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Abstract— Vaginal epithelial cells from 250-g Wistar rats were cultivated in plástic dishes without íe eder  layer 
support o f  cells  o í  mesoderm ic  origin. Isolated epithelial cells were obtained from everted vaginas by expos ing  
the epithel ium to a solution o f  0 .5%  trypsin and cultivated in a modified Ham's F 12 m édiu m supplem ented  
with letal calf  serum , insulin. hydrocortisone and cholera toxin. In this vvay. epithelial cel ls  gave rise to 
epithel io id  co lon ies  after 48 hr o í  culture.  Infrequent libroblast contamination was observed .  Positive  
conlirmation o í  the epithel ial  origin o f  the cell co lonies  was carried out with antikeratin antibodies  and  
im m unohistochem ica l  techniques.  This cell culture was shown to proliferate and differentiate  in v ilro. 
Proliferation has been assayed by the capacity o f  the cel ls  to incorpórate [ 'H ]thym id in e and d ií íerentiation by 
the presenee in the cell culture o f  cells  possessing disulíkle -bondcd keratins and a chemically  resistant protein  
en ve lop c .  Addit ion o f  17/¡-estradiol to serum-deprived cell cultures induced an increase in the total protein per 
disli over  the serumless cell cultures,  but not reaehing the valúes o f  serum-treated cultures. T'his tissue culture  
svstem s ee m s  to be a suitablc model to studv e l íeets  o f  horm ones ,  growth factors etc. on proliferation and 
dilferentia tion o f  isolated cells.

K cy  w o rd s : Vaginal ep ithel ium. kcratinocytes.  tissue culture,  keratins. im m unocvtochemis trv

C ULT U R E .  I S O L E M E N T  ET' IDENT IFIC A T IO N  I M M U N O H I S T O C H I M I Q U E  D E  C E L L U L E S
E P I T H E L I A L E S  V A G I N A L E S

Resum e— Les cel lules épithél ia les  du vagin de rats Wistar de  250 g ont etc  cult ivées  dans des  capsules de 
plastique en l'absence de  la conche  nutritionnelle d'originc mésoderm ique.  Les  cel lules épithél ia les  ont été  
o h ten u es  a partir tic vagins éversés  par l'exposition de  1'epithélium á une solution  de  trvpsine a 0 .5% .  Elles  
furent cult ivées  dans un milieu modifié de Ham F 12 en présence de  sérum foetal de veau.  d' insuline.  
d'h ydrocortisone et de  toxine de  cholera.  A prés  48 hr de culture des  cellules épithél ia les  on note l'apparition de 
co lon ies  ép ithél io ides.  Elles ont été  rarement contam inécs  par des  libroblastes. Par des  techniques  
im m unoshis tochim iques  avee un anticorps ant ikératine on a conlirmé l'origine des  colonies .  On a dém ontré  
que la culture cellulaire prol ilére et se dil férencie  'in  v ilro '. On a evalué leur proliferation par la capacité des  
cel lu les  d' incorporer la [ ’ l I ]thymidine et la différcntiation par la présence dans la culture cel lulaire de  cel lules  
possédant de  la kératine stabilisée par des  liaisons disulfures et une c n ve lop p e  proté in ique chim iquem ent  
résistante. L’addition de 17/i-oestradiol aux cel lules privées de sérum induit une augm entation de  la quantité  
totale  de  protéines  par capsule sans arriver aux valeurs obtenues  dans les cultures addit ionnées  de  sérum. Ce  
system e  de  culture de  tissu sem ble  étre un m od éle  approprié pour étudier  les effets  des  horm ones ,  facteurs de  
eroissance etc.  sur la prolifération el  la différcntiation des cel lules isolées.

