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Abstract:  

One of the major limiting factors on the efficacy of CAR T cell therapy in Chronic 

Lymphocytic Leukemia and solid tumors is the tumor-mediated suppression and inhibition of 

therapeutic T cell function.  One cause of this inhibition is the interaction between the PD-1 

receptor on the T cells and the PD-L1 ligand on the tumor cells.  When these molecules interact, 

the functions of the T cells are interrupted and the anti-tumor potency of the therapy is 

compromised.  This study investigated the potential use of an scFv derived from the RMPI-14 

antibody to bind to the PD-1 receptor to enhance T cell function.  Theoretically, this scFv would 

prevent the binding of PD-1 and PD-L1, allowing T cells to function uninhibited.  A construct 

was created combining the CD19-targeted CAR gene, whose expression has been demonstrated 

previously, and a gene for the RMPI scFv. Following the verification of a successful creation of 

the construct by gel electrophoresis and sequencing, the DNA was transfected into H29 cells and 

then transduced into Phoenix cells.  Overwhelming expression of the gene was shown by flow 

cytometry analysis on the Phoenix cell samples, demonstrating the practicality of including the 

RMPI scFv gene in future CAR T cell therapies.  
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Introduction:  

Each year in the United States approximately 16,000 people are diagnosed with Chronic  

Lymphocytic Leukemia (CLL).  An additional 6,000 people are diagnosed with Acute 

Lymphoblastic Leukemia (ALL). Chemotherapy is sometimes effective in treating these 

diseases, but is not curative for a significant portion of patients.  Some patients who have 

received stem-cell transplants have shown long-term disease regression and continuing 

remissions.  However, the frequency of relapse demonstrates the need for novel treatment 

methods.  CLL and ALL are both blood cancers, each affecting the growth and function of blood 

cells.  Specifically, CLL and ALL affect a type of white blood cell known as a B cell, causing 

them to be classified as B cell malignancies.  

  Another type of white blood cell is the T cell.  These are essential in fighting diseases as 

well as recognizing and killing antigens.  When a T cell recognizes a molecule as an antigen, it 

plays a key role in the immune response.  T cell responses in the presence of antigens can be 

broken up into three basic categories: lytic functions (that kill the cell expressing the antigen), T 

cell proliferation (replication and growth), and the production of cytokines (substances that are 

secreted by T cells and affect cellular behavior).  

Currently, researchers are investigating T cell therapies in the hopes that these naturally-

potent cells can be harnessed to combat diseases that they are not normally able to recognize or 

fight against.  T cell therapy is one of the most exciting and rapidly expanding areas of medical 

science.  Within this field, much attention has been devoted to developing Chimeric Antigen 

Receptor (CAR) T cell therapy.  Chimeric Antigen Receptors are recombinant receptors that are 

expressed on the surface of a T cell and target a particular antigen.  Early studies with CAR T 

cells have produced very encouraging results. CARs targeted to the CD19 protein expressed on 
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B cells (which, as previously discussed, are the cancerous cells in CLL and ALL) have been the 

most thoroughly studied in the context of different diseases.  CD19 is a viable target for CAR 

therapies because it is expressed in abundance exclusively on B cells.  Theoretically, this means 

that the CAR T cells will only attack B cells, avoiding unnecessary and dangerous side-effects.  

Notably, many studies have demonstrated the abilities of CD19 CAR T cells to effectively fight 

ALL (Morgan et al., 2006; Brentjens et al., 2011; Di Stasi et al., 2011; Porter et al., 2011; Louis 

et al., 2011; Kalos et al., 2012).      

Although results from trials with CD-19 targeted T cells in ALL are very encouraging, 

antitumor potency is limited in patients with CLL or solid tumors.  This is thought to be in part 

due to the inhibitory “tumor microenvironment.” This term refers broadly to the molecules and 

other factors that are present at the site of the tumor.  Much attention has recently been focused 

on the tumor microenvironment, as many experts believe that understanding these properties is 

the key to understanding the mechanisms with which tumor cells and cancerous cells resist 

immune responses.  

