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Abstract

Multiple myeloma (MM) has a five-year prevalence worldwide of 230,000 people and is known as the second
most common hematological malignancy within the United States. Extensive research has been conducted
to gain a wide range of treatment strategies, providing hope to these patients. Combination therapy using
chemotherapy, monoclonal antibodies, and immunomodulatory drugs are the current management of
choice. After the introduction of chimeric antigen receptor (CAR) T cell therapy, promising results have been
evidenced. In this therapy, T cells are derived from the patient and modified in-vitro to induce receptors that
later target specific antigens when they are injected into patients. CAR T cells use three mechanisms to kill
tumor cells: cytolytic pathways, cytokine release, and Fas/FasL axis. In this review, we highlight the different
tumor markers targeted for therapy against multiple myeloma (MM). Target antigens for CAR T cell therapy
include B-cell maturation antigen (BCMA), signaling lymphocyte activation molecule F7 (SLAMF7), CD38,
CD138, CD19, immunoglobulin kappa light chain, orphan G protein-coupled receptor class C group 5
member D (GPRC5D). With the benefit of improving survival and prognosis, this therapy does carry a risk of
some adverse events such as cytokine release syndrome, encephalopathy, infections,
hypogammaglobulinemia, and tumor lysis syndrome.
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Introduction And Background

Cancer is one of the major causes of mortality in the world, which has various treatment options attributed
to it. As neoplastic cells exhibit a wide range of heterogeneity and develop resistance, new treatment
strategies continue to evolve in cancer care such as chimeric antigen receptor (CAR) T cell

therapy [1]. Multiple myeloma (MM) accounts for 1% of all neoplasms and 18% of all hematological cancers
in the United States. It is a plasma cell malignancy that is associated with bone marrow clonal proliferation
[2]. MM is the second most common blood cell cancer within the United States, with a five-year worldwide
prevalence estimated at 230,000. It primarily occurs in the geriatric population with a median age of
diagnosis at 66-70 years [3-4]. The diagnostic criterion of MM consists of > 10% cancerous plasma cell
concentration in the bone marrow with end-organ damage. If end-organ damage is not present, the
diagnosis is based on > 60% cancerous plasma cells in the bone marrow or > 2 focal lesions on imaging
studies [2]. The main treatment for MM is chemotherapy with monoclonal antibodies, immune-modulatory
drugs, and proteasome inhibitors. Medical treatment with chemotherapeutic drugs in high doses and stem
cell transplant has given decent outcomes with a median survival of about seven to nine years, with some
exceeding 10 years. Despite these available therapies, MM is considered to be an incurable disease with
expected relapses and recurrences. Fortunately, CAR T cell therapy has emerged as a revolutionary method
in treating recurrent cases of MM [2-3].

Review
CAR T cell therapy

CAR T cell therapy is the T cell modification technique in which the T cells are taken from the patient,
modified in vitro to express the receptors that target the tumor-specific antigen, and then injected back into
the patient. Patients of any human leukocyte antigen (HLA) type can be treated with CAR T cell therapy as
the identification of tumor-specific antigen occurs without the influence of a major histocompatibility
complex (MHC) [5].

More than two decades ago, Gross G et al. first explained the theory of targeting cancer cells with modified T
cells [6]. The first-generation CARs were developed based on this principle. Trials on the efficacy of first-
generation CAR T cell therapy showed effectiveness against murine tumors and in vitro models but did not
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give promising results in human ovarian cancer treatment. First-generation CARs did not have co-
stimulatory molecules, which made the T cells prone to energy after the initial activation, resulting in
failure of persistence in vivo. Continued studies resulted in the second generation of CARs, which had better
potential. The expansion of T cells was done for 56 days ex vivo with added co-stimulation to decrease the
number of poorly differentiated cells and to maintain the proliferative capacity. This eliminated the problem
with first-generation CARs and helped in the maintenance of the required source of effector progeny.
Subsequently, more research has been carried out to improve the CAR T cell delivery system. Modifications
have been made according to the tumor-specific antigen for various hematological malignancies and solid
cancers [7].

