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1  |  INTRODUC TION

Alopecia is a leading indication for dermatology visits, but treatment 
remains challenging. Androgenic alopecia is the most common type 
of non- scarring alopecia, affecting up to 80% of Caucasian men and 
50% of women by 70 years of age while central centrifugal cicatricial 
alopecia is the most frequent cause of alopecia in African Americans.1 
Alopecia has a significant negative psychological impact on patients.1

Due to the prevalence of alopecia, significant research has been 
conducted in hopes of finding safe and effective treatments. Current 
FDA- approved treatments such as topical minoxidil and oral/topical 
finasteride have partial efficacy in arresting hair loss but are limited 
in promoting hair growth. Furthermore, adverse effects and diffi-
culty adhering to daily use of such treatments may further limit use 
of these medications.1 Low- level laser therapy is also FDA- approved 
but its efficacy is unclear.2 Hair transplantation is surgical treatment 
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Abstract
Background: Alopecia is a common chief complaint and is challenging to treat. As 
such, regenerative treatments to promote hair growth are an emerging area of re-
search. Exosomes, which are extracellular vesicles involved in cell communication, ho-
meostasis, differentiation, and organogenesis, have been shown to play a central role 
in hair morphogenesis and regeneration with potential for use as alopecia treatment.
Aims: This review summarizes and assesses the body of literature surrounding ex-
osomes as regenerative therapeutics for alopecia and identifies areas for improve-
ment in future research.
Methods: A review was conducted using a comprehensive list of keywords including 
“exosome,” “alopecia,” and “hair loss” on PubMed, EMBASE, and Google Scholar data-
bases published from inception to February 2022. Reference lists of identified articles 
were included. 47 studies were included. Clinical trial databases were searched using 
the term “exosome”; however, no trials relevant to hair growth were identified.
Results: Our updated and comprehensive review details the history of exosome use 
in medicine, postulated underlying mechanisms in treating hair loss, and current clini-
cal studies. Preclinical studies demonstrate clear benefits of exosome therapeutics in 
regenerative medicine and for hair loss treatment. Clinical trials demonstrate safety 
of exosome use in medicine, but data showing efficacy and safety of exosome therapy 
for alopecia are lacking. We identified several gaps in knowledge required for effec-
tive clinical translation including safety, exosome source, and optimal treatment deliv-
ery mechanism and dosage.
Conclusion: Exosomes are on the horizon as an exciting therapeutic for the treatment 
of alopecia. Further studies and clinical trials are required.
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option available to patients, however, may be unattainable due to 
cost.2

As such, regenerative treatments that not only inhibit hair loss 
but promote growth are an emerging area of research. Platelet- rich 
plasma injection therapy (PRP) is one such treatment with minimal 
side effects that has demonstrated benefit in improving hair volume 
and density in multiple clinical studies.3 More recently exosomes, 
cell- derived vesicles secreted by most cells in the body containing 
various molecules, have emerged as a new therapy with remarkable 
efficacy in early studies.3 Although literature is currently limited, we 
provide a comprehensive review to clinicians regarding this innova-
tive treatment.

2  |  METHODS

A broad review was conducted using a comprehensive list of key-
words including “exosome,” “alopecia,” and “hair loss” on PubMed, 
EMBASE, and Google Scholar databases published from inception to 
February 2022. Reference lists on identified articles were included 
to augment the research. 47 studies were included. Additionally, 
two clinical trial databases, clinicaltrials.gov and clinicaltrialsregister.
eu, were searched using the term “exosome,” and all results were 
screened for trials mentioning hair. No clinical trials investigating the 
effects of exosomes on hair were found.

3  |  RESULTS AND DISCUSSION

3.1  |  What are exosomes?

Exosomes are classified as small extracellular vesicles with a diam-
eter of 40– 120 nm.4 All cells release extracellular vesicles during 
normal physiologic activity. While ectosomes are released via out-
ward budding of the plasma membrane, exosomes are formed by se-
quential invagination of membranes between multiple intracellular 
endosomes and organelles. In this process, the contents of the exo-
some are diversified by inclusion of DNA, RNA, lipids, metabolites, 
and cytosolic and cell- surface proteins.4

Exosomes were incidentally discovered in 1983, observed to 
be released from reticulocytes as they lost volume to mature into 
erythrocytes.5 At the time, exosomes were thought to be simple cell 
debris. In the last two decades, exosomes have gained importance 
and have been found to serve many functions including cell signaling 
via delivery of peptides, receptor transfer between cells, as well as 
functioning as “cargo- delivery” packets of mRNA in order to main-
tain stem cell populations.5,6