In order to understand the inhibitory effects of the tumor microenvironment, it is essential 

to understand the biological concept of immunosurveillance.  Essentially, there are systems that 

are built into the human immune system that mediate immune responses.  These systems are 

designed to regulate or decrease the potency of immune responses in certain situations.  Without 

these processes, the human body would attack every minor and major antigen with maximum 

ferocity, creating the potential for dangerous side-effects in the form of auto-immune diseases, in 

which a person’s own immune system attacks their benign tissue. Clearly, these 

immunosurveillance systems serve a vital role in the maintenance of human health.  
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Some of these 

mechanisms involve 

molecules called “immune 

checkpoint receptors.”  

One of these receptors, 

“Programmed Death 1” 

(PD-1), is of particular 

interest in this case. PD-1 

is a transmembrane 

immune regulatory protein 

that is expressed 

extensively on activated T 

cells (Ramsay, 2013).  When PD-1 is engaged, it triggers the creation of SHP2 phosphates which 

disrupt the T cell receptor (TCR) signaling pathway.  This subsequently inhibits the production 

of cytokines, inhibits the expression of proteins necessary for cell survival (such as Bcl-XL) and 

cell-cycle progression, and inhibits the activation of Akt (which is essential for glucose transport 

and cellular respiration).  In addition, it causes the activation of a protein called Ras, which in 

turn causes the mitogen activated protein (MAP) kinase cascade, resulting in inhibited 

transcription of certain genes that are essential for cell growth and proliferation.  The PD-1/PD-

L1 regulatory process is illustrated in Figure 1. Essentially, engagement of PD-1 markedly 

decreases T cell function by disrupting many important processes (Sznol, 2013). 
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PD-1 can be engaged by 

either of two molecules (called 

“ligands”): B7-H1 or B7-DC 

(Ramsay, 2013).  These two 

molecules are referred to in this 

context as PD-L1 (Programmed 

Death Ligand 1) and PD-L2 

(Programmed Death Ligand 2), 

respectively.  PD-L1 and PD-L2 are 

both expressed on macrophages, 

natural killer (NK) cells, T cells, 

dendritic cells, and, notably, some 

tumor cells (Francisco, et al., 2010).  In the context of the tumor microenvironment, tumor cells 

upregulate (increase expression of) immune checkpoint ligands (such as PD-L1 and PD-L2), 

heightening their level of defense against T cells and making it very difficult for the immune 

system to attack them.  Essentially, the tumor cells are hijacking the body’s natural 

immunosuppressive mechanisms and using them to defend against T cell-mediated immune 

responses.    

One strategy for improving the effectiveness of CAR T cells is by including 

supplementary proteins to help increase T cell proliferation and enhance T cell function.  

Specifically, the use of certain small binding proteins (called single chain variable fragments, or 

scFvs) is a potential way to provide the necessary functions that are needed to enhance the 

efficacy of these therapies.  On the most basic level, scFvs are made up of two binding portions 

Figure 2: A PD - 1  blocking scFv binds to the PD - 1   

receptor on T - cell, thus stopping the ligands (PD - L1  

and PD - L2) from binding to the PD - 1  receptor.   

( Courtesy of Hollie Pegram)   
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of an antibody.  All scFvs consist of two essential parts, the variable heavy (VH) chain and 

variable light (VL) chain.   

 

Statement of Purpose: 

The goal of this project was to create an scFv that would be expressed and secreted by the 

cell, and could bind to the PD-1 receptor, thereby blocking the PD-1/PD-L1 and PD-1/PD-L2 

inhibitory reactions.  Theoretically, this would render it impossible for PD-L1 or PD-L2 to bind 

to PD-1 and inhibit the function of CAR T cells.  

  

Methodology:  

  The scFv gene was derived from the RMPI-14 antibody, which has been shown to bind to 

the PD-1 receptor (Yamazaki et al., 2005).  The RMPI-14-derived scFv will be referred to 

simply as the “RMPI scFv.” This gene was combined with the gene coding for the CD-

19targeted CAR as described below.  

