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Abstract

Systemic Lupus Erythematosus (SLE) poses significant challenges due to its 
life-threatening nature and the prevalence of lupus nephritis, which causes 
serious kidney damage. Traditional therapies, such as immunosuppressive 
medications and blocking antibodies, have had limited success, necessitating 
the development of novel therapeutic strategies. Chimeric Antigen Receptor 
T-cell therapy (CAR-T) targets autoreactive B cells and reduces disease
activity, and offers promising results for improving disease outcomes,
improving survival, and decreasing morbidity and mortality. In this review
article, we aim to highlight the potential of CAR-T cell therapy in treating
the autoimmune processes that underlie SLE and lupus nephritis.
This review article investigates and assesses the indings, usage in treating
diseases and predicting its future consequences. We examine current studies
and clinical trials that demonstrate the efficacy of CAR-T cell therapy in
refractory instances of SLE, emphasizing its potential as a game-changing
treatment option.
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Introduction
SLE (Systemic Lupus Erythematosus) is a severe autoimmune
disease which mostly affects young women. It is characterized
by adaptive immunological activation and elevated DsDNA
antibody levels [1-3]. SLE has a wide range of symptoms and
problems, the most common and serious of which is lupus
nephritis. Lupus nephritis is identified in 15-30% of SLE
patients at the time of diagnosis, and 30-50% develop as the
disease progresses. Lupus nephritis symptoms vary, but may
include fatigue, hypertension, edema, proteinuria, and
abnormal kidney function tests. Nephritis is characterized by
severe kidney damage in SLE patients, which can result in
severe morbidity and mortality owing to renal failure [1,2].
Renal biopsy is typically used to confirm the diagnosis,

determine the therapy mode, and assess treatment efficacy 
[1,2].

Lupus nephritis has a Standard Mortality Rate (SMR) of 4.689 
which is significantly worse than cardiovascular events (SMR 
of 2.253) and infectious etiologies and complications (SMR of 
4.980) [4]. Medical treatment options include corticosteroids, 
ACE inhibitors, ARBs, diuretics, immunosuppressant, beta 
blockers, and calcium channel blockers. The immunosuppressive 
drugs and blocking antibodies are the backbone for treating 
autoimmune diseases but they are usually not curative. Hence, 
there is a need for new treatment modalities to address this 
widespread health concern that is causing increased mortality 
and morbidity [4].
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CAR-T cell therapy (also known as adoptive cell transfer)
involves collecting T cells from patients and reengineering
them in the laboratory to develop proteins on their surface
that detect autoreactive cells, which are known as chimeric
antigen receptors. They are allowed to expand in vivo before
being injected back into the patient’s blood to increase
therapy efficacy. Each type of CAR-T cell treatment is
designed to target a certain type of antigen or surface protein
on an immune cell. CAR-T cell therapy has been approved
by the FDA to treat a variety of blood malignancies,
including leukemia, lymphoma, and multiple myeloma.
CAR-T cell therapy is being utilized as a potential treatment
for SLE, lupus nephritis, myasthenia gravis, and anti-
synthetase syndrome [5,6].

Literature Review
CARs are synthetic modules made up of functional receptors
that typically include components such as an antigen
recognition domain, a T cell co-stimulation domain, and a
CD3 T cell activation domain. The expression of the CAR
receptor on T cells realigns their function through a
combination of tumor selectivity and a powerful cytotoxic
immune response. According to earlier clinical trials, CART
showed an excellent response in 90% of single-center trials
and 70-80% of multicenter trials in patients suffering from
acute lymphoblastic leukemia. CRS is a serious complication
defined by a wide range of reactions caused by the immune
system's rapid activation. Symptoms may appear
immediately or later because of the immune system's rapid
activation which can result from target-based antigen-driven
T cells [7].

