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Abstract

T cell receptor (TCR)-engineered T cells (TCR-T) represent a promising approach

for adoptive T cell immunotherapy (ACT) and hold great potential in the treatment of

human cancer. Autologous CD8" T cells can be isolated from patients' peripheral blood,

expanded in vitro, modified to express tumor-specific TCRs, and finally reinfused into

patients’ body to improve antitumor ability.

To optimize this treatment strategy, it is crucial to evaluate the efficacy of T cell

effector functions. One key factor in determining T cell functionality is the functional

avidity of the TCR, which reflects the T cell's response to varying antigen levels. To

efficiently assess TCR functional avidity, we have developed a dual parameter reporter

system utilizing the Jurkat cell line devoid of endogenous TCRs. This system allows for

the analysis of NFAT and NF-«B activities, two critical transcription factors required for

T cell activation. By transducing tumor-specific TCRs into these reporter cells, we can

effectively select TCR candidates with enhanced effector functions before conducting

functional assays on tumor-specific TCR-T cells.

Additionally, the system enables simultaneous measurement of the expression levels

of NFAT and NF-kB, enhancing the reliability and reference value of the measured

functional avidity. Furthermore, it enables a comparative analysis of the two TCR
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activation signaling pathways and the effector functions of engineered TCR-T cells,

providing valuable insights into their interplay. Ultimately, this system holds the potential

to expedite the development of effective T cell-based immunotherapies for cancer

treatment.

Key words : T cell receptor, engineered T cells, functional avidity, T cell activation,

adoptive cell therapy
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1 Introduction

1.1 T cell-based immunotherapy in cancer

1.1.1 Adoptive cell therapy (ACT)

Cancer is a major public health challenge, impacting millions of individuals

worldwide. Despite notable progress in cancer treatment, it remains a leading

cause of death, resulting in approximately 10 million deaths each year. The

immune system plays a significant role in protecting the host from malignant

cells. Within the adaptive immune system, T cells exhibit a remarkable ability

to identify and eliminate cancer cells, leading to significant advancements in

cancer immunotherapy[1,34-36].

Adoptive cell therapy (ACT) involves the utilization of engineered T cells or

tumor-infiltrating T cells (TILs) obtained from a patient's tumor or T cells isolated

from the patient's peripheral blood. The engineered T cells are expanded in vitro

and genetically modified to express either a T cell receptor (TCR) or a chimeric

antigen receptor (CAR) which can recognize tumor-specific antigens.

Subsequently, these genetically engineered T cells were re-infused into the patients

to destroy tumor cells[2,3,37-39].

1.1.2 Distinctive features of TCR-T cell compared to CAR-T cell therapy
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While CAR-T cell therapy has shown impressive clinical outcomes in

specific cases of B cell leukemia or lymphoma, many challenges still limit the

therapeutic efficacy of CAR-T cells in treating solid tumors and hematological

malignancies.

Structurally, CAR-T cells and TCR-engineered T cells differ. CAR-T cells

consist of engineered intracellular and extracellular domains. The extracellular

domain comprises a single-chain variable fragment (scFv), which serves as the

antigen binding domain of the antibody, they can only recognize specific antigens

on the surface of the cancer cells, which are commonly not expressed on solid

tumors. In contrast, TCRs comprised most commonly of an a and B chain, which

rely on peptide processing or presentation by major histocompatibility complex

(MHC) molecules, allowing them to recognize peptides from both the intra- and

extra-cellular compartments|3,4,40].

Based on current bioinformatic predictions, approximately 27% of the human

proteome contains membrane-integral structures that could potentially be targeted

by CAR therapies, which means many potential targets within cancer cells are

inaccessible to most CAR-based treatments[41-43]. Unlike CAR T-cells, TCR-

engineered T cells can recognize tumor antigens presented by MHC molecules

from all cellular compartments, making them better suited for targeting solid
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tumors, which often express intracellular antigens. Therefore, TCR-T therapy may

be more effective than CAR T-cell therapy for treating solid tumors, which make

up the majority of all malignancies[5,41].