Figure 3: A graphic map of the  
SFG-19m28ζ no-stop gene.  The  

CD19-specific extracellular region is 
coded for in the red  

segment.  The CD28 and zeta chain 
(intracellular portions) are coded for in 

blue.  

 (Image Produced Serial Cloner 2.6.1) 

 

The CD-19-targeted CAR gene consists of a CD-19 specific scFv gene, SFG-19, (which 

codes for the extracellular region) followed by a mouse-CD-28 gene, m28, and a mouse-zeta 
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chain, mζ, to provide the two signals necessary for T cell activation.  Prior to this experiment, the 

stop codon had been removed from the end of the entire CAR gene.  The construct of the CAR 

gene is denoted as “19m28mζ” or “SFG-19m28mζ no stop” and shown in Figure 3.    

 

 

The gene that codes for the RMPI scFv consists of a P2A element (which will be 

discussed later), a mouse-Immunoglobulin-Kappa leader sequence (to ensure that the scFv is 

secreted), the RMPI VL chain, a glycine-serine linker (to hold the portions together), the RMPI 

VH chain, and a myctag (which is used to confirm the presence of the scFv after it is created), in 

that order. The RMPI scFv gene will be denoted as “P2ARMPI”, and is shown in Figure 4.   

The ideal final construct consists of the 19m28mζ CAR gene (Figure 3) followed by a 

P2A element and then the RMPI scFv gene (Figure 4).  The P2A element causes the protein to be 

synthesized as a single, long peptide and then lysed into two separate fragments (the CAR and 

the RMPI scFv) at the P2A element.  This ensures relatively equal expression of the two genes. 

At the outset of this study, the RMPI scFv gene was contained in the IDT company backbone, 

while the CAR gene (19m28mζ) was contained in the SFG backbone.  For convenience, the final 

construct will be denoted as “SFG-19m28mζP2ARMPI”.   

Figure 4: A graphic map  

of the P2ARMPI gene   

( Image produced by  

Serial Cloner 2.6.1)   
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The initial process to create the SFG-19m28mζP2ARMPI gene is shown in Figure 6. First, 

the P2ARMPI gene was removed from the IDT company backbone by digestion with XhoI 

restriction enzyme and confirmed by gel electrophoresis.  Following this, the SFG-19m28mζ 

construct was combined with XhoI (to digest) and SAP (to dephosphorylate the ends of the DNA 

and prevent them from re-attaching).  Next, the two fragments were ligated to form SFG-

19m28mζP2ARMPI—the final construct.  Finally, the entire gene was digested and analyzed by 

gel electrophoresis to confirm the construct.  Additionally, a sample was sent for sequencing, also 

to confirm the construct.  The confirmatory digest and sequencing results revealed that this first  

 

Figure 5: A graphic map of the SFG - 19 m28mζP2ARMPI   gene (final construct). The P2A element (shown  

in purple) ensures that the gene is produced initially as one protein and then cut into the tw o fragments  

( final products ).   

( Image Produced by Serial Cloner  2.6.1)   
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cloning strategy was unsuccessful, as the orientation 

of the insert was incorrect and contamination was 

present.  

After an unsuccessful first attempt, the 

cloning strategy was altered slightly for the second 

attempt.  The SFG-19m28mζ backbone was digested 

with XhoI and SAP overnight.  Next, PCR was 

performed to separate out the P2ARMPI gene from 

the company backbone.  This was then digested with 

XhoI.  Next, 19m28mζ was ligated to P2ARMPI and 

gel electrophoresis was performed to confirm.  

Following this, the DNA was transformed into 

“Mach1 Chemically Competent E. coli” cells 

(LifeTechnologies).  Subsequently, a colony PCR 

was performed using the P2A-forward primer and 

the SFG-reverse primer.  The success of each colony 

was evaluated by BamHI digestion of the colonies’ 

DNA and subsequent gel electrophoresis; successful 

colonies were chosen.  Finally, to confirm the 

presence and correct orientation of each gene, the 

entire construct was digested with BamHI restriction 

enzyme and gel electrophoresis was performed.  



