
Farivar and RojhanNejad, 2015. Journal of Genes and Cells, 1(3): p, 57-66              www.imaqpress.com 

doi: 10.15562/gnc.20 

 

* Correspondence: 

     Email: s_farivar@sbu.ac.ir 

____________________ 

 

www.genesandcells.com                                                                                               Open Access Licensed as CC-BY 

 

Hair Follicle Stem Cells: Molecular Basis of 

Development and Regeneration 
 

 Shirin Farivar1, 2*, Mahboobeh RojhanNejad1  

1. Department of Genetics, Faculty of Biological Science, Shahid Beheshti University (GC), Tehran, Iran 

2. Laser and Plasma Research Institute, Shahid Beheshti University (GC), Tehran, Iran 

The adult hair follicle posses’ stem cells and has 

cyclical growth and governs differentiation of 

multiple cell types and finally produce a 

pigmented hair shaft. These stem cells are said to 

be located in an area called bulge (1, 2). Hair 

follicles are regenerated in programmed phases of 

growth including anagen, catagen, and telogen. 

Like most other somatic stem cells, hair follicle 

stem cells (HFSCs) have the capacity for self-

renewal with the potential to regenerate all 

epithelial lineages of hair follicle through life 

time(3, 4). The capability to renew this complex 

organ has made HFSCs an interesting model for 

studying mechanisms regulating stem cell 

maintenance, growth and differentiation (3, 4). Here 

we intend to review the biology of hair follicle (HF), 

HF morphogenesis, its regulating molecular 

mechanism, its stem cell types and their 

differentiation capacity (5). 

 

Anatomy of hair follicle 

 

From the anatomical view, HF has three 

compartments: infundibulum, isthmus, and the lower 
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part. The upper part is permanent while the lower 

part is regenerated in each growth cycle. 

Isthmus is the middle permanent part; the lower 

part is composed of suprabulbar area and the hair 

bulb surrounding dermal papilla. The epithelial 

part of HF is isolated from the surrounding 

dermis with a connective tissue or dermal sheath 

which consists of inner basement membrane and 

outer connective tissue sheath. Major parts of 

follicle from innermost to the outermost area 

includes: hair shaft (HS), inner root sheath (IRS), 

outer root sheath (ORS), and the connective 

tissue sheath (CTS) as shown in Figure 1. 

Dermal papilla: papilla is one of the most 

important governors which help the follicular 

structure to grow and produce a pigmented hair 

shaft. It is also a significant source of paracrine 

factors necessary for hair growth and 

melanisation. Some of these factors are: noggin to 

induce hair growth, keratinocyte growth factor 

and its receptor fibroblast growth factor receptor 

2, hepatocyte growth factor for hair development, 

insulin like growth factor-1 important for 

morphogenesis and stem cell factors for 

proliferation, differentiation and melanin 

production (6). 

 
Figure 1. Anatomical view of hair follicle (7). 

 

Hair follicle morphogenesis and regulating 

molecular mechanism 

Formation of HF in the embryo needs interactions 

between surface epithelium cells and the dermis. 

Induction, organogenesis and cyto-differentiation 

are classified as three stages of morphogenesis. In 

the first stage, HF progenitors that called 

placodes are produced in competing interaction of 

repressors and inducers. Wnt/B-catenin signaling 

can turn on hair follicle fate (8). Thickening of 

epithelial cells to form placode is mediated through 

WNT signaling. There are also lots of other inducing 

molecules such as FGFs expressed in surface 

epithelium that gradually accumulate in placode 

region. For early placode formation, Tabby/Down 

less ligand receptor is necessary. SHH and its 

receptor Patched-1 are also expressed in epithelial 

placodes and underlying mesenchymal 

condensations. Interestingly, different hair types 

require different signals for placode formation. For 

example, primary guard hair follicle growth needs 

stimulation of Eda-A1/Edar/NF-kB which then up-

regulates shh and cyclin D1 expression followed by 

placode growth. In the second stage, dermal cells 

underlying the epithelial cells proliferate and form a 

dermal condensate. Then this dermal condensate 

signals the epithelial cells to grow downward into 

the dermis. In other words, a complex interplay of 

signals (mostly WNT proteins) from placode to the 

lower dermis induces condensation of a cell 

population which in the next stage becomes 

enveloped with follicular epithelial cells to form 

dermal papilla (DP). In β-catenin mutants, no 

placode formation is found and bmp and shh are not 

expressed as well which indicate that these are 

downstream events. Moreover, ectopic expression of 

Wnt inhibitors such as Dkk1 causes lack of follicle 

induction stage. Platelet derived growth factor A 

(PDGF-A) is also needed for DP formation. It has 

been reported that complete hair loss in K14-

Cre/floxed β-catenin mice is observed 4 weeks after 

birth and initial growth of hair, which is after the 

end of the first anagen phase.   

