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Abstract
Chemotherapy drugs are the first line of cancer treatment, but problems such as low intratumoral delivery, poor bioavailabil-
ity, and off-site toxicity must be addressed. Cancer-specific drug delivery techniques could improve the therapeutic outcome 
in terms of patient survival. The current study investigated the loading of chemotherapy drugs loaded into exosomes for 
cancer treatment. Exosomes are the smallest extracellular vesicles found in body fluids and can be used to transfer informa-
tion by moving biomolecules from cell to cell. This makes them useful as carriers. As the membranes of these nanoparticles 
are similar to cell membranes, they can be easily transported to carry different components. As most chemotherapy drugs 
are not easily soluble in liquid, loading them into exosomes can be a suitable solution to this problem. This cancer treatment 
could avert the injection of high doses of drugs and provide a more appropriate release mechanism.
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Abbreviations
EXO  Exosome
MSC  Mesenchymal stromal cell
PI3K/Akt/mTOR  Phosphatidylinositol 3-kinase/phos-

phatidylinositol 3-kinase (PI3K)/mam-
malian target of rapamycin

CTX  Cabazitaxel
DTX  Docetaxel
CRPC  Castration-resistant prostate cancer
IPSCS  Induced pluripotent stem cells
NSCLC  Non-small cell lung cancer
OXA  Oxaliplatin

TEM  Temozolomide
DEC  Decitabine
CEL  Celastrol
GEM  Gemcitabine
CRC   Colorectal cancer
MIT  Mitoxantrone
GBM  Glioblastoma multiform
BBB  Blood–brain barrier
AML  Myeloid leukemia
CRC   Colorectal cancer

Introduction

Despite being effective tumor suppressors, chemotherapy 
drugs are subject to low intratumoral delivery, poor bio-
availability, and off-site toxicity. Systemic chemotherapy is 
a common method for slowing the spread of cancer, but it 
has several side effects. Targeted drug delivery systems have 
undergone extensive research as a way to reduce the side 
effects of chemotherapy. In order to improve the therapeu-
tic results in terms of patient survival, cancer-specific drug 
delivery strategies could be used.

Therapies that reduce systemic toxicity can increase 
the effectiveness of treatment for people with breast can-
cer [1]. Pharmaceuticals have been successfully encap-
sulated in tumor-targeting material by Jang et al. [2], and 
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doxorubicin-loaded exosomes and nanovesicles have been 
employed as efficient cytotoxic drug delivery systems.

Small extracellular vesicles (sEVs) have recently been 
increasingly used for targeted drug delivery and therapies 
(Fig. 1).

Three main elements make up an sEV-based delivery 
system: vesicles, cargoes, and surface decorations. Either 
passive loading or active loading can be used to add med-
icines to exosomes. For passive loading, in order for the 
medications to be present in exosomes that are produced by 
maternal cells, the drugs either must be transferred into the 
cells or be grown alongside them (Fig. 2). Active loading 
involves physical processes such as ultrasound, electropora-
tion, extrusion, and freeze–thaw techniques that can be used 
to load pharmaceuticals into exosomes [3, 4].

Doxorubicin (DOX)

Doxorubicin is a highly effective anthracycline antibiotic 
that is commonly used in its liposomal formulation (Doxil) 
to treat hematological malignancies and solid tumors. How-
ever, the significant cardiotoxicity associated with long-term 
doxorubicin exposure limits its therapeutic use. Encapsula-
tion of the drug to prevent non-specific uptake and improve 
the drug’s pharmacokinetic properties is one strategy for 
preventing doxorubicin uptake into cardiac cells [5, 6].

The HER2, MDA-MB-231, and MFC-7 [7, 8] breast 
cancer cell lines are among the malignancies studied using 
doxorubicin nanocarriers. Some of this research has been 
carried out on mouse models of breast cancer [9]. The 
efficient delivery of doxorubicinloaded targeted exosomes 
in vitro has been verified by the considerable reduction in 
the tumor growth rate in a mouse breast cancer model [10].

Heat stress has been shown to increase the amount of 
doxorubicin-containing exosomes released by tumor cells 
and the antitumor effect of doxorubicin-treated tumor cell 
exosomes [7]. In vitro and in vivo studies on ectopic model 
C26 (mouse colon cancer) in BALB/c mice have indicated 
that a single intravenous injection of DOX@exosome 
reduced tumor growth substantially more than free DOX 
[11].

Paclitaxel (PTX)

Paclitaxel (PTX) is a microtubule-stabilizing agent that is 
used as an anticancer drug for both advanced and early-stage 
malignancies, including breast cancer [12] and glioblastoma 
multiforme (GBM) [13]. PTX therapy, however, is known to 
have features that harm healthy cells (cardiotoxicity, myelo-
suppression, and neurotoxicity) [14]. Hence, targeted PTX 
delivery to malignant tissues is preferable to avoid possible 
side effects in healthy cells.

