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Abstract

Alopecia has a significant negative impact on the quality of life. Unfortunately, there is
no satisfactory cure for most types of alopecia. Alopecia is divided into cicatricial and
noncicatricial types. Androgenetic alopecia, alopecia areata, and telogen effluvium are
common forms of noncicatricial alopecias. In order to treat or improve the appearance,
various procedures that are being applied for different types of alopecia including meso-
therapy, microneedling, platelet-rich plasma, low-level light therapy, and stem-cell ther-
apy with variable outcomes are reviewed in this chapter.

Keywords: alopecia, hair loss, mesotherapy, microneedling, platelet-rich plasma, low-
level light therapy, stem-cell therapy

1. Introduction

Alopecia (hair loss) is a common problem in dermatology setting and it has a significant neg-
ative impact on the quality of life. Therefore, most patients seek for treatment in order to
improve their appearance although there is no satisfactory cure for most types of alopecia.
Alopecia is divided into cicatricial and noncicatricial types. Androgenetic alopecia (AGA),
alopecia areata (AA), and telogen effluvium are common forms of noncicatricial alopecias.
Telogen effluvium is the diffuse hair shedding caused by physiological, hormonal metabolic
stress, or by drugs. AGA is caused by the effect of dihydrotestosterone (DHT) on hair follicles
leading to their miniaturization. It is seen in different appearances in males and females. In
males, AGA presents as hairline recession and vertex balding. Unlike in men, female pattern
hair loss (FPHL) is characterized by diffuse hair thinning over the crown with retention of the
frontal hairline. AA is caused by autoimmune destruction of hair follicles involving cell-based
and humoral immunity [1].
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Various cosmetic procedures are being applied for different types of alopecia including meso-
therapy, microneedling, platelet-rich plasma (PRP), low-level light therapy, and stem-cell
therapy with variable outcomes [2, 3].

In this chapter, the above-mentioned cosmetic treatments for alopecia are briefly described.

2. Mesotherapy in alopecia treatment

2.1. Introduction

Mesotherapy is a noninvasive technique in which active substances are delivered just below the
epidermis via superficial microinjections. Various substances including vitamins, medications,
plant extracts, and other bioactive compounds including vasodilators, finasteride, and minoxidil
can be injected intradermally or subcutaneously to reach the target tissues in mesotherapy [4].

There is evidence regarding the clinical efficacy of mesotherapy in the treatment of thermal
burns, local pain, local fat contouring, and skin aging [5-8].

Although evidence-based studies regarding the efficacy of mesotherapy in different types of
alopecia are lacking, in recent years, mesotherapy is increasingly being used in the treatment
of telogen effluvium, androgenetic alopecia, and alopecia areata [9-11].

2.2. Method

Before starting hair mesotherapy, informed consent should be taken from the patient. After
cleaning the scalp with antiseptic solution, the substances can be given by intraepidermal, papu-
lar, nappage, or point-by-point technique. In hair mesotherapy usually 4-6 mm, 27-32 G special
mesotherapy needles are applied a depth of 4-6 mm about 1-2 cm apart. Although superficial
intradermal technique is most commonly used, nappage technique can also be used manually or
by mesotherapy gun. Hair mesotherapy can also be applied by using mesoroller device [9-11].
Each session lasts for 10-30 min [9]. There is no standardized protocol for the frequency of ses-
sions and it depends on the decision of the applier and the indication it is done for. Hair meso-
therapy is commonly applied at intervals of 14 weeks [10, 11]. Frequently accepted schedule is
once a week for the initial weeks then with longer intervals and maintenance treatment in every
2-3 months [12]. Some clinics prefer to apply mesotherapy once in two weeks for at least 10 ses-
sions and then once a month for 5 months [10].

2.3. Mechanism of action

Although the exact mechanism how the mesotherapy works is not known, several theories
have been speculated. According to Pistor, skin may be a point for stimulation which is trig-
gered by mesotherapy that sends inhibitory signals reaching to the lateral medullary center
of the spinal cord. These inhibitory signals have been suggested to be either produced by
the needling itself or the pharmacologic substances given during mesotherapy. The nega-
tive signals are suggested to restore the pathologic mechanisms causing alopecia [13]. The
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target tissue of hair mesotherapy is mostly the dermis including the circulatory, neuronal, and
immune component. Also, epidermis and subcutaneous tissue are affected by the procedure
of diffusion of substances. According to mesodermic theory, mesotherapy acts on the tissues
derived from mesoderm including capillary and venous spaces, neuronal components, and
immune cells of the skin [13, 14]. Another explanation is the third circulation theory that, after
blood (first) and the lymphatic (second) circulation, interstitial compartment between skin
cells are considered as the third space of circulation. Mesotherapy is suggested to target the
interstitial compartment that the substances administered via mesotherapy diffuse through
interstitial compartment to the deep target tissues without being rapidly washed out by ves-
sels [13].

The aim of hair mesotherapy is to restore the abnormal physiology causing alopecia by stimu-
lating various biological responses via injecting the active substances into scalp. Additionally,
mechanical stimulation by needling itself creates a biologic response that is expected to
stimulate mesodermal changes [10, 15]. Hair mesotherapy offers the prevention of hair loss,
activation of new hair growth, and the improvement in the quality of existing hair. By hair
mesotherapy, local microcirculation is increased, which improves the environment of hair
follicle for better growth. Additionally, nutritional supply is provided to the hair follicle and
the excess of dihydrotestosterone (DHT) is suggested to be neutralized [16].

2.4. Solutions and substances

There is no standardized formulation used in hair mesotherapy and the various ingredients
can be given depending on the indication. Generally, cocktails containing mixture of differ-
ent ingredients used in hair mesotherapy and they can be applied in alternation depending
on the clinical response. It is important to remember that there may be interactions between
the injected substances that interfere with the efficacy. However, there is no definite proto-
col for the compounds and the concentrations [9-11, 15]. Commonly used substances in hair
mesotherapy include minoxidil, finasteride, dutasteride, biotin, tretinoin, pantothenic acid,
pyridoxine, procaine, dexpanthenol, azelaic acid, T3/T4, and other vitamins and minerals
[9-12]. These compounds have different biologic effects. Especially, buflomedil, minoxidil,
finasteride, dutasteride, biotin, vitamins, and organic silicium are proposed to stimulate new
hair growth [10]. Many of these substances have vasodilator effect. The main effects of the
commonly used substances in hair mesotherapy are as follows:

Buflomedil is an «-2 receptor antagonist and a weak calcium channel blocker. It has vaso-
dilatory effect [10, 17]. Minoxidil also has vasodilatory effect. It is the only drug that is
proven to increase hair growth by prolonging the anagen phase [10, 11]. Some authors do
not use minoxidil more than 1/2 cc in the cocktail since it may be painful for the patient
[10]. Procaine is a well known anesthetic that provides patient comfort. It has vasodilator
activity and enhances the absorption of other drugs [10, 11]. Ginkgo biloba increases perifol-
licular blood flow. It also has antiedema and antioxidant effect. It contains diterpene which
inhibits platelet activating factor and decreases platelet aggregation [10, 11]. Conjoctyl
(organic silicium, salicylate of monometilsilanotriol) has an antioxidant and vasodilatory
effect [10]. Dexpanthenol (Vitamin B5) is involved in the hair development. It is converted

319



320 Hair and Scalp Disorders

into pantothenic acid which is a precursor for the synthesis of coenzyme A, important in
the carbohydrate metabolism [10, 11]. Biotin acts as a coenzyme and growth factor. It has a
role in the carboxylation and fatty acid metabolism [10, 11]. Vitamin C acts as an antioxidant
and helps in collagen production [18]. Vitamin A (retinoic acid) has a regulatory role in the
growth of epidermal cells and keratinization process. It induces dermal fibroblastic activ-
ity and collagen production [18]. Pyridoxine (Vitamin B6) stimulates hair growth and aug-
ments the effects of zinc [11]. Cobalt, copper, lithium, magnesium, manganese, phosphorus,
selenium, sulphur, and zinc can be used as trace elements [10]. Zinc acts as a 5-a reductase
inhibitor [11]. Recently intradermal injection of copper has been suggested to be beneficial
in AGA most likely by balancing the steroid-converting enzyme activity, enhancing the
anagen phase of hair cycle, simultaneous transition to the telogen phase, and stimulation
of the proliferation of dermal papilla cells [19]. Finasteride is an inhibitor of 5-a reductase
enzyme and selectively interfere with the androgen activity on skin [18]. Dutasteride is a
second generation 5-a reductase inhibitor. While finasteride inhibits type II enzyme, dutas-
teride inhibits both type I and type II [18]. Heparin and heparin-like mesoglycan acts as
vasodilator [11]. X adene contains vitamin B complex and increases blood flow [11]. Azelaic
acid inhibits 5-a reductase activity [11]. Calcitonin and cyproterone acetate can also be used
in hair mesotherapy [10].

A test trichogram should be performed one year after to evaluate the clinical efficacy of hair
mesotherapy. Additionally, mesotherapy injection technique has been suggested to decrease
the pain and provide the distribution of drug more evenly during intralesional corticosteroid
therapy for AA [20]. Shulaia et al. have reported successful results in AA patients treated with
mesotherapy using nicotinic acid, vitamin C, pentoxifylline, and trace elements (Zn, Se, and
placentex) over a period of 28 weeks [21].

2.5. Contraindications and side effects

The contraindications of hair mesotherapy are as follows: allergy to the substances used in
mesotherapy, diabetes, liver, renal and cardiac failure, pregnancy, lactation, use of medication
for anticoagulation, infection, or lesion on the area [11, 22]. Side effects of hair mesotherapy are
edema, bruising, itching, pain, and headache [10, 23]. Also, side effects related to the systemic
absorption of substances may be observed [11]. Contrarily, alopecia has been reported as a
side effect following hair mesotherapy. In one case report, one patient developed cicatricial
alopecia after heparinoid vasodilator mesoglycan and reversible alopecia has occurred in the
second patient due to homoeopathic agents [24]. Additionally, cutaneous infections caused by
nontuberculous mycobacteria have been observed after mesotherapy. Although these infec-
tions are mostly reported after mesotherapy for lipolysis, physicians should keep in mind that
they can be seen after hair mesotherapy [11, 25-27]. Moreover, multifocal scalp abscesses with
subcutaneous fat necrosis and scarring alopecia have been reported as a complication of hair
mesotherapy. This complication has been attributed to the improper application technique
[28]. Recently, frontal edema due to %5 minoxidil solution after hair mesotherapy has been
reported [29].
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2.6. Evidence for efficacy

Unfortunately, there is scanty scientific data on the role of mesotherapy in the treatment
of alopecia. Abdallah et al. have found hair mesotherapy more effective than placebo in 28
male AGA patients by using a dutasteride containing solution (dutasteride 5 mg, D-pan-
thenol 500 mg, biotin 20 mg, and pyridoxine 200 mg) after 11 weeks of treatment. They
also observed a negative correlation between the duration of AGA and response to treat-
ment which is suggested to be associated with the replacement of terminal hair follicles
with epithelial remnants of telogen follicles [30]. In another study, 90 male AGA patients
were divided into three groups as group A (30 patients) receiving pure dutasteride, group
B (30 patients) receiving dutasteride containing solution (dutasteride 5 mg, dexpanthenol
500 mg, biotin 20 mg, and pyridoxine 200 mg), and group C (30 patients) receiving saline.
According to the results, there was no statistically significant difference between groups,
however, dutasteride containing solution was found to be superior according to trichogram
results [31]. Ozdogan et al. have treated 15 male and 8 female AGA patients with meso-
therapy using 2% minoxidil, biotin, dexpanthenol, herbal complex, and procaine once a
week. Hair mesotherapy was found to be significantly effective in the improvement of hair
quantity and hair thickness after 10 weeks [32]. A mesotherapy solution containing dutaste-
ride 0.5 mg, biotin 20 mg, pyridoxin 200 mg, and D-panthenol 500 mg was used in 86 female
AGA patients and the results were compared with control group receiving saline solution.
A decrease in hair loss and improvement in both photographic assessment and hair density
after 12 sessions were observed [23]. Topical application of minoxidil 2% (30 patients) was
compared with the intraepidermal injection of the drug (30 patients) on 60 females with
FPHL and it was concluded that the mesotherapeutic application of minoxidil revealed sig-
nificantly better results compared to topical application of the drug in both self assessment
and trichogram tests [33]. Freund et al. have treated 40 male AGA patients with mesother-
apy using botulinum toxin. They have applied two injections at 24-week intervals after a
12 weeks period without treatment. After 48 weeks of first injection, statistically significant
increase in mean hair counts was observed. They suggested that botulinum toxin relaxes the
scalp muscles and reduces the pressure on the perforating vessels resulting in the increase of
blood flow and oxygen concentration. Furthermore, they reported that there is an increased
oxygenation of the scalp so the hair follicles may be associated with enhanced conversion of
testosterone to estradiol which favors high oxygen concentrations [34].

