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ABSTRACT

It was previously believed that exosomes, membrane-bound extracellular vesicles
released by cells, were a waste disposal mechanism resulting from cell damage or
from by-products of cell homeostasis. However, in recent years, studies have
revealed that exosomes play a key role in cell-to-cell communication, cell
homeostasis and tumor progression and inhibition. Exosomes contain complex
cargos of protein, lipids and nucleic acids which they are able to deliver to specific
target cells to alter their function and physiology [1]. This newfound role of
exosomes makes them interesting candidates for drug delivery systems where
they can be engineered and loaded with a variety of cargos to deliver drugs to
specific cell types. Additionally, unmodified exosomes derived from certain cells
are thought to have innate therapeutic potential due to their unique compositions.
This review focuses on the potential use of exosomes as cancer therapeutics and
the challenges this entails.

1 INTRODUCTION

Most eukaryotic cells release membrane-bound vesicles known as exosomes
which are involved in a wide variety of biological processes. These 40-160 nm
vesicles are enclosed within a single outer membrane and can carry a variety of
cargos such as lipids, metabolites, proteins, and nucleic acids. There is significant
heterogeneity between different exosomes and their compositions and it is
believed that their origin will ultimately determine their biological functions [2]. In
the past few years, interest in the exosome field has grown rapidly, with exosomes
implicated in several important biological processes. Firstly, exosomes can act as a
signaling pathway by stimulating cells with ligands in their outer lipid layer as well
as modify a cell's phenotype by transferring membrane receptors between cells.
Secondly, exosomes can exchange mRNA, miRNA, proteins, and even small
organelles between cells. This has sparked interest in their use as therapeutic
“Ubers” wherein they can be engineered to carry drugs, bioactive compounds, or
genetic material to target cells.

1.1 EXOSOMES: BIOGENESIS AND COMPOSITION

Exosomes are formed when the late endosomal membrane retracts and creates
intraluminal vesicles (ILVs) within the endosome, also known as a multivesicular
body (MVB). During this membrane budding process, certain proteins are
incorporated on the membrane and other cytosolic payloads are engulfed and
enclosed to create the ILVs. When the MVB fuses with the plasma membrane,
these vesicles are released into the extracellular space and are designated as
exosomes [1][3]. Evidence suggests that this process involves the endosomal
sorting complex required for transport (ESCRT) function, which is made up of four
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ESCRT proteins that aid in membrane deformation and cargo selection and
sorting [1][4]. But there are also ESCRT-independent methods of ILV formation
and cargo selection such as via the ceramide-dependent mechanism or through
tetraspanin proteins [5][6]. The mechanisms that regulate ILV and MVB formation
are not well understood, although it is thought to be triggered by growth factors
and cell homeostasis i.e. each cell produces exosomes adapted to its needs and
environment[1].

The molecular constituents of exosomes depend substantially on their cell of
origin. Environmental conditions, epigenetic changes, mechanisms of biogenesis
and developmental stage also determine the molecular composition of exosomes
which ultimately regulate their biological role [1].

1.2 EXOSOMES AND THE TUMOR MICROENVIRONMENT
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Figure 1: Dual role of exosomes in cancer progression
Source: A. Von Schulze and F. Deng (2020) [7]

Crosstalk between different cells within the tumor microenvironment (TME), which
includes stromal and immune cells, is vital for tumor growth and survival [2][8].
Communication between cancer cells and their surrounding cells occurs via cell-
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cell interactions, paracrine mechanisms and release of extracellular vesicles such
as exosomes [1]. Exosomes play a dual role in tumorigenesis; depending on the
cell of origin, exosomes released in the TME can either promote or inhibit tumor
growth. As Figure 1 depicts, exosomes derived from cancer cells carry and deliver
cargos that promote tumor growth, angiogenesis and metastasis, however,
exosomes derived from healthy immune cells such as dendritic cells (DCs) and T
cells can carry cargos that can inhibit tumor growth [7]. DCs release exosomes that
can activate T cells, which in turn release exosomes that inhibit cancer cell growth,
and then encourage NK cells to attack tumor cells. Therefore, exosomes involved
in the TME which have an anti-tumoral role could potentially be used as drug
candidates in their own right. Cancer cell derived exosomes which aid tumor
progression could serve as drug carriers, these can be loaded with anti-cancer
drugs and since they naturally target cancer cells, they may serve as an effective
delivery system.