Due to their vesicular structure, exosomes can protect proteins 
and nucleic acids from rapid degradation.7 Moreover, exosomes can 
potentially be engineered to target specific tissues with a “homing” 
mechanism.4 Of note, exosomes induce only a minimal immune re-
sponse as they are natural materials, evenly if synthetically devel-
oped or modified, and therefore are highly biocompatible.4,8,9

Given their unique ability to preserve and deliver molecules in a 
targeted fashion, use of exosomes is being explored in many disease 
states, including alopecia.10

3.2  |  Exosomes for alopecia treatment: 
Supporting evidence

3.2.1  |  Preclinical studies

As discussed, exosomes play an important role in cell communica-
tion, tissue homeostasis, cell differentiation, organogenesis, and 
tissue remodeling.5 Hair growth cycles rely on tight control of the 
hair follicle (HF), which requires a system of diffusible factors be-
tween cells, cell- surface ligands, and cell- surface receptors. Because 
the hair follicle is a compartmentalized organ, it has been hypoth-
esized that such interactions are at least partially mediated by ex-
osomes.2,11,12 Interestingly, exosomes have been shown to carry 
Wnt proteins on their surface to induce the activation of β- catenin, 
a key signaling pathway hair morphogenesis and regeneration.13,14 
β- catenin promotes the induction and maintenance of the anagen 
portion of the hair cycle, in addition to regulation and differentiation 
of keratinocytes.15 Anatomic regions of the hair follicle thought to 
be implicated in hair growth related to exosome treatment include 
the dermal papilla, outer root sheath, and bulge, which have shown 
response to exosomes secreted by regions of the hair follicle itself as 
well as exosomes from other tissue sources.

Numerous in vitro and animal studies have investigated the role 
of exosomes from various tissue sources. Preclinical evidence for 
the use of exosomes in alopecia is the most abundant in exosomes 
derived from dermal papilla cells (DPCs), an accumulation of special-
ized mesenchymal cells that are located at the bottom of the HFs16 
which have been shown to play a critical role in the regulation of 
HF growth, formation, and cycling.17 Injection of DPC exosomes has 
been shown to accelerate the onset of HF anagen and delayed cata-
gen in mice, as seen by H&E- stained tissue sections showing anagen 
VI phase in treated mice and immunohistochemical analyses show-
ing upregulation β- catenin and Shh levels, important regulators of 
the hair cycle, in treated skin.17 Upregulated levels of β- catenin and 
Shh10 following treatment with DPC exosomes were also confirmed 
in vitro after treating outer root sheath cells with DPC exosomes.17 
DPC- exosome treatment was shown to enhance outer root sheath 
cells proliferation and migration, including hair follicle bulge stem 
cells.17 These findings were similar to those reported by Kwack et al., 
who used exosomes from DPCs to induce prolonged anagen of hair 
follicles in mice- injected subcutaneously.18 DPC exosomes have also 
been shown to decrease hair loss and reduced inflammation around 
hair follicles in a mouse model of alopecia areata.19

Furthermore, DPCs play an important role in the differentiation of 
HF stem cells. During catagen and telogen, the epithelial cells at the 
base of the follicle undergo apoptosis, but the DP remains intact and 
migrates upward to the HF bulge, where it releases signals that stim-
ulate the differentiation of HF stem cells and trigger the regeneration 
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of HFs to start the anagen phase.20 Yan et al. showed that during co- 
culture of HF stem cells with DPCs, HF stem cell differentiation was 
induced, and furthermore, DPC exosomes were shown to be attached 
to the surface of HFSCs via transmission electron microscopy during 
co- culture.21 Finally, they observed 111 differentially expressed miR-
NAs in the DPC exosomes compared with DPCs, indicating that DPC 
exosomes play a key role in HF regeneration.21 Of note, DPC exo-
somes have also been shown to act on adipose- derived stem cells to 
transdifferentiate them into DPC- like cells that express hair- inductive 
genes, β- Catenin, and hair- inductive miRNAs.22

Preclinical evidence supporting the use of exosomes from adipose- 
derived stem cells is also strong. Exosomes from adipose- derived stem 
cells have been shown to positively affect hair regrowth by promoting 
DPC proliferation via upregulating the Wnt/β- catenin, TNF- α signal-
ing pathways, and vascular endothelial growth factor expression.23- 25 
Exosomes from adipose- derived stem cells have been shown to signifi-
cantly increase ALP, versican and α- SMA protein expression and DPC 
proliferation and migration in culture compared to a control group.26

