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Introduction

Eighty percent of Caucasian men experience some 
degree of androgenetic alopecia (AGA) before age 70 (1). 
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of resting (telogen) hair follicles containing microscopic 
hairs in bald scalp (5). In addition to these intrinsic changes 
UP�UIF�IBJS�GPMMJDMF� JOòMUSBUJOH�MZNQIPDZUFT�BOE�NBTU�DFMMT�
IBWF�CFFO�JEFOUJGJFE�BSPVOE�UIF�NJOJBUVSJ[JOH�GPMMJDMF�	�
�
FTQFDJBMMZ�JO�UIF�BSFB�PG�UIF�TUFN�DFMM�SJDI�CVMHF�BSFB�	�
��*O�
CBMEJOH�TDBMQ�UIF�OVNCFS�PG�IBJS�GPMMJDMF�TUFN�DFMMT�	)'4$T
�
SFNBJOT� JOUBDU�XIFSFBT� UIF� OVNCFS� PG�NPSF� BDUJWFMZ�
QSPMJGFSBUJOH�QSPHFOJUPS�DFMMT�NBSLFEMZ�EFDSFBTFT�	�
��5IJT�
suggests that balding scalp either lacks an activator or has 
BO�JOIJCJUPS�PG�IBJS�GPMMJDMF�HSPXUI�

)FSF� XF� VTFE�)'4$T� PCUBJOFE� CZ�NFDIBOJDBM�
DFOUSJGVHBUJPO�PG�TDBMQnT�QVODI�CJPQTZ�UP�JNQSPWF�UIF�IBJS�
EFOTJUZ�JO����QBUJFOUT�	���UP����ZFBST�PME
�BGGFDUFE�CZ�"("�

5IF�TUVEZ�QSPUPDPM�DPNQMJFE�XJUI� UIF�%FDMBSBUJPO�PG�
)FMTJOLJ�UIF�&VSPQFBO�SFHVMBUJPOT�BOE�BMM�QBUJFOUT�QSPWJEFE�
XSJUUFO�JOGPSNFE�DPOTFOU�CFGPSF�QBSUJDJQBUJOH�JO�UIF�TUVEZ�

Current regulations

In order to understand the sense of the current European 
SFHVMBUJPOT�JU�JT�OFDFTTBSZ�UP�EJGGFSFOUJBUF�CFUXFFO�oNJOJNBM�
NBOJQVMBUJPOp�BOE�BEWBODFE�DFMM� UIFSBQZ�QFSGPSNFE�CZ�
oFYUFOTJWF�NBOJQVMBUJPO�XIJDI�JOWPMWFT�DPNQMFY�UFDIOJRVFT�
of bioprocessing of therapeutic cells.

3FGFSFODF� JT�NBEF� UP� UIF�3FHVMBUJPO�O�����������PG�
the European Parliament (EC) and of the Council 13 
/PWFNCFS������PO�NFEJDJOFT� GPS� BEWBODFE� UIFSBQJFT�
XIFSF�UIF�EFòOJUJPO�PG�mCJPQSPDFTT�FOHJOFFSJOH�QSPEVDUTn�JT�
HJWFO��)FSF�JU�JT�TQFDJòDBMMZ�TBJE�UIBU�UIJT�EFòOJUJPO�FYDMVEFT�
UIPTF�QSPEVDUT� UIBU�DPOUBJO�PS�BSF�NBEF�FYDMVTJWFMZ�PG�
DFMMT�BOE�OPO�WJUBM�IVNBO�PS�BOJNBM�UJTTVFT�BOE�UIBU�EP�OPU�
IBWF�QIBSNBDPMPHJDBM� JNNVOPMPHJDBM�PS�NFUBCPMJD�BDUJPO��
Included among the advanced therapy pharmaceutical 
products are those used for gene and somatic cell therapy 
<%JSFDUJWF���������	&$
�&VSPQFBO�$PNNVOJUZ�"OOFY�*>��
Cells and tissues are to be considered products of bioprocess 
FOHJOFFSJOH�JG�UIFZ�VOEFSHP�mDPOTJEFSBCMF�NBOJQVMBUJPOn�

5IF� TBNF� SFHVMBUJPO�EFGJOFT� UIF�EJGGFSFODF�CFUXFFO�
FYUFOTJWF�BOE�NJOJNVN�NBOJQVMBUJPO�BOE�MJTUT�XIJDI�BSF�
DPOTJEFSFE�SFMFWBOU�PS�OPU�

.BOJQVMBUJPOT� UIBU� BSF� OPU� DPOTJEFSFE� oCJPQSPDFTT�
FOHJOFFSJOHp�BSF��DVUUJOH�HSJOEJOH�TIBQJOH�TUFSJMJ[BUJPO�
DFOUSJGVHBUJPO� TPBLJOH� JO� BOUJCJPUJD� PS� BOUJNJDSPCJBM�
TPMVUJPOT�TUFSJMJ[BUJPO�JSSBEJBUJPO�TFQBSBUJPO�DPODFOUSBUJPO�
PS� QVSJGJDBUJPO� GJMUSBUJPO� MZPQIJMJTBUJPO� GSFF[JOH�
DSZPQSFTFSWBUJPO�BOE�OJUSJòDBUJPO�

5IF�FYUFOTJWF�NBOJQVMBUJPO�PG�DFMMT�BOE�UJTTVFT�JT�B�QSPDFTT�
UIBU�NBZ�MFBE�UP�DFMM�BDUJWBUJPO�BOE�PS�B�TUJNVMBUJPO�PG�DFMM�

QSPMJGFSBUJPO�BOE� UIFTF�BSF�BMTP�DPOTJEFSFE�oFYUFOTJWFMZ�
NBOJQVMBUFEp�DFMMT�UIBU�BMUIPVHI�OPU�TQFDJòDBMMZ�BDUJWBUFE�PS�
TUJNVMBUFE�UP�QSPMJGFSBUF�BSF�BTTPDJBUFE�XJUI�CJPNBUFSJBMT�

All cells that have undergone a manipulation of their 
HFOFT�BSF�DPOTJEFSFE�UP�CF�oFYUFOTJWFMZ�NBOJQVMBUFEp�

According to reflection paper on classification of 
BEWBODFE� UIFSBQZ�NFEJDJOBM� QSPEVDUT� ESBGU� BHSFFE� ���
+VOF������&."�$"5�������������3FW���$PNNJUUF�GPS�
"EWBODFE�5IFSBQJFT� 	$"5
�-JOF����oThe same essential 
function for a cell population means that the cells when removed 
from their original environment in the human body are used 
to maintain the original function in the same anatomical 
or histological environmentp� UIF� BVUIPST� SFTVNF� UIBU�
BVUPMPHPVT�VTF�JO�POF�TUFQ�TVSHFSZ�NJOJNBM�NBOJQVMBUJPO�
NPOPGVODUJPOBM�VTF�oVTFE�GPS�UIF�TBNF�FTTFOUJBM�GVODUJPO�JO�
UIF�SFDJQJFOU�BT�JO�UIF�EPOPSp�NBOJQVMBUJPO�XJUI�EFWJDFT�JO�
BTFQUJD�DPOEJUJPOT�BSF�DPOEJUJPOT�UIBU�EP�OPU�SFRVJSF�(PPE�
.BOVGBDUVSJOH�1SBDUJDFT�	(.1
�SVMFT�GPS�QSPDFTTJOH�(PPE�
Clinical Practices (GCP) for the clinical application and 
Ethical Committee approval.

Methods

Patients

5IJT�TUVEZ�FOSPMMFE�NBMF�QBUJFOUT�XIP�EJTQMBZFE�"("�JO�TUBHF�
3–��BT�EFUFSNJOFE�CZ�UIF�/PSXPPE�)BNJMUPO�DMBTTJòDBUJPO�
TDBMF��"EEJUJPOBM�FYDMVTJPO�GBDUPST�XFSF�TFU�CBTFE�PO�TZTUFNJD�
BOE�MPDBM�DSJUFSJB��4QFDJòDBMMZ�TZTUFNJD�DSJUFSJB�GPS�FYDMVTJPO�
JODMVEFE�FWJEFODF�PG�TFQTJT�JNNVOPTVQQSFTTJPO�BOE�DBODFS�
BT�XFMM� BT�VTF�PG�QIBSNBDPMPHJDBM� UIFSBQFVUJDT� UBSHFUJOH�
"("�	J�F��GJOBTUFSJEF�EVUBTUFSJEF�PS�BOUJBOESPHFOT
�JO�UIF�
QSFWJPVT����NPOUIT��-PDBMJ[FE�FYDMVTJPO�DSJUFSJB�JODMVEFE�VTF�
PG�UPQJDBM�USFBUNFOUT�GPS�"("�	J�F��NJOPYJEJM�QSPTUBHMBOEJO�
BOBMPHT� SFUJOPJET� PS� DPSUJDPTUFSPJET
� JO� UIF� QSFWJPVT� 
���NPOUIT�BOE�XJUIESBXBM�PG�JOGPSNFE�DPOTFOU�

"("�EJBHOPTFT�XFSF�FTUBCMJTIFE�PO�UIF�CBTJT�PG�B�EFUBJMFE�
NFEJDBM�IJTUPSZ�	J�F��TDSFFOJOH�GPS�ESVHT�MJOLFE�UP�IBJS�MPTT
�
DMJOJDBM�FYBNJOBUJPO�BOE�USJDIPTDPQJD�GFBUVSFT�	J�F�������
WBSJBCJMJUZ�JO�IBJS�EJBNFUFS�CFUXFFO�BGGFDUFE�BOE�VOBGGFDUFE�
BSFBT
��1BUJFOUT�XFSF�DMJOJDBMMZ�EJBHOPTFE�XJUI�"("�VQPO�
QSFTFOUBUJPO�PG�BO� JODSFBTF� JO�NJOJBUVSJ[FE�UFSNJOBM�IBJS�
BOE�PS�B�SFEVDFE�OVNCFS�PG�IBJST�PO�QIZTJDBM�FYBNJOBUJPO�
BOE�QIPUPUSJDIPHSBNT�BMPOH�XJUI�OFHBUJWF�IBJS�QVMM�UFTUT��
-BCPSBUPSZ� UFTUT�XFSF�QFSGPSNFE� UP�FYDMVEF�BMUFSOBUJWF�
DBVTFT� PG� IBJS� MPTT� TVDI� BT� QPPS� OVUSJUJPO� BOFNJB�
UIZSPJE�EZTGVODUJPO� BOE� TZQIJMJT��6SJOBMZTJT�XBT�VTFE�
UP�EFUFDU� MFWFMT�PG����JESPDPSUJDPTUFSPJE����LFUPTUFSPJE�
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Figure 1�3JHFOFSB�QSPDFEVSF�QIBTF���	QVODI�CJPQTZ�BOE�DVUUJOH�PG�TDBMF�UJTTVFT
��	"
�3JHFOFSB�4FDVSESJMM�%FWJDF��	#
�3JHFOFSBDPOT�LJU��	$
�
UIF�FYUSBDUJPO�PG�UIF�TDBMQ�UJTTVFT�EVSJOH�QVODI�CJPQTZ��	%
�UIF�BVUIPST�DVU�UIF�TDBMQ�UJTTVFT�JOUP�UIF�TUSJQT�	��NN�²���NN
�

EFIZESPFQJBOESPTUFSPOF� GSFF�DPSUJTPM�QSFHOBOFUSJPM�BOE�
UFTUPTUFSPOF�JO�BMM�QBSUJDJQBOUT��'JOBMMZ�DJSDVMBUJOH�MFWFMT�PG�
DPSUJTPM�EJIZESPUFTUPTUFSPOF�%)&"�%��BOESPTUFOFEJPOF�
���IZESPYZQSPHFTUFSPOF���Į�EJPM�HMVDVSPOJEF�QSPMBDUJO�
BOE�HPOBEPUSPQJOT�XFSF�NFBTVSFE�PO�BMM�QBSUJDJQBOUT�

Human autologous hair follicle suspension procedure and 

preparation

"VUPMPHPVT�TVTQFOTJPO�PG�)'4$T� GPS� JNNFEJBUF�DMJOJDBM�
VTF�XFSF�QSFQBSFE�VTJOH� BO� JOOPWBUJWF�NFEJDBM� EFWJDF�
DBMMFE�3JHFOFSBDPOT�	$&�DFSUJòFE�DMBTT�*�)#8�TSM��5VSJO�
Italy) (Figure 1A,B). After the extraction of the scalp 
tissues during punch biopsy (Figure 1C
� UIF�BVUIPST�DVU�
UIF�TDBMQ�UJTTVFT�JOUP�UIF�TUSJQT�	��NN�²���NN
�	Figure 1D) 
FMJNJOBUJOH�UIF�FYDFTT�BEJQPTF�UJTTVF��5IF�TUSJQT�XFSF�HFOUMZ�
collected and disaggregated under sterile conditions (vertical 
MBNJOBS� GMPX�IPPE
� CZ�3JHFOFSBDPOT� 	Figure 2A,B) in  
����N-�PG�QIZTJPMPHJD�TPMVUJPO�</B$M�����	N&�N-��/B� 
�������$Mñ������
��N0TN�-�����Q)����–���>�	Figure 2C). 
"GUFS����TFDPOET�PG�DFOUSJGVHBUJPO�BU����31.�QFS�NJOVUF� 

(Figure 2D
� UIF�DFMM� TVTQFOTJPO�XBT�DPMMFDUFE� GSPN�UIF�
system (Figure 3A,B) and mechanically infiltrated into 
the scalp of the patients affected by AGA (Figure 3C,D).  
*O� BEEJUJPO� UIF� DFMM� TVTQFOTJPO�PCUBJOFE�XBT� DVMUVSFE�
BOE� TVCTFRVFOU MZ � DIBSBDUFS J[FE� CZ � DZUPTQJO � BOE�
JNNVOPDZUPDIFNJTUSZ�UP�JEFOUJGZ�UIF�)'4$T�

5IF�BJN�XBT�UP�EJTBHHSFHBUF�B�TNBMM�QJFDF�PG�TDBMQ�UJTTVF�
BOE�PQQPSUVOFMZ�TFMFDU�B�DFMM�QPQVMBUJPO�XJUI�B�TJ[F�PG�����N�

Human autologous hair follicle suspension protocol and 

injection

'PS�FBDI�QBUJFOU�UIF�TDBMQ�BGGFDUFE�CZ�IBJS�MPTT�XBT�EJWJEFE�
JOUP�GPVS�BSFBT�	GSPOUBM�QBSJFUBM�WFSUFY�BOE�PDDJQJUBM
��MPDBM�
BOFTUIFTJB�XBT�OPU�JOKFDUFE�JO�UIF�USFBUFE�BSFBT��*OUFSGPMMJDVMBS�
)'4$T�JOKFDUJPOT�	����N-�DN�
�XFSF�BENJOJTUFSFE�UP�TFMFDU�
BSFBT�PG�UIF�TDBMQ�BU�B�EFQUI�PG���NN�VTJOH�BO�6MUJN�HVO�
	"OUJ�"HJOH�.FEJDBM�4ZTUFNT�.POUSPEBU�'SBODF
�FRVJQQFE�
XJUI�B����HBVHF�	Figure 3D
���N-�-VFS�MPDL�TZSJOHF�JO�UXP�
TFTTJPOT�TQBDFE����EBZT�BQBSU�

*O� QBUJFOUT�XJUI� IBJS� MPTT� MPDBMJ[FE� UP� UIF� GSPOUBM�
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BOE�QBSJFUBM� SFHJPOT�)'4$T� JOKFDUJPOT�XFSF�EFMJWFSFE�
FYDMVTJWFMZ�UP�UIF�GSPOUBM�TDBMQ�XIJMF�QMBDFCP�JOKFDUJPOT�	J�F��
QIZTJPMPHJDBM�TBMJOF
�XFSF� JOKFDUFE�JO�UIF�QBSJFUBM�SFHJPOT��
-JLFXJTF�GPS�QBUJFOUT�XJUI�IBJS�MPTT�MJNJUFE�UP�UIF�QBSJFUBM�
BOE�WFSUFY� SFHJPOT�)'4$T�XBT� JOKFDUFE� JO� UIF�QBSJFUBM�
SFHJPO�BOE�QMBDFCP�XBT� JOKFDUFE� JO� UIF�WFSUFY�SFHJPO�PG�
UIF�TDBMQ��&RVJWBMFOU�OVNCFST�PG�BVUPMPHPVT�)'4$T�BOE�
QMBDFCP�JOKFDUJPOT�XFSF�NBEF�

Assessment of hair growth and clinical evaluation

"MM�QBUJFOUT�XFSF�FWBMVBUFE� JO� GPVS�TUBHFT��5��CFHJOOJOH�
of study (Figure 4A
��5��JO���XFFLT�	Figure 4B
��5�� JO���
XFFLT� 	Figure 4C
��5�� JO���XFFLT�BOE�5�� JO����XFFLT�
after the last treatment (Figure 4D
��5IF�IBJS� HSPXUI�
FWBMVBUFE� BGUFS� UIF� MBTU� USFBUNFOU�XBT� DPNQBSFE� CZ�
QIPUPHSBQIZ�XJUI� UIF�CBTFMJOF� FWBMVBUJPO�NBEF�CFGPSF�
USFBUNFOUT�BOE�CFUXFFO� UIF�)'4$T� USFBUNFOU�BSFB�BOE�
UIF� DPOUSPM� BSFB�XIJDI� SFDFJWFE� QMBDFCP� JOKFDUJPOT��
1IPUPHSBQIT�PG� UIF�BSFBT�PG�B� TBNQMF� TDBMQ� USFBUFE�XJUI�

)'4$T�BSF�TIPXO�JO�Figures 3C,5A��5IF�FGGFDUT�PG�)'4$T�
BOE�QMBDFCP� USFBUNFOUT�PO�IBJS�HSPXUI�XFSF�BTTFTTFE� JO�
BMM�QBUJFOUT�XJUI� UIF�IFMQ�PG�HMPCBM�QIPUPHSBQIZ� 	Figure 
5B
�QIZTJDJBOnT�BOE�QBUJFOUnT�HMPCBM�BTTFTTNFOU� TDBMF�� *O�
BMM�QBUJFOUT� UXP� USBOTMBUJPOBM� BSFBT�PG�IBJS� MPTT�POF� BU�
the border of the treatment half and a second along the 
CPSEFS�PG�UIF�QMBDFCP�IBMG�XFSF�EFNBSDBUFE�XJUI�B�TFNJ�
permanent tattoo.

Cytospin and immunocytochemistry procedures

&MFWFO�TBNQMFT�PG�)'4$T�TVTQFOTJPO�XFSF�BOBMZ[FE�JO�UIF�
"OBUPNJD�1BUIPMPHZ�*OTUJUVUF�PG�5PS�7FSHBUB�6OJWFSTJUZ��
4DBMQ�UJTTVF�TVTQFOTJPOT�òYFE�XJUI����QBSBGPSNBMEFIZEF�
XFSF� DIBSBDUFSJ[FE� GPS�NFTFODIZNBM� BOE� FQJUIFMJBM�
TUFN�DFMMT�NBSLFST� TVDI�BT�$%��� 	�
� BOE�$%���� 	��
�
respectively. After cell adhesion on a glass slide by 
DZUPTQJO� JNNVOPDZUPDIFNJTUSZ�XBT� QFSGPSNFE�XJUI�
TQFDJòD�QSJNBSZ�BOUJCPEJFT� 	$%���TD������������$%����
BC������������
�

A

C

B

D

Figure 2�3JHFOFSB�QSPDFEVSF�QIBTF��� 	QPTJUJPOJOH�PG� TDBMQ� UJTTVF� JO�3JHFOFSBDPOT�BOE�DFOUSJGVHBUJPO
�� 	"
�5IF�TUSJQT�DPMMFDUFE� JOUP�
3JHFOFSBDPOT��	#
�EFUBJM�PG�3JHFOFSBDPOT�DPOUBJOJOH�POF�TUSJQ��	$
�UIF�BEEJUJPO�PG�����N-�PG�QIZTJPMPHJD�TPMVUJPO��	%
�DFOUSJGVHBUJPO�BU����
31.�XJUI�3JHFOFSB�4FDVSESJMM�EFWJDF�GPS����TFDPOET�
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Results

5IF�QSJNBSZ�PVUDPNFT�XFSF�NJDSPTDPQJD�JEFOUJòDBUJPO�BOE�
DPVOUJOH�PG�)'4$T��5IF�TFDPOEBSZ�PVUDPNFT�XFSF�DMJOJDBM�
QSFMJNJOBSZ�SFTVMUT�BOE�TBGFUZ�BOE� GFBTJCJMJUZ� JO�)'4$T�
treated scalp.

/KETQUEQRKE�KFGPVKèECVKQP�CPF�EQWPVKPI�QH�*(5%U

&BDI�TDBMQ�UJTTVF�TVTQFOTJPO�DPOUBJOFE�BCPVU��������������
DFMMT��5IF�QFSDFOUBHF�PG�IBJS�GPMMJDMF�EFSJWFE�NFTFODIZNBM�
TUFN�DFMMT�$%���� <GSPN�EFSNBM�QBQJMMB (%1
>�XBT�BCPVU�
��������	Figure 6A
�XIFSFBT�UIF�QFSDFOUBHF�PG�IBJS�GPMMJDMF�
FQJUIFMJBM� TUFN�DFMMT�$%�����	GSPN�UIF�CVMHF
�XBT�BCPVU�
����������	Figure 6B
��1PTJUJWF�DFMMT�XFSF�DPVOUFE�JO�UIF�
UPUBM�BSFB�VOEFS�B� MJHIU�NJDSPTDPQF�BU����²�NBHOJGJDBUJPO�
	&DMJQTF�&����/JLPO�+BQBO
�BOE�NJDSPQIPUPHSBQIT�DBQUVSFE�
CZ�%9.����'�%JHJUBM�DBNFSB�	/JLPO
�VTJOH�"$5���TPGUXBSF�
	/JLPO
��5IF� SFNBJOJOH�DFMMT�XFSF�NBJOMZ� SFQSFTFOUFE�
CZ�4�����EFSNBM� GJCSPCMBTUT� 	����
�BOE�FQJEFSNBM�DFMMT�
	FQJUIFMJBM�DFMMT�BOE�NFMBOPDZUFT�����
�SFDPHOJ[BCMF�CZ�UIFJS�

DIBSBDUFSJTUJD�NPSQIPMPHJDBM�BTQFDUT�	EBUB�OPU�TIPXO
�

Clinical results

*O� UPUBM����XFFLT�BGUFS� UIF� MBTU� USFBUNFOU�XJUI�)'4$T�
mean hair count and hair density increases (Figure 4D) 
over baseline values (Figure 4A
��*O�QBSUJDVMBS�B��������
increase in hair density for the treated area and less than 
B����JODSFBTF� JO�IBJS�EFOTJUZ�GPS�UIF�QMBDFCP�BSFB��"U�UIF�
CBTFMJOF�OP� TUBUJTUJDBM�EJGGFSFODFT� JO�IBJS� DPVOU�PS�IBJS�
EFOTJUZ�FYJTUFE�CFUXFFO� UIF�)'4$T� USFBUNFOU�BSFB�BOE�
control area of the scalp.