Recently,inasystematicreview, twounpublished trials (NCT01655108, EUCTR2013-002740-85-
ES) have been reported on the efficacy of mesotherapy for the treatment of FPHL. First trial
(54 patients) has compared the application of minoxidil 0.5% (27 patients) with saline 0.9%
(27 patients) using mesotherapy technique. Although the study is ongoing, the results regard-
ing the increase in hair volume and decrease in the extent of hair loss were better in min-
oxidil group. The second was a randomized, double-blind, and placebo-controlled clinical
trial evaluating the efficacy of plasma rich in growth factors (PRGF-Endoret) on 24 male and
female AGA patients by comparing with saline solution. The results of the study are awaiting
publication [35].
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3. Microneedling in the treatment of alopecia

3.1. Introduction

Microneedling is a medical procedure done by a drum-shaped roller device with hundreds of
micron-sized microneedles (0.5-1.5 mm in length) projecting on it. Before the treatment, local
anesthetics should be applied to the area.

3.2. Method

Roller device is applied in vertical, horizontal, and diagonal directions. By rolling the device
across the skin, these microneedles pierce the stratum corneum and create numerous tran-
sient microchannels over the applied surface without damaging the epidermis [36, 37].
Microneedling provides direct entry to viable epidermis where it acts on, and does not contact
with the dermal nerves and capillaries [37].

Generally, microneedling is applied at 4-6 week intervals in order to wait for new collagen
synthesis. For acne scars, 3—4 treatment sessions may be required [36]. However, there is no
standard protocol for the application of microneedling in alopecia treatment.

3.3. Mechanism of action

Microtrauma caused by puncturing of the skin induces the collagen synthesis and neo-angio-
genesis through the wound healing response [36, 37]. Microneedling leads the stimulation of
stem cells and activation of growth factors [38—40]. It increases the blood flow to the hair folli-
cles [40]. Also, it was reported that the expression of hair growth related genes are induced after
microneedling [41]. Additionally, transient micropores formed through the procedure allow
the delivery of molecules into the epidermis. Therefore, after microneedling many cosmeceu-
tical agents have been suggested to be delivered deep to the skin [37, 42, 43]. Accordingly, in
mesotherapy, substances can be given with mesoroller device, as mentioned above [11].

3.4. Side effects

Erythema is rapidly recovered in 2448 hours of treatment. No serious side effects have been
associated with microneedling [37, 43]. Patients can complaint from mild pain [42]. As the
microchannels close immediately after the application, infection is not expected after the pro-
cedure [36]. In order to avoid potential side effects, appropriate sterilization of the device and
the use of only fully licensed and tested agents together with microneedling are important [37].

3.5. Evidence for efficacy

The effect of microneedling has been investigated on 100 men with AGA. Authors random-
ized the patients into two groups. First group (50 men) treated with weekly microneedling
and 5% minoxidil twice daily (except the day of microneedling) and second group only
treated with 5% minoxidil twice daily. After 12 weeks of treatment, the results regarding
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mean change in hair count were statistically better in the microneedling plus minoxidil group
[38]. Additionally, the authors evaluated the supplementary effect of microneedling on four
men with AGA who were on oral finasteride and topical 5% minoxidil therapy. New hair
growth was seen after 8-10 sessions. Patients treated weekly for the first four weeks, then 11
sessions were applied at 2-week intervals. After 6 months of treatment grade +2 to +3 response
was seen in all patients on photographic assessment. Regarding the patient's subjective
assessment scale three patients showed more than 75% satisfaction and one patient showed
more than 50% satisfaction. After 18 months of follow up, the results of microneedling were
reported to be sustained [44].

Lee et al. applied microneedling in conjunction with topical growth factors on eleven FPHL
patients. In their scalp-split, single-blinded, and placebo-controlled trial, they treated patients
weekly for five sessions. One half of the scalp was treated with a solution containing growth
factors (basic fibroblast growth factor, insulin-like growth factor-1, vascular endothelial
growth factor, stem cell factor, keratinocyte growth factor-2, superoxide dismutase-1, and
Noggin) plus microneedling, whereas the other half was treated with saline plus micronee-
dling. The increase in hair shaft density and hair count was significant in growth factor plus
microneedling group. Also patients’ satisfaction was reported to be higher in the same group
compared to saline group [42].

Other than AGA, the effect of microneedling was also assessed in resistant AA. Deepak et al.
reported three cases of AA (one patchy AA, two alopecia universalis) that were previously
unsuccessfully treated with contact sensitizers, topical tacrolimus, minoxidil, and corticosteroids
and oral mini pulse betamethasone. Authors applied microneedling with a solution containing
triamcinolone acetonide, mesotherapy cocktail (growth factors, copper tripeptide-1, multivita-
mins, amino acids, and minerals), and minoxidil 2-5%. Marked clinical response was seen in all
the three of cases after 4-6 sessions. The authors suggested that scalp roller therapy might be an
effective and safe complementary intervention for the treatment of resistant AA [43].

In another study, two cases of patchy AA were successfully treated with microneedling plus
topical triamcinolone. After three sessions which were applied at 3-week intervals, both
patients showed marked response and no recurrence was seen after 3 months follow up [40].

The role of photodynamic therapy (PDT) with methyl 5-aminolevulinic acid (MAL) has been
studied for the treatment of AA with variable results. The lack of response has been attributed
to the inadequate transepidermal penetration of the drug. With regard to facilitator effect of
microneedling in drug delivery, the efficacy of roller therapy in the penetration of MAL in
PDT of AA has been evaluated in two studies. Patients are treated with PDT with MAL with
only half scalp application of microneedling. In both study, as none of the patients showed
hair growth, authors concluded that PDT with MAL may not be an effective strategy for AA,
regardless of adjunctive microneedling to enhance the drug passage deep into the skin [45, 46].

Recently, an animal study has demonstrated that micro injury caused by microneedling
induced hair regrowth in two pomeranian dogs with alopecia X (hair cycle arrest) [47]. In
another animal study assessing the hair growth effect of mycophenolic acid (MP), micronee-
dling was found to accelerate the stimulatory growth of topical MP on anagen follicles [48].
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4. Platelet-rich plasma in the treatment of alopecia

4.1. Platelets

Platelets are one of the shapely structured elements of the peripheral blood and do not have
cell nuclei. The number of platelets ranges from 150,000 to 350,000/mm? in peripheral blood
and they are functioning primarily in hemostasis [49]. They take active role in wound healing,
angiogenesis, and inflammation owing to the numerous proteins, cytokines, and bioactive
factors they contain [49, 50]. In addition, they induce the migration and adherence of bone
marrow-origin cells into angiogenesis territory and the differentiation of endothelial cell pro-
genitors to the mature endothelial cells [51].

