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Abstract

Banked CAR T-cells immediately available for off-the-shelf (OTS) application can solve key 

limitations of patient-specific CAR T-cell products while retaining their potency. The allogeneic 

nature of OTS cell therapies requires additional measures to minimize graft-versus-host disease 

and host-versus-graft immune rejection in immunocompetent recipients. In this review, we discuss 

engineering and manufacturing strategies aimed at minimizing unwanted interactions between 

allogeneic CAR T-cells and the host. Overcoming these limitations will improve safety and anti-

tumor potency of OTS CAR T-cells and facilitate their wider use in cancer therapy.

Introduction

Autologous T-cell products modified to express chimeric antigen receptors (CARs) have 

produced tremendous clinical benefit in patients with some treatment-resistant cancers. 

Expanded studies of CAR T-cells targeting the CD19 antigen resulted in three FDA-

approved autologous cell therapies for B-cell leukemia and lymphoma1–3, with more 

products expected to obtain regulatory approval soon. However, these highly potent cell 

therapies have to be produced for each patient individually from autologous material in cell 

manufacturing facilities. Overall, patient-specific manufacturing is expensive, time-

consuming, and yields cell products with varying potency. Producing CAR T-cells requires 

complex logistics for centralized or distributed manufacturing and ample time to generate, 

test, and release the product4–7. These requirements delay treatment, often allowing disease 

to progress. Further, variation in the quality and quantity of patient blood cells results in 

highly heterogenous cell products and potential manufacturing failures. Finally, for certain 

cancers, there is a risk of genetically modifying malignant cells and thereby contaminate 

starting cell material, with the potential consequence of creating CAR T-cell resistant tumor 

mutants.

Many hurdles associated with autologous CAR T-cells can be overcome with banked cell 

products pre-manufactured from highly potent T-cell sources, such as selected healthy 

donors or induced pluripotent stem cells (iPSC)8,9. These cells would be extensively 
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characterized and tested to ensure potent and predictable anti-tumor activity in all patients. 

The streamlined manufacturing and release testing of banked T cells has the potential to 

dramatically reduce the cost and simplify logistics, while off-the-shelf availability of these 

cell products would facilitate prompt treatment10.

While off-the-shelf (OTS) CAR T-cells have many obvious advantages over autologous cell 

products, two major steps must be taken before these therapies become standard. First, an 

appropriate cell platform must be chosen. Conventional polyclonal αβT-cells, which are 

commonly used for autologous CAR T-cell products, can recognize mismatched major and 

minor histocompatibility antigens on host cells and promote off-tumor graft-versus-host 

activity. Therefore, the cell platform must be devoid of significant alloreactivity in order to 

maximize CAR-directed anti-tumor activity and minimize off-tumor toxicities. Second, the 

OTS CAR T-cells must resist recognition and elimination by the host immune system.

Immunogenicity of allogenic CAR T-cells may elicit rapid rejection via cellular and humoral 

immunity, which would limit expansion and persistence of infused OTS CAR T-cells and 

minimize the therapeutic benefit of re-dosing. Both the graft-versus-host and host-versus-

graft activities must be minimized for the OTS CAR T-cell therapy to produce maximal 

clinical benefit.

Mitigating graft-versus-host alloreactivity in OTS CAR T-cells

The phenomenon of graft-versus-host disease (GvHD) is common in patients undergoing 

allogeneic hematopoietic stem cell transplant where donor T-cells mount deleterious 

cytotoxicity against normal recipient tissues and organs11–13. This process depends chiefly 

on the TCR-mediated recognition of host antigens by rare alloreactive donor αβT-cells that 

contaminate donor marrow. Therefore, either disrupting TCR expression or using non-

alloreactive T-cell subsets should abrogate the unwanted off-tumor alloreactivity in OTS 

CAR T-cells.