*O�UIJT�QSFMJNJOBSZ�SFQPSU�XF�TIPXFE�UIF�DMJOJDBM�FGGFDU�
PG� UIF� JOKFDUJPO�PG� TDBMQ� UJTTVF� TVTQFOTJPO��)PXFWFS�XF�
IZQPUIFTJ[F�UIBU�TUFN�DFMMT�DBO� JNQSPWF�UIF�GPSNBUJPO�PG�
OFX�GPMMJDMFT�CVU�UIJT�IZQPUIFTJT�NVTU�CF�EFNPOTUSBUFE�JO�B�
GPMMPXJOH�TUVEZ�

Discussion

5IF�SFDPOTUJUVUJPO�PG�B�GVMMZ�PSHBOJ[FE�BOE�GVODUJPOBM�IBJS�

A

C

B

D

Figure 3�3JHFOFSB�QSPDFEVSF�QIBTF���	DFMM�TVTQFOTJPO�DPOUBJOFE�JO�3JHFOFSBDPOT�BOE�JOòMUSBUJPO
��	"
�5IF�DFMM�TVTQFOTJPO�PCUBJOFE�CZ�UIF�
TZTUFN�DPOUBJOFE�JO�3JHFOFSBDPOT��	#
�IBSWFTUJOH�PG�DFMM�TVTQFOTJPO��	$
�UIF�TFMFDUFE�BSFB�PG�UIF�TDBMQ�USFBUFE��	%
�NFDIBOJDBM�BOE�DPOUSPMMFE�
JOòMUSBUJPO�QFSGPSNFE�CZ�6MUJN�(VO�
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A

C

B

D

Figure 4�"�TNPLFS����ZFBS�PME�NBMF�QBUJFOU�BGGFDUFE�CZ�BOESPHFOFUJD�BMPQFDJB�DMBTTJòFE�"("���BDDPSEJOH�UP�/PSEXPPE�)BNJMUPO�TDBMF��	"
�
1SFPQFSBUJWF�TJUVBUJPO�BU�5��PG�UIF�TDBMQ�XJUI�IBJS�MPTT�MPDBMJ[FE�UP�UIF�QBSJFUBM�UFNQPSBM�BOE�GSPOUBM�BSFBT��	#
�QPTUPQFSBUJWF�TJUVBUJPO�PG�UIF�
TDBMQ�BU�5��BGUFS���XFFLT�GSPN�UIF�MBTU�USFBUNFOU��	$
�QPTUPQFSBUJWF�TJUVBUJPO�PG�UIF�TDBMQ�BU�5��BGUFS���XFFLT��	%
�QPTUPQFSBUJWF�TJUVBUJPO�PG�
UIF�TDBMQ�BU�5��BGUFS����XFFLT�MBUFS�UIF�MBTU�USFBUNFOU�XJUI�JODSFBTF�PG�IBJS�EFOTJUZ�

Figure 5�%FUBJM�PG�UFNQPSBM�SJHIU�BSFB�PG�NBMF�QBUJFOU�BGGFDUFE�CZ�BOESPHFOFUJD�BMPQFDJB�DMBTTJòFE�"("���BDDPSEJOH�UP�/PSEXPPE�)BNJMUPO�
TDBMF��	"
�1SFPQFSBUJWF�TJUVBUJPO�BU�5��PG�UIF�TDBMQ�XJUI�IBJS�MPTT�MPDBMJ[FE�UP�UIF�SJHIU�UFNQPSBM�BOE�GSPOUBM�BSFB�JEFOUJòFE�CZ�CMVF�MJOFT��	#
�
QPTUPQFSBUJWF�TJUVBUJPO�PG�UIF�TDBMQ�JO�UIF�TBNF�BSFB�BU�5��BGUFS����XFFLT�MBUFS�UIF�MBTU�USFBUNFOU�XJUI�JODSFBTF�PG�IBJS�EFOTJUZ�

A B
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Figure 6� *NNVOPQIFOPUZQJD�DIBSBDUFSJ[BUJPO�PG�IBJS� GPMMJDMF�TUFN�DFMMT� JO�IVNBO�TDBMQ�UJTTVF�TVTQFOTJPO��*NNNVOPDZUPDIFNJTUSZ�GPS�
$%���BOE�$%����TUFN�DFMM�NBSLFST�� 	"
�IBJS� GPMMJDMF�EFSJWFE�NFTFODIZNBM�TUFN�DFMMT�� 	#
�IBJS� GPMMJDMF�FQJUIFMJBM� TUFN�DFMMT��0SJHJOBM�
NBHOJòDBUJPO����²�

A B

follicle from dissociated cells propagated under defined 
tissue culture conditions is a challenge still pending in tissue 
engineering (11).

It is then of great interest to find different strategies 
aiming to regenerate or neogenerate the hair follicle under 
DPOEJUJPOT�QSPQFS�PG�BO�BEVMU�JOEJWJEVBM��#BTFE�VQPO�DVSSFOU�
LOPXMFEHF�PO� UIF�FQJUIFMJBM� BOE�EFSNBM� DFMMT� BOE� UIFJS�
interactions during the embryonic hair generation and adult 
IBJS�DZDMJOH�NBOZ�SFTFBSDIFST�IBWF�USJFE�UP�PCUBJO�NBUVSF�
hair follicles using different strategies and approaches 
depending on the causes of hair loss (11).

