75E+12 
TRBC1-23 3.49E+00 3.94E+05 5.77E-04 1.46E-09 95.4 3.58E+13 
TRBC1-24 5.80E+00 4.45E+05 2.82E-04 6.32E-10 109.5 4.81E+14 
TRBC1-25 1.18E+01 7.17E+05 8.60E-04 1.20E-09 100.6 1.23E+13 
TRBC1-26 8.08E+00 5.75E+05 8.23E-04 1.43E-09 95.4 2.78E+14 
TRBC1-27 1.09E+01 6.73E+05 9.36E-04 1.39E-09 97.2 1.48E+14 
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 Quality 1:1 binding 
Analyte 1 
Solution 

Kinetics 
Chi² (RU²) ka (1/Ms) kd (1/s) KD (M) Rmax 

(RU) tc 

TRBC1-28 9.98E+00 6.72E+05 5.14E-04 7.64E-10 109.8 4.50E+14 
TRBC1-29 9.18E+00 5.57E+05 7.79E-04 1.40E-09 100.9 8.00E+13 
TRBC1-30 8.30E+00 5.40E+05 8.12E-04 1.50E-09 97.9 5.10E+13 
TRBC1-31 6.51E+00 4.62E+05 7.69E-04 1.67E-09 95.7 8.22E+11 
TRBC1-32 8.35E+00 5.54E+05 4.84E-04 8.73E-10 110.7 6.03E+14 
TRBC1-33 8.11E+00 1.93E+06 7.83E-04 4.06E-10 94.9 2.76E+08 
TRBC1-34 8.72E+00 1.67E+06 9.25E-04 5.55E-10 91.4 2.80E+08 
TRBC1-35 1.28E+01 1.80E+06 1.07E-03 5.92E-10 94.6 3.40E+08 
TRBC1-36 1.06E+01 1.44E+06 6.33E-04 4.40E-10 110.2 1.13E+14 
TRBC1-37 9.10E+00 1.22E+06 7.35E-04 6.05E-10 95.6 8.15E+12 
TRBC1-38 1.55E+01 1.30E+06 9.70E-04 7.44E-10 98.2 4.77E+11 
TRBC1-39 4.23E+01 6.22E+05 1.10E-03 1.77E-09 100.8 7.75E+12 
TRBC1-40 3.28E+01 8.83E+05 7.19E-04 8.14E-10 115.5 3.72E+13 
TRBC1-41 8.87E+00 5.83E+05 7.78E-04 1.33E-09 100.4 1.27E+13 
TRBC1-42 7.27E+00 5.26E+05 7.73E-04 1.47E-09 96.2 3.73E+12 
TRBC1-43 8.36E+00 5.94E+05 8.02E-04 1.35E-09 97.8 1.02E+14 
TRBC1-44 9.15E+00 6.23E+05 4.94E-04 7.93E-10 110.5 1.78E+13 
TRBC1-45 7.78E+00 5.79E+05 6.85E-04 1.18E-09 100.9 2.00E+13 
TRBC1-46 8.04E+00 5.70E+05 7.40E-04 1.30E-09 100.1 3.50E+14 
TRBC1-47 6.63E+00 5.05E+05 7.16E-04 1.42E-09 97.7 5.14E+13 
TRBC1-48 9.68E+00 6.30E+05 4.49E-04 7.13E-10 111.9 3.83E+12 
TRBC1-49 6.05E+00 4.95E+05 6.72E-04 1.36E-09 100.5 1.71E+13 
TRBC1-50 3.97E+00 4.04E+05 6.43E-04 1.59E-09 94.7 3.53E+13 
TRBC1-51 3.41E+00 3.85E+05 6.09E-04 1.58E-09 94.2 1.33E+13 
TRBC1-52 3.09E+00 3.72E+05 2.50E-04 6.73E-10 104.9 7.84E+13 
TRBC1-53 3.01E+00 3.71E+05 5.13E-04 1.38E-09 98.0 7.19E+13 
TRBC1-54 4.97E+00 4.55E+05 6.39E-04 1.41E-09 99.2 3.20E+14 
TRBC1-55 2.33E+00 3.25E+05 5.09E-04 1.57E-09 92.9 3.51E+13 
TRBC1-56 3.94E+00 3.86E+05 2.21E-04 5.72E-10 106.6 1.16E+14 

The parental and modified anti-TRBC1 antibodies show nanomolar affinity with TRBC1 
protein, where the modified anti-TRBC1 antibodies show a slightly faster disassociation 
rate when compared to the parental anti-TRBC1 antibody. 

