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media t e ly  cepha l ad  to t h e  an t e r io r  fold of the  h i n d  l imb.  
The  gra f t  and  i ts  bed  were p r o t e c t e d  f rom ex t e rna l  
i r r i t a t i on  b y  a t t a c h i n g  'Pe r spex '  wound-hea l ing  c h a m b e r s  2 
to  t he  skin  i m m e d i a t e l y  s u r r o u n d i n g  t he  g ra f ted  a rea ;  t h e  
graf t s  were he ld  f i rmly  in pos i t ion  and  p r e v e n t e d  f rom 
d ry ing  b y  pack ing  'Sof ra tu l le '  dress ing over  t h e  g ra f t  
before  t he  c h a m b e r s  were closed. 

Inc reased  vascu la r  p e r m e a b i l i t y  was assessed b y  inj ect-  
ing colloidal  c a r b o n  ( G u n t h e r  W a g n e r  Pe l ikan  Werke ,  
Hanove r ,  G e r m a n y :  b a t c h  C l l / 1 4 3 1 a )  i.v. in  a dose of 
0.1 ml/100 g body-we igh t  a t  va r ious  t imes  a f te r  g ra f t ing ;  
30-60 rain  l a t e r  w h e n  free c i rcu la t ing  c a r b o n  h a d  been  
cleared b y  t he  re t icu toendof l le l ia l  sys tem,  an ima l s  were  
a n a e s t h e t i s e d  and  ki l led b y  exsangu ina t ion .  The  gra f t  
and  a generous  a rea  of hos t  t i ssue  was excised, f ixed in 
buffered 10% fo rmal in  a n d  cleared b y  a mod i f i ca t ion  of 
t he  Spa l teho lz  t e c h n i q u e  2. The  cleared t i ssues  were 
e x a m i n e d  b y  m e a n s  of a Zeiss s te reo-d issec t ing  microscope.  

Inc reased  vascu la r  p e r m e a b i l i t y  is cha rac te r i zed  b y  the  
depos i t ion  oi c a r b o n  w i t h i n  t he  walls of vessels  exh ib i t i ng  
a b n o r m a l  p e r m e a b i l i t y  a. W i t h i n  6 h of graf t ing,  t he  in i t ia l  
t r a u m a t i c  i n f l a m m a t o r y  response  in t he  hos t  t i ssues  
subsides  a n d  is fol lowed b y  a f ine p u n c t a t e  c a r b o n  
labe l l ing  of newly  fo rmed  capi l lar ies  a t  t he  h o s t g r a f t  
j unc t ion .  Ci rcu la t ing  c a r b o n  does no t  en t e r  t he  vessels of 
t h e  a l lograf t  in  t h e  in i t ia l  2 days  a f t e r  graf t ing,  b u t  on  
days  3 and  4 smal l  i n t r a l u m i n M  c lumps  of c a r b o n  are 
seen in t he  vessels of t h e  g ra f t  i nd i ca t i ng  a re -es tab l i sh-  
m e n t  of a s luggish a l lograf t  c i rcula t ion.  On t he  5 th  a n d  
6 th  days,  venu les  in t he  s u r r o u n d i n g  hos t  t i ssues  a n d  in 
t he  g ra f t  become  heav i l y  d e m a r c a t e d  w i t h  ca rbon ;  t h e  

fo rmer  vessels exh ib i t i ng  diffuse p u n c t a t e  labe l l ing  consis-  
t e n t  w i t h  increased  pe rmeab i l i t y ,  whereas  the  g ra f t  
vessels show a c o m b i n a t i o n  of dense  i n t r a l u m i n a l  s ludg ing  
of co lumns  of c a r b o n  as well  as depos i t ion  of c a r b o n  on  
a n d  w i t h i n  t h e  endo the l ium.  