Fig. 1  Schematic figure that shows the use of exosomes as a drug carrier for targeted drug delivery and therapies
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In a rat model of lung cancer, paclitaxel-encapsulated 
exosomes were reported to have greater antineoplastic 
effects than free paclitaxel [15]. Some studies have reported 
that PTX has low bioavailability and cannot cross the 
blood–brain barrier (BBB). However, in a zebrafish model, 
exosomes generated from a brain endothelial cell culture 
were able to increase doxorubicin and PTX penetration 
across the BBB [16].

In addition to inhibiting breast tumors, PTX loaded into 
MSC-derived exosomes was able to prevent metastasis to 
other tissues to a large extent. Systemic injection of these 
drug-loaded exosomes into mice with breast cancer (MDA-
hyb1), in addition to the reducing tumor size more than 60%, 
was able to prevent metastasis to the lung, kidney, liver, and 
spleen (more than 50%) [17]. Doxorubicin and paclitaxel are 
the most widely used chemotherapy drugs. The information 
about these drugs is collected in Table 1.

Cabazitaxel (CTX)

Cabazitaxel is a taxane derivative with anticancer proper-
ties. This drug induces apoptosis in cancer cells by inhibit-
ing the phosphorylation of the PI3K/Akt/mTOR pathway. 
It has shown better anticancer activity than other drugs 

in this category because of its low tendency to exhibit 
multidrug resistance 1 (MDR1). However, this drug does 
not dissolve well in solvents; thus, its use as an anticancer 
agent is limited. Loading CTX into exosomes could over-
come this problem [31]. CTX loading into MSC-derived 
EXO has been shown to effectively inhibit the growth of 
oral squamous cell carcinoma in vitro and in vivo [32].

Cisplatin

Cis-diamminedichloroplatinum (II), or cisplatin is orga-
nometallic platinum that was discovered to have powerful 
anti-neoplastic effects on tumor cells after its antibacte-
rial activities were initially described [33]. Patients with 
lymphomas, breast, testicular, ovarian, head, neck, and 
cervical cancers, and sarcomas are currently treated with 
cisplatin and other platinum-based drugs, including oxali-
platin and carboplatin, as first-line therapy. Its cytotoxicity 
is triggered by its interaction with DNA, which results in 
the formation of adducts and causes apoptosis [34]. Its 
nephrotoxicity, neurotoxicity, hepatotoxicity, and myelo-
suppression have limited the use of cisplatin as an effective 
anticancer medication [35, 36].

Fig. 2  A Exosomes from various sources will be used as a specific drug delivery system. B Exosomes in treatment of several malignancies
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Docetaxel (DTX)

Docetaxel is a taxoid antitumor agent that is used clinically 
as a cytotoxic manager in the treatment of many cancers. 
Raw264.7 macrophage-derived exosomes transfected with 
DTX and inactivated exosome loading for chemotherapy 
have been studied to treat castration-resistant prostate can-
cer (CRPC). CRPC has a high resistance to treatment and 
undergoes extensive progression and mortality. In vitro 
and in vivo models have shown acceptable results for can-
cer inhibition. Suppression of tumor growth was greater in 
groups conjugated to exosome-DTX folate. This technique 
prevented the widespread release of the drug into the body 
and reduced systemic toxicity [37].

Exosome-loaded DTX should be able to inhibit cancer 
cells by inducing apoptosis. The HELA cell line of cervi-
cal cancer frequently has been used in studies to find a 
treatment for this disease. In one study, exosomes derived 
from this cell were isolated, and cervical cancer was evalu-
ated after loading with DTX. Increase mitochondrial apop-
tosis was reported in this treatment, as well as an increase 
in the expression of Bax and caspase-3 and a decrease in 
the expression of Bcl-2 [38].

DTX loaded into induced pluripotent stem cells derived 
exosomes inhibited metastatic prostate cancer cells in a 
mouse model relatively better than liposomes, resulting 
in significantly reduced tumor growth in this group. This 
approach was clearly more effective in inhibiting prostate 
cancer compared to free DTX [39].

DTX is a first-line of treatment for NSCLC cancer. Due 
to the poor solubility of this drug in water, it has been 
suggested to be loaded into exosomes. Lung cell-derived 
exosomes were loaded with DTX and examined in vitro 
and in vivo in a cancer model. Decrease in cell survival, 
tumor size, and weight occurred. This technique stopped 
the cell cycle in phase G and increased apoptosis. Exo-
some drug loading can be more effective than free DTX 
through its slow-release system for controlling cancer [40].

Oxaliplatin (OXA)

Oxaliplatin combined with 5-fluorouracil (5-Fu) is a prev-
alent systemic treatment for colorectal cancer CRC [41], 
and its use in targeted therapies has expanded [42]. The 
prospects of patients with metastatic CRC remain serious 
because of inherent or acquired resistance to the medica-
tion. Oxaliplatin is the first drug approved to treat colorec-
tal cancer; however, it inhibits division and transcription, 
which results in cell death [43]. Resistance to oxaliplatin 
has become a major problem [44]. The exosome-mediated 
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mechanisms underlying the tumor microenvironment, 
distant cellular interaction, exosome heterogeneity, and 
the molecular mechanisms responsible for resistance and 
metastasis have become increasingly apparent. Designing 
new investigative approaches based on tumor background 
expands knowledge about exosome-mediated cancer treat-
ment and prepares new and advantageous cures for cancer 
patients [45].

