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Abstract: Currently, lacks of specificity and effectiveness remain the main drawbacks of clinical cancer treatment.
Despite therapeutic advances in recent decades, clinical outcomes remain poor. Exosomes are nanosized particles
with great potential for enhancing anticancer responses and targeted drug delivery. Exosomes modified through genetic or nongenetic methods can augment the cytotoxicity and targeting ability of therapeutic agents, thus improving
their efficacy in killing cancer cells. In this review, we summarize recent research on engineering exosomes-based
cancer therapy and discuss exosomes derived from tumors, mesenchymal stem cells, dendritic cells, HEK293T
cells, macrophages, milk, and other donor cells. The antitumor effects of engineered-exosomes are highlighted
and the potential adverse effects are considered. A comprehensive understanding of exosomes modification may
provide a novel strategy for cancer therapy.
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Introduction
Cancer is the leading cause of disease-related
death, and its occurrence is increasing [1].
Despite therapeutic advancement in recent
decades, clinical outcomes of cancer remain
poor because most patients are diagnosed at
an advanced disease stage, and current chemotherapy confers only a modest survival
advantage [2]. Most cancer treatments lack
specificity and effectiveness. Exosomes are
nanosized particles secreted by various cells
and absorbed by recipient cells. Exosomes are
rich in cargos, such as proteins, lipids, mRNA,
and miRNA; exosomes protect these contents
from degradation [3]. Exosomes play roles in
extracellular communication and many physiological processes [4]. Because of their membrane structure, exosomes have potential as
natural carriers of therapeutic agents for cancer therapy. Recent research confirms that
engineering exosomes enhance the cancer-killing efficacy and the cancer-targeting ability of
drugs, thus increasing the effectiveness of individual cancer therapies.

In this review, the modification of exosomes
from different origins as therapeutic vehicles
for cancer treatment is discussed, with particular emphasis on the distinct advantages of specific exosomes. We highlight the antitumor
effect of the engineered exosomes and consider the potential adverse effects of each exosome type.
Tumor-derived exosomes
Tumor-derived exosomes (TEXs) are important
mediators that modulate the contact between
tumors and microenvironments [5]. Oncogenic
mutations result in similar protein profile changes between exosomes and parental cells [6].
Tumor antigens can be presented through TEXs,
indicating that TEXs could be modified for cancer immunotherapy. Dendritic cells (DCs) are
antigen-presenting cells that can initiate antigen-specific immunity. In one study, coinjected
TEX-loaded DCs (DC-TEXs) were superior to
lysate-loaded DCs at inducing an anticancer
immune response; DC-TEXs therapy significantly prolonged the survival in a myeloid leukemia
WEHI3B-bearing mouse model [7]. Furthermore,
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Figure 1. Modification strategy and effect of tumor-derived exosomes in cancer therapy. DC-TEXs significantly prolonged the survival time, inhibited hepatocellular carcinoma growth and enhanced the efficacy of sorafenib in a
cancer model. TEXs derived from miR-134-transfected breast cancer cells inhibited migration and invasion of parent cells and enhanced sensitivity to anti-Hsp90 drugs. TEXs derived from myelogenous leukemia cells transduced
with TRAIL induced apoptosis in cancer cells and inhibited tumor progression. CRISPR/Cas9-loaded TEXs selectively
accumulated in cancer sites, induced apoptosis, and enhanced chemosensitivity to cisplatin. Paclitaxel-loaded TEXs
increased cytotoxicity to parental cells. DOX-loaded TEXs suppressed breast and ovarian tumor growth and protected the heart in mice cancer models.