M vls-c le fs:  Epithél ium vaginal , kératinocytes.  culture de  tissu. kératine. im m unocvtochim ie

IN I R O D I K  TTON

T h e  vaginal ep i the l ium  of roden ts  const itu tes  a 
useful m odel  for the  s tudv o f  the  effeets  o f  ovarían
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h o rm o n e s  on  pro l ife ra t ion  and  d ifferentia tion  of 
m am m al ian  tissues (C larke  and  Selye, 1942; 
C o u r r ie r ,  1942; E ddy ,  1966; T h ra s h e r  et a l . . 1967). 
H o w ev e r .  the  com plex ity  o f  the  in vivo  svs tem  and 
the  possibility o f  m últip le  in te rac t ions be tw een  
o rg an s .  tissues and  even cell su b popu la t ions ,  have 
h in d ere d  the  c o m p le te  u n d e rs tan d in g  o f  the 
m echan ism s  of h o rm o n e  action at celhilar  level. 
A l th o u g h  most  o f  these  p ro b lem s  can be at least 
par tly  o v e rco m e  by using cu ltu res  of  specific cell



types .  verv  few a t te m p ts  llave been  m ude  to ob ta in  a 
re liable  tissuc culturo  svstem o f  the  vaginal 
e p ithe l ium  (K a h n .  1954; F laxm an e l  al..  1973; Sobcl 
e l al..  1979).

In thc  p re sen t  p a p e r ,  we describe  a cell culture  
tech n iq u e  fo r  vaginal epithelial  cells of  W ista r  rats ,  
s ta r ting  from  a m o n o d isp e rse  cell suspensión .  In 
add it ion  we o b ta in e d  a positive confirm ation  o f  the 
ep ithe lia l  origin  of this cell cu ltu re  by using 
a n tik e ra t in  a n tibod ies  and im m u n o p e ro x id ase  tech- 
niques.

M A T E R I A L S  A N D  M E T I IO D S

lso la tion  aiu l culture o f  vacin al cells

Virgin lómale  Wistar rats (250 g) were groupcd  
according to their stage in the ostral cycle. Rats in 
proestrus and diestras were killed by a lethal inhalant dose  
o f  e ther  and vaginas were aseeptieal ly rem oved and rinsed 
in phosphate-huH'ered saline solution (P BS ) .  Vaginas were  
dissected freo ol lat and connective  tissue.  and everted.  
expos ing  the epithel ia  to the dispersing solut ion. Everted  
vaginas were placed in 0.5% trypsin (G ihco)  in PBS,  
pl I 7.4 at 37' C.  and ineubated under continuous agitation.  
After  10 min. vaginas were decantcd ,  the supernatant vvas 
disearded and l'resh dispersing solution  was added. The 
vaginas were ineubated again at 37°C for 15 min and this 
time the supernatant was collected and the trypsin 
inactivated with bovin e serum (G ibeo).  This last procedure  
was repeated 3 times or until the vaginas bogan to stick to 
each other.  revealing that the vaginal surface was  
com ple te ly  denuded o f  its epithel ium. This was confirmed  
by histologieal scctions.  Cell suspensions  were pooled ,  
spun dow n at 50(1 g  for 15 min and the cell pellet  
resuspended in culture m édiu m. The médiu m used in this 
experiment was a HanTs F 12 modified according to 
G erschenson el al. (1974)  and supplem ented  with 10% 
letal eal f serum (G ib eo ) ,  10 5 m insulin (Lilly) . 10 "  M 
hydrocortisone and 10 m cholera toxin (Sigma) .  
Antibiotics  were used in the following proportions:  
penicillin (600 i.u. ml) , streptomyein  (0 .3 mg/ml) and 
am photeric in B (2 ng/ml).  Wlien indicated in the text.  
17/í-estradiol was added to a linal concn o f  10 7 M and. in 
those  cases  in which serum-freo médium was used,  1 mg/ml  
bovine  serum albumin (S igma) was added. C'ells were  
counted  with an h em ocytom eter  and platted at 8 X 10'' 
cel ls  per 2 5 -cn r  polystyrenc Petri dish (Falcon).  The  
culture m édiu m w as changod altor 24 hr and after the lirst 
chango it was replaced every other day.

D em onstration  o f  disull idc-bonded keratin and cross- 
linkod envolopos  in cel ls was carried out by the technique  
describod by Rheinwald  (1980).  Briefly, it consists o f  cell 
ovtoskelcton  and enve lope  resistance to 1% sodium  
dodecvl  sulfato (S D S )  and the samo conccntration o f  SD S  
plus 20  mM dithiothreitol.