The second dermal signal from accumulated region 

to the follicular epithelium leading to directed 

proliferation of follicular epithelial cells toward 

dermis also needs SHH expression in the epithelium 

(9). Generation of epidermal neoplasia and alteration 

in HF formation is observed in deregulations of shh 

signalling (10). IRS formation and HS 

differentiation is under control of reciprocal signals 

from different follicular epithelial cells (9). Notch 

signaling also has a significant role in follicle 

development, follicular fate selection of adult bulge 

stem cells and maintaining follicular structure (11). 

Another pathway that plays a role in morphogenesis 

is BMP signaling. Enhanced activation of BMP 

signals like BMP4 or inactivation of extracellular 

BMP inhibitor noggin leads to retardation of HF 

induction and baldness. In the embryo expression of 
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noggin by mesenchyme induces follicle 

morphogenesis and also new follicle growth 

postnatal. After initiation, embryonic follicles 

express BMP4 to prevent production of another 

HF nearby as a negative feedback (12, 13). WNT, 

BMP and NOTCH signaling pathways and LEF1, 

FOXN1, HOXC13 transcription factors are 

necessary for regulating follicle morphogenesis 

and differentiation 

                               

 

Figure 2. Hair follicle morphogenesis and 

required signals (14). 

  

Hair follicle growth cycles and regulating 

molecular mechanism 

Organogenesis of most organs occurs only once 

in embryogenesis, however, it differs for hair 

follicles. For generation of new hair, present 

follicles should undergo cyclical growth phases to 

produce HS from tip to root. In catagen and 

telogen, follicles reset again and prepare their 

stem cells to get the next anagen signals (15). 

When a new follicle in each cycle is produced, it 

may be similar to the previous hair or differs like 

summer brown hair and winter white hair of 

Scottish bears. The type of HF is mostly 

dependant to regulating dermal papilla (16). 

 Anagen: from histological view, anagen follicles 

are tall (long) and flat. Proliferating matrix cells 

has 18 hour cycle. These cells form a new hair 

bulb below bulge in hair germ compartment. 

Progeny cells migrate to the upper parts and 

contribute to one of 6 lineages of IRS and hair 

shaft. Finally HS cells fully differentiate and their 

organelles exit and become packaged in associate 

with keratinized filaments rich in cysteine (7). 

Each anagen is accompanied with angiogenesis 

that most possibly originated from CTS (17). 

Anagen determines the length of the hair shaft by 

means of inner root sheath (IRS) and hair shaft (14). 

There is also another anagen dependant 

phenomenon, which is called follicular 

melanogenesis. Follicular melanogenesis ends with 

down regulation of its key enzymes early in anagen 

catagen transition (8). 

Factors stimulating bulge cells for anagen onset 

seem to be from DP origin. FGF7 expressed in DP 

has strong mitogenic effects on epithelial cells. In 

addition, suppression of TGF-β and activation of kit 

ligands by NOTCH signaling ensures proliferation 

of matrix cells in the first anagen (18). If β-catenin 

was removed after the first cycle, the hair follicle is 

completely lost. Also in β-catenin null mutations, 

stem cells are directed to epidermal fate rather than 

keratinocytes (9).  

Anagen to catagen transition: When the number of 

matrix cells, also called transitory amplifying cells, 

is reduced, HS and IRS differentiation slows down 

and after that follicle enters a regression phase 

known as catagen. Some of molecular regulators in 

this transition phase are: FGF5, EGF, neurotrophins 

like BDNF and TGF-B family members such as 

TGF-B1 and BMPR1a. 

