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Commentary

Cancer is a multifaceted disease that is overwhelming in the breadth and scope of its genetic
diversity, tissue pathology, and response to therapy [1]. In recent years, the development of novel
chimeric antigen receptor (CAR) containing cell-based therapies has provided significant clinical
benefit to patients with certain hematological malignancies [2]. The overall response rates (ORR)
of Food and Drug Administration (FDA) approved autologous CD19 CAR T cell products for the
treatment of refractory and relapsed B cell lymphomas have reached approximately 80% in defined
patient populations, with durable remissions of greater than several years [3].

Regrettably, the deployment of these novel cell-based therapies against solid tumor indications has
garnered much less enthusiasm due to disappointing clinical success [4,5]. The intrinsic adaptability
of solid tumors makes them particularly elusive for effective targeted treatment, in part due to their
extensive cellular heterogeneity and antigen diversity, their capacity to evade immune responses through
antigen escape, and their ability to establish immune suppressive microenvironments [6]. Identifying
and selecting appropriate tumor specific antigens that distinguish tumor cells from healthy tissue
remains arguably one of the most essential requirements to develop efficacious solid tumor targeting
cell-based therapies. A unique solution to this problem was recently described in our latest study, in
which a novel acting CAR was developed to target a specific region of an inducible stress protein class,
expressed on many cancers, that simultaneously prevents tumor immune evasion and provides specific
tumor killing whilst leaving healthy tissue intact [7]. To develop a unique cell therapy product that
overcomes the many challenges present in solid tumor indications, we combined the novel acting
pan-tumor reactive CAR system with an ‘off-the-shelf” allogenic cell therapy product, by generating
multiplexed-engineered induced pluripotent stem cell-derived CAR natural killer (CAR-iNK) cells
that contain synthetically enhanced functionality to promote anti-tumor potency, multiantigen
capability and on-demand availability. This commentary aims to continue to explore the fundamental
concepts of the original research article, while also discussing potential future applications for this
innovative antigen targeting technology.

Stabilizing Stress Ligand Expression Presents a Unique Tumor Recognition
Strategy

Existing cancer therapeutic modalities, such as chemotherapy, radiation, and monoclonal
antibodies, are minimally tumor cell selective and detrimentally impact all exposed cells, healthy or
diseased, which can result in significant ‘off target’ toxicities and collateral damage to healthy tissue.
Despite providing improved precision capability, on-target off-tumor safety concerns have occurred in
patients treated with autologous anti-CD19 and anti-B cell maturation antigen (BCMA) CAR T cells
[8,9]. Their ability to provide deep depletion of both healthy and malignant B cells, and their capacity

to react to low target antigen expression, has elicited prolonged immunocompromised states, cytokine
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release  syndrome (CRS) and accompanying immune effector
cell-associated neurotoxicity syndrome (ICANS). In contrast to
hematological malignancies, solid tumors typically arise from ecto-
or endoderm derived cell lineages, meaning they share a myriad of
self-antigens common to vital organs and connective tissue within
the body. Early autologous CAR-T cell therapies targeting human
epidermal growth factor receptor 2 (HER2), a mitogenic receptor
tyrosine kinase highly expressed on the surface of many solid tumor
indications, demonstrated significant reactivity to healthy tissues
that also express HER2 on their surface. Low-level expression of
HER?2 on healthy lung epithelial cells triggered on-target off- tumor
HER2 CAR T cell mediated CRS that resulted in a serious adverse
drug event that culminated in a patient death [10]. Consequently,
the need to effectively distinguish tumor cells from healthy tissue is
critical for the development of safe and effective CAR targeted cell-
based therapies against heterogeneous solid tumors. To achieve this,
we leveraged elements of an evolutionary conserved innate immune
surveillance axis that relies upon the natural killer group 2 member
D (NKG2D) activating receptor’s ability to recognize the stress
ligand family members major histocompatibility complex class-I-
polypeptide-related sequence A (MICA) and B (MICB). MICA and
MICB (MICA/B) belong to a polymorphic and polyallelic family
of inducible stress ligands that are structurally similar and related
to the human leukocyte antigen (HLA) A, B and C genes (human
MHC) [11]. Surface MICA/B expression is tightly controlled and
augmented only in response to DNA damage or cellular stresses,
which allows for context specific expression and immune cell

recognition through detection via NKG2D [12-16].