A t  t h e  t i m e  of m a x i m u m  a c c u m u l a t i o n  of c a r b o n  
w i t h i n  t h e  g ra f t  vessels, i.e. on d ay  6, smal l  a n d  large 
venules  are  seen w i t h i n  t h e  g ra f t  to  be  a b n o r m a l l y  a n d  
genera l ly  u n i f o r m l y  d i l a t ed  (Figure) an d  venu les  of t he  
order  of 13-40 a m  d i a m e t e r  e x h i b i t  ves icu la r  d i l a t ions  
r emin i scen t  of mic ro -aneu rysms .  Such  a n e u r y s m a l  d i la ta -  
t ions  are mos t  p r o m i n e n t  a long  t h e  course of venu le s  
ly ing deep to  t h e  p a n n i c u l u s  ca rnosus  (Figure),  i.e. close 
to  t h e  hos t -g ra f t  j u n c t i o n  whereas  u n i fo rm  v e n u l a r  
ec tas ia  a n d  fewer a n e u r y s m s  are seen in t h e  supra-  
p a n n i c u l a r  vessels. A l t h o u g h  fine i n t r a l u m i n a l  a n d  in t r a -  
m u r a l  c a r b o n  labe l l ing  is seen in b o t h  t h e  diffuseIy ec ta t i c  
venu les  a n d  t h e  focal d i l a ta t ions ,  graf t s  w i t h  dense  
co lumns  of s ludged c a r b o n  w i t h i n  vessels r a re ly  e x h i b i t e d  

, s ign i f ican t  n u m b e r s  of focal mic ro -aneu rysms .  
Vascu l a r  d i l a t a t i o n  w i t h  c o m p a c t i o n  s tas is  of e ry th ro -  

cytes  has  p rev ious ly  been  descr ibed  for b o t h  sk in  4 a n d  
rena l  ~ a l lograf t s ;  such  changes  t o g e t h e r  w i t h  t h e  focal  
a n e u r y s m a l  d i l a t a t i ons  descr ibed he re in  m i g h t  well  be  
r e l a t ed  to  t h e  h e i g h t e n e d  sens i t i v i t y  e x h i b i t e d  b y  
a l lograf t  vessels to  h u m o r a l  v a s o d i l a t o r  fac tors  5 a t  t h e  
t i m e  of onse t  of re jec t ion.  

I t  is conc luded  t h a t  t h e  f o r m a t i o n  of focal v en u l a r  
m i c r o a n e u r y s m a l  an d  diffuse v e n u l a r  ec tas ia  is a compo-  
n e n t  of t h e  ear ly  i n f l a m m a t o r y  response  he ra ld ing  t he  
onse t  of a l lograf t  re jec t ion.  

Rdsums La  % a c t i o n  cu tan6e  de l ' i m m u n i t e  de t r a n s -  
p l a n t a t i o n  con t re  une  greffe a l log6nique es t  accompagn6e  
d ' u n e  for te  mais  cour t e  a u g m e n t a t i o n  de la pe rm6ab i l i t6  
vascula i re .  La  %ponse  vascu la i re  a p p a r a i t  r a p i d e m e n t  
dans  le t i ssue  v e c t e u r  et  est  accompagn6e  d ' u n e  d i l a t a t i o n  
diffuse de la ve ine  et  d ' u n  d 6 v e l o p e m e n t  des an6vr i smes  
mil l ia i res  des v6nules  dans  le t i ssu  de la greffe al log6nique.  
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Section through an allograft avulsed from the graft bed (GB). 
Microvenular aneurysms are seen predominantly ill the inferior 
pannicular venules (IPV). The superior pannicular venules (SPV) 
and the connecting vessels traversing the panniculus earnosus (P) 
show uniform dilatation and few aneurysmal dilatations ( • 25). 
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Estrogen Target Cells in the Skin 

Effects  of es t rogens  on  var ious  c o m p o n e n t s  of the  sk in  
h a v e  been  k n o w n  for some t ime.  However ,  t h e  m e d i a t i o n  
of these  effects r e m a i n s  unclear .  Desp i te  ex tens ive  use in 
t he r apy ,  b i r t h  con t ro l  a n d  cosmetics ,  t h e  cel lular  an d  
subce l lu la r  s i tes  a n d  t he  m e c h a n i s m s  of ac t ion  of es t rogens  
in  skin  are l i t t l e  u n d e r s t o o d  1, 3. 

