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An overview on cell-based therapy: Unique perspective for cancer management
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Abstract

Cell-based immunotherapy is currently one of the most exciting developments in the fight against cancer, and to date,

cellular therapies have been approved for people with certain blood cancers, but the cell therapy for solid tumors has yet

to achieve that same milestone. Solid tumors comprise about 90% of all cancer diagnoses, thereby indicating more

research on cell therapy technology as well as scalable production that could expand this treatment to the larger number

of people with cancer. Cell therapy uses the living cells as a drug to treat disease, and when used to treat cancer, cell

therapy takes advantage of the immune system's intrinsic ability to seek out and destroy abnormal cells in the body.

Developing cell therapies to attack cancer cells for solid tumors, to persist in the body and overcome tumor's ability to

hide from the immune system, has been notoriously difficult. With the technologies available, cell therapy is very

expensive and difficult to produce in scalable quantities.
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Introduction

Functional nanomaterials carry great promise to overcome
delivery challenges related to conventional drug administration
in cancer therapy, and have been designed to conquer the
physiological barriers at several scales to improve
biodistribution, targeting specific cells, enhancing
accumulation in tumor microenvironment (TME) and
influencing intracellular trafficking (Kuncic, 2015; Anselmo
and Mitragotri, 2016). However, heterogeneity among cancer
types and diffusion-limited transport in tumors keep the
expectations from nanoparticle (NP) drug carriers greatly
unfulfilled (Jain and Stylianopoulos, 2010; Dewhirst and
Secomb, 2017; Stefan et al., 2016). Dormant cells present in the
deeper parts of the tumor significantly contribute to the drug
resistance as well as clinical relapse, and hence, such cells are
hard to reach by systemically administered therapeutics and also
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external radiotherapy becomes less effective in poorly
oxygenated tumor core (Combes et al., 2020; Zhou et al.,
2018).Interest has grown to exploit the biological agents with
ability to migrate actively to tumors, due to the difficulties
faced in drug delivery (Schmidt et al., 2020; Ngandeu Neubi
etal., 2018). Some types of cell are naturally armed with the
encoded onboard sensing which permit them to follow the
signals of cancer environment, and their tumor homing can
be enhanced via intercellular communication (Yoo et al.,
2011; Fliervoet and Mastrobattista 2016). As soon as tumor
site is reached, innate toxicity and co-delivered drugs or
toxins secreted on-site can initiate the therapeutic response,
and these features allow cells to be recast as programmable
living vehicles carrying a potential for contributing towards
the ultimate goal of cancer treatment i.e. selective and
complete eradication of cancer cells with minimal off-target
effects (Forbes, 2010). Along with a few strains of bacteria
and immune cells, some types of prokaryotic as well as
eukaryotic cells have been identified as the potential
candidates for cell-based cancer therapy (Bush et al., 2021;
Hosseinidoust et al., 2016). Bacteria are able to penetrate
deeply into the tumor at tissue level, owing to their own
flagellar propulsion for the motility (Alapanetal.,2019).
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Presently, diverse tools and techniques of synthetic biology have
made it possible to engineer the bacteria for cancer therapy along
with the specific and safe functionality. Additionally, stem cells
with their significant contribution to tissue regeneration, are also
capable of homing to the tumor sites (Sicow et al., 2021; Lutz et
al., 2019; Reagan and Kaplan, 2011). Low-immunogenicity
further facilitates their exploitation for the applications in drug
delivery. Furthermore, mesenchymal stem cells (MSCs)
modulate immune response in damaged tissue thereby
motivating the reengineering of these multipotent cells (Bush et
al., 2021; Kusuma et al., 2020). Platelets are another type of cell,
functioning as an intelligent cell-based delivery system and
circulating in blood with no biological machinery for
reproduction and active migration. However, their close
interactions with tumor cells, whether in primary tumors,
circulating tumor cells (CTCs) or in metastases, have made them
attractive candidates for drug delivery, and their potential in
vascular integrity as well as immunomodulation is linked with
their selective activation in presence of cancer and their blood-
borne nature improves drug pharmacokinetics with the minimal
immunogenicity (Gay and Felding-Habermann, 2011; Buergy et
al., 2012; Huong et al., 2019). Additionally, natural killer (NK)
cell, a specialized immune effector cell, plays critical role in
immune activation against abnormal cells. Different from the T
cell activation, NK cell activation is usually governed by the
interaction of NK receptors with the target cells, independent of
antigen processing, and due to relatively unsophisticated signals
for activation, NK cell has significantly gained attention in
cancer immunotherapy. Many efforts are emerging to develop
and engineer NK cell-based cancer immunotherapy (Barros-
Beckeretal.,2017).