1.1.3 Clinical application of engineered TCR T-cell therapy

Historically, TCR-T cell therapy has targeted tumor-associated antigens such

as carcinoembryonic antigen (CEA) in colorectal cancer, glycoprotein gpl100

(PMEL) in melanoma, melanoma antigen recognized by T-cells 1 (MART-1) in

melanoma, melanoma-associated antigen 3 (MAGE-A3) in melanoma/multiple

myeloma, and New York esophageal squamous cell carcinoma 1 (NY-ESO-1) in

melanoma[6,7]. Recently, TCR-T cells have also been designed to target

neoantigens resulting from tumor-specific DNA mutations, which are more

unique to individual tumors but less commonly shared among cancer patients[6,

8].

Evidently, TCR-T cell therapy holds great potential in the treatment of cancer.

Future research aims to achieve two key objectives: personalized identification of

tumor-specific TCRs for therapy and exploring potential modifications to enhance

TCR signaling and effector function.

1.2 The overview of T cell antigen recognition and activation
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T cells play a crucial role in recognizing foreign antigens on target cells. This
recognition occurs through the heterodimeric T-cell receptor (TCR), composed of
a- and B-chains that can undergo random rearrangements of V (variable), D
(diversity), and J (joining) gene segments, which allows for the specific
recognition of a wide variety of antigens[10].

The T-cell receptor (TCR) initiates signal transduction upon binding to
peptide-MHC complexes on antigen-presenting cells (APCs)[9,31]. The
cytoplasmic domains of CD4 and CD8 co-receptors interact with the SRC family
protein tyrosine kinase LCK, which is subsequently directed to the TCR through
simultaneous binding of CD8 to MHC class I or CD4 to MHC class II
complexes[32]. LCK phosphorylates the CD3 complex, facilitating ZAP70
activation. ZAP70, in turn, phosphorylates the transmembrane adaptor protein
LAT, leading to the formation of the LAT signalosome along with adaptors and
effectors[33]. Activation of LAT-associated effector molecules triggers the
transmission of signals through three primary pathways: the Ca?’-calcineurin,
nuclear factor-xB (NF-xB), and mitogen-activated protein kinase (MAPK)
pathways. These pathways drive the nuclear translocation and activation of nuclear

factor of activated T cells (NFAT), NF-«xB, and activator protein 1 (AP-1), which
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collectively promote T cell proliferation, migration, cytokine production, and
effector functions[30].
1.3 Optimization of engineered TCR T-cell therapy

1.3.1 TCR affinity, avidity, and functional avidity

TCR aftinity, TCR avidity, and functional avidity are the main factors that
determine pMHC recognition and T-cell activation. TCR affinity refers to the
strength of the interaction between a single TCR and the pMHC ligand, while
TCR avidity measures the overall strength of multiple TCR-pMHC engagements.
Functional avidity, on the other hand, represents T-cell activity at various peptide
epitope concentrations. Mean functional avidity is typically described as the EC50
concentration, which indicates the peptide dose at which half-maximal activation
of the T-cell population occurs[11,44,45].
1.3.2 Unexpected downsides of high-affinity TCRs

Most tumor-associated antigens recognized by CD8" T cells originate from
autologous proteins and are protected by immune tolerance to prevent
autoimmunity. [12] Due to thymic selection, the binding affinity of physiological
TCR affinities are limited to ~1 to 100uM][13,14]. Thus, cells with down-
regulated tumor antigen presentation may not be effectively targeted by TCR-T

cells engineered with a wild-type TCR[15,16]. In order to enhance the
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effectiveness of TCR-T cells, it is crucial to predict the T cell response to tumor

antigens. This is supported by several studies indicating a correlation between

TCR aftinity and T-cell functional activity[16-18, 48-50]. As a result, researchers

have been developing modified TCRs with high affinity for use in clinical

trials[19,20]. However, higher TCR affinity does not necessarily indicate better T

cell function. Multiple studies have reported a plateau in T-cell functional activity

beyond a specific affinity and avidity threshold[14,21,51,52]. Moreover, in a

notable case, an affinity-enhanced TCR has resulted in treatment-induced patients’

deaths during a cell therapy clinical trial due to unexpected cross-reactivity with

a self-antigen, highlighting the potential safety concerns associated with high-

affinity TCR-T cells[22,53,54].