Removing surface TCR in αβT-cells

Engineered T-cells utilize the CAR to recognize and eliminate tumor cells, bypassing the 

need for the TCR-mediated recognition. Multiple independent studies have shown surface 

TCR expression is not necessary for CAR-mediated tumor cytotoxicity in αβT-cells, at least 

in the short term14–18. Therefore, disrupting TCR expression would minimize GvHD 

potential in αβT-cells while preserving CAR-mediated cytotoxicity. Because proper 

assembly of the TCR complex requires the presence of all six subunits (two variable chains 

and four CD3 chains), disrupting expression of any of those subunits is sufficient to prevent 

surface TCR expression. For example, knocking out TRAC, the gene encoding the constant 

region of TCRα chain, using genome editing tools completely eliminates surface TCR 

expression and prevents alloreactivity by αβT-cells19,20. Similar outcomes were observed 

when genes encoding TCRβ chain or the CD3ε subunit were disrupted19–21. Furthermore, 

combining TRAC genome editing with homology-directed repair allows for the CAR 

cassette to be integrated into the TRAC gene locus, generating TCR-edited CAR T-cells in a 

single step.
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Inserting a CAR under the endogenous TRAC promoter results in a relatively narrow range 

of CAR expression on the cell surface compared to CARs driven by gammaretroviral or 

lentiviral promoters14–16. Thus, these T-cells have a more calibrated response to CAR 

antigen stimulation. The CAR transgene located in the TRAC locus is also under 

transcriptional regulation of TCR gene expression, resulting in physiologic oscillations of 

CAR transcript levels in response to CAR-embedded CD3ζ chain signaling14. While genetic 

ablation of TCR genes permanently disables alloreactivity in OTS CAR T-cells, the resulting 

TCR-edited T-cells must be purified for clinical application, as recent studies showed that 

even ~99% pure TCR-edited CD19 CAR T-cells produced clinically significant GvHD in 

patients with B-ALL22,23. Additionally, multiplexed genome editing tools may induce 

genotoxicity producing additional mutations and chromosomal aberrations23,24 and reducing 

T-cell viability. A recent study showed evidence of TCR-edited CAR T-cells 

hypofunctionality in mouse xenograft models of human cancer, suggesting TCR gene 

editing can be toxic to T-cells25. It is also possible that the observed effects were amplified 

in the xenogeneic environment, where human T-cells receive limited cytokine support and 

may require homeostatic TCR stimulation to persist in murine hosts.

TCR function in αβT-cells also can be disrupted without genome editing. For example, 

trapping the CD3ε subunit intracellularly with a protein expression blocker (PEBL) 

anchored in the endoplasmic reticulum prevents proper TCR assembly, resulting in a loss of 

surface TCR expression26. Alternatively, TCR signaling can be disrupted with an engineered 

TCR inhibitory molecule (TIM) that displaces the CD3ζ chain from the TCR, unlinking the 

antigen recognition part of the main signaling subunit27. These strategies switch off TCR 

function and minimize alloreactivity in engineered T-cells by simply incorporating another 

transgene in the CAR expression cassette. Indeed, recent results from a Phase I study of 

allogeneic T-cells modified with NKG2D-based CAR and TIM demonstrated absence of 

GvHD after repeated dosing28. A potential limitation of these approaches is the risk of 

regaining TCR function in allogeneic T-cells if transgene expression is eventually 

downregulated or lost (e.g., via epigenetic silencing).

Utilizing non-alloreactive CAR T-cells as a therapeutic platform

A minority of circulating T-cells are alloreactive, and most are phenotypically naïve αβT-

cells. Therefore, the risk of GvHD can be substantially reduced or eliminated by depleting 

from the CAR T-cell product the host-reactive population or selecting cells with defined 

TCR specificity. Expressing a CAR on polyclonal virus-specific T-cells (VST) expanded 

from peripheral or cord blood by stimulation with viral peptides is one strategy to reduce the 

risk of GvHD. Clinical studies showed allogeneic VST lack significant alloreactivity and do 

not produce severe GvHD29–31. Similarly, host-reactive T-cells can be eliminated prior to 

manufacture by depleting CD45RA+ naïve T-cells and enriching for the non-alloreactive 

memory TCR repertoire32,33. Allogeneic αβT-cells host reactivity can be further attenuated 

by expressing a CAR with a CD28 costimulatory endodomain, which leads to 

overstimulation and deletion of T-cells that receive both TCR and CAR stimulation34.