The platelets have three main storage sites; a granules, dense granules, and lysosomes [52].
The major growth factors (GF) and cytokines already stored in o granules are; transform-
ing growth factor-g (TGF-p), platelet-derived growth factor (PDGF), insulin-like growth fac-
tor (IGF-I, IGF-II), fibroblast growth factor (FGF), epidermal growth factor (EGF), vascular
endothelial growth factor (VEGF), and endothelial cell growth factor (ECGF) [49, 53, 54]. The
activation of platelets induces degranulation of GFs which are already restored. The secreted
GFs bind to the transmembrane receptors on mesenchymal stem cells, osteoblasts, fibroblasts,
endothelial cells, and epidermal cells and then induce the internal signal transduction path-
way. They initiate the healing process such as cell proliferation, differentiation, chemotaxis,
angiogenesis, matrix formation, osteoid production, and collagen synthesis [49, 53].

The dense granules of the platelets have bioactive factors such as serotonin, histamine, dopa-
mine, calcium, adenosine triphosphate (ATP), adenosine diphosphate (ADP), and catechol-
amine. These substances have significant effects in wound healing. They have effects such
as boosting the capillary permeability, vasoconstriction, hauling and activating the macro-
phages, tissue modulation, and regeneration [49, 54].

4.2. Platelet-rich plasma

PRP is an autologous, biologically active concentration, composed of many growth factors
(GF), cytokines, and plasma proteins [55]. It came into use since 1970s owing to its effects to
promote the wound healing to a cellular level [54]. Platelet concentration in PRP is at least
1,000,000/pg/L in 5 mL and the growth factor concentration is 3-5 times higher than periph-
eral blood [49]. Platelet gel concentration which is higher or lower than 1,500,000 was associ-
ated with decreased angiogenic features of endothelial cells [56].

There are four different PRP subgroups available; pure PRP, leukocyte and PRP (L-PRP), plate-
let-rich fibrin matrix (PRFM), and leukocyte- and platelet-rich fibrin matrix. Clinically, pure PRP
and L-PRP are widely used. The one widely used in cosmetic dermatology is the pure PRP [57].

In vitro studies indicate a dose-dependent positive correlation between the platelet concentration
and human mesenchymal stem cells and fibroblast proliferation and type 1 collagen production
[58]. It is reported that PRP increased the proliferation of fibroblasts and their transformation
into myofibroblasts as well as the synthesis of collagen and matrix remodeling proteins [59, 60].
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4.3. Preparation of platelet-rich plasma

PRP is prepared with 20-60 mL of plasma [61] by means of automatic devices under aseptic
conditions at 20-22°C. It must be prepared using anticoagulants containing citrate dextrose
solution formula A (ACD-A) or sodium citrate in order to inhibit PRP aggregation [53]. The
blood elements are separated according to their molecular weights by means of centrifugal
method in manual double spin method. Respectively, red blood cells (RBC) are the heaviest,
white blood cells (WBC) are moderate, and the platelets are the lightest ones. The platelets are
first separated from RBC and WBC by means of light-spin centrifuge that they become avail-
able in concentrated form in the top part of buffy coat layer. Subsequently, heavy-spin centri-
fuge separates the supernatant plasma and more concentrated platelets are obtained. Bottom
part of the tube holds the platelets and the upper part retains the platelet-poor plasma (PPP).
Thrombin is used as an activator to obtain coagulation and thus “activated PRP” is extracted
by means of GF degranulation [49, 53]. Approximately, 70% of GFs is released in 10 min and
almost 100% is released in an hour and a small amount of GF continues to be produced for
up to 8-10 days during the life of platelets [62]. For this reason, PRP should be administered
soon after it is prepared.

The platelet-rich fibrin matrix (PRFM) is developed to retard GF secretion from the platelets,
which is a dense fibrin matrix generated by adding CaCl, during the secondary centrifuge
that induces the conversion of autogenous thrombin from prothrombin. Platelet activation
decreases as the thrombin amount reduces, so the platelets secrete their GFs slowly in a period
of 7 days. Therefore, it is used in fat grafting and soft tissue augmentation. At the same time,
fibrin matrix serves as a building block in wound healing [49, 57].

L-PRP is a subtype of PRP consisting of the platelet, leucocyte, and red blood cells. It is pro-
duced by the collection of PPP and all buffy coats following the centrifuge of anticoagulant
blood. Whereas Leukocyte-PRFM is a subform made up of platelet and leucocyte-rich fibrin
polymerized clot. It is produced without using anticoagulant and activator [57].

Another platelet activation type is the method which stimulates PDGF and VEGF secretion
and enables collagen-PRP gel formation, performed by using type I collagen [63].

A great number of commercial kits came into use in addition to manual PRP preparation.
However, different technologies introduce products with different biology and unclear effect
profile. There are various PRP preparation methods in the literature, which contain different
protocols, different centrifugal techniques, and different cellular components [61].

4.4. Indications

Various indications of PRP in dermatology are outlined in Table 1 [53, 57, 64].

4.5. Method

The patients should be informed and a signed consent form should always be obtained prior
to the application. The patient is required stop taking anticoagulants such as aspirin and
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Alopecia; androgenetic alopecia, and alopecia areata
Skin rejuvenation

Dermal volume augmentation

Scar revision; acne, and traumatic scars

Striae distensae

Chronic wounds

Fat grafting

Laser resurfacing

Lichen sclerosus

Table 1. Dermatological indications of PRP.

other nonsteroidal antiinflammatory medications at least 2 weeks before the application.
Local anaesthesia should be given, if required, under aseptic circumstances. Different appli-
cation methods are available, which may be preferred by the clinicians and for the comfort
of the patient. First method is the retrograde injection of PRP deep-to-surface at a rate of
0.05-0.1 mL/cm? per each centimeter. The second one is the administration of PRP either by
puncturing holes over the scalp by means of 1 mm microneedle roller or by means of meso-
therapy gun. The third method is the application of PRP before or after the implantation in
order to assist the hair transplantation, keeping the follicular grafts in PRP for 15 minutes
prior to implantation or the application in order to speed up the wound healing in donor's
excision line [53].

There is no consensus on the parameters such as the frequency, depth (interfollicular, intra-
dermal, or subcutaneous), and the dose of the application.

4.6. Contraindications

Contraindications of PRP are listed on Table 2 [63-65].