DC-TEXs inhibited hepatocellular carcinoma
growth by increasing the number of T lymphocytes and level of interferon γ (IFN-γ) to improve
the tumor microenvironment [8]. Shi et al. [9]
found that combining PD-1 antibody with
DC-TEXs enhanced the efficacy of sorafenib
in hepatocellular carcinoma by decreasing
T-regulatory cells and blocking the PD-1/PD-L1
pathway.
The combination of TEXs and chemotherapeutics is commonly employed to enhance the efficacy of cancer treatment. Paclitaxel-loaded
exosomes derived from prostate cancer cells
through incubation increased cytotoxicity to
parental cells more than free paclitaxel did, and
the delivery partially depended on the surface
proteins of exosomes [10]. Doxorubicin (DOX)
was electroporated into breast and ovarian
cancer-derived TEXs to generate exosomal
DOX. The engineered exosomes exhibited a
relatively high therapeutic index with suppression of breast and ovarian tumor growth and
heart protection partially by limiting DOX across
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the myocardial endothelial cells in mice cancer
models [11].
Genetically modifying cancer cells to generate
TEXs may increase the toxicity and targeting
ability of exosomes. TEXs derived from miR134-transfected breast cancer cells inhibited
migration and invasion of parent cells and
enhanced sensitivity to anti-Hsp90 drugs [12].
Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) selectively induces apoptosis
of cancer cells. Rivoltini et al. [13] found that
TEXs derived from myelogenous leukemia
K562 cells transduced with lentiviral human
membrane TRAIL induced apoptosis in cancer
cells and inhibited tumor progression in
SUDHL4-bearing mice, particularly through
intratumor administration. CRISPR/Cas9-loaded TEXs derived from ovarian cancer cells
through electroporation selectively accumulated in cancer sites and induced apoptosis in
SKOV3-xenografted mice. Furthermore, enhanced chemosensitivity to cisplatin was observed through PARP-1 inhibition [14] (Figure 1).
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Figure 2. Roles of MSCs-derived exosomes in cancer treatment. AMSC-derived exosomes restrained the proliferation ability and induced apoptosis signaling of ovarian cancer cells. AMSC-derived exosomes promoted antitumor
responses for the growth suppression of hepatocellular carcinoma. MSCs-derived exosomes, electroporated with
siKRAS, induced apoptosis of Panc-1 cells, prolonged survival, and reduced metastasis in mice models. Exosomes
from miR-124a-transfected MSCs reduced the viability of glioma stem cells. Treatment with miR-146b overexpressing MSCs-derived exosomes inhibited glioma xenograft growth. miR-143-transfected MSCs-derived exosomes suppressed the migration of osteosarcoma cell. miR-122-loaded exosomes significantly increased the sensitivity of
hepatocellular carcinoma cells to sorafenib.

TEXs are also a “double-edged sword” because
of their property of facilitating cancer progression [15]. Prostate cancer cell-derived TEXs
without chemotherapeutics may increase cancer cell viability [10]. TEXs are pertinent mediators for cancer metastasis and chemotherapeutic resistance [16]. Multiple myeloma (MM)
exosomes enhanced angiogenesis and immunosuppression to establish a favorable bone
marrow microenvironment for MM progression.
Thus, further investigation is required to evaluate the safety and efficacy of TEXs. Moreover,
melanoma cell-derived exosome-like vesicles
could not be engineered using a cholesterol
anchor to functionally deliver miRNA and siRNA,
indicating that a deeper understanding of the
biomolecular delivery mechanism of exosomes
is required [17].
Mesenchymal stem cells-derived exosomes
Mesenchymal stem cells (MSCs)-derived exosomes have great therapeutic potential in cellfree therapy, including tissue injury repair,
inflammation amelioration, and cancer treatment [18, 19]. Exosomal cargos, such as proteins, mRNAs, and miRNAs, are transferred
from MSCs to target cells, altering the behavior
of recipient cells through various pathways.
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Their considerable production of exosomes
allows MSCs to be prospective candidates in
the large-scale generation of exosomes for cancer therapy.
Native MSCs-derived exosomes exhibit cancer
suppression ability. For example, adipose MSC
(AMSC)-derived exosomes have been shown to
restrain the proliferation ability and induce the
apoptosis signaling of ovarian cancer cells
[20]. Moreover, AMSC-derived exosomes were
shown to promote NKT-cell antitumor responses for the suppression of hepatocellular carcinoma growth [21]. Genetic modification is the
most common strategy in MSCs-derived exosomes-based cancer therapy through transfection of miRNA or siRNA. Exosomes from miR124a-transfected MSCs significantly were found to reduce the viability of glioma stem cells
and increase survival of mice with glioblastoma
[22]. Similarly, miR-146b overexpressing MSCsderived exosomes remarkably inhibited glioma
xenograft growth in a rat model [23]. Shimbo et
al. [24] found that miR-143 transfected-human
bone marrow MSCs-derived exosomes suppressed the migration of 143B osteosarcoma
cells. Bone marrow MSCs-derived exosomes
were electroporated with siKRASG12D–1-targeting
oncogenic KRAS in pancreatic cancer, which
Am J Cancer Res 2018;8(8):1332-1342
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Figure 3. Application of engineering DCs-derived exosomes in cancer therapy. Exosomes from E749-57 peptide-pulsed
DCs enhanced the toxicity of CD8+ T cells on TC-1 tumor cells, and the supplement of poly(I:C) significantly augmented antitumor immunity in cervical cancer. AFP-enriched exosomes triggered potent antigen-specific antitumorimmune responses, inhibited tumor growth, prolonged survival in a mice hepatocellular carcinoma model. iRGDLAMP2b overexpressing imDCs-derived exosomes efficiently delivered DOX to αv integrin-positive breast cancer
cells and specifically accumulated in tumor tissues, leading to inhibition of tumor growth without overt toxicity.