To further streamline manufacturing and banking of OTS cell therapies, T-cells with non-

alloreactive TCRs can be reprogrammed into induced pluripotent stem cells (iPSC) to create 
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a master cell bank of genetically identical progenitors that can be de-differentiated back to 

mature cytotoxic T-cell subsets. These iPSC can be modified with CARs, either through 

retroviral transduction or targeted integration into a desired gene locus (e.g., TRAC) and 

undergo extensive expansion thus providing a virtually limitless and homogenous source of 

engineered T-cells for clinical application35,36.

Instead of minimizing αβT-cell host reactivity through additional selection or engineering, 

one could utilize naturally non-alloreactive subsets of innate-like T-cells, including γδT-

cells, NKT-cells, and mucosal-associated invariant T-cells (MAITs)37–40. These cytotoxic T-

cell subsets express TCRs with defined specificity to metabolites and bacterial antigens in 

the context of invariant MHC-like molecules that are conserved in humans. Innate-like T-

cells also often employ effector mechanisms commonly found in NK-cells thus effectively 

combining cancer-targeting capabilities of both adaptive and innate killer cells without 

producing undesired alloreactivity.

γδT-cells comprise 0.5–10% of peripheral blood mononuclear cells. The majority of γδT 

cells found in the peripheral blood express Vγ9 and Vδ2 TCR chains, which recognize 

phospho-antigens overproduced in cancer cells like mevalonate pathway intermediate 

isopentenyl pyrophosphate (IPP)37,41. Unlike αβT cells, Vγ9Vδ2 T cells express cytotoxic 

receptors typically found in NK-cells, such as NKG2D42, which recognizes MHC class I 

polypeptide-related sequence A and B (MICA/B) and other stress-induced ligands 

upregulated on tumor cells, and CD16 (FcγRIII). Thus, these cells can mediate antibody-

dependent cellular cytotoxicity in an MHC-independent manner43. Vγ9Vδ2 T cells can be 

expanded ex vivo by stimulating PBMC with aminobisphosphonates, such as zoledronate or 

pamidronate, and easily transduced with CARs and other transgenes44. Engineered γδT 

cells can mediate multivalent cytotoxicity against tumor cells via both the CAR and TCR, as 

well as through NKG2D and FcR. Adoptively transferred allogeneic Vγ9Vδ2 T cells have 

demonstrated safety in several independent clinical studies with more than a hundred cancer 

patients45. Limitations of Vγ9Vδ2 T cells as a platform for OTS CAR-T cell therapy 

include limited survival and proliferation, due in part to low production of supporting 

cytokines and high sensitivity to activation-induced cell death46. Administering exogenous 

cytokines enhanced Vγ9Vδ2 T cell persistence in preclinical models47, suggesting the anti-

tumor activity of these cells can be increased through additional engineering.

The subset of γδT cells that expresses Vδ1 TCR paired with various Vγ chains also holds 

promise as an OTS cell platform. These cells recognize antigens in the context of non-

polymorphic receptors, such as CD1c and CD1d and therefore are non-alloreactive48,49. 

Compared to Vγ9Vδ2 T cells, Vδ1 T-cells are more difficult to selectively expand and may 

exhibit regulatory function by secreting immunomodulatory cytokines IL-10, TGF-b and 

IL-1750. On the other hand, Vδ1 T-cells exert additional anti-tumor activity via NK-cell 

cytotoxic receptors (NCRs)51 such as NKp30, NKp44, and NKp46 and primarily home to 

mucosal tissues, which may be advantageous when targeting malignancies like colorectal 

cancer52. To date, no clinical results have been reported from the registered clinical trials 

utilizing CAR-modified γδT cells.
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Invariant NKT (iNKT) cells are a minor subset of circulating T-cells that recognize foreign 

lipid antigens in the context of CD1d, a non-polymorphic molecule mainly expressed on 

antigen-presenting cells37. Additionally, iNKT cells can mediate indirect antitumor activity 

by targeting immunosuppressive myeloid cells in tumor stroma53. iNKT cells modified with 

