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Abstract

Chimeric antigen receptor (CAR) T-cells are autologous T-cells genetically engineered to express an antigen receptor that can
recognise and kill cells expressing that target antigen. Originally developed for refractory or relapsed B-cell and plasma cell
malignancies, CAR T-cell therapy is now being explored as a promising treatment for B-cell-mediated autoimmune diseases.
CAR-T cells produce ‘deep’ B-cell depletion and cause ‘resetting’ of the immune system, thereby achieving long-lasting
remissions and potentially even ‘cure’, addressing some major limitations of current immunosuppressive and biological
therapies. This narrative review discusses the current status of CAR T-cell therapy, along with its potential future applications,
for dermatological disorders.
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Introduction

The therapeutic landscape of autoimmune connective tissue
and immunobullous disorders has seen a gradual shift, from
broad-based conventional immunosuppressive drugs to more
targeted monoclonal antibodies. While the newer treatments
have revolutionised treatment, certain challenges persist,
such as incomplete responses, short-term remissions and
frequent relapses.!?

Chimeric antigen receptor (CAR) T-cell therapy is
an emerging form of immunotherapy that has shown
promising results in hematological malignancies such as
B-cell lymphomas and multiple myeloma. CAR T-cells are
genetically engineered T-cells that express a chimeric antigen
receptor (CAR) which recognises antigens on tumour cells
and destroy them.! Recently, there has been growing interest
in using CAR T-cells for the treatment of B-cell-mediated
autoimmune diseases, including dermatological disorders.
For this narrative review, we searched the PubMed database
for pre-clinical and clinical studies on CAR T-cells, CAAR

(chimeric auto-antibody receptor) T-cells and CAR natural
killer (NK)-cells with a focus on dermatological and
rheumatological diseases, covering all articles published up
to October 2025.

History and evolution of CAR T-cell treatment

CAR T-cells were first developed in 1989 by immunologists
Eshhar and colleagues in Israel.> A major advance occurred
between 1998 and 2002 with the development of second-
generation CAR T-cells incorporating co-stimulatory domains,
which significantly enhanced T-cell activation, persistence,
and efficacy. The second-generation prototype became the
foundation for subsequent generations of CAR T-cells.*

In 2017, a CD19-targeted CAR T-cell product (Tisagenlecleucel)
became the first to receive U.S. Food and Drug Administration
(FDA) approval for the treatment of refractory diffuse large
B-cell lymphoma. Since then, multiple CAR T-cell products
have been approved for the treatment of relapsed/refractory
B-cell malignancies and multiple myeloma [Table 1], while
clinical trials are underway for solid organ malignancies.*®
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Table 1: Summarises the FDA-approved CAR T-cell molecules

Generic name Brand name Target antigen FDA-approved indication Year of approval

Tisagenlecleucel Kymriah CD19 B-cell acute lymphoblastic leukemia (ALL), B-cell non- 2017
Hodgkin lymphoma (NHL)

Axicabtagene ciloleucel Yescarta CDI19 B-cell NHL, including mantle cell lymphoma (MCL) and 2017
follicular lymphoma (FL)

Brexucabtagene autoleucel Tecartus CD19 Relapsed/refractory B-cell precursor ALL, MCL 2020

Lisocabtagene maraleucel Breyanzi CD19 Rapsed/refractory B-cell NHL, including MCL and FL 2021

Idecabtagene vicleucel Abecma BCMA Multiple myeloma 2021

Ciltacabtagene autoleucel Carvykti BCMA Multiple myeloma 2022

Obecabtagene autoleucel Aucatzyl CDI19 Relapsed/refractory B-cell precursor ALL 2024

Eladocagene exuparvovec-tneq Keblidi CD19 Relapsed/refractory ALL 2025

CD: Cluster of differentiation, BCMA: B-cell maturation antigen, FDA: Food and drug administration

CAR T-cell therapy is now being repurposed to treat
autoimmune diseases, with initial proof-of-concept
demonstrated in a lupus mouse model in 2019 and
subsequently in a patient with refractory systemic lupus
erythematosus (SLE) in 2021. Since then, there have been
reports of its use in other connective tissue diseases as well,
including anti-synthetase syndrome and systemic sclerosis.’