Implementation of CAR T cell therapy

The process of generating the CAR T cells begins with collecting the leukocytes from the patient by the
apheresis. Then the cells are cultured to induce proliferation. The T cells are constitutionally altered to
express chimeric antigen receptors using lentiviruses, retroviruses, or transposons. This transduction leads
to the expression of chimeric antigen receptors on the T lymphocytes. CAR-expressing T cells are allowed to
proliferate further. In the meantime, patients are pre-conditioned. Pre-conditioning is the process where the
patient’s leukocytes are depleted using chemotherapy. This preconditioning enhances the CAR T cell activity
and increases the success rate of this treatment. Following the preconditioning step, the transduced T cells
are introduced back into the patient [7-8].

Chimeric antigen receptor constructs

The primary pathology of cancer lies in the failure to restrict tumor growth. The basic target of CAR T cell
therapy is to achieve specific immunity against the tumor. This is achieved by the modification of T cells
with a structure consisting of four important elements: a stimulatory molecule, a transmembrane domain,
co-stimulatory molecules, and a single-chain variable (scFv) fragment.

The scFv fragment, a fusion protein, is made from hybridoma cells. It is important in targeting the tumor
cells and maintaining the effectiveness of CAR T cell therapy. The CAR is anchored to the T cell and fixed in
place in the lipid bilayer of the cell with the help of the transmembrane domain, which also helps reinforce
the bond between the target cell and the CAR T cell. Effective T cell activation is facilitated by stimulatory
and co-stimulatory molecules. The T cell activation involves two steps in signaling. The first is the signal
interaction between the antigen-presenting cell and T cell while the second is the co-stimulatory signal
between the two cells [3]. Figure / explains the significant parts involved in the formation of CAR for
effective functioning [8].
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FIGURE 1: The CAR construct

scFv - single-chain variable fragment [8]

Permission to reproduce/reuse this figure was obtained from Elsevier Science & Technology Journals on June

08, 2021. License number: 1124410-1.

CAR: chimeric antigen receptor

Killing of the tumor cells

Once the CAR T cells are injected into the patient, these cells mediate the killing of the tumor cells mainly
by three mechanisms: cytolytic pathways, cytokine release, and Fas/FasL axis. The cytolytic pathways
include the exocytosis of perforin and granzyme, which leads to lysis of the tumor cells and the expression of
the membrane-bound TNF family ligands that induce apoptosis. The trimerization of the Fas receptor

2021 Padda et al. Cureus 13(6): €15917. DOI 10.7759/cureus.15917

30of8


https://assets.cureus.com/uploads/figure/file/226327/lightbox_75feb740c8e711ebbbf383d3da92d610-CAR-T-cell.png

Cureus

explains the Fas/FasL axis where the Fas ligand causes the activation of caspase 8. Caspase 8 is vital in the
formation of caspase 3, a cell death mediator. While the direct tumor lysis due to T cell-tumor cell
interaction is the primary mechanism of cell death in CAR T cell therapy, cytokine release from the activated
CAR T cells further enhances anti-tumor capabilities. Cytokine release serves as a prominent mechanism of
tumor cell killing mainly in solid tumors [9].

Target antigens and their importance

The goal of the treatment of any malignancy is to eliminate the cancerous tissue while preserving healthy
tissues. The essential action of the chemotherapeutic agents is to eradicate cancer by interfering with the
crucial actions of neoplastic cellular reproduction. Immunotherapeutic modalities of cancer treatment are
highly selective to the tumor cells. Unfortunately, healthy cells of the human body still exhibit the same
antigens that the tumor cells express, leading to some degree of autoimmune toxicity within normal tissues.
The newly accepted CAR T cell therapy provides promising treatment to cure many advanced diseases,
including MM. Previously conducted clinical trials in mice and humans have proven the benefits of CAR T
cell therapy to localize and kill the malignant cells expressing specific, targeted antigens [10].

B-cell maturation antigen (BCMA)

Although MM is recognized to be an advanced hematological disease that is incurable in a variety of
patients, CAR T cell therapy creates a new possibility of treatment for hematological malignancies. BCMA
forms a therapeutic target in MM. It is a cell surface receptor expressed primarily in MM cell lines,
particularly in plasma cells. BCMA intensity of expression is of high variability among patients diagnosed
with MM. This is due to the shedding of BCMA from the plasma cell surface and its cleavage into a soluble
form, making it detectable in circulation. Regarding BCMA’s role in MM, BCMA ligation assists in MM cell
proliferation and survival. Accordingly, the promised proposal of therapies involving BCMA signaling
blockage provides rationality in acclaiming it for target therapy in MM [11]. A previously conducted clinical
trial by Cohen AD et al. concluded that BCMA-specific CAR containing D3C and 4-1BB signaling