Virtues of cell-based therapy

Cell-based therapies are accompanying new era of drug delivery
wherein unique attributes of different cells (immune cells, stem
cells, NK cells, and platelets) and bacteria are leveraged to
overcome the current limitations in cancer therapy. By
implementing onboard sensing, intercellular communication
and autonomous motion, these cells can achieve tumor homing.
Moreover, their innate features offer modification and
augmentation via genetic reprogramming, and when used as
drug carriers, they can act as controlled delivery depots by
improving pharmacokinetic profiles of their payload. Moreover,
external signals including magnetic fields and light have also
been used to boost tumor homing as well as therapeutic efficacy,
by assisting chemotaxis and guiding cells to the tumor sites
(Amulic et al., 2012). By modifying cell membrane, higher
specificity in the TME for cancer cells has been achieved.
Synthetic biology helps to provide therapeutic vectors that are
capable of multifaceted responses to wide variety of disease
signatures, and specifically it has offered the means to increase

specificity and safety by producing attenuated strains,
allowing spatiotemporally controlled release and
integrating further sensing or targeting functionalities
(Tecchio et al., 2014). Current efforts for chimeric antigen
receptor (CAR)-T cells are focused on the development of
autonomous, feedback circuits triggering downregulation
in response to the toxicity indications, and for bacteria,
using attenuated auxotrophic mutants has shown promise in
mitigating unintended immunogenicity. Consequently,
such prevention-based strategies can improve the safety as
well as therapeutic potential of these living systems
(Hidalgo etal., 2007).

By considering exclusive features of each cell-based
system, their complementary therapeutic actions could be
envisioned in the context of combination therapy. Immune
cells infiltrate the well-oxygenated rim whereas platelets
exhibit unique targeting to CTCs, and combining
engineered bacteria for local release as well as CAR-T cells
with enhanced specificity, could potentially provide a
successful treatment of primary tumors which can be
complemented by platelet-mediated recognition and
eradication of intravasated cancer cells. Additionally,
micro- or nanoagents mediating external stimuli
application, can be included as a part of therapy in the
delivered payload (Moore et al., 1995; Constantin et al.,
2000; Maasetal.,2018).

Key requirement for cell-based therapy

Identification of molecules that are found predominantly, or
only on cancer cells, is a key requirement for cell-based
therapy (Jamieson et al., 2012). The lack of cancer-specific
molecules marking solid tumors has been a major obstacle
in bringing the cell therapy to large population with cancer,
and this is mainly challenging for childhood cancers as
tumor cells and healthy cells share many of the same
molecular tags in children (Katoh et al., 2013). Having
cancer-specific surface protein library in hand, researchers
can effectively explore how to target solid tumor cells.
While cell-based therapy is a promising area of research,
there are more challenges to overcome, and further research
is required to identify who will benefit the most from cell
therapy, and how to make a cancer more vulnerable to such
treatments (Davies etal.,2013).

Current scenario

Cell-based immunotherapy is currently one of the most
exciting developments in the fight against cancer, and to
date, cellular therapies have been approved for people with
certain blood cancers, but the cell therapy for solid tumors
has yet to achieve that same milestone. Solid tumors are
comprising about 90% of all cancer diagnoses, thereby
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indicating more research on cell therapy technology as well as
scalable production that could expand this treatment to the larger
number of people with cancer (Zhou et al., 2020). Cell therapy
uses the living cells as a drug to treat disease, and when used to
treat cancer, cell therapy takes advantage of the immune
system's intrinsic ability to seek out and destroy abnormal cells
in the body. This approach is also known as immune cell therapy
and adoptive cell therapy.

However, they all refer to the same type of cancer treatment
(Abraham et al., 2010). Specialized immune cells are either
engineered for recognizing the unique tags on an individual's
cancer or selectively isolated from a patient's tumor for growing
them in a large number in the laboratory and then given back to
the patient through intravenous infusion (Qian et al., 2011;
Halama et al., 2016). Developing cell therapies to attack cancer
cells for solid tumors, to persist in the body and overcome
tumor's ability to hide from the immune system, has been
notoriously difficult. With the technologies available, cell
therapy is very expensive and difficult to produce in scalable
quantities (Nakatsumi et al., 2017; Manome et al., 1995; Lu and
Kang,2009).

