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Abstract

Background:  The  hair follicle  is a  unique  structure,  one  of the  most  dynamic  structures  in

mammalians,  which  can  reproduce  in  every  new  cycle  all  the  mechanism  involved  in its  fetal

development.  Although  a  lot  of  research  has been  made  about  the  human  hair follicle  much

less has  been  discovered  about  the  importance  of  the  cytokeratins  (CKs)  in its  development.

Objective: Study  the  immunohistochemical  pattern  of  epithelial  CKs  during  human  hair  follicle

development.

Methods: We  performed  an  immunohistochemical  study  using  fresh  post-mortem  skin  biop-

sies of  human  fetuses  between  4  and  25  weeks  of  gestational  age  to  study  the  expression  of

cytokeratins  (CKs):  CK1,  CK10,  CK13,  CK14,  CK16  and  CK20  during  human  hair follicle  fetal

development.

Study limitations:  Restrospective  study  with  a  good  number  of  makers  but  with  a  small  popu-

lation.
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Results/conclusion:  We  found  that,  the  CKs  were  expressed  in an  intermediate  time  during

follicular  development.  The  epithelial  CKs (CK1,  CK14,  CK10,  CK13)  and  the  epithelial  CKs  with

a proliferative  character  such  as  CK16  were  expressed  first,  as markers  of  cellular  maturation

and follicular  keratinization.  At  a  later  phase,  CK20  was  expressed  in  more  developed  primitive

hair follicles  as previously  discussed  in literature.

©  2020  Sociedade  Brasileira  de Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an

open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).

Introduction

The  hair  follicle  is  in  constant  renewal,  reproducing  the
same  embryonic  mechanisms  that  formed  it  first  in the fetal
period.1 The  hair  follicles  develop  at early  phases  of follicu-
lar  development,  around  the  9th and  12th  week  originating
from  a  germinative  stratum  of  the epidermis’s  proliferation.
The  keratinocytes  differentiate  and  form  the outer  root  she-
ath  (ORS),  the  companion  sheath,  the inner  root  sheath,  and
the  hair  shaft  itself.2 Its  development  respects  a  cranial  cau-
dal  pattern  of  development  with  the  first  hair  follicles  being
observed  at  face  and eyebrow.2

An  extremely  challenging  area  is  how  follicular  develop-
ment  and  its  maturation  occurs,  follicular  development  and
its  subsequent  differentiation  involves  a complex  series  of
events  that  generate  cell  matrix  remodeling,  molecules  such
as  proteoglycans  and  growth  factors  are implicated  in this
process.3---6

Cytokeratins  (CKs)  are  the main proteins  that  structure
epithelial  cells,  they  provide  shape,  resistance  and  main-
tenance  of  the  intercellular  contacts;  in  the hair  follicle  in
addition  to the  structural  function,  they are markers  of  folli-
cular  maturation  and cytodifferentiation.  They  are divided
into  two  families,  Type  1, acid  keratins  and Type  2,  basic
keratins.7 In total,  twenty-six  keratins  are  considered  speci-
fic  to  hair  follicle,  comparable  to  the twenty-nine  expressed
in  the  epithelium.8

A  range  of  mutations  in CKs  are related  to  diseases  that
affect  hair  structure  and density  in humans  and animals.
Diseases  such  as  hypotrichosis  and  monilethrix  have  already
been  linked  to  specific  mutations  of some CKs.9---11 Other
diseases  that  may  affect  the hair  follicle  as  lichen  planus
pilaris  show  an  altered  pattern  in the  expression  of  certain
CKs  that  could  be  used as  early  markers  for  this  disease.12,13

Thus,  CKs  may  be  targets  for  drug  development  and  diag-
nostic  methods  that  may  assist  in the early  diagnosis  and
treatment  of  hair  follicle  diseases.

Although  there  is  already  a  vast  literature  on  hair folli-
cles  and  epithelial  CK, little  is known  about  the  expression  of
epithelial  CK  during  the  differentiation  of  human  hair  folli-
cles.  Considering  the importance  of  CK  in  the development
of  hair  follicles  and  the  scarcity  of information  about  this
subject,  we  studied  the  pattern  of  epithelial  CK  expression
in  the  developing  human  hair  follicle.

