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ARTICLE INFO ABSTRACT
Keywords: Despite the current advancements, cancer treatment approaches have limitations restricting their cure rate.
Adoptive cell therapy Immunotherapy techniques are among novel and promising cancer therapeutic approaches. Therapeutic anti-
CAR-T cell bodies and adoptive cell therapy (ACT) are the main branches of immunotherapy. T lymphocytes and genetically
Allergy engineered cells are among important cells which can be used in ACT. This review has focused on recent ad-
Asthma . . . . . . .
T regulatory cells vances in engineered cell-based immunotherapy based on T lymphocytes with chimeric antigen receptors
Immgunochapy (CARs). CARs are recombinant receptors expressing T cell signaling domains with or without co-stimulatory

molecules. CAR-T cells are expanded ex vivo and re-infused to patients in order to improve their therapeutic
efficacy. Nowadays, the beneficial function of CAR-T cell therapy has been indicated in various diseases in-
cluding hematological malignancies, solid tumors, autoimmune diseases, and allergic diseases such as asthma.
Furthermore, antigen-specific T regulatory cells (T,ss) and gene-edited T cells seem to be beneficial in con-
trolling inflammation in allergic asthma. In fact, dysregulated function of T, is responsible for dominance of T
helper 2 immune response and progression of allergic asthma. CAR-T,¢, cells can also be designed and re-
produced using iT.; population to manage asthma. In addition, universal CAR-T cells can be modified to se-
lectively target multiple antigens. The fourth generation CAR-T cells (i.e. TRUCK cells) represent novel strategies
to cure asthma and allergic diseases as well. Despite the advantages of CAR-T cells, their applications can be
associated with some unwanted reactions such as cytokine storm, anaphylaxis, neurotoxicity, etc. For clinical
application, there is a need to prevent and manage these complications by optimizing ACT protocols.

Abbreviations: Ag, antigen; Ab, antibody; ACT, adoptive cell therapy; AHR, airway hyper responsiveness; BALf, broncho alveolar lavage fluid; B-ALL, B-cell acute
lymphoblastic leukemia; BBIR, biotin-binding immune receptors; Bak, Bcl-2 homologous antagonist killer; Bax, Bcl-2-associated X protein; Bcl-xL, B-cell lymphoma-
extra large; CAAR, creating chimeric autoantibody receptor; CAR, chimeric antigen receptor; Cas, CRISPR associated protein; CCL, Chemokine ligand; CCR, che-
mokine receptors; CD, cluster of differentiation; CRISPR, clustered regularly interspaced short palindromic repeats; CRS, cytokine release syndrome; CTLA, cytotoxic
T-lymphocyte-associated protein; DC, dendritic cells; DGK, diacylglycerol kinase; dsDNA, double-strand DNA; EGFR, epidermal growth factor receptor; eBP, epsilon
binding protein; FOXP, Forkhead box P; GE, genetically engineered; GM-CSF, granulocyte-macrophage colony-stimulating factor; GMP, good manufacturing prac-
tices; GVHD, graft-versus-host-disease; HLA, human leukocyte antigen; IBS, irritable bowel syndrome; ICOS, inducible costimulator; IDO, indoleamine 2,3-dioxy-
genase; IL, interleukin; IND, investigational new drug; iP, immunoproteasome; ITAM, immune-receptor tyrosine-based activation motif; iTreg, induced Treg; iTr35,
IL-35 induced Treg; JAK, The Janus kinase; LAG, lymphocyte activation gene; LAP, Latency associated peptide; MCP, monocyte chemotactic protein; MDSC, myeloid-
derived suppressor cells; MHC, major histocompatibility complex; MIP, macrophage inflammatory protein; mTOR, mammalian target of rapamycin; NFAT, nuclear
factor of activated T cell; NF-xB, nuclear factor kappa-B; NK, natural killer; nTreg, natural Treg; OVA, ovalbumin; PBMC, peripheral blood mononuclear cells; PD,
programmed death receptor; PD-L, programmed death receptor ligand; PG, prostaglandin; PI, phosphoinositide; RANK, receptor activator of nuclear factor kappa-B;
RANKL, receptor activator of nuclear factor kappa-B ligand; scFv, single-chain variable fragment; SHP, Src homology region 2 domain-containing phosphatase; STAT,
signal transducers and activators of transcription; SUPRA, split universal and programmable; TALEN, transcription activator-like effector nucleases; TCR, T cell
receptor; TGF, transforming growth factor; Th, T helper; TIGIT, T Cell Immunoreceptor with Ig and ITIM Domains; TIM, T-cell immunoglobulin and mucin-domain
containing (T-cell membrane protein); TLR, toll-like receptor; TNF, tumor necrosis factor alpha; TRAF, tumor necrosis family receptor-associated factor; TRUCK, T
cell redirected for universal cytokine killing; TRAC, T Cell Receptor Alpha Constant; Treg, regulatory T cell; UniCAR-Treg, Universal CAR-Treg cell; UniCAR-T,
Universal CAR-T cell; VEGF, vascular endothelial growth factor; VH, variable heavy; VL, variable light; ZFN, zinc-finger nuclease
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1. Introduction

During the recent decade, immunotherapy has taken very big strides
forward from research laboratories to successful clinical trials.
Therapeutic target-specific antibodies and cell therapy are the major
branches of immunotherapy. ACT as an advanced immunotherapy
technique has a significant role in stimulation and augmentation of
immune system [1-3]. GE) cells have also been successfully developed
as a new ACT strategy in recent years.

T lymphocytes which recognize and react against specific antigens,
induce immune regulatory cytokines, and activate other immune cells
have been presented as promising cells to be applied in ACT. CAR-T
cells are manipulated lymphocytes expressing reengineered TCR com-
bined with different co-stimulatory and signaling molecules. Actually,
CARs are recombinant receptors including an antigen-binding domain
named ScFv and a signaling domain with or without co-stimulatory
domains. CAR-T cells which role as living drugs can be administrated by
a single infusion and present advantages such as HLA-independent Ag
recognition, simple construction of TCR complex, minimal risk of au-
toimmunity or GVHD, recognition of multiple antigens including pro-
teins, carbohydrates and glycolipids, induction of strong and durable
immune responses, and ability to be incorporated with high-affinity
recombinant antibodies. Using CAR-T cells has resulted in favorable
outcomes in hematological cancers; however, the therapeutic outcomes
in solid tumors have been unsatisfactory due to the immunosuppressive
features of solid tumors microenvironment. Efforts have been con-
ducted to improve the safety and efficiency of CAR-T cells. The ther-
apeutic roles of CAR-T cells have also been investigated in diseases such
as infections, autoimmunity, as well as allergy and asthma.