Recently, a CDI19-targeting CAR T-cell product has been
developed in India. NexCAR19 (actalycabtagene autoleucel),
the first-of-its-kind, made-in-India product, was developed
by ImmunoACT, an Indian Institute of Technology (IIT)
Bombay-incubated company, in collaboration with
Tata Memorial Hospital. Costing substantially less than
comparable therapies in the United States (330—40 lakh
versus 33—4 crore), it received regulatory approval for use in
non-Hodgkin lymphoma and acute lymphoblastic leukemia
by the Central drugs standard control organization (CDSCO)
in October 2023. NexCARI19 has been successfully
administered to more than 200 patients with B-cell acute
lymphoblastic leukemia and B-cell non-Hodgkin lymphoma
across more than 30 hospitals spanning over 10 cities in
India.®’

Advantages of CAR T-cell treatment over existing
B-cell depleting therapies

Targeted treatments have minimised our dependence
on systemic corticosteroids and other conventional
immunosuppressives, while achieving better outcomes in
terms of both safety and efficacy. However, durable remission
remains challenging in several antibody-mediated diseases.
Take the example of rituximab — a prototype B-cell depleting
anti-CD20 monoclonal antibody that is now recommended
as a first-line treatment for moderate-to-severe pemphigus.®
Complete remission rates in pemphigus with rituximab,
though quite high, are still about 80%. Further, remissions are
not sustained and relapses are frequent.’ Rituximab targets
only circulating B-cells, while memory B-cells (residing in
the reticuloendothelial system) and autoantibody-secreting
plasma cells (which do not express the CD20 antigen) are
spared. This may explain the incomplete response and
frequent relapses in patients treated with rituximab.!® CAR

T-cell treatment has the potential to address the limitations
of the current existing treatments for B-cell mediated
autoimmune diseases, including immunobullous disorders.

CAR T-cells express a chimeric antigen receptor (CAR) on
their surface comprising an extracellular antigen-recognition
domain and an intracellular signalling domain, connected
by a hinge and transmembrane region [Figure 1]. This dual
characteristic, the antigen-binding property of an antibody
and the intracellular signalling machinery of a T-cell, gives
the ‘chimeric’ receptor its name. The CAR ectodomain is
composed of an antigen-specific murine single-chain variable
fragment (scFv) that binds to the antigen (for example, CD19
expressed by B-cells) directly without requiring major
histocompatibility complex (MHC) processing or restriction,
unlike T-cell receptor therapy. This initiates downstream
signal transduction, causing cascade of CAR T-cell
activation, transcription factor expression, cell proliferation
and survival and cytokine release. CAR T-cells kill the target
cells (B-cells in this example) primarily through the release
of cytotoxic granules containing perforin and granzymes and/
or by inducing apoptosis via the Fas-FasL pathway and/or
secrete cytotoxic cytokines [Figure 2].'12

Because of the natural tissue-homing and infiltrative capacity
of T-cells (unlike high-molecular weight monoclonal
antibodies), CAR T-cells are able to target hard-to-reach
resident memory B-cells. CAR T-cells can survive and
proliferate in tissues, performing continued surveillance and
targeting of circulating and tissue memory B-cells, thereby
providing a ‘deep’ B-cell depletion.'?