induced apoptosis of Panc-1 cells in vitro. Administration of the modified exosomes in vivo
inhibited the expression of KRAS, prolonged
survival, and reduced metastasis in mice models with mild lesions of inflammation in normal
tissue. Treatment efficacy improved when combined with gemcitabine [25]. Furthermore, miRNA-transfected MSCs-derived exosomes can
improve chemosensitivity. Lou et al. [26] found
that miR-122 was effectively packaged into
exosomes via miR-122-transfecting AMSCs.
The miR-122-loaded exosomes significantly
increased the sensitivity of hepatocellular carcinoma cells to sorafenib, leading to enhanced
growth inhibition of tumor in vivo (Figure 2).
Before engineering MSCs-derived exosomes,
the potential contribution of exosomes to cancer progression should be mentioned. Roccaro
et al. [27] found that MM bone marrow mesenchymal stromal cell-derived exosomes facilitated MM progression with higher levels of oncogenic proteins, cytokines, and adhesion molecules than exosomes from normal cells. One
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study revealed that bone marrow MSCs-derived
exosomes promoted tumor growth in vivo by
increasing angiogenesis [28]. The supportive
role of MSCs-derived exosomes in cancer progression requires further exploration.
DCs-derived exosomes
DCs play a vital role in antitumor immunity [29].
Compared with DCs, DCs-derived exosomes
have distinct advantages in cancer immunotherapy, such as enriched peptide-MHC-II complexes, high stability, and resistance to immunosuppressive molecules [30]. DCs-derived
exosomes may stimulate T-cell responses through direct and indirect routes, which improves
antitumor immunity. Researchers have found
that exosomes from DCs could promote natural-killer cell activation and proliferation and
induce tumor regression [31]. Compared with
direct treatment with natural DCs-derived exosomes, further modification of these exosomes
exhibits enhanced immunostimulatory characteristics in cancer therapy.
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A study revealed that compared with tumorderived exosomes, exosomes derived from DCs
induced stronger CD8+ CTL responses and antitumor immunity [32]. Chen et al. [33] found
that exosomes from E749-57 peptide-pulsed DCs
enhanced the toxicity of CD8+ T cells on TC-1
tumor cells, and the supplement of poly(I:C)
significantly augmented antitumor immunity
in cervical cancer. Lu et al. [34] transfected
mouse DCs with a lentivirus-expressing murine
alpha-fetoprotein (AFP) gene to generate AFPenriched exosomes. The engineered exosomes
triggered potent antigen-specific antitumorimmune responses, as indicated by remarkably
more IFN-γ-expressing CD8+ T lymphocytes,
higher levels of IFN-γ and interleukin (IL)-2,
fewer CD25+Foxp3+ regulatory T cells, decreased levels of IL-10, and transforming growth
factor-β in tumor sites. Intravenous administration of AFP-enriched exosomes significantly
inhibited tumor growth and prolonged survival
in a hepatocellular carcinoma model.
For enhanced cancer targeting and improved
therapeutic effects, researchers have attempted to modify the surface of exosomes through
gene transfection. LAMP2b, an exosomal membrane protein, fused to αv integrin-specific
iRGD peptide was overexpressed in immature
mouse DCs (imDCs). Exosomes purified from
imDCs were then loaded with DOX through
electroporation. The engineered exosomes efficiently delivered DOX to αv integrin-positive
breast cancer cells in vitro. Moreover, DOX specifically accumulated in tumor tissues by intravenous administration of targeted exosomes,
leading to inhibition of tumor growth without
overt toxicity [35] (Figure 3).
Exosomes derived from ovalbumin-loaded DCs
from MHCI-/- mice were found to induce the
same level of antitumor immunity as wild-type
exosomes in mice B16 melanoma, with similar
tumor infiltrating T cells and overall survival
time [36]. Thus, DCs-derived exosomes stimulate T-cell responses, irrespective of whether
MHC molecules on exosomes are present.
Therefore, modification of impersonalized DCs
exosomes may have expanded application in
cancer immunotherapy in the future.
HEK293T cells-derived exosomes
HEK293T cell lines are commonly used to
express exogenous genes. Thus, exosomes
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derived from HEK293T cells are feasible vesicles for delivery of therapeutic molecules. The
HGF-cMET pathway is involved in promoting the
growth of both cancer cells and vascular cells.
Researchers have transfected HEK293T cells
with siRNA to pack HGF siRNA into exosomes.
The HGF siRNA-loaded exosomes demonstrated a suppression effect on the proliferation
and migration of both gastric cancer cells and
vascular cells. Furthermore, exosomes were
able to transfer HGF siRNA in vivo, decreasing
the growth rates of tumors and blood vessels
[37].
The most effective strategy of HEK239T cellsderived exosomes is their use for targeted anticancer agent delivery. The IL3 receptor is
expressed in chronic myeloid leukemia (CML)
blasts. Thus, HEK293T cells were designed to
express the exosomal protein LAMP2b fused to
a fragment of IL-3 for generating targeted IL3
exosomes. IL3 exosomes selectively targeted
CML cells and suppressed growth both in vivo
and in vitro when loaded with Imatinib or
BCR-ABL siRNA [38]. Another study found that
exosomes from GE11 peptide-transfected
HEK293T cells efficiently delivered miR-let7a to
epidermal growth factor receptor-expressing
breast cancer cells and inhibited cancer growth
[39]. A similar study demonstrated that exosomes from Apo-A1-overexpressed HEK293T
cells achieved functional delivery of miR-26a to
scavenger receptor class B type 1-expressing
liver cancer HepG2 cells, thus decreasing cell
migration and proliferation [40].
Exosomes have also been engineered for increasing phagocytosis of cancer cells by macrophages. Most cancer cells express CD47 on
the surface, which provides a “do not eat me”
signal. Binding CD47 with signal regulatory protein α (SIRPα) on innate immune cells, such as
macrophages and dendritic cells, activates the
“do not eat me” signal and causes tumors to
escape from phagocytosis [41]. Koh et al. [42]
found that exosomes from SIRPα variant-transfected HEK293T cells enhanced the phagocytosis of CT26.CL25 and HT29 tumor cells by
macrophages and enhanced T-cell infiltration
via antagonizing the interaction between CD47
and SIRPα, thereby inhibiting the growth of cancer in syngeneic mice models. Another study
found that compared with the same dose of
ferritin-SIRPα, the therapeutic index of exosomes harboring SIRPα against tumor growth
Am J Cancer Res 2018;8(8):1332-1342
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Figure 4. HEK293T cells-derived exosomes are used for enhancing cancer cells-killing efficacy and targeting ability
of anticancer agents. HGF siRNA-loaded exosomes suppressed the proliferation and migration of both gastric cancer cells and vascular cells. Exosomes from SIRPα variant-transfected HEK293T cells enhanced the phagocytosis
of tumor cells by macrophages and enhanced T-cell infiltration, inhibiting the growth of cancer in syngeneic mouse
models. Exosomes derived from LAMP2b-IL-3-, GE11-, or Apo-A1 overexpressing HEK293T cells specifically delivered miRNA, siRNA, or drugs to tumor sites and inhibited CML, breast cancer, and liver cancer growth, respectively.