Discussion

Pathogenesis

The etiology of lupus nephritis centers around the aberrant
activation of autoreactive B cells; as a result, several studies
of B cell depletion by antibodies have been conducted,
although their therapeutic success is limited [8,9]. It could be
attributed to the continued accessibility and persistence of
autoreactive B cells in lymphatic organs and inflammatory
tissues, though some resources suggest that the additional
role of CD20 negative plasma cells, which are an additional
source of autoantibodies in lupus patients, could be another
source of unresolved disease treatment [3,6,8-10].

To address these additional autoantibodies, new treatment
modalities have been devised, including the use of
genetically engineered chimeric antigen receptor modified T
cells that recognize CD19 cells and other B cell surface
antigens responsible for this autoimmune disease, which has
recently emerged as a significant treatment tool for treating
relapsed or refractory B cell cancers and lymphomas, and is
being employed and contemplated to be used in treating
patients [3,6,11].

Efficacy of CAR-T cell therapy

Several trials are being conducted, including one involving a 
20-year-old woman who had a severe refractory case of SLE
and presented with a class 3A level of active lupus nephritis,
reflecting focal proliferative disease with active lesions on
renal biopsy, as well as the signs and symptoms of
pericarditis, pleuritis, rash, arthritis, and lib-man sacks
endocarditis. She had previously been treated with
hydroxychloroquine, high-dose glucocorticoids, tacrolimus,
and specialized medicines that target B cells such as
belimumab and rituximab, which did not provide her with
relief or reduce the number of autoreactive B cells. Then trial
of CAR-T cell therapy infusion was begun after refraining
from all other treatment modalities and only using minimal
doses [3,6]. CD19 CAR-T cells were generated by lentiviral
transduction of autologous leukapheresis. They were treated
with fludarabine and cyclophosphamide to reduce their
lymphocytes. In vivo, the number of CAR-T cells expanded
rapidly in the next days, and the patient’s symptoms
alleviated without any noticeable adverse effects associated
with CART cell therapy, such as cytokine release syndrome,
neurotoxic consequences, or persistent cytopenia [3,6]. With
expanded CART cell therapy, circulating B cells reduced
considerably from 5000 U per ml to 4 U per ml over a 5-
week period, and low C3 and C4 levels returned to normal.
The patient experienced significant clinical improvement in
terms of proteinuria, and her SELENA (Safety of Estrogens
in Lupus National Assessment) score dropped from 16 at
baseline to 0 at follow-up. It has been established that the
drop in DsDNA is due to CD19-expressing plasmablasts
being the primary source of these autoantibodies [3,6].

Capperll et al., reported the use of the CAR-T cell therapy in 
four women and one man who were in their middle age when 
diagnosed with refractory SLE and unresponsive to 
immunosuppressants and other therapeutic options [1,2]. 
CART cell therapy was an effective therapy in this group of 
patients, resulting in considerable improvements and 
normalization of laboratory indicators, as well as a noticeable 
decrease in DsDNA antibodies. These individuals responded 
effectively to CART cell treatment and demonstrated complete 
SLE remission according to the DORIS criteria [1,2,12].

This important data demonstrates that CD19 cell transfer 
therapy can be a successful therapeutic adjustment for SLE 
patients. The FDA has approved two CD19 CART cell 
preparations for treating SLE and its associated complications 
with medications called tisagenlecleucel and axicabtagene 
ciloleucel and some ongoing trials for new patients are still 
pending [1-3,6,7,12].

Cappell, et al. [1] Chou, et al. [12] reported another case 
series that involved the evaluation of 15 patients, among 
which 8 had severe SLE, 3 had myositis, and 4 had systemic 
sclerosis. Following a single infusion of CD19 CAR-T cells, 
all of the SLE patients showed DORIS [1,2,12] remission 
after approximately 145 months on follow-up, and all of the 
myositis patients showed ACR-EULAR major clinical
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response. In a similar pattern, the patients with systemic
sclerosis showed a decline in their EUSTAR activity index
score [2,3,6,9].