7.3 NAIVE EXOSOMES AS THERAPEUTICS

Exosomes can have regenerative and protective effects, providing therapeutic
benefit without being engineered i.e., naive exosomes. As previously mentioned,
exosomes released from immune cells in the TME such as DCs or T cells possess
anti-tumor properties. Studies also demonstrate that mesenchymal stem cell
(MSC)-derived exosomes are involved in the anti-inflammatory and regenerative
effects of MSCs [9]-[12]. The therapeutic effect of MSCs appears to take place via
paracrine function. By secreting cytokines, chemical molecules, and growth
factors, MSCs can regulate the microenvironment and repair damaged tissue, and
there is now evidence that demonstrates how exosomes play a key role in this [10].
MSCs are the most widely used stem cell in the clinic due to their regenerative
potential, however, preclinical studies often fail efficacy expectations [10]. Since
MSC-derived exosomes carry and can deliver miRNAs and proteins such as
interleukins and growth factors which are able to inhibit expression of pro-
inflammatory cytokines, they could become a potentially safer alternative to stem
cell therapy with a lower manufacturing cost [?][13]. Moreover, exosomes are
generally less immunogenic than cells, likely because they have fewer
transmembrane proteins, such as MHC complexes, on their surface. Exosomes can
also be frozen and stored more easily and for longer periods than cells, making
them a more attractive alternative to cell therapies in terms of storage and logistics
[13]. Evidence suggests that MSC-derived exosomes could be used to treat
several diseases such as cardiovascular, neurodegenerative, and cerebrovascular
diseases as well as wound repair [14][15][16][17]. Whether they have the potential
to treat cancer is still unknown, since evidence is contradictory on whether they
promote or inhibit tumor growth [18]. The application of naive exosomes as
therapeutics is a ‘hit-and-miss’ approach and unfortunately most studies up to now
have failed to demonstrate consistent efficacy.
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1.4 EXOSOMES AS DRUG DELIVERY SYSTEMS

The potential of exosomes is not solely based on their natural therapeutic effects;
current interest focuses on them as ideal vectors to carry and deliver drug cargos.
There are several advantages that these microvesicles could bring to the drug
delivery field. Firstly, exosomes are naturally occurring and have low
immunogenicity, they have significantly less toxicity than lipid nanoparticles (LNPs)
and have better in-vivo stability and distribution [13]. Exosomes are also thought
to have a better delivery efficiency than LNPs as they can cross tissue and cellular
barriers, with some exosomes also having tropism for particular cells or tissues
which could limit off-target effects [19]. They can also be engineered to display
specific ligands on their surface to target cells or tissue and can be loaded with a
variety of different drug cargos which can either be presented on the surface or
carried within the exosome as a way of protection from degradation whilst in
circulation. Despite advances in the field, many challenges with exosome
therapies remain, such as the need to optimize efficient exosome payload uptake,
tropism and biodistribution, avoidance of lysosomal destruction and large-scale
manufacturing.

2 KEY PLAYERS IN ONCOLOGY

Key: Anjarium Biosciences, exosomes fused with synthetic lipid carriers
Blue: drug delivery exosome Codiak Biosciences, ExoASO-STAT6
Green: naive exosomes Exopharm, PlexDox
Morphogenesis Inc emm55 gene-based vaccine
Tavec Pharmaceuticals, TVC-201
Micromedmask Biotech, anti-214
Micromedmask Biotech, anti-KRAS
Jazz Pharmaceuticals/Codiak Biosciences, STAT3 targeting
exosomes
Jazz Pharmaceuticals/Codiak Biosciences, exoASO-NRAS
Avalon GloboCare, AVA-201
The University of Hong Kong, V-delta-2 T-Exos

Research Preclinical/IND enabling Clinical

Codiak BioSciences, exoSTING
Codiak Biosciences, exolL-12
Codiak Biosciences, IExosomes