Temozolomide (TMZ)

Temozolomide is used to treat various types of cancer, 
including brain tumors. It is an alkylating drug that is an 
international standard for treating glioblastoma and halts 
cancer cells’ growth. Glioblastoma is the deadliest human 
cancer and is the most common type of brain cancer. How-
ever, resistance to TMZ and subsequent tumor recurrence 
have become critical problems in the clinical treatment of 
glioblastoma [46]. Exosomes in human serum may serve as 
a possible diagnostic marker for therapy-refractory GBM.

Decitabine (DEC)

Decitabine hypomethylated DNA by inhibiting DNA meth-
yltransferase. It functions in a similar manner to azacy-
tidine, although decitabine can only be incorporated into 
DNA strands, while azacytidine can be incorporated into 
both DNA and RNA chains. Decitabine acts as a nucleic 
acid synthesis inhibitor. It is a medication for treating mye-
lodysplastic syndrome, a class of conditions where certain 
blood cells are dysfunctional, and acute myeloid leukemia. 
Increased exosomal expression of miR-200c and miR-141 
may be biomarkers for mesenchymal-epithelial transmission 
of CRC cells [47].

Gemcitabine (GEM)

Gemcitabine, with the molecular formula C9H11F2N3O4 
[48], is an anticancer medicine that acts as an anti-metabolite 
and prevents the development of proteins that are essential 
for the growth of tumors. Gemcitabine is used to treat pan-
creatic, lung, and bladder cancers. M1Exo-GEM-DFX can 
be an effective strategy for the treatment of drug-resistant 
pancreatic tumors and provide insight into their mechanisms 
of action [49].

Carboplatin

An analog of cisplatin, carboplatin cis-diammine 
(1,1-cyclobutane-dicarboxylate platinum) is a second-gen-
eration platinum compound. The clinical efficacy of carbo-
platin and cisplatin for all tumor types may not be the same, 

although their methods of action and preclinical activity 
spectra are similar. In both species, platinum chemothera-
peutic drugs have been the go-to treatment for osteosarcoma, 
either alone or in combination with other drugs. Similar 
mechanisms underlie resistance to both cisplatin and car-
boplatin [50].

Mitoxantrone (MIT)

Graphene oxide as a nanocarrier is widely used in drug 
delivery systems because it offers good properties, such as 
the creation of non-covalent bonds and hydrophobic interac-
tions [51]. However, it does not show proper targeting. The 
use of exosomes as a drug delivery system should assist 
in this process, as studies have shown that MIT drug load-
ing in graphene oxide and exosomes have reported effective 
antitumor effects and enhanced apoptosis [52]. All of these 
chemo-drugs are listed in (Table 2).

Natural substances

Natural substances such as curcumin and black bean extract 
loaded into exosomes also have been shown to inhibit can-
cer. Loading this extract into (HepG2) exosomes derived 
from the liver and (PC3) prostate cancer cells and then 
treating the cancer cells with this combination has shown 
a significant anti-proliferative effect [76]. Co-encapsulated 
(LPNs) lipid nanoparticles of (DTX)docetaxel and (CUR) 
curcumin were evaluated on PC3 tumor xenografts in mice 
(human prostate cancer-bearing Balb/c nude mice model). 
Compared to other groups, these strong nanoparticles greatly 
reduced tumor volume development while having no obvi-
ous negative effects. This combination may out to be a suc-
cessful therapy for prostate cancer; it was determined [77]. 
The bioactive triterpenoid β-elemene, which is obtained 
from many plants, is another natural substance. There is a 
lot of interest in using β-elemene as chemotherapy due to its 
remarkable anticancer effects, which include the reversal of 
multidrug resistance [78].

Celastrol (CLT) is a compound with the chemical formula 
 C29H38O4 which is extracted from the root of Tripterygium 
wilfordii. While the plant itself is poisonous, it produces a 
variety of active compounds. Celastrol is a traditional herbal 
medicine that has the potential for the treatment of vari-
ous cancers and the ability to inhibit the growth of tumor 
cells [79]. However, clinical use of CLT is extremely limited 
by its low solubility/penetrance, insignificant bioavailabil-
ity, and potential for off-target toxicity. The development 
of nanotechnology has provided solutions to altering the 
oral bioavailability, remedial effects, and tissue-targeting 
of CLT [80]. This highlight the need to fully describe the 
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physicochemical and biopharmaceutical properties of such 
nano-formulations. Before they can be used clinically to treat 
disease, their safety and efficacy profiles must be extensively 
studied in vivo (Table 3).

