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Correlation Between Mesenchymal  Composit ion and Epidermal Differentiation in Chick 
E m b r y o n i c  S k i n  

Several  s tudies have  d e m o n s t r a t e d  t h a t  chick ep idermal  
d i f ferent ia t ion  depends  on ep i the l io -mesenchymal  inter-  
act ions ~-a, and  some da t a  suppor t  t he  possibi l i ty  t h a t  
mesenchyma l  ground subs tance  m a y  be involved in 
these  processes a. In  previous  research,  we have  shown 
t h a t  epidermis  of embryonic  skin explan ts  develops ~n 
di f ferent  ways  according to  its nu t r i t ion :  it  undergoes  
d i f ferent ia t ion  if ma in t a ined  in a med ium conta in ing  
chicken serum, and  does no t  d i f ferent ia te  in m e d i u m  
lacking chicken serum 5. Such a sys tem enables us to  
inves t iga te  the  exis t ing correla t ion be tween  mesenchyma l  
compos i t ion  changes  and  ep idermal  different ia t ion.  
Current  exper iments  therefore  deal w i th  h is tochemica l  
analysis  of dermal  ground subs tance  b o t h  in vi t ro  (in 
d i f ferent ia t ing  and non-d i f fe ren t ia t ing  explants)  and  in 
vivo (in developing skin), and wi th  the  biochemical  
de t e rmina t i on  of some dermal  intercel lular  componen t s  
(uronic acids, sialic acids and hexosamines)  in vitro.  

Mater ia l  and  methods. For  h is tochemica l  analysis,  
f r agment s  f rom the  th igh  regions of 6-, 10- and 14-day 
W h i t e  Leghorn  embryos  were used. E x p l a n t s  were 
der ived f rom the  s a m e  regions of 6-day chick embryos .  
Skin areas of t he  same size, r emoved  under  sterile 
condit ions,  r insed in Tyrode ' s  a n d  carefully dissected,  
were placed ill cul ture  dishes on the  vitell ine membrane ,  
according to  WOLFF 6. Two sets of exper iments  were 
pe r fo rmed  using chicken serum (CS) or embryo  ex t rac t  
(E) nu t r i en t  m e d i u m  as previously  descr ibed 5. Cultures 
were incuba ted  at  37~ Tissues were f ixed in Bouin ' s  
fluid and rout ine  histological  procedures  were followed. 
Serial sections (8-10 ~m) were s ta ined for morphological  
examina t ion  wi th  hematoxy l in -eos in  and for histo-  
chemical  analysis  wi th  P A S  before and  af ter  chemical  
hydrolys is  for sialic acid according to  QUINTARELLI et  ald, 
Toluidine bleu at  2.5 pFI in Walpole ' s  buffer, associated 
Alcian yellow G X S  and Alcian bleu 8GX at  MgC12 
d i f ferent  concen t ra t ion  (namely A y 0.2 M and  A b 0.025 
M) before and af ter  tes t icular  hya luronidase  digest ion 
(Ialovis Vister,  1 mg /ml  in p h o s p h a t e  buffer  p H  7 for 6 h 
a t  37 ~ By means  of this  procedure ,  based on crit ical 
e lectrolyte  concen t ra t ion  m e t h o d  (ScoTT and  DORLIN~9), 
hyaluronic  acid (HA) and condroi t insulphur ic  acids 
(CSA) are di f ferent ly  s ta ined depend ing  on MgCI~ mola r i ty  
concent ra t ion .  

For  b iochemical  analysis,  abou t  40 cul tures for each 
expe r imen t  were pooled,  sonicated for 1 mill a t  21 Hz  
(MSE ins t rumen t ,  Model 411) in order  to have  the  ma- 

x i m u m  solubili ty.  On the  al iquots,  pro te ins  were deter-  
mined  by  the  m e t h o d  of Lowl~-Z et  al. ~~ sialic acid (as 
N-ace ty l -neuramin ic  acid, NANA) by  MIETTINEN and  
TAKKI-LUKKAINEN'S modi f ica t ion  of SVGNNERHOLM'S 
m e t h o d  11, uronic acids by  BITCER and  MUIR'S m e t h o d  ~2 
and to ta l  hexosamines  by  CEssI and  PILIEGO'S la method  
af ter  hydrolys is  w i th  1 ~V HC1 at  100~ for 4 h. H A  and 
CSA were separa ted  according to  SCOTT'S procedure  ~4 
by  means  of f ract ional  p rec ip i ta t ion  wi th  cethilpir i-  
d in iumchlor ide  in d i f ferent  salt  concen t ra t ion  and  
eva lua ted  as hexosamines  conten t .  