Alxerion Biotech, ALX-102

Carmine Therapeutics, REGENT
Azymus Therapeutics, AZ-002
Children’s Hospital of Los Angeles,
natural killer cell-delivered exosomes

Figure 2: Oncology exosome projects by phase of development. The majority are
in the preclinical phase and only four of these are naive exosome therapies.
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Exosome therapies have yet to reach the market, and only one company has
managed to reach clinical development in the oncology space: Codiak
BioSciences with exoSTING and exolL-12. Around 13 companies and institutions
are currently developing exosome therapies for oncology indications; these are
outlined in Figure 2 [20]. The majority of these are in preclinical stage, and only
four are naive exosomes.

Although the field is relatively undeveloped, it is diverse with over 14 different
types of cancers being targeted and a range of different payloads being explored
(Table 1). The most popular payloads seem to be RNA based, although several
companies have not disclosed their choice of payload or target oncology
indication(s). Solid tumors in general seem to be the most targeted indication
category, likely because exosomes offer potential for targeted tumor tropism and
uptake.

Table 1: Competitive landscape overview by cancer type and payload. X represents
single cancer indication; O represents various cancer indications.

Type of payload

RNAi/
SiRNA

No payload miRNA ASO Gene Proteins  Small Mol. Unspecified

Multiple Myeloma X

Myeloid Rich Cancers X

Solid Tumours XX (0] X

Cholangiocarcinoma

Mouth Cancer

Anaplastic Thyroid Cancer (0]

Breast Cancer X (e}

Metastatic Head and Neck
Cancer

Squamous Cell Carcinoma

Skin Cancer

Pancreatic Ductal
Adenocarcinoma

Cutaneous T cell X
Lymphoma

Lung Cancer (0] X

Pancreas Tumour

Unspecified XX X X X X
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2.1 DRUG DELIVERY EXOSOMES

2.1.1 CoDIAK BIOSCIENCES: CURRENT LEADER IN THE ONCOLOGY EXOSOME FIELD

Codiak BioSciences is currently the leading company developing exosomes for
drug delivery in oncology. Its proprietary platform technology, engEx™ was
developed for designing, engineering, and manufacturing exosome therapeutics.
Codiak reports that it can generate large volumes of exosomes with 2,000L fed-
batch cell cultures and 500L perfusion bioreactors in suspension; so far this is the
largest scale that has been reported. The platform allows Codiak to engineer
exosomes to direct tropism and to load them with a wide range of therapeutics
such as small molecules and nucleic acids, however, it is not clear whether delivery
of large gene payloads has yet been achieved.

Codiak’s most advanced program, exoSTING, is in phase I/ll clinical development
for advanced solid tumors including anaplastic thyroid cancer, metastatic breast
cancer, metastatic head and neck cancer, skin cancer and squamous cell
carcinoma. The exosomes are loaded with a cyclic dinucleotide (CDN) small
molecule ‘stimulator of interferon genes’ (STING) agonist. The STING pathway has
been shown to incite an anti-tumoral immune response, but development of free
STING therapeutics has been limited due to non-selective cell delivery resulting in
off-target toxicity as well as leakage into the circulation causing dose-related
toxicity. In vitro and in vivo data showed that exoSTING was preferentially taken up
by differentiated antigen presenting cells (APCs) and elicited an anti-tumor
immune response with greater potency than a free STING agonist[21], providing a
safer and more potent alternative to free STING agonists [22].

Codiak’s other clinical stage program, exolL-12 is in phase | for early-stage
cutaneous T cell lymphoma with plans to expand into other IL-12 responsive solid
tumors. Exosomes are loaded with surface IL-12 which promotes local anti-tumor
activity; historically, systemic IL-12 leakage has caused toxicity and limited its
therapeutic potential [23]. In preclinical studies, exolL-12 delivered low dose IL-12
to achieve local and systemic tumor shrinkage, and demonstrated dose
dependent injection-site retention with no measurable systemic exposure of IL-12
[24].