Pregnancy and breastfeeding period
Acute and chronic infections
Autoimmune disorders

Sensitivity to blood and blood products
Hepatopathy (liver disease)
Malignancies

Thrombocytopenia and hypofibrinogenemia

Table 2. Contraindications of PRP.
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4.7. Side effects

The incidence of adverse effects is quite low since PRP application is an autologous one. Local
side effects due to injection such as rash, ecchymosis, pain, and infection are mild and tempo-
ral. It does not have any risk of transmitting infections such as hepatitis B (HBV), hepatitis C
(HCV), and human immunodeficiency virus (HIV). Risk of allergy is low as the patient's own
blood is used [53, 65].

4.8. Evidence for efficacy of platelet-rich plasma in various conditions
4.8.1. Androgenetic alopecia

AGA is characterized by progressive hair follicle miniaturization and its treatment is quite
challenging [66, 67]. The two medications approved by Food and Drug Administration (FDA)
are minoxidil and finasteride. Dermatologists and plastic surgeons tend to prefer new treat-
ment methods due to limited effects and adverse effect profile of these agents. In recent years,
a good number of studies have been carried out on the effectivity of PRP in an AGA treatment.

4.8.1.1. The mechanism of platelet-rich plasma in androgenetic alopecia

PRP enhances the proliferation of dermal papilla (DP) cells and protect the cells against apop-
tosis by increasing Bcl-2 protein level. Moreover, it stimulates the Akt signalization which has
antiapoptotic effects on cell survival and also stimulates extracellular signal-regulated kinase
(ERK) that regulates the cell growth. In this way, it promotes cell growth and extends the
survival of hair follicles. B-catenin is expressed in the external root sheath in the bulge area of
human anagen hair follicle and ensures the differentiation of stem cells into the hair follicle
cells and other adult cells. B-catenin activity in DP cells of the patients treated with PRP is
upregulated, inducing the differentiation of stem cells into hair follicle cells and stimulating
the hair growth. In addition, FGF-7 expression in DP cells increases, ensuring that the anagen
phase of hair growth cycle is extended. Enhanced VEGF and PDGF boosts the perifollicular
vascular plexus with proangiogenic effect. Active PRP injected to the mice in vivo is indicated
to induce the acceleration of telogen-to-anagen transition [68].

The first study performed on PRP indicated that both the survival of follicular units are
increased and follicular density is augmented in the patients of hair plantation since the fol-
licular grafts were soaked in PRP for 15 minutes prior to implantation [69]. Various studies in
the literature indicated that PRP stimulates a number of active features such as growth rate,
hair count, hair density, hair shaft diameter, hair root strength, anagen hair, telogen hair,
terminal hair density, epidermal keratinocytes, hair follicular bulge cells, and lead to increase
in small blood vessels in hair follicle, prevents dermal papilla apoptosis, extent anagen phase,
and enhances hair regrowth [70-74]. The carrier which contains dalteparin/protamine micro
particles (DP MP) (low-molecular-weight heparin) was used to enhance the efficiency of PRP.
DP MP ensures adsorption, stabilization, and slow secretion of GFs. PRP containing DP MP
is observed to increase the hair thickness significantly compared to PRP alone [75]. In another
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study, PRP containing CD34" cell has been tried on patients with AGA and a significant
increase has been observed in hair thickness [76].

4.8.2. Alopecia areata

AA targets the anagen hair follicles in which spontaneous remission may be observed
[77-79]. Although immunosuppressive agents can generally be used in the treatment of
AA and regarded as an organ specific autoimmune disease, there is not any curative or
preventive treatment of the disease [80]. Therefore, PRP has been introduced in recent
years as an alternative treatment.

4.8.2.1. The mechanism of platelet-rich plasma on alopecia alopecia

PRP has also an antiinflammatory effect in addition to its effect on the induction of prolifera-
tion. Endogen lipid molecules called “lipoxin” derived from cellular arachidonic acid serve
in the resolution of the inflammation. Lipoxins retard the arrival of new neutrophils into the
inflammation area and support the neutrophil apoptosis to organize the resolution. PRP pro-
motes lipoxin A4 (LXA4) secretion and suppresses the cytokine secretions to limit the inflam-
mation [81]. The fact that inflammatory cytokines play a part in the etiopathogenesis of AA
led to an argument that PRP could be effective in AA treatment with antiinflammatory effect.

There is limited number of studies in the literature on the use of PRP in the treatment of AA.
A recent study indicated a significant increase in hair growth, an increase in Ki-67 which
is the cellular proliferation marker and a degradation in the rate of relapse, in AA patients
treated with intralesional PRP, compared with the patients treated with both placebo and
intralesional triamcinolone acetonide (TrA). Furthermore, it has been observed that both
groups taking PRP and TrA had less rash and irritancy as well as reduced dystrophic hair in
dermoscopy. A complete remission rate of 60% has been achieved in the group treated with
PRP at the end of the treatment [79].

In another study carried out with 20 AA patients, PRP was well tolerated, no adverse effect
was observed and improvement in hair growth was seen. Minimal response to treatment and
relapse was observed in only one patient [82].

PRP treatment applied on an ophiasis-type alopecia areata patient, resistive to corticosteroid
treatment, yielded a successful result and hair regrowth was observed. PRP is suggested to
be an alternative treatment in AA patients resistive to corticosteroid treatment and in the
patients with side effects of steroid injection [83].

5. Laser and light sources in the treatment of alopecia

Laser (light amplification by stimulated emission of radiation)/light sources have become
popular in dermatology practice on various disorders. Recently, these devices have been tried
for the treatment of male and female pattern hair loss and alopecia areata with variable suc-
cess rates. The laser beam having the coherent, monochromatic, and polarized characteristics
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that differs it from the ordinary light. The low-energy laser light penetrates the surface in
a defined position and does not damage the skin [84]. There is a consensus among many
authors that current laser/light sources are safe methods if they can be used properly and also
these treatment modalities can be used alone or in combination with other treatments. The lit-
erature reveals that the texture and quality of hair improves even if there is no hair regrowth
by the use of laser/light sources [85].

5.1. Androgenetic alopecia

AGA is the most common form of hair loss that may affect up to 70% of men and 40% of
women in their lifetime [86, 87]. The aim of the treatment is to stop miniaturization and
induce hair thickening and regrowth [88]. Finasteride and minoxidil are the most common
therapeutic drugs used for AGA [87]. But new treatment modalities are under investigation.
Laser/light sources for AGA have become popular in the last few years.