*O�UIJT�QSFMJNJOBSZ�TUVEZ�UIF�BVUIPST�IBWF�EFWFMPQFE�B�
OFX�NFUIPE�UP�JTPMBUF�IVNBO�BEVMU�TUFN�DFMMT�CZ�NFDIBOJDBM�
centrifugation of punch biopsy from human hair follicles 
XJUIPVU�DVMUVSF�DPOEJUJPO�BOE�UIFZ�SFQPSUFE�GPS�UIF�GJSTU�
UJNF VQ�UP�PVS�LOPXMFEHF�UIF�DPVOUJOH�PG�UIFTF�DFMMT�BOE�
the preliminary results obtained by the human follicle stem 
DFMMT� JOKFDUJPOT� JO� UIF�TDBMQ�PG�QBUJFOUT�BGGFDUFE�CZ�"("�
improving hair density.

*O�QBSUJDVMBS� UIF�BVUIPST� SFQPSUFE� UIF�QFSDFOUBHF�PG�
IBJS�GPMMJDMF�EFSJWFE�NFTFODIZNBM�TUFN�DFMMT�$%����GSPN�
%1�BOE�UIF�QFSDFOUBHF�PG�IBJS�GPMMJDMF�FQJUIFMJBM�TUFN�DFMMT�
$%�����GSPN�UIF�CVMHF�

5IF�BVUIPST�OPX� GFFM� UIF�OFDFTTJUZ�EJTDVTT�BT� GPMMPX�
current advances in the different experimental strategies 
UP�SFHFOFSBUF�PS�OFPHFOFSBUF�IBJS�GPMMJDMFT�XJUI�FNQIBTJT�
on those involving neogenesis of hair follicles in adult 
individuals using isolated cells and tissue engineering. 
.PTU�PG� UIFTF�FYQFSJNFOUT�XFSF�QFSGPSNFE�VTJOH�SPEFOU�
DFMMT� QBSUJDVMBSMZ� GSPN�FNCSZPOJD�PS�OFXCPSO�PSJHJO��

)PXFWFS�OP�TVDDFTTGVM� TUSBUFHZ� UP�HFOFSBUF�IVNBO�IBJS�
follicles from adult cells has yet been reported. Perhaps 
UIF�NPTU� JNQPSUBOU� DIBMMFOHF� JT� UP� QSPWJEF� UISFF�
dimensional culture conditions mimicking the structure 
PG� MJWJOH� UJTTVF�� *NQSPWJOH�DVMUVSF�DPOEJUJPOT� UIBU�BMMPX�
UIF� FYQBOTJPO� PG� TQFDJGJD� DFMMT�XIJMF� QSPUFDUJOH� UIFJS�
JOEVDUJWF� QSPQFSUJFT� BT�XFMM� BT�NFUIPET� GPS� TFMFDUJOH�
QPQVMBUJPOT�PG� FQJUIFMJBM� TUFN�DFMMT� TIPVME�HJWF�VT� UIF�
OFDFTTBSZ�UPPMT�UP�PWFSDPNF�UIF�EJGòDVMUJFT�UIBU�DPOTUSBJO�
human hair follicle neogenesis (11).

5IFTF�DFMMT� BQQFBS� UP�CF� MPDBUFE� JO� UIF�CVMHF�BSFB�PG�
IVNBO�IBJS� GPMMJDMFT��)BJS� GPMMJDMFT�BSF�LOPXO�UP�DPOUBJO�
B�XFMM�DIBSBDUFSJ[FE�OJDIF�GPS�BEVMU�TUFN�DFMMT�� UIF�CVMHF�
XIJDI�DPOUBJOT�FQJUIFMJBM�BOE�NFMBOPDZUJD�TUFN�DFMMT� 	��
� 
4UFN�DFMMT�JO�UIF�IBJS�CVMHF�B�DMFBSMZ�EFNBSDBUFE�TUSVDUVSF�
XJUIJO� UIF� MPXFS� QFSNBOFOU� QPSUJPO� PG� IBJS� GPMMJDMFT�
DBO�HFOFSBUF� UIF� JOUFSGPMMJDVMBS� FQJEFSNJT�IBJS� GPMMJDMF�
TUSVDUVSFT�BOE�TFCBDFPVT�HMBOET�	���
��5IF�CVMHF�FQJUIFMJBM�
TUFN�DFMMT�DBO�BMTP�SFDPOTUJUVUF�JO�BO�BSUJòDJBM in vivo system 
UP�B�OFX�IBJS�GPMMJDMF�	����
�

5IF�TUVEZ�QVCMJTIFE�CZ�:V� et al.� 	��
 TIPXFE� GPS� UIF�
òSTU�UJNF�UIBU�IVNBO�IBJS�GPMMJDMFT�BMTP�DPOUBJO�B�TUFN�DFMM�
QPQVMBUJPO�UIBU�DBO�CF�EJGGFSFOUJBUFE�JOUP�OFVSPO�TNPPUI�
NVTDMF�DFMM�BOE�NFMBOPDZUF�MJOFBHFT�JO�JOEVDUJPO�NFEJVN��
*O�BEEJUJPO�UIFJS�EBUB�EFNPOTUSBUF�UIBU�0DU��QPTJUJWF�DFMMT�
BSF�QSFTFOU� JO�IVNBO�TLJO�BOE�NPTU�PG� UIFN�BSF� MPDBUFE�
in the hair follicles in vivo��0DU��CFMPOHT� UP� UIF� GBNJMZ�
PG�106�EPNBJO� USBOTDSJQUJPO� GBDUPST� UIBU�BSF�OPSNBMMZ�
expressed in pluripotent cells of the developing embryo and 
NFEJBUF�QMVSJQPUFODZ�	��
�
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*U� JT�QPTTJCMF� UIBU� UIFTF�0DU��QPTJUJWF�DFMMT� JO� UIF�IBJS�
follicles are related to these pluripotent stem cells that can 
QFSDFJWBCMZ�HJWF�SJTF�UP�GPMMJDVMBS�NFMBOPCMBTUT�.FSLFM�DFMMT�
BOE�PUIFS�DFMMT��5IFTF�TUFN�DFMMT�NJHIU�HFOFSBUF�EJWFSTF�
DFMM� UZQFT�EVSJOH� UJTTVF�SFOFXBM�PS� SFQBJS� JO�SFTQPOTF� UP�
environmental cues.