Regulatory and clinical aspect of cell-based therapy

It is important for manufacturers, researchers and clinicians to
be aware of the FDA's regulatory guidance on cell therapy
products. Human cells, tissues, and cellular and tissue-based
products (HCT/P) are defined by the FDA under the Title 21 of
the Code of Federal Regulations (CFR) Part 1271.3(d) as
“articles containing or consisting of human cells or tissues that
are intended for implantation, transplantation, infusion, or
transfer into a human recipient.” Several examples falling under
this definition include epithelial cells on a synthetic matrix and
manipulated autologous chondrocytes. If the therapy does not
meet the definition of HCT/Pin 21 CFR 1271.3(d) such as blood
components/derivatives, the regulations in21 CFR Part 1271 do
notapply (US, 2020).

The cancer therapy has been evolved from the systemic targeting
of tumors via chemotherapy or radiotherapy to a more targeted
approach through novel biologic treatments including oncolytic
viruses, monoclonal antibodies, and cell therapy (such as
antigen presenting cell (APC)-based anticancer vaccines and
CAR-T cells). Along with the commercial cell therapy products,
a multitude of cell therapies have been investigated for cancer
treatment, and although several examples are already clinically
used or being tested in clinical trials, limitations must be
overcome to unleash the full potential of cell-based therapies.
Incomplete eradication of cancer cells occurs due to inadequate
infiltration, resulting mostly from heterogeneity of tumors at
both cellular and tissue level. Safety concerns, particularly in
case of CAR-T cells and bacteria, necessitate further study of

their tolerance in vivo. Another critical aspect in cell-based
therapies is to develop effective means for upscaling the
production of cells using good manufacturing practice
(GMP) principles (Bonapace et al., 2014; Zugazagoitia et
al.,2016; Longetal.,2016).

Conclusion

With crucial ongoing efforts addressing the safety as well as
efficacy of living intelligent therapeutics and with an
assistance of all the available tools related to cell-based
therapeutics, great advancements in cancer treatment seem
to be on the horizon, and the indications are also expected to
include infectious diseases, organ transplantation, and
autoimmune diseases. It can be expected that, along with the
technological advances, the foundations of cell-based
therapies will be extended in the future.

Funding: Nil

Authors Contribution

All Authors have contributed equally.
Conflict of Interests

Author declares no conflict of interests.

References

Abraham D, Zins K, Sioud M, Lucas T, Schifer R, Stanley
ER, Aharinejad S. 2010. Stromal cell-derived CSF-1
blockade prolongs xenograft survival of CSF-1-
negative neuroblastoma. International Journal of
Cancer. 126(6):1339-52.

Alapan Y, Oncy Yasa, Berk Yigit, i. Ceren Yasa, Pelin
Erkoc, Metin Sitti. 2019. Microbiotics and
mNicroorganisms: Biohybrid Autonomous Cellular
Robots. Annual Review of Control, Robotics, and
Autonomous Systems. 2:205.

Amulic B, Cazalet C, Hayes GL, Metzler KD, Zychlinsky
A. 2012. Neutrophil function: from mechanisms to
disease. Annual Review of Immunology.30:459-89.

Anselmo AC, Mitragotri S. 2016. Nanoparticles in the
clinic. Bioengineering & Translational Medicine.
1(1):10-29.

Barros-Becker F, Lam PY, Fisher R, Huttenlocher A. 2017.
Live imaging reveals distinct modes of neutrophil and

macrophage migration within interstitial tissues.
Journal of Cell Science, 130(22):3801-3808.

Bonapace L, Coissieux MM, Wyckoff J, Mertz KD, Varga
Z, Junt T, Bentires-Alj M. 2014. Cessation of CCL2
inhibition accelerates breast cancer metastasis by
promoting angiogenesis. Nature. 515(7525):130-3.

Buergy D, Wenz F, Groden C, Brockmann MA. 2012.
Tumor-platelet interaction in solid tumors. International
Journal of Cancer. 130(12):2747-60.

wWwWw.ajpp.in



Asian Journal of Pharmacy and Pharmacology 2023; 9(1):1-5 4

Bush LM, Healy CP, Javdan SB, Emmons JC, Deans TL. 2021.
Biological Cells as Therapeutic Delivery Vehicles. Trends in
Pharmacological Sciences. 42(2):106-118.

