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Scientists extract pluripotent stem cells for
medical use from an unexpected source: hair
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Ifthere was anpthing gnod that came fin mbanni ng embryonic stern cel] research during
the Bush ad ministration, is that it foroed scientists to find more creative alternative solutions
for aoquiring other sources of stern cells for therapeutic wse. Certainly, the clindcal or
bio roedical use of either embryonic stem cells generates alot of confroversy with ethical and
moral ditnensions. Although the Obama adrministation lifted an gight vear federal ban that
prohibits the vse of federal money to fund embryonic stemn cell research, novel techmiques
such as single Blasto moere fransfer and the abilityto reprogramn adult somatic cells to an
"embryonic-like' stabe mayshow simnilar or better therapeutic potential cormpared to
emnbryonic stem cells. Thus, these techndq ues may preclude the use embryonic stern oells

altogether in the near fubre. Epiflarescent micrcgraph s hawing a group
aof emir yoanie eclls (g reen) e thave
The reprogrannrning o f adult somatic tissues to pluripotent stern cells or also known deweloped inko neurans (red)

& induced pluripotent sterncells, opened the possibility for treating neurodegenerative arnd Thaimage mas wkan in the Jagof Guoping Fan
other desestating chronic diseases without the use of ernbrwonic stermn cells. The therapeutic a-the Univesic of Celiforiz, Lo Anceks
potential of induced pharipotent stem cells inchade their use for replenishing nenrons that are
lost in chronic reumdegenerative diseases such as Parkinsons disease, disease characterized
brrthe progressive loss of doparninergic rewrons or Arotrophic lateral sclerosis (LouGehrigs disease’). This technique was
deweloped several vears ago and it involves a tedious, expensive and time-consuning protocol but never-the-less it has spurred a
high level of exciternent and interest armong the scientific commmnityto fizther develop, refine and exploit these methods for
therapeutic use. [n brief, this technique involves the abilityto tn sormatic cells (ermninallydifferentiated cells) into "embryonic-
like" sterncells by exposing adult somatic cells (ie., ibroblasts orskin cells derived from patients) to different mowth factors or
infecting sornatic cells with wimses that carry certain “pluripotent” genes such & homeobox oroncogenic genes 02Ty, FLF 4,
803z, and o-MTC. Clearly, the plasticityand flexi bility of this technique for tansformoing sdult sornatic cells ino pluripotent
cells is amnazing. Forinstance, scientists have been able to successfull yreprogram fibmo blasts fiomnold patients into pluripotent
gtern cells and differentiate them into doparmirergic newrons (Soldneret a., 2000) . Moweover, several cell lines derived from
induced pluripotent stern cells can be used to model these devastating chronic diseases {inwiro (Boldner et al., 2oo09 Dimos et al.,
f=mlut=] 8

However, there are sorme caveats associated with the use of induced pluripotent stern cell echnologir. Although, patients
transplanted with tissve derived from pluripotent sterncells do not face the problem of innnmino logical rejection, there isstilla
high risk for dereloping teratomas , rare neoplasms (hrmrs) containing rultiple layers of normal tissue, since not all stern cells
becorme fully differentiated. Moreover, a moajor caveat of wsing viruses to infect and trareformn somatic cells into phuripotent stem
cells is the fact that these genes are stablyintegrated into the genome of cells. Particularly, the lealorexpression o f o- MYC
onoogene can induce differentiated cells to revert back to an ernbryonic state and thas form teratormas in patients. Inorder to
circurvent this problern, adult sommatic cells are transduced with vinses that carvy excisable versions of these genes. In other
vords,once inoorporated ontn the genomes of somatic cells, these genes can be later biochernically excised from the genomme;
thus creating termninall vdifferentiated cell lines that are free of o cogenic orembryonic geres (Zoldneret al., 2oo9). Anotler
problemn vith this technique is the extrerely low efficiencyo £ adult somatic cells that are successfully converted intn pharipo tent
ghern cells which severel vlimmits the potential of this technique for obtaining phuripotent stemn cells in alarge scale basis Cabout
wnocells out of 1 roilion are successhully reprograrnrned or about a 0.005% repro grarnrning efficiency).