Refinements in CAR design to enhance T-cell killing
First-generation CARs contained only the CD3{ or Fcy
(costimulatory domain), requiring exogenous IL-2, thereby
had limited expansion, stability and antitumor activity.
Second- and third-generation CARs incorporated one or
more co-stimulatory domains (CD28, 4-1BB, ICOS, 0X40),
enhancing survival, proliferation, cytotoxicity and memory
while reducing exhaustion."'* TRUCKs (T-cells Redirected
for universal cytokine killing) are fourth-generation CARs,
engineered to secrete cytotoxic cytokines at tumour sites,
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Figure 1: (a) Normal T cell activation is dependent on T-cell receptor (TCR) recognizing tumour antigen through major histocompatibility
complex (MHC)-I processing, (b) Chimeric antigen receptor (CAR) recognises tumour antigen (bypassing MHC-I processing) and activates the

CAR-T cell.
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Figure 2: CAR T-cell recognises autoreactive B cell and targets CD 19
results in target cell killing by FAS-FAS ligand pathway, perforin/granzyme
pathway and release of cytotoxic cytokines. (TCR: T cell receptor, CAR:
Chimeric antigen receptor, FAS: FS 7 associated surface antigen, FASL:
FAS ligand, IL: Interleukin, TNF: Tumour necrosis factor, IFN: Interferon,
CD: Cluster of differentiation)

enhancing direct killing (such as IL-12) and immune
recruitment.'*!5

Bivalent CARs are single CAR constructs containing two
single-chainvariable fragments (scFvs) thatenable recognition
of two distinct target antigens.Tandem (Tan) CARs are T-cells
expressing multiple CARs via co-transduction for synergistic
targeting and reduced antigen-loss relapse.! “Smart” CAR
T-cells incorporate safety switches, dual-antigen targeting or
synthetic regulatory circuits (such as inducible caspase-9 or
synNotch receptors) to improve potency, safety and sustained
tumour control.”® Most of these advanced CAR designs
remain in preclinical or early clinical development.

Preparation of CAR T-cells

CAR T-cells are genetically engineered T-cells harvested
from the patient’s blood. The manufacture of autologous
CAR T-cells involves several sequential steps [Figure 3].

The patient’s T-cells are collected by leukapheresis over
4-6 hours via the technique of elutriation, a process where

centrifugal force is applied to the continuous flow of
anticoagulated blood and cell layers are separated based
on their density. The extracted T-cells are then purified by
a complex process of washing and antibody—bead—based
selection and transported the laboratory either as a fresh
or frozen product.'®’” These T-cells are then genetically
modified using viral vectors (such as gamma retroviral
vectors or lentivirus vectors and the transposon/transposase
system) to express the chimeric antigen receptor [for
example, against CD19 or 20 to target B-cells or against
CD138 or B-cell maturation antigen (BCMA) for plasma
cells]. Viral transduction is followed by the expansion of
these genetically modified CAR T-cells (7 to 12 days). The
CAR T-cells are then cryopreserved, checked for quality
control and release tested for safety, purity and potency (9
to 14 days) and transferred back to the hospital for patient
infusion.'7!8

Before infusing the CAR T-cells, a prior lymphodepleting
chemotherapy  (most commonly  fludarabine and
cyclophosphamide) is administered. Host lymphocyte
depletion creates a suitable environment for the transferred
CAR T-cells to proliferate and preferentially differentiate into
a memory phenotype. Following this phase, B-cells typically
begin to repopulate after approximately 90-100 days, but
without restoration of autoreactive antibody production,
reflecting immune reconstitution. In other words, the immune
system gets ‘reset’ to a more normal self-tolerant form. In
addition to the ‘deep’ B-cell depletion (discussed earlier),
this ‘resetting’ of the immune system forms the basis of
sustained disease remission and potential cure with CAR
T-cell treatment.!'”'®

The cryopreserved CAR T-cells are then infused either
inpatient or outpatient via gravity over approximately
30 minutes after premedication with paracetamol and
antihistamines. Systemic steroids including hydrocortisone
are generally avoided due to concerns about lymphotoxicity
and arrested expansion.'”® The infusion is generally safe,
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while the ensuing toxicity of the treatment varies by the type
of product, dose, disease burden and patient characteristics.