The importance of immune suppressing regulatory T cells has been
noted in the prevention of allergy, asthma, autoimmune diseases, and
graft rejection. CAR-T cells can also be genetically engineered to carry a
regulatory domain (i.e. CAR-T,.g) to assist treating diseases such as
allergy and asthma [4-6].

This review has focused on recent advancements in engineered cell-
based immunotherapy and especially CAR-T cells and their roles in
treatment and control of allergic diseases, particularly asthma. Here, we
reviewed the molecular properties of CARs, as well as future perspec-
tives and potential clinical applications of CAR-T cell therapy in allergic
diseases and asthma.

2. CAR-T cells

CAR T-cells are genetically engineered peripheral lymphocytes
containing a recombinant receptor targeting a specific antigen. These
GE-T Cells are expanded ex vivo and re-infused into patients. CARs are
recombinant receptors which are incorporated with co-stimulatory
molecules. Inhibitory molecules are disabled in CARs to improve their
activity [4,5]. Several subtypes of T cells including CD8 + and CD4 + T
lymphocytes have been engineered as CAR-T cells and applied in vivo.
CAR-T cells were first introduced by Eshar in 1989 who suggested re-
directing CAR to armor T cells toward tumor sites [6,7]. The Novartis’s
CTLO19 [B-cell acute lymphoblastic leukemia (B-ALL)], Kite’s KTE-C19
(large B-cell lymphoma), and Juno’s JCARO15 (B-ALL) have been
among first-ever used FDA approved CAR-T cells [8].

2.1. The structure and signaling properties of CAR-T cells

CARs include a subtype of engineered TCRs. Engineered TCRs are
generated by transferring o and P chains from a known TCR to react
with an antigen presented by a specific MHC. Multiple clinical trials
have investigated the therapeutic potential of TCR-engineered T cells
[9,10]. CARs; on the other hand, are chimeras of domains derived from
antibodies and TCRs.

CARs are constituted from four essential domains. The first domain
is the antigen recognition domain (i.e. CAR ecto-domain) conferring the
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antigen-specificity of the receptor. The second domain is antigen
binding domain containing a ScFv which is derived from a monoclonal
antibody. This domain determines target specificity of the receptor
obviating the need for antigen presentation by MHCI. Nevertheless, co-
expression of two separate variable heavy (VH) and variable light (VL)
chains of the antibody is required to generate non-HLA restricted an-
tigen recognition ability. The third domain is a spacer or hinge which
gives flexibility to the ScFv part and ensures the stability of CARs on cell
surface. The last domain of CARs is a transmembrane domain also
contributing to the flexibility of CARs and in fact is a part of the hinge
domain. The hinge and transmembrane domains are predominantly
structural components of CARs; however, they also may promote
functional roles by physical separation of the targeting moiety from the
cell membrane [11-13]. Human IgG-derived spacer is commonly used
as the spacer to stabilize CARs on cell surface [14,15]. In the trans-
membrane domain of CARs, CD3( is required to facilitate dimerization
and association of the receptor with other signaling and co-stimulatory
molecules such as CD28 or CD8 [16,17]. Co-stimulatory molecules can
also accompany the cytoplasmic signaling domain of CARs which
generates downstream signals required for T cell activation, function,
and proliferation [4]. The most commonly used signaling domains in-
clude CD3( (CD3 zeta), CD28, 4-1BB (CD137), 0X40 (CD134) and ICOS
[18]. Recent studies have shown that the number of co-stimulatory
domains can affect the phosphorylation of signaling proteins (i.e. LAT,
ZAP-70, ERK, SYK and LCK) [19-21]. Therefore, masking/unmasking
the phosphorylation sites on ITAM of CD3¢ chains or other co-stimu-
latory molecules such as CD28 can has a crucial role in signal trans-
duction of CARs [22,23]. Furthermore, the configuration of the sig-
naling chains can influence the clustering of receptors and alter the
initiation and/or the maintenance of signal transduction process
[24,25]. Some studies have shown that signaling of TCRs is triggered by
the separation of bulky phosphatases (i.e. CD45 and CD148) from im-
munological synapses which are formed between the membranes of T
lymphocytes and target cells [26-28]. The formation of the im-
munological synapse is also essential for activation of CARs, and these
recombinant receptors recruit similar biophysical and biochemical
signaling events to activate T cells. Similar to B cell receptors (BCRs);
however, CARs harbor fewer subunits and ITAMs. They can also bind to
antigens with high affinity and in a MHC independent way [29,30].

2.2. CAR-T cells generations

CARs are classified into four generations based on the number of
their cytoplasmic co-stimulatory signaling domains. In the first gen-
eration of CAR-T cells, the z chain of the TCR/CD3 complex constituted
from a single T cell activating domain generating sufficiently potent
signals from the ITAMs (i.e. signal-1) [31,32]. The first generation of
CARs did not contain co-stimulatory molecules. On the other hand, the
second generation of CARs contained one co-stimulatory molecule (i.e.
CD28) on the surface. It is notable that co-stimulatory signals (i.e.
signal-2) are required for activation and proliferation of T-cells. The
third generation of CAR-T cells contained two co-stimulatory molecules
including CD27, CD28 (for IL-2 production), 4-1BB (cytokine release
and T cell survival), OX40, ICOS (potentiate cytotoxicity and Th17
differentiation), and DAP10 or CD244 (2B4) [33-36]. The fourth gen-
eration of CAR-T cells constituted of ScFv-CD3¢, CD28, and 4-1BB.
These cells are known as TRUCK. They recruited NFAT to induce gene
cassettes containing IL-12 gene promoter (Figs. 1 & 2 and Table 1)
[4,371.

2.3. Production of CAR-T cells

For producing CAR-T cells, isolated autologous PBMCs are initially
activated with anti-CD3 and anti-CD28 monoclonal antibodies and then
engineered to express CARs using viral vectors as powerful gene
transfer systems. CAR-T cells are subsequently expanded ex vivo using
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cytokines and antibody coated beads and re-infused to patients fol-
lowing lymphodepletion [38,39]. Non-viral gene transfers techniques
such as the Sleeping Beauty & PiggyBac transposon/transposase and
electroporation of naked DNA plasmid have low integration efficiency.
Electroporation of mRNA is another valuable and safe strategy to pro-
duce CARs [40-42].

The administration of CAR-T cells follows three steps including
lymphocyte apheresis and collection, genetic manipulation, and re-
infusion. These steps necessitate the availability of an apheresis center,
as well as product-shipping and receipt-coordinating facilities. Also, all
management guidelines should be applied in pre-and post-infusion care
(Fig. 2).