However, the disassociation rate for the modified anti-TRBC1 antibodies were 

slightly lower when compared to the parental anti-TRBC1 antibody. There were some 

modifications to the heavy and light chains that could have influenced the disassociation 
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rate. Modifications M3 and M4 on the heavy chain were observed in greater frequency 

with the modified anti-TRBC1 antibodies with faster disassociation rates. For the light 

chain modifications, M6 and M7 were present either together or separately in the 

modified anti-TRBC1 antibodies with faster disassociation rates. It might be possible that 

a combination of these modifications together on the same antibody could influence the 

disassociation rate when compared to the parental anti-TRBC1 antibody. While these 

disassociation rates are faster with the modified anti-TRBC1 antibodies, it was important 

to note that the overall binding values were comparable to the parental anti-TRBC1 

antibody. 

The TRBC1 protein capability study further validated the selected 6 modified 

anti-TRBC1 antibodies mentioned from the flow cytometry analysis. 5 out of the 6 

modified anti-TRBC1 antibodies had greater affinity for the TRBC1 protein when 

compared to the parental anti-TRBC1 antibody. The selected 6 modified anti-TRBC1 

antibodies also show a greater association rate when compared to the parental anti-

TRBC1 antibody. An overview of the binding capability studies for the top 6 modified 

anti-TRBC1 antibodies with the parental anti-TRBC1 antibody can be observed in Table 

14. This data package was considered in the development of the bispecific antibody with 

the anti-CD3 scFv antibody modality. 
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Table 14. List of the top six modified anti-TRBC1 antibodies. 

Anti-
TRBC1 
Antibody 
Name 

Concentration 
(mg/ml) 

TRBC1 
EC50 
(M) 

TRBC2 
EC50 
(M) 

ka (1/Ms) kd (1/s) KD (M) 

TRBC1-16 1.831 0.0818 0.6496 5.55E+05 4.26E-04 7.67E-10 
TRBC1-28 2.135 0.0620 15.1000 6.72E+05 5.14E-04 7.64E-10 
TRBC1-38 1.940 0.0730 0.8711 1.30E+06 9.70E-04 7.44E-10 
TRBC1-39 1.870 0.0730 1.9760 6.22E+05 1.10E-03 1.77E-09 
TRBC1-40 1.123 0.0572 ~ 2906 8.83E+05 7.19E-04 8.14E-10 
TRBC1-44 1.313 0.0494 ~ 98781 6.23E+05 4.94E-04 7.93E-10 

These six antibodies were picked based off antibody expression through transient 
transfection, EC50 values from cell-based binding capability studies using flow cytometry, 
and kinetic values from protein-based binding capability studies using SPR. 

Flow Cytometry Binding Capabilities for anti-TRBC1 and anti-CD3 bispecific antibody 

The modified anti-TRBC1 antibody binding capability studies demonstrated that 

the theoretical modifications made from the biomolecular interaction visualization tool 

had little to no negative effect on the binding capabilities of the anti-TRBC1 antibody, 

and in some cases, improved cellularly expressed protein binding when compared to the 

parental anti-TRBC1 antibody. This information from these binding capability studies 

allowed for the progression of the generation of different modalities for the anti-TRBC1 

and anti-CD3 bispecific antibody. Set 1 for the bispecific antibody generation included 

the parental anti-TRBC1 antibody sequence with two anti-CD3 scFv sequences in two 

different orientations. The constant region in the bispecific antibody was also modified to 

include a knob-in-hole sequence modification to assist in the correct pairing in the 

generation of the bispecific antibody of interest. Table 15 shares the updated 

nomenclature for this first set of bispecific antibodies. 
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Table 15. Set 1 bispecific antibody nomenclature.  

Bispecific Antibody Name Description 

Bi_TRBC1-WT_CD3-WT-N TRBC1-WT antibody with CD3-WT scFv at 
N-terminus 

Bi_TRBC1-WT_CD3-1-N TRBC1-WT antibody with CD3-1 scFv at 
N-terminus 

Bi_TRBC1-WT_CD3-1-C TRBC1-WT antibody with CD3-1 scFv at 
C-terminus 

Table 15. Bispecific antibody nomenclature for set 1 of bispecific antibody generation. 