Conclusion

We reviewed the literature that used exosomes as a drug 
delivery system for the treatment of malignancies. Can-
cer-specific drug delivery techniques could improve the 
therapeutic outcome in terms of patient survival. Many 
researchers have recently considered various applications 
of exosomes, but the pharmaceutical aspects will need to 
be investigated further in the future. As most chemotherapy 
drugs are not easily soluble in liquid, loading them into 
exosomes can be a suitable solution to this problem. This 
cancer treatment could avert the injection of high doses of 
drugs and provide a more appropriate release mechanism.

Acknowledgements This research was supported by the Cancer 
Research Center, Shahrekord University of Medical Sciences, Shahre-
kord, Iran (Code No.: 6340)

Author contributions LR literature searches and review, manuscript 
writing, figure design SHR LR FS GR literature searches and review 
SHR manuscript revision, KF literature searches and review, figure 
design, manuscript writing and revisions.

Funding The authors declare that no funding was received for the 
research.

Data availability Data sharing is not applicable to this article as no 
datasets were generated or analyzed during the current study.

Declarations 

Conflict of interest The authors declare no competing financial inter-
ests.

References

 1. Kalimuthu S, Gangadaran P, Rajendran RL, Zhu L, Oh JM, Lee 
HW, et al. A new approach for loading anticancer drugs into mes-
enchymal stem cell-derived exosome mimetics for cancer therapy. 
Front Pharmacol. 2018;9:1116.

 2. Jang SC, Kim OY, Yoon CM, Choi D-S, Roh T-Y, Park J, et al. 
Bioinspired exosome-mimetic nanovesicles for targeted deliv-
ery of chemotherapeutics to malignant tumors. ACS Nano. 
2013;7(9):7698–710.

 3. Tarasov VV, Svistunov AA, Chubarev VN, Dostdar SA, Sokolov 
AV, Brzecka A, et al. Extracellular vesicles in cancer nanomedi-
cine Seminars in cancer biology. Amsterdam: Elsevier; 2021.

 4. Armstrong JP, Stevens MM. Strategic design of extracellular vesi-
cle drug delivery systems. Adv Drug Deliv Rev. 2018;130:12–6.

 5. Schindler C, Collinson A, Matthews C, Pointon A, Jenkinson L, 
Minter RR, et al. Exosomal delivery of doxorubicin enables rapid 

cell entry and enhanced in vitro potency. PLoS ONE. 2019;14(3): 
e0214545.

 6. Bertrand N, Wu J, Xu X, Kamaly N, Farokhzad OC. Cancer nano-
technology: the impact of passive and active targeting in the era 
of modern cancer biology. Adv Drug Deliv Rev. 2014;66:2–25.

 7. Yang Y, Chen Y, Zhang F, Zhao Q, Zhong H. Increased anti-
tumour activity by exosomes derived from doxorubicin-treated 
tumour cells via heat stress. Int J Hyperth. 2015;31(5):498–506.

 8. Tian Y, Li S, Song J, Ji T, Zhu M, Anderson GJ, et al. A doxo-
rubicin delivery platform using engineered natural membrane 
vesicle exosomes for targeted tumor therapy. Biomaterials. 
2014;35(7):2383–90.

 9. Hadla M, Palazzolo S, Corona G, Caligiuri I, Canzonieri V, Tof-
foli G, et al. Exosomes increase the therapeutic index of doxoru-
bicin in breast and ovarian cancer mouse models. Nanomedicine. 
2016;11(18):2431–41.

 10. Gomari H, Moghadam MF, Soleimani M, Ghavami M, Khodashe-
nas S. Targeted delivery of doxorubicin to HER2 positive tumor 
models. Int J Nanomed. 2019;14:5679.

 11. Bagheri E, Abnous K, Farzad SA, Taghdisi SM, Ramezani M, 
Alibolandi M. Targeted doxorubicin-loaded mesenchymal stem 
cells-derived exosomes as a versatile platform for fighting against 
colorectal cancer. Life Sci. 2020;261: 118369.

 12. Wood AJ, Rowinsky EK, Donehower RC. Paclitaxel (taxol). N 
Engl J Med. 1995;332(15):1004–14.

 13. Salarpour S, Forootanfar H, Pournamdari M, Ahmadi-Zeidabadi 
M, Esmaeeli M, Pardakhty A. Paclitaxel incorporated exosomes 
derived from glioblastoma cells: comparative study of two loading 
techniques. Daru. 2019;27(2):533–9.

 14. Schiff D, Wen PY, Van Den Bent MJ. Neurological adverse effects 
caused by cytotoxic and targeted therapies. Nat Rev Clin Oncol. 
2009;6(10):596–603.

 15. Kim MS, Haney MJ, Zhao Y, Mahajan V, Deygen I, Klyachko NL, 
et al. Development of exosome-encapsulated paclitaxel to over-
come MDR in cancer cells,. Nanomed: Nanotechnol Biol Med. 
2016;12(3):655–64.

 16. Yang T, Martin P, Fogarty B, Brown A, Schurman K, Phipps 
R, et al. Exosome delivered anticancer drugs across the blood-
brain barrier for brain cancer therapy in Danio rerio. Pharm Res. 
2015;32(6):2003–14.

