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Abstract: Cell therapies have been gaining
prominence in the treatment of refractory
autoimmune diseases, offering alternatives to
conventional immunosuppressants. This stu-
dy analyzed the efficacy and safety of these
approaches, with an emphasis on CAR-T cells,
mesenchymal stem cells (MSCs) and regula-
tory T cells (Tregs). A literature review based
on the PVO strategy was carried out, with se-
arches in the PubMed-MEDLINE database,
considering articles published between 2021
and 2025 and selected according to inclusion
and exclusion criteria. The review indicated
that these therapies can modulate the immu-
ne response, reduce chronic inflammation
and restore immune tolerance, providing sus-
tained remission in diseases such as systemic
lupus erythematosus and rheumatoid arthri-
tis. However, challenges such as cytokine re-
lease syndrome, neurological toxicity and li-
mitations in target selection restrict its wide
clinical application. Advances in genetic en-
gineering, including CRISPR-Cas9 and artifi-
cial intelligence, could improve the safety and
efficacy of these treatments. It is concluded
that, despite the limitations, cell therapies re-
present a promising advance in personalized
medicine, requiring further studies to validate
their viability on a large scale.

Keywords: Cell therapies, autoimmune disea-
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INTRODUCTION

Autoimmune diseases represent a hetero-
geneous group of pathologies characterized
by an inadequate immune response against
the body’s own tissues, leading to progressive
damage and functional impairment. Tradi-
tionally, the management of these conditions
involves the use of immunosuppressants, cor-
ticosteroids and biological therapies, which,
although effective in many cases, have limita-
tions, such as significant adverse effects and
inadequate therapeutic response in refractory
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patients (Guftroy et al., 2024). In this context,
cell therapies have emerged as a promising al-
ternative, offering an innovative approach to
modulate the immune response and promote
sustained remission of severe autoimmune di-
seases (Yang; Liu; Zhao, 2024).

The introduction of CAR-T cell therapy,
originally developed for oncology, revolutio-
nized the treatment of hematological neo-
plasms and sparked interest in its application
in the management of autoimmune diseases.
Recent studies have shown that this approach
can be effective in eliminating pathogenic B
lymphocytes in diseases such as systemic lu-
pus erythematosus and rheumatoid arthritis,
providing significant clinical improvement
(Tian et al., 2024). In addition, the immune
modulation provided by CAR-T cells can res-
tore immune tolerance, reducing the need for
chronic immunosuppressive therapies (Or-
vain et al., 2021).

Despite these advances, the use of cell the-
rapies in the autoimmune context still faces
important challenges. These include the sa-
fety of the approach, especially with regard
to complications related to cytokine release
syndrome and neurological toxicity, as well as
the need to improve the selection of antigenic
targets to optimize specificity and minimize
adverse effects (Wang; Wang, 2023). However,
new strategies are being developed to overco-
me these limitations, such as the use of RNA-
-modified CAR-T cells, which may offer a sa-
fer and more controllable alternative (Konen
et al., 2022).

Recently, studies have explored the appli-
cation of cell therapies in autoimmune neuro-
muscular diseases, such as myasthenia gravis,
showing encouraging results in terms of effi-
cacy and safety (Cingireddy et al., 2024). The
possibility of modulating the immune respon-
se in a targeted manner represents a signifi-
cant advance, allowing for a more personali-
zed approach with less risk of systemic side
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effects. In addition, new research continues
to expand the horizons of these therapies,
including the development of CAR-NK cells
and CAR-Tregs, which could further improve
the safety and efficacy of treatment (Yu et al.,
2024).

Given this panorama, it is essential to un-
derstand the real efficacy and safety of cell
therapies in the management of refractory
autoimmune diseases. This study aims to
analyze the effectiveness of these approaches,
highlighting their benefits, limitations and fu-
ture prospects, in order to contribute to im-
proving the management of these pathologies
and expanding the therapeutic options availa-
ble (Granit et al., 2023).

METHODOLOGY

A literature review developed according to
the criteria of the PVO strategy, which stands
for: population or research problem, varia-
bles and outcome. This strategy was used to
develop the research question “What are the
efficacy and safety of cell therapies in the tre-
atment of patients with autoimmune diseases
refractory to conventional treatments?”. The
searches were carried out using the PubMed
- MEDLINE (Medical Literature Analysis and
Retrieval System Online) databases. The search
terms were used in combination with the Bo-
olean terms “AND”, “OR’, using the following
search strategy: ((Autoimmune Diseases)
OR (“autoimmune disease”’[Title/Abstract]))
AND ((“Cellular Therapies”[Title/Abstract])
OR (“Hematopoietic Stem Cell Transplanta-
tion”’[MeSH]) OR (“CAR-T Cells”[Title/Abs-
tract])) AND ((Efficacy) OR (Safety)). From
this search, 193 articles were found, which
were then submitted to the selection criteria.
The inclusion criteria were: articles in English;
published between 2021 and 2025 and which
addressed the themes proposed for this rese-
arch, review-type studies, observational stu-
dies, experimental studies. The exclusion cri-
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teria were: duplicate articles, articles available
in abstract form, articles that did not directly
address the proposal studied and articles that
did not meet the other inclusion criteria. After
applying the search strategy to the database, a
total of 45 articles were found. After applying
the inclusion and exclusion criteria, 30 arti-
cles were selected from the PubMed database
to make up this study’s collection.