Certain factors, such as older age (immunosenescence,
diminished proliferative capacity), pre-collection
thrombocytopenia (poor apheresis yield), prior cancer
treatments (deplete the T-cell pool, induce DNA damage)
and circulating blasts and natural killer cells (contaminate
the apheresis product lowering the yield of functional T
cells) can negatively impact T-cell extraction.'>'® Naive or
early memory T-cells along with minimum peripheral blood
lymphocyte count > 100-200 cells/mL is essential to ensure
successful T-cell collection for CAR T-cell manufacturing.'®

CAR T-Cell treatment in autoimmune skin diseases
CD19-targeted CAR T-cells have been used in B-cell
mediated autoimmune diseases such as systemic lupus
erythematosus (SLE), rheumatoid arthritis (RA), systemic
sclerosis (SSc) and Sjogren’s syndrome in preclinical studies
and early compassionate-use cases with promising results."”
Overall, CAR T-cell based approaches offer a novel targeted
immunotherapy strategy for both systemic as well as organ-
specific autoimmune diseases, aiming to reduce autoreactivity
without causing broad immunosuppression.?’ Table 2
summarizes the current status of CAR-T cell treatment in
dermatological and rheumatological diseases.

Systemic lupus erythematosus (SLE)
CAR T-cell therapy has been tried in patients with refractory
SLE with good response. Mougiakakos et al. first reported

CAR T-cell therapy in dermatology

the use of autologous CAR T-cells in a 20-year-old woman
with SLE refractory to high-dose corticosteroids, rituximab
and belimumab with active lupus nephritis, pericarditis,
endocarditis, pleurisy, rash and arthritis.?! Within 44 days, she
achieved rapid remission, both serologically and clinically
with the urine protein/creatinine ratio decreasing from
>2000 mg/g to <250 mg/g and the SLEDAI-SELENA score
improving from 16 to 0. No adverse events were reported
during a 7-week follow-up and no flare was reported in 2 years
of follow-up.?! A recent systematic review encompassing 145
participants across 16 clinical studies reported the results
of CD19-directed CAR T-cell therapy in refractory SLE.
Autologous CD19 CAR T-cells were used in all except three
studies which used allogeneic CAR T-cells. Patients typically
had severe, multi-organ disease with inadequate response
to high-dose corticosteroids, rituximab and belimumab.
The mean SLEDAI score progressively declined from
13.1 at baseline, to 5.6 at 1 month, 3.6 at 3 months, 2.3 at
6 months and 1.4 at 12 months. Serum biomarkers (anti-
dsDNA, complement levels) also significantly decreased
and normalized by 6-12 months. Cytokine release syndrome
(CRS) occurred in 81 (55.9%) patients, predominantly
grade 1 (80.2%) with occasional grade 2 (3.7%) and rare
grade 3 events (1.2%). Immune effector cell-associated
neurotoxicity syndrome (ICANS) was observed in 4
participants (2.8%). Hematologic toxicities (grade 3 or 4)
occurred in 40% and hypogammaglobulinemia developed in
25.5% of treated patients. Overall, CD19 CAR T-cell therapy

Table 2: CAR T-cell/CAAR T-cell therapy in dermatological and rheumatological disorders