.PSF�SFTFBSDI�JT�XBSSBOUFE�UP�GVSUIFS�DIBSBDUFSJ[F�UIFTF�
TUFN�DFMMT�JO�UIF�IBJS�GPMMJDMFT��5IF�IBJS�CVMHF�JT�B�TUFN�DFMM�
OJDIF�XIJDI�DBO�CF�IJHIMJHIUFE�CZ�,���TUBJOJOH��"HBJO�
:V�et al.� 	��
�EFNPOTUSBUFE�UIBU�NPTU�PG�UIF�0DU��QPTJUJWF�
cells in human skin are located in the areas highlighted by 
,���TUBJOJOH� in vivo� TVHHFTUJOH�UIBU� UIFTF�TUFN�DFMMT�BSF�
MPDBUFE� JO� UIF�CVMHF�BSFB�BO�BSFB� UIBU�QSPWJEFT�B�VOJRVF�
EJGGFSFOUJBUJPO�SFTUSJDUFE�FOWJSPONFOU�GPS�BEVMU�TUFN�DFMMT��
*O�DPODMVTJPO�UIFJS�EBUB�JOEJDBUF�UIBU�IVNBO�IBJS�GPMMJDMFT�
contain multipotent stem cells other than epithelial and 
NFMBOPDZUJD�TUFN�DFMMT�BOE�UIFTF�DFMMT�BSF� MPDBUFE� JO� UIF�
CVMHF�BSFB��5IFTF�DFMMT�TIPX�QSPNJTJOH�QMBTUJDJUZ�JO ex vivo 
and in vitro DPOEJUJPOT�NBLJOH�UIFN�QPUFOUJBM�DBOEJEBUFT�
for cell engineering and cell replacement therapies.

)VNBO�TDBMQ� UJTTVFT�BSF�FBTJMZ�BDDFTTJCMF�BOE�UIF� GBDU�
that hair spheres can be generated from autologous adult 
UJTTVF�NBLFT�JU�BO�BUUSBDUJWF�TPVSDF�GPS�JOEJWJEVBMJ[FE�DFMM�
based therapies.

&BDI�NBUVSF�IBJS� GPMMJDMF� JT� B� SFHFOFSBUJOH� TZTUFN�
XIJDI�QIZTJPMPHJDBMMZ�VOEFSHPFT�DZDMFT�PG�HSPXUI�	BOBHFO
�
SFHSFTTJPO� 	DBUBHFO
� BOE�SFTU� 	UFMPHFO
�OVNFSPVT� UJNFT�
JO�BEVMU� MJGF� 	��
�� *O�DBUBHFO�)'4$T�BSF�NBJOUBJOFE� JO�
UIF�CVMHF��5IFO� UIF� SFTUJOH� GPMMJDMF� SF�FOUFST� BOBHFO�
	SFHFOFSBUJPO
�XIFO�QSPQFS�NPMFDVMBS�TJHOBMT�BSF�QSPWJEFE��
%VSJOH�MBUF�UFMPHFO�UP�FBSMZ�BOBHFO�USBOTJUJPO�TJHOBMT�GSPN�
UIF�%1�TUJNVMBUF�UIF�IBJS�HFSN�BOE�RVJFTDFOU�CVMHF�TUFN�
DFMMT�UP�CFDPNF�BDUJWBUFE�	��
��.BOZ�QBSBDSJOF�GBDUPST�BSF�
involved in this crosstalk at different hair cycle stages and 
TPNF� TJHOBMJOH�QBUIXBZT�IBWF�CFFO� JNQMJDBUFE� 	�����
��
*O�BOBHFO�TUFN�DFMMT� JO�UIF�CVMHF�HJWF�SJTF�UP�IBJS�HFSNT�
UIFO�UIF�USBOTJFOU�BNQMJGZJOH�DFMMT�JO�UIF�NBUSJY�PG�UIF�OFX�
GPMMJDMF�QSPMJGFSBUF�SBQJEMZ�UP�GPSN�B�OFX�IBJS�òMBNFOU�	��
�

)PXFWFS� UIF�DFMM�EZOBNJDT� JO�UIJT�QSPDFTT� JT� MFTT�DMFBS�
UIBO� JO� UIF�QIZTJPMPHJDBM�SFOFXBM�BOE�GVSUIFS�TUVEJFT�BSF�
SFRVJSFE�UP�VOEFSTUBOE�UIJT�QSPDFTT�

8IFO� UIF� DFMMVMBS� OJDIFT� BSF� DPNQMFUFMZ� MPTU� JU� JT�
OFDFTTBSZ� UP�HFOFSBUF�B�DPNQMFUFMZ�OFX�IBJS� GPMMJDMF� JO�B�
process called hair follicle neogenesis.

#BTFE�PO� UIF�LOPXMFEHF�PO� UIF�FQJUIFMJBM�BOE�EFSNBM�
DFMMT� BOE� UIFJS� JOUFSBDUJPOT�EVSJOH� UIF�FNCSZPOJD�IBJS�
HFOFSBUJPO�BOE�BEVMU�IBJS�DZDMJOH�EJGGFSFOU�FYQFSJNFOUBM�

approaches have been designed to regenerate hair follicles 
PS�HFOFSBUF�OFX�POFT�CZ� UIF�OFPHFOFTJT�QSPDFTT��5IFTF�
IBJS�SFHFOFSBUJPO�BOE�OFPHFOFTJT�BUUFNQUT�DBO�CF�DMBTTJòFE�
JOUP� GPVS�DBUFHPSJFT�� 	*
� SFWFSTJPO�PG�QBUIPMPHJDBM� JOUSB��
BOE�PS�FYUSB�GPMMJDVMBS� FOWJSPONFOU� GPS� JOTUBODF�"("��
(II) regeneration of complete hair follicles from the 
SFDPNCJOBUJPO�PG�IBJS�GPMMJDMF�QBSUT��	***
�OFPHFOFTJT�PG�IBJS�
GPMMJDMFT� GSPN� JTPMBUFE�DFMMT�� BOE� 	*7
�OFPHFOFTJT�PG�IBJS�
follicles by tissue engineering.