Catagen: This phase includes apoptosis of epithelial 

cells in bulb region and ORS. Hair shaft 

differentiation stops in catagen and its ending forms 

a globular structure called the club hair, which goes 

up to the permanent part and stays there during 

telogen. Production of a temporary layer known as 

epithelial layer is restricted to catagen which links 

DP to the upper part and possess dead cells. When 

DP reaches to the cells surrounding the club hair, 

this layer is removed completely. Apoptosis is an 

important feature of catagen follicle; different 

follicle compartments and cell population 

demonstrate distinct apoptosis capacities. For 

instance, DP fibroblasts and some of melanocytes 

that are meant to survive, show high resistance while 

lots of epithelial cells and melanocytes are sensitive 

to apoptosis. One important molecule in apoptosis 

progression is P53. Mutant mice analysis also 

identified a role for TGFB1 and P75 (a 

neurotrophins receptor) for catagen progress. 

Moreover, in mice lacking hairless protein, DP 

cannot move upward which leads to loss of 

connection between bulge and DP and cease of 

growth cycles. 
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Telogen: Telogen is the resting phase. In mice the 

first telogen is short and lasts for 1 or 2 days, 

however the second one starts on 42th day of 

postnatal life and lasts more than 2 weeks (4, 15). 

Telogen to anagen transition: During telogen 

estrogen receptors are expressed strongly, thus 

binding of 17-β-estradiol to them prevents HFs 

from exiting telogen phase and entering next 

growth phase. During this transition, expression 

of β-catenin and Lef1/β-catenin is detected at 

bulge base, where new follicle emerges anagen 

phase (19).  

 

 
Figure 3. Factors regulating hair growth and 

control of the hair follicle cycle (20). 

 

Hair follicle stem cells 

Previously, it was believed that HFSCs are 

located in the bulb area, however it was 

demonstrated that after isolation of bulb which 

consists of matrix cells, regeneration of hair 

follicle was possible. Therefore, the exact area 

consisting of stem cells had to be identified (21-

23). There are several types of stem cell 

populations in a hair follicle including 

mesenchymal stem cells, melanocyte stem cells, 

Nestin positive stem cells and epithelial stem 

cells (Figure 4). 

Cotsarelis et al. found a slow cycling cell 

population just below the sebaceous gland and 

insertion site of arrectorpilli muscle known as 

bulge. Bulge region is in the lowest part of 

permanent portion of HF (21, 24). 

Hair follicle mesenchymal stem cells (HFMSC) 

are located in CTS. Jahoda et al. demonstrated 

that DP and CTS primary cultures can 

differentiate to adipogenic and osteogenic lineages 

which was an evidence for their mesenchymal 

origin. There is also a hypothesis that HFMSCs may 

play a role during wound healing in dermal repair 

(25). 

Nestin positive stem cell presence in DP was shown 

by Fernandes et al for the first time. After that 

Sieber Blum et al have located these cells in bulge 

region to follicle matrix. Furthermore, HF 

melanocyte stem cells (HF-MeSCs) have been 

positioned in bulge region and secondary germ in 

mice. This population is the reason for pigmented 

hair shaft produced in each cycle. Both Nestin 

positive stem cells and MeSCs are whether neural 

crest or neural crest derived stem cells that makes 

them beneficial for tissue engineering. Determining 

the origin of cells has a key role in understanding 

their differentiation potential. In 2004, Sieber Blum 

et al, found neural crest derived markers in hair 

follicle bulge explants cultures. This origin explains 

multipotency of bulge cells. Since neural crest cells 

migrate to different tissues including PNS and also 

non neural tissues during development, their 

derivatives have the potential to regenerate those 

tissues (26). 

For thorough understanding of bulge biology, 

precise ways for bulge isolation are essential. 

Previously micro dissection of this region based on 

morphology was a common method. However, it 

needs expertise and also the purity of isolated 

population is not ensured. Therefore determining 

specific markers for bulge stem cells helps for a 

more advanced isolation and easier analysis (27-29).  

lyle et al, first reported that Keratin 15 is preferably 

expressed in human bulge region but low expression 

of K15 in lower portion of follicles makes it an 

insufficient marker for bulge (28, 30). Expression of 

CD34 in murine bulge cells was first reported by 

Trempus et al, however this surface protein does not 

express in human bulge cells so it cannot be 

considered as human bulge marker (31, 32). 