DISCUSSION

MECHANISMS OF ACTION AND
EFFICACY OF CELL THERAPIES IN
AUTOIMMUNE DISEASES

Cell therapies have emerged as an inno-
vative alternative in the treatment of refrac-
tory autoimmune diseases, acting to modula-
te the immune response and reduce chronic
inflammation. For Alsuliman et al. (2024),
CAR-T cells demonstrate high efficacy in the
selective depletion of autoreactive B lympho-
cytes, restoring immunological tolerance and
reducing the production of autoantibodies,
promoting sustained remission in patients
with systemic lupus erythematosus. Similar-
ly, Ohno and Nakamura (2024) highlight the
role of mesenchymal stem cells (MSCs) in su-
ppressing the inflammatory response, redu-
cing the progression of diseases such as multi-
ple sclerosis and rheumatoid arthritis.

Immune modulation can also be achieved
through regulatory T cells (Tregs), which su-
ppress immune hyperactivity and minimize
the progression of severe autoimmune disea-
ses (Callegari; Derfuss; Galli, 2021). In addi-
tion, Loretelli ef al. (2021) highlight the ability
of cell therapies to offer personalized treat-
ment, adapted to the patient’s immune profile.
Among these approaches, modified NK cells
have emerged as a promising alternative, eli-
minating overactive antigen-presenting cells
without compromising overall immunity.
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Mariottini et al. (2023) discuss the sustai-
ned immune remodeling provided by the in-
fusion of CAR-T cells, allowing a reduction in
the need for conventional immunosuppres-
sants. However, Komura (2024) points out
that challenges remain, such as the cytokine
release syndrome, requiring technological ad-
vances to minimize risks, such as the develop-
ment of new generation CAR-T receptors.

Therefore, the mechanisms of action of
cell therapies encompass the elimination of
pathogenic cells and the reprogramming of
the immune response, offering an innovative
treatment for refractory autoimmune diseases
(Mariottini et al., 2023; Komura, 2024). Futu-
re prospects point to the combination of diffe-
rent cellular approaches, improving the safety
and efficacy of these treatments (Loretelli et
al., 2021).

CHALLENGES, LIMITATIONS AND
SAFETY OF CELL THERAPIES

Cell therapies offer innovative potential for
the treatment of autoimmune diseases, but
face significant challenges in terms of safety
and efficacy. According to Jin et al. (2021), the
variability in patients’ immune response and
the risk of cell rejection represent substantial
barriers to the widespread clinical implemen-
tation of these therapies. In addition, modi-
fied cells can trigger unexpected adverse reac-
tions, such as cytokine release syndrome and
immune toxicity.

The phenotypic stability of the cells used in
therapies is also a point of concern. According
to Farge et al. (2021), the ability of therapeu-
tic cells to maintain their immunomodulatory
characteristics over the long term has not yet
been fully established, which may impact the
durability of therapeutic effects. To minimize
these risks, technological advances such as
precise gene editing and the use of predictive
biomarkers are being explored to improve the
safety of these treatments.
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Another critical challenge lies in the immu-
nogenicity of the transplanted cells. Accor-
ding to Zhou et al. (2024), the susceptibility
of cell therapies to individual variations in the
immune system can impact their efficacy and
safety, making it necessary to develop perso-
nalized strategies for each patient. According
to Bailey et al. (2023), even with advanced
strategies to reduce rejection, unwanted acti-
vation of the immune system can compromi-
se the effectiveness of the treatment. The use
of autologous cells, although promising, does
not completely eliminate immunological risks
and can make the process more expensive and
time-consuming.

For Riet and Chmielewski (2022), an alter-
native approach consists of developing regu-
latory CAR-T cells, which have a more stable
profile and less immunogenic potential. Ac-
cording to Li et al. (2024), recent studies have
explored the use of fourth-generation CAR-
-T cells, which incorporate additional safety
mechanisms to minimize adverse events such
as immune toxicity and excessive activation
of the inflammatory system. However, clini-
cal studies are needed to validate their safety
and applicability on a large scale. According
to Zhou et al. (2024), although cell therapies
have a more stable immunogenic profile, the
need for strict monitoring and standardized
protocols to avoid adverse reactions still per-
sists. According to Li et al. (2024), the imple-
mentation of new generations of CAR-T cells
seeks to improve the specificity of therapy,
reducing adverse events without compromi-
sing efficacy. Thus, although cell therapies
represent a revolution in the management of
autoimmune diseases, overcoming these limi-
tations is essential to ensure their clinical via-
bility and widespread acceptance.
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INNOVATIONS AND
TECHNOLOGICAL ADVANCES IN
CELL THERAPIES

Cell therapies have undergone significant
advances in recent years, driven by improve-
ments in cell engineering techniques and the
integration of innovative technologies. Accor-
ding to Genchi et al. (2023), one of the main
recent developments has been the application
of nanotechnology to optimize the delivery
and stability of therapeutic cells. This appro-
ach improves treatment efficacy by ensuring
greater precision in the release of cells into
target tissues, reducing the risk of adverse
effects. In addition, biomimetic systems are
being developed to improve the interaction of
transplanted cells with the patient’s immune
microenvironment.