domain (CART-BCMA) infusions are clinically active with or without lymphodepleting chemotherapy in
pretreated patients with MM [11]. This study project has reported the potentiality of CAR T cell therapy in
MM. Twelve out of the 25 subjects achieved partial response while three subjects underwent a remission
period of 11 months post-CART-BCMA therapy. Although elevated BCMA levels detected in the circulation
are indicative of MM, the question remains whether there is an ultimate threshold for BCMA expression on
the MM cell line required for the recognition and targeting of malignant cells [11]. CAR T cell therapy forms
a different method of treating MM such as eliminating high levels of malignant plasma cells in the
circulation that are potentially resistant to standard treatment. During the study observation, it is notable
that some of the BCMA therapy candidates might need immunoglobulin replacement [12]. A study
conducted by Ma T et al. demonstrated preclinical studies that have successfully proven the efficacy of
BCMA-CAR T cells in murine xenograft models, in which the mouse had circulating MM cells. The MM cells
were eradicated with the targeted therapy of anti-BCMA CAR T cells. The mouse’s life span was significantly
prolonged after the trial [13]. Subsequently, multiple clinical trials are being conducted to prove the efficient
utilization of anti-BCMA T cell therapy in MM. In progress to that, human clinical trials were conducted to
estimate and prove the successful efficacy of anti-BCMA T cell therapy. In 2016, the first trial of
investigation was done by Carpenter RO et al. for anti-BCMA-CAR second generation with the CD3/CD28
signal domain. The MM patients involved in the clinical trial had a uniform expression of BCMA investigated
by flow cytometry or immunohistochemistry before initiation of the trial. This trial provided proof for the
novel approach to MM therapy, further setting the benchmark for future clinical trials of investigation [13-
14].

SLAMF7 and CD38

SLAMF7, which is also known as CD319/CS1/CRACC, is defined as a natural killer cell receptor that is
involved in immune functions. It is normally expressed on hematologic cells such as plasma cells, B-cells,
activated monocytes, and dendritic cells [8]. SLAMF7 is actively expressed in patients with MM. It plays a
crucial role in the functions of the NK cell. Targeting SLAMF7 has shown benefits in patients with MM
because it functions through many pathways to enhance the growth of multiple myeloma cells. Elotuzumab
is a humanized anti-SLAMF7 antibody that has shown promising results among patients with MM.
Elotuzumab acts by activating antibody-dependent cell-mediated cytotoxicity against MM cells by binding
to the Fc region of antibodies by CD16 [15]. It has shown excellent results when used in combination with
chemotherapy. When SLAMF7 is targeted along with CD38, the results are further enhanced. CD38 is
actively expressed on myeloid, lymphoid, and plasma cells. CD38 has multiple mechanisms in the
development of MM such as apoptotic functions, Fc-dependent immune effector functions, and
immunomodulatory actions. CD38 functions as an ectoenzyme that is involved in NAD and NADP
catabolism. Monoclonal antibodies against CD38 can diminish the myeloid-derived immunosuppressive
cells along with B and T cells causing anti-tumor effects, which can be beneficial for patients with MM [16-
17]. Daratumumab is a monoclonal antibody against CD38. Researchers have proved that it can induce
antibody-dependent cell-mediated cytotoxicity, cell-dependent cytotoxicity, and programmed cell death. It
has been shown to induce programmed cell death by the mechanism of cross-linking [18]. Isatuximab also
acts against CD38. It is a humanized monoclonal antibody that has pro-apoptotic activities against MM cells.
Radiotherapy against CD38 has also shown excellent results in multiple myeloma patients [19]. Therefore,
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the use of these immune-modulatory agents has improved the survival of multiple myeloma patients.