 17. Melzer C, Rehn V, Yang Y, Bähre H, von der Ohe J, Hass R. 
Taxol-loaded MSC-derived exosomes provide a therapeutic vehi-
cle to target metastatic breast cancer and other carcinoma cells. 
Cancers. 2019;11(6):798.

 18. Toffoli G, Hadla M, Corona G, Caligiuri I, Palazzolo S, Semeraro 
S, et al. Exosomal doxorubicin reduces the cardiac toxicity of 
doxorubicin. Nanomedicine. 2015;10(19):2963–71.

 19. Wang K, Ye H, Zhang X, Wang X, Yang B, Luo C, et al. An 
exosome-like programmable-bioactivating paclitaxel prodrug 
nanoplatform for enhanced breast cancer metastasis inhibition. 
Biomaterials. 2020;257: 120224.

 20. Garofalo M, Saari H, Somersalo P, Crescenti D, Kuryk L, Aksela 
L, et al. Antitumor effect of oncolytic virus and paclitaxel encap-
sulated in extracellular vesicles for lung cancer treatment. J Con-
trol Release. 2018;283:223–34.

 21. Munagala R, Aqil F, Jeyabalan J, Gupta RC. Bovine milk-derived 
exosomes for drug delivery. Cancer Lett. 2016;371(1):48–61.

 22. Kim MS, Haney MJ, Zhao Y, Yuan D, Deygen I, Klyachko 
NL, et al. Engineering macrophage-derived exosomes for tar-
geted paclitaxel delivery to pulmonary metastases: in  vitro 
and in  vivo evaluations,. Nanomed: Nanotechnol Biol Med. 
2018;14(1):195–204.

 23. Salarpour S, Pardakhty A, Ahmadi-Zeidabadi M, Pournamdari 
M, Forootanfar H, Esmaeeli M, et al. Exosome-loaded paclitaxel: 
preparation and toxicity evaluation on two glioblastoma cell lines. 
Nanomed Res J. 2019;4(4):239–46.

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com



Medical Oncology           (2023) 40:31  

1 3

Page 11 of 12    31 

 24. Wang P, Wang H, Huang Q, Peng C, Yao L, Chen H, et  al. 
Exosomes from M1-polarized macrophages enhance paclitaxel 
antitumor activity by activating macrophages-mediated inflam-
mation. Theranostics. 2019;9(6):1714.

 25. Saari H, Lázaro-Ibáñez E, Viitala T, Vuorimaa-Laukkanen E, 
Siljander P, Yliperttula M. Microvesicle-and exosome-mediated 
drug delivery enhances the cytotoxicity of paclitaxel in autologous 
prostate cancer cells. J Control Release. 2015;220:727–37.

 26. Agrawal AK, Aqil F, Jeyabalan J, Spencer WA, Beck J, Gachuki 
BW, et al. Milk-derived exosomes for oral delivery of paclitaxel. 
Nanomed Nanotechnol Biol Med. 2017;13(5):1627–36.

 27. Salarpour S, Forootanfar H, Pournamdari M, Ahmadi-Zeidabadi 
M, Esmaeeli M, Pardakhty A. Paclitaxel incorporated exosomes 
derived from glioblastoma cells: comparative study of two loading 
techniques. DARU J Pharm Sci. 2019;27(2):533–9.

 28. Pascucci L, Coccè V, Bonomi A, Ami D, Ceccarelli P, Ciusani 
E, et al. Paclitaxel is incorporated by mesenchymal stromal cells 
and released in exosomes that inhibit in vitro tumor growth: a new 
approach for drug delivery. J Control Release. 2014;192:262–70.

 29. Kreger BT, Johansen ER, Cerione RA, Antonyak MA. The enrich-
ment of survivin in exosomes from breast cancer cells treated with 
paclitaxel promotes cell survival and chemoresistance. Cancers. 
2016;8(12):111.

 30. Luan X, Guan Y-Y, Lovell JF, Zhao M, Lu Q, Liu Y-R, et al. 
Tumor priming using metronomic chemotherapy with neo-
vasculature-targeted, nanoparticulate paclitaxel. Biomaterials. 
2016;95:60–73.

 31. Sobue S, Mizutani N, Aoyama Y, Kawamoto Y, Suzuki M, 
Nozawa Y, et al. Mechanism of paclitaxel resistance in a human 
prostate cancer cell line, PC3-PR, and its sensitization by cabazi-
taxel. Biochem Biophys Res Commun. 2016;479(4):808–13.

 32. Qiu Y, Sun J, Qiu J, Chen G, Wang X, Mu Y, et al. Antitumor 
activity of cabazitaxel and MSC-TRAIL derived extracellular 
vesicles in drug-resistant oral squamous cell carcinoma. Cancer 
Manag Res. 2020;12:10809.

