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3. Cell therapy

Introduction

Cell therapy is a cutting-edge medical treatment that uses live cells as the final drug products
to repair or replace damaged tissues or enhance immune function. It can be divided into
autologous therapy (cells from a patient) or allogeneic therapy (cells from a donor), and utilize
a range of cell types, including stem cells for tissue regeneration, and engineered T cells
expressing specialized T cell receptors (TCRs) or chimeric antigen receptors (CARs), as well
as many other cell types like natural killer (NK) cells and macrophages. Hematopoietic stem
cell transplantation (also called bone marrow transplant) is the most frequently used cell therapy
and 1s used to treat a variety of blood cancers and hematologic conditions. Potential applications
of cell therapies include treating cancers, autoimmune disease, urinary problems, and infectious
disease, rebuilding damaged cartilage in joints, repairing spinal cord injuries, improving a
weakened immune system, and helping patients with neurological disorders. With several
approved therapies, such as Kymriah (CAR T-cell therapy for cancer), Cell Terapy

demonstrated immense potential.

Cell therapy is a medical approach that involves transferring living cells into a patient to
repair, replace, or regenerate diseased/damaged tissues and modulate the immune system. The
core principle involves harvesting cells (autologous or allogeneic), potentially modifying
them ex vivo, and reintroducing them to restore function, with key applications including
stem cell transplants and engineered immune cell therapies (CAR-T).
Principles and Mechanisms
e Replacement & Regeneration: Stem cells (such as hematopoietic stem cells) are
used to replace damaged or dysfunctional cells, particularly in tissue repair or blood
disorders.

e Immune System Modulation (Immunotherapy): Immune cells, such as T-cells or
Natural Killer (NK) cells, are engineered to better recognize and destroy disease-

causing cells, such as in cancer treatment.

e Cellular Engineering: Cells are often modified outside the body (ex vivo) to enhance

their therapeutic properties before being reintroduced.
o Types of Transfer:

o Autologous: Cells are derived from the patient's own body.



o Allogeneic: Cells are derived from a healthy donor.

Key Applications

e Cancer Treatment: CAR T-cell therapy is a major example, where a patient's T-cells

are modified to target cancer.

o Regenerative Medicine: Stem cell transplants (e.g., bone marrow transplants) are

used for blood disorders.

e Neurological & Immune Disorders: Investigations are ongoing for treating

conditions like multiple sclerosis, diabetes, and injuries.

Common Cell Types Used

e Stem Cells: Hematopoietic, mesenchymal, or induced pluripotent stem cells.

e Immune Cells: T-cells, Natural Killer (NK) cells, and macrophages.
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Fig. 1 The different types of cell therapy



Mechanisms of action

Cell therapy is targeted at many clinical indications in multiple organs and by several modes of
cell delivery. However, there are two main principles by which cells facilitate therapeutic

action:

o Stem, progenitor, or mature cell engraftment, differentiation, and long-term replacement
of damaged tissue. Multipotent or unipotent cells differentiate into a specific cell type
in the lab or after reaching the site of injury, then integrate into the site of injury,
replacing damaged tissue, and thus facilitate improved function of the organ or tissue.
An example of this is the use of cells to replace cardiomyocytes after myocardial
infarction, to facilitate angiogenesis in ischemic limb disease, or the production of

cartilage matrix in intervertebral disc degeneration.

o Cells that have the capacity to release soluble factors such as cytokines, chemokines,
and growth factors which act in a paracrine or endocrine manner. These factors facilitate
self-healing of the organ or region by inducing local (stem) cells or attracting cells to

migrate towards the transplantation site.

Stem cell therapy

Stem cell therapy, also known as regenerative medicine. Stem cells can be manipulated to
become specific types of cells, and to repair damaged or diseased tissue. Stem cells used or
targeted by cell therapy can be grouped into three categories: pluripotent stem cells (PSCs),
adult stem cells (ASCs), and cancer stem cells (CSCs).
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Fig.2 Diseases and conditions where stem cell treatment is promising or emerging

o PSCs give rise to all cell types except extraembryonic placental cells. Currently, the
clinical use of PSCs is limited to investigational regenerative medicine, with the
rationale of cell differentiation/tissue repair in different diseases, including macular

degeneration and heart failure.

e The use of ASCs is mainly observed with hematopoietic stem cells (HSCs), skeletal
muscle stem cells, or mesenchymal stem cells (MSCs). In cancer, HSCs have long been
the standard treatment for hematological malignancies. In addition, HSCs have further
been investigated in solid cancers as progenitors of immune cells. skeletal muscle stem
cells can be used for rebuilding damaged cartilage in joints. MSCs have also been
investigated in cancer settings due to their anti-tumorigenic properties yet have had only

limited successes.

e Cancer stem cells (CSCs) possess self-renewal, differentiation, metastasis, and
immunosuppressive properties and play an important role in cancer metastasis, relapse,
and resistance to chemotherapy and radiotherapy. Identification criteria of CSCs
generally include surface protein markers (e.g., CD133, CD44, tumor-associated

antigens) and metabolic/functional properties (e.g., high metabolism, slow cell



division). The clinical use of CSCs is seen in cancer settings and involves targeting
CSCs by different signaling pathway-interfering agents that subsequently prevent

cancer growth and relapse.