CARs elicited both CAR- and TCR-mediated activity against tumor cells in preclinical 

models of human cancer54,55 and demonstrated anti-tumor activity in patients with 

neuroblastoma56. iNKT cells can be selectively stimulated and expanded from PBMC using 

α-Galactosylceramide (and its derivatives)54,56,57, although this process is often lengthy due 

to the low frequency of circulating iNKT (<1% of total T-cells). Compared to polyclonal 

αβT-cells, expansion and persistence of CAR iNKT cells in mouse xenograft models of 

human cancers was abbreviated, owing to their terminal differentiation and decreased 

production of homeostatic cytokines54,55. However, recent studies showed the CD62L+ 

subset of iNKT cells has superior persistence and anti-tumor function in vivo, suggesting 

this population can be selectively expanded for optimal therapeutic activity57,58. Clinical 

evaluation of OTS CAR-modified iNKT cells is currently ongoing59.

MAITs recognize bacterial metabolites presented by MHC-like receptor 1 (MR1), a 

ubiquitously expressed monomorphic molecule60,61. Activated MAITs produce 

inflammatory cytokines and cytotoxic mediators and functionally resemble iNKT cells62,63. 

Highly prevalent in liver, lungs, and gastrointestinal tract, MAITs comprise 1–10% of 

circulating T-cells and can be selectively expanded to achieve high purity64,65. While more 

studies are needed to demonstrate feasibility and activity of CAR-modified MAITs, this cell 

subset is an attractive alternative to conventional T-cell platforms due its lack of 

alloreactivity and ability to home to common sites of primary and metastatic tumors.

Engineering OTS CAR T-cells to resist host immune rejection

Allogeneic CAR T-cells may precipitate an immune response directed at mismatched 

antigens, such as HLA class I and class II alleles and minor histocompatibility antigens. 

Unlike graft-versus-host activity, which has one central mechanism (TCR-driven 

alloreactivity) and several effective mitigating solutions, host-versus-graft immune rejection 

is more difficult to overcome as there are multiple mechanisms by which the host immune 

system can recognize and eliminate allogeneic CAR T-cells. The key mediators of allogeneic 

rejection include host CD8+ and CD4+ T-cells that recognize mismatched HLA antigens as 

foreign, NK-cells that detect the absence of host histocompatibility molecules, and B-cells 

that may elicit antibody response against foreign MHC or engineered surface proteins.

Broad immunosuppression

In general, treatment-induced lymphopenia and decreased metabolic fitness of host 

lymphocytes can decrease the recognition and elimination of allogeneic cells by the adaptive 

immune system in patients after multiple rounds of chemotherapy. Conventional 

lymphodepletive conditioning with fludarabine and cyclophosphamide prior to the infusion 

of OTS CAR T-cells temporarily reduces the numbers of circulating lymphocytes to create 

favorable conditions for the engraftment and expansion of allogeneic cells. Host immune 

activation can be further inhibited by administering OTS CAR T-cells in combination with 
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lymphoablative agents like CD52-specific cytotoxic antibody alemtuzumab. To impart OTS 

CAR T-cells with resistance to alemtuzumab-mediated lymphoablation, the CD52 gene in is 

commonly disrupted using genome editing tools66,67. A recent report demonstrated 

incorporation of alemtuzumab into the cyclophosphamide/fludarabine-based 

lymphodepletive conditioning enabled expansion of allogeneic TCR/CD52-edited CD19 