I n  t h e  epidermis ,  es t rogens  increase  t h e  mi t o t i c  r a t e  in  
r o d en t s  an d  m a n  e , b u t  reduce  t h e  size of t h e  sebaceous  
g lands  4. Also, t h e  secre t ion  of sebum,  w h i c h  is s t i m u l a t e d  
b y  androgen, ,  can  be  d i m i n i s h e d  b y  es t rogens  5. H a i r  
g rowth ,  in  general ,  is r e t a r d e d  a f te r  es t rogen  t r e a t m e n t  
in  a n i m a l s  t h a t  h a v e  been  gonadee tomized ,  ad rena lec to -  
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mized  a n d  h y p o p h y s e c t o m i z e d ,  excep t  for g r o w t h  of f ine 
sparse  ha i r  6, ". Es t rogens  effect  t he  va scu l a r i z a t i on  of t h e  
sk inL  F u r t h e r m o r e ,  t h e  col lagen c o n t e n t  of t h e  de rmis  
is changed  as re f lec ted  in mucopo ly saccha r ide  incor-  
pora t ion ,  h y d r o x y  pro l ine  t u r n o v e r  a n d  a l t e r a t i ons  of t h e  
g round  s u b s t a n c e  s. These  h o r m o n a l  inf luences  are  r e l e v a n t  
to  va r ious  skin  cond i t ions  as seen in baldness ,  acne, 
p r egnancy ,  m e n o p a u s e  a n d  aging. 

I n  t he  p r e sen t  s tudy ,  d r y - a u t o r a d i o g r a p h y 9  is u t i l ized 
in order  to  search  for a n d  iden t i fy  c o m p o n e n t s  of t h e  
skin  which  are t a rge t s  for es tradiol .  A u t o r a d i o g r a p h i c  
s tudies  were pe r fo rmed  w i t h  6 Swiss a lb ino  mice (Charles 

River) ,  2 m o n t h s  old a n d  weighing  25 g. 24 h a f te r  ovar i -  
ec tomy,  t h e  mice were in jec ted  s. c. w i t h  1.0 ~zg pe r  100 g 
b o d y  we igh t  of 2, 4, 6, 7-SH-estradiol-17/~ (New E n g l a n d  
Nuclear) ,  specific a c t i v i t y  95 Ci /mM,  dissolved in 10% 
e t h a n o l  in  i sotonic  saline. 2 an i ma l s  each  were d e c a p i t a t e d  
a t  10, 60, an d  120 mill  a f te r  t h e  in jec t ion .  Pieces of skin,  
a b o u t  2 m m  3, were excised f rom 3 regions  :-dorsal  t ho rax ,  
ingu ina l  m a m m a r y  gland,  an d  pe r ineum.  T h e  t i ssue  was 
frozen in l iquef ied p r o p a n e  a t  - -180 ~ 2 to 4 a m  t h i c k  
sect ions  were cu t  in a W i d e  R a n g e  Cryos t a t  (Harr is  
Mfg. C., N o r t h  Billerica,  Mass.) a n d  freeze-dried in a 
C r y o - p u m p  ( T h e r m o v a c  Ind. ,  Copiague, L.I. ,  N.Y.).  

Fig. 1-5. Autoradiograms of mouse skin after injection of 3H-estradiol-17/~ showing concentration of radioactivity in nuclei of cells of the 
stratum germinativnm of the epidermis (Figure 1); fibroblasts in the dermis (Figure 2) and in striated muscle (Figure 3) as well as in 
dermal papillae of hair roots (Figures 4 and 5). Stained with Inethylgreen-pyronin for DNA and RNA. Figures 1-3. Skin from perineal 
region, 2 h after the injection; exposure time approx. 150 days. • 700. Figures 4 and 5. Skin from dorsum, 1 h after the injection; 
exposure time' 108 days. x 330. 



]98 Specialia EXPERIENTIA 30/2 

The unf ixed and  u n e m b e d d e d  sect ions were d r y - m o u n t e d  
on des iccated emulsion (Kodak  NTB-3) coated slides by  
pressure  wi th  the  fingers, using tef lon suppor t s  for the  
sections. The s e c t i o n - m o u n t e d  slides were exposed at  
--  15 ~ for 4 to  6 months ,  t hen  pho tograph ica l ly  processed 
and  s ta ined  wi th  me thy lg reen -py ron in  for DNA and 
RNA.  Throughou t  the  procedure  no histological  f ixa t ion  
and m oun t ing  fluids were applied,  and  embedd ing  was 
avoided in order  to  exclude or minimize  red is t r ibu t ion  
and loss of hormones  and  t issue cons t i tuents .  Control  
au toradiograma were p repa red  f rom skin of an un t r ea t ed  
mouse in order  to  exclude chemographic  ar t i facts .  