CD138

CD138 (syndecan-1) belongs to the syndecan family, which is required for cell-matrix and cell-cell
interactions. It is a surface marker of malignant plasma cells and normal plasma cells in their early stages of
differentiation. This antigen is expressed on endothelial, epithelial, and vascular smooth muscle cells.
CD138 is associated with carcinogenesis in different stages such as metastasis, tumor invasion,
angiogenesis, and cell proliferation. This allows for CD138 to be a viable target for CAR T cell therapy [20-
21]. CD138 is more expressed in relapsed and refractory multiple myeloma (RRMM) rather than new cases,
making CD138 an important target for anti-MM therapy [22]. A negative effect of CD138 CAR T cell therapy
is the shedding of CD138 from the malignant plasma cell surface, making therapy ineffective. This proves the
significance of treating with a combination of CAR target antigens in the treatment of RRMM [23]. CD138
helps in the adhesion of cells within the bone marrow, along with cell proliferation and survival. As the
CD138 expression decreases, there is an increase in motility of cells leading to the dissemination of
malignant plasma cells into circulation. Here, they are exposed to blood serum factors that aid in restoring
the CD138 expression and assist in forming new foci of the tumor. Anti-CD138 therapy can decrease the
tumor burden but increases the dissemination making it unsuccessful as single therapy [24]. Further
investigation is needed for CD138 use in combination therapy as an effective treatment modality.

CD19

The US Food and Drug Administration (FDA) has approved the treatment of diffuse large cell lymphoma and
acute lymphoid leukemia with CD19 CAR T cell therapy. CD19 expression is usually seen in myeloma stem
cells and is absent in mature plasma cells. Premature cells with CD19 expression are responsible for disease
progression, drug resistance, relapse, and reduced survival in MM [25]. CD19 CAR T cells (CTL0O19) target
both CD19 and stem-cell antigens that are co-expressed in myeloma propagating cells (MPC), resulting in a
favorable outcome [26]. Garfall AL et al. finished a prospective study using CTLO19 after high-dose
melphalan and salvage autologous hematopoietic stem cell transplantation (HSCT) in RRMM. The study was
done with 10 patients who were infused with (1 to 5) x107cells/kg CD19 CAR T cells two weeks after
melphalan and a second autologous HSCT. Six out of ten demonstrated very good partial response, two
achieved partial response, and two did not respond leading to disease progression [27]. Dual antigen-
targeting therapy with anti-CD19/anti-BCMA showed a 100% overall response rate [28].

Immunoglobulin kappa light chain

Either kappa or lambda light chains are found to be expressed in mature B cells and B cell malignancies.
Targeting the kappa light chain with CAR T cells in MM reduces toxicities, such as B-cell aplasia,
hypogammaglobulinemia, and impaired humoral immunity, as seen with CD19 CAR T cell therapy, which is
able to target the whole B cell lineage [29]. A research study conducted in MM patients resulted in a 70%
positive detection rate of monoclonal kappa light chain antigen on the MM cell surface. There was no
monoclonal lambda light chain antigen detected on the surface of MM cells. This signifies the use of kappa
light chain antigen as a target antigen in treating MM [30]. Ramos CA et al. designed a study targeting
kappa-restricted MM cells with kappa light chain CAR (KCAR) T-cells (NCT00881920), which is ongoing in a
phase 1 clinical trial, last updated March 2021. Seven MM patients were infused with KCAR T cells after
receiving cyclophosphamide. Four out of seven reached stable disease lasting from two to 17 months

[31]. Kappa light chain immunoglobulins are secreted into the bloodstream, decreasing their expression over
the MM cells and limiting the action of KCAR T cell therapy [29].

Orphan G-protein-coupled receptor class C group 5 member D
(GPRC5D)

GPRC5D is a potential target for CAR T cell therapy because its expression in MM is associated with a poor
prognosis. GPRC5D is expressed in hair cells, lung tissue, and bone marrow [32]. Its expression is limited in
normal tissues, decreasing the adverse effects of anti-GPRC5D CAR T cell therapy. GPRC5D is a seven-pass
transmembrane protein that does not shed in the serum as other surface antigens do such as BCMA

and kappa light chain [33]. GPRC5D expression is independent of BCMA expression making anti-GPRC5D
CAR T cells an alternative therapy in case of relapse after anti-BCMA therapy [34]. Table / summarizes the
aforementioned target antigens and their role in CAR T cell therapy [8,11,15-17,20-21,25,29,32,34].
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Target
Antigens

BCMA

SLAMF7

CD38

CD138

CD19
Immunoglobulin
kappa light

chain

GPRC5D

Function

Cell surface receptor.

NK cell receptor. Expressed on B-cells, activated monocytes,
and dendritic cells.

Ecto-enzyme expressed on myeloid, lymphoid, and plasma cells.

Surface marker of malignant plasma cells and normal plasma
cells in their early stages of differentiation. Expressed actively in
relapsed and refractory multiple myeloma cases rather than new
cases.

Expressed on myeloma stem cells and absent in mature plasma

stem cells.

Expressed in mature B-cells and B-cell malignancies.