Several other sources of exosomes for hair growth have been 
identified. Exosomes from hair outer root sheath cells were shown 
to maintain hair human dermal papilla cells in vitro.27 Additionally, 
with hair outer root sheath cell exosome treatments, markers of hair 
growth induction increased by a factor of 2.1, 1.7and 1.3, respec-
tively, compared to a control group.27

Additionally, bone marrow- derived exosomes were shown to ac-
tivate dermal papillae cell proliferation and migration, upregulation 
of the Wnt/β- catenin pathway, and increase secretion of growth 
factors.28 Separately, exosomes from human dermal fibroblasts have 
been shown to activate the β- catenin pathway in cell culture.29,30

Finally, immune cell- derived exosomes have also shown promise 
in alopecia treatment. Exosomes from myeloid- derived suppressor 
cells, innate immune cells which are known to inhibit T- cell prolifer-
ation, have been shown to increase in immunoregulatory mRNA lev-
els, including FoxP3 and arginase 1 to prohibit T- cell hyperreactivity 
in a mouse model of alopecia areata.31 Also, macrophage exosomes 
have shown significantly enhanced levels of hair- inductive mark-
ers of DPCs in a mouse model and human hair follicles in vitro.32 
Finally, exosomes derived from Leuconostoc holzapfelii, a bacteria 
isolated from human scalp tissue, have been shown to promote 
hair growth by regulation via the Wnt/β- catenin signal transduction 
pathway.33

Taken together, studies show that within the HF dermal papilla, 
outer root sheath, and HF bulge cells, exosomes from various tis-
sue sources may have significant benefit for hair regrowth and 
rejuvenation.

3.2.2  |  Clinical studies

After their initial discovery in 198334 with a pivotal study demon-
strating that exosomes are derived from mesenchymal stem cells 
and have the capacity to promote proliferation and survival of cells 
in 2009,35 clinical trials investigating their therapeutic use have 

gained traction. There are currently no completed clinical trials re-
garding the use of exosomes for the treatment of hair loss; however, 
anecdotal evidence and case reports from various hair restoration 
specialists show promising results.36- 39

Additionally, several patents specific for the treatment of alope-
cia with exosomes are being developed. A European patented study 
demonstrated that a pharmaceutical composition comprising mes-
enchymal stem cell- derived exosomes may be capable of promoting 
hair growth in a mouse model.40 Another patent- pending product in 
which the active ingredient consists of exosomes isolated from 0-  
to 5- month- old human newborn foreskin stem cells has also shown 
to increase hair growth in a mouse model.41 Additionally, an active 
Japanese patent similarly describes a composition for promoting hair 
growth consisting of exosomes derived from mesenchymal stem 
cells.42

Several pilot studies have demonstrated exciting promise for the 
treatment of alopecia with exosomes. A recent presentation at the 
International Society of Hair Restoration Surgeons World Congress 
in 2020 revealed promising preliminary results from ongoing trials 
of exosome treatment for alopecia areata and androgenetic alope-
cia.7,43,44 Furthermore, a recent pilot study in Korea conducted on 
20 patients with male/female pattern hair loss reported the efficacy 
of exosome therapy based on enhancement in hair thickness (in-
creased from 57.5 to 64.0 mm, p ≤ .001) and hair density (increased 
from 105.4 to 122.7 counts/cm,2 p ≤ .001) after 12 weeks of treat-
ment.45 While early studies show promise, additional clinical and 
preclinical studies are needed to determine the efficacy and mecha-
nism of exosome treatment for alopecia.

3.3  |  Exosomes for alopecia treatment: Use in a 
clinical setting

3.3.1  |  Safety

While several exosome products are in clinical use, there are cur-
rently no United States Food and Drugs Administration (FDA)- 
approved exosome products. In 2019 and reiterated in 2020, the 
FDA issued a statement warning that exosomes are not approved, 
nor have they been proven effective, as response to reports of 
five patients experiencing serious adverse events, including infec-
tion and sepsis, within 2 months of being treated with exosome 
products.46 While information regarding exosome therapy adverse 
events is limited, stem cell therapy adverse events are well docu-
mented and include but are not limited to tumor and ectopic tissue 
formation, physical trapping in the microvasculature, infusional tox-
icities, and cellular rejection by the host.47 Exosomes are stem cell 
products but these adverse events have not been associated with 
their use given their inability to form tumors, smaller size that de-
creases the risk for physical trapping, and decreased likelihood of 
producing a host immune response.47,48