Methods

A  retrospective  study  involving  histological  sections  from
hairy  areas  from  skin  fragments  of  human  embryonic/fetal
derivatives  from  different  gestational  ages  (4---25  weeks)

were  obtained  from  the  archives  of  the Dermatopathology
Laboratory,  Department  of  Dermatology,  University  of  São
Paulo.  The  study  submitted  to  the  Ethics  Committee  of  this
institution.  CEP  no. 0172/08.  The  analyzed  regions  were  the
same  and  standardized  in the groups  as:  scalp,  face,  eye-
brow,  upper  limb,  back and genitalia.  The  morphologies  of
the  structures  were  previously  evaluated  in  hematoxylin  and
eosin  for better visualization  of  the  structures.  In  these  sec-
tions,  an immunohistochemical  study  was  performed  with
the  following  markers:  CK1,  CK10,  CK13,  CK14,  CK16  and
CK20.

Immunohistochemical  protocol

The  3 �m sections  were  dewaxed  and  diaphanized  in two
xylol  baths. The  specimens  were  then  rehydrated  in  ethanol
drop-off  and  immersed  in 10%  ammonium  hydroxide  solu-
tion.  Recovery  of  the antigenic  sites occurred  in various  ways
depending  on  the  primary  antibody  used  (Table  1).

After  washing,  the material  was  incubated  in 20  volumes
hydrogen  peroxide  solution,  and then  the  specimens  were
immersed  twice  in TRIS  pH 7.4  solution  and  subsequently
incubated  with  0.5%  BSA  (Sigma)  solution,  2.5%  SFB (Culti-
lab)  in TRIS  and incubated  with  the primary  serum  diluted
in  1% BSA (Sigma)  solution  in TRIS.  Subsequent  procedu-
res  were  always  preceded  by washes  in the  TRIS buffer.
After  incubation  with  the  primary  antibody,  the  specimens
were  incubated  with  En  Vision  reagent  (Dako).  For the deve-
lopment,  the specimens  were incubated  in the  solution
containing  DAB  agent  (Sigma).  The  histological  sections  were
then  counterstained  with  Carazzi  Hematoxylin  and  subse-
quently  dehydrated  in upstream  alcohols,  diaphanized  in
three  xylol  baths,  and  mounted  on Permount® resin for
microscopic  examination.  Negative  controls  were performed
by  incubating  specimens  with  non-immune  serum.  All immu-
nohistochemical  reactions  were performed  in parallel  with
adult  tissues  as  negative/positive  controls.

The  results  obtained  in the immunohistochemical  reac-
tions  were analyzed  by  two  observers  and qualitatively
tabulated.  The  specimens  that  showed  immunostaining  were
considered  positive  (+),  the  specimens  that  did  not  present
immunoexpression  were  considered  negative  (−).

All  the  results  were  recorded  by  the  Axio  Vision  digital
photomicrograph  system  (Zeiss and  Axiophot).

Results

73  specimens  from  hairy  areas  of  embryos  or  fetuses  ranging
from  4 to  25  weeks  of gestational  age  were  evaluated.  The
following  markers  were  evaluated:  CK1,  CK10, CK13,  CK14,
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Table  1  Monoclonal  antibodies  used  in study  and protocols.

Primary  anti  body  Clone  Company  Antigenic  retrieval  Dilution  Incubation

CK1  34BB4  Novo  Castra  Microwave  1:25  ‘‘Overnight’’

CK14 AB-1  Neomakers  Microwave  1:40  ‘‘Overnight’’

CK16 DE-K10  Dako  Microwave  1:50  ‘‘Overnight’’

CK10 DE-K10  Dako  Microwave  1:50  ‘‘Overnight’’

CK13 M  7003  Dako  Microwave  1:50  ‘‘Overnight’’

CK20 Ks20.8  Dako  Microwave  1:50  ‘‘Overnight’’

Table  2  Resume  of  cytokeratins’s  immunoexpression  at

human  hair  follicle  development.

Marker  Immunostannig

percetual

First  gestational

age

immunoexpression

CK1  25%  12  weeks

CK14  100%  9 weeks

CK10  55%  12  weeks

CK13  70%  12  weeks

CK16  61%  12  weeks

CK20  57%  14  weeks

CK16  and  CK20,  in the  regions  such  as:  scalp,  face,  eyebrow,
upper  limb,  back and  genitals  and the  results  can  be evalua-
ted  in Table  2 and  Fig.  1. We analyzed  all the cases  obtained
in  the  files  of  the Dermatopathology  Laboratory  referring  to
hairy  areas  of  each marker.  A total  of  12  CK1  specimens,  14
CK14  specimens,  9 CK10  specimens,  10  CK13  specimens,  21
CK16  specimens  and  only  7 CK20  specimens  were  obtained.