Since the parental anti-TRBC1 antibody has already been tested by flow 

cytometry, the binding capabilities of the anti-CD3 scFv portion of the bispecific 

antibody was more of the focus. These constructs were tested with both the parental cell 

line and the TRBC2-expressing cell line to ensure the observed anti-CD3 scFv binding 

was due to the TRBC2-expressed protein and not a host cell protein. The orientation of 

the anti-CD3 scFv was also evaluated to determine the impact of the location on the 

bispecific antibody. The EC50 values for both cell lines and orientations were assessed 

and compared to the anti-TRBC1 antibody and an internal unrelated antibody as negative 

controls, as observed in Figure 10 and Table 16. 
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A.  

B.  

Figure 10. EC50 plots for bispecific antibodies, focusing on anti-CD3 scFv. 

A. EC50 plot for anti-TRBC1 and anti-CD3 bispecific antibodies using parental cell line. 
The EC50 plot shows little to no binding to the parental cell line for any of the tested 
antibodies. B. EC50 plot for anti-TRBC1 and anti-CD3 bispecific antibodies using 
TRBC2-expressing cell line. The EC50 plot shows binding for all the bispecific antibodies 
and the positive control, but not the TRBC1-WT antibody or negative control. These plots 
demonstrate that the anti-CD3 portion of the bispecific antibodies are binding to the 
TRBC2-expressed proteins on the cell line and not a host cell expressed protein. 
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Table 16. Corresponding EC50 values for the anti-TRBC1 and anti-CD3 bispecific 
antibodies with the parental and TRBC2-expressing cell lines. 

Bispecific Antibody Name Parental EC50 (M) TRBC2 EC50 (M) 
TRBC1-WT ~5804 21.81 
Positive Control ~ 364.6 3.906 
Negative Control ~1.593 ~0.000 
Bi_TRBC1-WT_CD3-WT-N ~ 29106198 0.6382 
Bi_TRBC1-WT_CD3-1-N ~ 62110839 0.2305 
Bi_TRBC1-WT_CD3-1-C ~ 1.651E+014 0.4866 

The EC50 values correspond to the EC50 plots, where the EC50 values are higher with the 
parental cell line than the TRBC2-expressing cell line. These values further demonstrate 
that the bispecific antibodies specifically bind to the TRBC2 protein expressed on the cell 
line. 

The EC50 values and corresponding plots demonstrate that the anti-CD3 portion of 

the anti-TRBC1 and anti-CD3 bispecific antibodies bind specifically to the TRBC2-

expressed protein on the cell line used in the flow cytometry. All the anti-TRBC1 and 

anti-CD3 bispecific antibodies have similar EC50 values when compared to one another, 

validating that the modification made within the anti-CD3 antibody sequence has little to 

no effect on the binding capability of the antibody. While the EC50 values are similar, the 

Bi_TRBC1-WT_CD3-1-C construct had lower initial binding values suggesting that the 

scFv orientation on the C-terminus of the antibody may have an effect on the overall 

bispecific antibody. The next set of bispecific antibodies were constructed with the anti-

TRBC1 and anti-CD3 binding portions of the bispecific antibody both located on the N-

terminus. 

Set 2 for the bispecific antibody generation included three of the modified anti-

TRBC1 antibodies with the modified anti-CD3 scFv orientated on the N-terminus of the 

bispecific antibody. The same knob-in-hole modifications were utilized within the 

constant region to assist in the correct assembly of the bispecific antibody molecule. The 
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nomenclature and corresponding description for these bispecific antibodies can be found 

in Table 17.  

Table 17. Set 2 bispecific antibody nomenclature. 

Bispecific Antibody Name Description 
Bi_TRBC1-16_CD3-1-N TRBC1-16 antibody with CD3-1 scFv at N-terminus 
Bi_TRBC1-38_CD3-1-N TRBC1-38antibody with CD3-1 scFv at N-terminus 
Bi_TRBC1-44_CD3-1-N TRBC1-44 antibody with CD3-1 scFv at N-terminus 

Naming system and description for set 2 of anti-TRBC1 and anti-CD3 bispecific 
antibodies. 

Binding capability studies with flow cytometry were executed to confirm the 

effect of the bispecific antibody construction and orientation with the binding capabilities 

for both anti-TRBC1 and anti-CD3 portions of the bispecific antibody. The bispecific 

antibodies were tested with the TRBC1- and TRBC2-expressing cell lines, along with the 

parental cell line that generated the TRBC1- and TRBC2-expressing cell lines. The use of 

the TRBC1-expressing cell line demonstrates that binding with the modified anti-TRBC1 

antibody portion of the bispecific antibody was not affected, and TRBC2-expressing cell 

lines demonstrates that binding with the modified anti-CD3 scFv antibody portion was 

not affected. Testing with the parental cell line confirms that the bispecific antibody was 

not binding to a host cell protein, but only to the expressed protein of interest. EC50 plots 

and values were generated with set 2 of anti-TRBC1 and anti-CD3 bispecific antibodies, 

as observed in Figure 11 and Table 18. 
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A.  