Resul ts  and  discussion.  Histological  examina t ion  of 
skin explan ts  confi rms the  previous  results~; whi th in  
6 days,  epidermis  kerat in izes  only in t he  CS ma in t a ined  
cultures.  By  the  2nd in v i t ro  main tenance ,  h is tochemica l  
p a t t e r n  of skin m e s e n c h y m e  is near ly  the  same in the  2 
series of cul tures and closely cor responds  to  t h a t  of 6-day 
embryo  dermal  skin (Table I). On the  o ther  hand ,  
r emarkab le  differences can be observed as deve lopmen t  
proceeds.  6-day CS supp lemen ted  cul tures as well as 14- 
day  embryo  skin are more  PAS-pos i t ive ,  no s ta ined  in 2.5 
p H  Toluidine bleu, more  s ta ined  b y  A b and less by  A y in 
compar i son  wi th  E cultures.  These d a t a  indica te  a grea te r  
accumula t ion  of g lycoprote ins  (GP) t h a n  glycosoamino-  
glycans (GAG) and a p reva len t  re la t ive  concen t ra t ion  of 
H A  in respect  to  CSA. Biochemical  f indings agree wi th  
the  h is tochemica l  observat ions .  At  t he  end of ill v i t ro  
main tenance ,  a ma jo r  con ten t  of N A N A  and  hexosamines  
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Table I. Histochemical reactivity of dermal skin of explants supplemented with chicken serum (CS) or embryo extract (E) nutritional medium 
and of chick embryos 

CS E Chick embryo 

2 �9 4 6 2 4 6 6 b 10 14 
PAS + + +  + + +  + +  + +  + +  + + +  + + +  
PAS after chemical hydrolysis + + -- + + -- + -- + -- + + + + -- + + 
Toluidine bleu pH 2.5 . . . .  ~ -- + + -- -- -- 
Ay 0.2 M ~gC12 ], + + + + + + + + + + + + + + + + 
Ab0.025MMgC12 J + + +  + + +  + + + + + +  + + +  
AY 0"2 M MgC12 / + + +  + + + + +  + + +  + +  + + +  + +  + +  
Ab 0.025 M MgCI 2 / . . . . .  + . . . .  
after hyaluronidase 

~Days of in vitro maintenance, bDays of incubation. 
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Table II. Content of intercellular dermal components in 6-day 
cultured skin explants supplemented whith CS or E nutritional 
medium 

CS E 

NANA 0.019 �9 0.015 

Uronic acids 0.021 0.025 

Hexosamines 0.033 0.015 

NANA/Ur ac 0.90 0.60 
NANA/Hexos 0.54 0.62 
Ur ac/Hexos 0.63 1.04 

amg/mg of proteins; each walue is the mean of 2 independent exper- 
iments each in duplicate. 

a n d  a m i n o r  anaoun t  of uronic  acids is p r e s en t  in  CS 
c u l t u r e d  e x p l a n t s  in  c o m p a r i s o n  w i t h  E c u l t u r e d  ones  
(Table  II) .  A s s u m i n g  t h e  a m o u n t  of sialic acid as an  
i ndex  of G P  con ten t ,  o f  uronic  acids of GAG, and  t he  
a m o u n t  of h e x o s a m i n e s  as a n  i ndex  of b o t h  G P  a n d  G A G  
c o n t e n t ,  we can  deduce  t h a t  in CS e x p l a n t  G P  accumu-  
la te  to  a g rea t e r  e x t e n t  t h a n  GAG. A s imi la r  s i t ua t i on  has  
been  p rev ious ly  d e m o n s t r a t e d  in v ivo  4. The  concen t r a -  
t i on  ra t io  H A / C S A  in v ivo  (6-day 1 ; 1 0 - d a y  1.52; 14-day 
1.62) conf i rms  t h e  p r e v a l e n t  a c c u m u l a t i o n  of HA.  

Our  resu l t s  c lear ly  d e m o n s t r a t e  a cor re la t ion  b o t h  in 
v ivo  a n d  in v i t ro  b e t w e e n  t he  h i s tochemica l  a n d  bio- 
chemica l  fea tu res  of d e r m a l  sk in  a n d  t he  onse t  of epider-  
ma l  d i f f e r en t i a t i on  a n d  t he  d e p e n d e n c e  in v i t ro  of 
m e s e n c h y m e  mod i f i ca t ion  on  e n v i r o n m e n t a l  factor(s)  
p r e sen t  in t h e  ch icken  serum.  T h e y  the re fore  s u p p o r t  the  
sugges ted  m e c h a n i s m  t h a t  e n v i r o n m e n t a l  factor(s)  can  
a c t i v a t e  m e s e n c h y m a l  cells to  p roduce  subs tance(s )  able  
to  ac t  specif ical ly u p o n  ep ide rma l  d i f f e ren t i a t ion  ~. 