1.3.3 Efficient and precise evaluation of TCR functional avidity

Based on previous research findings, it has been shown that the level of TCR

affinity and avidity does not accurately represent the effectiveness of T cell

immune response[21,23]. To evaluate TCR functional avidity in a more efficient

and precise way, researchers have developed Jurkat-derived reporter cell lines to

evaluate the functional avidity of cloned TCRs. These reporter cells allow for rapid

and standardized assessment of TCR activation by measuring the expression of
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reporter genes driven by critical transcription factors in T cell activation, such as
nuclear factor of activated T-cells (NFAT), nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB), and activator protein 1 (AP-1)[24,25].
Therefore, reporter cell lines can serve as valuable tools for evaluating the
functional avidity of transduced TCRs and provide an efficient platform for
predicting T-cell functions in the development of effective TCR T-cell

immunotherapy in cancer treatments[46,47].
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2 Specific Aims
Aim 1
To efficiently screen and select highly functional T cells, a dual-parameter reporter

system was established to evaluate TCR functional avidity.

Aim 2
To compare the differential expression of the NFAT and NF-kB pathways in the

reporter assay, as well as their specificity differences in T cell activation.

10
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3 Materials and methods

3.1 Plasmid construction

The NF«kB reporter plasmid, pLVX-(NF«kB)s;-miniP-mCherry-Flue, contained
tandem repeats of three NFkB binding sites upstream of a minimal CMV promoter that
drove the expression of mCherry and firefly luciferase. The plasmid was constructed
from PCR products of pLVX-(NF«kB)3-miniP-mCherry (from Pei-Yi Wu), pUC19-T7-
SARS-CoV-2 T2A-mCherry-P2A-PuroR DI replicon (from Chi) and pGL4.10 (Catalog
No. E6651, Promega). The assembly was performed using the NEBuilder® HiFi DNA
Assembly Master Mix (Catalog No. E2621, New England Biolab) through Gibson
assembly method.

The plasmids used for lentivirus production, pCMV-dR8.91 and pMD.G, were
obtained from the RNAi1 Core of Academia Sinica, Taiwan. These constructs were
transformed into DH5a competent cells and plated on agar plates containing Ampicillin.
Single colonies were selected and cultured in LB broth with Ampicillin. Subsequently,
plasmid extraction was performed using the Geneaid plasmid purification kit.

3.2 Cell lines and culture conditions

The dual-parameter reporter Jurkat cells (clone #38.7.46.20) were generated by
transducing NFATx7-AcGFP-hCD8-TCRs”"- Jurkat cells (clone 38.7.46 from Wan-
Ting Hong) with pLVX-(NF«B)3;-miniP-mCherry-Fluc. Jurkat cells were cultured in

11
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RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS), 292 pg/mL
glutamine, 100 U/mL penicillin, and 100 pg/mL streptomycin (Gibco). Similarly,
HEK293T cells were cultured in Dulbecco's modified Eagle's medium (DMEM, Gibco)
supplemented with 10% fetal bovine serum (FBS), 292 pg/mL glutamine, 100 U/mL
penicillin, and 100 pg/mL streptomycin (Gibco). All cells were maintained at 37°C with
5% CO2.

3.3 Lentiviral transduction of Jurkat cells

The dual-parameter reporter Jurkat cells were generated through lentiviral
transduction. Lentivirus packaging was carried out by DNA transfection using
Lipofectamine™ 3000. HEK293T cells were seeded at a density of 1x10° cells per well
in a 6-well plate using lentivirus packaging medium (Opti-MEM supplemented with
5% FBS, 1% L-glutamine, and 0.5% sodium pyruvate) for 24 hours.

Next, 1.5 pg of the target plasmid, 0.5 ug of pMD.G, 1 pg of pPCMV-dR8.91, and
P3000™ reagent were diluted with Opti-MEM and mixed with diluted
Lipofectamine™ 3000 reagent. After incubating the mixture at room temperature for
10 minutes, it was carefully added to the cells. After 6 hours, the medium was replaced
with 2 mL of lentivirus-packaging medium. Subsequently, 2 mL and 1.5 mL of the

supernatant were collected per well after 48 and 72 hours of transfection, respectively.