Combes F, Meyer E, Sanders NN. 2020. Immune cells as tumor
drug delivery vehicles. Journal of Controlled Release.
327:70-87.

Constantin G, Majeed M, Giagulli C, Piccio L, Kim JY, Butcher
EC, Laudanna C. 2000 Chemokines trigger immediate beta2
integrin affinity and mobility changes: differential regulation
and roles in lymphocyte arrest under flow. Immunity,
13(6):759-69.

Davies LC, Jenkins SJ, Allen JE, Taylor PR. 2013. Tissue-
resident macrophages. Nature Immunology. 14(10):986-95.

Dewhirst MW, Secomb TW. 2017. Transport of drugs from blood
vessels to tumour tissue. Nature Reviews Cancer.
17(12):738-750.

Fliervoet LAL, Mastrobattista E. 2016. Drug delivery with living
cells. Advanced Drug Delivery Reviews. 106(PtA):63-72.

Forbes NS. 2010. Engineering the perfect (bacterial) cancer
therapy. Nature Reviews Cancer, 10(11):785-94.

Gay LJ, Felding-Habermann B. 2011. Contribution of platelets
to tumour metastasis. Nature Reviews Cancer. 11(2):123-34.

Halama N, Zoernig I, Berthel A, Kahlert C, Klupp F, Suarez-
Carmona M, Suetterlin T, Brand K, Krauss J, Lasitschka F,
Lerchl T, Luckner-Minden C, Ulrich A, Koch M, Weitz J,
Schneider M, Buechler MW, Zitvogel L, Herrmann T,
Benner A, Kunz C, Luecke S, Springfeld C, Grabe N, Falk
CS, Jaeger D. 2016. Tumoral Immune Cell Exploitation in
Colorectal Cancer Metastases Can Be Targeted Effectively
by Anti-CCRS5 Therapy in Cancer Patients. Cancer Cell.
29(4):587-601.

Hidalgo A, Peired AJ, Wild M, Vestweber D, Frenette PS. 2007.
Complete identification of E-selectin ligands on neutrophils
reveals distinct functions of PSGL-1, ESL-1, and CD44.
Immunity, 26(4):477-489.

Hosseinidoust Z, Mostaghaci B, Yasa O, Park BW, Singh AV,
Sitti M. 2016. Bioengineered and biohybrid bacteria-based
systems for drug delivery. Advanced Drug Delivery
Reviews.106(PtA):27-44.

Huong PT, Nguyen LT, Nguyen XB, Lee SK, Bach DH. 2019.
The Role of Platelets in the Tumor-Microenvironment and

the Drug Resistance of Cancer Cells. Cancers
(Basel).11(2):240.

Jain RK, Stylianopoulos T. 2010. Delivering nanomedicine to
solid tumors. Nature Reviews Clinical Oncology. 7(11):653-
64.

Jamieson T, Clarke M, Steele CW, Samuel MS, Neumann J, Jung
A, Huels D, Olson MF, Das S, Nibbs RJ, Sansom OJ. 2012.
Inhibition of CXCR2 profoundly suppresses inflammation-
driven and spontaneous tumorigenesis. Journal of Clinical

Investigation. 122(9):3127-44.

Katoh H, Wang D, Daikoku T, Sun H, Dey SK, Dubois RN.
2013. CXCR2-expressing myeloid-derived suppressor
cells are essential to promote colitis-associated
tumorigenesis. Cancer Cell. Nov; 24(5):631-44.

Kuncic Z. 2015. Cancer nanomedicine: challenges and
opportunities. Medical Journal of Australia.
203(5):204-5.

Kusuma GD, Frith JE, Sobey CG, Lim R. 2020. Editorial:
Stem Cells as Targeted Drug Delivery Vehicles.
Frontiers in Pharmacology. 11:614730.

Long KB, Gladney WL, Tooker GM, Graham K, Fraietta
JA, Beatty GL. 2016. IFNy and CCL2 Cooperate to
Redirect Tumor-Infiltrating Monocytes to Degrade
Fibrosis and Enhance Chemotherapy Efficacy in
Pancreatic Carcinoma. Cancer Discovery.6(4):400-
413.

Lu X, Kang Y. 2009. Chemokine (C-C motif) ligand 2
engages CCR2+ stromal cells of monocytic origin to
promote breast cancer metastasis to lung and bone.
Journal of Biological Chemistry. 284(42):29087-96.