Microarray analysis was done for the expression 

profile of bulge cell population and identification of 

distinctly expressed genes in bulge. With the aid of 

microarray, a panel of human bulge surface markers 

was determined. CD200 and CD59 are up regulated 

in human bulge while CD34, CD146, CD24 are 

down regulated. CD200 was preferentially expressed 

in bulge area of human and became the best bulge 

surface marker. 57 Up regulated genes in murine 
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bulge have been identified which are of relevance 

to growth arrest and differentiation such as Gas1 

(growth arrest specific 1), idb2 and 4 (inhibitor of 

DNA binding), S100 genes, Bsn and Tenacin C 

(Tnc), however genes dependant to mitosis, 

growth cycles and proliferation are down 

regulated (33). Also Wnt pathway activator genes 

are repressed in murine bulge cells which is 

perceptible as they induce follicular fate and 

differentiation (8). This expression profile 

suggests that the directed down regulation and up 

regulation of genes is important for maintaining 

stem cell phenotype (34). Identifying the 

increasing number of stem cell markers, leads to 

determining more details about the heterogeneity 

of bulge cell population. This makes it clear that 

HFSCs niche is heterogenic and dynamic 

throughout life (35, 36). 

 
Figure 4. Different cell populations with their 

specific markers (5). 

 

Quiescence nature of bulge cells 

One salient feature of bulge cells is that they are 

quiescent. The use of nucleoside analogues like 

tritiated timidin or bromodeoxyuridin which can 

be taken up by cells in S phase should label slow 

cycling cells and once labeled they retain it for a 

long time detected as label-retaining cell (LRCs). 

In 1990, Cotsarelis et al reported that an area 

called bulge possess LRCs exclusively (33). In 

both adult mouse and human skin transplanted to 

immunodeficient mice tritiated timidin cannot 

label bulge cells except for anagen phase (37). 

When labeled during proliferation mouse, bulge 

cells can maintain label for 14 month (almost a 

mouse lifetime) and human bulge cells at least for 

4 month (30). Surprisingly, loss of BMP signals 

alone is sufficient for disrupting the quiescence 

nature of stem cell niche. Some of the genes 

characteristic of bulge stem cells are SOX9, SOX4, 

LHX2, shh and low level of c-myc that are expanded 

following inhibiting BMP signalling (4, 9). 

Inversely, when stem cells are activated in telogen-

anagen transition increased levels of c-myc and 

Runx1, bmp antagonists, and Wnt signaling are 

required (8). After identifying label retaining nature 

of bulge cells, the next step was to define other 

stemness features of these cells. Since stem cells are 

responsible for regeneration of their residing tissue, 

they have a high proliferation potential. Detecting 

genes that distinctly identifies bulge cells from 

proliferating transit amplifying cells (TA cells) and 

genes that turn resting bulge cells to activated ones 

helps researchers to understand uncontrolled 

proliferation nature of cancer cells and harmonic 

events of anagen onset as well (34).  Barrandon and 

Green suggested that in holoclone phenotype (a stem 

cell feature) cells generate large colonies with 

smooth perimeters and low rate of terminal 

differentiation. It was demonstrated that holoclones 

were located in bulge area. Colony forming 

efficiency is another sign of proliferation potency 

which shows the ratio of colonies obtained per 

number of plated cells and correlates with the 

number of stem cells present in the cell population 

of interest. CFE analysis in hair follicle bulge 

identified colonogenic stem cells in more than 95% 

of cells (27). Different lineages of each tissue can be 

reconstituted by its stem cells. Various evidences for 

multipotency of bulge cells in vivo and in vitro have 

been achieved by different studies. Taylor et al by 

using a double retaining technique demonstrated that 

not only hair follicles but also epidermis can be 

produced by bulge cells (38). With transgenic 

labelling approaches, researchers generated 

fluorescent-tagged bulge cells and combined them 

with dermal cells for hair reconstitution assays and 

the result was production of hair follicle, sebaceous 

gland and the epidermis. Investigators also isolated 

bulge of Rosa26 transgenic mice that continuously 

express lacZ and transplanted it to a neonatal 

epidermis of non-Rosa mice. They observed that 

bulge cells could regenerate all epithelial lineages of 

hair follicle, sebaceous gland, and epidermis. 
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Figure 5. (A) Human hair follicle bulge is detected just 

as a subtle swelling. (B) LRCs are distributed in 

outermost layer of outer root sheath (red cells) in 

human hair follicle. Identification of these boundaries 

defined human hair follicle bulge (C) detection of 

LRCs in xenografted human hair follicle (arrowheads). 