12
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The collected supernatant was then filtered using a 0.45 um filter, aliquoted into 500
uL per Eppendorf tube, and stored at -80 °C.

On the day of lentivirus transduction, 4 x 10° Jurkat cells were collected in individual
50 mL centrifuge tubes. Subsequently, 500 puL of the prepared virus solution was thawed
and mixed with polybrene (final concentration: 8 pg/mL). The cells were resuspended
in the virus solution and centrifuged for 1 hour at 2000g and 32°C. After centrifugation,
the cells were transferred to 12-well plates and incubated overnight at 37°C. The
following day, the virus solution was replaced with RPMI culture medium.

3.4 Stimulation experiments and reporter assays

Multiple clones of Jurkat cells were seeded in 96-well plates at a density of 2x10°
cells per well. Subsequently, the cells were either stimulated with anti-CD3 (UCHT],
BD Pharmingen) and CD28 antibodies (CD28.2, BD Pharmingen) for 24 hours or with
PMA and ionomycin (Sigma Aldrich) for 6 or 24 hours. Following the stimulation, the
cells were harvested and analyzed using flow cytometry and luciferase assay. The
fluorescence expressions were analyzed using the LSR II Flow Cytometer (BD
Biosciences) or the Attune NxXT Flow Cytometer (Thermo Fisher Scientific). The
luciferase assays were analyzed using the SpectraMax i13x Multi-Mode Microplate

Reader (Molecular Devices).

13
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3.5 Establishment of the dual parameter reporter Jurkat cell line

To establish the dual-parameter reporter Jurkat cell line, we first transduced
NFATx7-AcGFP-hCD8-TCRyp"- Jurkat cells (clone 38.7.46 from Wan-Ting Hong)
with the NFxB reporter plasmid. Next, we used the FACSAria™ III cell sorter (BD
Biosciences) to sort out cells that did not express NFkB, which were subsequently
maintained. Then, these cells were limited diluted and seeded at a density of 0.5 cells
per well in 96-well plates to generate single-cell clones.

Afterward, the clones that successfully expanded were stimulated with PMA (10
ng/mL) and ionomycin (800 ng/mL) for 24 hours. Using the Attune NxT Flow
Cytometer (Thermo Fisher Scientific), we analyzed the expression of NFAT and NF«xB
in each clone. Among the clones, clone #38.7.46.20 exhibited low background and high
inducibility of reporter gene expressions. As a result, it was selected as the optimal
clone for the dual-parameter reporter Jurkat cell line, and was then utilized in the

subsequent TCR transduction experiment.

14
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4 Results

4.1 The expression of NFAT reporter of TCR knockout Jurkat cells by different

stimulation strategies

To facilitate my research, it was necessary to identify an optimal method for

stimulating Jurkat cells. Stimulation with anti-CD3/CD28 antibodies and

PMA/ionomycin have both been widely used in many studies as effective approaches

for Jurkat cell activation. However, in order to avoid TCR mispairing issues, I aimed to

establish a reporter cell system using a previously generated TCR knockout Jurkat cell

line, which lacked endogenous TCR expression.

After TCR knockout, the expression of the CD3 complex is also disrupted, which

theoretically renders antibody stimulation ineffective. Therefore, I conducted separate

experiments to compare the effects of antibody stimulation and PMA/ionomycin

stimulation on the TCR KO clone of NFAT reporter Jurkat cells (#38.41.19) with the

non-KO clone (#38.41).

The results revealed that the non-KO cells demonstrated a strong response to the

anti-CD3/CD28 Ab stimulation, while the TCR-KO clone showed no response (Figure

1A). In contrast, when the same cells were stimulated with PMA/Ionomycin, both the

wild-type and TCR-KO clone exhibited responsiveness (Figure 1B).