Codiak has three other programs in preclinical development: one being exoASO-
STAT6 and two others in partnership with Jazz Pharmaceuticals, exoASO-NRAS
and STAT3-targeting exosomes. ExoASO-STATé6 is being investigated for myeloid
rich cancers and consists of engineered exosomes loaded with a linker-
conjugated antisense oligonucleotide (ASQO) targeting the STAT6 transcription
factor, to reprogram tumor-associated M2 phenotype macrophages into M1, the
anti-tumor phenotype [25]. STAT3-targeting exosomes inhibit STAT3 on tumor
cells in both hematological malignancies and solid tumors [20]. Finally, exoASO-
NRAS consists of exosomes loaded with an ASO that targets and decreases NRAS,
a commonly mutated oncogene in cancer. It induces targeted anti-tumor activity
and is being investigated in both liquid and solid tumors [20].
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2.1.2 EXOSOMES AS VECTORS FOR RNA THERAPIES

RNA-based therapies hold great potential in the oncology field, offering an
opportunity to hit previously undruggable targets. However, RNA drugs come with
challenges, particularly for intracellular delivery given their high electric charge
and larger size compared to small molecules [26]. Moreover, fine-tuning tropism
for the right cells/tissues has proved difficult since upon systemic delivery, naive
forms of RNA tend to accumulate in the liver and kidneys and less so in other
tissues and tumors [27]. Exosomes could provide a solution by carrying RNA
payloads within the lumen whilst displaying sophisticated ligand-receptor systems
on their surface to target specific tumors and then intracellularly releasing the RNA
payloads. Several companies are investigating the potential of exosomes as RNA
therapy carriers such as: Tavec Pharmaceuticals, Carmine Therapeutics, Anjarium
and Micromedmark Biotech.

ASOs and siRNA therapies are some of the most advanced RNA therapeutic
modalities; several companies are investigating exosomes as vectors for delivery
of these therapies. Carmine Therapeutics uses red blood cell derived extracellular
vesicles (RBCEVs) which are loaded with nucleic acids such as 125b-ASO and Cas9
mRNA. Although still in early development stage, there is promising data for
125b-ASO loaded RBCEVs in leukemia (MOLM13) and breast cancer (CA1a) cell
lines, as well as inhibition of breast tumor growth after intratumoral injection of
125b-ASO-loaded RBCEVs into luciferase-labelled CA1a tumors in vivo [20][28].
Micromedmark Biotech is developing siRNA and RNAi exosome-based therapies,
both of which are in preclinical stages of development. One is an anti-KRAS
therapy consisting of exosomes loaded with siRNA that silences the KRAS
oncogene, it is being investigated for treatment of lung and pancreatic tumors.
The second product is an anti-214 delivered by exosomes, comprising an RNAI
that silences tumor-secreted miR-214 (an oncogenic miRNA) [20].

Tavec Pharmaceuticals is developing TVC-201, a miRNA exosome therapy to treat
cholangiocarcinoma (CCA), consisting of exosomes loaded with miR-195 which is
downregulated in CCA. In one study, overexpression of miR-195 inhibited growth
of four different CCA cell lines [29]. In in vivo models, miRNA-195-loaded
exosomes inhibited cancer growth and prolonged lifespan [20].

2.1.3 EXOSOMES CARRYING BACTERIAL GENES

Another approach is to load exosomes with bacterial genes to target inaccessible
tumors, whilst avoiding immunogenicity concerns. For example, gene therapies
are commonly delivered via viral vectors such as AAVs. However, repeated dosing
with AAV often results in an immune response as the body recognizes the virus as
foreign and deploys a neutralizing antibody attack, limiting the dose a patient can
receive [30]. Morphogenesis Inc. has partnered with the Karolinska Institute to
load its injectable targeted exosomes with the bacterial gene encoding emm55
antigen for the potential treatment of multiple myeloma and other cancers. This
project is early stage but in vivo studies demonstrated anti-tumor efficacy in a
murine melanoma model [31][32]. This approach may be beneficial in overcoming
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typical immunogenicity and repeat dossing issues that come with standard gene
therapy methods.

