Spent Media Analysis Aids in Determining Metabolic Mechanisms of
Superior CAR T-cell Products

Heather K. Lin® e Milla NefflingZ e Dejah Blake! e Kory Wells® e Abhijay Mudigonda! e William Liu* e Alysa Evans! e Subir Goyal® e Tongrui Liu> ¢ Ruby Freeman! e Tanisha Sinha! e Elyse Christensen?
Naeman Mahmood! ¢ Fan Fail ® Tenzin Passang! ® Emory Kinder? e Ji Young Anderson-Czajkowski? e Sruthi Ravindranathan! ¢ Anupam Patgiri* e Lily Yang®>® ¢ Edmund Waller'® e Sarwish Rafiq'-®

1Department of Hematology and Medical Oncology, Emory University, School of Medicine e 2908 Devices, Boston, MA e 3Department of Surgery, Emory University School of Medicine ¢ “Department of Pharmacology & Chemical Biology, Emory University School of Medicine e °Biostatistics Shared Resource, Emory University Winship Cancer Institute e ®Winship Cancer Institute

Overview

As the use of CAR T-cell therapies advances, testing different CAR T-cells,
and associating metabolic characteristics to well-performing, desired
phenotypes of CAR T-cells enables optimization of CAR constructs and
manufacturing processes.

Vasoactive intestinal peptide (VIP) is an emerging checkpoint pathway for
T-cell function?.

VIP is expressed by both T-cells?3 and tumor cells! and is upregulated
during TCR activation®4>, Augmentation of the VIP/VIPR axis during
expansion of primary human T-cells enhances less differentiated T cell
phenotypes, anti-tumorcytotoxicity, and in vivo persistence.

By engineering CAR T-cells to secrete novel and potent VIPR antagonistic
peptides, these cells can overcome the immunosuppression of VIP-rich
tumor microenvironments (Figure 1).

Antagonization of VIP/VIPR axis in T-cells enhances T-cell-mediated anti-
tumor function.

In this part of the project, we investigate enhancing CAR T-cell
manufacturing processes by characterization of products through spent
media amino acid analysis — correlating metabolism and metabolic needs
with desired, less-differentiated and less-exhaustive phenotype CAR T-
cell populations.

Methods
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Figure 1. Antagonizing Vasoactive Intestinal
Peptide (VIP) Receptors on CAR T Cells
Improves Efficacy and Persistence

To interrogate if VIPR antagonism impacts metabolic pathways, spent media analysis was performed using Repligen’s
PATsmart™ REBEL® at-line amino acid analyzer to determine overall amino acid usage differences between CAR and
CAR/VIPRa T-cells. Media analysis gives insights on consumption and accumulation of compounds in the extracellular

environment of the cells.

Fresh and spent media analysis revealed differences in the consumption of amino acids such as alanine, glutamate, and
serine. This prompted further investigation of the differences in metabolic pathway utilization and alterations in
metabolites within these CAR T-cells. LC/MS metabolomics and cellular bioenergetics were used to elucidate differences

between metabolic states of CAR and CAR/VIPRa T-cells.

The full work (Lin et al. submitted) included the following characterization steps

* Invivo —CAR T-cell functionality and potency, as well as longevity
o Tumor imaging with fluorescence labels

* Microscopy — visual assessment of cells (numbers form, shape, expression of biomarkers)

o evaluate secreted peptide interaction with T-cell
* RNA sequencing

* Seahorse Mitochondrial Stress Test — metabolic respiration states and stress

* Antigen-Stimulated Assays
o Activation (such antigen-stimulated cytokine and activation assays)
o Cytotoxity
o Proliferation

* Flow Cytometry - number and proportions of cells with specific markers

 REBEL Analysis of amino acid from spent media

* Protein Binding Assays — potency and activity assays, with antigens, antibodies, substrates, etc.

REBEL at-line cell culture media analyzer: Actionable
information for your bioprocess at the point of need

* Amino acids, vitamins, and biogenic amines
analyzed at-line

 Minimal sample required: as low as 10 pL
* Simple sample prep: spin or filter and dilute

* Integrated analyzer includes autosampler,
separation, detection, analysis and reporting

* Analysis run-time ~10 min per sample
 Consumable kit optimized for 200 analyses

Figure 2. REBEL at-line spent media analyzer, with the dedicated assay kit

Learn more at repligen.com/rebelxt
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Figure 3.A. Fresh media (RPMI
+10%FBS) was analysed for the starting
concentrations of amino acids in the
cell culture media. Noteworthy is the
high level of arginine, and the absence
of alanine.

Figures 3.B and 3.C. Spent media
analysis from different donors (3.B;
here, donors 29 and 3) with the two
different constructs (3.C — donor 51),
showed very similar aa concentration
levels at the end-point of
manufacturing. Noteworthy is the
production/secretion of alanine and
significant consumption of arginine
from the fresh media, as well as
differences between the stimulated
and unstimulated cell samples.
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Figure 3.D Spent Media Analysis
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Figure 3.D. Further investigation of REBEL
spent media analysis of amino acids of
manufactured CAR T-cells with and
without VIP receptor antagonistic peptide
construct revealed differences in the
levels of amino acids such as alanine,
glutamate, and serine at the
manufacturing end-point.
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We found that when the manufactured cells are antigen-
stimulated, CAR/VIPRa T-cells become significantly more
energetic. In contrast, CAR T-cells become less energetic
and more glycolytic, which are known features of T-cell
exhaustion.

Further, metabolic assessment with multiple methods
produced findings that correlated with this assessment,
such oxygen consumption and certain amino acid levels in
spent media.

Finally, CAR T-cell activity, potency, and cytotoxicity
assessments showed a correlation with anti-tumor
activity.

Together, this work demonstrates that distinct metabolic

features allow CAR/VIPRa Tcells, when antigen-stimulated,

to have enhanced functions against tumors.
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Figure 4.B. Mitochondrial Stress Test was performed to functionally

determine the utilization of glycolysis and oxidative phosphorylation
with and without antigen-stimulation.

Conclusions

We've investigated the mechanisms by which CAR T-
cells engineered to secrete potent VIPR antagonistic
peptides (CAR/VIPRa) can overcome the
immunosuppression of VIPrich tumor
microenvironments.

At-line spent media analysis of amino acids, in
combination with other assays and measurements,
was used to understand, characterize and optimize
CAR T-cell manufacturing process, correlate with cell
performance, and develop bioprocess parameters.

Ravindranathan, S. et al.. Nature Communications 13, 6418, doi:10.1038/s41467-022-34242-4 (2022).

Anderson, P. & Gonzalez-Rey, E.. Molecular and Cellular Biology 30, 2537-2551, doi:10.1128/MCB.01282-09 (2010).
Gonzalez-Rey, E. & Delgado, M.. Trends Mol Med 13, 241-251, doi:10.1016/j.molmed.2007.04.003 (2007).

Delgado, M. & Ganea, D.. Journal of Biological Chemistry 276, 369-380, doi:10.1074/jbc.m006923200 (2001).
Villanueva-Romero, R. et al. Sci Rep 9, 7383, doi:10.1038/s41598-019-43717-2 (2019).

© 2025 Repligen Corporation. All rights reserved. The trademarks mentioned herein are the property of Repligen Corporation and/or its affiliate(s) or their respective owners. | DOC0546 eRev. 1.0 23 Dec 2025



	Slide 1: Spent Media Analysis Aids in Determining Metabolic Mechanisms of  Superior CAR T-cell Products