 33. Rosenberg B. Platinum coordination complexes in cancer chemo-
therapy. Naturwissenschaften. 1973;60(9):399–406.

 34. Brown A, Kumar S, Tchounwou PB. Cisplatin-based chemother-
apy of human cancers. J Cancer Sci Ther. 2019;11(4):97.

 35. Iraz M, Ozerol E, Gulec M, Tasdemir S, Idiz N, Fadillioglu E, 
et al. Protective effect of caffeic acid phenethyl ester (CAPE) 
administration on cisplatin-induced oxidative damage to liver in 
rat. Cell Biochem Funct. 2006;24(4):357–61.

 36. Cohen SM, Mukerji R, Cai S, Damjanov I, Forrest ML, Cohen 
MS. Subcutaneous delivery of nanoconjugated doxorubicin 
and cisplatin for locally advanced breast cancer demonstrates 
improved efficacy and decreased toxicity at lower doses than 
standard systemic combination therapy in  vivo. Am J Surg. 
2011;202(6):646–52.

 37. Tian J, Tai Z, Zhang W, Wang X, Chen Z, Yu Q, et al. Exosomes 
Derived from Nanocomplex-Loaded Macrophages for Targeted 
Delivery of Docetaxel and siPLK1 against Castrate-Resistance 
Prostate Cancer. 2020.

 38. Cenik M, Abas BI, Kocabiyik B, Demirbolat GM, Cevik O. 
Development of a new drug delivery system from hela-derived 
exosomes and the effect of docetaxel-loaded exosomes on mito-
chondrial apoptosis. J Pharm Innov. 2021. https:// doi. org/ 10. 1007/ 
s12247- 021- 09566-1.

 39. Zhao Q, Hai B, Kelly J, Wu S, Liu F. Extracellular vesicle mim-
ics made from iPS cell-derived mesenchymal stem cells improve 
the treatment of metastatic prostate cancer. Stem Cell Res Ther. 
2021;12(1):1–13.

 40. Wang Y, Guo M, Lin D, Liang D, Zhao L, Zhao R, et al. Doc-
etaxel-loaded exosomes for targeting non-small cell lung cancer: 
preparation and evaluation in vitro and in vivo. Drug Delivery. 
2021;28(1):1510–23.

 41. Berman DM, Karhadkar SS, Maitra A, Montes de Oca R, Gersten-
blith MR, Briggs K, et al. Widespread requirement for hedgehog 
ligand stimulation in growth of digestive tract tumours. Nature. 
2003;425(6960):846–51.

 42. Deen KI, Silva H, Deen R, Chandrasinghe PC. Colorectal cancer 
in the young, many questions, few answers. World J Gastrointest 
Oncol. 2016;8(6):481–8.

 43. Fang L, Li H, Wang L, Hu J, Jin T, Wang J, et al. MicroRNA-
17-5p promotes chemotherapeutic drug resistance and tumour 
metastasis of colorectal cancer by repressing PTEN expression. 
Oncotarget. 2014;5(10):2974.

 44. Filipowicz W, Bhattacharyya SN, Sonenberg N. Mechanisms of 
post-transcriptional regulation by microRNAs: are the answers in 
sight? Nat Rev Genet. 2008;9(2):102–14.

 45. Imai H, Saijo K, Komine K, Ueta R, Numakura R, Wakayama 
S, et al. Antibiotic treatment improves the efficacy of oxalipl-
atin-based therapy as first-line chemotherapy for patients with 
advanced gastric cancer: a retrospective study. Cancer Manag Res. 
2022;14:1259.

 46. Singh N, Miner A, Hennis L, Mittal S. Mechanisms of temozolo-
mide resistance in glioblastoma-a comprehensive review. Cancer 
Drug Resist. 2021;4(1):17.

 47. Tanaka S, Hosokawa M, Ueda K, Iwakawa S. Effects of decitabine 
on invasion and exosomal expression of miR-200c and miR-141 
in oxaliplatin-resistant colorectal cancer cells. Biol Pharm Bull. 
2015. https:// doi. org/ 10. 1248/ bpb. b15- 00129.

 48. Abratt RP, Bezwoda WR, Falkson G, Goedhals L, Hack-
ing D, Rugg TA. Efficacy and safety profile of gemcitabine 
in non-small-cell lung cancer: a phase II study. J Clin Oncol. 
1994;12(8):1535–40.

 49. Bonomi A, Sordi V, Dugnani E, Ceserani V, Dossena M, Coccè 
V, et al. Gemcitabine-releasing mesenchymal stromal cells inhibit 
in vitro proliferation of human pancreatic carcinoma cells. Cyto-
therapy. 2015;17(12):1687–95.

 50. Rassnick KM, Ruslander DM, Cotter SM, Al-Sarraf R, Bruyette 
DS, Gamblin RM, et al. Use of carboplatin for treatment of dogs 
with malignant melanoma: 27 cases (1989–2000). J Am Vet Med 
Assoc. 2001;218(9):1444–8.

 51. Jabłońska A, Jaworska A, Kasztelan M, Berbeć S, Pałys B. Gra-
phene and graphene oxide applications for SERS sensing and 
imaging. Curr Med Chem. 2019;26(38):6878–95.