Various studies on exosomes have cited no significant adverse 
events, including a study assessing efficacy and safety of exosome 
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technology as a carrier for melanoma vaccination; however, these 
studies were not conducted in alopecia patients.8,49 Given that exo-
somes are used allogeneically and require manipulation, and have 
potential risks of transferring genetic information and activating im-
mune responses,37 the FDA has categorized them as drug products, 
requiring extensive review before approval. Furthermore, questions 
relating to their biodistribution and pharmacokinetic profile are still 
unanswered.29

3.3.2  |  Treatment optimization

Few studies have been performed to determine the optimal delivery 
mechanism, exosome source, and dose. Regarding delivery mecha-
nism, a microneedle- based transdermal drug delivery approach has 
been shown to have improved efficacy compared to subcutaneous in-
jection or topical administration of exosomes.50 Another group dem-
onstrated that combination therapy of microneedle patches containing 
exosomes of human amniotic mesenchymal stem cells combined with 
low- color- temperature yellow light synergistically facilitated hair re-
growth in 7 days compared to monotherapy.51 Another treatment 
using DPC exosomes encapsulated in oxidized sodium alginate has 
shown promise.52 However, all such studies are conducted in animal 
models. Finally, a case report of significant hair regrowth in a patient 
with alopecia universalis following treatment with nonablative Er:YAG 
laser treatment, PRP, and exosome injections has been described.53 
Further definitive research is required in human clinical trials.

As noted previously, several sources of exosomes exist includ-
ing bone marrow, adipose, and amniotic stem cell exosomes. In the 
preclinical setting, it has been shown that exosomes increased cell 
proliferation and survival independent of the tissue source in a dose- 
dependent manner.54 Of note, compared with exosomes derived from 
human bone marrow mesenchymal stem cells, the yield of exosomes 
isolated from human amniotic fluid mesenchymal stem cells is higher, 
and thus may be more effective in a clinical setting.55,56 Moreover, 
the appropriate dose and the number of doses of exosomes to be 
given for alopecia have not been determined. Higher concentrations 
of exosomes potentially may show better results. Additionally, differ-
ent pharmaceutical companies may produce exosome products dif-
ferently and of different final quality, which may affect treatment. A 
current list of companies producing therapeutic are listed in Table 1.

4  |  CONCLUSION

The current body of literature surrounding hair regeneration capa-
bilities of exosomes assures their place as an exciting and effective 
therapeutic for hair loss. However, most publications thus far are 
either preclinical or have very few participants. Questions remain re-
garding underlying mechanisms, safety, and most efficacious treat-
ment protocols including treatment delivery mechanism, source, and 
dose. We urge scientists and innovators in the field to address this 
knowledge gap through collaboration on high- quality studies and 
randomized controlled clinical trials.

AUTHORS CONTRIBUTION
Y.K., A.M., N.M., and R.M. performed the research. Y.K. wrote the 
paper. A.M., N.M, R.N., and K.K. reviewed the paper and contributed 
essential edits. K.K. conceived of and supervised the project. All au-
thors have read and approved the final manuscript.

E THIC S S TATEMENT
No ethics review board approval was utilized for this literature 
review.

DATA AVAIL ABILIT Y S TATEMENT
Data sharing not applicable to this article as no datasets were gener-
ated or analysed during the current study.

R E FE R E N C E S
 1. Sperling LC. Sperling RDSaLES- C. Alopecias. In: Elsevier, ed. 

Dermatology. Fourth ed. Elsevier; 2018:chap 1162- 1187.
 2. Yuan AR, Bian Q, Gao JQ. Current advances in stem cell- based 

therapies for hair regeneration. Eur J Pharmacol. 2020;881:173197. 
doi:10.1016/j.ejphar.2020.173197

 3. Stevens J, Khetarpal S. Platelet- rich plasma for androgenetic al-
opecia: A review of the literature and proposed treatment pro-
tocol. Int J Womens Dermatol. 2019;5(1):46- 51. doi:10.1016/j.
ijwd.2018.08.004

 4. Kalluri R, LeBleu VS. The biology, function, and biomedical appli-
cations of exosomes. Science. 2020;367(6478):1- 15. doi:10.1126/
scien ce.aau6977

 5. Ratajczak MZ, Ratajczak J. Extracellular microvesicles/exo-
somes: discovery, disbelief, acceptance, and the future? Leukemia. 
2020;34(12):3126- 3135. doi:10.1038/s4137 5- 020- 01041 - z

