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Abstract: This article introduces the common types of hair loss and the common types of hair loss treatments on the market, 
such as topical finasteride topical or oral, minoxidil, fractional laser, hair transplantation, etc. And then I introduced the common 
types of stem cells and described the application of stem cells in the treatment of hair loss. I focused on the extraction methods 
of ADSCs and the advantages of them. For example, ADSCs have antioxidant effects, promote HF and the formation of 
peripheral blood vessels, and play a role in regeneration and other effects. Finally, I describe the prospect of stem cells in the 
treatment of hair loss, especially the drawbacks. 
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1. Introduction 
Hair loss is a disease caused by a variety of hair growth 

disorders that brings interpersonal sensitivity, depression, fear, 
anxiety and other adverse effects to patients, and has a great 
impact on the patient's psychology.[1]  

In general, hair loss diseases are divided into two categories: 
non-scarring and cicatricial alopecia. The former is due to 
cicatricial folliculitis, leprosy, tertiary syphilis, lichen planus 
and moss, and the latter is due to alopecia areata, androgenetic 
alopecia, etc. disease.[2]  

At present, the internal causes of hair loss include 
seborrheic alopecia, telogen effluvium, hypothyroidism, scalp 
disease, iron deficiency anemia and lupus erythematosus, 
fungal infection, alopecia areata and frequent washing, aging, 
endocrine disorders, and excessive mental stress, and so 
on.[2,3] 

At the same time, in addition to metabolic disorders related 
to the androgen metabolite dihydrotestosterone, it is also 
associated with decreased blood vessels around the hair 
follicle and an imbalance of growth factors.[4] 

2. Common Treatment Methods and 
Disadvantages 

At present, the methods of treating hair loss include topical 
or oral finasteride, minoxidil, fractional laser, hair 
transplantation, etc.[5,6] 

However, some treatments for hair loss have unavoidable 
side effects. Adverse effects such as itching, contact 
dermatitis, dryness, and facial hirsutism have been reported 
with topical minoxidil.[7] 

Although oral finasteride can treat 95% of male hair loss, 
only some have been significantly improved. At the same 
time, minoxidil is associated with male sexual dysfunction, 
mood disorders, and an increased risk of prostate cancer.[7]  

In addition to drug treatment, hair transplant surgery also 
has certain effects, not only for most types of hair loss patients, 
but also to improve the appearance of hair loss patients. 
However, hair transplantation involves the redistribution of 
autologous dominant resources, so the limited donor area is a 
limiting factor.[7] 

3. Introduction to Stem Cells 
Stem cells are a type of cells with self-renewal and multi-

lineage differentiation potential and proliferation ability, 
which are involved in the development and regeneration of 
tissues and organs[8-9] 

It can not only produce progeny cells whose phenotype is 
completely consistent with the genotype and itself, but also 
differentiate into progenitor cells. According to the 
differentiation potential of stem cells, stem cells can be 
divided into pluripotent stem cells, totipotent stem cells and 
multipotent stem cells.[3] 

According to their different differentiation stages, they can 
be divided into embryonic stem cells and adult stem cells.[10] 

Because of its plasticity, stem cells have great development 
prospects and potential, and have important clinical and 
application values.[3] 

In addition, stem cells are easy to obtain, less invasive, 
stably proliferate in vitro, and have a wide range of sources in 
vivo, all of which have promoted them to become a research 
hotspot in many fields.[3] 

Stem cells could be categorized into several types as follow:  
(1) Mesenchymal stem cells (MSCs) are derived from 

mesoderm with multi-directional differentiation ability and 
exist in bone marrow, periosteum, muscle and umbilical 
cord.[10] 

It has in-depth research on anti-aging, wound healing, 
hair/tissue regeneration, etc., and has good effects and 
safety.[5] 

(2) Endothelial progenitor cells (EPC) exist in umbilical 
cord blood, adult peripheral blood and bone marrow and other 
parts[10].  

(3) Preadipocytes, mainly found in adipose tissue in the 
body, are mesenchymal cells with a morphology similar to 
fibroblasts.[10].  

(4) Epidermal stem cells have relatively limited 
differentiation potential and can only differentiate into 
keratinocytes, hair and sebaceous glands. Its main feature is 
slow periodicity [10] 
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4. Application of Stem Cells in Hair 
Loss 

4.1. The Principle of Stem Cell Therapy for 
Hair Loss 

Studies have shown that stem cells can secrete various 
growth factors such as PDGF, KGF, VECF, etc., which have 
the potential to promote hair production.[3,11] 

Animal experiments have shown that intradermal injection 
of stem cells or external application of stem cell culture 
medium to the skin can promote hair follicle growth.[3] 

Because stem cell growth factor regulates the hair growth 
cycle, more hair follicles enter the cell division phase, thereby 
promoting hair regeneration.[3] 

In addition to regulating the hair growth cycle, stem cells 
can also promote angiogenesis around the hair follicle. [4,12] 
It promotes the proliferation of hair follicle dermal papilla and 
stimulates hair follicle from telogen phase to growth phase.[4] 