was higher in CT26.CL25 and HT29 tumorbearing mice [43] (Figure 4).
Macrophage-derived exosomes
Macrophage-derived exosomes can be packaged with various molecules for targeting cancer sites. Multidrug resistance (MDR) in cancer
has become a major challenge to successful
chemotherapy, including complex cellular and
physiological factors [44]. To overcome MDR in
cancer treatment, paclitaxel was incorporated
into macrophage-derived exosomes via sonication. A cytotoxicity increase of over 50 times in
drug-resistant MDCKMDR1 (Pgp+) cells was demonstrated after paclitaxel-loaded exosomes
were administered. A nearly complete colocalization between exosomes and pulmonary
metastases was also observed, which was
likely caused by specific proteins on the surface of macrophage-released exosomes [45].
For improving the targeting ability of exosomes,
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researches incorporated paclitaxel-loaded exosomes with aminoethylanisamide-polyethylene
glycol to target the sigma receptor, which is
overexpressed by lung cancer cells. The modified exosomes showed selective accumulation
in cancer cells and resulted in a superior antitumor effect with stronger suppression of metastases growth and longer survival when compared with paclitaxel-loaded exosomes [46].
Milk-derived exosomes
Accumulating evidence has shown that milkderived exosomes are alternatives for drug
delivery in cancer therapy and easier to access
than other donor cell-derived exosomes. Incubating exosomes is the most commonly
employed method for loading drugs into exosomes. Exosomes loaded with paclitaxel via
incubation showed higher tumor growth inhibition and lower systemic and immunologic toxicities than free paclitaxel did in A549-xenograft