According to the FDA’s guidelines, manufacturing procedure of
CAR-T cells must attain Investigational New Drug (IND) approval and
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4th Fig. 1. All generations of CAR-T cells. In each
new generation, signaling and applications are
renewed. The first generation of CAR-T cell has
CD3( chain as intracellular domain and in the
second generation of CAR-T cell, CD28 or CD
137 (4-1BB) are added to CD3 as co- stimula-
tory molecules. In the third generation of CAR-
T cell, the second co- stimulatory moleculeOX-
40 (CD134), is added. In the fourth generation,
the nuclear factor of activated T cell (NFAT) to
induce cassette containing IL-12 genes pro-
moter is added.

Table 1

The molecules of all generations of the CAR-T cell.
generation molecules
First CD3¢
Second CD3¢ and CD28 or CD 137

Third CD3¢ and CD28 or CD 137 and CD134

Fourth CAR-T CD3¢ and CD28 or CD 137 and CD134 and NFAT and
uniCAR-T with other applicable molecules according to the purpose
CAR-Treg
nuiCAR-Treg

In the future Special uniCAR-Treg against asthma

1. Leukopheresis &
T cell Separation

) Ab coated

beads

3. CAR T cell Engineering

Fig. 2. CAR-T cell application process. Separation, design, harvest and administration of CAR-T cell for human diseases. Firstly, T cells are separated from patients
(leukopheresis), harvested, activated. The CAR is designed and then engineered and produced in T cells. After expansion of produced CAR-T cell, the cells are
administrated to the patients.
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be executed according to Good Manufacturing Practices (GMP) proto-
cols including the facility, staff and training, general considerations
(cell collection, T cell enrichment, activation, transduction, expansion,
cryopreservation), manufacturing, release testing (immunology, iden-
tity, purity, potency, microbiological testing, stability testing, product
release and distribution), commercialization, and cost-effective con-
siderations [43].

Due to the low immunogenicity and permanent transgene expres-
sion, retroviral and lentiviral vectors are commonly used to express
CARs in T cells. Lentiviral vectors are particularly suitable for in-
tegrating large DNA sequences [44,45]. The protocols for generating
and expanding CAR-T cells for clinical application should be rationally
designed and therapeutically optimized.

3. Application of CAR-T cells in treatment of diseases

The therapeutic efficiency of CAR-T cells has been more commonly
investigated in hematological malignancies and solid tumors than other
diseases. Although these investigations have demonstrated hopeful re-
sults in hematological tumors, the success rate in solid tumors has been
unsatisfactory [46]. This has been attributed to the presence of im-
munosuppressive factors, physical barriers, hypoxia, nutrient defi-
ciency, inhibitory checkpoints, antigen heterogeneity, and poor cell
trafficking within the microenvironment of solid tumors. For this
reason, restructuring CAR-T cells to overcome these challenges is ne-
cessary to treat solid tumors [47].

CAR-T cells have also been applied for treating inflammatory dis-
eases such as irritable bowel syndrome (IBS) and autoimmune diseases
such as Pemphigus vulgaris. In the recent case, chimeric autoantibody
receptor (CAAR) T cells with the specificity of Dsg3 autoantigen kill
autoimmune B cells without induction widespread immune suppres-
sion. CARs constructed based on neutralizing antibodies with a single
chain as binding domain have been applied to treat type 1 human
immunodeficiency virus (HIV-1) infection resulting in enhanced killing
of both the virus and infected cells in vitro [48,49]. Details of experi-
mental studies and clinical trials on the application of specific CAR-T
cells have been demonstrated in Table 2, Fig. 3, and Table 3.

3.1. The challenge of suppressive immune cells

The suppressive immune cells such as regulatory T cells (T;egs) can
suppress immune responses mediated by effector T cells such as Th2
lymphocytes which are suppressed by CD41/FOXP31 positive Tiegs
[50,51]. Many soluble factors, such as TGF-f, prostaglandin E2 (PGE2),
vascular endothelial growth factor (VEGF), adenosine, and Indoleamine
2, 3-dioxygenasase (IDO) which are produced by Tr.gs can potentially
inhibit the activation of a variety of immune cells. In particular, im-
munomodulatory factors including immunosuppressive cytokines such
as IL-10 can suppress T lymphocytes, and therefore can be incorporated
in CAR-T cells to suppress the immune responses against these re-
combinant cells [52,53]. TGF-f can also be used in CAR-T cell therapy
of allergic diseases. As this modulatory factor is involved in balancing
Th1/Th2 immune responses; however, its application should be carried
out with caution to avoid a shift toward Th2 [54]. Other potential
suppressors of immune cells include programmed death receptor 1 (PD-
1) or its ligand (PD-L1), cytotoxic T-lymphocyte-associated protein 4
(CTLA-4), T-cell immunoglobulin and mucin-domain containing-3
(TIM-3), Lymphocyte-activation gene 3 (LAG-3), and T Cell Im-
munoreceptor with Ig and ITIM Domains (TIGIT), [55-57].

3.2. Applications of CAR-T cells in the treatment of fungal allergy

Antifungal CAR-T cells can be produced using the extracellular
domain of the pattern-recognition receptor; dectin-1, as the antigen-
binding domain to treat fungal allergies such as Aspergillus asthma.
This domain should be able to recognize carbohydrate epitopes on the
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surface of Aspergillus opportunistic fungus. This phenomenon demon-
strated that pattern-recognition receptors can serve as antigen-binding
domains of CARs. Furthermore, CAR-T.gs may be used along with anti-
fungal CAR-T cells to promote tolerance to engineered cells in the
treatment of non-fungal allergic diseases [58,59].

3.3. CAR-Ty cells as suppressors of allergic asthma

CAR-T cytotoxic cell therapy has impressive efficacy in the treat-
ment of malignancies, especially hematologic neoplasms. On the other
hand, T,.g-based therapy is one of the effective strategies in the treat-
ment of allergic diseases and asthma in which Th2 immune response
dominates. Redirecting CAR-Tr.g, cells toward inflamed airways can be
an effective strategy to effectively manage allergic diseases and asthma
[60].

Asthma is a complicated chronic respiratory disease which is char-
acterized with airway inflammation and AHR, wheezing, cough, dys-
pnea, and reversible airway obstruction [61,62]. Asthma imposes a
very high economic and social burden on the health system and society.
Bronchodilators and anti-inflammatory drugs can control symptoms in
most patients but cannot cure asthma completely. Actually, there are
currently no curative therapies available for asthma. Allergic asthma is
associated with Th2 immune response which can be modulated by the
action of CD4 + regulatory T cells (Tyegs) [60,63-65].

Tregs regulate multiple immune responses by inducing anergy and
suppressing immune cells. In allergy and asthma, T,egs maintain the Th2
immune response which finally leads to the development of allergic
response [66,67]. Tregs usually modulate immune cells and suppresses
local immune responses through induction of suppressor cytokines
[68-70]. Tregs can suppress the function of effector T cells by binding to
B7 molecules on the surface of antigen-presenting cells (APCs) through
CTLA-4 [71,72]. Additionally, these cells can kill cytotoxic and helper
lymphocytes via the granzyme-perforin-pathway [73,74]. Through ex-
pressing CD25 (i.e. IL-2R), T,egs can also scavenge IL-2 which is re-
quired for T cell proliferation and differentiation [75].