Photobiomodulation is a term that is used to describe the effects of lower level light energy
(650-900 nm) on the cellular level. The exact mechanism of photobiomodulation that stops
or reduces hair loss in patients is not well known [85, 89]. Low-level visible light treatment
(LLLT) modulates the gen expression of 5a-reductase and vascular endothelial growth factor
(VEGF) and consequently stimulates hair growth through androgen metabolism and angio-
genesis [90]. It was previously reported that helium-neon (He-Ne) laser (632.8 nm) irradiation
stimulates cellular activities like deoxyribonucleic acid (DNA) and protein synthesis, mito-
chondrial electron transport, and adenosine triphosphate (ATP) generation [91]. Low-level
laser irradiation prolonged the duration of anagen phase and caused the catagen and telogen
follicles to reenter into the anagen phase in a study in mice treated with He-Ne laser. It was
revealed that He-Ne laser with a dose of 1 J/cm? shows stimulatory effects on hair growth with
a significant increase in percentage of anagen, but a suppression of hair growth was observed
ata dose of 5 J/cm?. Cells with low growth rate or under stress conditions, give better response
to low-level laser irradiation [90]. Low level of reactive oxygen species (ROS) occurred due to
low doses of irradiation show stimulatory effects on cell metabolism, while high level of ROS
due to high doses of irradiation show inhibitory effects [92-94].

Subsequently, paradoxical hypertrichosis was reported for many times after using laser and
intense pulsed light (IPL) photoepilation therapy for hair removal [95-99]. It is not exactly
known, how these light sources can induce hair growth. One possible mechanism is the acti-
vation of silent hair follicles or the synchronization of hair growth cycles by direct light stimu-
lation [89]. Radmanesh et al. identified different mechanisms for developing hypertrichosis
after the IPL. First, certain wavelengths of IPL show photostimulator effects on hair follicle
germinative and stem cells, directly or indirectly and facilitate hair regeneration and growth.
The stem cells in the bulge area of the hair follicle are usually inactive. The second mechanism
is the stimulation of the secretion of the mediators and cytokines that stimulate hair growth
by IPL. Keratinocyte growth factor and fibroblast growth factor are two well known tricho-
stimulatory cytokines and they have stimulatory effects on hair follicles and epidermal cells.
They maintain epidermal proliferation and hair growth. The individual differences and the
properties of the devices may also affect the paradoxical hypertrichosis [98].
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There are various studies showing the positive effects of laser/light treatments in AGA. In
a previous study, the effects of laser on cancer were investigated in mice. The dorsal hair of
mice was shaved and the low-powered ruby laser (694 nm) therapy was given toward this
area. They did not find any evidence of cancer but observed accelerated hair growth in laser-
treated sides [100]. In a clinical study, seven patients with a diagnosis of AGA were exposed
to LLLT twice weekly for 20 min for 3-6 months. An increase in the number of terminal hair, a
decrease in the number of vellus hair, and an increase in shaft diameter were observed in this
study but these changes were not statistically significant [89].

To assess the effect of a 1550 nm fractional erbium-glass laser in a female pattern hair loss, 28
patients received 10 treatments at 2-week interval. At the end of the study, a marked increase
in hair density and hair shaft thickness and significant improvement at the frontal hair recess
were seen in patients. It was revealed that 1550 nm fractional erbium-glass laser may be a safe
and effective treatment option for female pattern hair loss (FPHL) [101]. In a clinical study,
the effects of a 1550 nm fractional erbium-glass laser on the hair cycle in an alopecia mouse
model and on the treatment of male pattern hair loss were investigated. In the human pilot
study, an increase in hair density and an improvement of growth rate were observed. In the
animal study, the effect on hair stimulation was dependent upon the energy levels, densities,
and irradiation intervals. Fractional laser irradiation can promote anagen hair growth and
induce transition from the telogen phase to the anagen phase. It was shown that Wnt 5-a
and -catenin expressions play a role in hair growth were induced by laser irradiation [102].

In a study of 32 patients with male and female androgenetic alopecia, the efficacy and safety
of LLLT were evaluated. A Laser comb (655 nm) was used as monotherapy or as a concomi-
tant therapy with minoxidil and finasteride. Eight patients showed significant improvement,
20 patients showed moderate improvement while no improvement was observed in four
patients. Improvement was observed in both monotherapy and the dual therapy group [103].
Previously, a Laser comb has been tested in 110 patients with AGA in a double-blind, sham
device-controlled, multicenter, and 26-week trial. Significant increase in mean terminal hair
density was observed in patients in the LLLT group when compared to patients in the sham
device group [104]. Jimenez et al. reported a statistically significant increase in terminal hair
density after 26 weeks of low-level laser comb device treatment compared with sham treat-
ment in patients with FPHL and male pattern hair loss (MPHL) [105].

5.2. Alopecia areata

As there is no cure for alopecia areata which is an autoimmune disease and may improve
spontaneously in 34-50% of patients, clinicians search for new treatment modalities such as
laser/light sources [86, 106, 107].

There are limited studies about laser irradiation for alopecia areata. In a study, clinicians
used 308 nm xenon chloride excimer laser (XeCl) for two patients with alopecia areata for
11-12 sessions within a 9-11 weeks period. They observed homogeneous and thick hair
growth. The exact mechanism was not clear, but immunosuppressive effects of laser irra-
diation by inducing T-cell apoptosis and interrupting autoaggressive immune cascade were
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held responsible [108]. In a study with nine patients with AA, 308-nm excimer laser was used
for lesions twice a week for 12-24 sessions. They observed hair regrowth in patients with AA
partialis [109].

In a previous study, researchers chose a single representative lesion that was unresponsive to
the other treatments. One half of the lesion was exposed to the 308-nm laser while the other
part was not treated. After 27 sessions, only the treated area showed hair regrowth, suggest-
ing it was not a spontaneous recovery [110].

The 308-nm excimer laser was used for patients with AA twice a week for 24 sessions. And it
is reported as an effective treatment for patchy AA of the scalp and in some cases with AA of
the beard area, but patchy lesions of the extremities and alopecia totalis were unresponsive
[111]. It was also used for children with patchy AA successfully. Atopic diathesis was consid-
ered as a poor prognostic factor in this study [112].

Waiz et al. used pulsed infrared diode (904 nm) laser on 16 patients with 34 resistant alopecia
areata patches. They observed hair regrowth with a rate of 94%. They suggest that laser may
alter the cellular membrane or change the exposed antigen which was previously hidden to
become hidden again [84].