3FHFOFSBUJPO�PG� IBJS� GPMMJDMFT�XBT� BMTP� PCTFSWFE� JO�
IVNBOT� 	��
�XIFO�EFSNBM� TIFBUI� UJTTVF�XBT�VTFE�XIJDI�
XBT�TVGGJDJFOU� UP�SFHFOFSBUF�BMTP� UIF�%1�TUSVDUVSF��"GUFS�
JNQMBOUBUJPO�UIF�XIJTLFS�%1�XBT�DBQBCMF�PG�JOEVDJOH�IBJS�
follicle regeneration retaining the information to determine 
IBJS�òCFS�UZQF�BOE�GPMMJDMF�TJ[F�	��
�

(SBGUJOH�PG�EFSNBM�JOEVDUJWF�UJTTVF�XBT� MJNJUFE�CZ�UIF�
GBDU�UIBU�JU�XBT�OPU�QPTTJCMF�UP�HFOFSBUF�NPSF�IBJS�GPMMJDMFT�
UIBO�UIF�PCUBJOFE�GSPN�UIF�EPOPS�UJTTVFT��5P�PWFSDPNF�UIJT�
limitation different approaches and experimental models 
using freshly or cultured isolated cells from both dermal 
BOE�EFSNBM�FQJEFSNBM�PSJHJO�XFSF� UFTUFE��.PTU�PG� UIFN�
involved neonatal and embryonic murine cells.

*O�SFDFOU�TUVEZ�QVCMJTIFE� JO������CZ�#BMBÌ¼� et al. (11) 
UIF�BVUIPST�QSFQBSFE� JO�B� MBCPSBUPSZ�B�EFSNBM�FQJEFSNBM�
TLJO�TVCTUJUVUF�CZ�TFFEJOH�BO�BDFMMVMBS�EFSNBM�NBUSJY�XJUI�
cultured hair follicle epithelial stem cells and dermal 
QBQJMMBS� DFMMT� 	%1$T
�CPUI�PCUBJOFE� GSPN�BEVMU�IVNBO�
TDBMQ��5IFTF�DPOTUSVDUT�XFSF�HSBGUFE� JOUP�B� GVMM�UIJDLOFTT�
XPVOE�HFOFSBUFE�PO�OVEF�NJDF� TLJO�� *O� GPVSUFFO�EBZT�
histological structures reminiscent of many different stages 
PG�FNCSZPOJD�IBJS�GPMMJDMF�EFWFMPQNFOU�XFSF�PCTFSWFE�JO�UIF�
HSBGUFE�BSFB��5IFTF�TUSVDUVSFT�TIPXFE�DPODFOUSJD�DFMMVMBS�
MBZFST� PG� IVNBO�PSJHJO� BOE� FYQSFTTFE� L�IG� B� LFSBUJO�
present in epithelial cells of the companion layer. Although 
UIF�QSFTFODF�PG�GVMMZ�NBUVSF�IBJS�GPMMJDMFT�XBT�OPU�PCTFSWFE�
UIFTF� SFTVMUT� TIPXFE� UIBU� CPUI� FQJUIFMJBM� BOE� EFSNBM�
cultured cells from adult human scalp in a dermal scaffold 
XFSF�BCMF� UP�QSPEVDF in vivo structures that recapitulate 
embryonic hair development.

5IF� BOBMZTJT� PG� BMM� UIFTF� TUVEJFT� DPVME� MFBE� UP� UIF�
conclusion that hair follicle neogenesis using human 
FQJUIFMJBM�BOE�EFSNBM�DFMMT�JT�B�WFSZ�EJGòDVMU�UBTL�UIBU�DPVME�
SFRVJSFT� TQFDJBM� DVMUVSF�DPOEJUJPOT� TPNFIPX�SFDSFBUJOH�
UIF�OPSNBM�PS�FNCSZPOJD�TLJO�FOWJSPONFOU�BOE�UIF�VTF�PG�
embryonic or neonatal cells.

3FBMMZ�JO�NPSF�PG����ZFBST�HSFBU�QSPHSFTT�XBT�SFQPSUFE�
TUBSUJOH� GSPN�FBSMZ���T� UP� BSSJWF�OPX� UP�BQSJM������ JO�
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XIJDI�DPOUSBSZ�UP�XIBU�BQQFBSFE�UP�FNFSHF�GSPN�QSFWJPVT�
TUVEJFT�XF�IBWF�SFQPSUFE�UIF�MBTU�DMJOJDBM�BEWBODFNFOU� JO�
the possibility to use human follicle stem cells obtained by 
NFDIBOJDBM�DFOUSJGVHBUJPO�SFTQFDUJOH�UIF�&VSPQFBO�SVMFT�
XJUIPVU�DVMUVSF�PS�VTF�PG�FO[ZNFT�GPS�"("�USFBUNFOU�

Conclusions

0VS�QSFMJNJOBSZ�EBUB�TVHHFTU�UIBU�UIF�JOKFDUJPO�PG�)'4$T�
preparations has a positive therapeutic effect on male 
BOESPHFOJD�BMPQFDJB�XJUIPVU�NBKPS�TJEF�FGGFDUT��5IFSFGPSF�
the authors recommend future study and clinical trials 
JODPSQPSBUF�NPSF�EBUB�BCPVU�UIF�VTF�PG�)'4$T�
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