CK1,  CK14,  CK10  and CK13

Immunostaining  for  CK1,  CK10,  CK13  was  noted  from  the
12th  week  gestation  on  the  primitive  hair  follicles  and up
to  the  25th gestational  week  on  the  most  fully  developed
follicles.  25%,  55%, 70%  of  the specimens  marked  positively
for  CK1,  CK10 and  CK13  respectively,  in ORS,  in the  territory
of  the  follicular  ostium,  infundibulum,  sebaceous  gland  and
dermal  papilla.  The  main  marked  regions  were  the eyelid,
face and  genital.  Immunostaining  for  CK14 was  seen  in pri-
mitive  follicles  of  9  week gestation  embryos  in the upper
limb  and  back,  and even  in more  developed  follicles  at 21
gestational  weeks.  100% of  the cases  marked  positively  for
CK14  in ORS.  All regions  analyzed  were  positively  marked.

CK16  and  CK20

Immunostaining  for CK16  was  seen  in  primitive  follicles  of
12  week  gestation  embryos  in the facial  region  and in more
developed  23  week  gestational  follicles.  61%  of  the  speci-
mens  marked  positively  for  CK16 at ORS.  All regions  analyzed

Figure  1  Cytokeratin’s  immunostaining  in human  hair  follicle  development.  (A)  CK1 immunoexpression  at  19  weeks  fetus.  (B)

CK14 immunoexpression  at 12  weeks  fetus.  (C)  CK20  immunoexpression  at 21  weeks  fetus.  (D)  CK16  immunoexpression  at  12  weeks

fetus.
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were  marked  positively.  Immunostaining  for CK20  was  seen
from  primitive  follicles  of  14  week  gestation  embryos  in the
scalp  region  to  more  developed  25  week  gestational  folli-
cles.  57%  fetuses  marked  for CK20  in the territory  of  ORS
and  dermal  papilla.  All  regions  analyzed  were  marked.

Discussion

This  study  evaluated  the  pattern  of  epithelial  CK expression
in  developing  human  hair  follicle.  There  are few  papers  in
the  literature  about  this  subject.

Schirren  et al. were  the  pioneers  showing  that  the folli-
cular  cells  of  the human  fetal  placodes  expressed  CK5,  CK6,
CK14,  CK17  and  CK19, and  that  subsequently  with  follicular
development  the  pattern  of  expression  of those  CK  changes
in  the  each  portion  of  the  hair  follicle.14

Our  data  showed  that  between  9 and  14  gestational
weeks,  CK1,  CK14,  CK10, CK13,  CK16 and  CK20  became
expressed.  Only  two  of  our  markers  were  evaluated  by  Schir-
ren  et  al.,  CK14  and  CK10,  these  CKs  were  found  in  the
developing  hair follicles,  CK14  in the earliest  phases  still
in  the  placoid  phase  and  at later  phases,  CK10  was  express
in  a  slightly  more  differentiated  hair  follicle  in  the  isth-
mus  region  in ORS  at the supra  basal  cells  of  infundibulum
along  with  CK14. The  results  of  that  work  were  similar  to
ours;  the  immunostaining  maintained  the  cranial  pattern  of
distribution.

In our  study,  CK14  was  the first  CK  to  be  expressed  in
embryos  with  less  than 12  weeks  of  life, around  the  9th
gestational  week.  Initially,  both  CK1  and  CK14 were expres-
sed  in  the  region  on  the isthmus.  In 2008,  Lourenço  et al.
when  analyzed  the expression  pattern  of  CKs  in the  primi-
tive  fetal  epidermis,  showed  CK1  expression  was  noted  in
all  epidermal  layers  while  CK14  was  noted  predominated  in
the  perifollicular  epidermal  region.15

In  our  study,  CK1,  CK10,  CK13  and CK16  were  expressed  at
12  weeks  of  gestational  age.  Studies  involving  CK1  and  CK14
at  Shh  signaling  pathway  have  shown  conflicting  findings.
When  occurs  the  overexpression  of  CK1  at mices  in  embryo-
nic  period,  they  were unable  to  develop  hair follicles.  In  the
other  experimental  model,  when  occurs  the  superexpression
of  CK14,  a follicular  hyperproliferation  occurred,  in addition
to  multiple  lesions  such basal  cell  carcinoma  in the animals
analyzed.16,17

It  is reported  in the  literature  that  hyperproliferation
of  epithelial  layers  caused  by  overexpression  of CK1 during
embryonic  development  alters  the  ability  of  basal  cells  to
initiate  a  suitable  cell differentiation  program  for hair  folli-
cle  formation.16 Thus,  CK1  and CK14  plays  an important  role
in  the  formation  of  the fetal  hair  follicle  through  the Shh
signaling  cascade.  The  exact  time,  location,  and concen-
tration  of  expression  of these  Cks in this  Shh  signaling
pathway  affect  the hair  follicle  phenotype  in  the  embryo-
nic  fetal  period,  but  without  changes  in the postnatal  hair
follicles.16

CK10  is  an  epithelial  CK  classically  related  to  Epidermoly-
tic  hyperkeratosis,  eventual  mutations  may  be  related  to
this  disease  or  similar  ones,18 in our  work  it was  seen  marking
the  hair  follicles  in ORS,  as  well  as  CK1  and  CK14.