2.1.4 EXOSOMES AS CARRIERS FOR CHEMOTHERAPEUTIC AGENTS

Whilst most exosome therapies in development are based on more innovative
approaches such as incorporating RNA therapeutics or gene therapies, some
companies are utilizing exosomes to improve established oncology
chemotherapeutics in two contexts. Firstly, chemotherapy often induces dose-
limiting toxicity which has a major impact on patient quality of life and can
therefore limit the potential benefits of the treatment. Secondly, chemotherapy
resistance or disease recurrence occurs due to the inability of chemotherapeutic
agents to eliminate cancer stem cells (CSCs), a small population of stem-like cells
which play a key role in tumor development, progression and metastasis [33]. A
study published in 2019 reported that tumor cell-derived exosomes loaded with
doxorubicin, a widely used chemotherapeutic agent, resulted in a robust cytotoxic
response against bulk cancer cells and CSCs as well as enhanced drug
accumulation in the tumor (including in CSCs), extravasation from blood vessels
and deep penetration into tumor parenchyma, improving the efficacy of
doxorubicin and reducing its toxicity [34].

Exopharm is one of the leading companies in this field, with three exosome
products in development and a well characterized platform for exosome isolation,
purification, and engineering. PlexoDOX is in preclinical development for cancer;
platelet derived exosomes are loaded with doxorubicin for more targeted delivery
and enhanced efficacy of the chemotherapeutic agent against tumor cells [35]. In
vitro data showed that PlexoDOX kills significantly more lung cancer cells than
doxorubicin alone, at similar doses. Although this data is encouraging, in vivo
studies are needed to further assess the potential of this product [35].

Alxerion Biotech is also developing a chemotherapeutic loaded exosome ALX-
102, which is in its early stages of development for lung cancer. The product
consists of cellular vesicles derived from a patient’s own non-small cell lung cancer
(NSCLC) cells which are inactivated, purified, and loaded with methotrexate (MTX),
a widely used chemotherapeutic agent. Studies showed that ALX-102 significantly
inhibited NSCLC proliferation and was 150-fold more potent than MTX alone. By
using the patient’'s own exosomes, Alxerion expects to significantly reduce toxicity
and side effects; however, no recent updates have been reported on this program
[20].

2.2 NAIVE EXOSOMES

Some organizations are developing exosome therapeutics from naive exosomes
including Azymus Therapeutics, Avalon GloboCare, the University of Hong Kong
and the Children’s Hospital of Los Angeles.
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Avalon GloboCare is genetically modifying MSCs for high expression of miR-185
as a "bio-factory” to mass produce and isolate miR-185-enriched exosomes (AVA-
201) for the potential topical treatment of oral cancer. The program was expected
to enter the clinic in early 2020 after promising preclinical data demonstrated that
AVA-201 inhibited oral potentially malignant disorder (OPMD) progression,
suppressed inflammation, and activated the apoptotic pathway via direct targeting
of AKT [20][36], however, no progress has been reported since.

Azymus Therapeutics uses the AZ™ platform technology to produce primary

human cell (PHC) derived exosomes carrying different payloads depending on the
target disease. Instead of loading isolated exosomes with different payloads, it
generates exosomes, from certain cell types, already carrying the desired
payloads by altering the mediator formulation including specific cytokines and
growth factors. The company'’s oncology drug discovery program, AZ-002,
disrupts the communications between CSCs and the TME in chemo-resistant
cancer models. Early in vitro data showed promising effects in resensitization of
certain drug-resistant tumors, but it is unknown how AZ-002 produces these
effects [20][37].

The role of natural killer (NK) cells in immune activation against infected or
abnormal cells makes them important as cancer immunotherapies. The Children’s
Hospital of Los Angeles is developing NK-derived exosomes that stimulate anti-
tumor activities. The NK cells are exposed to neuroblastoma cells, resulting in
release of exosomes with a heightened cytotoxicity effect on neuroblastoma cells
[38]. This project is still early stage and the hospital is looking to out-license the
program [20].