Plaisance  12 

 

 

  

Next, H29 cells were transfected with the retroviral DNA.  After three days in culture, the 

supernatant from the H29 colony was used to transduce Phoenix cells in order to create a stable 

producing cell line.  Finally, flow cytometry was performed on the Phoenix cells to evaluate 

whether the CD19-specific CAR was produced by the cells carrying the SFG- 

19m28mζP2ARMPI gene.  Expression of the CAR would indicate that the transduction was 

successful.  

  

Results  

    The results of the colony PCR and subsequent digestion (described in “Methodology”) 

are shown in Figure 7. The initial results show a successful creation of the desired gene, as well 

as the successful transformation of bacterial E. coli cells with the gene.    

 

Figure 7: An image of a gel electrophoresis analysis of the products of the colony PCR for 12 colonies.  
DNA for each of the 12 colonies corresponds to the labels on the top of each column.  
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The expected band size in this case is ~900 base pairs.  Clearly, colony 6 (highlighted in 

red in the image) had a band of relatively high concentration at ~900 base pairs, while the other 

colonies did not appear to have any significant concentration of DNA fragments at this length.  

This shows that cells in colony 6 contained the insert.    However, at this point, it was still 

possible that the insert was ligated backwards, so that although all of the correct pieces were 

present they were in an incorrect orientation.  If this were the case, it would render the construct 

useless.  To confirm that the orientation was correct, the entire construct was digested (as 

described in “Methodology”) with BamHI.  This digestion was run on a gel, and the results are 

shown in Figure 8.  

 

The desired band lengths for this digestion were 7,575 base pairs, 842 base pairs, and 268 

base pairs.  The image clearly shows bands at each of these three lengths for the BamHI digest.  

Therefore, the orientation of the insert was confirmed to be correct, as was the construct as a 

whole.  

  

    

  

  

  

  

Figure 8: An image of a gel  

electrophoresis analysis of the  

digestion of the entire construct  

with B amHI.   
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The second set of results pertained to whether the SFG-19m28mζP2ARMPI gene was 

expressed in Phoenix cells that had been transduced with the construct.  The results are shown in 

Figure 9.  

  

 

Figure 9:  (1.A) Depiction of side scatter (to measure cell granularity/presence of organelles) versus 
forward scatter (to measure cell size) and of Phoenix cell samples.  (1.B) ef450, a dye that identifies any 
dead cells, was added to the samples.  (2.A) Flow cytometry evaluation of Phoenix cells that had not 
been transduced with the construct (negative control).  (2.B) Flow cytometry evaluation of Phoenix 
cells that were transduced with another construct (1928ζIREShIL12) that has previously been shown to 
effectively produce the CD19 CAR (positive control). (2.C) Flow cytometry of Phoenix cells that had been 
transduced with the construct (SFG-19m28mζP2ARMPI).  
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  The results in Figure 9 were obtained by flow cytometry.  The Forward Scatter (FS) and 

Side Scatter (SS) evaluations were used to measure cell size and granularity (or the presence of 

organelles).  The data shown in Figure 9.1.A-B was generated and gated to only include cells 

that aligned with the known parameters for size and granularity in Phoenix cells.   Therefore, it 

was ensured that any contamination or other debris in the sample was excluded from the results 

shown in Figure 9.2.A-C.  Additionally, the samples were stained with ef450 viability dye, 

which fluoresces dead cells.  The results of testing for ef450 are shown in Figure 9.1.B.  This 

allowed for gating of cells that were ef450 negative, meaning that only live cells were included 

in Figure 9.2.A-C and the corresponding percentages.    