Disease Type of studies Disease profile CAR-T cell Overall outcome
product
Systemic lupus Systematic review of Severe, refractory CD19 CAR Mean SLEDAI score reduced from 13.1 (baseline) to 5.6
erythematosus 16 clinical studies (145 SLE; multi-organ T-cells (1 month), 3.6 (3 month), 2.3 (6 month), 1.4 (12 months)
patients) involvement Anti-dsDNA and complement levels normalized by 6-12 months.
Systemic Case series Refractory SSc; CD19 CAR Improvement in mRSS, extent of ILD on imaging and forced
sclerosis significant baseline | T-cells vital capacity at 6 months.
organ involvement Reduction in antinuclear antibody titres and anti topoisomerase I
(anti Scl 70) and III, by 3-6 months.
Dermatomyositis | Case reports Refractory CD19 CAR Improvement in skin lesions/ulcers, calcinosis, myositis, ILD
dermatomyositis T-cells within 3-6 months
with predominant Decline in muscle enzymes by 3-6 months and in myositis-
ILD specific and associated antibodies by 6-9 months
Pemphigus Preclinical — in vitro and | - DSG3 CAAR | Eliminated DSG3-specific B cells and improvement in blisters in
vulgaris animal model studies T-cells animal models with minimal toxicity
Phase 1 trial ongoing Suppression of the majority of pemphigus vulgaris hybridoma
outgrowths
Vitiligo Preclinical - in vitro and | - GD3 Statistically significantly more repigmentation than controls
in vivo animal studies CAR-Tregs (untransduced T-regs); significant retention of TRP-1*
melanocytes vs controls untransduced Tregs
Melanoma Preclinical - in vitro and | - MART-1 CAR | Strong antigen-specific killing of TYRP1+ melanoma cells, high
in vivo xenograft mouse T-cells, TYRP1 | cytokine release when stimulated with TYRP1+ cells Significant
model studies CAR T-cells tumour volume reduction vs controls (CD19-CAR, 4H11-CAR,
no T cells); residual tumours remained TYRP1+ (no antigen
escape)

CAR: Chimeric antigen receptor, CAAR: Chimeric autoantibody receptor, NK: Natural killer, SLEDAI: SSc: Systemic sclerosis, Systemic lupus erythematosus disease activity
index, dsDNA: double stranded deoxyribonucleic acid, GD3: Ganglioside D3, Anti-Scl-70: Anti—Scleroderma-70, mRSS: Modified rodnan skin score, FVC: Forced vital capacity,
MDA: Melanoma Differentiation—Associated, ILD: Interstitial lung disease, CD: Cluster of differentiation, DSG3: Desmoglein-3, CCR: C—C Chemokine receptor, TRBC: T-Cell
receptor beta constant regions, TRP: Tyrosinase-related proteins, MART: Melanoma antigen recognized by T cells-1, TYRP: Tyrosinase-related protein.
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showed substantial clinical efficacy with acceptable and
predominantly low-grade toxicity in refractory SLE.?

Systemic sclerosis (SSc)

In SSc, B-cell depletion, such as through CD19 CAR T-cells,
has shown antifibrotic effects in skin and lung models.? There
are preliminary reports of CAR T-cell treatment producing
a significant reduction in the European Scleroderma Trials
and Research Activity (EUSTAR) index and modified
Rodnan skin score (mRSS). At both 4 and 12 months post-
reconstitution, B cells exhibited a naive phenotype, while
CD19+CD27+ memory B cell populations were significantly
depleted.*

A recent case series including six patients with refractory
diffuse cutaneous SSc (inadequate response to at least two
prior immunosuppressants) reported substantial clinical
improvement with the American College of Rheumatology
Composite Response Index in Systemic Sclerosis (ACR-
CRISS) increasing from 0 to 1, corresponding to a median
improvement of 100% at 6 months. Median mRSS decreased
by 31% (interquartile range 29-38), corresponding to a median
of 8 (IQR 7-13) point reduction within 100 days. The extent
of interstitial lung disease on computed tomography scan
decreased by a median of 4% (IQR 3-4) due to a reduction of
ground-glass opacities while the reticular pattern remained
stable. Forced vital capacity improved by a median of 195
mL (IQR 18-275) at the end of 6 months. Three patients
experienced grade 1 and two patients grade 2 CRS, while one
patient developed influenza with bacterial superinfection.”