Yoo et al. treated a patient with recalcitrant AA with fractional laser therapy weekly for
24 weeks. Hair regrowth was observed after 1 month treatment. After 3 months 30-40% of
lesions were covered with terminal hair. Complete recovery occurred after 6 months of frac-
tional laser therapy. One of the possible mechanisms of fractional laser induced hair regrowth
is inducing T-cell apoptosis or decreasing inflammation. Another mechanism is about micro-
scopic thermal columns in the dermis that were made by laser therapy. A healing process
starts including lymphocyte infiltrations. It may scatter perifollicular lymphocyte infiltration
and cause a decrease in perifollicular lymphocytic infiltration. Fractional laser may stop dis-
ease progression by increasing anagen phase. Furthermore, minor trauma and wound heal-
ing induced by fractional laser therapy may facilitate hair growth [113].

Three patients with ophiasis, a special pattern of AA, were enrolled in a study. Two of the
patients were treated with nonablative 1550 nm erbium glass fractional laser (NAFL) and one
of the patients treated with both NAFL and ablative 10,600 nm carbon dioxide fractional laser
(AFL). The clinicians observed that patients who have AA for 1 year or less respond to treat-
ment better than patients with long-term disease. They considered NAFL treatment may have
beneficial effects on early ophiasis lesions [114].

6. Stem-cell therapy in alopecia

6.1. Hair follicle, stem cells, and dermal papilla

Hair follicle (HF) is a complex structure that contains important units in the development of
hair shaft including dermal papilla, matrix, and bulge region [3].
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The HF undergoes cycles of growth and degeneration that a new hair shaft is formed in each
cycle [115]. The signaling in this cycling is not completely understood. Fundamentally, there
is a bidirectional communication between the mesenchymal and stem cells within the hair
follicle that controls the formation, growth, and cycling of hair follicle [3, 116, 117].

Dermal papilla (DP) is located at the bottom of hair follicle (hair bulb) and consists of special-
ized mesenchymal cells which produce signals regulating the hair cycling of follicular epi-
thelium and also driving the formation of hair follicle [116, 117]. Bulge region of hair follicle
houses epithelial stem cells that become progenitor cells forming the hair follicle. Upon the
stimulatory signals from DP cells, progenitor cells move down to the deep dermis where they
turn into matrix cells which differentiate to form different parts of hair follicle [3, 117, 118].
It can be understood from these information that although the immediate formation of hair
shaft and follicle is achieved by the matrix cells in the DP, reservoir stem cells reside in the
upward bulge region that maintain the follicle regeneration [115].

Stem cells are characterized by the capacity of self-renewal and ability to differentiate into
various cell lineages. Hair follicle stem cells (HFSCs) which are found in hair bulge are qui-
escence cells that divide infrequently [3]. HFSCs are multipotent that they can give rise to all
cells of a hair follicle, sebaceous gland, and interfollicular epidermis [3, 115, 118]. In addition,
hair follicle bears other types of stem cells including interfollicular epidermal stem cells, seba-
ceous gland stem cells, follicle nestin + pluripotent stem cells, etc. [3, 115].

The induction of hair cycling and hair follicle regeneration from the HFSCs is a complex pro-
cess which starts with the signals from DP cells. This interaction involves several signaling
pathways, growth factors, specific protein ligand-receptor binding, upregulation of various
hair-related genes and activation of different transcription factors [3, 116, 118].

6.2. The rationale behind the stem-cell therapy in the treatment of alopecia

As the current treatment options for most types of alopecia including AGA and AA are not
satisfactory, new therapies are still being under investigation for various types of alopecia.
Development of bioengineering technologies has provided the use of HFSCs as a promis-
ing treatment in the management of alopecia. Since the conventional drugs for alopecia are
unable to target all the pathophysiologic factors, stem-cell therapy is considered as a potential
solution to correct the main pathology in various types of alopecias [3, 115, 117, 118].

It has been suggested that the distinct pathophysiologic pathways may be targeted by stem
cell therapies in different diseases. An important point is that in order to specifically manage
the alopecia, it is important to clarify the exact etiologic mechanism underlying various types
of alopecias [3, 118]. For example, in AGA, the main etiology is that the HF is miniaturized by
the effect of 5-DHT and the signaling that drives the HF regeneration is impaired. Although
the stem cells in bulge region are undamaged, the production of new hair formation is inter-
rupted in AGA [3, 116]. Another example for the impaired induction of hair formation by the
destruction of DP region is the chemotherapy induced alopecia. Induction of hair generation
by DP cells has been suggested to be achieved by stem-cell therapy in this type of alopecia
[116]. In AA, DP (bulbar region of HF) is attacked by the immune cells [3, 115]. Stem-cell
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therapy has been suggested to be effective in the suppression of autoimmune destruction and
recovery of immune balance in AA patients [119]. In cicatricial alopecia, inflammation leads
to the destruction of the bulge region where the normal immune privilege has been lost by
pathologic triggers and stem cells are destroyed [115]. Producing a new hair follicle unit via
transplantation of stem cells has been suggested as a major innovation for the treatment of
most forms of alopecias including scarring alopecia [3, 115, 117, 118].

6.3. Preliminary hair follicle generation studies and obstacles in stem cell therapies

As the epithelial-mesenchymal interaction is crucial in the development of HF, it is essential
to coculture DP cells with stem cells in order to generate a complete HF in laboratory condi-
tion. However, it has to be in mind that it is not easy to obtain and grow stem cells in labora-
tory experiments and their turnover is low [115, 117].

Marazzi et al. have isolated human follicle DP and bulge cells and cultured them in human
skin sample (organotypical culture). After injection of the cultured bulge and DP cells into
deep dermis, epidermis forming ability of the cells was assessed. The authors suggested their
methodology as a relevant source of bioengineered hair follicles for hair transplantation ther-
apies in alopecia [120].

In a previous report, mouse embryonic skin-derived stem cells were used to form a hair germ
and the resultant bioengineered follicle germ was intracutaneously transplanted to create a
structurally correct hair follicle. On the back skin of a nude mouse, the transplanted follicle
germ was able to form hair shaft, construct appropriate connection with surrounding tis-
sue, and undergo cycling [121]. As the transplantation of a mature bioengineered hair follicle
rather than follicle germ is considered to be more favorable in hair regeneration, Asakawa
et al. in their animal study, have shown that ectopic transplantation of bioengineered hair
follicles (created by follicle germ cells from embryonic pelage skin and regenerated in vitro
culture) could develop a fully functional hair follicle in host. Authors reported that the results
of the study have indicated transplantation of the bioengineered hair follicles could replace
the conventional FUT therapy in alopecia treatment [122].