Other immune cell derived exosomes are under investigation by the University of
Hong Kong; for example V-delta-2-T cell derived exosomes for the potential
treatment of Epstein-Barr virus (EBV)-associated tumors. To date, their use in the
clinic has been limited by challenges in expanding autologous gamma delta T
cells. A study conducted by the University demonstrated that allogenic V-delta-2-T
cell derived exosomes had a greater therapeutic effect than autologous V-delta-2-
T cell derived exosomes, which could potentially overcome the current production
barriers [39].

3 TECHNICAL CHALLENGES

Exosomes and their potential use as therapeutics is a relatively novel concept and
several technical challenges remain to be resolved in the field. Currently,
producing exosomes at a large scale is technically challenging and requires
several steps. The choice of payload must be compatible, and sophisticated
loading techniques must be developed to achieve efficient loading. One of the
biggest advantages of using exosomes is the potential to target specific cells or
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tissues, but this of course means their tropism and biodistribution tendencies must
be well characterized. Finally, it is not clear how well exosomes can escape
lysosomal destruction; this would diminish their therapeutic effect.

3.1 ISOLATION AND PURIFICATION OF EXOSOMES

Until recently, exosomes were solely used for research purposes, not requiring
mass production. As exosome programs begin to move into the clinic as
therapeutics, concerns over scalability arise, particularly around efficient isolation
and purification.

Firstly, it is important to select an appropriate source of exosomes e.g., cell lines
that have established manufacturing and scalable processes, or a source of
primary cells that are widely available to achieve a good yield of exosomes. For
example, MSCs are widely used and their production method is well established;
red blood cells (RBCs) are readily available and large quantities of exosomes can
be obtained from a single unit of blood, removing the need for cell culturing.
Large-scale amounts of extracellular vesicles can be purified from RBCs after
treatment with calcium ionophore, for example, Carmine Therapeutics reports a
production scale of 10'-10" of exosomes purified from RBCs isolated from 200m|
of blood [28].

Isolation and purification of exosomes must also be optimized for yield. Common
techniques such as ultracentrifugation is used but this still has major scalability
limitations. Other options include size-based separation techniques such as
ultrafiltration or size exclusion chromatography, but these have additional issues
such as low purity, damage by shear stress, low sample capacity and dilution of
samples. Another purification technique, immunoaffinity chromatography (IAC),
relies upon identifying molecules that are externally located on the exosome
membrane. However, exosomes obtained by IAC have relatively harsh storage
conditions, resulting in interfering proteins. So whilst IAC is well-suited to
laboratory use, it is not yet optimized for large scale therapeutic exosome
production [?2][40][41].

Some companies are developing proprietary platforms with sophisticated
isolation and purification techniques. One example is Exopharm with its LEAP
Ligand technology which uses affinity chromatography to capture exosomes by
binding to the actual exosome membrane rather than specific surface molecules.
Exopharm claims to have industrial-sized columns that can produce millions of
doses [42]. Codiak’s platform uses advanced chromatography and filtration
technology for exosome purification, claiming a single run can produce an
equivalent volume of purified exosomes that would traditionally require >2,000
centrifuge runs [43].
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3.2 LOADING OF PAYLOADS

Once exosomes have been produced, isolated and purified the next step is to
load them with the required drug cargos. The three major loading techniques
used are incubation, electroporation and sonication. Incubation is the most widely
used method [44], although the encapsulating rate and efficiency is relatively low
with this approach [45]. Electroporation can often be complemented with
incubation to enhance loading efficiency by applying an extra electrical field that
enhances exosome permeability [46]. However, electroporation can lead to RNA
precipitation or exosome aggregation, limiting loading efficiency in some cases
[45]. A study investigating loading efficiency of paclitaxel with each of these three
methods showed that sonication offers the highest loading efficiency (29%
compared to 1.5% and 5.3% for incubation and electroporation, respectively) [47].
However, sonication weakens of the exosome membrane, affecting the surface
protein structure and causing exosome aggregation [44][46].

Another popular method is transfection of the parental cells, which theoretically
offers a higher loading efficiency and molecular stability than other methods, but
transfection agents have toxicity and safety concerns which may alter gene
expression in exosome producing cells, thereby affecting nucleic acid drug cargos
and thus the biological activity of the exosomes. Other less commonly used
strategies such as freeze-thaw cycles, thermal shock, pH gradient, saponin-
assisted loading, extrusion, and hypotonic dialysis could be used, but their cons
tend to outweigh their pros [45].