4.2. Detailed Introduction of ADSCs 
ADSC has the most extensive sources and is the easiest to 

obtain, so it has been widely studied and applied. [5] 
Adipose-derived stem cells have powerful regeneration, 

secretion and differentiation capabilities, and can differentiate 
into epithelial cells, chondrocytes and so on. At the same time, 
ADSCs can secrete various growth factors [13], through 
which these factors can regulate the cell cycle, assist in the 
formation of blood vessels, and have anti-inflammatory and 
antioxidant effects. Dermal papilla, hair follicle stem cells are 
stimulated to regenerate and proliferate, which in turn 
regulates hair growth.[7] 

4.3. Extraction Method of ADSCs 
There are many methods for the extraction of ADSCs from 

adipose-derived mesenchymal stem cells, including 
enzymatic digestion, collagenase combined with tissue block 
adherence method, tissue block adherence method, 
mechanical separation method, and suspension culture 
method. Adipose tissue can be obtained by liposuction, and 
after a series of operations such as washing, enzymatic 
digestion, and centrifugation, SVF (stromal vascular) 
containing ADSCs, pericytes, endothelial cells, lymphocytes, 
and adipose precursor cells can be obtained. SVFs were then 
cultured in vitro, and then ADSCs were obtained by passage 
of adherent cells.[5] 

4.4. Mechanism of Action of ADSC 
ADSCs can function through four mechanisms.[14] 
First: ADSCs have the effect of promoting HF regeneration. 

The hair follicle is a complex and self-renewing skin-attached 
micro-organ. Primary hair follicles are characterized by self-
renewal and continuous anagen (anagen), anagen (metagen) 
and telogen (telogen). [2,7,15] However, with age, the self-
renewal capacity of HF declines, and HF gradually shows 
circulatory defects and lack of sensitivity to stimuli. The 
circulation of HF slows with age (Figure 1A) and progresses 
to senile alopecia. Homeostasis between inhibitory and 
activating signals is critical for sustained HF growth. But with 
aging, activation signals are overtaken by inhibitory signals 
to become the dominant environmental factor in HF[1,2,7-9]. 

However, ADSCs can activate two signaling pathways 
involved in driving HF from telogen to growth phase, because 
ADSCs can secrete various growth factors, such as IGF, HGF, 
VEGF, PDGF, etc. [16]. 

At the heart of this signaling pathway is β-catenin, which 
actually functions as a Wnt signaling effector and as a 
transcriptional cofactor for the Lef1/Tcf protein.[17] 

Second: ADSCs have anti-inflammatory and antioxidant 
effects. It is well known that oxidative stress is often 
accompanied by inflammatory responses, which together 
cause damage to hair follicles and then cause hair loss. [13] 
Studies have shown that different types of hair loss are 
accompanied by local inflammation of the scalp, and even 
because of androgenetic alopecia, there will be inflammatory 
cell infiltration around the hair follicle [13]. However, ADSCs 
can reduce inflammation and fibrosis by inhibiting the 
corresponding immune processes. [13] In addition to anti-
inflammatory effects, ADSCs can also reduce the apoptosis of 
hair follicle epithelial cells caused by reactive oxygen species 
and ensure the survival of hair follicles. In conclusion, 
ADSCs have anti-inflammatory and antioxidant effects, and 
the synergistic effect of the two can alleviate local 
inflammation and oxidative stress in hair follicles, reduce hair 
follicle damage, and reduce the possibility of hair loss.[18] 

Third: ADSCs also have the effect of promoting the 
formation of blood vessels around tissues. Because ADSCs 
are distributed on the tiny capillaries of fat, they can 
differentiate into vascular epithelial cells and directly 
participate in the formation of blood vessels. [10] In this 
process, factors such as VEGF secreted by ADSCs are 
involved, which can promote angiogenesis around the hair 
follicle, provide nutrients required for hair growth, and then 
promote hair growth. [5] In addition, the role of other growth 
factors also revolves around this goal, such as VEGF 
promotes hair follicle vascularization, which can accelerate 
hair growth, FGF-2 regulates the hair growth cycle, TGF-β 
induces HF from anagen to anagen, IGF Signals control hair 
growth cycle and hair shaft differentiation[7] 

Fourth: ADSCs have anti-androgenic effects. Studies have 
shown that androgens affect a series of gene expression and 
signal transduction processes by acting on androgen receptors 
of dermal papilla cells, thereby inhibiting hair growth . [13] 
ADSCs then promote the normal growth of hair through 
inhibition. 

5. Conclusion 
Of course, there are still many problems to be solved with 

this treatment. First, in recent years, studies have shown that 
the transplantation of pluripotent stem cells has potential 
tumorigenic risks. [16] Although ADSCs were co-cultured 
with breast cancer cells in vitro, low expression of anti-
apoptotic proteins and apoptosis of breast cancer cells could 
be observed. Death. But other views suggest that ADSCs 
promote ovarian cancer metastasis. [5] 

Second, the extraction methods of ADSCs, such as 
amplification environment, dosage, and evaluation criteria, 
lack uniform standards.[19] 
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