An important problem in the hair follicle regeneration studies is that cultured DP cells lose
their inductive capacity after a few passages. Attempts including co-culturing with keratino-
cytes and adding growth factors to the medium have been done to effectively expand DP cells
in vitro culture [117]. As the laboratory conditions and in vitro assays are far from the in vivo
ambience of DP cells, to better simulate the real hair follicle, three-dimensional (3D) dermal
spheric cultures have been generated [123]. To further increase the inductive capacity of DP
cells and to enhance the reproducibility of assays, novel membranes for spheric culturing
have been used [124]. One of the most important obstacles in hair regeneration studies is the
results of animal or in vitro studies differ from those on human. Despite an intact HF can be
formed in murine and embryonic cell experiments, incomplete HF are formed with human
DPCs. Subcutaneous implantation of isolated human HFSCs and human scalp DPCs resulted
in the formation of hair follicle-like structures in nude mice [125]. To overcome this problem
strategies such as culturing DPCs with keratinocytes have been formulated [126]. Recently
an acellular dermal matrix has been used to grow human epithelial and dermal cells from
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scalp tissue with promising results [127]. Recently, human DP cells from scalp tissue have
been embedded into dermal-epidermal composites (DECs) and formation of complete HF
has been observed [128].

By ongoing studies, it was realized that not only the close environment of HF but also the
macro environment of HF is important in the growth induction of HF. As the adipocyte stem
cells (ASCs) secrete growth factors and stimulate hair growth pathways and the activation of
hair follicle stem cell by adipocyte lineage cells has been shown, ASCs and ASC-conditioned
medium (ASC-CM) have been investigated in hair regeneration studies. DPCs which are cul-
tured in ASC-CM showed increased proliferation. These studies suggested a role for ASCs in
alopecia treatment [117, 129].

Bone marrow mesenchymal stem cells (BM-MSCs) have also been used to induce hair induc-
tion in vitro assays and tested for HF formation capacity in mouse models [116].

6.4. Studies on the stem-cell therapy in alopecia

In a randomized placebo-controlled trial, topical application of a commercially available solu-
tion containing HFSCs in male patients with AGA was found to be effective in the induction
of hair growth and reduction of hair loss [130]. Supernatant of BM-MSC culture overexpress-
ing Wntla has been shown to increase hair producing ability of DP cells. Additionally, intra-
dermal injection of concentrated solution of the above mentioned supernatant enhanced the
transition from telogen to anagen in mouse. Also, negative effect of a 5-DHT on hair related
genes was restored with the addition of Wnt-CM. Study indicated a role for Wntla from
MSCs in hair regeneration therapies for alopecia [116].

The effect of intradermal injection of commercially available ASC-CM product (containing
hepatocyte growth factor, fibroblast growth factor-1, granulocyte colony-stimulating fac-
tor, granulocyte macrophage-colony-stimulating factor, interleukin-6, vascular endothelial
growth factor, and transforming growth factor (3-3) to 22 AGA patients (11 males, 11 females)
has been studied. Patients were treated in six sessions at 3-5- week interval. Six male patients
were also on finasteride treatment. Half-side comparison study has been undertaken in 10
patients. Hair counts were increased in all patients according to trichogram assays. In com-
parison study, hair count was increased in both side of the scalp, however, the increase was
higher in the treatment side compared to the placebo side. The response in the placebo side
is suggested to be related to the effect of injection itself or the diffusion of the solution to the
other side [131].

In another study with the same product, 27 patients with FPHL were treated with the solution
(ASC-CM) weekly with concurrent use of microneedling roller. Retrospective assessment of
the results revealed significant increment in the hair density and thickness after 12 sessions
[129].

An evidence to the alternative mechanisms of stem-cell therapy is the “stem cell educator
therapy” which has been used for its immune modulation effect in nine AA patients. Cord
blood stem cells (CB-SCs) have been used to be introduced to patient's blood in a closed loop
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system. Patient's lymphocytes are separated and cocultured with CB-SCs in vitro and returned
to patient's circulation after “education.” A significant suppression of CD8Tcell attacking and
upregulation of the co inhibitory molecules resulted in the diminishment of autoimmune
destruction and reversal of immune balance by shifting the immune response toward Th2. As
only a small portion of lymphocytes encounter with CB-SCs, the educated immune response
has been suggested to be expanded systemically leading a generalized outcome [119].

In a recent review, an unpublished study (NCT01286649) has been reported investigating the
efficacy of injecting human autologous HF dermal sheath cup cells which have been taken by
punch biopsy from the scalp of patients with AGA. The results of the study await publication
[118].

6.5. Contraindications and side effects of stem-cell therapy in alopecia treatment

The presence of skin disease, inflammation or infection, having an allergic, autoimmune dis-
ease or cancer, pregnancy, and the usage of anticoagulant therapy are reported as contra-
indications of stem-cell therapy [131]. Most of the studies on stem-cell therapy in alopecia
treatment reported no severe adverse effects [119, 129, 132]. Patients can feel pain when injec-
tion technique is used which can be overcome by nerve blockages, local anesthesia, cooling,
or prescription of nonsteroidal antiinflammatory drugs [131].

7. Conclusions

Although the scientific data to support the validity of mesotherapy as a treatment option in
alopecia is still lacking, there is an increasing interest in its use. Hair mesotherapy is not yet
approved in the treatment of alopecia and the existing studies give variable results. Therefore,
long-term studies on a large cohort of patients are necessary to document its efficacy and
safety in alopecia treatment and to standardize the treatment protocols. Hair mesotherapy
can be used as an alternative intervention in the treatment of AA, AGA, and telogen effluvium
in patients without systemic diseases.

Despite the increasing interest in microneedling in the treatment of different types of alopecia,
further randomized controlled trials are required to assess the efficacy of microneedling on
alopecia.

Literature suggests PRP as an effective tool in AGA patients. PRP can be considered as an
alternative treatment in AA patients not responsive to corticosteroid treatment or in the
patients developing side effects due to steroid injections.

LLLT seems to be a safe and effective treatment option for patients with AGA, but more
long-term placebo-controlled studies are needed to define the beneficial effects of laser/light
sources for the management of this disease. The effects of laser/light sources are shown in
many studies as mentioned above in AA. However, larger placebo-controlled studies should
be performed to evaluate the beneficial and adverse effects of these devices.
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There is no conclusive data regarding the efficacy, applicability, and method of stem-cell ther-
apy in the treatment of alopecia, however, it still remains as a potential intervention. Further
studies are required with improved techniques to overcome challenges in regenerating intact
HFs before clinical use. Also the cost and availability of such bioengineering therapies must
be taken into consideration. Similar to the current follicular unit transplantation (FUT) ther-
apy, in future, it is expected to transplant a complete HF created by stem cell technology and
be able to treat various types of alopecia.
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