LuY, HuQ, Jiang C, Gu Z. 2019. Platelet for drug delivery.
Current Opinion in Biotechnology. 58:81-91.

Lutz H, Shiqi Hu, Phuong- Uyen Dinh, Ke Cheng. 2019.
Cells and cell derivatives as drug carriers for targeted
delivery.3:100014

Maas SL, Sochnlein O, Viola JR. 2018. Organ-Specific
Mechanisms of Transendothelial Neutrophil Migration
in the Lung, Liver, Kidney, and Aorta. Frontiers in
Immunology, 9:2739.

Manome Y, Wen PY, Hershowitz A, Tanaka T, Rollins BJ,
Kufe DW, Fine HA. 1995. Monocyte chemoattractant
protein-1 (MCP-1) gene transduction: an effective
tumor vaccine strategy for non-intracranial tumors.
Cancer Immunol Immunother. 41(4):227-35.

Moore KL, Patel KD, Bruehl RE, Li F, Johnson DA,
Lichenstein HS, Cummings RD, Bainton DF, McEver
RP. 1995. P-selectin glycoprotein ligand-1 mediates
rolling of human neutrophils on P-selectin. Journal of
Cell Biology. 128(4):661-71.

Nakatsumi H, Matsumoto M, Nakayama KI. 2017.
Noncanonical Pathway for Regulation of CCL2
Expression by an mTORCI1-FOXK1 Axis Promotes
Recruitment of Tumor-Associated Macrophages. Cell
Reports. 21(9):2471-2486.

Ngandeu Neubi GM, Opoku-Damoah Y, Gu X, Han'Y, Zhou
J, Ding Y. 2018. Bio-inspired drug delivery systems: an
emerging platform for targeted cancer therapy.
Biomaterials Science. 6(5):958-973.

Qian BZ, LiJ, Zhang H, Kitamura T, Zhang J, Campion LR,

wWwWw.ajpp.in



Asian Journal of Pharmacy and Pharmacology 2023; 9(1):1-5

Kaiser EA, Snyder LA, Pollard JW. 2011. CCL2 recruits
inflammatory monocytes to facilitate breast-tumour
metastasis. Nature. 475(7355):222-5.

Reagan MR, Kaplan DL. 2011. Concise review: Mesenchymal
stem cell tumor-homing: detection methods in disease model
systems. Stem Cells. 29(6):920-7.

Schmidt CK, Medina-Sanchez M, Edmondson RJ, Schmidt OG.
2020. Engineering microrobots for targeted cancer therapies

from a medical perspective. Nature Communications.
11(1):5618.

Sieow BF, Wun KS, Yong WP, Hwang IY, Chang MW. 2021.
Tweak to Treat: Reprograming Bacteria for Cancer
Treatment. Trends Cancer. 7(5):447-464.

Tecchio C, Micheletti A, Cassatella MA. 2014. Neutrophil-
derived cytokines: facts beyond expression. Frontiers in
Immunology, 5:508.

US FDA. Regulatory Considerations for Human Cells, Tissues,
and Cellular and Tissue-Based Products: Minimal
Manipulation and Homologous Use - Guidance for Industry
and Food and Drug Administration Staff. (2020). Available
online at: https://www.fda.gov/media/109176/download
(accessed June 20,2021).

Wilhelm W, Anthony J, Tavares, Qin Dai, Seiichi Ohta, Julie
Audet, Harold F, Dvorak, Warren C. W. Chan. 2016. Analysis
of nanoparticle delivery to tumours. Nature Reviews
Materials 1(5):16014.

Yoo JW, Irvine DJ, Discher DE, Mitragotri S. 2011. Bio-
inspired, bioengineered and biomimetic drug delivery
carriers. Nature Reviews Drug Discovery. 10(7):521-35.

Zhou J, Tang Z, Gao S, Li C, Feng Y, Zhou X. 2020. Tumor-
Associated Macrophages: Recent Insights and Therapies.
Frontiers in Oncology. 10:188.

Zhou S, Gravekamp C, Bermudes D, Liu K. 2018. Tumour-
targeting bacteria engineered to fight cancer. Nature
Reviews Cancer. 18(12):727-743.

Zugazagoitia J, Guedes C, Ponce S, Ferrer I, Molina-Pinelo S,
Paz-Ares L. 2016. Current Challenges in Cancer Treatment.
Clinical Therapeutics. 38(7):1551-66.

wWwWw.ajpp.in



