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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.

� How to cite this article: Silva LMA, Hsieh R, Lourenço SV, Valente NYS, Paiva GR, Fernandes JD. Immunostaining study of cytokeratins in
uman hair follicle development. An Bras Dermatol. 2020;95:278---82.
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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/).

w
L
P
i
s
b
t
e
t
t
C

I

T
x
d
t
d

h
i
i
l
i
r
A
w
l
c
t
q
t
m
b
n
a

t
t
c
i

p

R

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)

7
f
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ere  obtained  from  the  archives  of  the  Dermatopathology
aboratory,  Department  of  Dermatology,  University  of  São
aulo.  The  study  submitted  to  the  Ethics  Committee  of  this
nstitution.  CEP  no.  0172/08.  The  analyzed  regions  were  the
ame  and  standardized  in  the  groups  as:  scalp,  face,  eye-
row,  upper  limb,  back  and  genitalia.  The  morphologies  of
he  structures  were  previously  evaluated  in  hematoxylin  and
osin  for  better  visualization  of  the  structures.  In  these  sec-
ions,  an  immunohistochemical  study  was  performed  with
he  following  markers:  CK1,  CK10,  CK13,  CK14,  CK16  and
K20.

mmunohistochemical  protocol

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

After  washing,  the  material  was  incubated  in  20  volumes
ydrogen  peroxide  solution,  and  then  the  specimens  were
mmersed  twice  in  TRIS  pH  7.4  solution  and  subsequently
ncubated  with  0.5%  BSA  (Sigma)  solution,  2.5%  SFB  (Culti-
ab)  in  TRIS  and  incubated  with  the  primary  serum  diluted
n  1%  BSA  (Sigma)  solution  in  TRIS.  Subsequent  procedu-
es  were  always  preceded  by  washes  in  the  TRIS  buffer.
fter  incubation  with  the  primary  antibody,  the  specimens
ere  incubated  with  En  Vision  reagent  (Dako).  For  the  deve-

opment,  the  specimens  were  incubated  in  the  solution
ontaining  DAB  agent  (Sigma).  The  histological  sections  were
hen  counterstained  with  Carazzi  Hematoxylin  and  subse-
uently  dehydrated  in  upstream  alcohols,  diaphanized  in
hree  xylol  baths,  and  mounted  on  Permount® resin  for
icroscopic  examination.  Negative  controls  were  performed
y  incubating  specimens  with  non-immune  serum.  All  immu-
ohistochemical  reactions  were  performed  in  parallel  with
dult  tissues  as  negative/positive  controls.

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

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

esults
3  specimens  from  hairy  areas  of  embryos  or  fetuses  ranging
rom  4  to  25  weeks  of  gestational  age  were  evaluated.  The
ollowing  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  

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
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CK20  57%  14  weeks

K16  and  CK20,  in  the  regions  such  as:  scalp,  face,  eyebrow,
pper  limb,  back  and  genitals  and  the  results  can  be  evalua-
ed  in  Table  2  and  Fig.  1.  We  analyzed  all  the  cases  obtained
n  the  files  of  the  Dermatopathology  Laboratory  referring  to

airy  areas  of  each  marker.  A  total  of  12  CK1  specimens,  14
K14  specimens,  9  CK10  specimens,  10  CK13  specimens,  21
K16  specimens  and  only  7  CK20  specimens  were  obtained.

1
d
m

igure  1  Cytokeratin’s  immunostaining  in  human  hair  follicle  de
K14 immunoexpression  at  12  weeks  fetus.  (C)  CK20  immunoexpress
etus.
Microwave  1:50  ‘‘Overnight’’

K1,  CK14,  CK10  and  CK13

mmunostaining  for  CK1,  CK10,  CK13  was  noted  from  the
2th  week  gestation  on  the  primitive  hair  follicles  and  up
o  the  25th  gestational  week  on  the  most  fully  developed
ollicles.  25%,  55%,  70%  of  the  specimens  marked  positively
or  CK1,  CK10  and  CK13  respectively,  in  ORS,  in  the  territory
f  the  follicular  ostium,  infundibulum,  sebaceous  gland  and
ermal  papilla.  The  main  marked  regions  were  the  eyelid,
ace  and  genital.  Immunostaining  for  CK14  was  seen  in  pri-
itive  follicles  of  9  week  gestation  embryos  in  the  upper

imb  and  back,  and  even  in  more  developed  follicles  at  21
estational  weeks.  100%  of  the  cases  marked  positively  for
K14  in  ORS.  All  regions  analyzed  were  positively  marked.