Expressed in multiple myeloma associated with poor prognosis.
Actively expressed on hair cells, lung tissue, and bone marrow.

Response

BCMA ligation assists in multiple myeloma cell proliferation
and survival.

Targeted therapy against SLAMF7 acts by activating
antibody-dependent cell-mediated cytotoxicity against
multiple myeloma cells by binding to the Fc region of
antibodies by CD16.

Involved in apoptotic function, Fc-dependent immune
effector functions, and immunomodulatory actions.

Required for cell-matrix and cell-cell interactions. Helps in
the adhesion of cells with bone marrow along with cell

proliferation and survival.

Responsible for disease progression, drug resistance,
relapse, and reduced survival in multiple myeloma.

Reduces toxicity such as B-cell aplasia,
hypogammaglobulinemia, and impaired humoral immunity.

Used as an alternative therapy in case of relapse after anti-
BCMA therapy.

TABLE 1: Function and response of target antigens in CAR T cell therapy

BCMA: B-cell maturation antigen, SLAMF7: signaling lymphocyte activation molecule F7, GPRC5D: orphan G-protein coupled receptor class C

group member

Toxicity of CAR T cell therapy
Cytokine Release Syndrome (CRS)

The onset of CRS is within two days to two weeks after the infusion of CAR T cell therapy. The
pathophysiology is due to the activation of cytokines and interleukins. The acute phase reactant, C-reactive
protein, is produced by interleukin-6, which is used as a laboratory marker for the onset and severity of CRS
[35]. CRS toxicity can lead to adverse effects in multiple organ systems [36]. The grade of severity is
determined by the combination of clinical symptoms. The management of grade one and two CRS is with
supportive care. The addition of tocilizumab can be considered in case of hypotension or hypoxia which are
not responsive to supportive care. For grade three CRS, corticosteroids can be prescribed in addition to

tocilizumab [36].

Neurologic Toxicities

The onset of CAR T cell-related encephalopathy syndrome occurs within a week after cell infusion. The
pathophysiology is due to endothelial dysfunction, elevated cytokine release, and increased blood-brain

barrier permeability. Symptoms include ataxia, seizures, expressive aphasia, weakness, and disorientation.
The severity of encephalopathy in pediatric patients <12 years of age is graded by the Cornell assessment of
pediatric delirium (CAPD) and immune effector cell-associated encephalopathy (ICE) in >12 years of age
[36]. Neurologic toxicity associated with CAR T cell therapy is reversible with supportive care. If neurological
symptoms overlap with CRS, tocilizumab can be prescribed [37].

On Target/Off-Tumor Recognition

Most CAR T cell therapy targets share features of normal cells like the expression and presentation of
antigens. When CAR T cells start to affect normal cells, it is known as “on-target/off-tumor” toxicity. An
example of this is CD-19 being common in both normal B cells and as CAR T cell targets. Therefore, normal
B cells can also be affected due to the shared expression of antigens causing B-cell aplasia and
hypogammaglobulinemia. Prompt recognition and treatment of on-target/off-tumor toxicity should be
initiated. Management includes monitoring, administering intravenous (IV) immunoglobulins, and
antibiotic prophylaxis to prevent infection [37-39].
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Infections

CAR T cell therapy decreases the patient’s immune system leading to the development of infections. CAR T
cell therapy should not be administered to these patients until the symptoms have fully resolved.
Prophylactic antibiotics, antifungals, and antivirals should be given as per institutional guidelines of CAR T
cell therapy [39].

Tumor Lysis Syndrome

Rapid destruction of cells following CAR T cell therapy results in hyperuricemia, electrolyte disturbances,
and renal injury. Management for increased levels of uric acid includes IV fluids, allopurinol, and rasburicase
[36].