CAR T-cells (UCART19) in 15 out of 17 patients with B-ALL whereas no expansion was 

noted in patients following lymphodepletion without alemtuzumab23. Expanded UCART19 

cells produced complete responses or complete responses with incomplete hematologic 

recovery in 14 of 17 patients (82%) and 10 patients went on to receive allogeneic stem cell 

transplant23. Expansion and persistence of UCART19 cells correlated with responses but 

was limited to 28 days in most patients, which is shorter than that of autologous 4–1BB.ζ 
CD19 CAR T-cells suggesting eventual immune rejection of allogeneic cells. A limitation of 

CD52-directed conditioning is that broad depletion of CD52+ lymphocytes, including T-, 

NK-, and B-cells increases susceptibility to infections caused by environmental and latent 

pathogens. An alternative strategy is to target CD38-positive activated lymphocytes with 

daratumumab, a CD38-specific cytotoxic antibody with a more favorable safety profile. As 

with CD52, CD38 can be genetically ablated in immune effector cells to provide resistance 

to CD38-targeted conditioning68. Finally, OTS CAR T-cells can be engineered to resist 

lymphodepletive conditioning with purine nucleotide analogs (e.g. clofarabine or 

fludarabine) by disrupting expression of the deoxycytidine kinase gene69. Unlike the CD52-

directed lymphoablation, the latter two strategies are still in preclinical development.

Passive and active inhibition of T- and NK-cell cytotoxicity

Removing surface HLA in OTS CAR T-cells is another effective way to suppress T-cell 

mediated rejection. While activated T-cells express both Class I and Class II HLA alleles, 

reducing expression of only Class I alleles may be sufficient to minimize cytotoxic 

alloimmune responses to the infused cells. Most commonly, Class I HLA proteins can be 

ablated by genetic disruption of the beta-2 microglobulin (β2m) gene, which is required for 

their surface expression17,20. This approach minimizes the expression of all Class I alleles 

by targeting a single gene. Similarly, editing genes encoding the class II transactivator 

(CIITA) or regulatory factor X ankyrin repeat-containing protein (RFXANK), which are 

required to initiate transcription of all MHC Class II genes, can decrease the expression of 

HLA Class II alleles in T-cells70–72.

T-cell cytotoxicity can also be inhibited by engaging checkpoint inhibitory receptors, such as 

CTLA-4 and PD-1. This mechanism, which many tumors use to suppress unwanted 

activation and degranulation of T-cells in the microenvironment, can be adapted to enable 

OTS CAR T-cells evade responses by allogeneic immune cells. Indeed, forced expression of 

CTLA4-Ig and PD-L1 protects human embryonic stem cells from alloimmune recognition 

by T-cells73. However, this approach may require additional modifications in the OTS 

context to minimize engagement of inhibitory checkpoint receptors on CAR T-cells 

themselves, which could attenuate their anti-tumor activity.

Deleting surface HLA molecules is a straightforward method to inhibit host T-cell responses 

to allogeneic OTS CAR T-cells. However, NK-cell cytotoxicity triggered by lack of HLA 
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molecules is a major consequence of this strategy, as HLA serve as potent ligands for NK-

cell inhibitory receptors. This phenomenon has been demonstrated in several experimental 

models where MHC-edited cells were eliminated by NK cells21,71,74. In some instances, 

NK-cell mediated rejection of OTS CAR T-cells may be even more robust than T-cell 

mediated responses. NK-cells possess strong and immediate cytotoxicity and, unlike most T 

cells, do not require prior priming. Furthermore, NK-cells rebound quickly after 

cyclophosphamide/fludarabine-mediated lymphodepletion75,76, as NK cell lymphopoiesis in 

the bone marrow occurs more rapidly than T-cell selection in the thymus and does not 

decline with age77. Therefore, NK-cell mediated rejection is a powerful mechanism that can 

limit therapeutic benefit of MHC-mismatched or MHC-edited OTS CAR T-cells in pediatric 

and adult patients.