15
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4.2 Establishment of the dual-parameter reporter Jurkat cells

4.2.1 Screening of the reporter Jurkat cells with low-background and high-

inducibility of NF-kB expression

Next, I transduced the NFkB-responsive mCherry and Firefly luciferase

reporter constructs into Jurkat clone #38.7.46 (obtained from Wan-Ting Hong),

which already expressed the NFAT-GFP reporter, human CDS, and lacked the

endogenous TCR expression (Figure 2A).

NF-kB can be activated in response to diverse external stimuli related to

immune response, oxidative stress, cell proliferation, differentiation, and survival

[26]. As a result, NF-kB often displays elevated background activity. To obtain

cells with reduced background expression and increased inducibility upon cell

activation, two rounds of sorting were performed following the transduction.

After a resting period of 10 days following transduction, NF-kB-negative

cells were isolated to obtain cells with reduced background expression (Figure

2B). Subsequently, the collected cells were stimulated with PMA/ionomycin

(10/800 ng/mL) for 24 hours. Nine days after the first sorting, the collected cells

were stimulated with PMA/ionomycin (10/800 ng/mL) for 24 hours. A second

round of sorting was then conducted to collect cells with the highest NF-xB

expression, comprising approximately 10% of the total population. This enabled

16
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the acquisition of cells with the highest NF-kB expression levels post-stimulation,

which were further sorted into single cells (Figure 2C). The two rounds of sorting

facilitated the screening of a cell population characterized by lower NF-kB

background expression and enhanced inducibility.

4.2.2 Troubleshooting for the unexpected cell death caused by PMA and

ionomycin stimulation

During the experiment, we encountered an issue where nearly all of the cells

died approximately 3 days after the second round of sorting. Consequently, we

decided to repeat the second round of sorting. Considering that fluorescence-

activated cell sorting exposes cells to various stresses and forces, we reasoned that

these conditions might contribute to the observed cell death.

After collecting the cells this time, we confirmed their viability using trypan

blue staining, and indeed, the cells were all alive right after sorting. Therefore, we

suspected that the cell death observed after the second sorting might also be

attributed to apoptosis triggered by PMA/ionomycin stimulation.

Upon investigating previous literature, we found reports of cell death

occurring with PMA/ionomycin stimulation[27], which led us to speculate

whether the cell death following the second sorting was caused by excessively

17
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high concentrations or prolonged exposure to PMA/ionomycin during the

stimulation process.

Therefore, to address this issue, I made adjustments to the experimental

approach. Following the first sorting, I employed a limiting dilution method,

distributing cells at a concentration of 0.5 cells per well in a 96-well plate. This

approach allowed me to minimize potential stress caused by the cell sorter.

Subsequently, I cultured these single cells and utilized only a portion of the cells

from the grown clones for stimulation and analysis (Figure 3). By adopting this

strategy, I could identify the clone with the highest NF-xB expression without

inducing widespread cell death caused by PMA/ionomycin stimulation.

These adjustments improved the reliability and reproducibility of the

experimental results, and enabled the selection of the most promising NF-xB-

expressing clone for further investigation.

4.2.3 Optimal selection of the ideal clone of the established dual-parameter

reporter Jurkat cells

Finally, 24 single clones were successfully maintained. After stimulation with

PMA/ionomycin and subsequent analysis using flow cytometry, I selected seven

clones that exhibited higher median fluorescence intensity (MFI) values for NFAT-

GFP and NF-kB-mCherry expression (Figure 4A, 4B). These selected clones

18
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underwent further experiments to compare their responses under both

unstimulated and stimulated conditions (Figures 4C-4E).

In this design of dual-parameter reporter Jurkat cells, NF-kB is equipped with

both mCherry fluorescent protein and firefly luciferase reporter. Luciferase offers

advantages over fluorescent reporters, as it avoids autofluorescence issues and

provides lower background expression in typical cells. With these characteristics,

we expect to achieve a wider dynamic range for more accurate quantification of

the target reporter signal.

Among the seven selected clones, we chose clone #20 and #24 for further

evaluation in the firefly luciferase assay due to their lower background and higher

inducibility of the fluorescence reporter. The results indicate that clone #20

displayed a broader dynamic range between the unstimulated and stimulated

groups compared to clone #24, with induction folds of 15 and 7.4, respectively.