B.  

C.  

Figure 11. EC50 plots for selected bispecific antibodies.  

A. EC50 plot for modified anti-TRBC1 and anti-CD3 bispecific antibodies using parental 
cell line. The EC50 plot shows little to no binding with the parental cell line for any of the 
tested antibodies. B. EC50 plot for modified anti-TRBC1 and anti-CD3 bispecific 
antibodies with the TRBC1-expressing cell line. The parental and modified anti-TRBC1 
antibody portion of the bispecific antibody continues to bind to the TRBC1-expressed 
protein, in addition to the parental anti-TRBC1 antibody and positive control. C. EC50 
plot for modified anti-TRBC1 and anti-CD3 bispecific antibodies with the TRBC2-
expressing cell line. The anti-CD3 scFv antibody portion of the bispecific antibody 
continues to the TRBC2-expressed protein, along with the positive control. 
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Table 18. EC50 values for the three modified anti-TRBC1 and anti-CD3 bispecific 
antibodies with the parental, TRBC1-expressing, and TRBC2-expressing cell lines. 

Bispecific Antibody Name Parental EC50 (M) TRBC1 EC50 (M) TRBC2 EC50 (M) 
TRBC1-WT 0.038 0.358 11.17 
Positive Control 20.51 2.968 3.529 
Negative Control ~ 0.87777 0.008944 ~ 0.000 
Bi_TRBC1-16_CD3-1-N ~ 777938 0.1026 0.6344 
Bi_TRBC1-38_CD3-1-N ~ 77627680 0.09832 0.3005 
Bi_TRBC1-44_CD3-1-N ~ 1132179107 0.1531 0.6685 

The EC50 values and plots correspond to one another, where binding is observed with the 
TRBC1- and TRBC2-expressing cell lines but not with the parental cell line. These two 
datasets demonstrate that the bispecific antibody format does not impact the antigen 
binding. 

The EC50 plots and values demonstrate that the binding capabilities of both 

portions of the modified bispecific antibody are functional in the current orientation and 

structure via flow cytometry. Similar results were obtained from the overall modified 

bispecific antibody when compared to only the modified anti-CD3 scFv bispecific 

antibody. There was little to no binding with the parental cell line with both forms of 

bispecific antibodies, and similar binding to the TRBC1-expressing cell line with the 

parental anti-TRBC1 antibody portion of the bispecific antibody and the modified anti-

TRBC1 antibody alone. The addition of the modified anti-TRBC1 antibody modality 

appeared to have little to no effect with the TRBC2 binding capabilities, as the EC50 

values were similar between the two bispecific antibodies. Overall, the three tested 

modified anti-TRBC1 and anti-CD3 bispecific antibodies show similar EC50 values when 

being compared to the modified anti-TRBC1 antibody EC50 values as a single antibody 

modality and the modified anti-CD3 antibody EC50 values as a bispecific with the 

parental anti-TRBC1 antibody.   
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Chapter IV. 

Discussion 

The purpose of this study was to computationally assess and modify known amino 

acid sequence liabilities from two antibodies of interest for the generation of a bispecific 

antibody. This was accomplished with the visualization tool MOE in the modifications of 

the anti-TRBC1 and anti-CD3 variable regions of the antibodies. These modifications 

were generated into DNA constructs for the generation of bispecific antibodies in 

differing modalities, with the anti-TRBC1 antibody constructed in a scFv antibody 

modality and the anti-CD3 antibody as an IgG1 antibody. These de-risking computational 

assessments were tested with protein production, cell-binding assays, and protein-binding 

assays to evaluate the impacts on the individual antibodies and overall bispecific 

antibody, along with comparing the theoretical and observed outcomes to one another. 

The assessment from this study allows for more efficient methods of antibody amino acid 

sequence liability risks to be evaluated for the development of novel antibody modalities 

used in the treatment of cancer.  