Dermatomyositis

Pecher et al*® reported a case of dermatomyositis refractory
to corticosteroids, methotrexate, azathioprine, baricitinib
and rituximab who achieved marked clinical improvement
with CAR T-cell treatment. Within 3 months, the patient

CAR T-cell therapy in dermatology

demonstrated significant recovery in muscle strength and
complete resolution of myositis on magnetic resonance
imaging (MRI). Pulmonary function improved substantially
(DLCO increasing from 70% to 110%), accompanied by a
pronounced decline in serum muscle enzymes (creatine
kinase from 5000 U/L to 150 U/L; lactate dehydrogenase
from 800 U/L to 250 U/L). CD8+ T-cell subsets and
inflammatory cytokines also normalized.?® Subsequently, few
more reports have demonstrated similar beneficial response
with improvement in skin ulceration, myositis (MRI, muscle
enzymes and physician global assessment), calcinosis, renal
involvement and interstitial lung disease within 3 to 6 months
of CAR T-cell infusion.””*

In September 2024, the U.S. FDA granted ‘Rare Pediatric
Disease Designation” to Descartes-08, an autologous
mRNA-engineered CAR T-cell therapy targeting B-cell
maturation antigen (BCMA), for the treatment of juvenile
dermatomyositis. Unlike conventional CAR T-cell products
(thatuse viral vectors), Descartes-08 employs non-integrating
mRNA technology, thus conferring a lower risk of insertional
mutagenesis and without the need for preconditioning
chemotherapy.?

Pemphigus vulgaris

Instead of CAR T-cells, CAAR (chimeric auto-antibody
receptor) T-cells are being tested in the treatment of pemphigus.
CAAR T-cells are engineered to display desmoglein (DSG)-
3, a target for the auto-reactive B-cells in pemphigus vulgaris.
This strategy offers the advantage of depleting only the
pathogenic autoreactive B cells (which constitute <1% of the
total B cell population) as they bind to the CAAR T-cells and
are killed, while the other non-pathogenic B-cells are spared.
Such a precise antigen-specific targeting minimises off-target
depletion and preserves normal immune function, unlike

Leukapheresis
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Figure 3: Steps in preparation of autologous CAR T-cells.
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conventional B-cell depleting treatments such as rituximab
and standard CAR T-cell therapy.

Ellebrecht et al. enginecered CAAR T-cells where the CAAR
was made of a DSG3 recognition domain fused to CD137-
CD3( signalling domain.*® In a preclinical study, these DSG3-
CAAR T- cells displayed specific cytotoxicity in vitro and
eliminated DSG3-specific B cells and led to improvement in
blisters in animal models with minimal toxicity and avoiding
the need for immunosuppressants. Further, the DSG3-CAAR
T-cells, 3 x 107 and 1 x 107 and to a lesser degree 3 x 10¢,
were able to suppress the majority of pemphigus vulgaris
hybridoma outgrowth when compared with non-transduced T
cells.’! A Phase I open-label clinical study (DesCAARTes™
trial) evaluating DSG3-CAAR T-cells in patients with
refractory mucosal-dominant pemphigus vulgaris is currently
going on.*!

One potential limitation of CAAR T-cell therapy in
pemphigus vulgaris is the presence of additional pathogenic
autoantibodies beyond those targeting DSG3. These auto-
antibodies may act synergistically and thus targeting a single
autoreactive clone may not yield the anticipated clinical
response.

Challenges

Apart from high costs and limited accessibility, potentially
serious side effects like cytokine release syndrome (CRS)
and neurotoxicity or immune effector cell-associated
neurotoxicity syndrome (ICANS) are the major limitations
associated with CAR T-cell treatment. CRS is an
inflammatory syndrome with a constellation of symptoms
that can be mild to fatal. Patient typically present with fever,
rigors, hypotension, tachycardia, hypoxia, capillary leak
and in severe cases cardiac dysfunction, respiratory failure,
renal failure, hepatic failure and disseminated intravascular
coagulation with a median time to onset of 2 days (range: 1-12
days).3? Early CRS can be managed with supportive measures,
while severe CRS requires IL6 blocking agents (tocilizumab
or siltuximab).®® ICANS can occur with or without CRS
and is the second most common adverse event. Clinical
presentation typically involves neuropsychiatric symptoms
such as attention deficits, language impairment, confusion,
disorientation, agitation, aphasia, along with somnolence and
tremors. Severe presentations may involve motor deficits,
seizures, incontinence and signs of elevated intracranial
pressure. Management involves a multidisciplinary approach,
supportive care, corticosteroids and the use of IL6 blocking
agents such as tocilizumab or, siltuximab.?*3