More sophisticated strategies are being developed to increase loading efficiency
and maintain exosome fidelity. An interesting example of this is Anjarium
Bioscience and its "hybridosome” technology which leverages the loading
capacity of synthetic vesicles to efficiently load exosomes with RNA cargos. The
synthetic vesicles are designed to carry these cargos which are released within the
exosome upon fusion [48].

llias Biologics' sophisticated protein loading technology works via an optically
reversible protein-protein interaction, in which two light-sensing proteins from the
plant Arabidopsis thaliana, CRY2 and CIBN, reversibly bind to each other when
exposed to blue light. llias leverages this naturally occurring protein interaction by
engineering exosome producing cells to express two sets of protein complexes:
CRY2-conjugated cargo protein and CIBN-conjugated exosome membrane-
associated protein. These cells are cultured under blue light, resulting in the
CRY2-CIBN interaction, dragging the protein attached to CRY2 into the exosome
[49]. llias Biologics is in early discovery stages of developing an anti-tumor
exosome therapy of intracellular antibodies; as yet there is no information
available regarding this program.

3.3 TISSUE/CELL TROPISM AND BIODISTRIBUTION
One of the biggest unmet needs in cancer treatment is the lack of cancer cell
selectivity with targeted therapies. Naturally, derived exosomes have specific
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surface protein profiles that allow targeting of certain cells/tissues. For example,
MSC-derived exosomes or fibroblasts can target tumor cells via their surface
proteins, allowing them to interact via cancer cell surface receptors and/or release
intracellular payloads, such as miRNAs, to promote cancer progression and induce
drug resistance [50]-[52]. These exosomes could therefore be engineered to carry
anti-cancer drugs which can be delivered directly to tumor cells and internalized.
The exosome surface could also be modified to include ligands that target certain
cells or tissues.

Codiak employs methods for “compartmental” delivery (e.g., intratumoral,
intrathecal) of exosomes to ensure enough drug gets to the desired target while
limiting potential off-target side effects. The company combines this strategy with
engineering the surface proteome of exosomes for selective targeting [53]. Other
companies have developed platforms for surface modification of exosomes,
including Exopharm’s EVPS™ platform or Anjarium'’s ‘targeting technology’ which
decorates hybridosomes with PEG, antibody fragments and peptides [54][55].

Other methods include careful cell line sourcing e.g., Tavec uses a human liver
stellate cell line (LX2) to develop its CCA therapy. LX2-derived exosomes have
tropism for CCA cells, so Tavec is essentially exploiting the cancer cell’s natural
pre-disposition for accumulating large quantities of certain exosomes [29].
Another example is work being done at The Children’s Hospital of Los Angeles
where exposing NK cells to neuroblastoma cells results in release of exosomes
that are able to activate other NK cells to exclusively attack neuroblastoma cells
[38].

3.4 LYSOSOMAL DESTRUCTION

One of the threats to exosomes, once they are internalized by target cells, is
lysosomal destruction. A study visualizing the internalization and colocalization of
exosomes showed that once in the target cell, large portions of exosomes are
transported to lysosomes for degradation [56]. So far, little to no data is available
on how or if therapeutic exosomes can escape lysosomal degradation. Further
studies to characterize exosome fate are needed.

4 CONCLUSIONS AND FUTURE OUTLOOK

In 2020, there were approximately 19.3 million new cancer cases worldwide and
almost 10 million deaths, ranking cancer as the leading cause of death globally
[57]. There is an urgent need for novel effective targeted therapies that can
potently and selectively target cancer cells, without eliciting side effects. Exosomes
clearly have the potential to revolutionize the cancer drug delivery landscape due
to their low immunogenicity, ability to target specific cells and carry complex
cargos. Naive exosome therapeutics could serve as alternatives to cell therapy
which still suffers from manufacturing and logistic challenges that have to date
limited its use in the clinic.
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