Based on their origins, Ty.g are categorized into either natural
(nTyeg) or induced (iT,eg) classes [67]. The nTy.g which are also known
as thymus-derived Tyegs (tTeg) are derived from thymocytes and express
transcription factor forkhead box P3 (Foxp3). These cells obtain their
phenotypic characteristics during thymus selection and induce immune
tolerance to autoantigens. The nT,e, express CD4, CD25, and Foxp3
and show low expression of CD127 [66].

The iT,¢, cells, also known as peripherally induced T,egs (PTregs), are
derived from peripheral lymphoid tissues (i.e. outside the thymus),
[76]. While nT,eg mainly regulate immune responses against self-an-
tigens, iTyegs modulate immune responses against foreign antigens.
Therefore, iT e can be utilized to design CAR-T,¢, cells for managing
allergic diseases and asthma. Thus far, there are no specific cell surface
markers for identifying iT,cgs [67,77,78].

The iT g secrete suppressive cytokines such as TGF-$, IL-10, and IL-
35, as well as cell-lysing molecules such as granzymes A and B [79]. IL-
35 is capable of inducing T, differentiation and is particularly secreted
by Tregs but not by other effector T cells [80]. The IL-35-induced-Tyegs
(iTr35) are newly identified T, promoting immunosuppression in
allergy and asthma by producing IL-35 and IL-10 cytokines. More im-
portantly, iTr35 cells do not express Foxp3 and are highly stable in
comparison with TGF-B-induced-iT,zs [81,82]. Studies have shown that
dysregulated function of Tyg is the main reason for Th2 immune re-
sponse dominance and development of asthma [83,84]. Some animal
studies have reported that the depletion of T,z before sensitization
aggravated the inflammation of airways and AHR. Re-infusion of Tyegs
into OVA-sensitized and challenged asthmatic mice significantly sup-
pressed AHR, eosinophilic infiltration and production of IL-5 and IL-13
in the BALf [85,86].

Foxp3 gene mutations have been associated with immune dysregu-
lation, higher IgE level, eosinophilia, and allergy [87,88]. Mutated
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Table 2
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Targeted Ags with CARs construct were used in clinical trials studies for treatment of diseases such as malignancy. All of the clinical trials were done on the cancer
and tumor problems. According to our search, there is no clinical trial on CAR-T cell therapy for allergy and asthma. ALL: Acute lymphocytic leukemia, AML: Acute
myeloid leukemia, CLL: Chronic lymphocytic leukemia, DLBCL: Diffuse large B-cell lymphoma, HL: Hodgkin lymphoma, MCL: Mantle cell lymphoma, MM: Multiple
myeloma, NHL: Non-Hodgkin lymphoma, FL: Follicular Lymphoma.

NO Targeted Ag Tumor type CAR-receptor Reference
1 MART-1/HLA-A2 Melanoma DMF4-TCR and DMF5-TCR (from TIL) 1
1D3-TCR (from patient, codon optimized and murinized)
2 MAGE-A3/HLA-A2 Melanoma, synovial TCR (from immunized mice and affinity enhanced) 1
MAGE-A3/HLA-A1 cell sarcoma,
esophageal cancer
Melanoma, Myeloma a3a-TCR (from patient and affinity-enhanced)
3 CEA/HLA-A2 Colorectal carcinoma TCR (from immunized mice and affinity enhanced) 1
4 NY-ESO-1/HLA-A2 Melanoma, Myeloma 1G4-TCR (from patient and affinity-enhanced) 1
5 CAIX Renal cell carcinoma FcRy 1
6 CDh171 Neuroblastoma CD3¢ 1
7 CD19 NHL, CLL CD28-CD3¢ 5
NHL, ALL, CLL CD28-CD3(¢
ALL CD28-CD3¢
CD191 malignancy CD28-CD3¢
ALL 4-1BB-CD3(
ALL, CLL CD28-CD3¢
4-1BB-CD3(
ALL, NHL CD28-CD3¢
CLL CD28-CD3¢ 1
41BB-CD3(
CLL CD28-CD3¢
41BB-CD3(
Lymphoma (FL, DLBCL, NHL) 4-1BB-CD28-CD3(
CD28-CD3¢
Multiple Myeloma 41BB-CD3(¢
8 CD20 CD201 malignancy 4-1BB-CD3( 5
CD20-positive malignancies CD3¢ or 4-1BB-CD3( 37
9 CD22 ALL CD28-CD3¢ 5
4-1BB-CD3¢
CD28-4-1BB-CD3(
DLBCL, FL, MCL CD28-CD3¢ 5
FL, NHL, DLBCL, B-ALL CD28-CD3¢ 37
10 CD33 AML 4-1BB-CD3( 5, 37
11 CD123 AML CD28-CD3¢ 5,37
12 PSMA Prostate cancer CD3¢ and CD28 37
13 CD133 AML, ALL 4-1BB-CD3¢ 5
14 CD138 MM 4-1BB-CD3¢ 5,37
15 k-chain CLL CD28-CD3¢ 5
16 ROR1 CLL, ALL CD28-CD3¢ 5, 37
17 Igx CLL, low-grade B-cell malignancies CD3¢ and CD28 37
18 CD30 HL, NHL CD3¢ and CD28 37
19 LeY AML CD3¢ and CD28
20 BCMA MM CD3(¢ and 4-1BB 37
21 FRa Ovarian cancer FcRy 28
22 Mesothelin Malignant pleural mesothelioma CD3 and 4-1BB 37
Pancreatic cancer Metastatic pancreatic adenocarcinoma, epithelial
ovarian cancer and malignant
epithelial pleural mesothelioma
Mesothelioma and malignant pleural disease CD3¢ and CD28
Mesothelioma, pancreatic and CD3¢, CD28 and 4-1BB
ovarian cancer
Mesothelioma Murine 4-1BB- CD3¢ 5
23 FAP Mesothelioma CD3( and CD28 37
24 EGFRVIIL Glioma CD3¢ and 4-1BB 37
Glioma CD3¢, CD28 and 4-1BB
25 CEA Liver metastases CD3¢ and CD28 37
Colorectal cancer CD3¢ and CD28 5
26 CD171 Neuroblastoma CD3¢ and 4-1BB or 37
CD3¢, CD28 and 4-1BB
27 GD2 Neuroblastoma, osteosarcoma CD3¢, 0X40, CD28 37
and melanoma
Neuroblastoma
Sarcoma CD3¢, 0x40, CD28
Neuroblastoma EBV specific T-cells transduced with CD3{ CAR construct 1
Neuroblastoma, Osteosarcoma, and Melanoma 0X40-CD28- CD3¢ -iCasp9
28 Glypican-3 Advanced-stage hepatocellular CD3¢, CD28 and 4-1BB 37
carcinoma
29 HER2 Sarcoma CD3¢ and CD28 37,1
Glioblastoma CD3¢ and CD28 37

Glioblastoma multiforme
Colorectal cancer

CD28-4-1BB-CD3(

1

(continued on next page)
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Table 2 (continued)
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NO Targeted Ag Tumor type CAR-receptor Reference

30 IL-13 Glioma RaCD3( and 4-1BB 37

31 CAIX Renal cell FcRy 28
carcinoma

32 IL13Ra2 Glioblastoma 41BB-CD3(¢ 28

Foxp3 can lead to T;g deficiency, decreased TGF-3 and IL-10 levels, and
mitigated airway inflammation and AHR in asthma.