Adoptive cell therapy

Adoptive cell therapy (ACT), also known as cellular immunotherapy. ACT involves the
intravenous transfer of modified peripheral or tumor-resident immune cells into patients to
mount an immunologic reaction against tumors. Modified immune cells used in ACT include
tumor-infiltrating lymphocytes (TILs), tumor-specific T-cell receptor (TCR)-modified T cells,

and chimeric antigen receptor (CAR)-T cells.
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Fig. 3 Types of adoptive cell therapy.



e Tumor-Infiltrating Lymphocyte (TIL) Therapy
This approach harvests naturally occurring T cells that have already infiltrated
patients' tumors, and then activates and expands them. Then, large numbers of these
activated T cells are re-infused into patients, where they can then seek out and destroy

tumors.

o Engineered T Cell Receptor (TCR) Therapy
T cells isolated from peripheral blood by leukapheresis can be genetically engineered
in vitro to express modified TCRs that can be directed against specific tumor antigens,
such as melanoma differentiation antigens and cancer/testis antigens; however, the
downside of this TCR gene therapy remains its evasion by tumor cells, which can

downregulate their major histocompatibility complex (MHC) expression.

e Chimeric Antigen Receptor (CAR) T Cell Therapy
CAR-T cells employ synthetic antibody-based CARs, which can be of a
proteinaceous, carbohydrate, or glycolipid nature. The transfer of CARs to T cells can
be performed by various techniques, including retroviral infection. The genetic
construct of CARs encodes the single-chain variable fragment (scFv) of a monoclonal
antibody (serves as the extracellular antigen recognitions domain), a CD3( chain
(serves as the intracellular signaling domain of TCR), and a co-receptor, such as
CD28, for co-stimulation. Upon tumor antigen binding by the scFv domain, CD3( is
phosphorylated, resulting in downstream signaling that is further amplified by co-
receptor signals and that culminates in induction of cytotoxic activity. CAR-T cells are
functionally similar to TCR gene therapy yet function in a non—-MHC-restricted

manner.

Other ACT strategies include lymphokine-activated killer (LAK) cells, cytokine-induced killer
(CIK) cells, yd T cells, and NK cells. LAK cells are PBMCs derived from patients by multiple
leukaphereses and incubated with IL-2. CIK cells are also a heterogenous mixture of
lymphocytes (mostly CD3+CD8+CD56+ T cells) with natural killer T (NKT) cell phenotype
generated by incubation with various types of molecules, such as IL-2, IFN-y, and CD3
monoclonal antibodies; their antitumor capacity can be further elevated by incubation with
other cytokines, including IFN-y and IL-1f. following their ex vivo expansion, Yo T cells
become tumor-reactive with strong, non—-MHC-restricted cytotoxicity. Like yo T cells, NK cells

possess the ability to kill tumor cells in a non—-MHC-restricted manner. Immunophenotypically,



NK cells are CD3—CD56+. To enhance their antitumor activity, NK cells are expanded by IL-

2 incubation and/or co-administration.

Biological Risks & Safety

Cell therapy faces significant biological, technical, and economic hurdles that prevent it from

becoming a standard frontline treatment for everyone.

Tumorgenicity: Stem cells, especially pluripotent ones, carry a risk of forming

tumors or teratomas if they divide uncontrollably after injection.

Immune Rejection: Cells from a donor (allogeneic) can be attacked by the patient's

immune system, leading to Graft-vs-Host Disease (GvHD).

Cytokine Release Syndrome (CRS): Some therapies (like CAR-T) can trigger a

massive, life-threatening inflammatory response known as a "cytokine storm."

Cell Persistence: Many injected cells die shortly after delivery due to the harsh

environment of the diseased tissue or lack of oxygen.

Manufacturing & Logistics

Scalability: Because autologous therapies are custom-made for each patient, they

cannot be mass-produced like traditional pills.

Time Delays: The process of collecting, modifying, and growing cells can take 2 to 4

weeks, which may be too long for patients with aggressive diseases.

Cold Chain Requirements: Cells often require cryopreservation (ultra-cold

storage), making transport and handling extremely complex and expensive.

Economic & Accessibility Barriers

Extreme Costs: Prices for a single treatment can range from $300,000 to over

$500,000, straining healthcare budgets and insurance systems.

Infrastructure: These treatments usually require specialized hospitals and highly

trained medical staff, limiting access in rural or developing areas.

Strict Regulation: Ensuring every live batch is sterile and consistent requires rigorous

quality control, which adds to the final price and development time.



Ethical & Knowledge Gaps

o Ethical Concerns: The use of human embryonic stem cells remains a point of moral

and legal debate in several regions.

o Long-term Effects: Since many of these therapies are new, we still lack data on their

safety and efficacy 10 to 20 years post-treatm