In order to study proliferation, cell cultures woro 
ineubated with 2 /¿C'i/ml [■'H]thymidino (20 C'i/mmole, 
New England Nuclear) .  After  24 hr o f  incubation the 
dishes  were rinsed 3 times  with PBS and fixed in methanol.  
Autoradiographs were carried out with Kodak NT B-3  
em uls ión according to the technique described e lsewhere

(Conti el til.. 1982). For the demonstration o f  total protein 
per dish, 2 mi o f  1 n sodium hydroxide was added to each  
dish and left at room temp for 12 hr. Proteins were  
measured in an aliquot o f  the sodium hydroxide solution  
using the method o f  Lowry el al. (1951).

A n tike ra tin  a n tib o d ies  a n d  im m u n o h is to ch e m ic id  tech- 
n iq u es

Keratin prote ins were isolated from rat epidermis  using 
a modil ication o f  the technique described by Sun and 
Groen (1978).  The epidermis  was separated from the 
Wistar rat's foot pad by itnmersing the skin in water at 
55°C for 1 min. E p idem ia l  sheets  were frozen and 
pulverized in liquid nitrogen with a mortar and pestle. 
E pidem ia l  pow der  was extracted successivelv with 25 m.M 
Tris buffer,  pH 7.4 . 1% Tritón X  and 8 m urea. Finally. 
insoluble  proteins were extracted with 8 m urea plus 0.25 m 
2-m ercaptoethanol .  The supernatant contain ing solubil- 
ized keratin polypeptidos  was dialyzed against water.  
Insoluble repolymerized keratin was spun down at 1000 g. 
Keratin obtained  in this way was chookod for purity by 
electrophoresis .

A ntibod ies  against keratin were obtained in rabbits by 
injecting (1.5 mg o f  keratin in com plete  Freund's adjvant. 
B ooster  injections  were givon twice monthly with 
incomple to  Freund's  adjuvant.  Sera from imnumized  
rabbits were assayed by immunodilTusion according to the 
technique o f  Y en  el al. (1976). l'ho peroxidase-anti -  
peroxidaso techniq ue was carried out with positive sera 
using commercia lly  avai lable reactives ( D A K O )  (Sternber-  
ger el a l..  1970). Antikeratin serum adsorbed in keratin 
and pre im munized serum were used as control sera. Skin 
paraffm scctions  were used as a positive control o f  the 
im m unohistochem ical  reaction.  Cultures o f  3 1 3  cells and 
fibroblasts were used as  negativo C o n tro l s .

R E S U L T S

A t the  t im e o f  p la t t ing ,  epithelial  cells ap p ea red  
as single sphere- l ike  cells o r  sniall c lum ps o f  two to 
fou r  cells. W ith in  24 hr af te r  p latt ing ,  most of the 
cells w ere  a t ta ch e d  to the plástic surface and began 
gradual ly  to  sp read  ou t  adop ting  colony-like 
m o rp h o lo g y ,  characteris tic  of epithelial  cells. A fte r  
48 hr cells w e re  com ple te ly  sp read  o u t  (Fig. 1) but 
th e re  w ere  still c lum ps o f  cells on the  to p  of the 
colonies .  T h ese  c lum ps could be w ashed  out by 
tho ro u g h ly  p ipe t t ing  with cu ltu re  m éd ium . Occa- 
sionally .  c o n ta m in a n t  fibroblasts could  be seen but 
they  w ere  e l im ina ted  by careful t im ing of trypsiniza- 
t ion. T h ey  can also be w ashed  ou t  with 0 .02%  
E D T A  so lu t ion  as suggested  by R he inw ald  (198(1).

T h e  cu ltu res  show ed  proliferat ive  capacity  as 
show n by [■'H]thymidine inco rpora t ion  in to  D N A  by 
au to ra d io g ra p h s  (Fig. 2). H ow eve r .  the n u m b er  of 
a t ta ch ed  cells increased  slowly because  a large 
n u m b e r  o f  cells w ere  continua llv  being shed d ed  off 
in to  the  m éd iu m .  Since 95%  of the  cells re leased 
in to  the  m éd iu m  are  resistant to SD S and  43%  to the



Fig. 2. Autorad iography  of an epithelioid colony. Arrows show labeled cells. x  300 Gicmsa.



a
/

m

Fig. 3. Immunoperoxidase  staining with antikeratin ant ibodies of an epithelioid colony. Filamentous 
a rrangcm cnt  of  the kcratin staining can be noticcd. x 300.

i

Fig. 4. Immunoperoxidase  staining with antikcratin antibodies.  Arrows show' fusiform cell with intense
reaetion. x 300.