In a clinical trial, infusion of in vitro expanded specific OVA-iT g to
20 patients with Crohn’s disease induced immune tolerance in the pa-
tients [89] indicating the role of antigen-specific T;egs in prevention and
control of asthma symptoms. In fact, CAR-T,c, cells provide a viable
strategy against asthma pathogenic and etiologic mechanisms. How-
ever, there is a need to divulge regulatory mechanisms of Tiegs to design
CAR-T,, cells to treat and manage asthma.

According to the study of Skuljec et al. in 2017 on animal models of
asthma, accumulation of CAR-T, in the lung and tracheobronchial
lymph nodes reduced airway AHR, eosinophilic infiltration, mucus
production, and other inflammatory cells infiltrates in the lung. Also,
they showed that CAR-T,egs were more efficient than Treg in controlling
severe allergic asthma [60].

Antigen-specific Tr.gs sSeem to be more efficient than polyclonal Tyegs
in controlling inflammation in allergic asthma. To confer specificity,
Tregs should be engineered ex vivo applying MHC-independent CARs
harboring antibody-derived binding domains for the antigen [90-92].
While CAR-T cells have been extensively studied in the treatment of
hematologic malignancies in clinical trials, studies on the therapeutic
role of CAR-T.g in other diseases such as colitis and multiple sclerosis
have been limited to animal models [92,93].

Antigen-specific CAR-T,g recognize the intended antigen which is
expressed in airways and the lung and redirect these cells toward the
target tissues. CAR-Tyeg cells can accumulate and become activated in
the inflamed airways of the asthmatic lung where they can control

Table 3
The number of CAR-T cell therapy clinical trials were done until Feb. 2019 in
the world.

World East Asia China 153
Japan 4
Taiwan 1
United States
Canada

Ontario

Quebec

United Kingdom
Italy

Netherlands
Germany

France

Belgium

Spain

Austria

Norway

Sweden

Australia

Victoria

Russian Federation

North America

e
N

o

Europe

Pacifica

HEDNNDMNNWSRUITDDDDDOD = NDNDW

North Asia

allergic inflammation [60]. Tes incorporated with CARs containing
SCA431scFv-mIgG-CD4(tm)-CD28-CD3¢ have been applied for treat-
ment of asthma. The signals derived from CD28/CD3( ensure strong
stimulation of the engineered CAR-Tycg. Intravenous infusion of 10°
CAR-Tyegs

to OVA-challenged mice completely prevented the

Fig. 3. Some Antigens were used in studies for clinical trials of CAR-T cell therapy until Jan. 2019 which are showed in map. Clinical trials have been done in East
Asia, North America, Europe, Pacifica and North Asia. There are 20 clinical trials in Europe, 1 clinical trial in North Asia, 155 clinical trials in Pacifica and East Asia
and 96 clinical trials in North America. These maps show that in the recent decades CAR-T cell therapy can attract deeper attentions to the immunotherapy and

clinical trials.
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ADORA2

CAR

CD39

PDL1

Fig. 4. CAR-Treg cells are new instrument which can use in allergic asthma as
suppressor agent. In this cell, CD3 and CD28 is produced on Treg cell with
suppressory molecules such as FASL and CTLA-4. The current cell can produce
regulatory cytokines (IL-10 and TGF-f) and can prevent T cell activation with
IL-2 attraction by CD25 (IL-2R). Other molecules, ADORA2, CD39, CD73, IDO,
PDL1 and TNFR2 can silent effectory function of immune cells. The uni-CAR-
Treg cells are applicable to the many peoples with low potency of im-
munological rejection. In the future, the generation of CAR-T cells would be
produced with special and unspecial molecules according to the focused pur-
poses.

CTLA4

development of AHR, eosinophilic inflammation, Th2 cytokine pro-
duction, and elevation of serum IgE level. This was while infusion of
Tregs Without CARs had a respectively very low therapeutic effect.
Furthermore, infusion of 5 x 10° polyclonal CD4+CD25+ Tregs suc-
cessfully suppressed airway inflammation in animal model of allergic
asthma. On the other hand, a 10-fold lower number of allergen-specific
Tregs produced similar therapeutic effect (Fig. 4) [94,95].

Signal transduction by CD28-CD3(¢ complex amplifies the function
of CAR-T,gs by directing these cells toward the target tissue. Also, the
expression of suppressive cytokines (i.e. TGF-1 and IL-10) was in-
creased following the activation of CARs which subsequently can aug-
ment IL-10 production and induce apoptosis and suppress proliferation
of responder T cells (by upregulating cyclic AMP or by CD39 and CD73-
dependent peri-cellular generation of adenosine). These events are
probably involved in the regression of asthma presentations
[94,96-98].

In another study, the therapeutic role of the first and second
(CD137/CD3¢) generations of CAR-T cells targeting IL13Ra was in-
vestigated in patients with glioblastoma and malignant glioma [99].
Modified IL13Ra2-targeted CAR-T cells (IL13BB() were constructed by
incorporating 4-1BB (as co-stimulatory molecule) and a mutated IgG4-
Fc linker (to reduce off-target Fc-receptor interactions) [100-102].
Considering the role of IL-13 in the pathogenesis of allergic asthma, IL-
13 receptor can be a good target to construct CAR-T cells for treating
asthma. Selection of appropriate target antigen to redirect Trg cells to
airways in asthma requires more studies [103].