Conclusions

The second most common hematological malignancy is MM, and it constitutes one percent of malignancies
within the United States. MM has been contemplated to be an incurable disease due to its history of
recurrence and relapse. Many therapeutic modalities are available, but due to the development of resistance,
new treatments such as CAR T cell therapy are being investigated for the management of MM. Although CAR
T cell therapy has many adverse effects, including CRS, infections, and tumor lysis syndrome, it has
demonstrated promising results, which can be revolutionary in the treatment of MM. CAR T cell therapy
collects the patient’s leukocytes and modifies them in vitro with the help of an inactivated virus. This
modification allows for chimeric antigen receptors to be produced, which are then infused back into the
patient. Now, CAR T cells can locate the target antigens to eliminate these neoplastic cells. Research has
been conducted on many antigens such as BCMA, SLAMF7, CD38, etc. Further investigation is needed to
identify and manage the long-term complications of CAR T cell therapy, recognize other viable targets,
along with investigating the outcomes of combination/dual-target antigen therapy. Consequently, allowing
for increased success rates with this novel treatment modality.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Miliotou AN, Papadopoulou LC: CAR T-cell therapy: a new era in cancer immunotherapy . Curr Pharm
Biotechnol. 2018, 19:5-18. 10.2174/1389201019666180418095526
2. Feinberg D, Paul B, Kang Y: The promise of chimeric antigen receptor (CAR) T cell therapy in multiple
myeloma. Cell Immunol. 2019, 345:103964. 10.1016/j.cellimm.2019.103964
3. Kazandjian D: Multiple myeloma epidemiology and survival: a unique malignancy . Semin Oncol. 2016,
43:676-81. 10.1053/j.seminoncol.2016.11.004
Siegel RL, Miller KD, Jemal A: Cancer statistics, 2016. CA Cancer J Clin. 2016, 66:7-30. 10.3322/caac.21332
5. Mohanty R, Chowdhury CR, Arega S, Sen P, Ganguly P, Ganguly N: CAR T cell therapy: a new era for cancer
treatment (Review). Oncol Rep. 2019, 42:2183-95. 10.3892/0r.2019.7335
6. Gross G, Waks T, Eshhar Z: Expression of immunoglobulin-T-cell receptor chimeric molecules as functional
receptors with antibody-type specificity. Proc Natl Acad Sci U S A. 1989, 86:10024-8.
10.1073/pnas.86.24.10024
7. Almasbak H, Aarvak T, Vemuri MC: CAR T cell therapy: a game changer in cancer treatment . ] Immunol
Res. 2016, 2016:5474602. 10.1155/2016/5474602
8. Mikkilineni L, Kochenderfer JN: Chimeric antigen receptor T-cell therapies for multiple myeloma. Blood.
2017, 130:2594-602. 10.1182/blood-2017-06-793869
9. Benmebarek MR, Karches CH, Cadilha BL, Lesch S, Endres S, Kobold S: Killing mechanisms of chimeric
antigen receptor (CAR) T cells. Int ] Mol Sci. 2019, 20:1283. 10.3390/ijms20061283
10. Hinrichs CS, Restifo NP: Reassessing target antigens for adoptive T-cell therapy. Nat Biotechnol. 2013,
31:999-1008. 10.1038/nbt.2725
11.  Cohen AD, Garfall AL, Stadtmauer EA, et al.: B cell maturation antigen-specific CAR T cells are clinically
active in multiple myeloma. ] Clin Invest. 2019, 129:2210-21. 10.1172/]CI126397
12.  Ali SA, ShiV, MaricI, et al.: T cells expressing an anti-B-cell maturation antigen chimeric antigen receptor
cause remissions of multiple myeloma. Blood. 2016, 128:1688-700. 10.1182/blood-2016-04-711903
13.  MaT, ShiJ, Liu H: Chimeric antigen receptor T cell targeting B cell maturation antigen immunotherapy is
promising for multiple myeloma. Ann Hematol. 2019, 98:813-22. 10.1007/s00277-018-03592-9
14.  Carpenter RO, Evbuomwan MO, Pittaluga S, et al.: B-cell maturation antigen is a promising target for
adoptive T-cell therapy of multiple myeloma. Clin Cancer Res. 2013, 19:2048-60. 10.1158/1078-0432.CCR~
12-2422

2021 Padda et al. Cureus 13(6): €15917. DOI 10.7759/cureus.15917 70f8


https://dx.doi.org/10.2174/1389201019666180418095526?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2174/1389201019666180418095526?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cellimm.2019.103964?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cellimm.2019.103964?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.seminoncol.2016.11.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.seminoncol.2016.11.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3322/caac.21332?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3322/caac.21332?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3892/or.2019.7335?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3892/or.2019.7335?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1073/pnas.86.24.10024?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1073/pnas.86.24.10024?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2016/5474602?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2016/5474602?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1182/blood-2017-06-793869?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1182/blood-2017-06-793869?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms20061283?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijms20061283?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nbt.2725?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nbt.2725?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1172/JCI126397?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1172/JCI126397?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1182/blood-2016-04-711903?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1182/blood-2016-04-711903?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00277-018-03592-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00277-018-03592-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1158/1078-0432.CCR-12-2422?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1158/1078-0432.CCR-12-2422?utm_medium=email&utm_source=transaction