/ Hovever, scientists have found an alternative source of stemn oells: hair. Hair oonstantl yundergoes different ocles of
regession, growth and rest. The regenerative pmooess of hair is mediated byfollicle stern cells located in the bulge area of hair
follicles which have the capacity to differentiate to other cell types. Physiologically, hair follicle stem cells form a pool of cells that
are inolved in the regeneration of the anagen hair bulb and the sebaceous gland and the epidertois after injuryror during hair
Iozs. This is aninfant and groveing field with an enormous therapentic potential. Several landmark research reports derived fom
agroup of investigators led by Dy, Robert M. Hoffman of AntiCancer (San Diegp , CA) indtiallydescribed the presence of
pluripotent stern cells in hair follicles. Dr. Robert M. Hoffman wete is one of the first pioneers for dewelo ping techniques for
groveing hair follicle pluripotent stermn cells in cultre and differentiating these cells to othercell types (Amoh et al., 2005 Anoh
et al., 2008; Amoh et al., 2oosa). In particular, nestin positive but keratin negative pluripotent follicle stem oslls isolated from
Kﬂ'}.& hair follicle bulge area hawve the capacity to esxtensiwely differentiate into nevrons and glia in witro ard in wivo. & descoribed
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ﬂ; their study, the procedure for extracting human pluripotent follicle stem cells involves isolating and dissecting hair follidh
from human scalp skin samples. The dissected hair follicles are enzymatically dissociated and subsequently grown onto plastic
tissue culture dishes for 4 weeks in a temperature controlled tissue culture incubator (Amoh et al., 2009). The cells can be
exposed to certain growth factors and specialized conditioned media which allows them to differentiate into many different cell
types including smooth muscle cells, neurons and glia.

The authors then wanted to investigate the therapeutic potential of human pluripotent hair follicle stem cells. Human hair
follicle pluripotent stem cells were transplanted onto the severed sciatic nerves of nude mice or a control mice. Eight weeks
following transplantation, histological analysis demonstrated that human hair follicle pluripotent stem cells formed colonies of
Schwann cells that wrapped around the severed sciatic nerve. These new Schwann cells, support cells that maintain neuronal
health and increase axonal electrical conductivity by forming myelin sheaths that wraps around the axon of neurons, apparently
promoted the growth of pre-existing axons, resulting in functional regeneration and healing of the severed nerve. Thus the
procedure allowed mice with sciatic nerve injury to complete regain mobility of their hind legs following transplantation. This

Qciting experimental result opens up the possibility of developing individualized therapies that utilize human hair follicle /

pluripotent stem cells to treat patients with neurodegenerative diseases or with spinal cord injury.

There are many advantages for using human follicle pluripotent stem cells:

1) Unlike adult somatic cells that can be transformed to pluripotent stem cells, human hair follicle pluripotent stem cells do not
need genetic manipulation (viral mediated transduction of different pluripotent genes)

2) Human hair follicle pluripotent stem cells can be obtained and re-grown in large scale numbers that enhance their therapeutic
potential

a) Although only a few of studies have described the biochemistry and cell biology of human hair follicle pluripotent stem cells,
they do not appear to induce the formation of teratomas in vivo.

4) Since human hair follicle pluripotent stem cells can be differentiated to neurons, this technology offers the possibility for
developing individual based therapies for patients and circumvents the problem of immunological rejection.

Overall, the authors of this paper provide a palpable alternative to the use of embryonic stem cells. Moreover, human follicles
obtained from the scalp of patients may be an ideal and viable source for up-scaling production of stem cells for therapeutic use.
Although human hair follicle pluripotent stem cells has been shown to be differentiated to neurons, it is not known whether these
stem cells can be transformed to more specialized neuronal populations such as large peripheral motor neurons or dopaminergic
neurons, which begs the question of whether this technique is useful for treating patients with ALS and Parkinson's disease
respectively. Like anything else in biomedical research, there is no doubt that perseverance and discipline will yield the right
answers in the near future. Apart from hair follicles, adult somatic cells (transformed by induced pluripotent stem cell
techniques), and umbilical cord, will there be other sources of embryonic stem cells are waiting to be discovered in the future?
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