Fig. 5. T w o  independent experim ents  showing thc 
responso o f  vaginal  eel ls  to fetal calf serum (FCS) and 
17/J-estradiol. Each point represents  the average o f  three 

Petri dishes.

c o m h in e d  effcct o f  SD S and  d í th io th re i to l , the 
p rocess  o f  cell sh ed d in g  seem s to  be re la ted  to cell 
d i f fe ren tia t ion .

T h e  ¡m m unochem ica l  s tudies  with an tike ra t in  
a n t ib o d ie s  sh o w ed  a positivo reac tion  in the 
co lon ies .  H ig h e r  magnification show ed  the  charac- 
tcristic  l ibrillar net of  ke ra t in  o f  cu l tu red  epithelial  
cells (Fig. 3). O n  the  o th e r  h a n d ,  cells floating in the 
m é d iu m  h ad  a very  s t ro n g  reac tion .  Fusiform  cells, 
usually  p re sen t  on  to p  o f  the  epithelial  colonies ,  also 
gave a s t ro n g  reac tion  (Fig.  4).

In o rd e r  to s tudy the  responsc  o f  this culture  
m o d e l  to  g row th  factors  and  h o rm o n es ,  the 
fo llowing cx p e r im e n t  was carr ied  out:  24-hr-old 
cu ltu res  w e re  tes ted  u n d e r  th ree  different  condi- 
tions: se ru m -free  m éd iu m ,  se rum -frce  m édium  
su p p le m e n te d  with 17/j-estradiol and  m éd ium  with 
10% fetal calf se rum .  R esu lts  o f  two in d ep e n d en t  
e x p e r im e n ts  a re  show n in Fig. 5. It can be seen that 
bo th  fetal calf se ru m  a n d  17/3-estradiol increase  the 
tota l  p ro te in  p e r  d i s h .

D 1 S C U S S IO N  

W e llave desc ribed  a s imple  m e th o d  for the

cu ltu re  o f  m o n o d isp erse  cells f rom  the  vaginal 
e p ith e l iu m  o f  W ista r  rats. Prev ious a t tc m p ts  havc 
b e e n  m ad e  to  p e r fo rm  cu ltu res  o f  the  vaginal 
e p i th e l iu m ,  bu t  in all these  cases exp lan t  techn iques  
w ere  used  (K a lin .  1954; F laxm an et al .,  1973: Sobel 
et al..  1979). O th e r  M alp igh ian  ep ithe lia  have 
rece ived  m o re  a t ten t io n ;  for exam ple  R he inw ald  
a n d  G r e e n  (1975) d ev e lo p ed  a rep roduc ib le  m e th o d  
for  th e  es tab l ish m en t  of pro l ife ra t ing  hum an  
foresk in  ke ra t in o cy tes  on  a lethally i r rad ia ted  feed e r  
layer.  Th is  techn ique  has been  used successfully bv 
m an y  a u th o rs  (M iller  et al.,  1980; S te inberg  and  
D e fe n d i ,  1979; K o d o  et al .,  1979). H o w ev e r ,  since 
o u r  m ain  p u rp o se  is to s tudy the  direct effect of 
ova r ían  h o rm o n e s  on  the  cu ltu red  epithe lial  cells, 
avo id ing  e i th e r  p u ta t ive  indirect effects  o r  intcrac- 
t ions  b e tw ee n  d ifferen t  cell types (Sonnenschein  and 
So to ,  1980; M ura i  et al .,  1980), the  aim o f  the 
p re sen t  w ork  was to o b ta in  a cell cu ltu re  system of 
vaginal ep ithe lia l  cells w ithou t  any pa r tic ipa tion  of 
m eso d e rm a l  c o m p o n e n ts ,  which is not the  case in 
exp lan t  o r  feed e r  layer techniques.