Intriguingly, although MICA/B stress protein transcripts are
detectable across many cancer indications, their surface expression is
difficult to detect as they are often shed via a well-defined proteolytic
process that takes place within the membrane-proximal alpha-3
domain in response to tumor cell proliferation and metastatic
transition [17-19]. This cleavage event contributes to tumor
immune evasion via MICA/B antigen loss, and the subversion of
NKG2D-dependant effector function via binding of shed MICA/B
to collectively facilitate tumor escape [20-22]. In contrast, MICA/B
stress ligands are seldom detected on the surface of healthy cells,
making them an attractive therapeutic CAR target. To this end,
we hypothesized that restoring aspects of the dysfunctional tumor
associated NKG2D:MICA/B immune surveillance axis would
provide a novel therapeutic approach to synthetically deliver anti-
tumor immunity that can effectively distinguish ‘altered self’
MICA/B expressing tumor cells from their surrounding ‘normal
self” healthy tissue. To achieve this, we developed a novel MICA/B
specific CAR that targets the conserved membrane proximal alpha-3
domain of MICA/B, aptly referred to as 3MICA/B CAR, which can
simultaneously prevent the shedding of surface MICA/B by sterically
preventing the binding of the enzymes responsible for cleavage,
thereby stabilizing surface MICA/B and circumventing cleavage-
driven antigen escape [7,23,24]. As the initial proof of concept, the
3MICA/B CAR was expressed on the surface of primary T cells and
an induced pluripotent stem cell (iPSC) derived NK cell (iNK) to
establish that signaling via the 3MICA/B CAR in response to a range
of surface MICA/B densities facilitates robust cytokine production
and cytolytic killing across a broad collection of tumor types [7].
Critically, in contrast to natural NKG2D receptor or NKG2D CAR,
this functionality occurred with high tumor-cell binding avidity and
was maintained in the presence of natively shed MICA/B, as the

3MICA/B CAR is resistant to competitive binding inhibition from
the cleaved membrane distal alpha 1-2 domain MICA/B subunits
[7]. The 3MICA/B CAR tumor targeting approach is profoundly
different to that of other CAR targeted cell therapies currently in pre-
clinical and clinical development. Rather than defining and targeting
a unique solid tumor associated antigen (TAA), a challenging task
across the huge diversity and heterogenous nature of solid tumors,
within and across tumor types, the 3MICA/B CAR is agnostic to
tumor cell ontology and can detect an induced ‘altered self” cell
state associated with distress and ‘disease’. The 3MICA/B CAR
effectively acts as an upgraded synthetic immune surveillance system
that is resistant to tumor antigen escape and immune evasion whilst
simultaneously providing pan-allelic and pan-tumor recognition
potential. A parallel approach using an alternative therapeutic
modality that targets MICA/B stress ligands is currently being
evaluated in the clinic (Clinical Trials.gov Identifier: NCT05117476)
and aims to provide additional safety data and validation of MICA/B

as a promising clinical tumor target.