A few strategies exist to overcome NK-cell rejection of allogeneic cells by overexpressing 

ligands for inhibitory NK-cell receptors. One approach uses expression of HLA-E, which is 

a minimally polymorphic non-classical MHC class I allele that inhibits NK-cell 

degranulation by binding to inhibitory CD94/NKG2A and NKG2B receptors. Indeed, 

ectopic expression of the HLA-E/β2m fusion protein protected MHC-edited iPSC and B-cell 

lymphoblasts from elimination by NK-cell lines and, to some extent, by primary NK cells74. 

A similar effect can be achieved by overexpression of HLA-G78, another non-classical MHC 

I allele that binds to the inhibitory receptor ILT2 (LIR-1). These mechanisms can suppress 

NK-cell cytotoxicity against OTS CAR T-cells. However, because both HLA-G and HLA-E 

can also bind to activating NK-cell receptors (KIR2DL4 and CD94/NKG2C, respectively) 

and thus trigger NK-cell cytotoxicity, it is unclear whether expression of these alleles alone 

or in combination will be sufficient for uniform protection against all NK-cell subsets.

To further reduce NK-cell activation, only highly polymorphic HLA-A and -B alleles can be 

removed, leaving HLA-C and non-classical HLA-G/-E/-F alleles intact. Because non-

classical HLA alleles are relatively homogenous in humans, a bank containing 12 cell lines 

expressing main HLA-C alleles individually was estimated to be immunologically 

compatible with >90% of human recipients70. Evaluating whether these strategies can be 

combined with disrupting expression of ligands for major NK-cell activating receptors like 

NKG2D or 2B4 is of interest. Finally, a recent study suggested NK-cell activity against 

HLA-edited iPSC can be suppressed71 by forced expression of CD47 — a “don’t eat me” 

signal for phagocytes. CD47 is often overexpressed in tumor cells to suppress phagocytosis 

by macrophages but the mechanism of NK-cell inhibition remains to be elucidated and NK-

cell subsets that are inhibited by CD47 need to be characterized.

There is a possibility that both T- and NK-cell responses can be attenuated by reducing, 

rather than eliminating, expression of MHC alleles. Downregulating MHC I expression 

using shRNA-mediated knockdown of the β2m gene may reduce expression enough to 

suppress T-cell recognition while remaining sufficient to engage NK-cell inhibitory 

receptors. Similar effects can be achieved by expressing viral genes that inhibit HLA 

expression after infection as a part of the immune evasion mechanism. For example, 

overexpression in T-cells of the E3 ubiquitin ligases K3 and K5 from human herpes virus-8 

(HHV-8) significantly decreases HLA molecules on the cell surface and protects these cells 

from allorejection79.
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Active targeting of alloreactive lymphocytes

Our group recently developed an alternative strategy to impart resistance to host immune 

rejection. We engineered a cytotoxic alloimmune defense receptor (ADR) that recognizes 4–

1BB/CD137 on activated T- and NK-cells21. Expression of the ADR enables OTS CAR T-

cells to target and eliminate host activated alloreactive lymphocytes while sparing resting 

subsets, which do not express the 4–1BB activation marker. ADR-expressing T-cells were 

completely protected from rejection by both T- and NK-cells in mixed lymphocyte reaction 

assays. Arming OTS CAR T-cells with the ADR allowed them to resist alloimmune rejection 

in mouse models of allogeneic cell therapy of cancer and produce sustained CAR-mediated 

anti-tumor activity. Importantly, ADR expression on T-cells protected them from 4–1BB 

directed self-targeting upon antigen stimulation by binding the 4–1BB receptor in cis and 

thus masking it from external recognition. This simple genetic modification effectively 

protects OTS CAR T-cells from alloimmune rejection without the need for gene editing or 

systemic lymphodepletion. IN addition to 4–1BB, other T-cell activation markers like OX40, 

CD30, or CD38 can be explored as potential targets. However, the inability of ADR T-cells 

to distinguish between pathogenic and beneficial activated T-cells may result in some 

collateral damage to tumor- and pathogen-specific T-cell subsets, while also promoting 

depletion of activated Tregs in the tumor microenvironment. The extent and the outcome of 

this on-target activity is difficult to predict in preclinical models but is expected to be less 

damaging than broad immunosuppressive conditioning (e.g. a CD52-directed 

lymphoablation). It is worth noting that, to date, there is no evidence that engineered CAR 

T-cells targeting CD5 or CD30 — antigens more broadly expressed on T-cells than 4–1BB – 

produce any significant damage to systemic T-cell immunity in patients80,81.