W e have isolated vaginal cells following a 
t ec h n iq u e  used  by G e rsc h en so n  et al. (1974) for the 
cu ltu re  o f  rabbit  u te r ine  h o rm o n es ,  also using 
G e rsc h e n s o n 's  m od iñca tion  o f  H a m ’s F 12 m éd ium . 
H o w ev e r ,  this m éd iu m  was su p p le m e n ted  with 
ch o le ra  toxin and  h ydrocort isone  which have been  
show n in k e ra t in o cv te  cu ltu res  to  p rev en t  term inal  
d if fe ren tia t io n ,  a n d  to inhibit  stratification and  have 
also b e en  suggested  to p rev en t  the  lost o f  epithelial  
m o rp h o lo g y  (R h e in w a ld ,  1980). H o w ev e r ,  when 
using these  cu ltu res  in the  s tudy o f  h o rm o n es  or 
o th e r  p ro m o tin g  grow th  factors ,  the  add it ion  of 
insulin ,  hy d ro co rt iso n e  and  cho le ra  toxin should  be 
carefully  ch eck ed  for possible in te rac t ion  with the 
h o rm o n e  u n d e r  study.

Vaginal  cells cu ltu red  in this way have been 
show n to p ro l ife ra te  and  d iffe ren tia te  in vitro. 
P ro l i fe ra t ion  has b e en  assayed by the  capacity  o f  the 
cells to  in co rp ó ra te  [^HJthymidine and we have 
c o n s id e red  the  p re sen ce  o f  d isu lf ide -bonded  kera-  
tins and  a chemically  resistant p ro te in  en velope  as a 
m a rk e r  o f  cell d i f fe ren tia tion  (R h e in w ald ,  1980). 
M ost  o f  the  cclls sh e d d e d  off  to the  culture  m édium  
have  b e en  show n to be  resistant to SD S and 
2 -m e rc ap to e th a n o l  which proves d if feren tia tion  in 
this  system.

In o r d e r  to w ork  with specific cell types ,  it is very 
im p o r ta n t  to be  abso lu te ly  cer ta in  o f  the  origin  of 
cu l tu red  cells a n d  usually a p p ro p r ia te  m ark e rs  
shou ld  be used to conlirm  the  origin  o f  these  cell 
types.  In recen t  years  F ra n k e  et al. (1978) and  Sun



and  G r e e n  (1978) have show n tha t  ke ra t in  p ro te ins  
a re  no t  re s t r ic ted  to ke ra t in ized  ep ithe l ium .  bu t  are 
also p re sen t  in most  o f  the  covering  epithe lia .  
Several  p a p e rs  have show n th a t  ke ra t in s  are also 
p re sen t  in cell cu l tu res  a n d  tu m o u rs  de r ived  from  
epithe lia l  tissues (F ra n k e  el al ..  1978; Sun and 
G r e e n ,  1978: Schelegel el al ..  1980: G ab b ian i  et al..  
1981) an d  a n o th e r  p a p e r  has show n kerat in  
f i lam ents  in very early  s tages o f  e m b ry o  develop-  
m en t  (Pau lin  el al ..  1980). In co n se q u en c e .  kerat in  
p ro te in s  can be cons id e red  to be a re liable  m a rk e r  to 
d e m ó n s t r a te  epithe lial  origin. H e re ,  we have used 
an  im m u n o p e ro x id a se  tech n iq u e  against ke ra t in  to 
o b ta in  positive confirm ation  o f  the  epithelial  origin 
o f  o u r  cell co lonies .  In the  sam e  wav have also been  
able  to show  th a t  fusiform cells p re sen t  on  top  o f  the 
ep ithe lia l  colonies  a re  not m igra to ry  fibroblasts but 
ep ithe lia l  cells u n d e rg o in g  te rm inal  d if feren tia tion  
and  in the p rocess  of  being s loughed  off.