K16  and  CK20
2  week  gestation  embryos  in  the  facial  region  and  in  more
eveloped  23  week  gestational  follicles.  61%  of  the  speci-
ens  marked  positively  for  CK16  at  ORS.  All  regions  analyzed

velopment.  (A)  CK1  immunoexpression  at  19  weeks  fetus.  (B)
ion  at  21  weeks  fetus.  (D)  CK16  immunoexpression  at  12  weeks
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Cytokeratins  in  human  hair  follicle  

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
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ell  as  CK6  and  CK17  are  proliferative  and  repairing  CKs,
eing  expressed  during  diseases  and  around  healing  tissues.
orroborating  with  our  findings,  it  is  described  that  these
yperproliferative  CKs  are  expressed  in  the  hair  follicles
t  an  intermediate  stage  of  development,  when  epithelial
ifferentiation  already  exists.14

CK13  is  an  epithelial  CK  already  used  as  an  immunotar-
et  agent  for  oral  intraepithelial  neoplasia,  more  recently
ts  expression  with  CK17  has  been  evaluated  as  an  immuno-
arget  for  vulvar  intraepithelial  neoplasia  as  well.  Our  work
valuated  CK13  at  the  developing  hair  follicle  and  saw  it
arking  fetal  hair  follicles’s  ORS  as  well  as  the  other  epithe-

ial  CKs.19

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

n  our  work,  according  to  the  literature,  we  found  expres-
ion  for  CK20  in  the  hair  follicles  already  developed  around
he  25th  gestational  week  in  the  dermal  papilla  and  in  the
RS,  but  also  in  the  follicles  in  the  intermediate  period  of
evelopment  with  14  gestational  weeks.

onclusion

air  follicle  morphogenesis  is  a  restructuring  of  epithelial
issue  and  mesenchymal  tissue  to  form  a  completely  dif-
erentiated  pilosebaceous  unit.  We  have  observed  that  CK
xpression  patterns  during  hair  follicle  development  are  as
ynamic  as  seen  by  other  authors  in  the  epidermis.15 CKs
egin  their  expression  in  human  hair  follicles  around  the
th  gestational  week,  with  CK14  being  the  first  to  be  identi-
ed  and  with  the  highest  percentage  of  immunostaining.  Our
ata  confirm  the  literature  showing  that  CKs  are  markers  of
aturation  of  hair  follicle  development  and  are  expressed

rom  the  follicular  placoid  phase.  Initially  the  expression
f  these  CKs  coincides  with  the  CKs  expressed  in  the  pri-
itive  epithelium:  CK1,  CK14,  CK10,  CK13  and  proliferative
K:  CK16.  As  previously  reported  in  the  literature,  CK20  was
xpressed  in  more  developed  hair  follicles  from  the  14th
estational  week.  The  results  when  taken  together  indicate
hat  from  the  earliest  stages  of  follicular  development  the
air  follicles  progressively  and  coordinately  prepare  to  pro-
ect  the  fetal  skin  for  birth  and  environmental  stimulation.
nderstanding  of  these  maturation  steps  is  important  for
nderstanding  the  structure  of  normal  hair  follicles  and  their
dult  function  in  health  and  disease.  Our  work  has  served
o  fill  a  gap  in  the  literature  on  a  poorly  studied  topic.  We
lso  believe  that  by  identifying  patterns  of  differentiation
f  CKs  in  hair  follicles  in  humans,  we  can  raise  questi-
ns  and  prompt  investigations,  and  open  the  possibility  for
egenerative  therapies,  identification  of  early  biomarkers
nd  potential  diagnostic  targets  for  hair  follicle  diseases.

owever,  further  investigative  studies  are  needed  to  better
valuate  the  development  and  protein  expression  of  human
air  follicles  and  to  collaborate  in  the  diagnosis  and  treat-
ent  of  diseases  related  to  this  structure.



2

F

F
d
A

A

L
t
o
o
i
p
l

m
t
t

s
l
c
c

s
s
t

m
d

t
b
a
t
c
m

C

N

R

1

1

1

1

1

1

1

1

1

1

features and the utility of cytokeratins 13 and 17. Virchows
Arch. 2018;473:739---47.
82  

inancial support

UNADERM  ---  Fundo  de  Apoio  à  dermatologia  Fundação
e  Apoio  ao  dermatologista  (CAPES  -  Coordenação  de
perfeiçoamento  de  Pessoal  de  Nível  Superior).

uthors’ contributions

aura  Maria  Andrade  Silva:  Statistic  analysis;  approval  of
he  final  version  of  the  manuscript;  elaboration  and  writing
f  the  manuscript;  obtaining,  analysis,  and  interpretation
f  the  data;  effective  participation  in  research  orientation;
ntellectual  participation  in  the  propaedeutic  and/or  thera-
eutic  conduct  of  the  studied  cases;  critical  review  of  the
iterature;  critical  review  of  the  manuscript.

Ricardo  Hsieh:  Approval  of  the  final  version  of  the
anuscript;  conception  and  planning  of  the  study;  effec-

ive  participation  in  research  orientation;  critical  review  of
he  manuscript.

Silvia  Vanessa  Lourenço:  Conception  and  planning  of  the
tudy;  effective  participation  in  research  orientation;  intel-
ectual  participation  in  the  propaedeutic  and/or  therapeutic
onduct  of  the  studied  cases;  critical  review  of  the  manus-
ript.