Am J Cancer Res 2018;8(8):1332-1342

Exosomes modification-based cancer therapy
mice following oral administration [47]. A similar antitumor effect was observed in anthocyanidin-loaded exosomes on ovarian cancer
cells [48]. Munagala et al. [49] demonstrated
that exosomes loaded with withaferin A through
incubation exhibited significantly higher growthinhibitory effects against A549 tumor xenograft
when compared with withaferin A alone. Moreover, folate, a tumor targeting ligand, increased
the cancer cell targeting of the exosomes
resulting in enhanced tumor reduction. In summary, loading chemotherapeutics into milkderived exosomes is an efficient and costeffective method to overcome several hurdles
of drugs, such as poor oral bioavailability and
cytotoxicity.

Discussion

Exosomes of other origins

Exosomes are promising nanovesicles for therapeutic molecular delivery in cancer therapy
with low immunogenicity, high biocompatibility,
high drug delivery efficacy, and low cytotoxicity
to normal tissue. Many therapeutic agents,
including miRNA, proteins, and chemotherapeutics, can be designed and engineered into
exosomes to improve their killing and targeting
ability to tumor sites.

In addition to the aforementioned donor cellsderived exosomes, exosomes from specific
cells have prospective application in particular
cancer treatments. Cerebral endothelial cellderived exosomes serve as promising candidates to deliver drugs across the blood-brain
barrier for brain cancer treatment. Anticancer
drugs or vascular endothelial growth factor siRNA-loaded exosomes were shown to efficiently
decrease tumor growth in a xenotransplanted
brain tumor model [50, 51].
Many hepatocellular carcinoma cases arise
with a background of liver fibrosis or cirrhosis
with richly activated stellate cells [52]. Thus,
specially modified exosomes from stellate cells
may be used as tools to inhibit hepatocellular
carcinoma progression. Wang et al. [53] transfected exosomes derived from LX2 cells with
miR-335-5p to produce Exo-miR-335-5p. ExomiR-335-5p could inhibit hepatocellular carcinoma cell proliferation and invasion in vitro and
induce tumor shrinkage in vivo.
Reticulocyte-derived exosomes contain various
membrane proteins, including transferrin receptors. Superparamagnetic nanoparticle-transferrin conjugation was added to serum to generate superparamagnetic nanoparticle-labeled
exosomes (SMNC-EXOs) that could be separated from serum using a magnetic field. The
results showed that DOX-loaded SMNC-EXOs
efficiently enhanced cancer targeting under an
external magnetic field and inhibited hepatoma
22 subcutaneous tumor growth in vivo [54].
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Two areas for improvement of cancer treatment
are targeting and effectiveness. Exosomes are
naturally endowed with efficient target homing
to a tumor site, potentially attributable to their
multivalent display of cell-derived surface moieties [13, 55]. Furthermore, exosomes can
selectively accumulate in cancer site through
modification of their surface in order to express
targeting molecules that bind to receptors on
cancer cells. The combination of therapeutic
drugs and exosomes exhibits increased cytotoxicity and more effective killing efficacy on
cancer cells. Therefore, engineered exosomes
show promise in cancer therapy (Table 1).