T h e  cell cu l tu re  desc ribed  he re  has p roved  to be 
responsive  to e s t rogens  and  fetal calf se rum . It 
s eem s a useful m odel  to s tudy the  direct effect of  
ovar ían  h o rm o n e s  a n d  o th e r  factors (p ro m o tin g  
agen ts ,  chem ica l  carc inogens  e tc .)  on  the  vaginal 
e p ith e l iu m ,  since it is a cell cu ltu re  with a confirm ed 
ep ithe lia l  origin  a n d  it has the  capacity  of 
p ro l ife ra t ion  a n d  d iffe ren tia t ion  in vilro.

A c k n o w ie d g e m e n ts — We wisli to thank Dr A .  J. P. 
Kle in-Szanto  and A m an d a  Schwint for the critica! reading 
o f  this paper and Dr L. E. G erschenson l'or supplying the 
culture médium . This work vvas supported by the A tom ic  
Energy C om m iss ion  o f  Argentina and a grant lrom the 
R o e m m e r s  Foundation.

R E F E R E N C 'E S

Clarke,  E. and Selve ,  M . , T he  action o f  steroid com pou nds  
on t he vaginal epithel ium o f  the rat. A  ni. J. m ed . Sci. 
204,  4 0 1 -4 0 9  (1942).

Conti ,  C. J.,  A ldaz ,  C. \1 .  and G im en ez ,  I. B ..  A  simple  
procedure to perform autoradiographies in keratinoevte  
cultures. Sia in  T eclinol. 57, 355 -357  (1982).

Courricr. R . .  L’action keratinizante de  la desoxycortiscos-  
terone  sur le vagin,  et les different propic ies  de trois 
suhstances  horm onales  progestatives.  C. r. Séanc. Soc. 
liio l. 136, 196-198 (1942) .

Eddy,  E. M ..  Dif ferentiation o f  vaginal epithel ium under  
hormonal influence as revealed hv fine structure. A n a l. 
R ec. 154, Abstr . 342 (1966).

Flaxman, B. A . ,  Chopra,  D .  P. and N e w m an .  D . .  Growth  
o f  m ou se  vaginal epithel ial  cells in v ilro. In V ilro  9, 
194-201 (1973) .

Franke.  W. W . .  Schm id .  E . .  O sborne .  M. and W eher .  K.,  
DilTerent intermediate -s ized filaments distinguished hy 
im m unofluorescence  microscopv.  Proc. naln . A ca d . Sci. 
U .S .A .  75,  5034-5038  (1978).

Franke,  W. W . .  W eher,  K..  Osborn,  M .,  Schmid,  E. and 
Freudenste in ,  C . ,  A ntibody  to prekeratin: decoration of  
tonoli lamcnt-like  arravs in various cells o f  epithelial  
character.  E x p l C ell R es. 116, 429-445  (1978).

G abb ian i ,  G . .  Kapancy.  Y . ,  B arazzone,  P. and Franke,  
W. W ..  Imm unochem ieal  identification o f  intermediate- 
sized fi laments in human neoplastic cells. A m . J. Fallí. 
104, 2 0 6 -2 1 6  (1981).

G erschenson ,  L. E . .  Berliner , J. and Jing-.ling Yang,  
Diethyl-st ilbestrol and progesterone  regulation o f  
cultured rabbit endom etria l cell growth. C áncer Res. 34, 
2 8 7 3 - 2 8 8 0 ( 1 9 7 4 ) .

Kahn, R. H . .  Effect o f  estrogen and o f  vitamin A  on 
vaginal  cornification in tissue culture.  N  ature, L o n d . 
174, ,317 (1954) .

K od o ,  S . .  A s o ,  K. and N am ba,  M ..  Culture o f  normal 
human e p idem ia l  cel ls  with 3T3 feeders  on millipore 
filters. J. invesl. D erm . 72, 85 -8 7  (1979).

I.owry,  O .  H . .  R osehrough ,  N.  J.,  Farr, A .  I.. and 
Randall.  R.  J.,  Protein measurem ent with the Folin 
phenol reagent . J. b io l. C hem . 193, 265-275  (1951).

Miller,  D.  R". H am by,  K. M .,  All ison ,  D .  P. , Fischer. S. 
M. and Slaga. T. ,!., T he  m a i n t e n a n c e  o f  a differentiated  
S ta t e  in c u l t u r e d  m o u s e  e p i d e m i a l  ce l l s .  E x p l C ell Res. 
129, 6,3-71 (1980).