In  addi t ion,  10 mice of the  same s t ra in  and  age were 
used to  ident i fy  the  chemical  na tu re  of radioact iv i ty .  
These animals  were t r ea t ed  in the  same m a n n e r  as those  
used for au torad iography .  1 h af ter  the  in ject ion of aH- 
estradiol ,  skin samples  f rom the  per ineal  and  dorsal 
region were pooled f rom these  animals.  More t h a n  90% 
of the  t issue rad ioac t iv i ty  was ex t rac ted  as free steroid in 
the  e ther  soluble fraction.  Of the  to ta l  rad ioac t iv i ty ,  64% 
ill the  dorsal  skin and  63% in the  per ineal  skin was iden- 
t i f ied as estradiolr~ These resul ts  suggest  t h a t  the  skin, or 
more  specifically, cer ta in  s t ruc tures  of the  skin, have  the  
capac i ty  to concen t ra te  and re ta in  es t radiol  in a fashion 
character is t ic  of more  classical t a rge t  t issues for es t radiol  
such as uterus,  vag ina  and m a m m a r y  gland n.  Therefore,  
it  is l ikely t h a t  t he  nuclei  of cer ta in  epidermis  cells 
(Figure 1) and f ibroblas ts  of the  dernlis  (Figures 2-5), as 
shown in these  an toradiograms,  represen t  t a rge t  sites 
in es t rogen receptor  ceils. 

I n  au to rad iograms  of t he  epidermis  of the  per ineal  
skin (Figure 1), r ad ioac t iv i ty  is found to  be concen t ra t ed  
in nuclei of basal  cell layers,  w i th  decreas ing in tens i ty  
t oward  the  cornified surface. Whi le  the  labeling of celia 
of the  Malpighi  layer  is in tens ive  in the  skin of the  
per ineal -per ianal  region (Figure 1), the  up take  is sparse or 
unde tec tab le  in t he  skin of the  do r sum (Figure 5) and the  
pe r imammi l l a ry  region. These resul ts  indicate  differences 
in the  es t rogen b inding  affinit ies in d i f ferent  regions of the  
epidermis,  which  mer i t s  fu r ther  invest igat ion.  Similar  to 
the  epidermis,  tile ceils of the  basal  layers of the  outer  
root  shea th  of t he  hai r  follicle are rad ioac t ive ly  labeled in 
the  per ineal  region, b u t  not ,  or only  little, in tile dorsal  
region. Cells of t he  dermal  papi l la  of the  hair, however ,  
show d is t inc t  nuclear  concen t ra t ion  of r ad ioac t iv i ty  
(Figures 4 and  5) in all of the  skin areas s tndied.  

In  the  dermis  a cer ta in  popu la t ion  of ceils, p robab ly  
f ibroblas ts  as judged by  the i r  fus i form shape,  show 

nuclear  up take  and re ten t ion  of the  labeled hormone .  
Such cells are found mos t  a b u n d a n t l y  in the  deep layer  of 
the  dermis  (Figure 2) and  hypodermis ,  bu t  also wi th in  
t he  endomys ium of dermal  s t r ia ted  muscle (Figure 3), as 
well as sca t te red  in t he  more  superficial  regions of the  
dermis  (Figures 4 and  5). The sebaceous glands, as can be 
seen in Figures  4 and 5, are essential ly free of radioact iv i ty ,  
except  for an occasional  weak re ten t ion  in nuclei  of basal  
ceils. No concen t ra t ion  of r ad ioac t iv i ty  is seen in ar rec tor  
muscles of the  hairs.  

The presen t  au torad iographic  results  are in accord 
wi th  earlier r epor ted  ho rmone  effects of the  skin3-L In  
addi t ion,  t h e y  help to ident i fy  and define the  cellular and  
subcellular  sites of ac t ion and clarify, w h e t h e r  direct  or 
indirect  ho rmone  effects are involved.  The poss ibi l i ty  to 
localize es t rogen in t he  mouse  skin provides  for s imilar  
s tudies  in d i f ferent  species and  in h u m a n  skin samples,  
no t  only wi th  rad ioac t ive ly  labeled estrogen, bu t  also 
o ther  s teroid  and  po lypep t ide  hormones .  Clinical syn-  
dromes,  such as baldness  and  acne, bel ieved to  be re la ted  
to the  effects of androgens,  as well as t he  changes  in 
p regnancy  and aging, can be inves t iga ted .  