Cureus

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kumaresan PR, Lai WC, Chuang SS, Bennett M, Mathew PA: CS1, a novel member of the CD2 family, is
homophilic and regulates NK cell function. Mol Immunol. 2002, 39:1-8. 10.1016/s0161-5890(02)00094-9
Krejcik J, Casneuf T, Nijhof IS, et al.: Daratumumab depletes CD38+ immune regulatory cells, promotes T-
cell expansion, and skews T-cell repertoire in multiple myeloma. Blood. 2016, 128:384-94. 10.1182/blood-
2015-12-687749

Zhang L, Tai YT, Ho M, et al.: Regulatory B cell-myeloma cell interaction confers immunosuppression and
promotes their survival in the bone marrow milieu. Blood Cancer J. 2017, 7:e547. 10.1038/bcj.2017.24
Morandi F, Horenstein AL, Costa F, Giuliani N, Pistoia V, Malavasi F: CD38: a target for immunotherapeutic
approaches in multiple myeloma. Front Immunol. 2018, 9:2722. 10.3389/fimmu.2018.02722

Deckert ], Wetzel MC, Bartle LM, et al.: SAR650984, a novel humanized CD38-targeting antibody,
demonstrates potent antitumor activity in models of multiple myeloma and other CD38+ hematologic
malignancies. Clin Cancer Res. 2014, 20:4574-83. 10.1158/1078-0432.CCR-14-0695

Palaiologou M, Delladetsima I, Tiniakos D: CD138 (syndecan-1) expression in health and disease . Histol
Histopathol. 2014, 29:177-89. 10.14670/HH-29.177

Sun C, Mahendravada A, Ballard B, et al.: Safety and efficacy of targeting CD138 with a chimeric antigen
receptor for the treatment of multiple myeloma. Oncotarget. 2019, 10:2369-83. 10.18632/oncotarget.26792
Timmers M, Roex G, Wang Y, et al.: Chimeric antigen receptor-modified T cell therapy in multiple myeloma:
beyond B cell maturation antigen. Front Immunol. 2019, 10:1613. 10.3389/fimmu.2019.01613

Ramani VC, Sanderson RD: Chemotherapy stimulates syndecan-1 shedding: a potentially negative effect of
treatment that may promote tumor relapse. Matrix Biol. 2014, 35:215-22. 10.1016/j.matbio.2013.10.005
Akhmetzyanova I, McCarron MJ, Parekh S, Chesi M, Bergsagel PL, Fooksman DR: Dynamic CD138 surface
expression regulates switch between myeloma growth and dissemination. Leukemia. 2020, 34:245-56.
10.1038/s41375-019-0519-4

Garcia-Guerrero E, Sierro-Martinez B, Pérez-Simén JA: Overcoming chimeric antigen receptor (CAR)
modified T-cell therapy limitations in multiple myeloma. Front Immunol. 2020, 11:1128.
10.3389/fimmu.2020.01128

Lin Q, Zhao J, Song Y, Liu D: Recent updates on CAR T clinical trials for multiple myeloma . Mol Cancer.
2019, 18:154. 10.1186/s12943-019-1092-1

Garfall AL, Maus MV, Hwang WT, et al.: Chimeric antigen receptor T cells against CD19 for multiple
myeloma. N Engl ] Med. 2015, 373:1040-7. 10.1056/NEJMoal504542

Teoh PJ, Chng W]: CAR T-cell therapy in multiple myeloma: more room for improvement . Blood Cancer J.
2021, 11:84. 10.1038/s41408-021-00469-5

Huang H, Wu HW, Hu YX: Current advances in chimeric antigen receptor T-cell therapy for
refractory/relapsed multiple myeloma. | Zhejiang Univ Sci B. 2020, 21:29-41. 10.1651/jzus.B1900351
Hutchinson AT, Jones DR, Raison RL: Preclinical and clinical development of an anti-kappa free light chain
mAD for multiple myeloma. Mol Immunol. 2015, 67:89-94. 10.1016/j.molimm.2015.04.013

Ramos CA, Savoldo B, Torrano V, et al.: Clinical responses with T lymphocytes targeting malignancy-
associated K light chains. ] Clin Invest. 2016, 126:2588-96. 10.1172/]CI86000