Because exosomes are generated from parent
cells and reflect the functional status of their
origins, exosomes derived from different sources hold diverse applications in exosome-based
cancer treatment. Thus, choosing the appropriate exosomes for further modification is crucial.
Various methods are employed to engineer exosomes. Electroporation is most commonly used
for loading miRNA and siRNA into isolated exosomes. For genetic modification of donor cells,
viruses or plasmid transfection may be employed. Incubation is useful for loading chemotherapeutics into exosomes. The development
of robust and automated devices may be a
promising approach for overcoming the expenses and labor requirements of engineering exosomes [56].
No standard procedures have been developed
for isolating exosomes. Thus, standardized methods for isolating, engineering, storing, administering, and monitoring toxicity must be established before further clinical trials. Moreover,
the potential oncogenicity of exosomes should
be included in safety evaluations. Further
investigation is required to observe any poten-

Am J Cancer Res 2018;8(8):1332-1342

Exosomes modification-based cancer therapy
Table 1. Summary of therapeutic effects on cancer of various modified exosomes
Exosomal cargos

Donor cells

Tumor models

Study outcome

miR-134

Hs578Ts(i)8 (breast cancer)

Breast cancer

Inhibited migration and invasion of parent cells, enhanced sensitivity to anti-Hsp90 drugs

[12]

TRAIL

K562 (myelogenous
leukemia)

B-cell lymphoma

Induced apoptosis in cancer cells and inhibited tumor progression

[13]

CRISPR/Cas9

SKOV3 (ovarian cancer)

Ovarian cancer

Selectively accumulated in cancer site, induced apoptosis, enhanced chemosensitivity to cisplatin

[14]

miR-124a

BM-MSC

Glioma

Reduced the viability of glioma stem cell and increased survival of mice with glioblastoma

[22]

miR-146b

MSC

Glioma

Inhibited glioma growth

[23]

miR-143

BM-MSC

Osteosarcoma

Suppressed the migration of the 143B osteosarcoma cell

[24]

siKrasG12D-1

BM-MSC

Pancreatic cancer

Induced apoptosis, prolonged the survival, reduced metastasis

[25]

miR-122

AMSC

Hepatocellular carcinoma

Increased the sensitivity to sorafenib, enhanced growth inhibition

[26]

AFP

DC

Hepatocellular carcinoma

Triggered antigen-specific antitumor immune responses, inhibited tumor growth and prolonged survival

[34]

Lamp2b-iRGD

ImDC

Breast cancer

Delivered DOX to αv integrin-positive breast cancer cells, specifically accumulated in tumor tissue,
inhibited tumor growth

[35]

HGF siRNA

HEK293T

Gastric cancer

Suppressed the proliferation and migration of both gastric cancer and vascular cells

[37]

Lamp2b-IL3

HEK293T

CML

Selectively targeted CML cells and suppressed growth when loaded with Imatinib or with BCR-ABL siRNA

[38]

GE11 peptide, miR-let7a HEK293T

Breast cancer

Delivered miR-let7a to EGFR-expressing breast cancer cells and inhibited cancer growth

[39]

Apo-A1, miR-26a

HEK293T

Hepatocellular carcinoma

Delivered miR-26a to scavenger receptor class B type 1-expressing liver cancer cells, decreased
migration and proliferation

[40]

SIRPα variants

HEK293T

Colon adenocarcinoma

Enhanced phagocytosis of tumor cells by macrophages, inhibited cancer growth

[42]

VEGF siRNA

Cerebral endothelial cell

Glioblastoma-astrocytoma

Inhibited VEGF in U-87 MG cells and inhibited tumor growth

[51]

miR-335-5p

LX2 stellate cell

Hepatocellular carcinoma

Inhibited HCC cell proliferation and invasion in vitro and induced HCC tumor shrinkage in vivo

[53]

Paclitaxel

LNCaP and PC-3 (prostate
cancer)

Prostate cancer

Increased cytotoxicity to parental cells

[10]

Doxorubicin

MDA-MB-231 (breast cancer) Breast cancer ovarian
STOSE (ovarian cancer)
cancer

Suppressed breast and ovarian tumor growth and protected heart

[11]

Paclitaxel

Macrophage

Lung carcinoma

Increased more than 50 times cytotoxicity in drug resistant MDCKMDR1 (Pgp+) cells

[45]

Paclitaxel

Milk

Lung cancer

Higher tumor growth inhibition and lower systemic and immunologic toxicities than free paclitaxel

[47]

Anthocyanidins

Milk

Ovarian cancer

Inhibited tumor growth more efficiently compared to Anthos alone

[48]

Withaferin A

Milk

Lung cancer

Higher growth-inhibitory effects against A549 tumor xenograft compared to withaferin A

[49]

Doxorubicin

Cerebral endothelial cell

Glioblastoma-astrocytoma

Inhibited tumor growth

[50]

Doxorubicin

Reticulocytes

Hepatocellular carcinoma

Enhanced cancer targeting under an external magnetic field and inhibited tumor growth in vivo

[54]
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