SG: sebaceous gland; APM: arrestor pili muscle, BU: 

bulge (33). 

 

Bulge cells from clinical view 

not only HFSCs can produce all lineages of a 

follicle, but also regenerate epidermis in the site 

of injury.(34, 39) migration of bulge daughter 

cells after different injuries to the epidermis was 

shown by Ito et al using K15CrePR:R26R 

transgenic mice. In spite of bulge derived cell 

movement to the newly forming epidermis, the 

majority of them do not persist in reepithelialized 

epidermis which propose that bulge derived cells 

can contribute to healing or activate it but are not 

suitable for long term EPU establishment.(1) Li et 

al in 2003 demonstrated that in transgenic mice 

the regulatory element Nestin derives GFP (ND-

GFP) is expressed in both neural stem cells and 

hair follicle stem cells.(40) moreover, Amoh et al 

reported that HF-ND-GFP stem cells can be 

converted into neurospheres in culture, which 

then could form neurons, glia, keratinocytes, 

muscle cell and etc.(41) in 2008, studies showed 

that transplanting HFSCs leads to better motor 

function following spinal cord injury.(42) 

furthermore, when HFSCs are injected into the 

region between wounded sciatic nerves, they can 

be regenerated. The mechanism seem to be 

because of HFSCs differentiation to Schwann 

cells.(43) HFSCs are appropriate candidates for 

medical purposes and even gene therapy 

especially because of their privilege over 

embryonic stem cells for ethical problems. 

Alopecia areata is a common disorder of hair 

follicle. In this autoimmune disease, lymphocytes 

attack cells of anagen hair bulb. Also in a similar 

process after chemotherapy follicles enter dystrophic 

catagen and hair shaft breaks. Hair loss may occur in 

all scalp and body hair or just scattered patches of 

scalp. Potential targets for immune attack are dermal 

papilla, matrix cells and melanocytes. The hair loss 

can be reversible supporting non-scaring nature of 

the disease even after years of hairless due to the 

existence of pool of stem cells in bulge area. 

Another form of alopecia is Androgenetic alopecia or 

common baldness. In androgenetic alopecia, both male- 

and female-pattern, we see a decrease both in hair follicle 

size and duration of anagen plus an increase in telogen 

hair follicles. Disappearance of follicles and their 

replacement with fibrous tract is seen in advanced form. 

The  For a functional treatment for alopecia, protecting 

follicles from immune attack or modulating inflammation 

is needed.(20) 
Tumorgenity of bulge cells: since bulge stem cells 

have long lasting lifetime and slow cycling nature, 

they could retain mutations for long periods and 

become tumorgenic through time. These cells are 

sensitive to genetic alterations and can be a source 

for carcinogenic mutations. Some of hf tumors are 

trichofolliculoma, trichoepithelioma, trichoblastoma, 

trichilemmoma and trichomatricoma. There are a lot 

of evidences suggesting that skin tumors are derived 

from follicle stem cells specially bulge cells. (1, 44) 

over expression of sonic hedgehog genes, that are 

essential for hair follicle morphogenesis, can lead to 

formation of basal cell carcinoma.(45) evidences 

show that in transforming normal hf to bcc, there is 

an association between shh and insulin like growth 

factor binding protein-2 (IGFBP-2. (46) Hutchin et 

al in 2005 stated there is a high possibility that 

origin of basal cell carcinoma is within hair follicle. 

One evidence for this statement is the presence of 

bcl-2 marker for bulge cells in bcc.(47) in addition, 

Trichoepithelioma a hair follicle neoplasm share 

some common features with bcc. For example both 

express cytokeratins 5,6,14,17 and 19 which is the 

expression profile of ORS in fetal follicle bulge and 

germinative cells.(48, 49) moreover, there is 

evidence that mutation or loss of pathways such as 

BMP and notch could lead to some tumors, as 

inhibition of bmp cause trichofolliculoma in 

humans. (50) Determination of key molecules 

necessary for bulge stem cell maintenance can help 

researchers identify inhibitors for the growth of 

these tumors.(51) As it was mentioned earlier, the 

presence of melanocyte stem cells, Merkel cells and 
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langerhance cells in bulge region have been 

proved as well. All these data signifies the 

importance of bulge cells not only in 

keratinocytes related diseases but also in various 

diseases.  