Atamaniuk J, Gleiss A, Porpaczy E, et al.: Overexpression of G protein-coupled receptor 5D in the bone
marrow is associated with poor prognosis in patients with multiple myeloma. Eur | Clin Invest. 2012,
42:953-60. 10.1111/j.1365-2362.2012.02679.x

Laurent SA, Hoffmann FS, Kuhn PH, et al.: y-Secretase directly sheds the survival receptor BCMA from
plasma cells. Nat Commun. 2015, 6:7333. 10.1038/ncomms8333

Smith EL, Harrington K, Staehr M, et al.: GPRC5D is a target for the immunotherapy of multiple myeloma
with rationally designed CAR T cells. Sci Transl Med. 2019, 11:eaau7746. 10.1126/scitranslmed.aau7746
Davila ML, Riviere I, Wang X, et al.: Efficacy and toxicity management of 19-28z CAR T cell therapy in B cell
acute lymphoblastic leukemia. Sci Transl Med. 2014, 6:224ra25. 10.1126/scitranslmed.3008226

Anderson K, Latchford T: Associated toxicities: assessment and management related to CAR T-cell therapy .
Clin ] Oncol Nurs. 2019, 23:13-9. 10.1188/19.CJON.S1.13-19

Mahadeo KM, Khazal SJ, Abdel-Azim H, et al.: Management guidelines for paediatric patients receiving
chimeric antigen receptor T cell therapy. Nat Rev Clin Oncol. 2019, 16:45-63. 10.1038/s41571-018-0075-2
Curran KJ, Pegram HJ, Brentjens R]: Chimeric antigen receptors for T cell immunotherapy: current
understanding and future directions. ] Gene Med. 2012, 14:405-15. 10.1002/jgm.2604

Bonifant CL, Jackson HJ, Brentjens R], Curran KJ: Toxicity and management in CAR T-cell therapy . Mol
Ther Oncolytics. 2016, 3:16011. 10.1038/mto.2016.11

2021 Padda et al. Cureus 13(6): €15917. DOI 10.7759/cureus.15917

8of8


https://dx.doi.org/10.1016/s0161-5890(02)00094-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0161-5890(02)00094-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1182/blood-2015-12-687749?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1182/blood-2015-12-687749?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/bcj.2017.24?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/bcj.2017.24?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2018.02722?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2018.02722?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1158/1078-0432.CCR-14-0695?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1158/1078-0432.CCR-14-0695?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14670/HH-29.177?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14670/HH-29.177?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.18632/oncotarget.26792?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.18632/oncotarget.26792?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2019.01613?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2019.01613?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.matbio.2013.10.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.matbio.2013.10.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41375-019-0519-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41375-019-0519-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2020.01128?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fimmu.2020.01128?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12943-019-1092-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12943-019-1092-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa1504542?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa1504542?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41408-021-00469-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41408-021-00469-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1631/jzus.B1900351?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1631/jzus.B1900351?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.molimm.2015.04.013?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.molimm.2015.04.013?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1172/JCI86000?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1172/JCI86000?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2362.2012.02679.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2362.2012.02679.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/ncomms8333?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/ncomms8333?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1126/scitranslmed.aau7746?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1126/scitranslmed.aau7746?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1126/scitranslmed.3008226?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1126/scitranslmed.3008226?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1188/19.CJON.S1.13-19?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1188/19.CJON.S1.13-19?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41571-018-0075-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41571-018-0075-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jgm.2604?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jgm.2604?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/mto.2016.11?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/mto.2016.11?utm_medium=email&utm_source=transaction

	Chimeric Antigen Receptor T Cell Therapy and Its Significance in Multiple Myeloma
	Abstract
	Introduction And Background
	Review
	CAR T cell therapy
	Implementation of CAR T cell therapy
	Chimeric antigen receptor constructs
	FIGURE 1: The CAR construct

	Killing of the tumor cells
	Target antigens and their importance
	B-cell maturation antigen (BCMA)
	SLAMF7 and CD38
	CD138
	CD19
	Immunoglobulin kappa light chain
	Orphan G-protein-coupled receptor class C group 5 member D (GPRC5D)
	TABLE 1: Function and response of target antigens in CAR T cell therapy

	Toxicity of CAR T cell therapy

	Conclusions
	Additional Information
	Disclosures

	References