Neusa  Yuriko  Sakai  Valente:  Approval  of  the  final  ver-
ion  of  the  manuscript;  conception  and  planning  of  the
tudy;  effective  participation  in  research  orientation;  cri-
ical  review  of  the  manuscript.

Geise  Rezende  Paiva:  Approval  of  the  final  version  of  the
anuscript;  obtaining,  analysis,  and  interpretation  of  the
ata;  critical  review  of  the  manuscript.

Juliana  Dumet  Fernandes:  Approval  of  the  final  version  of
he  manuscript;  conception  and  planning  of  the  study;  ela-
oration  and  writing  of  the  manuscript;  obtaining,  analysis,
nd  interpretation  of  the  data;  intellectual  participation  in
he  propaedeutic  and/or  therapeutic  conduct  of  the  studied
ases;  critical  review  of  the  literature;  critical  review  of  the
anuscript.

onflicts of interest

one  declared.

eferences

1. Panteleyev AA, Jahoda CA, Christiano AM. Hair follicle prede-
termination. J Cell Sci. 2001;114:3419---31.

2. Moore KL, Persaud TVN, Torchia MG. The developing human:
clinically oriented embryology. 10th ed. Philadelfia: Sauders;

2015.

3. Couchman JR, du Cros DL. Proteoglycans and associated pro-
teins of the mammalian hair follicle. J Invest Dermatol.
1995;104, 40S---1S.

2

Silva  LM  et  al.

4. Couchman JR, King JL, McCarthy KJ. Distribution of two
basement membrane proteoglycans through hair follicle deve-
lopment and the hair growth cycle in the rat. J Invest Dermatol.
1990;94:65---70.

5. Couchman JR, McCarthy KJ, Woods A. Proteoglycans and glyco-
proteins in hair follicle development and cycling. Ann N Y Acad
Sci. 1991;642:243---51, discussion 51-2.

6. du Cros DL, LeBaron RG, Couchman JR. Association of ver-
sican with dermal matrices and its potential role in hair
follicle development and cycling. J Invest Dermatol. 1995;105:
426---31.

7. Almeida HL Jr. Cytokeratins. An Bras Dermatol. 2004;79:
135---45.

8. Shimomura Y, Wajid M, Petukhova L, Kurban M, Christiano AM.
Autosomal-dominant woolly hair resulting from disruption of
keratin 74 (KRT74), a potential determinant of human hair tex-
ture. Am J Hum Genet. 2010;86:632---8.

9. Fujimoto A, Farooq M, Fujikawa H, Inoue A, Ohyama M, Ehama
R, et al. A missense mutation within the helix initiation motif
of the keratin K71 gene underlies autosomal dominant woolly
hair/hypotrichosis. J Invest Dermatol. 2012;132:2342---9.

0. Zernov NV, Skoblov MY. Autosomal recessive hypotrichosis with
woolly hair caused by a mutation in the keratin 25 gene expres-
sed in hair follicles. J Invest Dermatol. 2016;136:1097---105.

1. Redler S, Pasternack SM, Wolf S, Stienen D, Wenzel J, Nöthen
M, et al. A novel KRT86 mutation in a Turkish family with
monilethrix, and identification of maternal mosaicism. Clin Exp
Dermatol. 2015;40:781---5.

2. Kolivras A, Thompson N. Loss of cytokeratin-15 (CK15) expres-
sion is not specific for lichen planopilaris (LPP). JAAD.
2016;75:428---9.

3. Mahalingam M. Lack of specificity of cytokeratin-15 loss in scar-
ring alopecias. J Am Acad Dermatol. 2017;76:e135---6.

4. Schirren CG, Burgdorf WH, Sander CA, Plewig G. Fetal and adult
hair follicle. An immunohistochemical study of anticytokeratin
antibodies in formalin-fixed and paraffin-embedded tissue. Am
J Dermatopathol. 1997;19:335---40.

5. Lourenco SV, Kamibeppu L, Fernandes JD, Sotto MN, Nico MM.
Relationship of adhesion molecules expression with epithelial
differentiation markers during fetal skin development. J Cutan
Pathol. 2008;35:731---7.

6. Ellis T, Smyth I, Riley E, Graham S, Elliot K, Narang M, et al. Pat-
ched 1 conditional null allele in mice. Genesis. 2003;36:158---61.

7. Severino-Freire M, Jonca N, Pichery M, Tournier E, Chassaing N,
Mazereeuw-Hautier J. Extensive post-zygotic mosaicism of KRT1
or KRT10 mutation mimicking classical epider-molytic ichthyo-
sis. Acta Derm Venereol. 2017;97:387---8.

8. McGowan KM, Coulombe PA. Onset of keratin 17 expression coin-
cides with the definition of major epithelial lineages during skin
development. J Cell Biol. 1998;143:469---86.

9. Dasgupta S, Ewing-Graham PC, van Kemenade FJ, van Doorn
HC, Noordhoek Hegt V, Koljenović S. Differentiated vulvar
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