 

Hair follicle regeneration 

 

The basis for hair regeneration is the capability of 

a restricted cell population of HFSCs to exit 

quiescence and to produce transient amplifying 

progeny. Anagen onset and adult HF neogenesis 

requires reciprocal interactions between follicular 

epithelial cells and adjacent mesenchymal cells in 

the dermis similar to embryonic follicle 

development.(52) studies have demonstrated a 

critical role for Wnt/B-catenin in initiation of 

follicle formation and growth as mentioned 

above. Wnt/b-catenin signaling is also required 

for wound induced hair neogenesis.(53) studies 

demonstrated that genetically engineered mice 

that express stabilized form of b-catenin display 

de novo HF morphogenesis.(54) modulation of 

pathways necessary for placode formation such as 

TNF family member ectodysplasin- A (EDA), 

SHH, and BMP (negative regulation) could lead 

keratinocytes to follicular fate and increase their 

responsiveness to dermal cell trichogenic signals. 

However because some epidermal tumors like 

basal cell carcinoma are associated with over 

activation of those pathways, application of this 

strategy needs strict regulation and monitoring. 

For instance, p63 plays an important role in 

morphogenesis and its isoform DeltaNp63 

suppress follicle differentiation thus sustaining 

bulge cells through up regulation of sox9 is 

possible using siRNA interference of DeltaNp63. 

Also for better responsiveness to dermal signals 

modulation of p63 expression could be a potential 

strategy.(51, 55)  

A lot of effort has been done for hair follicle 

organ transplant. In order to regenerate the 

follicles in growth cycles, it is necessary for stem 

cells and their niches to be also regenerated. Co 

grafting the epithelial and mesenchymal 

components in immunodeficient mice seems to be 

a functional protocol for hair follicle 

reconstitution. Recently some protocols like 

chamber assay and patch assay proved to be 

available for researchers. In chamber assay a 

silicon chamber, on which mixtures of epithelial and 

dermal cells are transplanted, is grafted on the back 

of Immunodeficient mice. In patch assay researchers 

inject the mixture of cells into subcutaneous space of 

Immunodeficient mice.(56, 57) But in experiments 

of epithelial-mesenchymal combination, the type of 

epithelial element largely affects the efficiency of 

reconstitution assay and phenotype of the structure, 

suggesting that responsiveness to dermal signals is a 

key factor. In those attempts that bulge cells were 

co-grafted with inductive dermal cells, HFs were 

regenerated as well as sebaceous gland and 

epidermis indicating that epithelial stem cells better 

response to inductive signals and are a desirable 

source for bioengineering hair follicle. (58) another 

strategy to prepare receptive keratinocytes was done 

by Ehama et al, in which dermal papilla cell 

population were combined with adult and neonatal 

keratinocytes and co-grafted in the back of nude 

mice. Although both cell populations formed HF-

like structures that express specific markers of hair 

follicle lineage in primary cultures, more efficiency 

was observed when structures were formed by 

neonatal keratinocytes. Thus leading keratinocytes 

to embryonic state could make ameliorate strategies 

for better responsiveness to dermal signals. (59) In 

another study Fully functional follicle reconstruction 

was achieved through intracutaneous  

transplantation of bioengineered hair germ which 

was generated using epithelial and mesenchymal 

hair  follicle cells of an 18E murine embryo skin. the 

epithelial cells were isolated from bulge and 

mesenchymal cells from dermal papilla.(60) 

 

Conclusion 

 

Hair follicle stem cells not only provide an easily 

accessible source compared to other stem cell 

sources but also have the capacity for autologous 

treatment as they are easily cultured and expanded in 

vitro after isolation. Furthermore, ethical problems 

of embryonic stem cells are not included in HFSc 

isolation, thus they could be used as an alternative 

source for embryonal stem cells. It is of note that, 

studying HFSc and signaling cascades that direct 

their differentiation to different lineages is very 

important to understand their role in some skin 

diseases and to developed sufficient treatments as 
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well. Further details on inducing signaling 

pathways and their reciprocal interactions in hair 

follicle formation could lead us to promising 

treatments for follicle related disorders such as 

alopecia.  The fact that hair follicle stem cells 

have been proved to be multipotent in several 

studies suggests that they are also of great 

potential for regenerative medicine. 
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