It all hinges on the T cell's interaction with a target antigen,
followed by proliferation and a functional response. Other
probable factors include the type of disease, the nature and
design of lymphodepletion, and perhaps the CART design.
Four out of seven patients with ALL, including children and
young adults, received CART targeting CD22 T cells.
Similarly, CRS was seen in patients with multiple myeloma
that targeted the CD19 or B cell antigen. IL6 is the primary
mediator of CRS, however IFN gamma, GM-CSF, IL5, and
IL8, IL10 may also play an important role [13,14].

So, if we successfully block the IL6 receptor, we can reduce
the occurrence and severity of CRS. This was implied in a
clinical experiment aimed at inhibiting the IL6 receptor in an
ALL patient who regrettably developed CRS [13].
Tocilizumab is an IL6 receptor antagonist [7,13,14].

Side effects of CAR-T cell therapy

While CAR-T cell therapy presents significant benefits, it is
important to acknowledge potential side effects including
Cytokine Release Syndrome (CRS) and neurotoxicity. The
most prevalent complication linked with CAR-T cell therapy
is CRS which also includes cytopenias and
hypogammaglobulinemia. Most patients experience minor
CRS, which manifests as a flu-like sickness with fever and
myalgias. However, in rare cases, it can produce a severe

reaction that includes vascular leak, hypotension, pulmonary 
edema, and coagulopathy, as well as multiorgan failure. 
Corticosteroids have been shown to be effective in terminating 
or preventing CRS and other related problems such as graft vs. 
host disease or other inflammatory diseases [9,14].

These adverse effects, influenced by factors like disease 
severity and treatment dosage, can be managed with 
interventions such as immunosuppressants and corticosteroids. 
However, with appropriate precautions and treatment 
strategies in place, the efficacy of CD-19 CAR-T cell therapy 
remains undeniable, as evidenced by clinical trials and data 
[9].

Patients who got blinatumomab, [14] a CD3/CD19 inhibitor, 
experienced a delayed CRS reaction. The method of 
administering blinatumomab is intended to prevent or reduce 
the risk of CRS. A recent study on 189 patients utilizing 
blinatumomab was undertaken, and efforts were taken to 
prevent CRS by administering dexamethasone in prephase, 
particularly in patients with a high tumor burden, and within 
one hour of beginning treatment in each cycle [14]. The ability 
to withdraw or at least regulate the drug before CRS 
occurrence, as well as the use of CTCAE grading and 
therapeutic potency, have all contributed to the low rate of 
CRS occurrence. CRS with CART infusion is dependent on 
the tumor burden. CRS can develop after 1-14 days of CAR-T 
Cell infusion or, in rare cases, beyond 12 days (Table 1)
[7,13,14].

Table 1: Common side effects of CAR-T cell therapy and their treatment.

Side effects Symptoms Treatment

Cytokine release syndrome Fever, myalgias, headache, anorexia, nausea and
vomiting, renal dysfunction, coagulopathy,

hypotension, capillary leak, and pulmonary edema

Acetaminophen, narcotics, total parenteral
nutrition, antiemetics, renal dosing of medication to

dialysis, fresh frozen plasma, cryoprecipitate,
platelets, vasoactives, tocilizumab,

methylprednisone, oxygen support, and intubation.

Graft-versus-host disease Rash, diarrhea, and hyperbilirubinemia Topical triamcinolone and possible systemic
treatments with calcineurin inhibitors or steroids

(only in discussion with CAR-T cell therapy team)

Neurologic symptoms Confusion, B-cell aphasia, unresponsiveness and
seizures

Supportive care (e.g., Reorientation, 
antiepileptics)

Tumor lysis syndrome Hyperuricemia, hyperkalemia hyperphosphatemia,
and hypocalcemia

Allopurinol and hydration

Conclusion
CAR-T cell treatment is a unique and promising method to
treat refractory SLE and lupus nephritis. CAR-T cell therapy
targets autoreactive B cells and modulates underlying
autoimmune processes. It has a potential to improve disease
activity and renal function in SLE patients. However, more
studies are needed to improve treatment procedures, assess
long-term efficacy and safety.
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