In  our  results,  CK16  was  expressed  in more  proliferative
regions  of hair  follicle,  mainly  in the  bulb  region.  CK16,  as

well  as  CK6  and CK17  are proliferative  and  repairing  CKs,
being  expressed  during diseases  and around  healing  tissues.
Corroborating  with  our  findings,  it is  described  that  these
hyperproliferative  CKs  are  expressed  in the hair  follicles
at  an intermediate  stage  of  development,  when  epithelial
differentiation  already  exists.14

CK13 is  an epithelial  CK  already  used  as  an immunotar-
get  agent  for  oral  intraepithelial  neoplasia,  more  recently
its  expression  with  CK17  has  been  evaluated  as  an immuno-
target  for  vulvar  intraepithelial  neoplasia  as  well.  Our  work
evaluated  CK13  at the developing  hair follicle  and saw  it
marking  fetal  hair  follicles’s  ORS  as  well  as  the  other  epithe-
lial  CKs.19

CK20 is  a  marker  for Merkel  cells. As  in the literature,  its
immunoexpression  was  detected  in hair  follicles  at a later
stage  of  development,  from  the  14th  week  of gestational
age.  The  literature  reports  the presence  of Merkel  cells  in
the ORS  of  hair  follicles  of  rodent  vibrissae,  in humans  CK20
is  reported  to  mark  at the  basal  layer  of  the infundibulum
at  primitive  fetal  hair  follicles,  not marking  at deep  areas
of  the  hair follicles,  including  the bulb  and  the  dermis.20

In  our  work,  according  to  the literature,  we  found  expres-
sion  for  CK20  in the  hair  follicles  already  developed  around
the  25th  gestational  week  in the dermal  papilla  and in  the
ORS, but  also  in  the follicles  in the intermediate  period  of
development  with  14  gestational  weeks.

Conclusion

Hair  follicle  morphogenesis  is  a restructuring  of  epithelial
tissue  and  mesenchymal  tissue  to  form  a completely  dif-
ferentiated  pilosebaceous  unit.  We  have  observed  that  CK
expression  patterns  during  hair  follicle  development  are  as
dynamic  as  seen  by  other  authors  in  the  epidermis.15 CKs
begin  their  expression  in  human  hair  follicles  around  the
9th  gestational  week, with  CK14  being  the first  to  be  identi-
fied  and  with  the highest  percentage  of  immunostaining.  Our
data  confirm  the literature  showing  that  CKs  are  markers  of
maturation  of  hair  follicle  development  and  are  expressed
from  the follicular  placoid  phase.  Initially  the  expression
of these  CKs  coincides  with  the CKs  expressed  in  the  pri-
mitive  epithelium:  CK1,  CK14,  CK10,  CK13  and proliferative
CK: CK16.  As  previously  reported  in the  literature,  CK20  was
expressed  in  more  developed  hair  follicles  from  the 14th
gestational  week.  The  results  when  taken  together  indicate
that  from  the earliest  stages  of  follicular  development  the
hair  follicles  progressively  and coordinately  prepare  to  pro-
tect  the fetal  skin  for birth  and  environmental  stimulation.
Understanding  of  these  maturation  steps  is  important  for
understanding  the  structure  of  normal  hair  follicles  and  their
adult  function  in health and  disease.  Our  work  has served
to  fill  a  gap  in the literature  on  a poorly  studied  topic.  We
also  believe  that  by  identifying  patterns  of  differentiation
of  CKs  in hair  follicles  in humans,  we  can  raise  questi-
ons  and prompt  investigations,  and  open  the possibility  for
regenerative  therapies,  identification  of  early  biomarkers
and  potential  diagnostic  targets  for  hair  follicle  diseases.
However,  further  investigative  studies  are  needed  to  better
evaluate  the  development  and  protein  expression  of  human
hair  follicles  and  to  collaborate  in the  diagnosis  and treat-
ment  of  diseases  related  to  this structure.
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