These side-effects are more frequently reported in
hematological malignancies, whereas a considerably
lower toxicity rate has been reported in rheumatologic and
dermatologic disorders. This is probably due to the lesser
antigen burden in dermatological and rheumatological
indications, as the killing of target cells produces a surge
of cytokines leading to serious adverse events such as CRS

CAR T-cell therapy in dermatology

and neurotoxicity. In hematology trials, CRS was reported in
37-93% of patients with it being > grade 3 in 1-22% of patients.
ICANS was observed in 19-64% of patients with a > grade 3
toxicity in 12-32% patients.*® In contrast, a systematic review
of 101 adult patients with rheumatologic diseases found that
most adverse events were limited to grade 1-2 CRS with only
one study reporting grade >3 CRS. Neurotoxicity was rare,
occurring in only 2 patients (1.98%).%

Other reported adverse events include hemophagocytic
lymphohistiocytosis, hypogammaglobulinemia, pneumonitis,
anaphylaxis and tumour lysis syndrome.*® Dermatological side
effects are uncommon; secondary cutaneous malignancies
(such as merkel cell carcinoma after 5 months of CAR T-cell
infusion), cutaneous infections and eruption secondary to
lymphocyte recovery have been reported.*

The road ahead

CAR T-cells beyond B-cell depletion

CAR T-cells can also be potentially used to treat autoimmune
and inflammatory skin diseases that are not primarily B-cell
mediated. It can be used to correct the T-regulatory cell
deficiency in autoimmune skin diseases such as vitiligo.
Melanocytes and surrounding epidermal cells in vitiligo
lesions overexpress ganglioside D3 (GD3), making GD3-
specific CAR regulatory-T cells (CAR T-regs) a promising
therapeutic strategy for vitiligo. Because of the GD3
antigen selectivity, these CAR T-regs preferentially home
to vitiliginous skin, producing local immunosuppression at
the desired sites only. GD3-CAR T-regs have been shown
to result in better repigmentation in mice, as compared to
vehicle and untransduced Tregs.*’ Such a CAR T-reg strategy
may be useful for some other skin diseases as well, such as
alopecia areata, atopic dermatitis, psoriasis and hidradenitis
suppurativa.*!

Interestingly, there have been reports of complete resolution
of chronic plaque psoriasis in patients who received CAR
T-cell therapy for pro-B acute lymphoblastic leukemia.*>#
Though not entirely clear, B-cells may contribute to psoriasis
pathogenesis, either directly or indirectly by modulating
pathogenic T-cell response.

Another potential use of CAR T-cells could be in the
treatment of HIV infection.** CAR T-cells can be used to
kill HIV-infected cells and help reduce the viral reservoir in
infected individuals. Broadly neutralizing antibody (bNAD)-
based third-generation CAR T-cell therapy offers a promising
role in sustained, drug-free viral control in HIV-1 infection.
By achieving long-term persistence in vivo (>44 weeks) and
by targeting gp120-expressing latently infected cells, CAR
T-cells can offer continuous clearance of the reservoir even in
the absence of ongoing antiretroviral therapy. However, viral
escape through resistant variants would remain a challenge.*