 6. Lu M, Huang Y. Bioinspired exosome- like therapeutics and delivery 
nanoplatforms. Biomaterials. 2020;242:119925.

TA B L E  1  Commercial therapeutic exosome products for alopecia

Company name Exosome product Exosome source

Aegle Therapeutics57 AGLE- 102 Allogeneic bone marrow mesenchymal stem 
cells

Benev58 Exosome Regenerative Complex Stem cells

Direct Biologics59 ExoFloTM Human bone marrow mesenchymal stem cells

Exocel Bio60 EXOVEX – 

ExoCoBio61 ASCE Stem cells

Kimera Labs62 XoGlo® MSCs

 14732165, 2022, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocd.15008 by Z

hengzhou U
niversity, W

iley O
nline L

ibrary on [26/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.ejphar.2020.173197
https://doi.org/10.1016/j.ijwd.2018.08.004
https://doi.org/10.1016/j.ijwd.2018.08.004
https://doi.org/10.1126/science.aau6977
https://doi.org/10.1126/science.aau6977
https://doi.org/10.1038/s41375-020-01041-z


3230  |    KOST eT al.

 7. Gupta AK, Renaud HJ, Rapaport JA. Platelet- rich plasma and cell 
therapy: the new horizon in hair loss treatment. Dermatol Clin. 
2021;39(3):429- 445. doi:10.1016/j.det.2021.04.001

 8. Kučuk N, Primožič M, Knez Ž, Leitgeb M. Exosomes engineering 
and their roles as therapy delivery tools, therapeutic targets, and 
biomarkers. Int J Mol Sci. 2021;22(17):9543.

 9. Luan X, Sansanaphongpricha K, Myers I, Chen H, Yuan H, Sun D. 
Engineering exosomes as refined biological nanoplatforms for drug 
delivery. Acta Pharmacol Sin. 2017;38(6):754- 763.

 10. Khan AQ, Akhtar S, Prabhu KS, et al. Exosomes: emerging diag-
nostic and therapeutic targets in cutaneous diseases. Int J Mol Sci. 
2020;21(23):9264. doi:10.3390/ijms2 1239264

 11. Bernard BA. The hair follicle enigma. Exp Dermatol. 2017;26(6):472- 
477. doi:10.1111/exd.13337

 12. Braicu C, Tomuleasa C, Monroig P, Cucuianu A, Berindan- Neagoe 
I, Calin GA. Exosomes as divine messengers: are they the Hermes 
of modern molecular oncology? Cell Death Differ. 2015;22(1):34- 45. 
doi:10.1038/cdd.2014.130

 13. Reddy S, Andl T, Bagasra A, et al. Characterization of Wnt gene 
expression in developing and postnatal hair follicles and identifi-
cation of Wnt5a as a target of Sonic hedgehog in hair follicle mor-
phogenesis. Mech Dev. 2001;107(1– 2):69- 82. doi:10.1016/s0925 
- 4773(01)00452 - x

 14. Gross JC, Chaudhary V, Bartscherer K, Boutros M. Active Wnt 
proteins are secreted on exosomes. Nat Cell Biol. 2012;14(10):1036- 
1045. doi:10.1038/ncb2574

 15. Bejaoui M, Villareal MO, Isoda H. β- catenin- mediated hair growth 
induction effect of 3,4,5- tri- O- caffeoylquinic acid. Aging (Albany 
NY). 2019;11(12):4216- 4237. doi:10.18632/ aging.102048

 16. Matsuzaki T, Yoshizato K. Role of hair papilla cells on induction 
and regeneration processes of hair follicles. Wound Repair Regen. 
1998;6(6):524- 530. doi:10.1046/j.1524- 475x.1998.60605.x

 17. Zhou L, Wang H, Jing J, Yu L, Wu X, Lu Z. Regulation of hair fol-
licle development by exosomes derived from dermal papilla cells. 
Biochem Biophys Res Commun. 2018;500(2):325- 332. doi:10.1016/j.
bbrc.2018.04.067

 18. Kwack MH, Seo CH, Gangadaran P, et al. Exosomes derived 
from human dermal papilla cells promote hair growth in cultured 
human hair follicles and augment the hair- inductive capacity of cul-
tured dermal papilla spheres. Exp Dermatol. 2019;28(7): 854- 857.