iPSC Derived Cell Based Therapies - The Future Starts
Now

The dependency of autologous cell-based therapies on complex
and costly manufacturing processes to generate individualized
drug product, and the difficulties associated with incorporating
multiple engineering steps, continues to drive rapid innovation and
investigation into the potential efficacy and commercial application
of allogenic cell-based therapies. Despite initial setbacks, allogenic
based cell therapies continue to promise multi-editing potential, a
more consistent product quality and potency profile, and a lower cost
streamlined manufacturing timeline to allow for readily available ‘off
the shelf” on demand drug product [25]. Allogeneic NK cell adoptive
transfer has demonstrated clinical benefit in patients with advanced
cancers, however, there remains inherent limitations with respect
to the absolute number of primary NK cells that can be isolated
during apheresis, with marked inter-donor variability in quantity
and quality [26,27]. To overcome these significant limitations, we
have pioneered a platform for the large-scale manufacture of multi-
edited iPSC derived effector immune cells. A crucial advantage of
this approach is the ability to multi-plex the precise engineering
of clonal master iPSC lines, thereby eliminating the stochastic
editing variability associated with pool editing strategies, which
provides a unique opportunity for genomic stability and integrated
quality control, whilst simultaneously delivering a consistent, cost
effective and scalable manufacturing process [28,29]. The capability
to mitigate against unwanted genomic stability and integration
events has recently been brought into focus following the concerns
surrounding T cell malignancy risks attributed to existing autologous
and allogeneic CAR T cell-therapy manufacturing and clinical
application [30]. The ability to generate large quantities of highly
efficacious multi-edited iPSC derived immune cells was highlighted
in our study through the bi-allelic incorporation of the 3MICA/B
CAR into a multi-edited iNK cell containing a high affinity non
cleavable CD16 (hnCD16) receptor. Combining 3MICA/B CAR
with synthetically enhanced antibody dependent cellular cytotoxicity
(ADCC) augmented anti-tumor efficacy against tumors composed
of cells expressing heterogenous tumor antigens. The benefits of
multi-antigen targeting and multi anti-tumor attributes reflect the
rapidly evolving landscape of cancer therapy, where the synergistic
use of multiple anti- tumor therapeutic modalities in combination
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can significantly improve outcomes. Collectively, combining an
innovative iPSC based immune cell manufacturing platform with
multiple novel anti-tumor modalities provides a glimpse of how
the convergence of multiple pieces of synthetic and regenerative
biotechnology is driving innovation within the cell- therapeutic
arena.

Clinical Translation - From Oncology to Cellular
Senescence Through Viral Infections

While the focus of our study was the application of the
3MICA/B CAR in the context of cancer immunotherapy, the
principles and concepts highlighted in our research hold much
broader clinical implications. The idea of restoring defective, or
evaded immune surveillance, with a synthetically enhanced immune
cell that can detect and eliminate stressed, diseased, or infected
cells, in combination with therapeutic monoclonal antibodies to
provide multi-antigen targeting, is not limited to the treatment
of cancer. MICA/B expression has been implicated in a variety of
acute and chronic viral infections, a consequence of convergent
evolutionary selection between viral immune evasion strategies
and host adaptation [31]. CD4 T cells upregulate surface NKG2D
ligands following acute HIV infection, and elevated plasma levels
of shed MICA/B is associated with dysfunctional NK cell responses
often observed in treatment naive chronically infected HIV patients
[32,33]. Elevated plasma levels of MICA/B are also detected in
patients with hepatitis B virus (HBV) and human cytomegalovirus
infections (HCMYV) [34,35]. Intriguingly, NK cell dysfunction
and loss of NKG2D expression is observed in patients with severe
coronavirus disease 2019 (COVID19) infections [36]. Although this
study did not specifically measure soluble plasma MICA/B levels, a
loss of NKG2D surface expression is a hallmark of soluble MICA/
B:NKG2D receptor binding interaction. How precisely a 3MICA/B
CAR containing cell-based immunotherapy might be utilized in
an infectious disease setting remains without precedent, however
the existence of significant unmet clinical need for patients with
latent HIV infection and other uncurable chronic viral infections is
unquestionable. One approach we are actively pursuing is to leverage
genotoxic chemotherapeutic agents known to provoke MICA/B
expression, such as the HDAC inhibitor romidepsin in multiple
myeloma, and mitoxantrone and epirubicin therapy in prostate
and breast cancer patients respectively, to enhance the therapeutic
window for 3MICA/B CAR therapy application in pre-clinical tumor
and viral infection models [37,38]. While systemic chemotherapy
has been demonstrated to increase MICA/B expression via genomic
toxicity in both diseased and healthy tissues, the use of low dose
radiation therapy to elicit a localized MICA/B tissue expression
profile to minimize potential systematic effects on healthy tissues
is also being investigated by ourselves and others [37]. Obviously,
the use of non-cell targeting therapeutic modalities to induce surface
MICA/B expression would elevate the risk of on-target off-tumor/
diseased cell toxicities and will require careful patient and indication
selection if utilized in combination of 3MICA/B CAR in a clinical
setting.