Evading humoral responses

Presence of chimeric receptors or mismatched MHC molecules on the surface of OTS T-

cells may activate alloreactive B-cells and induce antibody responses. While B-cell 

responses would likely be inhibited when targeting CD19 and other B-lineage antigens, it is 

possible that humoral responses may play an active role in host immune rejection of OTS 

CAR T-cells with other specificities. Immunogenicity of engineered receptors can be 

minimized through their humanization (e.g., grafting complementarity-determining regions 

of an antibody onto human framework regions or generating antigen binders using a library 

of human antibodies). Some strategies discussed above, including removal of surface HLA 

on OTS CAR T-cells or CD52-mediated lymphoablation of the host, would also help 

suppress alloreactive B-cell responses.

Summary

Transition from patient-specific CAR T-cell products to pre-manufactured, immediately 

available banks of engineered T-cells will democratize these life-saving therapies. While 

both host-versus-graft and graft-versus-host mechanisms remain to be the main hurdles 

limiting broader implementation of the allogeneic cell platforms, there is a growing list of 

manufacturing and engineering strategies to mitigate those unwanted activities (Figure 1). 

The requirement to minimize GvHD boosted efforts in gene editing of αβT-cells and 
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promoted exploration of alternative, non-alloreactive effector cell subsets. Abrogating host 

immune rejection remains a more challenging problem to solve. Recent clinical studies 

utilizing broad lymphoablation have demonstrated the critical importance of suppressing or 

evading host immune responses in facilitating engraftment and sustaining the activity of 

allogeneic CAR T-cell therapies. Development and clinical evaluation of alternative 

approaches is warranted to obviate the need for the pan-lymphocyte ablation and decrease 

the risks associated with broad immunosuppression. Exploring combinations of “cloaking” 

and active suppression strategies may be required to ensure maximal protection against 

multiple mechanisms of host immune rejection.

Limited availability (and often quality) of autologous CAR T-cells requires highly optimized 

manufacturing processes and CAR constructs that potentiate robust expansion and 

persistence of therapeutic T-cells to produce durable anti-tumor activity after a single 

injection. Establishing banks of OTS CAR T-cells available ad libitum for repeated infusions 

affords a change in the treatment paradigm where the long-term persistence of therapeutic T-

cells becomes less important - or even unwanted. Repeated administration of OTS CAR T-

cells programmed to undergo predictable expansion and inevitable contraction would 

minimize the risk of long-term off-tumor toxicities and make cell therapies behave more like 

conventional drugs with defined pharmacokinetics and pharmacodynamics. Importantly, 

these OTS cell therapies must still resist host immune rejection which would otherwise limit 

the activity of repeatedly administered allogeneic CAR T-cells. Therefore, tuning CAR 

signaling and/or utilizing highly cytotoxic but shorter-lived effector cell platforms may be 

desirable to generate safe and effective OTS cell therapies with predictable activity.
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Figure 1. 
Main strategies to minimize unwanted alloreactivity between OTS CAR T-cells and the 

recipient.

Watanabe and Mamonkin Page 15

Cancer J. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Mitigating graft-versus-host alloreactivity in OTS CAR T-cells
	Removing surface TCR in αβT-cells
	Utilizing non-alloreactive CAR T-cells as a therapeutic platform

	Engineering OTS CAR T-cells to resist host immune rejection
	Broad immunosuppression
	Passive and active inhibition of T- and NK-cell cytotoxicity
	Active targeting of alloreactive lymphocytes

	Evading humoral responses
	Summary
	References
	Figure 1.