Zusammen/assung. Nach  In jek t ion  yon aH-0s t rad io l  
wurden  Re t en t i on  und  K o n z e n t r a t i o n  des H o rmo n s  in 
Zellen der  Ke imsch i ch t  der  Ep ide rmis  und  in F ib rob las t en  
der  Dermis  und  H y p o d e r m i s  von  Mgusen gefunden.  Zellen 
der  Haarpap i l l en  in den Haa rwurze ln  zeigten s tarke  nukle-  
gre Radioaktivit~Lt, wghrend  in der basa len  Zel lschicht  
der Talgdri isen keine oder  nur  schwache Markierung beob-  
ach te t  werden  konnte .  Diese Ergebnisse  mi t  der Trocken-  
Autorad iograph ie  demons t r i e ren  ers tmal ig  die Ex i s t enz  
yon  verschiedenen  Popu la t ionen  yon 0s t rad io l -Targe t -  
zellen in der  Haut .  

W . E .  STUMP~, MADIcIABANAkNTDA SAR and 
S.G. Josm~ 

Laboratories [or Reproductive Biology, 
Departments ol Anatomy and Pharmacology, 
University o/North Carolina, 
771 Swing Building, 
Chapel Hill (North Carolina 27514, USA): and 
Department o/Obstetrics and Gynecology, 
Albany Medical College o/ Union University, 
Albany (New York 12208, USA), 
13 August 1973. 

A. L. LORINCZ and A. LANCASTER, Science 126, 124 (1957). - 
A. G. LYNE and B. F. SROET, Biology o] the Skin and Hair Growth 
(American Elsevier Publ. Comp., New York 1965). 
W. MOtr The Structure and Function o[ the Skin, 2nd edn, 
(Academic Press, New York, 1962). 

3 W. S. BULLOGI{, Vitamins and Hormones 73, 261 (1955). - R. PUN- 
NO~EN, Acta obstet, gynee, scand. 503, 2 (1971). 
C. W. HOOKER and C. A. PFEIFFER, Endocrinology 32, 69 (1943). - 
F. J. EBLING, J. Endocr. 5, 297 (1948). 

s F. J. EBLING, Vol. IV, Sebaceous Glands (Eds. W. N[ONTAGNA, R. A. 
ELLIS and A. F. SILVER; Pergamon Press, Oxford i963), p. 200. 

6 D. J. INGLE and B. L. BAKER, Endocrinology d8, 764 (1951). 
7 S. R. M. REYNOLDS and F. I. FOSTER, J. Pharmac. exp. Ther. 68, 

173 (1940). 
8 I. TAKAOS, Acts physiol, hung. 39, 63 (1971), - F. H. KATZ and 

A. KAPPAS, J. din. Invest. rid, 1063 (1965). - I. GERSH and H. R. 
CATCHPOLE, Perspect. Biol. lX{ed. 3, 282 (1960). 

9 W. E. STIJ~PE, J. Histochem. Cytochem. 18, 21 (1970). - W. E. 
STUMPE and M. SAR, in Hormones and Cyclic Nucleotides: Methods 

in Emymology (Eds. B. W. O'N[ALLEY and J. G. I-IARDMAN, 
(Academic Press, New York 1974), in press. 

10 These samples were extracted by the methods of E.V. JENSEN and 
H. I. JACoBseN, [Recent Prog. Herin. Res. 78, 387 (1962)] as well 
as G. M. STONE [Acta Endocr. Z7, 433 (1964)] and subjected to 
Sephadex LH-20 chromatography for the separation of estrone, 
estradiol and estradiol fractions by the method of G. MIKHAIL et al. 
[Steroids 15, 333 (1970)]; Although estrone was extracted from 
the skin it is not certain whether the skin converts estradiol to 
estrone. It is possible that part of exogenously administered 
estradiol is first oxidized to estrone by tissues other than skin 
before it is distributed to the skin as estrone. 

11 2. V. JEiCSEN and If. I. JACOBSON, Recent Prog. Horm. Res. 78, 
387 (1963), - G. M. STONE, B. BAGGETT and R. B. DONNELLY, 
J. Endocr. 27, 271 (1963). - W. E. STI~IPF, Endocrinology 85, 31 
(1969). 

12 This study was supported by PHS Grant No. NS 09914. We 
thank Ms. ANU TURNBULL and GERDA MICHALSKY for technical 
assistance. 