The fourth generation of CAR-T cells (i.e. TRUCK cells) can be de-
signed against asthma biomarkers to induce type 1 cytokines (i.e. Thl
immune response) and suppress type 2 cytokines (i.e. Th2 immune
response) [37,104,105]. Immune-regulatory molecules have important
roles in the balance of immune responses in the lung and the im-
munogenicity of allergens in asthma. Therefore, regulating immune-
stimulatory checkpoints in immune surveillance pathway through ap-
plication of immunosuppressive molecules and cells can be beneficial in
the treatment of asthma. These approaches; however, can be proble-
matic in immune-deficient and immunocompromised patients. There-
fore, there is a need for augmenting immunocompetent responses in
these patients.
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3.4. CAR-T cell derived co-stimulatory signals and cytokines

Cytokines can be induced by the application of a bicistronic vector
in the engineered CAR-T cells to overcome the inhibitory effects of Tyegs
and regulate the shift of Th1/Th2 responses [106-108]. Also, TCR
mediated T cell anergy and exhaustion can be controlled via in-
corporation of co-stimulatory molecules during CAR-T cell construction
[109,110]. For this purpose, many co-stimulatory (and inhibitory)
molecules have been identified. CD80, CD86, CD40 L, 4-1BBL, CD40,
CD28, and 4-1BB are commonly used co-stimulatory adaptors
[111-113], and PD-1, CTLA-4, T cell membrane protein 3 (TIM-3), and
lymphocyte activating gene 3 (LAG-3) are among common in used
immunosuppressors [114,115].

3.5. CARs targeting IgE receptors in allergic asthma

A IgE receptor can be used to construct CARs with scFvs to treat
allergic asthma. The scFvs domain decreases clustering and sponta-
neous signaling from CARs. In humans, there are three different IgE-
receptors including low affinity IgE receptor or FceRII (CD23), low af-
finity galectin-3 or epsilon binding protein (eBP), and high-affinity re-
ceptor for IgE or FceRI [116,117].

Soluble CD23 (sCD23) which is derived from membrane bound
CD23 on B cells enhances IgE production and asthma severity.
Therefore, reducing sCD23 level by CAR-T cell therapy can present
therapeutic implication in patients with allergic diseases including
asthma [117,118]. Nevertheless, more studies are required to validate
this application.

FceRI consists of an a chain which binds to IgE Fc region with high
affinity. The  and y chains constitute ITAM signaling domains. Soluble
FceRI is a candidate as modulator of IgE-mediated responses to con-
struct CARs targeting FceRI and to prevent biding of IgE to its receptor
and subsequent immune responses [116-118]. In the development of
fifth generation of CAR-T cells, FceRI can be used along with other
receptors in the structure of CAR-T cells to control asthma progression
(i.e. allergotherapy). Also, constructing CAR-T,c, cells using anti-IL-5
may be useful to trap IgE and control asthma attacks.

Circulating IgE in biological liquids and tissues can bind CARs and
block their interactions with IgE in target tissues. For resolving this
problem, low affinity FceRIa mutants can be employed [119,120].

In recent studies, CD28 costimulatory molecule has been applied to
design third-generation CAR-T cells. These cells are able to prevent 4-
1BB signaling via TRAF2-dependent activation of NF-kB pathway, to
augment FAS-mediated apoptosis in CAR-T cells, to activate PI3Kinase/
Akt and Bcl-XL expression, and finally to enhance FceRla-based CAR-T
cells persistence [19,119-121].

3.6. CARs with FceRIa for mIgE

In recent decades, the prevalence of allergic diseases and asthma has
dramatically increased. Allergic asthma cannot be controlled by avail-
able medications and patients often suffer from poorly controlled
symptoms and frequent asthma attacks [61,62,65]. In a predisposed
individual, exposure to an allergen leads to IgE synthesis in membrane
form (mIgE) by cytokines activated B cells that can secret and then
strongly binds to its high affinity receptor (FceRI), on allergic immune
cells such as mast cells and basophils (allergic sensitization process).
The FceRI consists of an a chain that binds to Fc region of the IgE with
high affinity, B and v chains containing the ITAM signaling domains.
Subsequent exposure of the same allergen causes allergen-induced
crosslinking of the IgE-FceRI cell surface complex, degranulation of
effector cells and release of bio-reactive mediators (histamine, cyto-
kines and leukotrienes) that are responsible for the symptoms of allergy
and asthma. Therefore, IgE plays a central role in the pathogenesis of
allergic diseases. The omalizumab as a recombinant humanized IgE-
specific monoclonal Ab prevents the IgE-FceRI binding and reduce
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Cytokine storm
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Fig. 5. Some of main side effects of CAR-T cell therapy. CRS
and neurotoxicity are main side effects of CAR-T cell therapy

(CRS) and in the patients with cancer, other two problems, tumor
lysis syndrome (TLS) and on-target off tumor toxicity can be
appeared. In the clinical trial of CAR-T cells for other diseases
include asthma and allergy, insertional oncogenesis, anaphy-
. laxis, normal cell injury, inflammation, immunological rejec-
Immunological Jury gical rej
. s N Neurotoxicit tion (not in uniCAR) and maybe other side effects would be
rejection N o observed.
CART cell
Inflammation Side Effects Anaphylaxis
Normal cells Insertional
injury oncogenesis

circulating levels of IgE. Currently, omalizumab is benefit treatment of
severe allergic asthma in non-responding patients. But omalizumab
requires frequent administration at high doses and is not cost-effective
[122-125]. Because, IgE plays a main role in allergic response, there-
fore, targeting the IgE-expressing B cells represents an effective ther-
apeutic approach. Immunotherapy with T cells which have IgE-specific
CARs has long-term potential to suppressing the IgE related responses
through specific killing of IgE-expressing B cells. For producing of these
cells, CD8 + T cells should be used.

Targeting IgE-expressing cells may be effective to achieve long term
suppression of allergy reactions. For this, T cells are isolated and en-
grafted with ERs that are specific for molecular markers on in-
flammatory cells in asthma through recognition membrane-bound IgE
(mIgE) [122-124]. CARs incorporated with extracellular domain of
FceRI a chain (FceRIa) have been designed to bind to mIgE; however,
secreted IgE bound to FceRII on cell surface cannot be recognized by
these CARs [122,125]. Dana et al. in 2018 designed CAR-T cells tar-
geting cells expressing mIgE and FceRI-expressing mast cells, basophils
and eosinophils to treat allergic diseases by preventing cellular de-
granulation and anaphylaxis reaction.

The first-generation FceRla-based CAR was constructed and was
able to bind IgE, and mediated specific responses to target cells.
However, this approach limitation was the lack of co-stimulatory sig-
naling domains. To improve FceRIa-based CAR-T cell persistence, the
274 and 3™ generations of FeeRla-based CARs can be constructed with
co-stimulatory domains, CD28 and/or 4-1BB for the second-generation,
and both CD28 and 4-1BB for the third generation. In designing of CAR,
the WT FceRla extracellular domain can be fused with a CD3( in-
tracellular signaling domain (the first generation) or with the 4-1BB
and/or CD28 co-stimulatory domain (the second and third generation)
CARs [19,21,31,34,36,37,116,118,121,122]. Future studies can be led
to the development of adoptive T cell therapy for allergic asthma using
FceRla-based CAR-T cells. Additionally, memory phenotype of the
CD8+ CAR-T cells can persist and allow long-term monitoring and
elimination of target cells.