Additional therapeutic opportunities to employ 3MICA/B CAR
cell-based therapies exist in the context of age-related senescence,
fibrosis, and prophylactic elimination of pre-cancerous cells.

Cellular senescence has been implicated in an increasing
number of chronic diseases, such as obesity, cardiovascular disease,
diabetes, tissue dysfunction, and age-related pathologies [39,40].

Senescent cells are characterized by permanent cell cycle arrest,
metabolic dysfunction, and their ability to resist immune detection
and elimination, however the precise mechanisms of why and how
senescent cells accumulate during ageing and persist at sites of age-
related pathologies remains unknown [41]. Age related immune
dysfunction may contribute to incomplete elimination of senescent
cells, and the secretion of pro-inflammatory mediators, as part of a
senescence-associated secretory phenotype (SASP), is thought to be
a key driver of fibrosis which can accelerate the spread of cellular
senescence and establish immunosuppressive niches that initiate
tumor genesis [39,42]. Despite the development of senolytics,
drugs that ‘selectively’ remove senescent cells through inducing
apoptosis, that have proven age-reversing properties and can
eliminate senescent cells in small animal models, enduring safety
concerns surrounding systemic ‘off target’ toxicities have promoted
the interest in investigating the application of targeted cell-based
therapeutic modalities in models of senescence. Predictably,
identifying specific senescent cell associated antigens, that are not
expressed on surrounding healthy tissues, presents similar challenges
discussed above in the context of solid tumors. CAR T cells targeting
the urokinase-type plasminogen activator receptor (uPAR), a GPI-
anchored receptor implicated in degrading extracellular matrix
through focusing urokinase (uPA) proteolytic activity, have
demonstrated selective elimination of uPAR expressing tumor cells
and alleviated liver fibrosis in pre-clinical animal models [43,44].
NKG2D ligands, including MICA/B have also been detected on
the surface of senescent cells, however senescent cells, like tumor
cells, can also evade NKG2D mediated immune surveillance
[45]. Furthermore, NKG2D ligands are detected at higher levels
in senescent skin fibroblasts of older patients relative to younger

patients [46].

These observations were recently supported following the
demonstration that NKG2D ligand expressing senescent cells in
naturally ageing non-human primates can be selectively and safely
eliminated by the adoptive transfer of NKG2D CART cells [45,47].
Intriguingly this study also demonstrated that a murine NKG2D
CAR T cell reversed the occurrence of senescence- associated
phenotypes in aged mice, a hallmark of many age-related senescence
associated pathologies and a prerequisite for stopping progressive
fibrotic pathologies. Collectively these studies suggest that senescent
cells expressing stress ligand family members in aged humans could
potentially be targeted using stress ligand specific CAR T cells to
reverse disease phenotype. Ongoing clinical trials utilizing NKG2D-
based CAR T cells for the treatment of cancer continue to show
favorable safety and tolerability profiles in patients [48]. Taking
into account our data highlighting the superior functionality of
3MICA/B CAR relative to NKG2D or NKG2D CAR recognition
of the MICA/B stress ligand family, the idea of employing 3MICA/B
CAR expressing iPSC derived T cells to eliminate pre-cancerous
senescent cells, or slow/reverse progressive fibrotic age-related
pathologies is a tantalizing thought.

In summary, targeting an inducible family of stress ligands in
a manner that mitigates multiple mechanisms of tumor evasion
can provide a novel approach to discriminate malignant cells from
surrounding healthy tissue. The proof-of-concept data that we
presented using 3MICA/B CAR represents a universally applicable
cell therapy concept amenable to clinical application against an
array of pathological indications. As we continue to develop and
understand the 3MICA/B CAR concept, it is evident that this
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pioneering technology, combined with iPSC-derived effector
immune cells, has the potential to redefine cancer therapy and extend

its reach to combat other diseases where immune recognition of
stress ligands plays a pivotal role. It appears that 3SMICA/B CAR has
not only added to the ongoing battle against cancer but also opened
a new chapter for the possibility of therapeutic and prophylactic
synthetic cellular immune surveillance.
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