(Figure 4E). Therefore, for subsequent TCR transduction experiments, we will

utilize Jurkat #38.7.46.20 as the preferred dual-parameter reporter Jurkat cell.

19

doi:10.6342/NTU202303793



5 Discussion

5.1 Advantages and limitations of utilizing TCR-KO Jurkat cells to create

reporter systems

In the process of establishing the reporter system, we chose to use Jurkat cells that

had already undergone knockout of their endogenous TCR. This decision was driven

by the need to avoid TCR mispairing issues when introducing the TCR of interest into

the reporter cells in future experiments.

Specifically, when both the original TCRs and the target TCR are present in the

same cell, there is a possibility of cross-pairing during the formation of alpha and beta

TCR chains. This could result in TCR chain mispairing, leading to the generation of

unintended specificities and potentially limiting the expression of the desired TCRs [28,

29]. By using previously established TCR-KO Jurkat cells generated through CRISPR-

Cas9 gene editing, we can ensure specific expression of the target TCR without

unintended mispairing.

However, our results also showed that TCR-KO Jurkat cells did not respond to

anti-CD3/CD28 antibody stimulation but did respond to PMA/ionomycin stimulation.

This caused a difficulty when we generated NF-«xB reporter cell line. During the sorting

process of this study, we encountered cell death after PMA/ionomycin stimulation,

revealing that high concentrations and prolonged exposure to PMA/ionomycin could
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trigger excessive apoptosis. These experiments highlight the importance of choosing

suitable stimulation strategies and validating experimental protocols to avoid potential

confounding factors when studying T cell activation in different experimental contexts.

5.2 The importance of NFAT and NF-kB dual-parameter reporter system

Upon TCR recognition of MHC-presented peptides, the CD3 complex initiates a

signaling cascade, activating various effector molecules and triggering three main

downstream signaling pathways. The first pathway involves the activation of AP-1

through the MAPK pathway. The second pathway involves NF-kB, activated

downstream of PKC. The third pathway involves NFAT, which is activated through the

calcium ion pathway[30].

Among these pathways, NFAT is the most specific for T cell activation, while NF-

kB and AP-1 can also be activated by cytokine stimulation or cellular damage, in

addition to TCR signaling. Besides, complete T cell activation requires the

collaboration of these three transcription factors, leading to robust proliferation and

activation of T cells.

To comprehensively dissect the intricate signaling cascades governing T cell

activation and function, a more holistic approach can be achieved by combining

multiple reporters in a single Jurkat cell line. We hypothesize that T cell function could
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be influenced differently by different signaling pathways, NF-kB and NFAT. However,

this hasn't been proven by previous studies.

After successfully establishing the dual-parameter reporter cells, the next step

involves introducing the cloned antigen-specific TCR construct into these reporter cells,

thereby enabling the expression of the targeted TCR. Subsequently, upon stimulation

with the corresponding peptide and APC, the fluorescence signals of NFAT and NF-kB

can be measured using flow cytometry. Additionally, the luciferase expression level is

observed, facilitating the identification of TCR variants exhibiting elevated activity.

Lastly, the selected TCR candidates are then transferred into primary human T cells to

conduct comprehensive functional tests. This process aims to verify the utility of our

dual-parameter reporter as an effective tool for screening highly functional TCRs.

Furthermore, it provides the opportunity to simultaneously observe the impact of

activating both NFAT and NF-kB pathways on T cell function.

This strategy allows us to observe and study how different signaling pathways

correlate with T cell activation and function. By integrating various reporter systems,

we can gain a deeper understanding of the complex interplay between these pathways

and their impact on T cell responses. Such an approach holds great promise for

advancing our knowledge of T cell biology and immune regulation.
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5.3 The application and future potential of the dual-parameter reporter system

in TCR-T cell immunotherapy.