4. CAR-T cells side effects

CAR-T cell therapy, as an effective and new strategy, has some side
effects including tissue inflammation, neurotoxicity, hypoplasia in
target cells, heart and pulmonary vasculature toxicity, cholangitis, in-
jury to bile duct epithelial cells, and anaphylactic shock [126-128].

CRS, also known as “cytokine storm”, is another important side effect of
CAR-T cell therapy characterized with sudden and dramatic increase in
the serum levels of various cytokines [129-131] including IFN-y, IFN-a,
IL-1, IL-2, IL-6, GM-CSF, IL-8, IL-10, IL-12, TNF-a, monocyte chemo-
tactic protein (MCP)-1, macrophage inflammatory protein (MIP) la,
etc. leading to supra-physiological immune activation [132-134]. Main
symptoms of CRS are hypotension, hypoxia, fever, fatigue, myalgias,
malaise, nausea, hypoxia, coagulopathy, capillary leakage, tachycardia,
tachypnea, hemophagocytic lymphohistiocytosis/macrophage activa-
tion syndrome, organ toxicity, pulmonary edema, pneumonitis, and
renal insufficiency [135-139]. Neurotoxicity is a side effect of CAR-T
cell therapy presenting with encephalopathy, anxiety, headache,
aphasia, delirium, cerebral edema, tremor, unconsciousness, confusion,
and seizures [140-142]. Neurotoxicity has also been reported after
administration of monoclonal antibodies such as blinatumomab and
CD3/CD19 bi-specific antibody [143,144]. In addition, CAR-T cell
therapy may lead to the elevation of acute phase proteins such as C-
reactive protein (CRP) and ferritin [143,145]. The variable regions of
most CARs are derived from murine antibodies which can be im-
munogenic, especially after infusion of large number of autologous
CAR-T cells (e.g. 2 x 10° cells/kg of body-weight), resulting in im-
munological rejection. Therefore, constructing CARs using complete
human antibodies (HuCAR) is required in such conditions [146,147].
Development of IgE alloantibodies against CAR-T cells and anaphylactic
shock are other important problems of CAR-T cell therapy [148,149]
(Fig. 5).

4.1. Preventing toxicities of CAR-T cell therapy

Appropriate selection of target antigens is particularly essential to
prevent CAR-T cell therapy side effects. Another approach is to develop
CAR-T cells that recognize highly specific-antigens in the target tissue.
Using inducible promoter constructs to regulate the expression of CARs
on T lymphocytes is another viable approach. Corticosteroids and
monoclonal antibodies can be used to prevent CRS; however, these
drugs can attenuate and suppress immune functional cells. Although
mild and moderate CRS are usually self-limited, severe CRS needs to be
managed and prevented by administration of either steroids or tocili-
zumab (either alone or in combination with dexamethasone and leve-
tiracetam) [150,151]. Recent preclinical studies have suggested that
ibrutinib (Bruton’s tyrosine kinase inhibitor) and ruxolitinib (JAK/
STAT pathway inhibitor) can prevent CRS [143,152,153]. The toxicity
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as well as the efficiency of CAR-T cell therapy, are influenced by the T-
cell dosage and the duration of CARs expression on T cells. Repeated
infusions of CAR-T cells increase the risk of immune rejection [148].
CAR-T cell mediated GVHD is another challenge that can be treated
with alemtuzumab [154-156].

4.2. Increasing CAR-T-Cell effector function

Incorporation of co-stimulatory molecules, as well as cytokine and
chemokine receptors are useful strategies to enhance the persistence,
reduce the exhaustion, and increase the efficacy of CAR-T cells
[157,158]. Another way to promote immune function of CAR-T cells is
to augment the transgenic expression of cytokines promoting T cell
proliferation and effector functions [157,159,160]. In this approach;
however, the side effects caused by overexpression of cytokines should
be monitored. Cytokines The expression of cytokines can be modulated
through regulation of the balance between stimulatory and inhibitory
signals.

To avoid antigen escaping, it is amenable to produce CARs targeting
two separate antigens through constructing two tandemly arranged
scFvs coupled with the same signaling endo-domain (i.e. Tan-CAR)
[161,162]. Also, it is possible to exploit Fcy receptor III (CD16) ex-
pressing CAR-T or natural killer (NK) cells to produce universal CAR-T
cells recognizing wide range of antigens. Universal CAR-T cells should
lack HLA-A, B and C which are replaced with HLA-E to prevent being
recognized and lysed by the host’s NK cells [163,164].

4.3. CAR-T cell trafficking augmentation

After being infused, ex vivo-engineered and expanded CAR-T cells
migrate through the blood circulation and then enter into target sites.
Engineered CAR-T cells expressing specific chemokine receptors have
enhanced ability to migrate to the target tissues. Some studies have
shown that engineered CAR-T cells expressing ICOS co-stimulatory
domain persist and survive longer than CAR-T cells containing CD28
and 4-1BB co-stimulatory molecules [165,166]. Constitutive expression
of CD40L on CAR-T cells can increase the proliferation and cytokine
secretion ability of the cells [165,167]. Accordingly, engineered CAR-T
cells secreting Thl cytokines can be used to treat allergic diseases by
shifting immune responses toward Th1. Nevertheless, the risk of serious
side effects due to cytokines overexpression must be considered.

4.4. Negative regulators of CAR-T cells function

The effector functions of CAR-T cells can be modulated by in-
corporating dominant-negative receptors inducing suppressive cyto-
kines such as IL-10 and TGF-f. Regulatory molecules such as PD-L1, PD-
1, and CTLA-4 can be applied to suppress CAR-T cell activity [168,169].
Other suppressive strategies include siRNA and CRISPR-Cas9 mediated
silencing approaches to selectively inactivate effector genes in the
target cells [170].

4.5. Gene editing in CAR-T cells

TCR engineered lymphocytes can be generated by transduction of
viral vectors encoding TCR gene. Due to MHC-restricted antigen re-
cognition, TCR-engineered T cells can only be used in a subset of pa-
tients. On the other hand, CAR engineered T cells provide MHC-in-
dependent antigen recognition mechanisms. CAR engineered T cells can
be designed using current gene editing tools including Zinc-finger nu-
cleases (ZFNs), transcription activator-like effector nucleases (TALENS),
and the CRISPR-Cas9 system. These systems bind to specific genomic
loci and break double-strand DNA (dsDNA). Subsequently, the repair of
the broken DNA leads to various genetic modifications and gene re-
arrangements [171-173].