 52. Chen Q, Che C, Liu J, Gong Z, Si M, Yang S, et al. Construction 
of an exosome-functionalized graphene oxide based composite 
bionic smart drug delivery system and its anticancer activity. 
Nanotechnology. 2022;33(17): 175101.

 53. Nooshabadi VT, Khanmohammadi M, Shafei S, Banafshe HR, 
Malekshahi ZV, Ebrahimi-Barough S, et al. Impact of atorvastatin 
loaded exosome as an anti-glioblastoma carrier to induce apop-
tosis of U87 cancer cells in 3D culture model. Biochem biophys 
rep. 2020;23: 100792.

 54. Valipour E, Ranjbar FE, Mousavi M, Ai J, Malekshahi ZV, Mokh-
berian N, et al. The anti-angiogenic effect of atorvastatin loaded 
exosomes on glioblastoma tumor cells: an in vitro 3D culture 
model. Microvasc Res. 2022. https:// doi. org/ 10. 1016/j. mvr. 2022. 
104385.

 55. Guo F, Chang CK, Fan HH, Nie XX, Ren YN, Liu YY, et al. 
Anti-tumour effects of exosomes in combination with cyclo-
phosphamide and polyinosinic-polycytidylic acid. J Int Med Res. 
2008;36(6):1342–53.

 56. Federici C, Petrucci F, Caimi S, Cesolini A, Logozzi M, Borghi 
M, et al. Exosome release and low pH belong to a framework 
of resistance of human melanoma cells to cisplatin. PLoS ONE. 
2014;9(2): e88193.

 57. Li J, Li N, Wang J. M1 macrophage-derived exosome-encapsu-
lated cisplatin can enhance its anti-lung cancer effect. Minerva 
medica. 2020.

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com

https://doi.org/10.1007/s12247-021-09566-1
https://doi.org/10.1007/s12247-021-09566-1
https://doi.org/10.1248/bpb.b15-00129
https://doi.org/10.1016/j.mvr.2022.104385
https://doi.org/10.1016/j.mvr.2022.104385


 Medical Oncology           (2023) 40:31 

1 3

   31  Page 12 of 12

 58. Snell AA, Neupane KR, McCorkle JR, Fu X, Moonschi FH, Cau-
dill EB, et al. Cell-derived vesicles for in vitro and in vivo targeted 
therapeutic delivery. ACS Omega. 2019;4(7):12657–64.

 59. Zhang X, Liu L, Tang M, Li H, Guo X, Yang X. The effects of 
umbilical cord-derived macrophage exosomes loaded with cis-
platin on the growth and drug resistance of ovarian cancer cells. 
Drug Dev Ind Pharm. 2020;46(7):1150–62.

 60. Xiao X, Yu S, Li S, Wu J, Ma R, Cao H, et  al. Exosomes: 
decreased sensitivity of lung cancer A549 cells to cisplatin. PLoS 
ONE. 2014;9(2): e89534.

 61. Weinman MA, Ramsey SA, Leeper HJ, Brady JV, Schlueter 
A, Stanisheuski S, et al. Exosomal proteomic signatures corre-
late with drug resistance and carboplatin treatment outcome in 
a spontaneous model of canine osteosarcoma. Cancer Cell Int. 
2021;21(1):1–13.

 62. Ning T, Li J, He Y, Zhang H, Wang X, Deng T, et al. Exosomal 
miR-208b related with oxaliplatin resistance promotes treg expan-
sion in colorectal cancer. Mol Ther. 2021;29(9):2723–36.

 63. Liu T, Zhang X, Du L, Wang Y, Liu X, Tian H, et al. Exosome-
transmitted miR-128-3p increase chemosensitivity of oxaliplatin-
resistant colorectal cancer. Mol Cancer. 2019;18(1):1–17.

 64. Han J, Sun W, Liu R, Zhou Z, Zhang H, Chen X, et al. Plasma 
exosomal miRNA expression profile as oxaliplatin-based chem-
oresistant biomarkers in colorectal adenocarcinoma. Front Oncol. 
2020;10:1495.

 65. Hui B, Lu C, Wang J, Xu Y, Yang Y, Ji H, et al. Engineered 
exosomes for co-delivery of PGM5-AS1 and oxaliplatin 
to reverse drug resistance in colon cancer. J Cell Physiol. 
2022;237(1):911–33.

 66. Lin D, Zhang H, Liu R, Deng T, Ning T, Bai M, et al. iRGD-
modified exosomes effectively deliver CPT1A siRNA to colon 
cancer cells, reversing oxaliplatin resistance by regulating fatty 
acid oxidation. Mol Oncol. 2021;15(12):3430–46.

 67. Gu Y, Yu J, Zhang J, Wang C. Suppressing the secretion of exo-
somal miR-19b by gw4869 could regulate oxaliplatin sensitivity 
in colorectal cancer. Neoplasma. 2019;66(1):39–45.

 68. Zhang Y, Li C, Liu X, Wang Y, Zhao R, Yang Y, et al. circH-
IPK3 promotes oxaliplatin-resistance in colorectal cancer 
through autophagy by sponging miR-637. EBioMedicine. 
2019;48:277–88.