 19. Deng W, Zhang Y, Wang W, et al. Hair follicle- derived mesenchy-
mal stem cells decrease alopecia areata mouse hair loss and reduce 
inflammation around the hair follicle. Stem Cell Res Ther. 2021;12(1): 
548. doi:10.1186/s1328 7- 021- 02614 - 0

 20. Driskell RR, Clavel C, Rendl M, Watt FM. Hair follicle dermal papilla 
cells at a glance. J Cell Sci. 2011;124(Pt 8):1179- 1182. doi:10.1242/
jcs.082446

 21. Yan H, Gao YE, Ding Q, et al. Exosomal micro RNAs derived from 
dermal papilla cells mediate hair follicle stem cell proliferation and 
differentiation. Int J Biol Sci. 2019;15(7):1368- 1382. doi:10.7150/
ijbs.33233

 22. Kazi T, Nagata A, Nakagawa T, Matsuzaki T, Inui S. Dermal papilla 
cell- derived extracellular vesicles increase hair inductive gene ex-
pression in adipose stem cells via &beta;- catenin activation. Cells. 
2022;11(2):202.

 23. Li Y, Wang G, Wang Q, Zhang Y, Cui L, Huang X. Exosomes secreted 
from adipose- derived stem cells are a potential treatment agent 
for immune- mediated alopecia. J Immunol Res. 2022;2022:1- 14. 
doi:10.1155/2022/7471246

 24. Wu J, Yang Q, Wu S, et al. Adipose- derived stem cell exosomes 
promoted hair regeneration. Tissue Eng Regen Med. 2021;18(4):685- 
691. doi:10.1007/s1377 0- 021- 00347 - y

 25. Hu S, Li Z, Lutz H, et al. Dermal exosomes containing miR- 218- 5p 
promote hair regeneration by regulating β- catenin signaling. Sci 
Adv. 2020;6(30):eaba1685.

 26. Nilforoushzadeh MA, Aghdami N, Taghiabadi E. Effects of adipose- 
derived stem cells and platelet- rich plasma exosomes on the in-
ductivity of hair dermal papilla cells. Cell J. 2021;23(5):576- 583. 
doi:10.22074/ cellj.2021.7352

 27. Nilforoushzadeh MA, Aghdami N, Taghiabadi E. Human hair outer 
root sheath cells and platelet- lysis exosomes promote hair inductiv-
ity of dermal papilla cell. Tissue Eng Regen Med. 2020;17(4):525- 536. 
doi:10.1007/s1377 0- 020- 00266 - 4

 28. Rajendran RL, Gangadaran P, Bak SS, et al. Extracellular vesicles 
derived from MSCs activates dermal papilla cell in vitro and pro-
motes hair follicle conversion from telogen to anagen in mice. Sci 
Rep. 2017;7(1):15560. doi:10.1038/s4159 8- 017- 15505 - 3

 29. Ajit A, Nair MD, Venugopal B. Exploring the potential of mesen-
chymal stem cell- derived exosomes for the treatment of alopecia. 
Regen Eng Transl Med. 2021;7(2):119- 128. doi:10.1007/s4088 3- 
021- 00204 - 3

 30. Riche A, Aberdam E, Marchand L, et al. Extracellular vesicles from 
activated dermal fibroblasts stimulate hair follicle growth through 
dermal papilla- secreted Norrin. Stem Cells. 2019;37(9):1166- 1175. 
doi:10.1002/stem.3043

 31. Zöller M, Zhao K, Kutlu NN, et al. Immunoregulatory effects of 
myeloid- derived suppressor cell exosomes in mouse model of 
autoimmune alopecia areata. Original research. Front Immunol. 
2018;9:1- 21. doi:10.3389/fimmu.2018.01279

 32. Rajendran RL, Gangadaran P, Seo CH, et al. Macrophage- derived 
extracellular vesicle promotes hair growth. Cells. 2020;9(4):856.

 33. Yoon YC, Ahn BH, Min JW, Lee KR, Park SH, Kang HC. Stimulatory 
effects of extracellular vesicles derived from Leuconostoc holzap-
felii that exists in human scalp on hair growth in human follicle der-
mal papilla cells. Curr Issues Mol Biol. 2022;44(2): 845- 866.

 34. Harding CV, Heuser JE, Stahl PD. Exosomes: looking back three 
decades and into the future. J Cell Biol. 2013;200(4):367- 371. 
doi:10.1083/jcb.20121 2113

 35. Bruno S, Grange C, Deregibus MC, et al. Mesenchymal stem cell- 
derived microvesicles protect against acute tubular injury. J Am Soc 
Nephrol. 2009;20(5):1053- 1067. doi:10.1681/asn.20080 70798

 36. Gupta AK, Rapaport J, Quinlan EM. Exosomes and stem cells. In: 
S. Khetarpal (Ed.). Aesthetic Clinician's Guide to Platelet Rich Plasma. 
Springer International Publishing; 2021:115- 125.