The three samples were also stained with 19e3 antibody that binds to the CD19-specific  

CAR. The corresponding data is displayed in Figure 9.2.A-C.  Non-transduced (“empty”) 

Phoenix cells were evaluated for 19e3 binding as a negative control (Figure 9.2.A).  The results 

show that only 0.58% of these cells showed 19e3 binding.  Phoenix cells transduced with a 

different construct (1928ζIREShIL12) that is known to produce the CD19-specific CAR were 

evaluated for 19e3 binding as a positive control (Figure 9.2.B).  59.11% of these cells showed 

19e3 binding that would indicate the presence of the CD-19 specific CAR.  The experimental 

sample (Figure 9.2.C) consisted of the Phoenix cells that had been transduced with the construct 

generated in this study (SFG-19m28mζP2ARMPI).  These cells showed 96.36% transduction 

efficiency.  Therefore, the transduction of the Phoenix cells was extraordinarily successful, and 

nearly 100% of Phoenix cells that were transduced with the experimental construct expressed the 

CD19-specific CAR.  
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Discussion:  

The successful creation of a genetic construct that codes for a PD-1-blocking scFv may 

have major implications for the future of CAR therapy.  A properly-functioning RMPI scFv 

would significantly diminish the inhibitory effects of the tumor microenvironment on T cells.  

This in turn could lead to enhanced efficacy and viability of CAR-based treatments in patients 

with CLL and solid tumors.  

  The construct created here combined the CD19-specific CAR gene (19m28mζ) with a 

gene derived from the hybridoma of the RMPI-14 antibody (P2ARMPI).  The successful creation 

of this product was confirmed by gel electrophoresis and sequencing.  The full construct was 

transfected into H29 cells and then transduced into Phoenix cells.  The expression of the gene 

was confirmed by the presence of CD19-specific CARs on the surface of 96.36% of the 

transduced Phoenix cells, as determined by flow cytometry. 

Although this analysis verified the presence and expression of the modified gene, a 

further analysis must be done in the near future to confirm the production of the scFv.  Since the 

scFv is designed to be secreted, it will not show up on a normal flow cytometry analysis. 

Therefore, a “golgi plug” technique must be implemented.  Essentially this stops the function of 

the golgi body, which enables proteins to be secreted from the cell, essentially trapping the scFv 

inside the cell.  From there, it is possible to assess the presence of the scFv in the cells by flow 

cytometry.  However, this method does not confirm the function of the mIgK leader sequence on 

the scFv (which is designed to ensure the secretion of the scFv from the cell).  This will be 

evaluated in a separate test that will consist of staining the Phoenix cell supernatant with a 

marker antibody that is designed to bind to the myctag on the scFv.  This will allow for 

verification of the mIgK leader sequence function.  
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Furthermore, mouse T cells must be transduced with the construct.  Following successful 

transduction, the effectiveness of the genetically modified mouse T cells must be evaluated in 

vitro.  This involves testing CAR
+
RMPIscFv

+
 T cells as the experimental group and 

CAR
+
RMPIscFv

-
 mouse T cells as the control group.  Both groups must be cultured in 

combination with PD-L1 positive (PD-L1
+
), PD-L1 negative (PD-L1

-
), PD-L2 positive (PDL2

+
), 

and PD-L2 negative (PD-L2
-
) tumor cells.  The effectiveness of the scFv will be determined by 

comparing the T cell proliferation, cytokine release, and lytic function of the experimental and 

control groups.  If the scFv is functioning as desired, it will bind to the PD-1 receptor and the 

proliferation, cytokine release, and lytic function of the experimental group will be vastly 

improved over the control group.  

If in vitro tests are successful, in vivo tests should be pursued.  Essentially, this would 

involve examining the survival rates and disease progression of mice with PD-L1
+
/PD-L2

+
 

tumors when treated with the CAR
+
RMPIscFv

+
 T cells as opposed to the CAR

+
RMPIscFv

-
 T 

cells.  If these tests show increased anti-tumor potency of RMPIscFv
+
 CAR T cells in 

comparison with RMPIscFv
-
 CAR T cells, the SFG-19m28mζP2ARMPI scFv gene will be 

incorporated into future CAR therapies in order to enhance their ability to resist the 

immunosuppressive properties of the tumor microenvironment and therefore revolutionize the 

treatment of many forms of cancer.  
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