After establishing this reporter system, we expect to efficiently screen potentially

well-functioning TCRs by introducing the target TCR and measuring the reporter's

expression. This approach overcomes the issue of disparity between measuring affinity

and avidity and the actual T cell function. Instead, it directly measures functional avidity,

which is theoretically more closely related to T cell function. By focusing on functional

avidity measurement through the dual-parameter system, we can prioritize TCRs with

higher potential for effective target cell recognition and tumor elimination.

Compared to laborious T cell functional tests that require primary human T cells,

the dual-parameter system offers a simpler and faster way to screen and identify TCRs

with desired functionality.

By rapidly identifying TCRs with high functional avidity using the dual-parameter

system, we can significantly improve the success rate of TCR-T cell therapies, leading

to better clinical outcomes for patients battling cancer. Moreover, the insights gained

from this approach can contribute to the ongoing refinement and optimization of TCR

engineering strategies, ultimately advancing the field of cancer immunotherapy.
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Figure 1. Stimulation responses of TCR KO and non-KO Jurkat cells.
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(A) Jurkat clones #38.41 and #38.41.19 were either unstimulated or stimulated

with anti-CD3/CD28 antibodies at concentrations of 1/1 pg/mL and 2/2 pg/mL

for 24 hours. (B) Jurkat clones #38.41 and #38.41.19 were either unstimulated

or stimulated with PMA/ionomycin at concentrations of 2.5/200 ng/mL and

5/400 pg/mL for 6 hours. All cells were analyzed by flow cytometry.
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Figure 2. Isolation of transduced reporter Jurkat cells with low background

expression and high inducibility of NF-kB.

(A) Schematic illustration of generation of dual-parameter reporter cells through

transduction of Jurkat #38.7.46 with NF-«xB reporter construct. The NFAT reporter

gene consists of repetitive NFAT binding sites, a CMV minimal promoter, and an

AcGFP reporter. The NF-xB reporter gene consists of repetitive NF-kB binding

sites, a CMV minimal promoter, and reporters for mCherry and Firefly luciferase.

(B) Cell sorting of the reporter Jurkat cells with negative NF-xB expression 10

days post-transduction. (C) Cell sorting after stimulation with PMA/ionomycin

(10/800 ng/mL) for 24 hours to collect cells with the highest NF-kB expression.

27

doi:10.6342/NTU202303793



NFKBx3 X
([ v SR v [ = = FACS =

transduce sorting —

el
o
o

o
o
o

Jurkat #38.7.46 Pooled cells

Cells with negative
( NFAT,; -AcGFP-TCR ,57-hCD8)

NFkB expression

Limiting : 5O¢ == P+l
dilution expand = stimulation
— —> SRS
2
R
0.5 cell / well Flow cytometry
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process of reporter cells.

Schematic illustration of the optimized process for screening cells with lower NF-xB

background and enhanced inducibility.
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Figure. 4 Selection of the ideal clone from the established dual-parameter reporter

Jurkat cells.

(A, B) Summary bar graph depicting the median fluorescence intensity (MFI) of

seven clones that exhibited higher (A) NFAT-GFP and (B) NF-kB-mCherry

expression after stimulation with PMA/ionomycin (10/800 ng/mL) for 24 hours.

(C, D) Summary bar graph depicting the median fluorescence intensity (MFI) of (A)

NFAT-GFP and (B) NF-kB-mCherry expression in selected individual reporter Jurkat

cell clones either unstimulated or after stimulation with PMA/ionomycin (10/800

ng/mL) for 24 hours. (E) Flow cytometry graph of NFAT-GFP and NF-«xB-mCherry

expression of the reporter Jurkat cell clone #20 and #24 (F) Summary bar graph

showing the relative light unit (RLU) of NF-xB-firefly luciferase expression in clone

#20 and #24 either unstimulated or after stimulation with PMA/ionomycin (10/800

ng/mL) for 24 hours. NC: unstimulated pooled cells Jurkat #38.7.46 transduced with
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NF-kB reporter construct. PC: stimulated pooled cells Jurkat #38.7.46 transduced
with NF-kB reporter construct. wt : wild type Jurkat cells. Pool : pooled cells Jurkat
#38.7.46 transduced with NF-kB reporter construct. Mock : Jurkat #38.7.46 (without

NF-«B reporter).
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