MHC-I molecules should be removed to minimize the risk of
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immune reaction against CAR-T cells. To avoid GVHD; on the other
hand, antibody-TCRs complexes ought to be eliminated from CAR-T
cells by efficient multiplex gene editing strategies. As the TCR a chain is
encoded by a single TRAC gene while TCR f chain is expressed by two
TCRB genes, knocking out a single TRAC gene is the simplest strategy to
eliminate functional TCR. MHC-I molecules can be removed from T cell
surface by knocking out 2 microglobulin which is essential for the
formation of MHC heterodimers and their expression on cell surface.
Removing HLA-I molecules from T cells; however, may induce NK cell
response against these cells. For resolving this issue, one solution is to
induce the expression of other HLA-I molecules such as HLA-G or HLA-E
on the engineered T cells [174-176]. Using T cells with a known TCR
specificity can reduce the risk of unexpected CAR-T cell therapy toxi-
cities. Nevertheless, some allergens contain no proteins in their struc-
tures obviating the need for MHC-dependent antigen recognition
pathway.

For constructing universal CAR-T cells, eliminating the endogenous
TCR using gene-editing techniques [(e.g. CRISPR/Cas9 or TALENs or
ZFNs] is important [58,177-179].

5. Universal CAR-T and T, cells

Unlike the conventional CAR-T cells, universal CAR-T cells are
capable of selectively targeting multiple antigens. In comparison with
conventional CAR-T cells, universal cells have different extracellular
domains and structures linked to soluble antigens and ligands.
Universal CAR-T cells are activated through binding of their extra-
cellular domains to soluble antigens [180,181]. The biotin-avidin “lock-
key” mechanism has been used to generate CARs harboring avidin as
the extracellular domain which is linked to an intracellular signaling
domain (i.e. biotin-binding immune receptors (BBIR) system). The BBIR
containing dimeric avidin (as the recognition domain) identifys and
binds to a variety of biotinylated antigen-specific molecules (ScFv,
mAbs and tissue-specific ligands). The dcAv BBIR specifically binds to
target antigens in the presence of extremely low concentrations of
biotinylated molecules. The genetically modified T cells recognize an-
tigens after the addition of matched biotinylated antibodies. For in-
creasing the flexibility of CARs, the split universal and programmable
(SUPRA) CAR system has been designed. This is a two-component re-
ceptor system consisting of a universal receptor and a separate ScFv
domain targeting specific antigens. Both of these components are at-
tached to separate leucine zipper adaptors. The “lock-key” structure of
SUPRA CAR with leucine zipper adaptors can be expanded without
further modification of the CAR-T cells meaning that their target anti-
gens can be switched. Furthermore, the potency of T cell signaling, the
extent of T cell activation, and toxicity of SUPRA CAR-T cells can be
managed by manipulating signaling domains of effector cells
[180,181].

Another advantage of universal CAR-T cells is the possibility of
using allogeneic instead of autologous T cells to engineer CARs.
Therefore, GVHD can be better controlled using universal CAR-T cells
than conventional CAR-T cells. To decrease the risk of side effects and
increase the safety of using universal CAR-T cells, it is suggested to
apply human-derived ScFv [180,181]. Most studies have focused on the
role of universal CAR-T cells in cancer therapy, and there is insufficient
data about the therapeutic implications of these cells in asthma and
allergic diseases.

Tregs €xert immuno-suppressive functions in both contact dependent
and independent manners, and CAR-T,e,s have high expression of im-
munomodulatory CTLA-4 and LAP molecules. So, uniCAR-T,gs have
been recently developed incorporating a peptide epitope-conjugated
ScFv to target cell surface structures [182].

6. Concluding remarks

The knowledge on the role of CAR-T cell therapy in the treatment of
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asthma and allergic diseases has increased in recent years. Novel en-
gineering strategies enable producing CAR-T cells with superior clinical
efficiency in vivo.

The efficacy of CAR-T cell therapy, as an important im-
munotherapeutic strategy, can be promoted by applying novel gene
editing strategies such as ZFN, TALEN, and CRISPR-Cas9 to target
disease-specific genes including those involved in asthma pathogenesis.
Although CAR-T cell therapy through gene editing mechanisms is a
major achievement in immunotherapy, information about the safety of
gene-edited T cells is insufficient. In this regard, improving the speci-
ficity of gene editing systems and reducing their off-target functions are
major challenges.

The application of universal CAR-T cells for treating immunologic
and non-immunologic diseases has resulted in promising results.
Nevertheless, achieving best outcomes in CAR-T cell therapy requires
all protocols to be standardized and optimized.

CRS and neurotoxicity are two potential serious side effects of CAR-
T cell therapy necessitating the consideration of prophylactic protocols.
In this regard, CAR-T cells can be engineered to express appropriate
suppressive molecules to manage immune reactions in target organs.
The role of y§ (Gamma Delta) T cells in CAR-T cell therapy should be
investigated in future studies. The CAR-T cell therapy, as an adoptive
immune cell therapy, presents a potential new revolution in cancer
therapy as well. However, information about the role of CAR-T cell
therapy in the treatment of asthma and other allergic diseases is in-
adequate requiring more studies.

There are several approaches to use the CAR-T cell in allergic
asthma. Fungal asthma is very dangerous disease with low prevalence.
For this reason, treatment of this disease is very important. Antifungal
CAR-T cells with dectin-1 as the antigen-binding domain of CAR can be
used to treat fungal asthma. T,es usually suppresses local immune re-
sponses by anti-inflammatory cytokines and may have this role in
bronchi environment. Tr.g can suppress the function of effector Th2
cells by CTLA-4. In addition, through expressing IL-2R, Tiegs can also
scavenge IL-2, which is required for T cell proliferation. On the other
hand, CAR-T,.g may be used along with allergic asthma to promote
tolerance in Th2 cells and prevent IL-4, IL-5 and IL-13 secretions by Th2
cells. Redirecting CAR-T;g cells toward inflamed airways can be sup-
pressed IgE overproducing, eosinophilic inflammation and mucus hy-
persecretion. IgE receptor can be used to construct CARs with ScFvs to
treat allergic asthma. CARs incorporated with FceRIa bind to mlIgE.
Therefore, designed CAR-T cells targeting FceRI-expressing mast cells,
basophils and eosinophils can be used to treat allergic diseases.
Furthermore, reducing sCD23 level by CAR-T cell therapy can control
allergic reactions in asthma. UniCAR-T cells have capability of selec-
tively targeting multiple antigens and are activated through binding of
their extracellular domains to soluble antigens. The BBIR containing
dimeric avidin binds to a variety of biotinylated Ag-specific molecules,
which can be used in CARs structure. With this approach, uniCAR-T
cells can be designed to targeting the IL-4, IL-5, IL-13, and IL-35 in a cell
simultaneously.
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