Murai . J. T . . Conti ,  C. J..  G im en ez-C ont i ,  1. B ..  D eP aoli ,  
.1. R . ,  C onner ,  E. A .  and G erschenson.  L. E.,  
H orm onal  regulation o f  proliferation and differentiation  
o f  rabbit uterinc epithel ium: cell culture and animal 
studies .  in: T h e  E n d o m e lr iu m . Kimball,  F. A .  (ed .) .  SP 
Medical and Seien t i fie B ooks ,  New York (1980).

Paulin, D . .  B abinet .  C . .  W'eber, K. and Osborn.  M ..  
A n tib od ie s  as probes o f  cellular differentiation and 
cvtoschele ta l organization in the m ouse  blastocvst.  E x p l  
C ell R es. 130, 297 -304  (1980).

R heinwald ,  J. G . ,  Serial cultivation o f  normal human 
keratinocyte ,  in: M eth o d s  in C ell H iolo f’v. Vol.  21, 
Harris, C. C . .  Trump. B. F. and Stoner G. D.  (eds) .  
pp. 229 -254 .  A cad em ic  Press, N ew  York (1980).

Rheinwald .  J. G .  and G reen .  II . .  Serial cultivation o f  
strains o f  human ep idem ia l  keratinocytes. The fornia- 
tion o f  keratinizing colonies  from single cells. C ell 6, 
3 3 1 - 3 4 4 ( 1 9 7 5 ) .

Schlege l,  R . ,  Banks-Schlege l ,  S.,  M cL eod ,  J. A .  and 
Piiikus. G .  S. , l inm unoperox idase  localization o f  keratin 
in human neoplasms.  A m . J. Puth. 101, 4 1 -5 0  (1980).

S ob el ,  .1. D . ,  T ch ao .  R . B ozzo la .  J.. Levison.  M. E. and 
K aye,  D  . H um an vaginal epithel ial  multilaver tissue 
culture . In  V ilro  15, 993 -1000  (1979).

S on nensche in ,  D.  and Soto ,  A .  M ..  But are estrogens per 
se growth promoting horm ones? J. naln . C áncer Insl. 64, 
2 11-215  (1980) .

Stein berg,  M. L. and D efen d i ,  V . .  A ltered pattern of  
growth and dif ferent iation in human keratinocytes  
infected with simian virus 40. Proc. naln . A c a d . Sci. 
U .S .A .  76, 801 -805  (1979).

Sternberger.  L. A . ,  Hardy. P. H . .  Cuculis , J. J. and 
M eyer .  H. C!.. The unlabcled antibody enzym e method  
o f  imm unochcmis try .  Preparation and properties of  
soluble  ant igen -ant ibody  com plex  (horseradish perox-  
idase) and its use in identification o f  spirochetes .  J. 
H is io ch em . C yloclie in . 18, 315-333  (1970).

Sun,  T. and G reen .  H . .  Im m unofluorescence staining of  
keratin fibers in cultured cells. C ell 14, 469-476  ( 1978a).



Sun, T. and G rcen .  H . ,  Kcratin filamcnts o f  cultured 
human ep idem ia l  cells. J. b iol. C liem . 253,  2053-2060  
(1978b).

Sun,  T . .  Sliih, C.  and G reen .  H . ,  Keratin cytoskele ton in 
epithel ia l cel ls o f  internal organs. Proc. naln . A ca d . Sci. 
U .S .A .  76, 2813-2817  (1978).

Thrasher,  J. D . ,  Clark.  F. 1. and Clarke. D .  R . .  Changes  in 
the vaginal epithel ial cell cvcle in relation to events  of  
the estrous eyelus. E x p l C eíl Res. 45,  232 -236  (1967).  

Y e n ,  S. H . ,  D ahl ,  D . ,  Schachner,  M. and Shelansk i.  M. 
L., Biochemis try  o f  the íilaments o f  the brain. Proc. 
n a tn . A c a d . Sci. U .S .A .  73, 529-533  (1976).