 37. Krane NA, Christofides EA, Halaas Y. Advances in hair resto-
ration. Current Otorhinolaryngology Reports. 2021;9(4):436- 441. 
doi:10.1007/s4013 6- 021- 00368 - 0

 38. Gupta AK, Renaud HJ, Halaas Y, Rapaport JA. Exosomes: a new 
effective non- surgical therapy for androgenetic alopecia? Skinmed. 
2020;18(2):96- 100.

 39. Epstein GK. Regenerative medicine and hair loss: to exosome or not 
to exosome. Hair transplant forum. Int Soc Hair Restoration Surgery. 
2020;30(6):228- 229.

 40. Lim SK, Yeo MSW, Chen TS, Lai RC. Use of exosomes to promote or 
enhance hair growth. Google Patents. 2015.

 41. Fikrettin Sahin OSS, Pakize Neslihan TASLI, Okan DEMIR, inventor; 
patent application WO2017078641A1.

 42. ライ, ルエン キリサリサウイマウイマチテチテラル. JP5911874B2.
 43. Cooley J. Bone Marrow derived MSC exosomes for AA: The first 

100 patients. International Society of Hair Restoration Surgeons 
World Congress; 2020. Virtual.

 44. Zari S. The use of exosomes in the management of androgenetic 
alopecia/female pattern hair loss. International Society of Hair 
Restoration Surgeons World Congress; 2020. Virtual.

 45. Huh CHKS. Exosome for hair regeneration: from bench to bedside. 
J Am Acad Dermatol. 2019;81(4):AB62.

 46. products. CfBEaRPsnoe. Public safety notification on exosome 
products. FDA. https://www.fda.gov/vacci nes- blood - biolo gics/
safet y- avail abili ty- biolo gics/publi c- safet y- notif icati on- exoso 
me- products

 14732165, 2022, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocd.15008 by Z

hengzhou U
niversity, W

iley O
nline L

ibrary on [26/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.det.2021.04.001
https://doi.org/10.3390/ijms21239264
https://doi.org/10.1111/exd.13337
https://doi.org/10.1038/cdd.2014.130
https://doi.org/10.1016/s0925-4773(01)00452-x
https://doi.org/10.1016/s0925-4773(01)00452-x
https://doi.org/10.1038/ncb2574
https://doi.org/10.18632/aging.102048
https://doi.org/10.1046/j.1524-475x.1998.60605.x
https://doi.org/10.1016/j.bbrc.2018.04.067
https://doi.org/10.1016/j.bbrc.2018.04.067
https://doi.org/10.1186/s13287-021-02614-0
https://doi.org/10.1242/jcs.082446
https://doi.org/10.1242/jcs.082446
https://doi.org/10.7150/ijbs.33233
https://doi.org/10.7150/ijbs.33233
https://doi.org/10.1155/2022/7471246
https://doi.org/10.1007/s13770-021-00347-y
https://doi.org/10.22074/cellj.2021.7352
https://doi.org/10.1007/s13770-020-00266-4
https://doi.org/10.1038/s41598-017-15505-3
https://doi.org/10.1007/s40883-021-00204-3
https://doi.org/10.1007/s40883-021-00204-3
https://doi.org/10.1002/stem.3043
https://doi.org/10.3389/fimmu.2018.01279
https://doi.org/10.1083/jcb.201212113
https://doi.org/10.1681/asn.2008070798
https://doi.org/10.1007/s40136-021-00368-0
https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/public-safety-notification-exosome-products
https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/public-safety-notification-exosome-products
https://www.fda.gov/vaccines-blood-biologics/safety-availability-biologics/public-safety-notification-exosome-products


    |  3231KOST eT al.