Apart from B-cell or plasma cell-associated antigens to treat
hematologic malignancies, CAR T-cells can be engineered
to target other tumour-specific antigens as well. For
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example, CAR T-cells against melanoma-associated antigen
recognized by T-cells (MART-1) antigen and tyrosinase-
related protein-1 (TYRP) antigen can be used in patients with
cutaneous melanomas unresponsive to immune checkpoint
blockade.* Preclinical efficacy and safety data support the
initiation of a phase I clinical trial of TYRP1 CAR T-cell
therapy.?” Both autologous CAR T-cell and allogeneic CAR
NK-cell are being explored in vitro for cutaneous T-cell
lymphomas. They target multiple T-cell surface antigens,
including CD3, CD4, CDS5, CD7, CD30, CCR (Chemokine
Receptor)-4, TRBC (T-Cell Receptor Beta Constant Regions)
1 and TRBC2. CAR-T cells demonstrate potent cytotoxicity
against malignant T-cell populations, but also carry the risk
of inducing profound T-cell aplasia.*®

Allogenic CAR T-cells

Although autologous CAR T-cell therapies are effective,
they have several limitations - restricted patient eligibility,
prolonged manufacturing times (3 to 6 weeks), variable
product quality, need for bridging therapy and risk of severe
toxicities. Allogeneic CAR T-cell products can overcome
these logistical barriers and enable timely treatment initiation
(1 to 3 weeks). In 2024, off-the-shelf allogeneic CD19-
targeted CAR T-cells were used to treat a patient with
relapsing anti-signal recognition particle (SRP)-positive
immune-mediated necrotizing myopathy and two patients
with relapsing diffuse cutaneous systemic sclerosis.®
Cemacabtagene ansegedleucel (cema-cel) and its predecessor
ALLO-501 are gene-edited allogeneic CD19 CAR T-cell
products obtained from healthy donors. These are designed
to reduce the risk of graft-versus-host disease (GVHD) by
CD52 knockout to allow selective host lymphodepletion with
the anti-CD52 antibody ALLO-647. ALPHA and ALPHA2
studies demonstrated encouraging safety and feasibility of
cema-cel/ALLO-501 in patients with relapsed/refractory
large B-cell lymphoma with low-grade CRS without GVHD
or ICANS.”

CAR natural killer (NK)-cell therapy

CAR natural killer (NK)-cell therapy is an emerging
immunotherapeutic platform that offers several advantages
over the existing CAR T-cell approaches, such as a more
favourable safety profile, preserved intrinsic cytotoxicity
and feasibility for allogeneic off-the-shelf use as NK cell do
not express TCRs reducing the risk of GVHD. Early phase |
trials are currently evaluating CAR NK-cells in autoimmune
diseases such as SLE, anti synthetase antibody syndrome
and rheumatoid arthritis. Owing to their germline-encoded
activating and inhibitory receptors, NK-cells can mediate rapid
cytotoxic responses without prior sensitization and secrete
lower levels of pro-inflammatory cytokines, supporting their
suitability for universal donor—derived products. Multiple
manufacturing platforms are under clinical development,
including peripheral blood—derived NK-cells (e.g., Nkarta),
umbilical cord blood NK-cells (Artiva, Takeda), induced
pluripotent stem cell-derived NK-cells (Fate Therapeutics)
and NK-92 cell line-based engineered products.’!

CAR T-cell therapy in dermatology

Conclusion

CAR T-cells offer a novel way of B-cell depletion, addressing
some of the limitations of the existing treatments. Following
successful results in refractory and relapsing B-cell and plasma
cell malignancies, use of CAR T-cell therapy is now being
explored in the treatment of B-cell mediated autoimmune
diseases such as connective tissue diseases and immunobullous
disorders. Innovative strategies such as CAAR T-cells, CAR
T-regs and CAR NK-cells may allow more precise treatment,
even of non-B cell mediated inflammatory disorders in future.
High cost, long preparation time and systemic toxicities
remain major challenges and overcoming them will be the key
to enabling wider clinical use.
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