Riassunto. E s t a t a  ev idenz i a t a  u n a  cor re laz ione  I ra  
c a r a t t e r i s t i che  i s toch imiche  e composiz ione  b ioch imica  del 
mesench~ma e l ' i n s t au ra r s i  del d i f f e r enz i amen to  del l 'epi-  
tel io nel la  cu te  di 17ollo sia in  vi t ro ,  in  e sp i an t i  p r e l e v a t i  a l  
6 ~ g iorno di  i ncubaz ione  e m a n t e n u t i  in  t e r r eno  n u t r i t i z i o  
c o n t e n t e  siero, che in vivo.  
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Capi l la ry  m o r p h o m e t r i c s  a n d  blood flow m e a s u r e m e n t s  
in  i m p l a n t a t i o n  t u m o r s  of D S - c a r c i n o s a r c o m a  in r a t  
k idneys  show the  fol lowing resu l t s  : W i t h  inc reas ing  t u m o r  
we t  weight ,  t he  v o l u m e  of t h e  vascu la r  space  decreases  
exponen t i a l ly ,  t he  r e d u c t i o n  of t h e  va scu l a r  bed  be ing  
especial ly  d i s t i nc t  d u r i n g  t he  f i rs t  pe r iod  of t he  t u m o r  
g r o w t h  1. D u r i n g  t u m o r  g r o w t h  in t he  k idney ,  t he re  
resu l t s  a n  e x p o n e n t i a l  e n l a r g e m e n t  of t h e  m e a n  in ter -  
cap i l l a ry  d i s t ances  a b o u t  t he  fac to r  2.5-3.0, as well  as a 
l e n g t h e n i n g  a n d  a n  increase  in d i a m e t e r  of t he  capil lar ies .  
The  r a r e f ac t i on  of t he  t e r m i n a l  va scu l a r  bed  w i t h  in- 
c reas ing  t u m o r  we igh t  or age is a t t e n d e d  b y  a n  expo-  
nen t i a l  decrease  of t he  t o t a l  t u m o r  b lood flow, t he  reg iona l  
mic roc i r cu la t ion  of t he  ou te r  areas  of t he  t u m o r  showing  
h i g h e r  blood flow va lues  t h a n  t h e  t une r  p a r t s  ~. The  pre-  
sen t  i nves t i ga t i on  a t t e m p t s  to  ana lyze  t h e  i n t e r r e l a t i on -  
ship  be tween  m e a n  a r t e r i a l  b lood  pressure ,  t u m o r  b lood 
flow, a n d  vascu l a r  r es i s t ance  in  t u m o r  t i ssue  of DS-  
ca rc inosa rcoma  u n d e r  s t a n d a r d i z e d  in v ivo  cond i t ions  
d u r i n g  d i f fe ren t  s tages  of growth .  

Materials and methods. Asci tes  cells of DS-carc ino-  
s a r coma  are i m p l a n t e d  in to  r a t  k i dneys  where  t h e y  
are m a i n t a i n e d  ' t i ssue- isola ted '~ ,  4, Af te r  a n  ave rage  of 
7-12 days,  t he  i n f i l t r a t i ng  and  d e s t r u c t i v e l y  growing  
t u m o r  cells comple t e ly  replace  the  k i d n e y  tissue, and  t he  
t u m o r  mass  is connec t ed  to  t h e  hos t  b y  on ly  a single 
a r t e r y  a n d  vein.  T o t a l  t u m o r  b lood  f low (TBF) is de- 
t e r m i n e d  b y  c a n n u l a t i n g  t he  t u m o r  ve in  b y  m e a n s  of a 
bu re t t e ,  us ing  a rol ler  p u m p  and  a c o n s t a n t  p ressure  
buf fe r ing  c h a m b e r .  T he  o p e r a t i v e  procedure ,  t h e  b lood  
flow d e t e r m i n a t i o n  a n d  m o n i t o r i n g  of t he  m e a n  a r t e r i a l  
b lood pressure  (MABP)  are descr ibed  elsewhereS. 

To s t u d y  t he  inf luence  of t he  m e a n  a r t e r i a l  b lood 
pressure  on  t o t a l  t u m o r  b lood flow u n d e r  in  v ivo  condi-  

t ions,  b lood flow m e a s u r e m e n t s  in  10 an ima l s  (anes the t i zed  
w i th  p e n t o b a r b i t o n e  sodium,  25-30 m g / k g  i.p.) are 
pe r fo rmed  us ing  a b u b b l e  flow meter .  Mul t ip le  measure -  
m e n t s  of t he  b u b b l e  passage  in t h e  b u r e t t e  are m a d e  no t  
on ly  w h e n  b lood  pressure  va lues  s p o n t a n e o u s l y  occur  in  
t h e  t ho rac i c  a o r t a  b u t  also a f t e r  chang ing  t he  per fus ion  
pressure .  Af te r  decreas ing  t he  m e a n  a r te r ia l  b lood pressure  
b y  cont ro l led  bleeding,  or a f t e r  inc reas ing  i t  b y  blood 
t r an s fu s ion  f rom o t h e r  t u m o r  bea r ing  animals ,  we 
a lways  wa i t  for s t e a d y  s t a t e  cond i t ions  before  b lood flow 
is m e a s u r e d  a t  a new pressure  level. 

Results. U n d e r  s t e a d y  s t a t e  cond i t ions  t he  d e p e n d e n c e  
of t u m o r  b lood flow on m e a n  a r t e r i a l  b lood pressure  is 
e x a m i n e d  a t  n o r m a l  r e sp i r a to ry  gas p a r a m e t e r s  in  t he  
a r te r ia l  blood. As can  be  seen f rom t h e  r e p r e s e n t a t i v e  
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