The anti-TRBC1 antibody was primarily analyzed with the visualization tool 

MOE to determine amino acids within the sequence that would benefit from 

modifications. These modifications focused on de-risking deamidation, isomerization, 

glycosylation, and oxidation sequences found in the CDRs of the variable region. In this 

assessment, there were 8 amino acids total identified, with 4 amino acids within the 

heavy chain CDR and 4 amino acids located in the light chain CDR. Permutations of 

these heavy and light chain modifications were generated, establishing 8 modified heavy 

chain constructs and 7 modified light chain constructs. These modified heavy and light 
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chain constructs were used in different combinations to generate a total of 56 modified 

anti-TRBC1 antibodies. For the anti-CD3 antibody, literature provided a sequence 

liability modification that was confirmed with the visualization tool MOE (Kipriyanov, et 

al., 1997). Further sequence liability analysis was not advanced for this antibody, 

resulting in 1 amino acid modification generated for the anti-CD3 antibody. 

The first analysis of the theoretical computational assessment for the anti-TRBC1 

antibody was protein production and purification. When expressed in transient Expi293 

cells, the majority of the anti-TRBC1 antibodies displayed similar levels of expression 

when compared to the parental construct. A set of anti-TRBC1 antibodies with TRBC1-

LC-7 showed consistently lower purified protein amounts, suggesting that this selection 

of modifications on the light chain may impact protein expression.  

The next set of analysis of the theoretical computational assessment for the anti-

TRBC1 antibody were binding assays, utilizing TRBC1- and TRBC2-expressing cell 

lines, and purified TRBC1 and TRBC2 proteins. Both sets of binding experiments were 

pertinent in determining if the sequence modifications from the computational analysis 

negatively impacted the binding capabilities. The analysis of these 56 modified anti-

TRBC1 antibodies focused on binding capabilities similar to or greater than the parental 

anti-TRBC1 antibody with the TRBC1-expressing cell line or purified TRBC1 protein. It 

was also important to ensure that the binding capabilities were focused solely on the 

TRBC1 protein, and there was little to no cross-binding affinity with the TRBC2 protein. 

A subset of 6 modified anti-TRBC1 antibodies were selected based on these criteria, 

along with the protein production and purification results, to move forward to the 

bispecific antibody generation. Within this subset of 6 modified anti-TRBC1 antibodies, 
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construct combinations of modifications M3, M4, M7, or M8 were present, but not all 

together within the same modified anti-TRBC1 antibody. TRBC1-44 was the only 

modified antibody to have all 4 modification combinations, in addition to M1. The 

addition of M1 to the combination of M3 and M4 was also observed in 2 of the modified 

anti-TRBC1 antibodies within the subset of 6, suggesting that this heavy chain 

modification could be favorable. M8 was also observed in 4 of the modified anti-TRBC1 

antibodies from the subset of 6, also suggesting that this light chain modification could 

also be promising. Interestingly, SPR results showed differing binding results when 

compared to cell-based binding results with M7, demonstrating that this modification is 

associated with faster disassociation rates with purified TRBC1 protein. The differing 

results suggest that there may be a structural difference between cell-expressed and 

purified TRBC1 protein that affects the anti-TRBC1 antibodies binding capabilities when 

M7 is present. These overall observations suggest that these modifications show little 

impact on the binding capabilities to TRBC1 protein when compared to the parental anti-

TRBC1 antibody and protein expression, in addition to de-risking the overall antibody 

with sequence liabilities.  

From this subset of 6 modified anti-TRBC1 antibodies, 3 were converted into the 

bispecific antibody with the modified anti-CD3 scFv antibody modality. The modified 

anti-CD3 scFv antibody was tested at both the N-terminus and C-terminus of the 

bispecific antibody, which utilized the parental anti-TRBC1 antibody sequence, with the 

parental cell line and the TRBC2-expressing cell line and was found to have slightly 

higher binding at the N-terminus. The final bispecific constructs contained the modified 

anti-TRBC1 antibody with the modified anti-CD3 scFv located on the N-terminus. The 
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binding capabilities to TRBC1-expressed proteins did not change for the modified anti-

TRBC1 antibodies in this new antibody format, along with the binding capabilities to 

TRBC2-expressed proteins with the modified anti-CD3 antibody. While the anti-TRBC1 

and anti-CD3 antibody constructs have been tested independently, it is difficult to 

confirm that the modified antibodies are binding to the correct proteins through this 

binding capability study. Imagining studies would need to be performed to confirm the 

target binding assumption, along with functionality studies to corroborate the theorized 

mechanism of action with the bispecific antibody. Scale-up studies would also be needed 

to validate the computational analysis in the de-risking assessment with the sequence 

liabilities for both modified antibodies. However, these preliminary results demonstrate 

that it is possible to generate a bispecific antibody from a computational visualization 

tool with the goal of reducing sequence liabilities found within antibody sequences 

without negatively impacting protein production and binding capabilities.   
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