For Brittain et al. (2024), the incorporation
of gene editing using CRISPR-Cas9 techno-
logy represents a milestone in the evolution
of cell therapies. This tool enables the precise
modification of genes involved in the patho-
genesis of autoimmune diseases, allowing for
the development of modified immune cells
with a greater capacity for immune regulation
and a lower risk of rejection. This approach
has been explored to enhance the functiona-
lity of CAR-T and regulatory T cells , broade-
ning their clinical applications.

According to Bruera et al. (2022), another
important innovation is the use of machine
learning platforms to improve the selection
and personalization of cell therapies. Artifi-
cial intelligence has been used to analyze large
volumes of genomic and immunological data,
allowing the identification of cell profiles that
are more responsive to treatment and the pre-
diction of potential adverse events. These stra-
tegies contribute to making treatments more
effective and safer by reducing variability in
patient responses.
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These advances reinforce the promise of
cell therapies as a revolutionary approach to
refractory autoimmune diseases. For Cheever
et al. (2024), the development of platforms
based on induced pluripotent stem cells (iP-
SCs) allows the creation of personalized and
less immunogenic cell lines, increasing thera-
peutic efficacy without compromising safety.
In addition, Fischbach et al. (2024) highlight
the potential of CAR-T cells adapted for au-
toimmune diseases, demonstrating safety and
positive clinical impact in multiple sclerosis.
The development of new strategies, combi-
ning nanotechnology, gene editing and ma-
chine learning, has the potential to transform
regenerative medicine and provide increa-
singly effective and personalized therapeutic
alternatives. However, additional clinical stu-
dies are needed to validate the safety and fe-
asibility of these approaches on a large scale
(Genchi et al., 2023; Brittain et al., 2024; Brue-
raet al., 2022).

FUTURE PERSPECTIVES AND
CLINICAL APPLICATIONS OF CELL
THERAPIES

Cell therapies continue to evolve, presen-
ting promising advances for the treatment of
refractory autoimmune diseases. According
to Dingfelder et al. (2024), new approaches,
such as genetic modification of immune cells,
are being explored to increase the efficacy
and safety of these therapies. In addition, an
in-depth understanding of the interaction be-
tween immune cells and target tissues enables
more targeted and personalized treatments,
minimizing the risk of adverse reactions.

According to Bailey et al. (2023), one of
the critical challenges for the expansion of cell
therapies is to ensure their accessibility to a
greater number of patients. Advances in the
engineering of induced pluripotent stem cells
(iPSCs) have enabled the creation of immune-
-compatible cell lines, reducing the need for
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immunosuppressants and increasing thera-
peutic efficiency. This technology has the po-
tential to revolutionize regenerative medicine
and significantly expand clinical applications.

For Haghikia, Schett and Mougiakakos
(2024), the improvement of gene editing tech-
niques, such as CRISPR-Cas9, has been one of
the most important factors in optimizing cell
therapies. The combination of these approa-
ches with immunomodulatory therapies has
demonstrated clinical benefits, allowing gre-
ater control over the course of autoimmune
diseases and reducing the chances of relapses.
According to Qin et al. (2020), hematopoie-
tic stem cell transplantation (HSCT) has also
been shown to be effective in restoring immu-
ne tolerance in patients with autoimmune
neuropathies, reinforcing its role as a viable
alternative for severe diseases.

According to Blache et al. (2023), the im-
plementation of these therapies on a large
scale still faces challenges, such as high costs
and complex regulations. However, the con-
tinuous evolution of clinical research and the
standardization of protocols are fundamental
to guaranteeing the safety and efficacy of these
approaches. With advances in biotechnology
and improved therapeutic strategies, cell the-
rapies have the potential to transform the tre-
atment of autoimmune diseases, becoming an
increasingly viable option in clinical practice.

FINAL CONSIDERATIONS

Cell therapies represent a promising
approach to the treatment of refractory au-
toimmune diseases, offering more targeted
and potentially effective alternatives. Approa-
ches such as CAR-T cells, mesenchymal stem
cells and regulatory T cells have demonstrated
the ability to modulate the immune response
and reduce the need for conventional immu-
nosuppressants. However, challenges such as
safety, costs and standardization of protocols
still limit their clinical application. Technolo-
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gical advances, including CRISPR-Cas9 and  Despite their limitations, cell therapies have
artificial intelligence, have been explored to  the potential to transform the management of
optimize these therapies and minimize risks.  autoimmune diseases, providing innovative
Future studies should focus on personalizing  and personalized alternatives for patients un-
treatment and improving long-term efficacy.  responsive to traditional approaches.
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