 47. Mendt M, Rezvani K, Shpall E. Mesenchymal stem cell- derived 
exosomes for clinical use. Bone Marrow Transplant. 2019;54(Suppl 
2):789- 792. doi:10.1038/s4140 9- 019- 0616- z

 48. Taghiabadi E, Nilforoushzadeh MA, Aghdami N. Maintaining 
hair inductivity in human dermal papilla cells: a review of ef-
fective methods. Skin Pharmacol Physiol. 2020;33(5):280- 292. 
doi:10.1159/00051 0152

 49. Escudier B, Dorval T, Chaput N, et al. Vaccination of metastatic 
melanoma patients with autologous dendritic cell (DC) derived- 
exosomes: results of thefirst phase I clinical trial. J Transl Med. 
2005;3(1):10. doi:10.1186/1479- 5876- 3- 10

 50. Yang G, Chen Q, Wen DI, et al. A therapeutic microneedle patch 
made from hair- derived keratin for promoting hair regrowth. ACS 
Nano. 2019;13(4):4354- 4360.

 51. Hong C, Zhang G, Zhang W, et al. Hair grows hair: Dual- effective 
hair regrowth through a hair enhanced dissolvable microneedle 
patch cooperated with the pure yellow light irradiation. Applied 
Materials Today. 2021;25:101188.

 52. Chen Y, Huang J, Chen R, et al. Sustained release of dermal papilla- 
derived extracellular vesicles from injectable microgel promotes 
hair growth. Theranostics. 2020;10(3):1454- 1478. doi:10.7150/
thno.39566

 53. McCarthy M, Day D, Talaber I. Hair regrowth and maintenance in 
alopecia universalis patient treated with nonablative Er:YAG laser. 
Clin Case Rep. 2021;9(11):e04948. doi:10.1002/ccr3.4948

 54. Nagelkerke A, Ojansivu M, van der Koog L, et al. Extracellular ves-
icles for tissue repair and regeneration: evidence, challenges and 

opportunities. Adv Drug Deliv Rev. 2021;175:113775. doi:10.1016/j.
addr.2021.04.013

 55. Tracy SA, Ahmed A, Tigges JC, et al. A comparison of clinically 
relevant sources of mesenchymal stem cell- derived exosomes: 
Bone marrow and amniotic fluid. J Pediatr Surg. 2019;54(1):86- 90. 
doi:10.1016/j.jpeds urg.2018.10.020

 56. Tang Y, Zhou Y, Li H- J. Advances in mesenchymal stem cell exo-
somes: a review. Stem Cell Res Ther. 2021;12(1):71. doi:10.1186/
s1328 7- 021- 02138 - 7

 57. Aegle Therapeutics. http://www.aegle thera peuti cs.com/index.
html

 58. Benev. https://www.Benev com/
 59. Direct Biologics. https://direc tbiol ogics.com/
 60. Exocel Bio. https://www.exoce lbio.com/
 61. ExoCo Bio. http://www.exoco bio.com/defau lt/eng/index.php
 62. Kimera Labs. https://kimer alabs.com/

How to cite this article: Kost Y, Muskat A, Mhaimeed N, 
Nazarian RS, Kobets K. Exosome therapy in hair 
regeneration: A literature review of the evidence, challenges, 
and future opportunities. J Cosmet Dermatol. 2022;21:3226– 
3231. doi:10.1111/jocd.15008

 14732165, 2022, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocd.15008 by Z

hengzhou U
niversity, W

iley O
nline L

ibrary on [26/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1038/s41409-019-0616-z
https://doi.org/10.1159/000510152
https://doi.org/10.1186/1479-5876-3-10
https://doi.org/10.7150/thno.39566
https://doi.org/10.7150/thno.39566
https://doi.org/10.1002/ccr3.4948
https://doi.org/10.1016/j.addr.2021.04.013
https://doi.org/10.1016/j.addr.2021.04.013
https://doi.org/10.1016/j.jpedsurg.2018.10.020
https://doi.org/10.1186/s13287-021-02138-7
https://doi.org/10.1186/s13287-021-02138-7
http://www.aegletherapeutics.com/index.html
http://www.aegletherapeutics.com/index.html
https://www.Benev
https://directbiologics.com/
https://www.exocelbio.com/
http://www.exocobio.com/default/eng/index.php
https://kimeralabs.com/
https://doi.org/10.1111/jocd.15008

	Exosome therapy in hair regeneration: A literature review of the evidence, challenges, and future opportunities
	Abstract
	1|INTRODUCTION
	2|METHODS
	3|RESULTS AND DISCUSSION
	3.1|What are exosomes?
	3.2|Exosomes for alopecia treatment: Supporting evidence
	3.2.1|Preclinical studies
	3.2.2|Clinical studies

	3.3|Exosomes for alopecia treatment: Use in a clinical setting
	3.3.1|Safety
	3.3.2|Treatment optimization


	4|CONCLUSION
	AUTHORS CONTRIBUTION
	ETHICS STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