 69. Xu Y, Zhu M. Novel exosomal miR-46146 transfer oxalipl-
atin chemoresistance in colorectal cancer. Clin Transl Oncol. 
2020;22(7):1105–16.

 70. Wang Z, Li Y, Mao R, Zhang Y, Wen J, Liu Q, et al. DNAJB8 
in small extracellular vesicles promotes oxaliplatin resistance 
through TP53/MDR1 pathway in colon cancer. Cell Death Dis. 
2022;13(2):1–12.

 71. André-Grégoire G, Bidère N, Gavard J. Temozolomide affects 
extracellular vesicles released by glioblastoma cells. Biochimie. 
2018;155:11–5.

 72. Li G, Lan Q. Exosome-mediated transfer of circ-GLIS3 enhances 
temozolomide resistance in glioma cells through the miR-548m/
MED31 axis. Cancer Biother Radiopharm. 2021. https:// doi. org/ 
10. 1089/ cbr. 2021. 0299.

 73. Zeng A, Yan W, Liu Y, Wang Z, Hu Q, Nie E, et al. Tumour 
exosomes from cells harbouring PTPRZ1–MET fusion contribute 
to a malignant phenotype and temozolomide chemoresistance in 
glioblastoma. Oncogene. 2017;36(38):5369–81.

 74. Zhang Z, Yin J, Lu C, Wei Y, Zeng A, You Y. Exosomal trans-
fer of long non-coding RNA SBF2-AS1 enhances chemoresist-
ance to temozolomide in glioblastoma. J Exp Clin Cancer Res. 
2019;38(1):1–16.

 75. Zhao Y, Zheng Y, Zhu Y, Zhang Y, Zhu H, Liu T. M1 mac-
rophage-derived exosomes loaded with gemcitabine and defera-
sirox against chemoresistant pancreatic cancer. Pharmaceutics. 
2021;13(9):1493.

 76. Donoso-Quezada J, Guajardo-Flores D, González-Valdéz J. 
Exosomes as nanocarriers for the delivery of bioactive compounds 
from black bean extract with antiproliferative activity in cancer 
cell lines. Mater Today: Proc. 2019;13:362–9.

 77. Yan J, Wang Y, Zhang X, Liu S, Tian C, Wang H. Targeted nano-
medicine for prostate cancer therapy: docetaxel and curcumin 
co-encapsulated lipid–polymer hybrid nanoparticles for the 
enhanced anti-tumor activity in vitro and in vivo. Drug Delivery. 
2016;23(5):1757–62.

 78. Zhai B, Zhang N, Han X, Li Q, Zhang M, Chen X, et al. Molecu-
lar targets of β-elemene, a herbal extract used in traditional Chi-
nese medicine, and its potential role in cancer therapy: a review. 
Biomed Pharmacother. 2019;114: 108812.

 79. Law S, Leung AW, Xu C. Traditional Chinese medicine, “cel-
astrol” and its nanotechnology for cancers: a narrative review. 
Longhua Chin Med. 2021. https:// doi. org/ 10. 21037/ lcm- 20- 48.

 80. Huang T, Wang Y, Shen Y, Ao H, Guo Y, Han M, et al. Prep-
aration of high drug-loading celastrol nanosuspensions and 
their anti-breast cancer activities in vitro and in vivo. Sci Rep. 
2020;10(1):1–9.

 81. Zhang J, Yao Y-F, Zhong S-L, Zhao JH, Tang JH. β-elemene 
reverses chemoresistance of breast cancer cells by reducing 
resistance transmission via exosomes. Cell Physiol Biochem. 
2015;36(6):2274–86.

 82. Kanchanapally R, Khan MA, Deshmukh SK, Srivastava SK, 
Khushman Md, Singh S, et al. Exosomal formulation escalates 
cellular uptake of honokiol leading to the enhancement of its anti-
tumor efficacy. ACS Omega. 2020;5(36):23299–307.

 83. Aqil F, Kausar H, Agrawal AK, Jeyabalan J, Kyakulaga A-H, 
Munagala R, et al. Exosomal formulation enhances therapeu-
tic response of celastrol against lung cancer. Exp Mol Pathol. 
2016;101(1):12–21.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com

https://doi.org/10.1089/cbr.2021.0299
https://doi.org/10.1089/cbr.2021.0299
https://doi.org/10.21037/lcm-20-48

	Exosomes: special nano-therapeutic carrier for cancers, overview on anticancer drugs
	Abstract
	Introduction
	Doxorubicin (DOX)
	Paclitaxel (PTX)
	Cabazitaxel (CTX)
	Cisplatin
	Docetaxel (DTX)
	Oxaliplatin (OXA)
	Temozolomide (TMZ)
	Decitabine (DEC)
	Gemcitabine (GEM)
	Carboplatin
	Mitoxantrone (MIT)
	Natural substances
	Conclusion
	Acknowledgements 
	References




